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  Preface




  People have the wrong idea about science – not least scientists themselves. For the last few hundred years, a story has been doing the rounds to the effect that

  scientific discoveries are made by first formulating an hypothesis, then performing an experiment, and finally drawing a conclusion. The reality could hardly be more different. Some of the greatest

  discoveries – radioactivity, genetics, quantum theory – began with experiments whose outcome defied expectation. Others began with grand conclusions about how the universe is put

  together, with no clue about how to check it experimentally.




  But many, perhaps even most, of the great discoveries in science began with a question. When Newton saw an apple fall to the ground in the garden of his mother’s house (a story

  which Newton insisted was true), he asked himself how this could happen, and was duly rewarded by the discovery of the universal law of gravitation. When Einstein asked himself as a teenager what

  it would be like to ride upon a light-beam, his answer led directly to his Special Theory of Relativity, E = mc2 and all that. The American physicist Richard Feynman claimed that his

  bafflement over the rate of wobble of a dinner plate spinning through the air in a cafeteria ultimately led him to Nobel Prize-winning discoveries about sub-atomic particles.




  Great minds, great discoveries – but, on the face of it, rather trivial questions. The thing is, Nature herself doesn’t know the meaning of the word trivial. From the birth of a

  spiral galaxy to water gurgling down a plughole – all are manifestations of the primordial laws of physics. And time and again the history of science has shown that the key to understanding

  the universe often lies in asking a great question.




  Over several years, I had the privilege of being asked to investigate a host of wonderfully varied questions about life, the universe and everything by readers of the Sunday Telegraph.

  From the origin of blue moons to the origin of the universe, the causes of tides to the fate of odd socks, they came my way in droves each week, my only regret being an inability to take on them

  all. Instead, I had to be selective, choosing ones whose answers are little-known, counter-intuitive, or have rather deeper implications than one might expect.




  This book represents a selection of the many hundreds of questions I received over the years, whose answers I hope you will find especially entertaining and informative. Some deal with

  fundamental issues about the nature of reality and the limits to knowledge. Others deal with rather more run-of-the-mill matters – like how best to remove ice from your car windscreen, and

  whether milk should go in before or after the tea.




  Whether your taste is for the cosmic or the quotidian, what follows should convince you that the greatest myth of all is that science is merely what men in lab coats do for a living.




  

    Robert Matthews
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  Mysteries of everyday life




  

    

      

        	

          ?  


        



        	

          Why is the place you want on a map so often at the edge?


        

      


    


  




  Whenever I encounter one of these little frustrations of everyday life, I apply the maxim of Ian Fleming’s character Goldfinger: once is happenstance, twice is a

  coincidence but three times is enemy action. That is, if the little irritation in question crops up often enough to make you suspect there is some malign force at work, you are probably right. The

  frustration of finding the place one is looking for in awkward parts of the map is a case in point: it happens so often that it looks very much like a manifestation of Murphy’s Law, according

  to which “If something can go wrong, it will”. This suspicion is confirmed by some simple school geometry. Picture a square map, with the “awkward bit” being the strip-like

  region around its perimeter. Surprisingly, even if the width of this strip-like region is just one-tenth that of the whole map, it mops up a prodigious thirty-six per cent of the total area. Thus,

  every time you look for some location of such a map, there is a better than 1 in 3 chance it will turn up in that bit around the edge. What fools us is the fact that although it looks pretty

  narrow, the region tracks the largest dimensions of the map, which gives it a surprisingly large total area.




  The situation is marginally worse with road atlases, as they also have awkward bits to either side of the central crease. Doing the same geometrical sums, it turns out that

  for a typical atlas page, there’s around a fifty per cent chance of a given location being inconveniently positioned on the page.




  Cartographers have been trying to combat Murphy’s Law of Maps for years and have introduced innovations such as fold-out flaps on one edge of the map. These alter the geometry of the pages

  and thus the relative areas of map and awkward bits, though not by much. Fortunately, in 2002, that wonderful British institution the Ordnance Survey introduced the ultimate solution to

  Murphy’s Law of Maps, the OS Select service, which produces customized maps centred on anywhere in Britain.




  

    

      

        	

          ?  


        



        	

          When driving, why do we arrive at obstacles like narrow bridges at the same moment as a car coming the other way?


        

      


    


  




  Many scientists would probably dismiss this as mere selective memory: that is, people just forget the times when they encounter such obstacles and drive past unhindered. While

  this may well be part of the explanation, I suspect there is something more going on – tied to the fact that, on seeing an obstacle ahead, we look to see what cars coming the other way are

  likely to cause problems. Clearly, cars much closer than us to the obstacle, or much further away, aren’t likely to be a problem, so very sensibly we fret most about those around the same

  distance away. Given that cars on a stretch of road tend to travel at around the same speed, this makes it a racing certainty we’ll reach the obstacle at the same moment as the car coming the

  other way. So why are we so surprised? Probably because, sitting in our own car, we only see cars speeding towards us – and tend not to realize that we’re both moving towards each other

  at similar speeds.




