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THANK YOU FROM THE EDITOR





From asteroids to zebras, farts to football, via the human condition … this book tackles some very tricky questions from children on (just about!) every subject in the solar system. So a very warm thank you to all the brilliant and much-loved experts who made time to answer one for this project that benefits leading children’s charity, the NSPCC (National Society for the Prevention of Cruelty to Children).


Many have now generously contributed to both this book and its predecessor Big Questions from Little People, for which we’re extremely grateful. Particular thanks to Jim Al-Khalili, Sir David Attenborough, Heston Blumenthal, Derren Brown, Noam Chomsky, Marcus Chown, Heather Couper, David Crystal, Marcus du Sautoy, Alys Fowler, Joy Gaylinn Reidenberg, A. C. Grayling, John Gribbin, Bear Grylls, Celia Haddon, Claudia Hammond, Miranda Hart, Adam Hart-Davis, Bettany Hughes, Kate Humble, Karen James, Annabel Karmel, Steve Leonard, Gary Marcus, George McGavin, Neil Oliver, Justin Pollard, Christopher Riley, Mary Roach, Alice Roberts, Simon Singh, Dan Snow, Gabrielle Walker and Yan Wong.


As for the curious minds behind the questions … children from all over the UK sent them in by their thousands. A special hello to participating schools: Corstorphine Primary, Portobello High, James Gillespie’s, and Mary Erskine and Stewart’s Melville Junior School in Edinburgh; Cleobury Mortimer Primary School, Shropshire; Landscove Primary, Devon; Woodland Grange Primary, Leicester; Furzedown Primary, Tooting; Raysfield Infants’ School, Chipping Sodbury; Shottermill Junior, Haslemere; Boxgrove Primary School, Guildford; Grange Primary, Newham; Malvern St James Prep; The Mulberry Primary School, Tottenham; Notting Hill Prep; Lowther Primary, Richmond; and George Tomlinson Primary, Leytonstone.


Thanks, too, to the agents who made it all happen. Notably Jo Wander, Sophie Kingston-Smith, Celia Hayley, Verity O’Brien, Jonny Geller, Stephen Vishnick, Caroline Dawnay, Jo Sarsby, Anthony Arnove and Juliette Meinrath. For generous words, Jamie Byng; endless favours, Bex and Adam Balon; and help with knotty science problems, Sophie Elwin Harris and Lucinda Middleton.


I’m indebted to Gordon Wise for sound advice and creativity over both books, and my editor Hannah Griffiths, who’s brimful of energy and great ideas as ever – along with the rest of the talented folk at Faber: Donna Payne, Anna Pallai, John Grindrod, Matt Haslum and Kate Ward. Also Eleanor Rees for fine-tuning, Andy Smith for our eye-popping covers, and Stephanie Pollard of Visual Artefact, who fathomed the quiz answers in tandem with Justin Pollard.


Above all, a resounding cheer for staff at the NSPCC and the inspiring work you do protecting vulnerable youngsters. Charly Meehan, I’ll miss working with you! Thank you also to Helen Carpenter, Lucie Sitch and team; Sarah Dade, Dan Brett-Schneider and the Fundraising Communications team; Julian Beynon; and Carol Thay. Here’s to more than £100,000 raised by the Big Questions project at time of press in support of that work and, we all hope, much more to come.


Gemma Elwin Harris, 2013    

















INTRODUCTION





I am frequently guilty of doling out facetious – or worse, lazy – answers to my children’s questions. To be fair this is sometimes because they are questions that don’t really have answers; all parents get used to the cycle of ‘but why?’ questions with which our young explore the limits of our knowledge and our patience at one and the same time. But sometimes the questions are incisive, thoughtful and generally deserving of a better answer than that which my patchy understanding of aeronautics/professional wrestling/alchemy can supply. That is why this book is invaluable, and not just as an arsenal against future questions from the back of the car. This tome provides solid and reliable plugs to fit snugly into the myriad gaps in our knowledge that perhaps we’d prefer not to own up to – even to our children.


Alexander Armstrong, 2013    
















DOES MY GOLDFISH


       KNOW WHO I AM?
























QUESTIONS & ANSWERS





DOES THE UNIVERSE HAVE AN EDGE?



ASKED BY Josh, age 10



Professor Brian Cox, particle physicist, says:



That’s a great question. The answer is that we don’t even know how big the Universe is! We can only see a small part of our Universe – the part that light has had the time to travel across to reach us during the 13.8 billion years since the Big Bang. Anything further away can’t be seen, simply because the light from these distant places hasn’t reached us yet.


The part we can see is pretty large, however. It contains around 350 billion large galaxies, each containing anything up to a trillion suns. This part, which is known as the observable Universe, is just over 90 billion light years across. But we are sure that the Universe extends far beyond this. It may even be infinitely big, which is impossible to imagine!








WILL MONKEYS EVER TURN INTO MEN?



ASKED BY Evie, age 6



Sir David Attenborough, naturalist, says:



Monkeys are very good at living in trees. They have hands and feet with which they can clamber about and pick the leaves and fruit they eat. No other animals, including human beings, can do it better than they do. So there is no need for them to change.


But things could alter. The forests could slowly get smaller so that there is less room for monkeys. Or a particularly good food might appear on the grassy plains beyond the forest edge. Then some monkeys might find it worthwhile to leave the forest and live out on the plain. If they did, then over millions of years they would slowly change. They would no longer need to grip branches. Instead they’d run about on the ground.


