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I have been working with Helen and Steve for approximately ten years (rounded to the nearest whole decade) on Festival of the Spoken Nerd, and it has been an absolute delight to watch them bring all manner of scientific concepts to life, live on stage. My field of mathematics is easily conveyed: I set up the required equations and axioms and let the audience extrapolate their own way to understanding. But Helen and Steve need to guide the audience around every subtlety of experimental design and pitfall of misconception.


As a trio, we began by performing live shows but always wanted to expand out into something like a book so people could enjoy what we do in the comfort of their own home. We wanted a format for Festival of the Spoken Nerd where people could start and stop, enjoying maths and science at their own pace. So we filmed a DVD.


When the possibility of a book expounding maths and science in the Spoken Nerd style came along, we thought it could be a good companion to our filmed shows. But sadly I was busy writing The Wrong Book.


So it was decided that Helen and Steve should forge ahead with the science bits. They didn’t need me, I would only hold them back. They could cover everything from self-experimentation to the end of the Universe, labouring over every word as they poured their infectious enthusiasm into this very book that you now hold. It is poetry about motion.


I, however, was able to generate my contribution far more efficiently. As well as this Foreword, I have also sent Helen and Steve 127 pages of densely populated maths for the book. I really crammed it in. Much of the fun has been left out as an exercise for the reader. And what an exhausting exercise it is. My contribution is more of a mathematical marathon compared to Helen and Steve’s scenic saunter through science.


So enjoy reading their bit. You will get to see what it has been like for me working with them over the previous 1 × 101 years (to one significant figure). This book really is just their brains smeared out on the page. I assume all of my work will be attached as an appendix at the end.H1+S1


Matt
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H1 + S1 Oh yes, look out for our sequel, The Equation in the Not Going To Happen.






FESTIVAL OF THE SPOKEN NERD. WHAT’S THAT ALL ABOUT?


It’s hard to describe what we do for a living. On the surface, it’s quite simple: we stand on stage talking – and sometimes singing – about science. And, crucially, people pay us to do it. Over the past seven years we’ve found a wonderful audience full of curious people who like to have their brains tickled. Some of those people are also under the influence of alcohol and jokes.


But this is a book!


Good point. We spend a lot of time searching for mind-tingling ideas, experiments and stories, and now we’ve collected our favourite ones together on these pages. Some are interesting, some daft and some a bit of both. All of them contain science-y stuff that’s around you right now, but you might not have had a chance to think about it like this before. And you certainly won’t be able to think about it in the same way again.


What kind of science-y stuff do you mean?


The ‘aha!’ moments that inspire us. The science at our fingertips that we grabbed for as kids. The feeling when our brains fizz and pop with new ideas. The science that grew out from those humble roots and continues to weave through our lives.


Come on now! Be specific…


Ah, you mean, what’s actually in this book? Well, we’ve started with the basics, looking at the piece of scientific equipment you know best…your own body, a mobile laboratory full of quirks and questions. We’ll help you find answers first-hand in Chapter 1. Then we take a glance at what you put inside that body in Chapter 2, with some edible experiments and unusual facts about where some of your favourite food and drink really comes from. Chapter 3 takes you to the neuro-nerve-centre of it all, the big boss upstairs: your brain. We’ll show you how to give it a gentle poke to find out if it’s really as in control as you think it is. Taking a look at the world around us next, we’ve combed the periodic table for Cinderella elements, the kind that don’t always get the attention they deserve. They’re almost certainly in the room with you right now, and they’re also in Chapter 4. Next, it’s time to add some collaborators! You shouldn’t have to science alone if you don’t want to. When you reach Chapter 5, invite some friends over and start a party with our step-by-step guides to home experimentation and science cocktail recipes. The Universe takes centre stage in Chapter 6, as we look at space from Earth’s perspective, and at Earth from the vantage point of space. Get to know what’s out there, and enjoy a bonus contribution from a very special guest ‘star’. Finally, in Chapter 7, we’ll hold your hand as we investigate the future technology that will be running, ruining and redefining our lives. Because it’s good to know at least a little of what to expect between now and the end of time. Sometimes we’ve dug deep, sometimes we’ve only scratched the surface. Either way, there’s plenty here that you won’t find in other science books.


How should I read The Element in the Room?