  

    

      

        	

          ?  


        



        	

          Why does the outward part of a journey seem longer than the return?


        

      


    


  




  This seems to be a very common perception and in my experience, the effect is strongest when making a journey for the first time. I am not aware of any formal research but the

  most plausible explanation I’ve come across lies in the fact that the outward journey ends only when one has arrived right outside the unfamiliar destination. By contrast, the return journey

  feels as if it’s coming to an end once one begins to see familiar landmarks and this can happen when one is still some distance from home. Other factors may also be important. For example,

  there is the dreaded “Are We There Yet?” syndrome, by which young children make even the shortest journey interminable. This may well be a consequence of the fact that an hour

  constitutes a ten-fold bigger proportion of a three-year-old’s life than of the harassed parent doing the driving – even a 30-year-old could be excused for asking if arrival was

  imminent after sitting in a car for ten hours.




  

    

      

        	

          ?  


        



        	

          Should the milk be put in before or after the tea?


        

      


    


  




  Some say that “milk first” is a tradition based on the need to protect thin china cups from the thermal shock of hot water, while chemists have argued that

  milk-first combats the production of bitter compounds as the tea brews. British Standard BS 6008: “Method for Preparation of a Liquor of Tea” calls for milk to be put in first, in the

  ratio of 1.75ml of milk for every 100ml of tea, which, by my reckoning, is barely a teaspoonful per cup. I daresay this is all true but it seems only wise to match the amount of milk to the

  strength of the brewed tea – which can only be judged once you’ve seen it poured into the cup. I therefore count myself among the milk-after camp, along with George Orwell, who in 1946

  wrote an article on tea in the London Evening Standard stating: “by putting the tea in first and then stirring as one pours, one can exactly regulate the amount of

  milk”.




  

    

      

        	

          ?  


        



        	

          Is there any real benefit in warming the pot before making tea?


        

      


    


  




  Many people seem convinced that swilling boiling water around the pot and then pouring it away is a key part of making the perfect cup of tea, the idea being that it helps the

  pot stay hotter longer, ensuring a better brew. Given the thermal inertia of the average teapot, I doubt this ritual makes much difference. More likely, it removes any of the bitter-tasting tannins

  remaining in the pot from the previous brew.




  

    

      

        	

          ?  


        



        	

          Why does a kettle of water quieten down just before it starts to boil?


        

      


    


  




  The “lull before the steam” effect is linked to the way the water is heated. Kettles are usually warmed from their base, so that the water down there reaches boiling

  point first. As the bubbles of vapour form, they rise up through cooler liquid, cooling as they go. Unable to maintain enough pressure to keep the surrounding liquid at bay, they suddenly collapse

  with a pop. Put enough of those together and you get the familiar rumble of a kettle heating up. As the heating continues, however, the bulk of the liquid starts to reach boiling temperatures,

  allowing big bubbles to go the distance, right to the surface. The result is a deeper, quieter sound – signalling the onset of boiling throughout the liquid, and tea time.




  

    

      

        	

          ?  


        



        	

          Is it true that boiling water makes ice cubes more quickly than cold?


        

      


    


  




  Over the years, I’ve come across several twists on this one, such as “do very hot cups of tea reach a drinkable temperature faster than those

  that are merely hot?”. All involve the phenomenon of cooling but include some traps for the unwary. The basic rule is that the bigger the temperature difference between an object and its

  surroundings, the faster it cools. So, a very hot cup of tea will indeed cool more quickly than a less hot one. That doesn’t mean it becomes drinkable sooner: it just means that it quickly

  reaches the same temperature as the other cup – but then cools at just the same rate. Add in the fact that it was much hotter to start with and it’s clear that the hotter cup will

  actually take longer to become drinkable. By the same logic, it’s also clear that boiling water cannot freeze faster than cold water. Well, up to a point. The trouble is, boiled water

  isn’t just hotter than cold water: it also contains fewer dissolved gases and thus freezes at a slightly higher temperature. Evaporation also reduces the mass of water that has to be chilled.

  In the right conditions, the result can be faster formation of ice-cubes – a phenomenon sometimes termed the Mpemba Effect, after the Tanzanian student who first discovered it in

  1969.




  

    

      

        	

          ?  


        



        	

          Is there a fast way of removing ice from car windscreens?


        

      


    


  




  To escape the chore of scraping with an old credit card, or the expense of special aerosol sprays, many people are tempted to use warm water – only to find their

  windscreen freezing over again once they are on the road, with potentially lethal consequences. Iced-up windscreens are a sign that temperatures have been below zero for quite some time, so the

  glass will require a fair amount of heating to warm back up. Pouring hot water will melt the ice but once that’s done, the thin layer of tepid, rapidly-evaporating water running down the

  screen has little heat left to warm the glass and quickly turns back to ice.