So their feet would become flatter, their legs longer, and they would stand upright. That is what may have happened to some apes a very long time ago. As millions of years passed, their bodies altered. They became more and more like us. They were our ancestors.


But as long as monkeys have plenty of food in the forests and the forests themselves are big enough to provide them with homes, they will remain monkeys.
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WHY DO I GET DIZZY WHEN I SPIN AROUND?



ASKED BY Jumaina, age 7



Dr Ellie Cannon, GP and telly doctor, says:



You may not know it but your balance and steadiness is actually controlled by your ears. They do the listening and they do the balance. Pretty clever really.


Right inside your ear, just next to your brain, there are three tiny tubes in an arch shape, full of liquid.


The tubes are lined with even tinier hairs that waft around in the liquid, a bit like plants under the sea. Those hairs are actually sending signals to your brain to say ‘We’re moving a lot today,’ or ‘We’re not moving very much.’


If you’re not moving, then the liquid is calm like a quiet pond and the hairs tell your brain that you’re steady on your feet or sitting still. When you start spinning, that fluid gets really churned up like a stormy sea, and the hairs move wildly and tell your brain that you’re spinning around. Trouble is, even when you stop spinning, that liquid carries on sloshing around for a while.


It takes a while to stop the sloshing – so the hairs keep sending those messages to say you’re moving. Your body has stopped, but your brain still thinks you’re moving. The difference between what your brain thinks and what your body is doing makes you feel dizzy.


I used to love doing this when I was a kid, though I always ended up crashing into my mum’s coffee table.








HOW DO I KNOW MY LIFE ISN’T JUST A DREAM?



ASKED BY Esther, age 5



Derren Brown, illusionist, says:



Often we have dreams and they feel so real that we might wonder whether we’re dreaming right now too. It feels like you’re wide awake now, but doesn’t it feel like you’re wide awake in dreams too? How on Earth can you tell the difference? Maybe you’ll wake up in a moment and realise you weren’t reading this book – because it never existed!


Well, at least you know you’re probably real. Because even if you were having a dream right now, there would have to be a you somewhere who was having that dream about yourself. But before your head starts spinning too fast, here’s the important thought. We only ever really know about the stuff we see and hear and feel, and that’s only a tiny part of what’s around us. (For example, you can’t see what’s happening in the next room, or in someone else’s head.) We can only guess at what’s real from the little bit we know about – and often we get it very wrong.


So next time you have an argument or think someone’s being stupid, remember: the other person is just as certain they’re right, and really you only have half the story! So even though you’re probably not dreaming, it’s worth remembering that you’re only aware of a small part of what’s real, too.








WHAT WAS THE FIRST MUSICAL INSTRUMENT?



ASKED BY Caitlin, age 9



Tony Robinson, actor, writer and broadcaster, says:



When you’re asked a question, it’s rude not to answer, isn’t it? Well, maybe. But sometimes if it’s a difficult question like this one, the sensible thing is just to ask another question back, like ‘What’s a musical instrument?’ or ‘How do archaeologists know when they’ve found one?’


When we clap our hands, are they musical instruments? If so, the oldest instrument ever found has got to be the hands from an ancient skeleton. And how about stones? If you whack one, it’ll make a noise. If you whack a smaller one, it’ll make a different noise. Put three together and you’ve got a xylophone. But you’re not going to put them in a case and take them to your music lessons, are you? You’ll just chuck them away when you’ve finished playing them. They’re a kind of temporary musical instrument.


Maybe what we mean by a musical instrument is something specially made and kept just for making music, and there are certainly 45,000-year-old bits of hollow bone with holes in that look suspiciously like early flutes. But maybe they’re not. Perhaps the holes were drilled for a completely different reason. Maybe they were tools or jewellery or children’s toys.


The most we can say for certain is that by around 35,000 years ago people were bashing drums, knocking out tunes on their xylophones, and blowing flutes and pipes made from vultures’ wing bones and mammoths’ tusks. Life must have been extremely noisy back then.
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HOW CAN I BECOME A FOOTBALLER?



ASKED BY Azaan, age 7



Lee Dixon, former Arsenal and England international, now TV football analyst, says:



When I was a young boy of about seven or eight, growing up in Manchester, all I ever did was play football. I played at school. I played in the park. I played in the street. It was safe to do so back then as the streets were quieter and Mum could keep an eye on me. We even played in the house when it was raining with a balloon instead of a ball.


I wanted to be a footballer from my earliest memory. My dad was a professional for my favourite team, Manchester City, back in the 1950s. Also when I was young the best film that has ever been made was released: Willy Wonka and the Chocolate Factory. I watched it every time it was on and was fascinated by the Golden Tickets in the chocolate bars. So much so that I dreamed there was another golden ticket. This one didn’t get you access to Willy’s factory, however. This one got you a professional contract to play for Man City! How good is that?


It wasn’t true, of course. There was no Golden Ticket. But nonetheless I used that dream to inspire me and I worked very, very hard at my football and eventually got a lucky break and signed a professional contract with Burnley FC in July 1983.


Throughout my career playing football, whenever I had a setback I thought about my dream. I knew if I worked hard and concentrated, there would be another chance. Another Golden Ticket. It has served me well.








CAN ANYTHING SURVIVE IN A BLACK HOLE?



ASKED BY Anthony, age 8, and Lauren, age 10



Marcus Chown, author of books about space and the Universe, says:



If you were in a spacecraft, you might be able to survive inside a black hole. But only if it was a big black hole and only for a short time.


