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INTRODUCTION


THROUGHOUT MY CHILDHOOD, at the end of every school year, my parents would buy me and my brother each a large, glossy coffee table book on some topic or other as a reward for our ‘hard work’. If I’m honest, I’d have preferred a football or, better still, a new bicycle, but I hope I was nevertheless grateful and appreciative. 


The books ranged from encyclopaedias and atlases to stunningly colourful tomes on astronomy, anatomy, dinosaurs, plants, engineering marvels, archaeology and ancient history. We built up quite a library. These were the references I turned to when I wished to satisfy my curiosity about some subject, for this was decades before the Internet and there was no Google to help me. My parents and teachers also did what they could to fill in the gaps, just as parents and teachers have done throughout history the world over. After all, kids ask questions. 


But why should this curiosity about the world be limited to inquisitive children? It is often said that we are all born natural scientists, with enquiring minds like sponges that constantly absorb information. But most of us lose this innate curiosity when we reach adulthood; we become complacent, content even, about how much we don’t understand and just, well, get on with our lives. But it doesn’t have to be this way (and shouldn’t be, if you ask me).


There are many ways of defining what it means to think about the world in a scientific way. People often tend to think that scientists are a special breed: very smart, dedicated to their subject and born with a natural ability to see and understand the world differently, like being able to do complex mathematics or to grasp abstract concepts. 


None of this is really true. Of course, there are nuanced, technical definitions of the ‘scientific method’, such as ensuring the reproducibility of experiments, or eliminating bias when you attempt to solve problems. 


Without a doubt, these things are important in the practice of science. But there is one overarching characteristic that defines what it means to think ‘scientifically’. It is, simply put, to be curious about the world around us. 


That doesn’t mean everyone should be taking advanced courses in genetics or reading textbooks on quantum theory (although don’t let me stop you if you want to!). Science is so much more than hard facts or lessons in critical thinking. It is about acknowledging the wonder and magic of even the most mundane things that we encounter in our everyday lives and wanting to find rational explanations for them. The questions in this treasure trove of a book are brilliant examples of exactly the sort of inquisitiveness I mean. 


For decades, the ‘Last Word’ column in New Scientist magazine has provided a weekly cornucopia of fascinating, obscure and entertaining questions posed by readers and answered by other readers. This is just a small selection of the best. What’s particularly wonderful is how so many of the questions are ones we would never have dreamed of asking in the first place, but when posed by someone else we simply have to know the answer – and then share it with everyone else. Could all the water in the universe put out the sun? I’ve never considered that before – but as a physicist, I find the explanation on page 109 of what would happen if you tried highly plausible … 


I’ve been a scientist and a science communicator all my adult life, so I expect I have a head start on many readers of this book. I was already familiar with some of the questions – yet that won’t stop me borrowing the explanations to use myself … But there were also a surprising number (many months’ worth) that either I only partially understood before or that were completely new to me. And then there were a not-insignificant number of questions to which I thought I knew the answer, only to find I was, in fact, entirely wrong – I won’t be admitting which ones though!


That, however, is the true joy of science – it is a never-ending journey of discovery, and finding out what we don’t know is half the fun. So whether you’re a science enthusiast or just someone curious about the world, I hope you enjoy this book. It’s about finding the scientist in all of us, something that comes by constantly asking questions and seeking answers. ‘Eureka’ to that!


Professor Jim Al-Khalili FRS


September 2021
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Can you improve your attention span?


OUR WANDERING MINDS tend to make most of us feel guilty. Jonathan Schooler of the University of California, Santa Barbara has attempted to assess ‘normal’ levels of mind-wandering in the lab by, for example, getting people to read extracts of Leo Tolstoy’s War and Peace and interrupting them to ask their thoughts at random intervals. Such studies reveal we spend anywhere between 15 and 50 per cent of the time with our head in the clouds.


Such a lack of focus might seem terribly inefficient, but probably isn’t. It’s unproductive in the context of whatever you are doing currently, but it’s potentially productive in the context of whatever it is you’re thinking about. You might be reading a book and thinking about planning a party, and while it’s compromising your ability to read the book, you’re making progress on the party. There is good evidence that a wandering mind is an evolved trait that helps us to think about and plan for the future – something that also fosters a uniquely human creativity.