  Happily, this doesn’t mean that we are condemned to using those tedious scrapers. For ice to re-form, we need more than just sub-zero temperatures: pretty obviously, there also has to be

  water. So, the secret to rapid removal of ice is to pour warm water over the windscreen and the windscreen wipers – and then quickly switch the wipers on at their

  highest speed. The wipers remove the thin layer of water that would otherwise turn into ice, keeping the windscreen ice-free until you are on the road and the windscreen heater is working. For side

  windows, pour the warm water on from the top and remove the meltwater with a rubber-edged window-cleaner. It’s a trick I’ve used successfully in the Alps at minus 18°C (just

  remember to thaw out the rubber of the wipers with the warm water first, to prevent them tearing).




  

    

      

        	

          ?  


        



        	

          What makes Super Glue so strong?


        

      


    


  




  Super Glue was discovered in 1942 by Dr Harry Coover of the Eastman Kodak Company, during research into materials suitable for making transparent components. Searching for a

  suitable material for a plastic gun sights, he investigated the properties of the compound methyl cyanoacrylate but found it had an annoying propensity to stick to anything with which it came into

  contact. Dr Coover came across methyl cyanoacrylate again nine years later, while supervising a team working on heat-resistant plastics for fighter aircraft canopies. Again, the substance proved

  frustratingly sticky but this time it dawned on Dr Coover that he had discovered a new form of adhesive, one which required neither pressure nor heat to glue objects together. Remarkably, the glue

  was activated by the presence of even minute amounts of water – such as the layer of moisture that, as a result of natural humidity, coats everything. Kodak took up the product and it was

  first marketed in 1958.




  The strength of Super Glue comes from its ability to turn itself from a collection of individual molecules into a chain whose links are extremely hard to break. Electrons from water molecules

  affect the bond between two carbon atoms in the basic cyanoacrylate molecule, turning it into a double-ended hook that can link up with other glue molecules. These in turn supply electrons to other

  molecules, triggering the formation of a chain of molecules that binds objects together with impressive strength. The process is so fast and so sensitive to the presence of

  water that the manufacturers of Super Glue mix it with a tiny amount of acid, to stop it curing too easily. A little moisture – even that on a fingertip – is enough to undermine the

  acid stabilizer and the chain-forming process gets underway with a vengeance.




  Having been perhaps a little slow to realize the potential of Super Glue, Dr Coover was well ahead of the game in patenting its use in surgery, gluing human tissue together without the need for

  stitches. Super Glue was first used in this way in the Vietnam War and is now often used in minor surgery.




  

    

      

        	

          ?  


        



        	

          Why is a bicycle more stable once it’s moving?


        

      


    


  




  I used to think the answer to this one was a combination of simple mechanics plus practice. That is, when learning to ride a bike we train ourselves to cancel out the wobbling

  we get on starting off by shifting our weight slightly, via the handlebars. Once we’re on our way, the gyroscopic effect of the spinning wheels starts to take effect, making the bike even

  more stable. However, I’ve learned that the dynamics of anything involving spinning bits is never straightforward and routinely discuss such questions with my personal guru on theoretical

  mechanics, Dr Ron Harrison, erstwhile lecturer in the subject at City University, London. After several weeks of reading around the subject, calculations and email exchanges with Dr Harrison, my

  suspicions that this is a very tough question have been confirmed.




  Even those who have studied the problem in depth do not agree on the finer details of bicycle stability. They do at least agree on one thing: bikes don’t need riders to stay upright; just

  a push to get them travelling above around five miles per hour will do the trick. It’s the source of the inherent stability that causes the arguments. Detailed analysis shows that the

  much-vaunted gyroscopic effect of the spinning wheels, often thought to explain bike stability (not least by science columnists), is pretty unimportant. Surprisingly, the chief reason moving bikes

  stay upright is because of the shape of the forks holding the wheels in place. These usually point forward towards the ground, so that an imaginary line drawn from them would

  touch the ground some way ahead of the wheel. It may only amount to an inch or so but this amount of “trail” makes all the difference to bike stability, bringing forces to bear on the

  wheels that damp out wobbles. According to Dr Harrison’s calculations, a bike with vertical forks – and thus no “trail” – would wobble ever faster as it speeds up,

  becoming increasingly hard to control. Of course, with practice, any bike is rideable – even a unicycle, whose vertical forks give it zero trail. Even so, it’s clear that those

  outrageously-angled forks on Peter Fonda’s motorbike in Easy Rider aren’t quite so silly after all.




  

    

      

        	

          ?  


        



        	

          Why does the British tax year start in the first week of April?