A black hole is a region of space where gravity is so strong nothing can escape, not even light, so it appears black. If you approach a small black hole, only a few times as massive as the Sun, its gravity will stretch you out like a long piece of spaghetti and rip you apart. Surprisingly, though, big black holes are gentler. If you approach a ‘supermassive’ black hole – and many galaxies like our Milky Way contain holes billions of times bigger than the Sun – you will be able to pass into the hole with no ill effect.


Inside, it is a very dangerous place because lots of rocks and stuff from around the hole are falling in with you. Everything is heading towards the ‘singularity’ – the centre of the black hole lurking like a monstrous spider. Even if your spacecraft has the most powerful rocket engines imaginable, it cannot avoid being dragged there too.


A singularity crushes everything out of existence. But there is a small ray of hope. As black holes grow old, their singularities become less terrible. Some scientists think it might be possible to pass through them without being killed. The singularity may become a ‘gateway’ to another region of space and you could come out in an entirely new universe!
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WHAT ARE HUMANS FOR?



ASKED BY Laszlo, age 5



A. C. Grayling, philosopher, says:



Humans are not ‘for’ anything, in the sense in which cows are farmed for their milk and meat and sheep are bred for their wool. But human beings can certainly have purposes and aims. Living so that we fulfil our aims is what gives our lives their meaning. We should never use other people as ‘for’ something, but should treat each person as worthwhile and respect them for the good that they try to do for themselves and others.








WHY DO WE HAVE RECESSIONS WHEN WE CAN PRINT MORE MONEY?



ASKED BY Cameron, age 11, and Mayur, age 9



John Lanchester, author, says:



Sometimes a government does print more money to try to end a recession, and sometimes it works!


In fact, one of the ideas being discussed in America right now is that the government should mint a special coin, worth one trillion dollars, in order to pay off all its debts! (A trillion is a very big number: it’s a thousand thousand millions, or 1,000,000,000,000.)


But the thing that causes recessions isn’t how much money there is in a country, it’s whether people are spending it. When people are worried about the future, they often stop spending money and save it instead. If everybody does that at the same time, businesses make less money from selling their goods, and have less to pay their workers. Then the workers have less money to spend, and you have a recession. So just printing more money doesn’t necessarily help people to feel more secure about the future.


The thing that ends recessions is when people feel more confident and start to spend a bit more, and everything picks up again.








WHY CAN’T WE DRINK WEE?



ASKED BY Isobel, age 4, and Leah, age 12



Bear Grylls, explorer and survival expert, says:



Now if you asked most normal people if they would drink their own wee they would look at you like you were mad. But here’s the thing, if you are well hydrated but you have recently run out of water in a desert, drinking your own wee can definitely help save your life. Just don’t expect it to taste nice!


There are a few key points to remember: if your wee is dark brown then it means you are already badly dehydrated and drinking it won’t help you. At this stage it is total waste product expelled from your body. But if your wee is nice and clear then drinking it will help hydrate you.


There are many stories of people lost in deserts or stranded in a life raft at sea who have resorted to drinking their own wee and it has helped save them. So remember: those who survive are often those who can face the unimaginable and eat and drink the truly disgusting. If the worst comes to the worst, you just have to summon up the courage and do it!








HOW DOES THE LADY IN THE SATNAV KNOW WHERE SHE’S GOING?



ASKED BY Anaya, age 6



Ken Denmead, ‘Geek Dad’ author and blogger, says:



The ‘lady in the satnav’ is really just the voice of a special little computer. The computer could talk to you in a man’s voice, too; or a kid’s voice, or even Darth Vader’s voice!


The satnav itself is a pretty cool machine. It sends a radio signal up to a satellite orbiting the Earth, which keeps bouncing back to tell it exactly where it is at every moment. It also has maps stored in it that list every single address of every building and keep track of every road, roundabout, train station, airport and more.


If you ask it how to get to a place, it looks at the address, looks at exactly where you are at that moment, traces every possible route you could take to get from where you are to where you want to go, and then calculates which one will be the fastest. It may even get traffic reports and include them in its calculation, which is pretty smart!


Just remember that when you use a satnav, you should also pay attention to signs and signals. Sometimes there can be roadworks or special events that block or change streets in ways the satnav hasn’t learned about yet. But it’s a very useful little machine for helping you get where you want to go.








CAN YOU CREATE A SONG OUT OF ANYTHING?



ASKED BY Ethan, age 10



Sir Paul McCartney, musician, singer and songwriter, says:



Yes, just about anything! What about ‘The Dancing Rubbish Bin’?
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DO SPIDERS SPEAK?



ASKED BY Eleanor, age 7



Dr George McGavin, entomologist (insect expert), says:



Spiders do not speak like you and I, but they do communicate with each other.


Some spiders make visual signals that other spiders can understand. Jumping spiders, for example, have two particularly large eyes at the front of their head. They use these eyes to stalk insect prey but also when male and female spiders meet. If a male wants to be accepted as a mate by a female of the same species he must give the correct signals, such as dancing in front of the female in a particular way. Each species has a special dance, which the female watches very carefully. If the male gets it wrong or fails to impress her she will lose interest and walk away.


In many spiders, however, communication is based on what they can feel. The bodies of spiders are covered with many touch-sensitive hairs, which respond to all kinds of vibrations carried through their silk or through the air, so they can sense the presence of other animals, including other spiders of course.








