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  Arrivals Lounge


  WELCOME ABOARD THIS ISSUE OF GURU!


  Have you ever wondered if there is life beyond Earth? Physics Guru James Lloyd goes Space Age when he meets renowned ET expert Lewis Dartnell. Evolution Guru Charlie Harvey drops his axe to pick up a sax – revealing that without musical thinkers we’d still be in the dark ages.


  Dr Kim Lacey, our Mind Guru, ponders what a song might taste like as she enters the bizarre world of synaesthesia. And travelling from her Washington studio, Art Guru Michele Banks crosses the Atlantic in search of Dublin’s Science Gallery – and finds herself falling in love with some incredible water-themed exhibits.


  One chocolate is never enough for our Food Guru Natasha Agabalyan: she speaks to a leading appetite expert and busts some diet myths. Sceptic Guru Daryl Ilbury explains why homeopathy really does work and guest writer Professor Stephen Curry shares his passion for all things gem-shaped.


  Intrigued? We’ve only scratched the surface. You’re about to enter the world of Guru!


  
    The Guru Team
  


  P.S. This is the slimmed-down version, without all the photos and cartoons that you get in the full-colour version. Be sure to check out the full-colour version atgurumagazine.org if you get a chance!


  
    • • •

  


  @GuruMag


  
    • • •

  


  CAPTION COMPETITION!


  In this issue, Physics Guru James Lloyd interviews extraterrestrial expert Lewis Dartnell. But all this talk of extraterrestrials has got us in the mood... for a caption competition!


  David Blackburn-Clarke bags the prize this time – a £15 voucher from the team at Funky Gadgets, to spend on anything from their website!


  [image: ]



  "ET abandoned the task at hand when he spotted Happy Days on TV."


  Bubbling under were these chucklesome entries...


  ET needs help putting his colon back in • You give me this rubbish – I want an iPhone 4S!! • As usual, the ET Engineer couldn’t work out the problem: “I don’t know how to put it back, either!” • ET – where’s the rest of the phonebox? • Ahem, Mrs Midwife, Madam? Are you sure she’s mine


  Get in touch: It could be worth your while! Email: info@gurumagazine.org, marking your subject linewith GURUMAIL. Keep up to date with Guru’s e-mail newsletter, Twitter feed and Facebook page


  • • •


  GURUMAGAZINE.ORG TOP FIVE ARTICLES 2011


  1. What’s the Best Magazine App for the iPad? (July 2011)


  2. Top Paid Magazine Apps for the iPad Reviewed! (August 2011)


  3. The World’s Best Neutrino Jokes (possibly) (September 2011)


  4. Steve Jobs vs. Pancreatic Cancer – How Apple Founder Defies the Odds (August 2011)


  5. The Perfect Winter Warmer: Mulled Cider Recipe (October 2011)


  • • •


  GURUMAGAZINE.ORG ONE-HIT WONDERS 2011


  In 2011, gurumagazine.org received clicks from countries all over the world. But there were two clicks that were special – the only click from that country for the whole year! Thanks to those readers in Angola and Papua New Guinea – hope you’ll be back in 2012!


  • • •


  TWEET TWEET


  @RanPanda #ff Working on next issue of @GuruMag, listening to @BBCRadMac, eating grapes and looking forward to a haircut. A super Friday.


  @lava_cakes hahaha via @GuruMag The Ultimate Santa Claus Infographic! http://j.mp/vsThAP


  @artologica @GuruMag sez go ahead and Eat ALL the Cookies! http://bit.ly/uUvQFl


  @jbb_lloyd Sword swallowers, belly buttons and flatulent fish: here’s my brief history of the Ig Nobels, written for @GuruMag http://bit.ly/ul8sCK


  Follow Guru Magazine and send your tweets to @GuruMag


  • •


  ASK A GURU


  Tweet us with your burning science question @GuruMag using the hashtag #AskGuru. One of the Guru team will give you theanswer. And if we don’t know the answer, we’ll tell you a joke instead to make up for the disappointment...


  • • •


  ARE YOU SCARED OF FRIDAY THE 13TH?


  To mark Friday 13th January, we asked Guru readers on Facebook if they were superstitious:


  Rachel Hattersley I always say good morning to Mr Magpie but I think it’s more habit than superstition. I grew up having a black cat as a pet yet some people see that as a superstition. I wouldn’t say I’m superstitious but I certainly wouldn’t walk under a ladder – that’s just asking for trouble for something to fall on you.


  Abbey Chapman Friday 13th is always strange, whenever I see it coming I always worry that it is going to be a bad day – and quite a lot of the time it is! I’m not superstitious about many things though. A lot of my friends won’t step on three drain covers on a pavement and don’t like having the volume of music on an odd number either!


  Barry Starr Magpies must be a British thing? I’ve never heard of that one. I had a grandma who was very superstitious but have managed to shake all of them except the spilt salt one.


  • • •


  Why not check out Guru's galleries on Flickr?


  #TECHNOLOGY



  Let me look into your mind


  Computers that can read your inner thoughts


  No one knows what’s really on your mind, right? Well, best think again. As Technology Guru Ben Good explains, a new generation of brain scanning technology is starting to let scientists peer into your inner thoughts...


  The concept of reading someone’s mind dates back to the 19th century. At that time, the burgeoning sciences gave Western societies a clearer, more defined idea of what consciousness is. 200 years later, the latest technological advancements have now taken us closer than ever to being able to monitor what is going on in someone’s mind.


  Researchers from the University Of Berkley’s Gallant Lab have developed a method to monitor the mind, and to produce images of how the brain of an individual sees the world. This advance may represent an Orwellian nightmare to some, but no one can deny these groundbreaking developments aren’t fascinating.


  The researchers used themselves as the test subjects and started their experiment by watching hours of film trailers on YouTube. They viewed the clips through special goggles to ensure there was no background image interference. They then used functional magnetic resonance imaging (fMRI) to map the areas of the brain that were activated when they watched the video clips. From this data the researchers were able to build ‘dictionaries’ of the brain. Using these dictionaries they were then able to work backwards using software to build a reconstruction of whatever a subject had been seeing.

  


  Functional Magnetic Resonance Imaging


  The fMRI technique was initially developed by Seiji Ogawa in 1990 and works on a simple principle. Ogawa observed that oxygen-rich haemoglobin and oxygen-poor haemoglobin had different magnetic properties. These differences could be monitored through an MRI scanner.


  From this, he showed which regions of the brain are receiving more oxygenated blood – and hence were more active at any given time.

  


  The final product was a rather astonishing video (follow link to view) comparing the computer’s reconstruction with what the person was originally watching. Whilst the reconstructed images don’t look identical to the original, there is enough detail to be able to work out what the subject was looking at. One particular image – of Steve Martin as Inspector Clouseau – is particularly remarkable and clearly shows the person is watching a face. That said, the graininess of the image will also likely be a relief to anyone who has ever been subjected to Martin’s Pink Panther films!


  This present research builds on similar work done by the team at the Gallant Lab. Their earlier work included ‘reading people’s minds’ from photographs they had seen. Subjects were presented with a random selection of black and white photographs. By solely using information from the fMRIs, the researchers were able to accurately predict which of the photos the subjects had seen.


  Reconstructing Visual Experiences from Brain Activity was published in Current Biology in late 2011. Its current limitation is that it only extends to recreating videos which the subjects have already seen. It is likely though that the future could hold many more exciting (and frightening) prospects. “It is possible that decoding brain activity could have serious ethical and privacy implications... in, say, the 30-year time frame,” said Dr Nishimoto, lead author of the study.


  These worries are common when discussing technological futures, especially with the News International phone hacking scandal fresh in the minds of UK residents. One major human right that has come to prominence in this debacle is the desire for privacy. Celebrities, politicians and members of the public have all experienced their personal phones being hacked. How much more violated would they have felt if their brains had been ‘hacked’?


  It’s not all scare stories and sci-fi imaginings though. This technology is thought to have a range of potential positive uses. For example, it may be possible to communicate with patients in comas, in permanent vegetative states or with ‘locked-in’ syndrome (when an individual is awake but completely paralysed). This research could not only greatly increase our understanding of conditions such as these, but could also give these trapped individuals a hope of communicating with the world.


  Who knows what the future will bring for this technology? Is this a fascinating scientific development or a scary preview for what is to come? I’ve made my conclusion; but for now, until you’re able to read my mind, I’m keeping it to myself.


  • • •


  Have your say at gurumagazine.org


  • • •


  Original Research:


  
    	Nishimoto, S.; Vu, A.; Naselaris, T.; Benjamini, Y.; Yu, B.; Gallant, J. (2011) Reconstructing Visual Experiences from Brain Activity Evoked by Natural Movies. Current Biology, 21(19), 1641–1646

  


  • • •



  Ben Good is interested in understanding the way in which we as individuals interact with the latest technological developments. He recently earned his MSc in Science Communication, blogs at the B Good Science Blog and tweets @bengood.