        

      


    


  




  The odd timing of the tax year is a hangover from the days when the New Year began on 25 March – the Feast of the Annunciation; nine months before Christ’s

  birth-day. That all changed when, in 1752, Britain adopted the Gregorian calendar, a reform which moved New Year’s Day to 1 January but left the financial year unchanged. The reform also

  added extra days on to the old calendar dates, so that the start of the tax year was shunted from the last week of March to the first week of April – where it’s stayed ever since.




  

    

      

        	

          ?  


        



        	

          Can magnets wear out?


        

      


    


  




  Toy magnets sometimes come with warnings not to drop them or heat them up, lest they lose their magnetic power. Yet, even if they are treated with care, magnets eventually,

  albeit very slowly, lose their strength. This is because magnets owe their properties to the existence of vast numbers of “domains”, each around 1mm across, packed with atoms whose

  spinning electrons are aligned. This highly ordered state is the origin of the magnetism and also of the vulnerability of magnets to heating or dropping, which jolts some of

  the domains out of alignment. Even if a magnet avoids such a fate, it will eventually fall prey to the effects of ambient heat and electromagnetic fields, which damage the alignment and steadily

  weaken the magnetic force. Fortunately, it is a very slow process; a modern samarium-cobalt magnet takes around 700 years to lose half its strength.




  

    

      

        	

          ?  


        



        	

          Why are only some substances magnetic?


        

      


    


  




  For all its familiarity, magnetism is a manifestation of very fundamental physics, ultimately linked to the orbital motion and spin of the electrons in atoms. Certain

  arrangements of these spins – such as those in iron atoms – create intensely magnetic materials but as all substances contain spinning electrons, everything is magnetic: water, wood

  – even frogs. The reason we don’t think of them as magnetic is because the effect is pretty feeble, around a billion times weaker than in metals like iron. Thus, while it is possible to

  pick up a toothpick using a magnet, it requires an intense magnetic field – around 200,000 times stronger than the Earth’s. It can be done: the German physicist Werner Braunbeck

  levitated small bits of apparently nonmagnetic graphite in 1939, while French physicists did the same with blobs of water in 1991. The most spectacular achievement so far came in 1997, when a team

  led by Dr Andre Geim at the University of Nijmegen in the Netherlands succeeded in levitating a frog. And yes, humans could also be levitated – at least in principle. However, generating the

  necessary magnetic field would require the output of a nuclear power station, which seems a bit excessive for a party trick.




  

    

      

        	

          ?  


        



        	

          Why does a magnet held near a television produce weird colours?


        

      


    


  




  This baffled scientists for almost half a century. The effect was discovered in 1858, well before the invention of television, by the German physicist Julius Pluecker, who

  experimented with passing electricity through glass tubes from which virtually all the air had been sucked out. He found that the eerie glow given off by these tubes could be

  bent by magnets. The explanation emerged in 1897, when the Cambridge physicist Joseph Thomson showed that the glow was caused by what we now call electrons and that these can be affected by

  magnetic forces. The average television (or computer screen) exploits the phenomenon to create coloured images, firing electrons at the screen to create the picture. When a bar magnet is brought

  near the screen, the electrons are pulled off course, creating weird colours. Moving the magnet around isn’t hazardous to health but it can damage the image, by permanently magnetizing the

  system used to direct the electron beam. Most modern screens have “degaussing” circuitry, which eliminates any lingering magnetism every time they’re switched on but personally I

  wouldn’t take the risk, and would steer any magnet-wielding children away from the television and computer.




  

    

      

        	

          ?  


        



        	

          Why do television screens have red, blue and green dots?


        

      


    


  




  At school we are taught that to create all the colours of the rainbow, one needs red, blue and yellow but not green. The explan-ation lies in the difference between colours

  formed by reflected light – for example, from paint – and those formed by emitted light. Paints produce colour by absorbing all but one colour from the white light striking them. This

  “subtraction” method demands the presence of yellow, as, when this is combined with blue, it mops up everything but green. On the other hand, televisions create colours directly, using

  emitted light and to produce all colours by this “addition” method requires red, blue and green.




  

    

      

        	

          ?  


        



        	

          Do microwave cookers destroy vitamins in food?


        

      


    


  




  They certainly could – just as any form of cooking would, if the food were heated to destruction. If used correctly, so that they don’t

  overheat the food, the end result of microwaving will be at least as nutritious as that of conventional cooking: there is nothing special about microwaves that makes them more likely to destroy

  vitamins or other nutrients. The possibility of damage to nutrients was extensively reviewed by scientists in the early 1980s and the conclusion was that there were no significant harmful effects.

  Indeed, the only surprising finding was that microwaving at low power can mean the food retains more of its nutritional value than it would if cooked conventionally.




  

    

      

        	

          ?  