With your eyes. And also your brain. It’s not just about reading though. There are experiments that you can try at home scattered throughout this book. You don’t need to read everything in order, either, so feel free to jump around and find the things that interest you.


If there’s something that you’d like to share while you’re reading, find us online. We’re on Facebook and Twitter: @moulds, @helenarney and @FOTSN. Take a look at our YouTube channels too. Corrections can be emailed to straight_in_the_bin@fotsn.com.


I want to do all the experiments!


Fantastic! But we’re going to have to trust you on this. Basically, don’t be an idiot. The most enjoyable experiments in this book are usually the most dangerous, so please stay safe. Take time to consider the risks before you start doing anything and remember that your safety is your responsibility. These experiments should not be carried out by children, or reckless adults. Several of them involve alcohol, or fire. Those experiments should not be conducted simultaneously.









WHO ARE HELEN AND STEVE?


When you see this symbol, [image: image] it means Helen has written this part of the book. You can recognize her from the glasses and lab coat. Although she has a degree in physics, Helen has never actually had to wear a lab coat to conduct any science experiments. So this is her only chance.


When you see this symbol, [image: image] it means Steve has written this part of the book. Steve always wanted to be an astronaut. This book is the only way he’s going to make that dream a reality – at least on paper.


Helen Arney


Helen is a science presenter and geek songstress with the ‘Voice of an Angle’.S1 You might have seen her explaining physics while riding a rollercoaster for Coast on BBC2, electrifying Sandi Toksvig on QI or hosting Outrageous Acts of Science on Discovery Channel. She can sing the entirety of Tom Lehrer’s ‘The Elements’ song – including all the new ones – and has filled several notebooks with rhymes for Uranus. None of them are printable here.


Steve Mould


Steve is the maker of mathematical curios, creator of illusions and poster of quirky science experiments on YouTube. He is the author of How to be a Scientist, a book of fun experiments for kids, and – however ludicrous it sounds – has an actual scientific effect named after him (see Self-siphoning Beads). You may also have seen him on TV in Britain’s Brightest, I Never Knew That About Britain and Blue Peter.H1









S1 We mean that literally – she uses it to smash wine glasses in her spare time.


H1 About ten years ago and he still won’t stop going on about it.S2


S2 By the way, these bits at the bottom are footnotes. You’ll see a lot of these throughout the book.H2


H2 So you can tell which of us has written the footnote, we have introduced a simple code. In front of each footnote number is a letter: either an S or an H.S3


S3 I love codes! Which of those letters is mine?H3


H3 Oh Steve…
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Human Bodies. We’ve all got one – unless you’re a form of highly advanced artificial intelligence, in which case:


01001000 01000101 01001100 01001100 01001111 00100000 01010010 01001111 01000010 01001111 01010100 01010011 00100001


For the rest of us, our bodies are the perfect place for a bit of home experimentation. Easy to access, infinitely fascinating and – seeing as you already live in it rent-free – cheap. It’s the DIY science laboratory you can play around in 24 hours a day.


In this chapter we explore a few of the human body’s amazing quirks and qualities. We’re all about getting to know some of the bacteria that live inside your gastrointestinal system, using physics to hear hidden sounds inside your head, and predicting the exact time of your child’s birth, with…a spreadsheet. And when you’re done investigating your own body, get inspired by the animal kingdom and recruit your partner for some after-dark experimentation.


In we go…
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EXPERIMENTS YOU CAN DO ON YOURSELF


Find your v a l v e s


The blood in your arteries is pushed along by your heart, which means it’s under quite a bit of pressure and there’s no risk of it flowing the wrong way. Not so true for your veins, in which the pressure is much lower. To stop blood flowing backwards in your veins, there are tiny little one-way valves all the way along, and finding them is a fun game you can play on your own or with a partner, or in a group – we don’t judge.


The first thing to do is locate a nice big vein. If you’ve got veiny legs, this is your chance to shine. But you can also find good ones in your arms. For best results, allow your arm to swing down freely. Now place a finger firmly at one end of your veins, the end closest to your hand. This prevents blood flow in either direction. Now, press another finger into your arm, above but right next to the first finger. While still pressing, move your second finger up a few centimetres.


This evacuates the vein, so you should notice it go flat. But here’s the cool part. Remove your second finger and blood will flow back into your evacuated vein, but only up to the nearest valve.


Congratulations, you’ve just found a valve! Interestingly, varicose veins are what you get when those little valves stop working.