  #STUFF



  GuReviews


  Wonders of Geology: An Aerial View of America’s Mountains (iPad App)


  Mikaya Digital

  Price: $12.99 (USD), £8.99 (GBP)

  Available from iTunes App Store



  RATING: • • • • •


  The only rock I ever thought was entertaining was the loud, distorted guitar variety. Mind you, the hard candy type isn’t too bad either. The prospect of a book on the grey and brown lumps in the ground is assured to fossilise anyone’s fun faculties – except geography teachers, of course. Or so I thought...


  Whilst most print publishers languish behind, National Geographic has been at the forefront of electronic publishing. Famed for its breath-taking photography, the National Geographic Society already has a showcase of acclaimed mobile games and applications. This, their latest offering for iPad users, is a dignified attempt to breathe digital life into what’s often considered to be the dullest of all scientific disciplines: geology.


  Wonders of Geology is an interactive eBook from the renowned geologist and photographer Michael Collier. It’s a coffee table book for the digital generation, boasting the eye-wateringly good photography we’ve come to expect from the granddaddy of magazine publishing. A guided tour of beautiful mountainous scenery is narrated by Collier himself, making for a personable and pleasantly accessible experience. Gazing upon high resolution images of some of the world’s most beautiful landscapes, even geology ignoramuses like me can’t help but be drawn in by the man’s passion.


  Text and photos are interspersed with informative animations as the eBook journeys the length and breadth of the USA. Explanations of the genesis of rock formations are concise, straightforward and wholly pain-free. The app is well-produced and navigation between pages and chapters is intuitive. Each photograph can also be viewed on a map of the USA and, helpfully, sound can be turned off for the times you just want to ogle at the pictures.


  Retailing at £8.99/$12.99 (or the equivalent in other currencies), it’s at the pricier end of the app market. It won’t take longer than two or three hours to get through in one sitting, so it might be difficult to justify the initial cost. That said, it’s half the price of the hardback book on which it is based (Over the Mountains: An Aerial View of Geology) and, unlike many other apps you may choose to buy (like those stupid dubious talking-animal games), Wonders of Geology will be something you find yourself returning to over and over.


  Boring it isn’t: I’ll certainly never look at a rock in the same way again.


  Review by Dr. Stu

  


  Guide to Guru Ratings:


  • = Wack


  • • =Not great


  • • • =Middling


  • • • • =Very not bad


  • • • • • =Wicked in a good way

  


  #MUSIC



  All things tend towards Jazz


  Do you have the mind of a musical genius?


  Many of us love the improvisational nature of jazz music – the spontaneity, randomness and beauty of the onthe- spot harmonies can be breathtaking. However, as our Evolution Guru Charlie Harvey explains, a love for jazz may be more important than you suspect: it may have helped us out of the Stone Age...


  Midnight is approaching. Smoke fills the air of the dark, subterranean jazz club. People crowd the room, drinking heavily and talking softly. As tonight’s performers take to the stage, silence descends on the waiting audience, afraid that they might miss a single note. Why such reverence? Because the music they are about to hear is improvised – it has never before been performed, and will never be played again.


  Jazz music, above all else, is characterised by improvisation. The ability to effortlessly pluck melodies and harmonies from the air is highly prized. While great composers spend years or even decades on their creations, jazz musicians have only the smallest fraction of a second to create a melody that sounds like it was deliberately and methodically prepared. How are these cool characters able to pull of such amazing musical feats?


  Learn my Jazz Lingo!


  Many people might be incredibly jealous of a musician who can seemingly rattle off a new piece of music in a heartbeat, putting their skill down to innate talent. But no one is really born an improviser. Behind the scenes, every musician puts in thousands of hours of hard work: jazz players spend years learning different patterns - or ‘licks’, as they are called - and often copy more established performers. Much like a child learning a language, once the player has learnt the grammar and vocabulary of jazz, they are able to construct any musical sentence they wish.


  In language, every word you choose to speak could be replaced by one with a similar meaning. It is the same for musical notes; jazz musicians have dozens of notes to choose from at any one time. Something must be happening in the brain for them to choose one note over the other. What is the source of this creativity, and why do many of us find it so exhilarating to listen to?


  Music to live survive by


  Psychologist Geoffrey Miller believes that all creativity – whether it be Miles Davis on his trumpet, Picasso with his paintbrush, or Bill Gates with his computer code – is a sign of an active, intelligent mind. While it might not be as highly prized as attractiveness, intelligence is certainly something we all hope for in our partners. Not only does being smart make you more interesting company, but it can also help you survive. Before the advent of modern civilisations, having a big brain was crucial for finding shelter, hunting prey and outwitting predators.


  Being able to creatively use common materials around you to find solutions to existing problems would have been a very helpful trait. Doing it is deceptively tricky. An annoying question sometimes asked in job interviews is “list as many uses for a brick as you can.” After building part of a house, and a paperweight, most of us begin to struggle. Creating axes from stone lying around was an immensely important landmark in human evolution – so much so that we named a whole age after it.


  Most of us these days don’t have to use our heads to survive – indeed, many people seem to actively enjoy not having to do so. But those who do have had to find other ways to demonstrate the brain’s adaptability, by putting down the axe and picking up the sax.

  


  Mapping the musical mind


  Improvisation is more than just an enjoyable activity for listeners – scientists are fascinated by how the brain is activated when a musician starts creating music. So much so that, back in 2008, a group of researchers placed jazz musicians in MRI machines to monitor their brain activity. They found that parts of the mind that are responsible for self-monitoring and controlling personal behaviour effectively shut down, with the parts of the brain linked to “selfinitiated thoughts” firing up.


  You can read their findings here.

  


  Kind of (Chaotic) Blue


  Entropy is a term used by physicists to describe randomness or disorder. Water molecules in melting ice gain entropy as they become more and more jumbled up. This same measurement can also be used to describe jazz piano solos. A team of researchers made talented pianists play two pieces – one was a rehearsed solo, the other was an improvised piece. Measuring things like rhythm, timing and volume, the researchers found that – as expected – improvisation had a much larger amount of ‘entropy’. What’s more, they found that passionate jazz aficionados preferred listening to the higherentropy music. So, to rewrite a law of thermodynamics – in a closed system, all things tend towards jazz. Entropy, unpredictability, creativity – whatever you call it, it’s an important skill to have.


  Obviously, though, there is a limit to how much randomness we can take. In the concert hall, a completely random player would be booed off stage. On the prehistoric African savannah, completely random behaviours would likely result in your death – or even worse, you’d look plain silly. Being able to generate novel ways of moving and behaving is important, but so too is retaining those that work best.


  Sociologist Donald Campbell likened this to the theory of natural selection: life produces many beautiful animal variations on the same theme, but only the fittest survive. The jazz musicians will produce thousands of musical tunes in a lifetime, but only the ones that get the best audience reaction will survive to be heard another day.


  Our brains have had thousands of years to evolve into the most creative machines in the universe. Whatever your particular musical tastes – jazz, classical, post-apocalyptic- Belgian-trance – they are all manifestations of the brain’s awesome and unparalleled power to create.

  


  How creative are you?


  The Microsoft Interview is a job interview technique first developed by Microsoft to test the problem solving and creative abilities of potential candidates. Similar questions are now used by companies such as Facebook, Amazon and Google.


  Try out some Microsoft Interview styled questions, to find out just how creative you truly are:


  
    	Design a coffee maker that will be used by astronauts


    	How would you test a pen?


    	Design a TV remote control with only two buttons


    	How much should you charge to wash all the windows in Seattle?


    	How many golf balls does it take to fill a school bus?


    	Why is the manhole cover round?


    	List ten things you can do with a pencil. You have 15 seconds.

  


  Find out more about the Microsoft Interview technique at Wikipedia.


  • • •


  Have your say at gurumagazine.org


  • • •


  Charlie Harvey is a writer and blogger with an unhealthy appetite for science. He was once described as “one of the most talented science writers of the last decade” by his mother. You can follow him on Twitter at @charlesharvey.


  #ART



  The future of water


  Dublin's science gallery explored


  Our Art Guru Michele Banks leaves the comfort of her Washington studio to jet across the Atlantic. On a visit to Ireland’s award-winning Science Gallery, she finds herself immersed in a world of water. Exploring exhibits which showcase the beauty, science and ethics of water, Michele discovers a hope for the future – as science, creativity and technology collide with a splash...


  Outside, Dublin was grey under a chilly drizzle. But inside the gallery, the falling water takes another dimension. Many other facets, in fact. One of the gallery’s main exhibits, Surface Tension, explores the simple substance that keeps our planet alive. It is here that the beauty of art is fused with the wonder of the natural world.


  Exploring the ocean


  One of the first things you see as you enter the futuristic glass-fronted building is Event Horizon (see image), a sculpture by Petroc Sesti in which a vortex seems to be captured inside a large glass vessel. It’s a hypnotic piece, which swirls constantly, powered by a hidden motor in its plinth and is one of the most pure ‘art’ pieces in the wide-ranging show. Other exhibits look at the politics of water – like Efteq’s Prepaid Water Meter, which poses whether access to clean water should be considered a human right or not. Ralph Borland continues this theme with The Problem with the Playpump, which demonstrates the reality of an over-hyped (and intrinsically flawed) Western “solution” to water shortages in Africa.