        



        	

          Why does blood look blue under the skin?


        

      


    


  




  There was a time when I thought the blood coursing through our bodies really was blue and only became red when it came into contact with air. Having my first blood test put me

  right on that – but I still couldn’t understand why it looked blue under the skin. The explanation emerged in the mid-1990s, following research by Dr Lothar Lilge and colleagues at the

  Ontario Laser and Light Wave Research Centre, Canada. They showed that when light strikes white skin, the longer, redder wavelengths penetrate deeper and end up absorbed by the blood vessels. As a

  result, the light reflected back from the skin over a blood vessel has a relatively high proportion of the shorter, blue-violet, wavelengths – making the blood look as if it really is blue.

  The effect isn’t as obvious with dark-skinned people, as the melanin responsible for their skin tone absorbs almost all the wavelengths of light at the skin’s surface.




  

    

      

        	

          ?  


        



        	

          What causes the interference on the radio when moving around?


        

      


    


  




  These annoying “susch-susch” noises are due to multipath interference, caused by the radio picking up reflections of FM signals. Having a wavelength of just a

  few metres, such signals are vulnerable to reflections from everything from mountains to office blocks to cranes – even people walking by. Moving the radio just a few

  inches can be enough to cure the problem but if that doesn’t work you may need to invest in something a bit more sophisticated than the bits of wire manufacturers usually supply as an

  aerial.




  

    

      

        	

          ?  


        



        	

          Why do small aircraft seem to travel so much faster than airliners?


        

      


    


  




  It’s an optical effect called parallax. We judge the speeds of objects by comparing how quickly they pass across our field of view. Small aircraft typically fly at much

  lower altitudes than airliners, making them closer to us, which means they cross our field of view much more quickly, despite their much lower speed. Similarly, orbiting satellites can, despite

  travelling at over 18,000mph, seem to move more slowly across the night sky than aircraft, because they are so far away. Parallax was put to impressive use by Gerry Anderson and his team of

  animators in Thunderbirds, when they created the illusion of huge spaces by having layers of scenery behind model vehicles and moving the layers progressively more slowly the further they

  were from the models – just as they would appear to do in real life.




  

    

      

        	

          ?  


        



        	

          Why do boomerangs come back?


        

      


    


  




  Boomerangs are commonly thought to be the invention of Aboriginal Australians but over the years they have turned up at archaeological sites as far apart as Arizona and India;

  the oldest known specimen, around 23,000 years old, carved from mammoth tusk, was found in a cave in Oblazowa Rock, southern Poland, in 1987. It thus seems that the spectacular flying abilities of

  boomerangs have been independently discovered many times. Despite their prehistoric origins, their aerodynamics are anything but primitive and exploit an ingenious combination

  of lift and spin. To provide the lift, the boomerang is launched from an almost upright position, at an angle of around 15 degrees to the horizontal. This allows it to spin and cut through the air

  at an oblique angle, deflecting it and generating lift as it goes. The famed ability of the boomerang to return home again comes from the fact that, because of its spin, the upper part of its

  “wing” cuts through the incoming air at a relatively higher speed than the lower part and thus generates more lift. This creates a turning force on the boomerang, which starts to follow

  a circular path, rather like a spinning toy gyroscope slowly pirouetting on its stand. Oddly enough, just how big a circular path the boomerang follows doesn’t depend on how hard it’s

  thrown, or how fast it spins: it’s fixed primarily by its wingspan and shape, which are a compromise between spin and lift. Thrown well, boomerangs will happily fly long, looping trajectories

  of over 400ft.




  

    

      

        	

          ?  


        



        	

          What causes the lemon pips in a gin and tonic to rise and fall?


        

      


    


  




  It’s not just lemon pips in gin and tonic; the same weird phenomenon can be seen by dropping a raisin into fresh fizzy water. First, it will sink to the bottom of the

  glass, then perform an odd little dance, before coming back up to the surface and starting the cycle again. The explanation lies in the effect of the crinkly surface of the pip on the carbon

  dioxide in the drink. Being slightly denser than the liquid, the pip sinks to the bottom, where the dissolved carbon dioxide molecules become trapped in its nooks and crannies. After a while,

  enough accumulate to form bubbles, which boost the effective volume of the pip to the point where its density becomes lower than that of the surrounding liquid and it starts to rise. On the

  surface, the bubbles burst, the gas molecules escape, the pip loses its buoyancy – and it sinks, beginning a repeat performance.




  

    

      

        	

          ?  


        



        	

          How high is the pressure inside an aerosol can?