WHO THOUGHT UP THE IDEA OF KINGS AND QUEENS?



ASKED BY Florence, age 10



Jeremy Paxman, journalist, author and broadcaster, says:



An anthropologist once tried to discover who’d thought up the idea of kings and queens. He gave up when he discovered that right back at the time of the earliest events ever recorded, there were already kings and queens.


Obviously the system began with someone tough enough or greedy enough to seize power and who then decided he wanted to pass it on to his children. Of course, it’s not an arrangement we’d dream up now. But it works. The queen has no power, and only one job: to make people feel happier. It’s not a bad thing to have someone do. And why give some politician the satisfaction of claiming to represent the whole nation?








WHAT IS DNA?



ASKED BY Max, age 9



Sam Kean, author of science books, says:



Let’s say you want to remember your favourite recipe. (Trifle? Biscuits? Banoffee pie?) What do you do? If you’re smart, you write the recipe down and put it somewhere safe. Your body does the same thing: whenever your cells need to remember how to do something important, they write the instructions down in what’s called deoxyribonucleic acid, or DNA.


DNA works a lot like a language, like English. But while English has twenty-six letters in its alphabet, DNA has just four letters, called A, C, G and T. Those letters stand for the names of four chemicals, and by arranging the four letters in different orders, your body can spell out ‘words’ and ‘sentences’ that help your cells remember how to build and run your body. You get half your DNA from your mum, half from your dad, which explains why you look like them.


Something else that scientists talk about, along with DNA, is genes. A gene is a long stretch of DNA – like a paragraph – and each of the 23,000 or so genes in your body is like a recipe for building one thing, usually a protein. Those proteins help form your muscles and bones and organs. They also influence nearly everything about you, from the colour of your hair to whether or not trifle really is your favourite food. Perhaps you prefer broccoli.
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WHY DO MY FINGERS GO WRINKLY IN THE BATH?



ASKED BY Angus, age 11, and Joe, age 9



Dr Tom Smulders, evolutionary biologist, says:



When you soak in a warm bath for a little while – more than about fifteen minutes – the skin on your fingers and toes starts wrinkling. The same would happen if you did the dishes for a while. (Try it: your parents will love you for it!) So why does this happen?


Many people assume that the skin on the fingers and toes swells up because it absorbs water. But recent research has shown that instead of the fingertips getting bigger, as they would if they absorbed water, they in fact get smaller. Your fingers are wrinkly for the same reason that raisins and prunes are wrinkly: the inside of the finger has shrunk, so the skin is now too big to contain it, and wrinkles up.


What, then, makes the fingers shrink? It seems to be the blood vessels in your fingers and toes getting narrower. Narrower blood vessels mean less blood, and therefore a thinner (and wrinklier) finger.


The next question then is: what good is this wrinkling? Does the wrinkling get us anything? The answer to that question is not completely clear yet. It could be that the narrowing of the blood vessels is somehow helpful in itself, and that the wrinkles are just a side effect. However, in a recent experiment, we have shown that people have a better grip on wet objects when their fingers are wrinkled than when they are not.


This suggests that the wrinkling of the fingers may give us a better grip in wet conditions. Our primate ancestors may have benefited from wrinkly fingers when climbing through wet forests and trying to grab onto wet branches, with hands and feet.


If that is so, other primates (apes and monkeys) should also get wrinkly fingers and toes when wet, but we don’t know yet whether that is true or not. Another science mystery waiting to be solved …








IF YOU SHOUTED IN SPACE WOULD YOU HEAR ANYTHING?



ASKED BY Matt, age 10



Ben Miller, comedian, actor and science writer, says:



I beg your pardon?


Only joking. To answer this question properly we are going to explore some fascinating science.


Firstly, what is sound? The answer is not as simple as you might think. Sound, it turns out, is a sort of pressure wave. It is created when an object vibrates in either a solid, a liquid or a gas.


Say you’re listening to a song on speakers. The paper cone in the loudspeaker might vibrate and make pressure waves in the air, which are picked up by your ears and sent to your brain as tiny electrical signals that it understands as the words ‘Hey sexy lady’ from ‘Gangnam Style’.


Sound travels pretty well in a gas like the air. But it travels even better in a liquid like water, and even better than that in a solid like, say, a tabletop. In fact, if you have a music device like an iPod, you can test this for yourself. Put the iPod on a tabletop and put your ear to the wood. Pretty loud, huh?


Of course in space there isn’t any air, let alone water or wood, for the sound waves to travel through. So if you shouted in space, and you weren’t wearing a helmet, your vocal cords wouldn’t have anything to make pressure waves in, and so wouldn’t make a normal shouting sound. Anything you did hear would be from sound waves travelling through your own head, and that would mean a much quieter, more muffled sound. It’s dangerous to take your helmet off in space, so I don’t think anyone has ever tried it.


If you shouted inside your space helmet, you would hear a proper shout, because the sound waves would have some air to travel through before they reached your ear.


But here’s the weird bit. Any other astronauts that happened to be with you wouldn’t hear a thing, because there wouldn’t be any air to carry your shout to them.


Which is why they say that in space, no one can hear you scream. Spooky eh?








WHY IS IT FUNNY WHEN SOMEONE FARTS?