  [image: ]


  Water’s symbolic value is highlighted in pieces that explore Ireland’s “holy wells” – once pagan, now Christian worship sites – and the tradition of gathering water from artesian wells in the US. Other pieces portray the playful side of water, such as Di Mainstone’s Hydrocordion, which is an interactive, oversized organ-like instrument featuring “air slippers” that visitors step on, forcing water upwards through tubes. Rushing water sounds are amplified by microphones, turning visitors into ‘squeezicians’ who compose their own soundscapes. In appearance, it’s a mad scientist’s invention and looks like Dr. Seuss’ entry to the science fair.


  Plunging in


  The subtitle of the show – The Future of Water – is reflected in pieces that look at possible technological fixes for the many pressing environmental and ethical issues. The Sea Chair Project offers one practical solution, turning “a retired fishing trawler into a plastic chair factory [by] fishing the plastic from the polluted seas” and then recycling it into furniture. Waterwise: Washing Futures suggests alternative ways of washing ourselves to cut down on water use. Another piece, Laurence Gill’s Using Sunlight to Clean Water demonstrates the power of a very simple idea – using sunlight to destroy pathogens in polluted drinking water – which could be used on a village scale in developing countries.


  The Waterwise project, developed by researchers at Trinity College Dublin, is a good example of the many strands that together make up the Science Gallery. An initiative of Trinity College, The Science Gallery opened in 2008 in a building housing scientific research facilities on the college’s central Dublin campus. Its mission is simple: “To ignite creativity and discovery where art and science collide.” They seek to engage their audience through a mixture of exhibitions, events and interactive experiences.


  Shaun O’Boyle, a member of the gallery’s communications team explained to me that the Science Gallery’s target audience are young people from ages 15–30: a group underserved by other science centres. “Most science exhibits are either aimed at young children or at an older, specialist audience,” he noted. The Science Gallery’s unique mix of art, music, design and research intends to encourage participation and interaction.


  A key element in this strategy is the Science Gallery’s young, enthusiastic team of mediators who greet visitors and introduce and explain the exhibits. A mix of current students and post-graduates in various fields of science, O’Boyle says these mediators “provide a human connection to the groundbreaking research happening in Ireland right now.”


  When I visited the gallery, the mediators were showing people how to work the Hydrocordion while a friendly duo worked at the Water Lab. The latter is an interactive station where visitors view the water-regulating structures of plant cells under a microscope and test out the strength of water’s surface tension by trying to get small objects to float rather than sink.


  A cocktail of experts


  Another way the gallery interacts with the University is through the Idea Translation Lab (ITL), a cross-disciplinary course offered to undergraduates allowing students to work at the boundaries of art, science and engineering by developing new, innovative ideas where these disciplines converge. The course, based in part on a Harvard University programme of the same name, aims to stimulate the development of entrepreneurial skills through collaborative group projects. It is directed by Professor Michael John Gorman, founder and director of the Science Gallery. ITL consists of a combination of lectures and weekly ‘labs’ where students develop collaborative projects.


  As well as engaging (and employing) students, the Science Gallery draws from the University’s faculty – with dozens of researchers participating in its exhibitions and programmes. And it’s not just for scientists.


  The Leonardos – adding flair to science


  In addition to the core team of staff and mediators, The Science Gallery draws on the expertise of a group it calls Leonardos: experts in fields including art, music, literature, neuroscience, mathematics, genetics, biotechnology, engineering and journalism. When needed, these specialists are called in; for example, neuroscientist Ian Robertson served as a curator for the Biorhythm exhibit (which explored “the scientific basis of whistling, humming and toe-tapping”) and Aoife McLysaght, a lecturer in evolutionary genetics, helped coordinate 2010’s Love Lab: The Science of Desire.


  Because there are no permanent exhibits, the Science Gallery starts afresh in each show, using a variety of approaches to select art. For the Surface Tension exhibit, they put out an open call for entries and received over 300 proposals – out of which they selected the thirty pieces that make up today’s show. Other projects have demanded a more focused approach. In early 2011, the Science Gallery presented Visceral: The Living Art Experiment, a showcase where all the artworks were made of living tissue. Very few artists work with this medium, so the pieces for the show were hand-picked by leading science artists Oron Catts and Ionat Zurr of the Australia-based artistic research lab SymbioticA. The Visceral exhibit featured such works as Semi-Living Worry Dolls and books made of human and pig tissue (!) proving that the gallery, whilst seeking a mainstream audience, is not afraid to show daring and controversial work.


  Another 2011 notable past exhibit, HUMAN+, focused on the future of the human species. The show featured installations ranging from a design for a “euthanasia roller coaster” to the prosthetic head of Australian performance artist Stelarc. HUMAN+ also featured Eduardo Kac’s remarkable “plantimal” called the Edunia – a hybrid plant which was genetically modified to include the artist’s own DNA. Far from causing a furore, these works received unequivocal admiration and curiosity from the press and public.


  The public’s appetite for more


  Shaun O’Boyle says that in its first three years the Science Gallery has been immeasurably more successful than any of its founders or funders (including the Wellcome Trust, Ulster Bank, Dell and Google) had expected. The gallery’s physical space is striking – a long, two-storey, wedge-shaped, entirely glass-walled building overlooking the street. The modern, open design and free admission are designed to invite the local community in – and it seems to be working. In 2010, the gallery had over 200,000 visitors and over 11,000 attendees at 146 events and workshops.


  The gallery space includes a café which is integral to the exhibition area. During the Surface Tension exhibit, several pieces were displayed in the café area, including one which allowed visitors to sample purified water drawn from a polluted Dublin canal (complete with a dirty shoe in the tank!). Menu cards on each table detailed the “water footprint” – the amount of water required to produce each food or drink selection. Had you realised that coffee requires ten times more water to produce than tea? To adorn the setting, designer Timm Kekeritz came up with an elegant set of infographics to display the information as The Virtual Water Project.


  The café also hosts numerous events, including Ignite Dublin, TEDxDublin talks, App developer and programmer meet-ups. “Girl Geek Dinners” and even a science book club are also regular events. For the festive season, the gallery held a special MAKE Night to allow patrons to create unique Christmas jumpers, à la Bridget Jones’ Diary. To top off the experience, Sci-Fi inclined diners are invited to geek-out by ordering coffee or tea with a push of a button.


  Tasty 2012 offerings...


  The Science Gallery’s slate of events for 2012 kicks off with EDIBLE, a look at the future of food and billed as “an exhibition you can eat!” EDIBLE will examine the emerging biotechnologies, innovative food cultures and novel culinary practices and how they are changing the way people eat: “From morsels of genomic gastronomy to external mechanical digestive systems.”


  My advice? If you’re lucky enough to be in Dublin in February or March, you’d be missing out if you didn’t stop by for a bite of the future.


  • • •


  Have your say at gurumagazine.org


  • • •



  Michele Banks is a painter and collage artist based in Washington DC. Her science-themed work is in the permanent collection of Children’s National Medical Center and DC City Hall. She sells her work online at artologica.etsy.com and tweets @artologica.


  #FOOD



  Go on... just one more!


  The psychology of our food obsession


  Food makes up a big part of life. We eat for pleasure, to accompany a night out or when watching a movie. Oh, and we need it to survive. So what compels us to gorge-out on ice cream even after a large meal? Why do we have that second chocolate when we know we probably shouldn’t? Food Guru Natasha Agabalyan finds out why one is never enough...


  Imagine for a moment: you’re having a particularly busy day and you skip a meal. You know what is coming next: sooner or later you will have a grumbling stomach, light-headedness and a craving for anything edible. There is simply no escaping the call of appetite; it’s what keeps us alive.


  These familiar symptoms are what is known as ‘stomach hunger’. They are the product of a complex biological system that links our stomach to our brain. It’s an ingenious setup, with signals from the gut and body fat being sent to a tiny part of the brain. No bigger than a cherry, the hypothalamus is the seat of the appetite and continually responds to a stream of biological signals, including hormones. A multifaceted and finely tuned machine, ‘stomach hunger’ tells you when your body needs food – and is one of the most primitive of our instincts.


  These familiar symptoms are what is known as ‘stomach hunger’. They are the product of a complex biological system that links our stomach to our brain. It’s an ingenious setup, with signals from the gut and body fat being sent to a tiny part of the brain. No bigger than a cherry, the hypothalamus is the seat of the appetite and continually responds to a stream of biological signals, including hormones. A multifaceted and finely tuned machine, ‘stomach hunger’ tells you when your body needs food – and is one of the most primitive of our instincts. You see, although complicated, the physiology of appetite (‘stomach hunger’) is, for the most part, now understood. The same can’t be said of ‘brain hunger’ – a far more subtle science of the psychology behind appetite.


  Researchers round the world have been battling with ‘brain hunger’ for a long time. With the rise of obesity, it has become an increasingly important issue. Once it was thought that food craving could be solved by using medicines to modify the hormones that control appetite and satiety. Leptin is an example: it is a hormone produced by body fat. The fatter you are, the more leptin you have in your bloodstream. Without leptin, you would never stop eating: it’s the body’s way of telling your brain you have enough of a paunch to survive a month or two without food. When scientists discovered this inner appetite controller, they thought it was the ultimate breakthrough – giving this as a medicine would reduce appetite and could cure obesity!