Measuring perhaps the closest thing – the ability to stay focused on one task, known as selective attention – involves looking at attention shifts on the millisecond scale, such as asking people to state the colour of shapes as they pop up on a screen while ignoring distractions that pop up at the same time. Such experiments show a lot of variation in selective attention. It’s low in kids, perhaps because the developing brain has yet to master control over areas that process incoming sensory information. It then improves until the age of twenty, when it plateaus until middle age, before diminishing once again.


Staying off the booze can improve your attention span – when you consume alcohol, you mind-wander more and notice it less. Technologies that promote thought control could help, too, as could meditation. People who practice mindfulness mind-wander notably less.
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Why don’t bats get dizzy?


IN HUMANS, MOTION sickness occurs when there is excessive stimulation of the inner ear or from a conflict between sensory information from different sources, such as from the inner ear and the eyes. The parts of the inner ear that are important for orientation with respect to gravity are called the otolith organs: the utricle and the saccule. 


The balance mechanism in bats has evolved in a number of ways that allow them to hunt and hang without the problems that humans would face. First, their saccule is slightly rotated forwards, which enables it to act more as a pitch detector, useful in flight. Second, their semicircular canals, which sense rotation of the head, have an internal structure more like a bird’s than a human’s. This probably allows them to make high-speed turns without the fluid in the canals sloshing back and forth too much. Lastly, if you photograph bats in flight with a high-speed camera, you notice that they keep their heads very stable except in the most violent turns.


But it is the way in which bats sense the world that probably gives them immunity to dizziness. We primarily use vision to do this, but vision is very slow. Anything you look at that takes a second or less to cross 30 degrees of your vision appears smeared. Echolocating bats, while not blind, rely more on biosonar, an especially precise form of hearing that lets them build up 3D images from echoes. Echolocating bats emit brief sonar chirps from 30 to more than 150 times per second, and respond to changes in echoes of less than a microsecond. These bats integrate echolocation with their vestibular system, so they are working with a faster, more precise positioning system than humans do with vision. 


Although it is impossible to know for sure whether or not a bat gets dizzy, because it can’t tell you if it is, it is possible to infer an animal is dizzy from how it behaves. For example, if an animal is aimlessly walking in circles, fumbling or falling over, it is probably dizzy. Because dizziness and motion sickness usually arise when signals from the vestibular system conflict with those from other sensing systems, bats are less likely to show motion sickness than other mammals.
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Am I breathing the same air as Leonardo da Vinci?


THE LAW OF conservation of matter ensures that atoms are constantly being recycled in the Universe. Gravity ensures that most of those on the Earth stay there. So we do indeed breathe in a considerable number of molecules that once passed through Leonardo’s lungs – or, unfortunately, Hitler’s and anyone else’s for that matter. 


The total mass of the Earth’s atmosphere is about 5 × 1021 grams. If we take air to be a mixture of about four molecules of nitrogen to one of oxygen, the mass of 1 mole of air will be about 28.8 grams. One mole of any substance contains about 6 × 1023 molecules. So there are about 1.04 × 1044 molecules in the Earth’s atmosphere. 


A single mole of any gas at body temperature and atmospheric pressure has a volume of about 25.4 litres. The volume of air breathed in or out in the average human breath is about 1 litre. So we can assume that Leonardo da Vinci, in one breath, breathed out about 2.4 × 1022 molecules. 


The average human takes, say, 25 breaths per minute, so during his 67-year lifetime (1452–1519) Leonardo would have breathed out about 2.1 × 1031 molecules. So, about 1 molecule in every 5 × 1012 molecules in the atmosphere was breathed out by Leonardo da Vinci. 


However, because we breathe in about 2.4 × 1022 molecules with each breath, there is a pretty good chance we breathe in about 4.9 × 109 molecules that Leonardo breathed out. In fact, you can also show in a similar way that you probably breathe in about 5 molecules that he breathed out in his dying gasp. 