ASKED BY Alice, age 9



Miranda Hart, comedian, writer and actress, says:



What a silly question but a brilliant one. And I feel I am just the person to answer for, I hope like you, I find farting hilarious. It shouldn’t be, should it? It’s something we all do, to varying degrees. It’s part of our biology. Yet most people on hearing one will burst out laughing. (Those who don’t are weird in my opinion.)


I think the answer is because it is both naughty and embarrassing. Humans over the years have decided that farting should not be a public activity. So if we hear someone blow off we laugh because we know it to be ‘wrong’. It is doubly funny when it is embarrassing.


When would it be really bad to fart? As you walked up the aisle at your wedding? If you met the Queen? A curtsey and … The more important the moment the funnier. Oh and finally, farts have varying trumpet-like noises and indeed lengths, all of which seem to have perfect comedy timing. And they come from a bottom. You might now ask: what’s NOT funny when someone farts?
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WHAT RUNS FASTER, A VELOCIRAPTOR OR A CHEETAH?



ASKED BY Lucas, age 5



Paul Geraghty, author, illustrator and dinosaur expert, says:



If a Velociraptor were here today, the race wouldn’t even be close; the cheetah would win so easily.


With four spring-loaded legs and a long, bendy body, the cheetah can run in great leaping bounds at about 115 kilometres per hour.


The much smaller Velociraptor, at less than a metre high, could only run dit-dit-dit-dit! on two legs, like a miniature ostrich, probably at about half the speed of a cheetah.


Before you get disappointed, this is still much faster than a person has ever sprinted!


There are other dinosaurs we think would have been quicker than Velociraptor. The ostrich-like ornithomimids, for example (Gallimumus, Struthiomimus, Dromiceiomimus) and the ornithopod Hypsilophodon. But these, too, would easily be beaten by the cheetah.








IS NEW TECHNOLOGY ALWAYS GOOD?



ASKED BY Honor, age 11



Noam Chomsky, linguist and philosopher, says:



Technology is usually fairly neutral. It’s like a hammer, which can be used to build a house or to destroy someone’s home. The hammer doesn’t care. It is almost always up to us to determine whether the technology is good or bad.
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WHY ARE KIWIS HAIRY?



ASKED BY Evie, age 5



Alys Fowler, gardening writer and broadcaster, says:



To understand why kiwis are hairy, you are going to have to imagine that you are a very, very small insect. Perhaps an aphid, which is about the size of a pinhead. The world is very different when you are that small.


Now imagine you’re feeling thirsty. Ideally you’d like a smoothie; something refreshing and nutritious to sup upon. You spy a huge vine with lots of lovely baby kiwi fruit growing all over it. ‘That would make a perfect smoothie!’ you think. So you land on a kiwi, only to find the surface is covered in a forest of hairs so thick that you cannot pierce the fruit, no matter how you try. And it’s so bristly that it hurts your legs, so you leave.


The kiwi’s hairy outside protects the insides. Those little black bits you see inside a kiwi are the seeds and this is what the plant is trying to protect. The seeds need to sit surrounded by the nice juicy fruit until they are ripe. If an insect robs the juicy bits, the seeds may not develop properly.


You can actually eat the coat of a kiwi. It’s very nutritious but most people don’t like the furry feel in their mouth. Not all kiwis are hairy. Some species are very small, the size of a strawberry, and have very little hair.
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WHEN LIGHTNING STRIKES THE SEA, WHY DON’T FISH DIE?



ASKED BY Gabrielle, age 12



Professor Jim Al-Khalili, scientist and broadcaster, says:



This is because water conducts electricity so well, especially salty sea water. When lightning strikes the surface of the water, a tremendous amount of electric charge lands in the sea. But the important thing to remember is that the sea is very big and so the electricity can quickly spread out and get ‘diluted’.


Imagine putting a drop of ink into a glass of water – the water will change colour. Now what if you put the same tiny amount of ink into a swimming pool? It will quickly spread out and you won’t notice any difference in the colour of the water. The same idea applies to the electric charge from the lightning. Any one small part of the sea only has a tiny bit of electric charge, so a fish won’t feel the full force of the lightning.


Of course, fish would die if they happened to be swimming very close to the spot where the lightning struck, before the electricity had a chance to disperse.








WHY DO WE HAVE RIGHTS AND LEFTS?



ASKED BY Peggy, age 6



Justin Pollard, QI writer, says:



Animals display several types of symmetry in their shapes. Some, like sea anemones, have what is called radial symmetry, with similar parts arranged around the centre of their body, where the mouth usually is. Some, like sponges, aren’t symmetrical at all. But most animals have what is called bilateral symmetry, which means that they are made of two halves which are mirror images of each other. So we have two eyes, two nostrils, two arms and so on.


Our names for each side are known, rather splendidly, as ‘egocentric co-ordinates’. This is because directions like ‘left’ and right’ depend on us, not things outside of us – unlike, say, north or south. North is always north regardless of which way we’re looking but if we look north then the east is on our right. If we look south then the east is on our left.


The Australian Guugu Yimithirr people don’t use egocentric co-ordinates at all so they don’t have ‘left’ and ‘right’. They use compass points instead. Rather than say, ‘The ticket is in my left pocket,’ they might say, ‘The ticket is in my east pocket.’
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HOW DO INVISIBLE INKS WORK?



ASKED BY Ridhima, age 7



Dr Simon Singh, science writer, says:



A Roman scientist and general called Pliny the Elder was the first person to write about invisible inks. His recipe involved a pale juice extracted from a plant. This juice can be used to write on paper, and then it becomes transparent after drying. In order to reveal the message, the reader simply has to heat the paper, being careful not to burn it. The transparent ink then turns black. The ink darkens because it contains carbon, an element that turns black when it is heated.