  Only it didn’t work. As it turns out, countless experiments revealed that leptin is less concerned with stopping us from getting fat and more with preventing us becoming too skinny. It would seem the hunger system is rigged to promote appetite rather than curb it. Without a magic pill, it seems psychologists and physiologists will have to form a united front to break down the ‘brain hunger’ mystery.

  


  Overeating is in our genes


  Sadly, even genetically, we are all off to a bad start when it comes to dealing with ‘brain hunger’. Evolutionarily speaking, overeating has been a selective advantage: our ancestors who were best at eating lots and converting eaten food into fat would have had a higher chance of surviving famine. We have inherited these super-eating genes of our forefathers and so are programmed to eat more than we need.

  


  “Eat me!” – how the modern world is against us


  Despite the biological systems that regulate our appetite, the way we live in the modern world confuses these natural signals. Take a walk through a city: food is cheap and available nearly everywhere – constantly tempting us.


  In a world with such varied, tasty morsels always at our fingertips, the simple need to eat until we just don’t want to anymore is overridden. Once our normal appetite barriers have been pushed and our stomach stretched, it is very difficult to return to eating the normal amount of food the body requires. After this boundary has been crossed, both biology and psychology work against us – telling us we need more food; that we are still hungry; and we have a low blood sugar. And all this because our culture and our choices have trained our bodies to be greedy.


  Even dieting can create big problems. Food cues surround us and most people on a strict diet ultimately reach a point at which all their previously learnt eating habits will clash with self-imposed restraint – backfiring into overeating.


  But it’s not entirely hopeless. Research has shown that the more we exercise, the better we get at regulating what we eat. If we are particularly sporty, we use a lot of energy from exercise and so eat in response to the calories used, rather than eating just because it’s a mealtime (which is what the rest of us do!).


  • • •


  GURU INTERVIEW • PROFESSOR MARTIN YEOMAN


  Martin Yeoman is Professor of Experimental Psychology at Sussex University and an all-round expert on the ‘how’ and ‘why’ of eating. The Food Guru asks him about the psychology of appetite and why dieting will probably make you fatter...


  Guru: We now know psychology is an important factor when dealing with our appetite. How does your research fit into this field?


  Martin Yeoman: In a nutshell, my research focuses on psychological components which could explain overeating. Broadly speaking, we look at the relationship between how foods taste and how it affects our response to them. Working with both the Biotechnology and Biological Sciences Research Council (BBSRC) and the food industry, we try to strengthen the [UK] agricultural and food sectors with some proper science.


  With the rise of obesity, how do you think psychology can help us better understand our food habits?


  For years people assumed obesity was due to a metabolism problem. This was based on two flawed experimental findings.


  Firstly, when an overweight person sat in a metabolic chamber, their energy expenditure was lower than predicted compared to a thin person. Secondly, when the experiment’s subjects were given a diary, early studies showed that the overweight person consumed around 80% compared to that of the thin person. Add these two factors together and you conclude that obesity is due to a metabolic problem.


  The first flaw here is that if you ask the overweight person to pedal an exercise bike, their energy expenditure goes sky high – much further than the thin person. The overweight person seemed to have a low energy expenditure when seated – they was just so well insulated, they didn’t have to expend the same energy to stay warm!


  The second flaw is psychological: when people are asked to keep food diaries, it is now known that people under-report what they eat by 30–40%. Whether they are deliberately lying to the researcher or whether it’s an act of self-deceit is another issue...


  It is now widely accepted that weight gain is the consequence of imbalance between the biological and psychological.


  Diet products are becoming more and more common in our lifestyles. What does your research say about them?


  When you eat, your body prepares for being full – via hormones, salivation and stomach acids for example. A classic experiment by Ivan Pavlov proved this by training dogs to respond to sound cues: they were made to listen to a metronome before feeding. After a while, the dogs salivated at the mere tick on a metronome, anticipating the food to come.


  One of the main issues with diet products, particularly drinks, is that they trick the mind into thinking you are full. Sadly, your body’s not as easily tricked. Diet products could be totally counterproductive; they make you expect to be full but don’t fulfil this expectation, as they have neither enough calories nor nutrients. They leave you in a situation of rebound hunger. Thinking of food simply in terms of nutrients or calories doesn’t work – it’s the way the brain processes information from food that alters behaviour and can change the way we eat.


  There could be ways to better modulate eating behaviour. For example, products that (unlike the diet products mentioned above) contain more energy than you expect, and thus fill you up, would enable you to eat less and regulate your behaviour.


  What are some of the things psychology can teach us about dieting?


  A well studied phenomenon is that breaking strict diet rules (e.g. “I can’t eat that because I’m on a diet”) has very positive effects.


  We performed a study testing this with chocolates. We asked two groups of people to come and try a chocolate on a given day. A day later, they were presented with free access to the chocolates. However, during those intervening 24 hours, one group was given a transparent bag with chocolates in it to carry around, but told not to eat any. On the second day, the ‘bag group’ ate twice as many chocolates as the ‘no bag’ group! This shows how being exposed to something tempting – but not being allowed to have it – makes it much more desirable.


  We also measured the effects of habitual dieting. People who didn’t usually diet and who didn’t carry the bag ate the fewest chocolates; those who regularly dieted and carried the bag ate four times as many! If you constantly try to diet then, paradoxically, it becomes increasingly difficult. In fact, when we weighed the bag of chocolates belonging to the ‘dieters’ we discovered they had, on average, eaten one chocolate from the bag during the 24 hours they were told not to!


  Martin Yeoman is Professor of Experimental Psychology at the University of Sussex. He has written over 80 research papers and is presently working on an Eating Behaviour textbook.


  • • •


  Have your say at gurumagazine.org


  • • •


  Read More:


  
    	A great review of the satiation and satiety work Yeoman’s lab are undertaking (PDF)


    	Pavlov’s dog conditioning experiment

  


  • • •


  Natasha Agabalyan is on her way to becoming a Doctor of Cell Biology in Brighton, UK. In between drinking far too much coffee and blogging at The Science Informant, she has a love of finding out interesting tit-bits from all aspects of life.


  #ASIDES



  Hot Stuff!


  The Sun’s been getting a bit feisty of late. January saw a coronal mass ejection pointed right at Earth. Every hour, the Sun spews forth 6.7 billion tons of tiny charged particles called ‘plasma’. A coronal mass ejection is an eruption of even more of this solar goo.


  This superhot stream of plasma rarely affects us earthlings, thanks to our natural force-field – the Earth’s magnetic field. Any particles that aren’t bounced back into outer space tend to end up near the poles. So, if you’re looking skyward, you might be lucky enough to see an aurora when the sun’s active. The recent coronal mass ejection has given even more people living in northern and southern latitudes this pretty night-time treat.


  But it’s not all fun and colourful lights. Solar eruptions can destroy satellites, disrupt electrical power supplies and interfere with radio transmissions. If another eruption is heading our way, it’s probably best to pack a paper map as well as your trusty Sat Nav when you’re out on the road...


  Keep up to date with the Sun’s weather at spaceweather.com.


  Dr Stu


  #SCIENCE



  Living Forever


  Is eternal youth possible?


  Ever wondered why we get old? Wished you were still sweet sixteen? Molecular Guru Jon Crowe gives us a lesson on the science behind ageing and reveals that the elixir of eternal youth may well be on the horizon...


  The Crowe family recently celebrated a momentous milestone when our grandmother turned 100. As we cut into the birthday cake alongside her nursing home co-residents, we speculated about which family members her longevity might have rubbed off on. It soon became apparent that reaching 100 is still considered a real milestone – the card from the Queen is still something of a novelty (although not for our Gran: “I don’t want her staring at me all day,” she exclaimed as we put the card down before her). But for how long will reaching such a milestone still be considered exceptional? Will 200 years soon become the milestone du jour?


  Living much beyond 40 is a relatively recent phenomenon. For the majority of human history, if childbirth didn’t finish you off (either as mother or baby), a multitude of alien invaders were likely to. The bacteria and viruses prevalent in a society that lacked sanitation often killed all but the most hardy long before they could get anywhere near the heady heights of ‘three score years and ten’. A baby boy born in 1901 could expect to live for just 45 years, and, as the First World War loomed, around fifty percent of children were dying of infectious diseases like tuberculosis.


  The rise and fall of antibiotics


  Fortunately, humanity had two unwitting heroes in the shape of Alexander Fleming and Edward Jenner, both of whom opened up new vistas on the landscape of human health. Fleming’s discovery of penicillin, the first known antibiotic, and Jenner’s discovery of vaccination gave us potent new weapons in our war against two of our natural foes: bacteria and viruses. Before then, we had relied solely on our immune systems to fend off attack. With these new-found fortifications for our natural defences, these same intruders became less of a threat. You would have thought that, from this point on, we’d be living in a Utopia of health and wellbeing.