[image: illustration]


Spin your foot and draw a 6


Place some cushions on a chair so that your feet would dangle if you sat down on it. If you have short legs you can skip this step.


Take a seat and start rotating your right foot clockwise, like so.


Now, with your right finger, try to draw a big 6 in the air.


The challenge is to complete the figure 6 without it messing up what your foot is doing.


It’s almost impossible and you’ll probably find your foot doing all sorts of mad movements.


Our brains have evolved to be good at controlling our bodies in rhythmic coordinated ways. It’s what makes us good at walking and running. And it’s very difficult to break out of, as this experiment shows.


[image: illustration]


This is the mating dance of the Guardian reader


Watch your eyes move
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You can’t.


Take a look in the mirror and glance back and forth between your left eye and your right eye. You’ll be able to feel your eyeballs moving in your head as you do it. But you won’t be able to see them move. That’s because of a phenomenon called saccadic masking. When you glance from one thing to another, that fast movement of your eyes is called a saccade. If your brain were to process the visual information coming from your eyes during that time, all you would see is a blur. Saccadic masking is your brain blocking the visual processing while your eyes move. Your brain also does a great job of hiding the fact so you don’t experience a little blackout every time you move your eyes.


If you do want to see your eye move, set your phone camera to selfie mode. There is a slight delay between the movements you make and those movements appearing on the screen, so you’ll just be able to catch your eyes off guard. It’s actually pretty freaky.


Floating finger sausage
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Put your two index fingers together in front of your face (like ET would do if he were trying to heal his left index finger with his right). Make sure they’re nice and straight and horizontal. Now focus your eyes on something behind your fingers. You should experience a ‘double vision’ of your touching fingers. And it will appear as though you are now holding a weird sausage between the tips of your fingers. The sausage will have nails. Slowly move your fingers apart and you should see a floating sausage.


This tells us something really interesting about the way we process information from our eye and nothing interesting about sausages.


When you receive conflicting images from your eyes, like when you see double, your brain will suppress one of the images. So when one eye is telling you, ‘This is the end of your finger,’ and the other eye is telling you, ‘No, no. Your finger is still going,’ which eye wins and which gets suppressed?


In these scenarios, the high-contrast option wins, so it looks like your finger ends. In the space where the two fingers overlap, your brain concludes there is no conflict, only sausage.


Are you missing a tendon?


Place your forearm on a table with your palm facing upwards. Now pinch your thumb and index finger together. And finally, bend your wrist so that your hand moves up.


There’s an 85 per cent chance you’ll see a tendon pop up on your wrist.


[image: illustration]


This tendon is connected to your palmaris longus muscle. A muscle that isn’t in your body because you need it, but because your evolutionary ancestors needed it. It’s a useful muscle to have around if you use your arms to scrabble around like monkeys, but humans don’t do that anymore so the muscle is just a vestigial trait. Except, that is, for about 15 per cent of the population. If that’s you, congratulations, you have taken an extra evolutionary step, expect a phone call from the X-Men any day now.


Actually, this muscle and tendon are useful because they’re useless. When a tendon or muscle is needed for reconstructive surgery, these ones are often used for spare parts because removing them has no effect on grip or mobility.


Lose all meaning


Try repeating a couple of words, like ‘Steve Mould’, over and over again out loud. Eventually they start to sound like gibberish.


This is called semantic satiation because when you hear a word it causes a certain pattern of neurons in your brain to fire. These firing neurons are literally you understanding the meaning of the words: their semantics. If you’ve taken my suggestion, that would be something like ‘handsome clever man’. As is so often the case in the brain, neurons that fire repeatedly become temporarily inhibited; they stop firing. This switches off your understanding of the words and they lose their meaning. If you repeat your own name instead of mine, it’ll get very trippy indeed.
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Put your hands together like you’re giving yourself a high five. Except don’t follow through. Now fold down your middle fingers.


Try to separate your thumbs: no problem. You should also be able separate your index fingers and your pinkies without much difficulty (give yourself another high five, champ!).


What you won’t be able to do is separate your ring fingers. Your fingers are pulled back by tendons in your hand and they all have separate ones except for the middle and ring finger so they can’t be so easily moved independently of each other.


They say the fourth digit is used as the ring finger because it symbolizes the inseparable partnership of marriage. I don’t know why they say that, though, because it’s almost certainly not true. I mean, it really sounds made up.