Of course, there are some pretty crude assumptions involved here in order to arrive at the conclusion. We assume that there has been a good mixing of Leonardo’s molecules with the rest of the atmosphere (quite likely in 500 years), that he didn’t recycle some of his own molecules, and that there is no loss from the atmosphere due to later users, combustion, nitrogen, fixation and so on. But there is still scope for a considerable loss of molecules without it affecting the main point of the calculation. 


By knowing that the number of molecules in the hydrosphere is 5.7 × 1046 molecules, similar calculations can be made for water. These show that a mouthful of liquid contains about 18 × 106 molecules that passed through Leonardo during his lifetime. So, in addition to breathing in his breath, there is also a pretty good chance of picking up some of Leonardo’s urine in every glass of water that you drink. 
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Are rainbows always multicoloured?


A WHITE RAINBOW, known as a fogbow, is formed in essentially the same way as their colourful counterparts.


Sunlight destined to create rainbows and fogbows is refracted twice – once as it enters a water drop and again as it leaves. While inside the water drop between the two refractions, the light bounces off the inside back surface, sending it heading back towards the sun. This is why rainbows and fogbows are seen when the sun is behind the observer. The path of blue light is bent more than red by the droplet, usually causing sunlight to be dispersed into the colours of the visible spectrum with blue at the bottom of a rainbow and red at the top.


Rainbows appear white when water droplets are less than 100 micrometres across – small enough for diffraction to dominate over refraction. Each water drop forms its own diffraction pattern – bands of alternate constructive and destructive interference – for each colour: the smaller the drop, the broader the bands. When the drops are small enough, these bands become so broad that all the colours overlap, essentially mixing them all together again to make white.


Occasionally, fogbows will show a bluish tinge to the inner edge and a reddish one on the outer. From some viewpoints, such as an aircraft, a fogbow can appear as an almost complete circle.
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How big is the Internet?


WHATEVER AMOUNT OF data the World Wide Web is holding at any one moment, it’ll be quite a bit more in the next. A good estimate floating around is 1 yottabyte or a trillion terabytes. Yet this figure dates from 2014, and it’s probably safe to assume it’s considerably more than that now.


We should also consider the so-called deep web, which encompasses anything that is not found by a mainstream search engine. This includes many large databases for travel bookings, merchandise data for online shopping, any social media networks that do not put everything in the public domain, and so forth. Figures suggest that 80 per cent of the web is dark so if that is true the web comprised 5 yottabytes of data in 2014 and could now hold double that or even more.


It’s also important to add that many websites do not reveal how much data they store. Hosting sites hold several redundant copies of almost everything, in multiple locations on varying types of media. Similarly, much of the information on the web is duplicated. Who can guess how many copies of popular content exist? 
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How do I best surf down an erupting volcano?


YOU FIND YOURSELF at the top of an erupting volcano and the only way to save yourself is to surf down a molten lava flow: what should you use to make your surfboard?


Different types of lava melt at different temperatures, rhyolite at up to 900 °C, dacite at up to 1100 °C, andesite at up to 1200 °C and basalt at up to 1250 °C. A lava surfboard must not only be melt-proof but it should also be less dense than the lava underneath and should provide insulation for your feet. Fortunately, volcanoes not only produce lava but also solid materials that are of roughly the same geological composition as lava but are less dense and more insulating because they contain gas bubbles.


A slab of this material, say 50 centimetres thick by 1 metre wide and 2 metres long, would float on molten lava and would melt quite slowly. You could travel a mile or more before you would have to abandon it. Hopefully, by then, you would have been able to negotiate your way to an area of dry, cool ground.


If there happened to be a tree around, you could also use a plank of wood. All woods, and especially oak, form a protective carbonised layer when burnt, which slows further combustion. Timber structures are always designed a little over the size that is actually required so that their structural integrity is retained in case of fire.


Alternatively, if you came prepared and had an old surfboard to hand, you could punch lots of holes through it and connect them to a water tank placed on top of the board. Water escaping through the holes will create the same effect that you can observe when spitting on a hot iron plate: the droplets dance on the plate for quite a long time because they are separated from the plate by a thin layer of steam, which is a bad heat conductor.