  Well, no. Microbes are wily little things and have devious tricks up their sleeves. They reproduce monstrously fast: in one human’s lifespan (about 77 years in developed countries) the bacterium causing tuberculosis will have lived through an almighty 50,000 generations (and that’s slow by a microbe’s standards). This rapid reproduction is plenty long enough for new bacterial powers to have evolved – like resistance to an antibiotic.


  We may think that we’ve developed a new drug, like penicillin, that will wipe out a whole range of nasty bugs. But we ought not to rest on our laurels, assuming the world to be a safer place. Because in a matter of years (over thousands of generations from a microbe’s point of view) those bugs may well have adapted to become immune to our fantastic new wonder drug. We think the battle has been battle won, but then get a nasty wake-up call. New strains of flu (think swine flu or bird flu), or highly-resistant bacteria that no antibiotic is able to kill are continuously emerging. It is an ongoing ruthless fight that’s all part of the circle of life.


  Growing old: fighting the threat within


  The eternal fight between our body and bugs is not our only challenge – there are other wars to be won. The sudden jump in our life expectancy since the advent of antibiotics and vaccines has revealed a new challenge: the threat from within.


  Each of us is made up of about 10 trillion cells. As all our cells age, they get damaged in many ways, not least from oxygen (and you thought oxygen was a good thing!). Oxygen is the ultimate Jekyll and Hyde of the natural world: on the one hand, we have to breathe it every minute of our lives. Without it, our cells will die within seconds (think heart attack – when the heart is cut off from oxygen-carrying blood). Yet once oxygen is inside our body it is transformed into a brutal thug, capable of causing considerable harm. Like a radioactive particle, it can assault molecules it encounters, wreaking havoc as it goes.


  The damage caused by renegade oxygen molecules and other sources can leave our cells unable to function as they should. The most serious repercussion is their uncontrolled growth – something we call cancer. Instead of obeying biological stop signals, these broken cells simply divide with impunity, causing the formation of a tumour. So as we age and our cells accumulate collateral damage, we’re exposed to an ever-increasing risk of cells malfunctioning. And so living longer brings with it great cost: an increased chance of cancer. Everything comes at a price, it seems.


  It’s not all bad: the inner countdown to retirement


  Despite this harsh reality, we have reason not to despair that malignancy will ultimately cause our demise. Like us, cells are usually retired from active service before they’ve accumulated so much collateral damage to cause a malignancy. Just as we use our birthdays to count down to retirement, so our cells have a similar strategy (though without the cards, cakes and candles); they have an internal clock that ticks down towards the end of active service. Once the counter hits zero, the cell is relieved of duty.


  So how does this counter work? Each of our cells contains a set of chromosomes – packages of DNA that store all the genetic information needed to tell our bodies how to grow and operate. Every time a cell divides to replace the old ones, it must copy all of its chromosomes so that both daughter cells have their own full set. But the copying process isn’t perfect: each time a chromosome is copied, a tiny amount of DNA is lost from each end. And this is how the cell keeps its count: the ends of each chromosome are used as a measuring stick. As the years pass, the chromosome shrinks, its ends gradually eroding until a certain critical length is reached. At this point, the chromosome becomes too short to be copied. The cell has finally reached retirement (and can go travelling and play golf – Ed).


  The trouble with old age


  My grandmother, the centenarian, is the first to bemoan the impact of old age. She continues to live and breathe, yet can no longer be the active, independent person she was just a few years ago. Retired cells are remarkably similar: they remain able to carry out the basic functions needed to maintain an existence, but little more. It is this transition into a minimally-functioning state that appears, in part, to underlie the degeneration we associate with old age – for example, weaker muscles and wrinkly skin.


  But why do retired cells cause us a problem? In short, they start taking up space that should be filled by younger, more nimble ones. Their lingering acts a bit like slowing down a pack of huskies by harnessing up a couple of lame old beasts in place of two entirely more active and agile creatures.


  Is there a cure for growing old?


  What does the future hold? Assuming we can continue to keep bugs at bay (which is far from a foregone conclusion), will it be ever possible to overcome the effects of ageing? Will a future monarch be congratulating their subjects on having survived two centuries or more?


  Well, current research suggests there are several possibilities for creating the elixir of eternal youth – or at least go some way towards softening the effects of ageing.


  On the one hand, some encouraging research shows that the ageing process can be delayed by actively removing retired cells from the body rather than leaving them to dilute the effect of the more useful younger members. Needless to say, the existence of ‘encouraging research’ doesn’t amount to a problem being solved. (For one thing, how could we remove retired cells in a safe and reliable way?) But it’s a step in the right direction.


  The future stems from here


  The other path we could tread leads us into the world of stem cells. Stem cells are like new-born babies: they have yet to have been adulterated by their surroundings and have the potential to follow one of many career paths – from nerve, brain or heart cell to skin cell. Stem cells are present in each one of us and play a vital role in maintaining our organs and tissues. Stem cells act as the raw material for running repairs; damaged cells are actively destroyed and replaced by the children of stem cells.


  The promise held by stem cells in our quest against ageing lies in the potential of these cells to be ‘groomed’ towards a particular destiny – artificially creating replacement cells for the old ones. But the secret we have yet to unlock is how to steer a stem cell down a particular career path. Just as we obey signals – like the alarm clock that wakes us in the mornings or the traffic lights that frustrate us on the way to work – so do cells. The signals that govern the lives of stem cells tell an infant stem cell the answer to the question, “what will I be when I grow up?”


  Once we have mastered these controls, perhaps we will be able to use stem cells to grow new tissues or organs on demand. Just as we might replace a worn out car tyre or pair of brake pads, the hope is that we will be able to remove worn out or damaged organs, and replace them with shiny new ones.


  For now, though, a century of life still seems like a remarkable achievement. And who knows? Perhaps some of my Gran’s longevity will have rubbed off on me. Be sure to read Guru Magazine in 2074 to find out...

  


  In memoriam: Winifred Bygraves, 1911–2011


  We are sorry to hear that Jon Crowe’s grandmother, Winifred Bygraves, has sadly passed away since this piece was written. This article is dedicated to her memory.
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  Have your say at gurumagazine.org


  • • •


  A textbook editor based in Oxford, UK, Jon Crowe publishes other peoples’ writing by day but expresses his own fascination for science when the day is done. A biochemistry graduate and lapsed musician, he’s currently testing the hypothesis ‘You can’t teach an old dog new tricks’ by trying to learn the bass guitar. He blogs at chemicalgecko.blogspot.com and you can find him on Twitter @crowe_jon.


  #SCIENCE



  The joy of repetition


  Crystal Healing: Unlocking tomorrow's cures


  Guest writer Stephen Curry is a world-renowned expert on crystals. No, not the shiny things on jewellery, but minute gems made from proteins or viruses. With lab coat and X-ray machine at the ready, he devotes his life to understanding the molecules of life and death. It’s laborious, but for Professor Curry, it’s an exciting and awe-inspiring adventure...


  Repetition has a poor reputation. Think of massed ranks of blank-faced soldiers on parade. Think of the mindless drudgery of the assembly line. Think of the interminable beep, beep, beep at the supermarket checkout. Think of the ten-green-bottle torment of children’s songs. Repetition has a poor reputation – for being dull.


  But it’s not all bad. Some find relaxation and creativity in the click, click, click of knitting needles. Warhol added a twist of colour to make vibrant art from duplication of Marilyn Monroe. No, it’s not all bad.


  In Nature, repetition can be full of saving grace. Our existence depends on the geared rotations of the Earth’s diurnal round and the annual turning of the seasons as we orbit the sun. The sun’s life-giving light streams to us in sinusoidal cycles; light sparkles on a diamond, which can only be cut to alluring brilliance because of the perfect symmetrical repeat of its carbon atoms.


  Brits and Germans with crystal-clear vision


  That atomic order within crystals was hidden from us until the turn of the 20th Century, when physicists Max von Laue in Germany and a father-son team both named William Bragg in England figured out how to peer into the heart of solid matter. It was a beguiling trick of the light, worthy of a magician, but Von Laue and the Braggs were scientists.


  Normally we cannot see the arrangements of atoms in crystals because they are simply too small. Atoms are far tinier than the spacing between successive crests in a light wave, and that makes it impossible to form an image, even with the most powerful microscopes. Instead we must turn to X-rays, a much smaller form of light, with crests separated by just the width of an atom. X-rays are reduced in size because they are more energetic and this also makes them far more penetrating. Anyone who has broken an arm or a leg knows of their revelatory power: they pass easily through flesh but cast a shadow of the damaged bone.


  But shine a beam of X-rays through a crystal and something entirely different and wonderful happens. The beam bounces off the serried ranks of atoms and is split into tens or hundreds of rays that carry off an imprint of the crystal’s interior structure. Recorded on a detector, the rays create patterns of spots that look nothing like the atomic structure within the crystal but are related to it with mathematical precision. Thanks to techniques developed by the 19th century French mathematician, Joseph Fourier (who, incidentally, knew nothing of X-rays or atomic order, since he died before either were discovered), the spots captured by the detector can be transformed into a three-dimensional image of the atomic array within.