        

      


    


  




  According to the British Aerosol Manufacturers’ Association, aerosol cans are pressurized to between 2 and 8 atmospheres, equivalent to around 30 to 120 pounds per square

  inch. If punctured or heated they can explode with potentially lethal violence, especially if they also contain an inflammable fluid. For that reason, the cans are only part-filled with fluid and

  designed to withstand some expansion, through their concave base and tops. Aerosol cans are also individually tested, before leaving the factory, by being passed through a hot water bath to raise

  the pressure in the can and test its strength and integrity. They also carry warnings about the need to avoid using near sources of heat. Sadly, these are not always heeded and the effects can be

  pretty devastating. In February 2000, an elderly woman in Maryland allowed some aerosol cans in her mobile home to come into contact with the pilot light of her gas stove and they exploded like

  grenades, blowing out the windows and making the walls buckle. It’s worth bearing in mind that it is not just a naked flame that can cause an aerosol can to detonate: in hot summers aerosol

  cans have been known to explode simply after being left on the seats of cars parked in the sun.




  

    

      

        	

          ?  


        



        	

          How do the stripes get into striped toothpaste?


        

      


    


  




  No, the tube isn’t filled with stripy toothpaste. Indeed, most of it is filled with plain white toothpaste; the trick to the stripes lies in the top of the tube, whose

  sloping neck contains coloured gel. When the tube is squeezed, the white paste flows towards the open neck of the tube and on its way pushes up against the sloping part. This causes some of the

  coloured gel to be squeezed into slots that run around the inside of the nozzle at the very top of the tube, directing it on to the surface of the emerging white paste – resulting in stripy

  toothpaste.




  

    

      

        	

          ?  


        



        	

          How do spectacles with “pinhole” lenses work?


        

      


    


  




  Sometimes called stenopaeic spectacles (from the Greek for “holed”), these are often advertised as a remedy for myopia and they look like a complete con. A

  trawl of the medical literature failed to provide any evidence to back the claims – but neither did it produce any evidence contradicting them.




  Whatever; the basic principle makes scientific sense. Blurred vision is caused by the failure of the eye to bring all the rays of light entering the eyeball to a sharp focus at the retina,

  producing multiple overlapping images, which appear as “blurring”. One obvious way to reduce this is to block out all but those rays coming more or less straight into the eye – an

  effect known to photographers as “stopping down”. This is precisely what the stenopaeic spectacles do; the pinholes drilled into the “lens” screen out all but those rays

  heading straight into the eye. The effect is much greater depth of focus, with objects at a wide range of distances all appearing less blurred.




  One drawback is that, as less light enters the eye, everything looks somewhat darker. Far more seriously, the pinholes all but eliminate peripheral vision. Stenopaeic glasses are thus

  potentially lethal when driving or operating machinery. Even so, they seem perfectly safe for tasks like reading, especially if one can’t be bothered – or afford – to buy

  prescription sunglasses. In emergencies (such as when the football results come up on television) when I can’t find my glasses, I have resorted to an even simpler solution and improved my

  vision by peering through the holes in a Rich Tea biscuit.




  

    

      

        	

          ?  


        



        	

          Why is aluminium foil painful if it touches your fillings?


        

      


    


  




  The unpleasant tingling sensation feels like an electric shock – which is pretty much what it is. When a tiny bit of foil from, say, a sweet wrapper hits the mercury

  amalgam in fillings, it creates a tiny battery, with electrons flowing from the aluminium and into your filling via the saliva in your mouth. The current is very weak –

  but still big enough to be detected by the nerve endings under your teeth.




  

    

      

        	

          ?  


        



        	

          How does a quartz crystal allow clocks to keep such good time?


        

      


    


  




  Invented in 1927, by engineer Warren Marrison at Bell Laboratories in New Jersey, the quartz clock relies on the piezoelectric effect. When certain types of crystal

  – such as quartz – are squeezed or stretched, their atoms produce an electric field. In quartz clocks, the flip side of this effect is used; that is, an electric field applied to the

  crystal makes it change shape. Marrison realised that by applying an alternating voltage to such crystals, they could be persuaded to vibrate at rates of anything from 33,000 to over 4 million

  times per second, maintaining that rate with extraordinary precision.




  Using electronics and mechanical gearing, Marrison was able to create a quartz clock accurate to one second a decade – a tenfold improvement on the best electrically-powered clocks then

  available. Cramming all the necessary gubbins into something that could be worn on the wrist took another forty years: the first quartz watches were marketed by the Japanese company Seiko, on

  Christmas Day 1969.




  

    

      

        	

          ?  


        



        	

          Do ice-skates really work by the pressure of the blades melting the ice?