Others say it’s because there’s a vein in your ring finger that runs straight to your heart. Unlike the veins in your other fingers that go via your bumhole. That’s not true either.


Feel an extra ball


1.   Scrunch up a tiny bit of paper into a ball about the size of a pea.


2.   Place it on the palm of your open hand.


3.   Cross the index and middle fingers of your other hand.


4.   Put your crossed fingers on top of the ball so it nestles between them.


5.   Close your eyes and roll the ball between your fingers.


You should start to feel that there a two little paper balls in your hand. This is called the Aristotle illusion.


‘When the fingers are crossed, one object seems to be two; but yet we deny that it is two; for sight is more authoritative than touch. Yet, if touch stood alone, we should actually have pronounced the one object to be two.’ Aristotle


You are using two senses in this experiment. One of them is touch, clearly, but the second sense is less obvious. If you ask someone how many senses they have, most people will say five. But that’s wrong. Scientists don’t agree on how many senses humans have but they all agree that it’s more than five. One of the senses not covered by the traditional list is proprioception, your sense of where your body parts are relative to each other.


Proprioception, however, is not that accurate and it doesn’t cope well when you put your body parts in places they don’t normally go (there is no joke here, just move along). It’s also impaired by alcohol, which is why a police officer might ask you to tilt your head back, close your eyes and touch your nose with your finger. You’re much less likely to be able to do it while drunk.


So in our experiment, your brain doesn’t account for the unusual position of your fingers and makes the assumption that they are uncrossed. In which case, the only way the normally outer edges of your fingers could be stimulated at the same time is if there were in fact two balls.
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BE THE SCIENCE YOU WISH TO SEE IN THE WORLD


I’m all for Steve encouraging you to donate yourself to science by finding valves and feeling balls. Self-experimentation is a long and noble scientific tradition, but sometimes it can go too far.


There’s Albert Hofmann, the Swiss chemist, the first to extract LSD from poisonous mushrooms, and the first to experience an acid trip when riding a bicycle. It’s a wonder the phrase ‘Don’t hallucinate and perambulate’ never caught on.


And there’s Marie and Pierre Curie, who tested out their newly discovered radioactive elements in ways that included strapping them to their skin and waiting for burns to appear…some of Marie’s cookbooks are still so radioactive they can’t be handled without proper protection.


But my favourite cautionary tale is of Australian junior doctor Barry Marshall and his pathologist colleague Robin Warren. In the early 1980s they disagreed with the general medical consensus that most stomach ulcers were caused by stress, bad diet, alcohol, smoking and genetic factors. Instead Marshall and Warren were convinced that a particular bacterium, Helicobacter pylori, was the cause. And if they were right, the solution to many patients’ ulcers could be a simple course of antibiotics, not the risky stomach surgery that was often on the cards.


Barry must have picked the short straw, because instead of setting up a test on random members of the public – and having to convince those well-known fun-skewerers of human trials: ethics committees – he just went ahead and swallowed a bunch of the little bugs.


Imagine the joy, as his hypothesis was proved right! Imagine the horror, as his stomach became infected, which led to gastritis, the first stage of the stomach ulcers! Imagine his poor wife and family, as the vomiting and halitosis became too much to bear!


Dr Marshall lasted 14 days before taking antibiotics to kill the H. pylori, but it was another 20 years before he and Warren were awarded the 2005 Nobel Prize for Physiology or Medicine.


So, hang on, is self-experimenting really that bad if it wins you a Nobel Prize? I guess you can only have a go and find out…but please don’t go as far as US army surgeon Jesse Lazear: in trying to prove that yellow fever was contagious, and that infected blood could be transferred via mosquito bites, he was bitten by one and died. The mosquito that caused his death might not even have been part of his experiment. It’s thought that it could just have been a local specimen. But one that enjoyed both biting humans and dramatic irony.


Gastrointestinal elements


Something that my self-experimenting hero knows all too well is that no matter where you are, whatever you are doing, you are not alone.


You are home to trillions of bacteria, fungi and archaea, living happily in and on your body. If you counted them all up, you’d find more of them than there are human cells in your body. Well, actually you wouldn’t. Because even at the ambitious rate of one cell per second, it would take at least a million years to count them all.