  Soon after Von Laue had first revealed the X-ray pattern scattered by crystals and the Braggs had shown (with Fourier’s help) that they could reveal atomic arrangements, scientists realised that these techniques were applicable to anything that could be coaxed into crystalline form. The two-atom structure of sodium chloride, (table salt to you and me) was the Braggs’ original triumph. This was followed by the structures of chemical compounds such as vitamin B, drugs like penicillin, protein molecules and even whole viruses. As the years of the twentieth century rolled by, larger and larger molecules were revealed in all their atomic glory.


  [image: ]



  A pattern produced by X-rays scattered from protein crystals (Image courtesy of the author)


  Crystals – the window on life’s inner secrets


  So the dull repetition of crystalline order, through the method of X-ray crystallography, has given us a vista into the unseen world of the atom and the molecule. I have spent a large part of my professional life trying to crystallise molecules of protein, the natural nanotechnology from which life – and sometimes sickness and death (my particular interests are in the proteins made by viruses in infected cells) – are engineered. The protein machinery of life is bewilderingly complex but only by navigating the atomic landscape of these molecules can we understand living processes at their most basic level.


  Protein molecules typically contain thousands of atoms arranged as a stubby-branched chain and folded into a structure that is configured for a specific job in the living organism. That job could be transporting nutrients, copying DNA, passing chemical or electrical signals or any one of the hundreds of vital roles that proteins take on.


  The first protein structure to be uncovered by crystallography was of sperm whale myoglobin, a molecule that stores oxygen in the muscles and so allows the creature to hold its breath. These early results were rather crude since the quality of the data was limited – so the irregular twists and turns of the myoglobin protein chain that emerged were a visceral disappointment to the early pioneers. “Hideous,” said Max Perutz. The crystallographers’ dismay was due to the evident lack of order within the protein molecule; it seemed a poor relation to the repetitive but elegant DNA double-helix that had been uncovered by Watson and Crick a few years before.


  But with better data came the realisation that the irregularity of protein chains is the necessary secret of their extraordinary diversity of function. It makes them unpredictable too. While almost all DNA sequences will form the iconic twisted ladder, protein structure cannot be divined in advance. Though we know how the DNA code of our genes is translated into the long chains of amino acids that make up proteins, we cannot easily predict how those chains will wrap up to form the three dimensional protein molecule and so must turn to experiment. But since proteins do not submit readily to crystallisation, we have to spend day after day re-running our trials to find conditions that will induce the molecules to line up in the requisite ordered arrays. In this game, beautiful revelation comes only through repetition.


  • • •


  Read more:


  
    	Find out more about Stephen Curry and his research


    	Read Professor Curry’s blog (click on the Protein Crystallography category for posts relevant to this topic)


    	A film explaining how crystallography works and helps with virus research


    	Watch Professor Curry’s I’m A Scientist film

  


  • • •


  Have your say at gurumagazine.org


  • • •


  Stephen Curry is a professor of structural biology at Imperial College where he researches the mechanisms of RNA virus replication using X-ray crystallography. He writes about science, its practice, culture and policy at his blog and anywhere else that will have him. In his spare time he likes to make short films (usually about science)...


  #SPACE



  Europa: life in our Solar System?


  We humans have long been fascinated by extraterrestrial life. We’re obsessed by UFOs and alien encounters, we comb the skies for hints of distant intelligence, and little green men are forever popping up in our books and films. But what if the life we’re looking for is right under our very noses, hidden within the Solar System? Physics Guru James Lloyd describes how Europa, one of Jupiter’s moons, is emerging as a potential habitat for alien life.


  "Please listen carefully. There is life on Europa. I repeat: there is life on Europa… like huge strands of wet seaweed, crawling along the ground… Imagine an oak tree… flattened out by gravity… Tendrils, stamens, waving feebly..."


  Professor Chang is stranded on Jupiter’s icy moon, Europa. His air supply is rapidly running out and he’s got no chance of being rescued; all he can do is die with dignity and hope that somebody hears his final radio message.


  "I’ve only two requests to make... When the taxonomists classify this creature, I hope they’ll name it after me. And – when the next ship comes home – ask them to take our bones back to China."


  Fiction becoming fact


  If this sounds like science fiction, well, that’s because it is. This gloomy scenario takes place near the beginning of 2010: Odyssey Two, Arthur C. Clarke’s sequel to his most famous novel, 2001: A Space Odyssey.


  In Odyssey Two, Clarke imagines Europa to be teeming with extraterrestrial life, sustained by a liquid ocean beneath the moon’s surface. He was undoubtedly inspired by images sent back by the Voyager space probes during the late 1970s, which revealed Europa’s surface to be covered with a smooth shell of ice, raising the possibility of an underground watery ocean.


  Europa has since become one of our Solar System’s most enigmatic bodies. Evidence now points to a huge ocean under its icy surface, possibly containing twice as much water as all of the Earth’s oceans combined. And where there’s water, life is often not too far away. Suddenly, Arthur C. Clarke’s story doesn’t seem quite so outlandish...


  A hidden ocean


  Most of what we know about Europa comes from the Galileo spacecraft, named after Galileo Galilei, the discoverer of Jupiter’s four largest moons: Io, Ganymede, Callisto, and, of course, Europa, which is about the same size as our own Moon. Launched by NASA in 1989, Galileo (the spacecraft, not the man) took six years to make the epic journey to Jupiter, and went on to spend eight years orbiting the gas giant and making a series of daring fly-bys past Jupiter’s moons.


  Thanks to this mission, we now have some stunning close-up shots of Europa. Although hardly any craters mark the moon’s surface – a sign of its young age – dark lines crisscross the entire globe, like veins and arteries under a translucent skin. These fractures in Europa’s crust are a result of Jupiter’s immense gravitational pull on its delicate moon.


  Europa’s skin is also freckled with rough, jumbled regions of ice known as ‘chaos terrains’. In November last year, a team of US astronomers led by Dr. Britney Schmidt at the University of Texas proposed that these terrains are formed above huge underground lakes. When water trickles into cracks in the overlying ice, floating icebergs are created, like ice cubes bobbing in a glass of water. According to the researchers, chaotic regions are formed when this floating ice refreezes.


  Another piece of evidence for Europa’s underground water comes from Galileo’s measurements of fluctuations in the magnetic field around Europa, pointing to the presence of some kind of conducting layer below the surface. The most likely candidate? A salty ocean!


  Life on Mars Europa?


  In Arthur C. Clarke’s novel, Europa’s life forms are dumb, plant-like creatures that spend most of their lives rooted to the seabed. But if we could travel to the real Europa and peer under its glacial shell, what might we expect to discover?


  “We’re not going to be finding little green men, unless they can hold their breath for an awfully long time,” says Dr. Lewis Dartnell, an astrobiologist at University College London. “The ocean on Europa is different from Earth’s oceans in that it’s sealed by an ice layer, so it’s dark and there’s no possibility for photosynthesis or growing by sunlight.”


  This means that any life in Europa’s oceans – most likely simple microbes such as bacteria ¬– needs to get energy from somewhere else. One possibility is hydrothermal vents on the seafloor that spew out heated water. We already know that these exist in the shadowy depths of Earth’s oceans, and that they provide a habitat for ‘anaerobic’ microbes that are able to survive without oxygen. This has led astrobiologists to speculate that similar life might be found in Europa’s oceans.


  Indeed, Lewis Dartnell believes that Europa may now have overtaken Mars as the most likely habitat for extraterrestrial life in our Solar System: “A long time ago, Mars was warm and wet, but it’s very cold and dry now,” says Dartnell. “Life on Mars may well have been driven to extinction, or only survives deep beneath the surface of the planet. On the other hand, the evidence from Europa is that it still has a wet environment, so there might be life on Europa today.”


  What's next?


  The Galileo mission ended in 2003 when NASA sent the spacecraft on a kamikaze dive into Jupiter’s atmosphere. Galileo’s fuel supply was nearly depleted, and NASA was desperate not to contaminate precious Europa with Earthly bacteria.


  Our next close encounter with Europa will probably not be for another fifteen years, possibly even longer. One campaign still on the drawing board is the Europa Jupiter System Mission, originally planned as a joint NASA-ESA (European Space Agency) project and scheduled for launch in 2020. However, NASA has since pulled out of the project due to budget cuts, so ESA may now go it alone with the renamed Jupiter Icy Moon Explorer mission.


  Whenever it happens, the next mission will give us an even closer glimpse of the Solar System’s most intriguing moon. One day, it may be possible to send a probe down to analyse Europa’s ice – perhaps even a nuclear-powered ‘cryobot’ that can tunnel all the way to the moon’s inky ocean.


  Who knows what we might find down there? Arthur C. Clarke’s exotic creatures? Probably not. But simple life? A lot of scientists wouldn’t bet against it.

  


  Galileo’s Notebook


  Galileo discovered four of Jupiter’s largest moons in 1610. He noticed distant specks of light through his telescope, initially thinking that they were “fixed stars, totally invisible [to the naked eye] by their smallness”. However, over the following nights, Galileo observed that the specks were actually moving around Jupiter.