You can experiment with invisible inks using any liquid that contains carbon, such as lemon juice, milk or even urine (also known as wee). Probably better to try lemon juice or milk. Use any fine point, such as a toothpick, as your pen and dip it into the liquid. After it has dried, you can reveal the message using a hot iron. Of course, make sure you have an adult to help you and be careful not to burn the paper or yourself.


You can write on blank paper when you experiment with invisible inks, but anybody who finds the paper will immediately be suspicious, because nobody sends blank paper to a friend. So, for serious secrecy, write a normal message first using normal ink, with plenty of space between the lines. Then write the invisible message in between the lines. Good luck with your experiments.








WHY DO LEAVES ONLY FALL IN AUTUMN?



ASKED BY Aksha and Lulu, age 9, Bruno, age 8, and Calum, age 5



Carol Klein, gardening writer and broadcaster, says:



In countries where the climate is cold in winter and warm in summer, lots of trees are deciduous, which means they lose their leaves in autumn.


Leaves grow in the spring and summer, but to keep them going through really cold weather would use enormous amounts of energy. So the tree adopts a plan of shedding all its leaves. The lovely autumn colours we see are part of the dying process. The sap inside the tree goes down into the roots. At the point where the leaves join the twigs, the tree seals over the junction and pushes off the leaves.


When the leaves fall off the tree they are dead, no longer receiving any food. Next year’s leaf buds are already there on the tree, tightly rolled. In the spring, as the weather warms and the sap rises, they unfurl and the tree is green again.








WHEN I YAWN, WHY DO PEOPLE NEAR ME YAWN TOO?



ASKED BY Alex, age 7



Dr Jack Lewis, neuroscientist and broadcaster, says:



You yawn when your brain becomes a little bit hotter than it needs to be to work well. Yawning helps cool down the blood on its way up into your brain. This helps you to feel more alert and to focus your attention better when you’re feeling sleepy. It fights the tiredness.


It often happens after you’ve been sitting around not doing very much, at the moment you realise it is time to do something more active. For instance, paratroopers often yawn just before they jump out of an aeroplane into enemy territory. I often yawn just before I go up on stage to give a talk to hundreds of people.


The reason that yawning is ‘catching’ or ‘contagious’ – other people near you yawn when you yawn – is to get everyone in the group ready to be more active. When other people ‘catch’ your yawn, their brain gets cooled down as well. This gets everyone more alert and focused at the same time.


Riot policemen often yawn together just before they go in to break up a fight, usually when they have waited around for ages before the order to move is given. For the rest of us, catching someone else’s yawn prepares us for a much less exciting activity – getting everyone ready to get up and go to bed at the same time!








WHY ARE QUENTIN BLAKE’S DRAWINGS SO MESSY?



ASKED BY Hal, age 8



Sir Quentin Blake, artist, says:



Greetings! Good is not the same as neat. My drawings don’t look so messy to me because by the time I have finished, the lines are exactly where I want them to be. Even if they don’t join up. And if the lines don’t quite join up and the colour does not fit in a tidy way, that is because I am often drawing something happening, and I want to suggest it hasn’t quite finished yet.








WHY DO BABOONS HAVE RED BUMS?



ASKED BY Jarae, age 9



Kate Humble, wildlife TV presenter, says:



Girls sometimes go to enormous efforts to be noticed by boys. They might spend hours choosing the right clothes and shoes, doing their hair, putting on make-up. But boys can be staggeringly unobservant at times. My mum once dyed her hair pink to see if my dad would notice. He didn’t. And it’s not just human males that sometimes need a not-so-subtle hint that a girl might be interested in them. Baboons need it too.


Baboons live in troops – big, extended families of males, females and youngsters. The males have a lot to do. They have to find food, groom themselves to make sure they are free of nasty parasites, help look after the younger members of the troop, keep watch for things like leopards that like to eat baboons, and fight each other to prove which one of them is the strongest.


Like us, female baboons want a mate that is big, strong, healthy and fit. Since male baboons have so many other things to think about, female baboons have had to develop a very obvious way of letting the males know when they are ready to mate. They don’t send a text, or organise a romantic dinner for two. Instead, their bottoms swell up and turn bright red. And clearly it works, because baboons are the most widespread primate in Africa.
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WHAT DID WINSTON CHURCHILL DO FOR BRITAIN?



ASKED BY Sienna, age 6



Dan Snow, historian, says:



Winston Churchill was not a particularly good soldier, nor was he a perfect leader. He often made mistakes and took the wrong decision. He was not even a brilliant politician: he made enemies easily and lots of other politicians did not really trust him. But Winston Churchill got one thing absolutely right, and it was one of the best things anyone in Britain has ever done, with people around the whole world still benefiting from it today.


In the summer of 1940 when it looked like Hitler’s Germany had won the Second World War, and lots of people were calling on Churchill to give up and make peace with Hitler, he insisted, absolutely insisted, on fighting on. He understood what we all know now, that the Nazis were a ‘monstrous tyranny’, more evil and destructive than any of the other terrible empires, countries and people in history.


Years later, when it emerged that Hitler had murdered millions and millions of Jews, Poles, Russians and anyone else who disagreed with him, Churchill was proved right. Through a series of inspiring speeches, Churchill convinced Britain, and the world, that the war was not just a squabble for power between countries, like so many wars before, but a unique struggle for civilisation and the future of the world.