        

      


    


  




  One of the highlights of my school physics education took place one lunch hour, when Mr Naden took a block of ice, draped piano-wire over it and attached huge weights to each

  end of the wire. Over the course of lunch, the wire magically tunnelled its way towards the centre of the block, leaving no trace of its path of descent. This, I was told, was a demonstration of

  regelation, in which high pressure – produced, in this case, by the weights hanging from the wire – lowers the melting point of ice, after which the ice

  re-forms, sealing the block back up as the wire descends. Some years later, I heard this same phenomenon put forward as an explanation of why ice-skaters glide so smoothly across the rink, as the

  pressure exerted by the skater’s weight creates a thin film of water under the blades. This seemed reasonable enough, but as Professor Clifford Swartz shows in his excellent Back of the

  Envelope Physics (Johns Hopkins University Press 2003), it always helps to put in the numbers. Taking a 60kg skater and typical blade dimensions, he showed that the pressure generated would

  have barely any effect on the melting point of ice.




  The correct explanation was put forward by the Victorian physicist Michael Faraday. As water turns to ice, a thin layer of water molecules remains on the surface – it is this that makes

  the ice slippery, rather than skate pressure. Below around minus 10°C, however, this layer vanishes, making the ice far less slippery.




  

    

      

        	

          ?  


        



        	

          How do gun silencers work?


        

      


    


  




  By allowing the explosive gases from the gunshot to expand into a chamber before hitting the surrounding air, silencers can cut noise by a factor of 10,000, or even more. The

  trouble is, guns are so noisy in the first place – around 100 decibels (dB) for most guns and as much as 140 dB for a shotgun (enough to cause instant deafness) – that they still make a

  fair bit of noise, even when fitted with a silencer. However, by using sub-sonic ammunition, specially-designed guns and a state-of-the-art silencer, the effect can be very impressive: essentially,

  just the noise of the bolt hitting the cartridge, followed by a whirring noise as the bullet leaves the gun.




  

    

      

        	

          ?  


        



        	

          Is it true that light bulbs last longer if they are left on?


        

      


    


  




  The very first conspiracy theory I heard centred on the longevity of light bulbs and how manufacturers knew how to make the things last for decades but cynically produced duff

  ones to keep the cash coming in. It’s true that companies could make much longer-lasting lights: energy-efficient ones have ten times the lifetime of conventional bulbs.

  As manufacturers have found, however, people are reluctant to pay a premium for a long-term gain like increased longevity.




  Can we do anything to make the throwaway variety last longer? The Institution of Lighting Engineers points out that the lifetime of a conventional light depends greatly on the voltage applied to

  it, so a dimmer circuit can help. However, the real killer for filament lights is the dramatic change in temperature caused by switching them on and off, which can be well over 2,000°C. This

  “thermal cycling” damages the filament, causing cracks that eventually break it altogether (which is why lights usually go pop when switched on).




  The obvious way to avoid thermal cycling and thus increase the lifetime of the light, is to leave the thing on permanently. It seems to have worked very well for the light bulb at the

  headquarters of the Livermore-Pleasanton Fire Department in California, which is still going strong after being switched on in 1901. (Admittedly, “going strong” is a bit of an

  exaggeration: as a night-light, the bulb puts out just 4 watts.)




  Just how much longer conventional lights would burn if left on continuously isn’t clear; frankly, I doubt it’s worth the candle and it’s not exactly eco-friendly.




  

    

      

        	

          ?  


        



        	

          Why do “energy efficient” lights seem dimmer than incandescent ones?


        

      


    


  




  Although more expensive than their conventional counterparts, energy-efficient lights are supposed to be just as bright but use only around twenty per cent of the energy. They

  are also supposed to last up to 15,000 hours, well over ten times as long as an ordinary light bulb. Even so, people often suspect that a 60W energy-efficient light looks distinctly dimmer that the

  old 60W unit they swapped it for. The explanation lies in the fundamentally different way the two types of lamp generate light. A conventional light bulb allows electricity to

  flow into a very thin tungsten filament, which heats up to over 2500 °C, becoming white-hot and very bright. In contrast, low-energy lamps are essentially miniature fluorescent tubes, which

  produce light by passing electricity into a sealed tube containing very low-pressure gas. The gas responds by emitting ultraviolet (UV) light which, when it strikes a special coating on the inside

  of the tube, is converted into visible light. According to the Institution of Lighting Engineers the whole process takes some time to get going, so that when a low-energy light is first switched on

  it emits only about eighty per cent of its ultimate level of light. Thus, anyone switching on one of these lamps will think the light level is worse than that from their old incandescent bulb, for

  the simple reason that – for thirty seconds or so – it is.




  

    

      

        	

          ?  


        



        	

          Why does polish make shoes look shiny?


        

      


    


  




  We perceive objects to be shiny if they do a reasonable job of reflecting light back in parallel lines. A smooth, flat surface like a mirror does this very well, while rough

  surfaces bounce light all over the place. The wax of shoe polish works by filling in all the irregularities caused by scuffing, allowing light to bounce back in a more orderly way.




  

    

      

        	

          ?  


        



        	

          Can microchips wear out through over-use?