  This was the first time that moons had been discovered orbiting another planet, and it began an astronomical revolution. Suddenly, it appeared that our Earth wasn’t at the centre of the universe – a controversial theory at the time, when most people, including the Church, believed that the entire cosmos revolved around us.


  Four hundred years on, Galileo has been well and truly vindicated. These four Jovian bodies are now known as the Galilean moons in honour of their discoverer, and a further 60 smaller moons have been found orbiting Jupiter.


  But the story isn’t over yet. Going on the evidence presented in this article, Europa, the smallest of the Galilean moons, may someday start its own revolution – one where extraterrestrial life becomes a stone cold reality.

  


  Guru Interview: Guru Meets ET expert Lewis Dartnell


  There is growing evidence that Europa, one of Jupiter’s moons, harbours an ocean of liquid water beneath its icy surface. Guru spoke to Dr. Lewis Dartnell, an astrobiologist at University College London, to find out why this ocean makes Europa one of the most likely places for finding extraterrestrial life.


  James Lloyd: How certain are we that there’s a liquid water ocean under Europa’s ice?


  Lewis Dartnell: I’d say we’re pretty certain, in that there are several different lines of evidence that support this idea, most of which have come from the Galileo space probe. By far the most convincing physics evidence was from the magnetometer aboard Galileo, which detected changes in the magnetic field around Europa, showing that there is something conductive beneath the Europa’s surface. The best explanation for this is a salty liquid layer beneath the frozen ice, i.e. a water ocean.


  JL: If there was life beneath this icy surface, what might we expect to find? Probably not little green men, I’m guessing...


  LD: We’re not going to be finding little green men unless they can hold their breath for an awfully long time. The ocean on Europa is different from the Earth’s oceans in that it’s sealed in – it’s got this ice layer completely sealing it off. So there’s no possibility for photosynthesis or growing by sunlight like algae and plants do on Earth. One of the major challenges for life on Europa is whether or not there’s enough oxygen in the ocean, especially for complex life (things like amoebae or little jellyfish that are complex in comparison to bacteria). But there’s probably a better chance of finding multicellular life on Europa than there has ever been on Mars.


  JL: Could the chilly temperature of Europa’s ocean also pose a problem for life?


  LD: Probably not so much. Although it’s at a low temperature, the ocean will still be liquid – so the chemical reactions might go more slowly or there might be enzymes that can speed them up. If there are environmental limitations, it might be that the ocean is too alkaline or too salty, rather than being too cold.


  JL: Would you say that Europa is the most likely place for finding life in our Solar System at present?


  LD: It’s certainly one of the forerunners. I mentioned Mars already. A long time ago in its history, Mars was warm and wet on its surface, but it’s very cold and dry now. Life on Mars may well have been driven to extinction or only survives deep beneath the surface of the planet where it’s still warm. On the other hand, the evidence from Europa is that it still has a wet environment, so there might be life on Europa today.


  JL: Would you like to see a probe being sent to Europa to look for first-hand evidence of life?


  LD: Yes, I would very much like to see a probe. There’s an ongoing mission – still on the drawing board at the moment – which would have been a joint NASA and European Space Agency (ESA) mission, but NASA had to pull out because it ran out of money. There’s a plan for a probe to go back to Jupiter and Europa from about 2020/2022 – this would be an orbiter, so it would give us lots of good resolution photography of Europa’s surface, as well as a much better understanding of the ice’s thickness.


  There’s also a possibility that we might be able to ‘hard land’ some kind of probe on the surface. We won’t be able to use parachutes because there’s no atmosphere, but we might be able to build something that’s rugged enough to land on the surface and then do some science on what’s frozen there. But not for a long time are we going to be able to melt down through the ice into the ocean – that’s a long time in the future.


  JL: Is that because of technological constraints?


  LD: It’d be incredibly complicated and incredibly expensive, and we don’t know fundamental things yet, such as how thick the ice is – you’d design a very different mission if it was only 2 km deep compared to 20 km deep. That’s why we need an intermediate mission – we need to go back with an orbiter and work out as much as we can about the environment on Europa and the thickness of its ice.


  



  Lewis Dartnell works in the Centre for Planetary Sciences, University College London researching the possibility of microbial life in the surface dust of Mars. An awardwinning science writer, he authored Life in the Universe: A Beginner’s Guide and the forthcoming Tourist’s Guide to the Solar System. Find out more at lewisdartnell. com.
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    	Schmidt, B. et al (2011) Active Formation of ‘Chaos Terrain’ Over Shallow Subsurface Water on Europa. Nature, 479(7374), 502-505
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  Have your say at gurumagazine.org
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  James Lloyd studied physics at university and recently finished a climate science PhD. He’s now swapped semiconductors for semicolons, writing about science and blogging at The Soft Anonymous. James enjoys music making, hill walking and trying to find the perfect flapjack. Find him on Twitter @jbb_lloyd.


  #SCEPTICISM



  Why homeopathy works


  The power of the placebo


  “What?!” I hear you exclaim. “Has our Sceptic Guru gone soft? Is he claiming that homeopathy works? No! Say it ain’t so!” Fear not, lover of science and logic. To paraphrase the Iron Lady: this Guru’s not for turning. Yes, homeopathy works – but it has nothing to do with homeopathy itself. Confused? Let our Sceptic Guru, Daryl Ilbury, explain all.


  Homeopathy, one of a number of so-called ‘alternative’ medicine practices, uses highly diluted forms of medication (called ‘therapies’) to treat a range of ailments. The central tenet of homeopathy is to use ‘like to cure like’. In other words, homeopaths believe that you need to identify the substance causing an ailment and use a watered-down version of that substance to help the body fight it.


  This logic isn’t as odd as it might first seem. In fact, vaccines work in a similar way. When we’re immunised against a particular disease, the vaccine we’re injected with actually contains a harmless version of the bug or virus that causes the disease – and this stimulates our immune system so that it’s primed to respond if it ever meets the real, harmful version of the bug or virus in the future.


  Is dilution the solution?


  In the case of homeopathy, however, the phrase ‘highly diluted forms of medication’ warrants closer inspection. Homeopathic remedies are made from ‘tinctures’ – either water, or a mix of water and alcohol, in which an active ingredient (the thing that’s supposed to have the therapeutic effect) has been soaked (see the table at the end for some examples of tinctures used). These tinctures are then diluted and shaken vigorously in a carefully-followed pattern, a procedure called succussion.


  These cycles of dilution and shaking are repeated over and over so that the original tincture becomes more and more diluted. In an interesting execution of paradoxical marketing, homeopaths claim the more dilute the remedy, the greater its ‘potency’.


  So just how diluted (and therefore ‘potent’) are these remedies? Well, during each ‘cycle’, the tincture is diluted one-hundred fold. If we had 1ml of our original tincture we would add 99ml of water to make up to a total volume of 100ml, thereby increasing the original volume one-hundred fold. For a typical remedy, this one-hundred fold dilution is then repeated 30 times – the equivalent of a 1060-fold dilution (that’s 1 followed by 60 zeroes). Suffice to say, the final dilution will be completely without any molecular trace whatsoever of the so-called active ingredient.


  Ben Goldacre puts this into perspective thus: “…it equates to one molecule of the substance in a sphere of water whose diameter is roughly the distance from the earth to the sun.”


  Memory of a goldfish – or does water never forget?


  Homeopaths counter this argument by saying that water has ‘memory’: it can somehow ‘remember’ the structure of the active ingredient dissolved in it and will behave differently as a consequence. However, molecules of a liquid such as water are in constant motion (unlike those of a solid, which remain in fixed positions). So any supposition that water can permanently mimic the molecules of an active ingredient is ridiculous.


  As the leading science writer Toby Murcott summarises in The Whole Story: “Homeopathy is a dead duck scientifically. It uses remedies that contain no active ingredients and a laughable principle that water has a ‘memory’”.

  


  Open wide! Just what the homeopath ordered...


  Examples of ingredients used in homeopathy. Find more here.


  Arsenicum Album:

  A compound made from arsenic trioxide, which is highly toxic. Symptoms of arsenic poisoning may include diarrhoea, vomiting, blood in the urine and hair loss. The organs of the body usually affected are the lungs, skin, kidneys, and liver. The final result of arsenic poisoning is coma and/or death

  What it’s used for:

  Used for restless, weakness, burning pains, irritating discharges, food poisoning, indigestion, diarrhoea, gastroenteritis from overconsumption of ripe produce and excess alcohol


  Atropa Belladona:

  Better known as Deadly Nightshade. A plant found in Europe, North Africa and Western Asia. Its leaves and berries are extremely toxic. A favourite poison of the Ancient Romans and Greeks

  What it’s used for:

  Used for fever, flu, tonsillitis, sore throat, dry tickly cough worsened by speech, earache, throbbing pain, and sudden onset of flushed skin with cold extremities


  Borax:

  A common commercial and household chemical used in detergents, tooth bleaching preparations, insect killers, and fungicides

  What it’s used for:

  Used for inflamed mucous membranes with white discharge, thrush, and vaginitis, especially midway between menstrual periods


  Vipera Berus:

  Toxin from the European Adder, a snake found commonly in Europe. Its bite can be very painful, but is normally not fatal for humans

  What it’s used for:

  Used for swelling of the veins. Typically used when extremities give a sensation that they will burst due to inflamed veins


  Nux Vomica:

  The seed of Strychnos Nuxvomica, a tree found in the East Indies. The deadly poison known as strychnine is extracted from it

  What it’s used for:

  Used for common cold, constipation, vomiting, diarrhoea, abdominal cramps, haemorrhoids, hangovers, gastroenteritis, headaches, menstrual cramps, larynx pain, runny nose, migraines, morning sickness and labour pain

  


  Feeling the pain


  So if homeopathy has no scientific foundation, why does it work? To find our answer we need to understand a little about how we sense pain or discomfort.