This effect would allow you to surf on the lava wave, because the board would be cushioned from the lava by the steam layer, and the friction between the board and the lava would be virtually zero. 
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What’s the best way to get ketchup out of a glass bottle?


SOME WOULD INSIST that getting ketchup out of a bottle is an art not a science. We disagree for, as you will discover, there seems to be a lot of physics involved. Here we present a few of the best methods supplied to us by New Scientist’s readers, each named after the writer:


The Foy (or inertia) method: Most people hit the bottom of the upturned bottle, which only ensures that the inertia of the sauce sends it in the opposite direction – relative to the bottle – to the one you want it to go. The sauce is pushed back into the bottle, rather than out of it. Instead, hold the upturned bottle over your plate and hit the underside of the wrist of the hand holding the bottle with your other fist, jerking the bottle upwards. The inertia of the sauce will now eject it from the bottle. 


The Wong (or centrifuge) method: First, put the lid on the bottle and grip it at its base. Then swing your arm as if you were throwing a ball overarm. This method, which uses the principle behind a centrifuge, forces the ketchup to the top of the bottle, allowing you to pour it out. (Whether you can use such a flamboyant technique in a posh chippy is open to question.) 


The Lloyd-Evans (or thixotropic) method: Ketchup is gloopy because it is thixotropic. This means that, when it is at rest, it has a thick gelatinous consistency that can be altered to a runny consistency by the input of energy, typically by shaking. The thixotropy is provided by the starch used in ketchup. Starch molecules come in the form of long chains and, when starch powder is mixed with water and heated or subjected to enzyme treatment, weak links are formed between the long molecules. To get the ketchup out of the bottle, first ensure that the lid is on, unless you want to upset the person sitting directly opposite you, then give the bottle some vigorous but not over-athletic shaking. This will break some of those weak bonds between the starch molecules. Now turn the bottle upside down over your plate and watch the ketchup emerge in a slow, gentle stream. 


The Medhurst (or ‘what-not-to-do’) method: Leave the bottle in the back of your store cupboard for a few years until fermentation sets in. Pressure will have built up inside the bottle so that when the lid is removed the sauce will eject dramatically from the opening. Howard Medhurst, who suggested this method, admits that his kitchen now has a 10-cm-wide red streak across the entire ceiling, one wall and half of the floor. 
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Why do we laugh when we’re tickled?


IN 1933, CLARENCE Leuba, a professor of psychology at Antioch College, Ohio planned to find out whether laughter is a learned response to being tickled or an innate one. 


To achieve this goal, he determined never to allow his newborn son to associate laughter with tickling. This meant that no one – in particular his wife – was allowed to laugh in the presence of the child while tickling or being tickled. Somehow Leuba got his wife to promise to cooperate, and the Leuba household became a tickle-free zone, except during experimental sessions in which Leuba subjected R. L. Male, as he referred to his son in his research notes, to laughter-free tickling. 


During these sessions, Leuba followed a strict procedure. First he donned a 30-centimetre by 40-centimetre cardboard mask, while as a further precaution maintaining a ‘smileless, sober expression’ behind it. Then he tickled his son in a predetermined pattern – first light, then vigorous – in order of armpits, ribs, chin, neck, knees, then feet. 


Everything went well until 23 April 1933, when Leuba recorded that his wife had made a confession. On one occasion, after her son’s bath, she had ‘bounced him up and down while laughing and saying, “Bouncy, Bouncy”.’ It is not clear if this was enough to ruin the experiment. What is clear is that by month seven, R. L. Male was happily screaming with laughter when tickled. 


Undeterred, Leuba repeated the experiment after his daughter, E. L. Female, was born in February 1936. He obtained the same result. By the age of seven months, his daughter was laughing when tickled. 


Leuba concluded that laughter must be an innate response to being tickled. However, one senses a hesitation in his conclusion, as if he felt that it all might have been different if only his wife had followed his rules more carefully. Leuba’s tickle study does at least offer an object lesson to other researchers. In any experiment it is all but impossible to control all the variables, especially when one of the variables is your spouse.
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What makes the Earth rotate?