        

      


    


  




  While they might not appear to have any moving parts, microprocessors have to shunt electrons around generating heat that can cause malfunctions. Then there is damage caused by

  static electricity, natural radiation and the build up of oxide inside its wafer-like structure. The upshot is that microprocessors in home computers last for around ten to fifteen years –

  which for many of us amounts to indefinitely, as we’ve usually been forced to upgrade our computer to cope with the latest bloated software long before then.




  

    

      

        	

          ?  


        



        	

          Why is it easier to mop up water with a wet cloth, rather than a dry one?


        

      


    


  




  To do a decent job of mopping up we need a force strong enough to counteract gravity and lift the water off the floor. With a dry cloth, that comes from the molecular forces

  between the material making up the nooks and crannies of the cloth and the water molecules (what is often called “capillary action”) driving water up into the cloth. With a wet cloth,

  the water molecules already in the cloth can exert their relatively strong intermolecular force on the water still on the ground, mopping it up much more effectively.




  

    

      

        	

          ?  


        



        	

          What is the fastest way of finding someone who has wandered off?


        

      


    


  




  The obvious method is to arrange beforehand that, if lost, the person will go immediately to a pre-arranged meeting point and tell staff what has happened, so that an

  announcement can be made. Yet, as anyone with children (or dogs) will know, the best-laid schemes go awry, so it is as well to have Plan B. I can personally recommend a method that has its origins

  during the Second World War in submarine hunting. Devised by Professor Lyn Thomas of Southampton University, it focuses on the fact that the longer the time spent searching, the greater the chance

  of success – but the greater the risk of wasting time continuing to look for someone who has already been found. The trick is for the searchers to agree on an initial time limit – say

  fifteen minutes – during which they will hunt for the person before meeting to compare notes. If the initial search is unsuccessful, then another search begins but for a shorter time –

  say twelve minutes – and so on. This makes best use of the search time available and from personal experience works extremely well, especially if the rendezvous point is well-chosen. Some

  time ago I lost the family dog on a walk and spent a fruitless half hour scouring the park for him. As I walked to the car-park wondering what to tell the children, there was

  Roly, waiting next to the car – which, unlike me, he had realized would make an obvious rendezvous point. Dog: 1; Human: Nil.




  

    

      

        	

          ?  


        



        	

          How is the non-stick coating stuck on to kitchenware?


        

      


    


  




  Discovered in 1938, by the American chemist Dr Roy Plunkett of the DuPont Company, polytetrafluoroethylene (PTFE) – Teflon, to use its commercial

  name – is famed for its non-stick properties. It is also incredibly stable and non-reactive, resisting acids, alkalis, heat and solvents. All this is wonderful until one comes to actually

  using the stuff as a coating, when its chemical stubbornness becomes a liability. The problem of getting PTFE to stick to metal surfaces was solved in 1954, by Louis

  Hartmann. He used acid to etch tiny holes in the surface of the metal, then applied a layer of PTFE and baked it at 400 °C. The melted PTFE

  seeped into the holes and solidified, pinning the coating to the surface. The date of Hartmann’s work is significant: fifteen years before Armstrong and Aldrin stepped on to the moon –

  giving the lie to that old saw about the only useful thing to come out of the Apollo programme being the non-stick frying pan.




  

    

      

        	

          ?  


        



        	

          What are the “protective atmospheres” that supermarket food is now packaged in?


        

      


    


  




  Much as consumers deplore wasted food, every supermarket manager knows that we studiously avoid choosing produce that looks anything less than perfect. The backlash against

  preservatives has compelled food technologists to find ever more sophisticated ways of allowing produce to look fresh for longer, including the use of protective atmospheres. These are based on the

  biochemistry responsible for food going “off”. For example, the ethylene released during ripening is the cause of discoloration of vegetables like broccoli, while the browning of

  vegetables has been traced to the action of certain enzymes. Exposing fresh meat to air for too long causes it to turn an unappealing brown, as the oxymyoglobin responsible

  for giving it a bright red colour turns into metmyoglobin.




  During Modified Atmosphere Packaging (MAP), the produce is sealed in a special mixture of gases that slows down the biochemical reactions that cause the trouble. For example, a carbon

  dioxide-rich MAP slows bacterial spoilage, boosts the shelf life of vegetables by up to five times and allows meat to retain its looks for at least forty-eight hours. Nitrogen-based MAPs slow

  enzymatic browning in vegetables, while a 60/40 mix of carbon dioxide and nitrogen is used to preserve fatty fish like herring and mackerel.




  The transparent film in which produce is wrapped is also modified to slow food spoilage; “ethylene-scavenging” films are used to mop up the gas that causes discoloration in green

  vegetables.




  Apparently, the current big challenge is to find ways of slowing the rate at which bread goes off. The preferred solution in our house is the technical process called “eating it”. It

  is, however, not without side-effects.
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