  Our perception of pain is complicated – it is driven not only by a range of biological, chemical, and physiological factors but also emotional, psychological and even social ones too. The reality is that we don’t fully understand the mechanisms behind pain or the sensations of feeling ill. But we do know that the brain – itself an incredibly complex organism – plays a central part.


  The brain isn’t just responsible for giving us the sensations of feeling ill: it can also be fooled into making us feel better. This is called the ‘placebo effect’. So how does the placebo effect work? Well, the mere anticipation of a reward – something positive - can release dopamine, a chemical in our brain that makes us feel good.


  When we feel ill and visit a clinician, we believe that the clinician will help us; we trust that they will make us feel better. Just the act of receiving what our brain considers to be a reward – a positive interaction with a clinician – is enough for our brain to tell us that we are actually feeling a little better.


  Studies of the placebo effect have shown that the more dramatic the intervention (the positive ‘stimulus’ we receive) the more powerful the placebo effect. So, while just speaking to a clinician might give us a bit of a boost, physically consuming a sugar-coated pill – one with no active ingredient – could ease a mild headache. And an injection of a simple salt solution could work wonders for a more serious condition. In short, for top-end ailments, nothing beats an impressive-looking piece of machinery with flashing lights that every now and then goes “ping!” Such a stimulus screams to the brain that something good is happening: it’s a reward, so bring on the dopamine!


  Why we should stand on ceremony


  Studies have also shown that the ‘ceremony of intervention’ – the way in which the stimulus is delivered to us - is an important factor in determining how effective a placebo is. If we are given a sugar-coated pill by a rather brusque doctor-figure who simply says ‘Take this!’ we won’t feel the same benefit as if we were to receive the same pill by a caring doctor-figure who speaks wondrously about the effectiveness of the drug.


  And the ceremony of intervention is where homeopathy really scores – and may explain why there are numerous anecdotal reports of people feeling better after a visit to a homeopath. A visit to a typical British GP on the NHS will take all of six to ten minutes. Homeopaths, on the other hand, often spend longer with their patients; they have time to talk to them about other things that contribute to us keeping well, such as diet, exercise and lifestyle. In other words, the ‘ceremony’ associated with the intervention is more fulsome: homeopaths may just be a little better at spreading some TLC.


  So while their treatments might not be supported by scientific evidence and clinical trials, it seems that there’s truth in the old adage ‘time is a great healer’: homeopaths simply have more time for healing.


  And that, dear Guru reader, is why homeopathy works.


  • • •


  Have your say at gurumagazine.org


  • • •


  Daryl Ilbury is a multi-award winning broadcaster and op-ed columnist based in South Africa. He has a passion for science that has burned since he was a child. You can see an archive of his work on his website www.darylilbury.com or follow him on Twitter at @darylilbury.


  #MIND



  What do you smell when you read this?


  Crossovers in the senses


  Most of us take the five senses for granted. Vision, taste, hearing, smell and touch come naturally – but what if they got confused? For one group of people, this is a daily reality. Mind Guru Kim Lacey explores a life of tasty colours and smelly sounds. Welcome to the world of synaesthesia...


  IT’S QUIZ TIME!

  • What does the colour red taste like?

  • When you hear the word Guru, what scent comesto mind?

  • Which letter do you associatewith the colour green?



  No, those quiz questions aren’t misprints. If you had synaesthesia, then answering these questions wouldn’t seem so strange. Synaesthesia is a medical condition that has always fascinated me (it is, in fact, my favourite condition out there)! A bizarre mixing of senses, anyone affected by synaesthesia interprets smells as sounds, numbers as colours or sounds as hallucinations.


  This strange reality comes in a variety of forms and intensities – not every synaesthete (someone with synaesthesia) experiences the same thing. One synaesthete might identify the letter Z as green, another might see it in yellow.


  The word synaesthesia comes from the same root as the word anaesthesia. Both words deal with the senses, but on opposite sides of the spectrum (no pun intended for you synaesthetes out there)! Whereas anaesthesia means ‘no sensation’ (what you hope for before going under the surgeon’s knife), synaesthesia means ‘joined sensation’ – hence scented letters or coloured numbers. These ‘joined sensations’ aren’t painful or even startling. In fact, most synaesthetes don’t even realise they experience the world differently. Often it is only discovered after making a comment about the “brightness of the colour three”; an old college friend of mine once told me his sandwich tasted like the smell of a musical concert. At the time it was quite an odd thing to say, but in retrospect it just might have been synaesthesia peeking out...


  A colourful love-life!


  There are many different forms of synaesthesia. In their new book, Wednesday is Indigo Blue, Drs. Richard Cytowic and David Eagleman list the rates of different types of synaesthesia. Top of the list (clocking in at about 66%), is linking graphemes (letters, numbers, punctuation marks) with colours. It doesn’t stop there: for 1 in 100, it positively brings a new dimension to love-making – orgasms are experienced as colours! But synaesthetes aren’t deprived: one sensation isn’t substituted for another; both sensations are experienced simultaneously.


  Was your childhood psychedelic?


  It is largely a mystery why some people develop synaesthesia and others don’t. Cytowic and Eagleman suggest that it is really a part of childhood language acquisition, and most likely we’re all a bit synaesthetic in our younger years. They propose that all of us go through a four-step process for acquiring language as a child – and for the synaesthetic something goes wrong on the way:


  
    1. We start our language development by recognising that a word is associated with a thing or object and that this actually means something.


    2. After this come the synaesthetic equivalences: as children, we need a way to organize and remember the abundance of new signs we are being introduced to. The natural overlapping of our senses helps with our language acquisition as it lets us recall new signs and words more quickly and more distinctly.


    3. Third are metaphoric identities, the stage at which we start to associate words with other words through likenesses.


    4. Finally, we become able to think with abstract language. Words and signs start to separate and no longer link to real things. Rather, words relate relate to ideas and hypothetical situations.

  


  For most, the second stage (synaesthetic equivalences) disappears before adolescence, making it highly unlikely that synaesthesia will develop later in life; although one might not realise they have it until adulthood. But for some, it never goes away.


  Are you a synaesthete?


  If you think you might have synaesthesia then fret not for you are in good company! There have been many reported cases of well-known individuals with the condition. Author Vladimir Nabokov wrote about his experiences as a synaesthete in his autobiography Speak, Memory. Musicians Duke Ellington, Billy Joel, and Franz Liszt were all synaesthetes. But it isn’t limited to the arts – even physicist Richard Feynman and inventor Nikola Tesla have been documented with the condition.

  


  No one knows exactly how many people have synaesthesia. Once considered a rarity, the most recent research shows that as many as 1 in 23 of us have it in some form.


  One of the most famous of all synaesthetes was Solomon Shereshevsky, a Russian newspaper reporter who had a blurring of all five senses. Possibly the greatest of all mnemonists, he had the extraordinary ability to memorize books, poems, mathematical formulae and number lists without error.


  “Take the number 1. This is a proud, well-built man; 2 is a high-spirited woman; 3 a gloomy person; 6 a man with a swollen foot... as for the number 87, what I see is a fat woman and a man twirling his moustache.” -- S. Shereshevsky

  


  • • •


  Have your say at gurumagazine.org
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  • • •


  With a PhD from Wayne State University, Kim Lacey from Detroit, USA knows a thing or two about memory studies and digital humanities. She also has a serious addiction to restaurant combo plates. Follow her on Twitter @kimlacey or go to kimberlylacey.com.


  Departure Lounge


  Do you Guru? We do...


  Guru is six months old and has really grown! We’re convinced that Guru has a unique blend of engaging, informative and fun writing – and so do you, it seems. But what makes Guru special is that you make it what it is.


  Guru is crowd-sourced: written, designed and edited by ‘Gurus’ from around the world. We believe in accessibility, honesty and don’t buy the idea that ‘science’ is just for an enlightened few.


  And it’s no longer just about a digital magazine; there are plenty of exciting developments on the horizon. Don’t miss out – keep up-to-date via gurumagazine.org, Facebook and Twitter. Don’t forget that the Gurus love it when you tell them what you think. Write something on the Guru Forum, send a Tweet or post on our Facebook wall.


  Finally, if you like Guru being free, you can really help out by showing some love toward our advertisers and supporters by following the links on their ads to find out what they are all about. The next issue of Guru will be available – for free, of course – from 1st April (no joke!).


  Look out 2012, here we come!


  THE GURU TEAM
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