So don’t waste your time doing that, waste it instead on this little diversion. Here’s 37 of the tiny life forms inside your gastrointestinal system, set as a poetic tribute to all the life that you support without even thinking about it.


And, like the famous song ‘The Elements’ – comedian and Harvard maths professor Tom Lehrer’s setting of the periodic table to music – you can sing it to the tune of Gilbert and Sullivan’s ‘Modern Major-General Song’, if you feel so inclined.
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There’s Peptococcus


Streptococcus


Faecalibacterium


 


Veillonella


Salmonella


And Fusobacterium


 


Plesiomonas


Pseudomonas


Also Eubacterium


 


Prevotella


Morganella


And Mycobacterium


 


There’s Klebsiella


Eikenella


And Flavobacterium


 


Lactobacillus


And Bacillus


Propionibacterium


 


Citrobacter


Sarcina


Staphylococcus, Vibrio


 


Enterobacter


Bacteroides


And Butyrivibrio


 


Escherichia


(E. coli there…)


And Corynebacterium


 


Helicobacter


Haemophilus


Bifidobacterium


 


Capnocytophaga


Don’t forget Ruminococcus,


 


There’s Methanobrevibacter


And Acidaminococcus


 


If you’re feeling quite alone, just think of all the things inside of ya…


Including Peptostreptococcus, Proteus and Akkermansia
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Here’s an experiment about a sound you can only hear inside your head.


To do it, you need to head into the kitchen and find a cake rack, a metal grill, or pretty much anything from your kitchen that’s light and made of metal.


If you’re using a cake rack, it’s best to safely remove the cake first.


[image: illustration]


Fig. 1 Incorrect method.


Get two bits of string, about 30 centimetres long, and tie one to the top left corner of your cake rack, and one to the top right corner. You decide which corner is which. It’s very important that you get it right.H1


Then tie loops in the other ends of the strings, big enough to pop one of your fingers in each, and suspend the cake rack in the air. Lean over to make sure it’s not touching anything, as demonstrated by Steve overleaf:


[image: illustration]


Now, take a metal spoon and rattle it across the bars of the cake rack. You may need to get a friend to help with this experiment, although if you’re particularly keen on some solo science you can wedge your spoon under something so it sticks out over the edge of a table. It will need to be something heavy, like a cookbook or a bottle of wine. I often find that a heavy bottle of wine is a good substitute for a real-life friend.


Anyway, once you get your spoon rattling across the cake rack you’ll hear it make a nice, pleasant, tinkly sound.


If you’re doing this at home right now, it’s likely that your whelm is very much under. That’s fine. This isn’t the actual experiment.


Because now comes the interesting bit…Next you need to lean forward and manoeuvre your fingers up and into your earholes, with the cake rack still hanging down in front of you. Make sure it’s still not touching anything. This should look like you’re holding some sort of decorative rectangular stethoscope made entirely from kitchen implements. To visualize it, just imagine you’re a junior doctor and this is all you have to work with after the next round of NHS cuts. Or take a look at Steve demonstrating it here again:


[image: illustration]


When you rattle your spoon against the cake rack now, it makes a completely different sound. It’s one that only you can hear inside your head, so really, you should go to the kitchen right now and try it. If you can’t, maybe because you’re on a train, or in the bath, I can only describe it as sounding more like Big Ben than Mary Berry. Instead of a tiny tinkle, you get a big booming sound.


[image: illustration]


Bonkers, huh?


There’s a nice bit of science going on here, right at the junction of physics and physiology. It’s clear that nothing about the cake rack has changed between your first and second attempts: the same vibration is making both the tinkling sound and the bonging sound. It’s all about how that sound actually gets to your eardrums.


Most of the time we hear sounds coming to our ears through the air. But sound travels much more quickly through a liquid or – even better – a solid, and your head is the perfect material to make this happen.S1


What’s going on ear then?


Air, it turns out, is a dreadful medium for sound waves to travel through. Here’s a regular ear:


[image: illustration]


Sound waves vibrate the air particles back and forth down the ear canal, transporting the sound through a series of nudges and wobbles. It’s a surprise that any of it gets down there at all. As soon as the wave hits your eardrum, life gets easier. It bumps the ossicles, or ear bones, the three smallest bones in your body. Then it goes on to jiggle the fluid and tiny hairs of your spiralling cochlear. That turns sound into an electrical signal that zips up your auditory nerves and into your brain.
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