EARTH ROTATES SIMPLY because it has not yet stopped moving. The solar system, and indeed the galaxy, were formed by the condensation of a rotating mass of gas. Conservation of angular momentum meant that any bodies formed from the gas would themselves be rotating. As frictional and other forces in space are very small, rotating bodies, including Earth, slow only very gradually. 


The moon rotates too, but it presents the same face to us because its period of rotation is the same as its period of revolution around Earth. This equality is the result of tidal friction. If the moon did not rotate, any line through it, parallel to the orbital plane, would keep the same direction in space and the moon would show us its far side during a complete revolution, as one can easily convince oneself by a simple drawing on paper.
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Does the sea smell of fish? Or do fish smell of the sea? 


THE SMELL OF the seaside is caused by a cocktail of chemicals, principally dimethyl sulphide (DMS), which people can smell at concentrations as low as 0.02 parts per million. Phytoplankton are single-celled organisms found in the sea and use energy from sunlight to make dimethylsulphoniopropionate (DMSP). This chemical is consumed by marine microbes and some is converted into DMS. Because phytoplankton have an earlier origin than fish, and are at the bottom of the food chain, the characteristic seaside smell was around long before fish swam onto the scene. In fact, a newly caught fish rinsed in fresh water does not have a noticeable aroma


DMS molecules act as condensation nuclei for clouds, and James Lovelock was one of those who proposed that it might form part of a negative feedback loop – helping to regulate our climate according to his Gaia hypothesis. As more sunlight reaches Earth, it increases the surface temperature. But it also increases the phytoplankton population so the production of DMS increases and more clouds are seeded. These clouds reflect sunlight, reducing both the surface temperature and the phytoplankton population.


Increased cloudiness is also associated with higher wind speed over the oceans. This mixes surface waters, bringing up nutrients for phytoplankton in readiness for a new burst of sunshine. So when you next stroll along the beach and breathe in the sea air, you might want to reflect on the ocean biochemistry that helps to keep Earth’s temperature suitable for life.
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Do happy people get ill less?


IT OFTEN SEEMS that people who describe themselves as happy are less likely to catch a cold than those who say they are unhappy. Even when happy people succumb, they seem to have fewer symptoms. 


First let’s agree that when we talk about ‘happiness’ we are not referring to transient, hedonistic pleasure, but a general feeling of well-being and satisfaction with life. This varies between individuals and is what relates in some way to a propensity to catch colds and indeed other illnesses. We know there is a correlation, so broadly speaking there are three possibilities: being happy makes you more healthy; being well (more often) contributes to feeling happier; other factors affect mood and overall health.


A study of people after flu vaccinations showed happier folk generated more antibodies. Another study showed that the smiles on photographs of novice nuns were good predictors of their longevity – happier ones living longer. Both of these suggest being happy makes you healthier. We could put forward a mechanism by which happy people socialise more, are exposed to a wider range of pathogens (residing in other people) and so strengthen their immune systems. 


There is also a link between infection and mood or depression. This suggests happiness could be the result of not being sick rather than a cause.


The Positive Psychology movement, spearheaded by Martin Seligman, who made his name by studying depression, makes the economic case for paying attention to wellbeing. After all, if increasing happiness means fewer illnesses, less time off work, less pressure on medical resources and so on, that has to be good. And if it’s the other way round – no harm done.
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Why do all cars smell the same?


‘NEW CAR SMELL’ is a distinctive smell that seems unchanged over decades and brands. You might be forgiven for thinking that manufacturers secretly spray their cars with the fragrance to seduce new buyers. 


The smell actually stems from small molecules called plasticisers, added to the plastics that make up a large proportion of a car’s interior. Plasticisers spread throughout the plastic to which they are added, sitting in between the polymer chains so that they can slip more easily over each other. This makes the plastic more flexible and less brittle. However, it is relatively easy for the plasticisers to escape into the air, and in an enclosed environment they can build up to the point that we can easily smell them.


New cars tend to smell the same because they all have roughly the same blend of plasticisers, flame retardants, lubricants and other substances evaporating off interior components and outgassing from dashboard trim, seating foam and upholstery. A more expensive car with leather trim and upholstery is likely to smell a little less of plasticisers and a little more of leather-tanning oils.