WHAT IS THE DIFFERENCE BETWEEN A METEOR AND AN ASTEROID?



ASKED BY Harry, age 9



Andrea Wulf, author of books about science and nature, says:



Think of an asteroid as a big chunk of rock going around the Sun. They are not as big as planets but they can be quite enormous, like the one called Ceres which is nearly 1,000 kilometres across – that’s more than the distance from Paris to Berlin. There are millions of asteroids in our solar system.


If an asteroid enters our Earth’s atmosphere, it becomes a meteor. That’s probably the reason why people sometimes get confused about which is which – because in a way it’s still the same object. Once the asteroid – now called the meteor – hits our atmosphere it often burns up. Have you ever seen shooting stars? Those tails of white light in the night sky that flash up very quickly and then disappear? That’s a meteor burning up.


And to make it even more confusing … if a meteor manages to fall through our atmosphere without burning up but actually crashes onto Earth (onto the ground or into the ocean) it becomes a meteorite.
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WHY CAN’T CARS RUN ON SOMETHING OTHER THAN PETROL, LIKE WATER?



ASKED BY Jonty, age 9



Quentin Cooper, science and arts broadcaster and writer, says:



Motoring has never been purely for petrolheads. Right from the start, well over a century ago, many drivers had electric automobiles, and even the first affordable mass-produced car – Henry Ford’s 1908 Model T Ford – was designed to run off ethanol as well as petrol.


Today there are tens of millions of alternative and flexible fuel vehicles on the road worldwide, between them able to run off anything from gas or biodiesel or electricity to – at least in a few cases – weirder things like hydrogen or solar power or even human waste. Yeuch!


Almost anything that can be an energy source can be used to power a vehicle. But not water. At least, not yet. Although many have claimed to have developed water-fuelled cars, in all cases (that I’m aware of) it has turned out to be an exaggeration, utterly impractical, or outright deception.
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WHY DO ONIONS MAKE US CRY?



ASKED BY Matthew, age 9, and Eleanor, age 5



Greg Foot, daredevil scientist, says:



I don’t know about you but I cry like a baby when I cut an onion! I can’t help it – it’s all down to chemistry.


Slicing through an onion with your knife rips open its cells, releasing various chemicals that react together. After about thirty seconds (notice how you don’t cry straight away?) a sulphur-carrying gas is produced that wafts up to your eye. It mixes with the water in your eye, producing a burning sulphuric acid. That’s what causes the discomfort.


But what about the tears? Well, the front of your eyeball – your cornea – is packed with nerve endings to detect any physical or chemical irritants. They sense that tear-provoking chemical and send a signal to your tear glands to boost the production of tears to flush it away. So you’re left crying into your bolognaise sauce.


How can you spare yourself the blubbing? Cut the onion under water to soak up that irritating chemical, chill it in the fridge first to slow down those reactions, or wear goggles and a snorkel!








WHY DO ZEBRAS HAVE STRIPES?



ASKED BY Rachel, age 8, and Thulani, age 7



Dr Karen James, biologist, says:



When we want to understand why a plant or animal is the way it is, we start by asking three questions: 1) Is it that way because it helps them to survive or to have offspring, or just ‘by accident’? 2) If it does help, how might it help? 3) Is there any evidence that this is how it helps?


Starting with question 1, how could you tell if zebras are helped by their stripes? Maybe you could find a herd of zebras, paint a third of them solid white, a third solid black, and leave a third unpainted, then see how many survive and successfully raise another generation of zebras. The thing is … have you ever tried to catch and paint a zebra? Me neither, but it sounds tricky!


Moving on to question 2, even if we’re not sure the stripes help zebras, we can still ask, ‘How might they help?’ Some scientists think stripes camouflage zebras in tall grass. Others think stripes make it difficult for predators like lions to single a zebra out from the herd; where does one zebra end and another begin? Another idea is that zebras might use their unique stripe patterns to identify each other, the way we use faces.


It’s nice to have ideas, but now we have to move on to question 3, ‘Is there any evidence?’ If we read the scientific literature, we find the answer for all these ideas is ‘no’. But there is another idea …


In addition to big predators, like lions, there are small predators that can hurt zebras: biting flies. They carry diseases and distract zebras from feeding and watching for the bigger predators.


In 2011, scientists set wooden models of zebras out in a field. Some of the models were painted with stripes, some were solid white, some solid black. Sound familiar? Next they painted the models with sticky glue. They found that the solid black models ‘caught’ the most biting flies, the solid white models caught fewer, and the zebra-striped models caught the least of all.


At last, some evidence: zebras’ stripes might repel biting flies, like a visual bug spray!








WHO INVENTED BALLOONS?



ASKED BY Amal, age 10



John and Mary Gribbin, authors of science books, say:



Rubber balloons were invented in 1824 by a famous scientist, Michael Faraday. He was doing experiments with hydrogen gas, but he didn’t have anywhere to keep the gas. So he got two sheets of rubber, put one on top of the other and squeezed the edges hard in a machine to make them stick together. The middle of the rubber was covered in flour to stop it sticking, and there was a gap in one end to let the hydrogen gas in. Because hydrogen is lighter than air, the balloons full of hydrogen would float in the air.