The ‘new car smell’ has actually been synthesised and is available in aerosol cans. It used to be something of a trade secret among car dealers, who would routinely spray the interiors of used cars to make them smell like new. These days, the spray is advertised for sale in car magazines, and can even be bought over the counter at auto parts stores.
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How long would it take for a cow to fill the Grand Canyon with milk?


THERE ARE MANY answers to this question, ranging from pedantic arguments over the definition of an average cow to the defeatists’ pronouncements that the stench of sour milk would be too great. In the end we decided to treat the answer in its purest form and calculate it based on the volume of the canyon and the average milk output of dairy cattle. 


Let’s wheel in Daisy, the average cow. In the UK average milk yield per day per cow is in the range 15 to 20 litres. So let’s settle on 17.5 litres. The canyon is 446 kilometres long by an average of 16 kilometres wide and 1.6 kilometres deep, which gives a volume of about 10 million billion (1016) litres. So by simple division Daisy would take about 1.8 million million (1.8 × 1012) years to fill the canyon. This assumes the canyon has a rectangular cross section; for a triangular cross section, the time would be halved.


Now, suppose you don’t want to wait 300 times the age of the planet for your canyon full of milk. Instead, you could divert the world’s entire milk production to the canyon. This adds another requirement – a milk pumping infrastructure of epic proportions – unless you choose to use dried milk, which would be cheaper to transport, and then rehydrate it with water from the river. The UN Food and Agriculture Organisation estimates that global milk production in 2004 was 504 million tonnes, which is equivalent to 489 billion litres, giving an estimated fill time of only about 20,000 years – still a pretty long job.
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Why are tornadoes cone-shaped?


EXACTLY HOW TORNADOES form is not completely understood, but we know that they usually occur during thunderstorms and when volumes of air are unstable. They are the result of updrafts that are created when warm, moist air meets cold, dry air. First, a horizontally spinning column of air called a vortex can form when there are different wind speeds at different altitudes. If this vortex collides with a violent updraft, it can be knocked into an upright position; when the vertically spinning vortex reaches the ground, a tornado is born.


To understand why tornadoes are often shaped like inverted cones, you need to remember that air pressure decreases at higher altitudes. Near ground level, the air surrounding the vortex is at high pressure and crushes the spinning column of air. As the altitude increases, the pressure outside the tornado drops, and it will spread out.


There is more than one way for a tornado to reveal itself, though not all are visible. At the centre of the tornado, the air is spiralling upwards at a great speed and creates a small region of lower pressure. If the pressure there is low enough, water vapour in the air will condense into visible droplets and the tornado will appear as a funnel-shaped cloud.


Sometimes, if the air pressure inside the tornado is not low enough for clouds to form, the tornado will only be revealed by the dirt and debris it picks up from the ground. On the other hand, if the air is very moist and the air pressure extremely low, then the cloud base may be so close to the ground that there is not enough vertical distance for the funnel cloud to taper into a point and the tornado will take the form of a wedge.
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Why are goats so smelly?


MALE GOATS ARE notoriously smelly, possessing a peculiar stink that can be quite offensive to the nose. 


The malodorous chemical cocktail originates from their urine and from scent glands near their horns. It is so potent that it can bring females into oestrous or sexual receptiveness. In one study, Japanese scientists put hats on male goats in order to trap and then analyse the stinking volatiles and managed to isolate the most active constituent, 4-ethyloctanal. When female goats smelled this pheromone it triggered ovulation.


You might think that this smell would put them in danger, alerting predators to their presence – but for male goats, the reproductive imperative outweighs the risk. And smelly goats do have ways of avoiding being eaten. In the wild, they prefer to feed as a herd near steep rocks. Lots of eyes are on the lookout and goats’ eyesight is excellent, augmented by having horizontal slits for pupils, an adaptation that improves peripheral vision. If one goat spots danger the whole herd quickly climbs to craggy, safer slopes.
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Can you create clouds at home?