This was such good fun that just a year later, a toy maker called Thomas Hancock started selling kits for people to make their own balloons to play with. But hydrogen can catch fire and burn very fiercely, so these days our balloons are filled with helium, which is also very light but doesn’t burn. If you blow up a balloon with air, it won’t float, but it is still fun to play with.








WHY DON’T OLD PEOPLE LIKE POP MUSIC?



ASKED BY Sasha, age 9



Ann Widdecombe, novelist and former politician, says:



Of course we like pop music, but the music we like was pop a long time ago. We object less to your music than to the volume at which you play it. It hurts our poor old ears and we can’t hear ourselves speak because we no longer hear as well as when we were young – and ruining our own ears with loud pop music.
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WHY DOES SWEETCORN COME OUT LOOKING THE SAME AS WHEN I ATE IT?



ASKED BY Keane, age 7, and Jules, age 6



Mary Roach, author, says:



A kernel of corn has a tough, fibrous ‘seed coat’ that stands up to the acids and digestive juices in your stomach – much the way a leather jacket protects a motorcycle rider. Corn is famous for its ability to pass through the body intact, or at least in recognisable pieces. For this reason, it can be used as a ‘marker food’ to measure how long it takes food to travel all the way through you.


The next time your family eats corn on the cob, you can do an experiment. Make a note of the date and time when you eat the corn, and then again when you next catch sight of it. The number of hours in between is the ‘transit time’ for your own intestines. (Some people might object to looking into the toilet, but based on your question, you won’t have a problem. You have a healthy curiosity, and that’s great!)


If you chew your corn thoroughly and break open the seed coat, your body should be able to absorb the good nutrients inside. Birds don’t have molars to break open seeds, so they poop them out whole, and then the seeds sprout where they land. Plants don’t have legs or cars, so this is one way they get around. The pooping birds help the plants populate the far corners of the land.


The seeds of the baobab tree, on the African savannah, are so tough that chimps can’t chew them up. So they eat them twice. They pluck the undissolved (but softened) seeds out of their poop and run them through their digesting machinery again. The second time around, the seeds break apart. You’ll be happy to learn that when the chimps are done, they wipe their lips with tree bark.








WHERE DOES COUNTING COME FROM?



ASKED BY Tommy, age 7



Alex Bellos, maths author, says:



Probably from gazing at the Moon. Our ancient ancestors will have noticed that the Moon follows a cycle, from Full Moon to New Moon and then back again.


In order to track the position of the Moon on its cycle, our ancestors would have made notches on pieces of wood or bone, or painted splotches on rock walls, to mark the days as they passed. Each notch or splotch represented a day, a bit like the way a prisoner in a film marks a line on the wall of his cell every day, in order to remember how long he has been there.


The purpose of counting therefore stemmed from the human desire to track time, which thousands of years later led to the invention of numbers.








WHY DOESN’T THE MONA LISA HAVE EYEBROWS?



ASKED BY Maia, age 11



Professor Martin Kemp, expert on Leonardo da Vinci, says:



A surprisingly difficult question! Either they have been cleaned off or they were never there. I suspect the former. Very slight eyebrows, presumably plucked until they were extremely thin, can be seen on some of the better early copies. Leonardo painted such details with incredibly fine and delicate touches of paint applied with a tiny brush. The little fringe of lace at the top of the neckline of her dress has gone. Lisa’s eyebrows are likely to have suffered the same fate.








IN THE FUTURE WILL TELEPORTING EXIST?



ASKED BY Sebbie, age 9



Brian Clegg, science author, says:



It already does! But only on a very small scale. A clever bit of science called quantum teleportation lets us transmit an identical copy of an atom anywhere else we can send a special signal, and could work on something as big as a virus.


Some time in the future we might be able to do this with a person, but it would mean working on each atom separately – and you have so many atoms in your body, if it could look at a trillion of them a second the teleport machine would still take 200 million years to scan you.


The other problem is that it would work by making an exact copy that even had your thoughts and memories, but it would do this by ripping the original you to pieces. Everyone else would just see you appear at the far end, but it doesn’t sound a fun way to travel.


We may never have teleporters for people, but quantum teleportation is already being used in special quantum computers that use the tiny building blocks of the Universe, like the photons that make up light, to do their calculations.
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WHO KILLED THE LAST DODO?



ASKED BY Marc, age 12



Dr Julian Hume, researcher at the Natural History Museum in London, says:



Imagine you are a Dutch sailor. The date is September 1598. You have been at sea for months, the food on board is rotten and the water stagnant. Many of your friends are sick. A great storm has blown your ship hundreds of miles off course and you are lost at sea.


Suddenly, you spot an island. Exploring it with the rest of the crew, you find it is covered in forest, rich in palms and valuable ebony trees, and sweet fresh water runs down from the mountains. You have discovered the island of Mauritius.


Birds are everywhere on this island and so tame that they can be caught by hand. You notice that one bird stands out from the rest. It is as big as a turkey, with a large hooked bill and tiny wings. It’s called a dodo. The dodo shows no fear of humans, so twenty of them are easily killed with sticks and loaded onto the ship. What a story to tell when you get home!


Within a year the news is out about the island and now many ships stop there to get food and water. Pigs, goats, monkeys and deer are released to provide extra food. Rats escape and breed in huge numbers. The ebony trees are cut down and the forests destroyed.


The dodo had lived for millions of years in peace and without competition, but now its home is besieged. Just eighty years later, somewhere in a remote part of the island, the last dodo passes away. The dodo is extinct.
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