YES, YOU CAN! All you need is a clear, flexible 2-litre plastic bottle with a screw cap, matches and some water. 


Add just enough water to the bottle to cover the base, and shake it around. Light a match, let it burn for a couple of seconds then blow it out. Immediately drop the smoking match into the bottle and screw the lid on quickly and tightly. Now squeeze the bottle hard four or five times. A cloud will appear in the bottle after you have added the match. But when you squeeze the bottle the cloud disappears. Release the bottle and there is the cloud again … you’ve just created a small cloud chamber.


In the bottle water combines with air to form water vapour. This gives rise to the cloud in the bottle. But for water vapour to form this cloud, particulates also need to be present. In this case smoke provides the necessary particles, which act as nucleation sites, allowing drops to collect on them. Without the smoke no cloud will appear. 


Squeezing the bottle raises the pressure. This increases the temperature inside the bottle, helping the water to change from visible liquid back to invisible gas (most liquids turn into gases as temperature increases), and the cloud disappears. Releasing the pressure reverses the effect. 


Real clouds form in exactly the same way. In this case the water vapour comes from the evaporation of seawater, rivers and lakes. This expands and cools as it rises. There is a limit to the amounts of water vapour the air can hold and this is higher when the air is warmer. As the temperature drops at higher altitudes the vapour begins to condense and clouds are formed, just as in the bottle. And, because the atmosphere contains many small particles, ranging from dust to smoke or salt particles, there are plenty of nuclei around which condensation can gather to form clouds if the pressure and temperature conditions are correct. 
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Where on our planet is the furthest point from any sea?


THE FURTHEST POINT from the sea or, to give its technical name, the continental pole of inaccessibility (CPI), lies in Asia. It is located at 46° 17’ N, 86° 40’ E, in the Dzoosotoyn Elisen in Xinjiang, China, and is 2,648 kilometres from the nearest coastline, at Tianjin on the Yellow Sea. 


Due to its unique geographical status, the CPI attracted the attention of Western nuclear strategists debating the relative merits of weapons systems in the 1960s. For proponents of the submarine-launched Polaris missile, the ability to hit any point on the Earth – even if there is nothing there worth hitting – became a key point in the public relations battle with the sponsors of land-based and air-launched weapons.


When the A3 version of Polaris brought the CPI within range in the late 1960s, it was hailed as a technological triumph – particularly by the UK’s Ministry of Defence. They did not, however, trumpet the fact that to strike the pole a large nuclear-powered submarine would practically have to visit Tianjin docks. Ironically, by the time Western navies acquired the capacity to bombard all of China with submarine-launched missiles, the region around the CPI was probably featuring more prominently on the targeting lists of generals in Moscow, rather than London or Washington DC, as Xinjiang acquired vital strategic significance in the Sino-Russian confrontation of the last quarter of the 20th century.


The CPI is subject to extreme climatic continentality because it is so far from the moderating influence of the ocean. Indeed, this part of Xinjiang might be considered an extension of the Gobi, which is a decidedly cold desert where temperatures drop to -40 °C in winter. At the other extreme, during daytime in summer it can reach a blistering 50 °C, though temperatures can vary by as much as 32 °C within a 24-hour period. ‘Elisen’ means ‘desert’ in the local Chinese Uighur dialect, and although the location is certainly sandy, it is no beach.


[image: Image]


Why does a kettle sing?


IF YOU LEAVE the lid off your electric kettle and switch on, you can see what is happening. The heating element quickly becomes covered with small silvery bubbles, each about 1 millimetre in diameter. These are air bubbles, forced out of solution by heat from the element. Rough parts of the element’s metal surface provide nuclei for their growth and they eventually detach from the hot element and rise to the surface. These bubbles form and burst silently, and are clearly not the cause of the kettle singing. 


After about a minute, the air bubbles are replaced by innumerable smaller bubbles of superheated steam that cling to the growth nuclei on the heating element. A few seconds later, these primary steam bubbles become unstable. As each bubble forms, its buoyancy tends to pull it away from the hot surface. Being surrounded by water which is still far below boiling point, the primary steam bubble suddenly condenses, collapsing implosively. Curiously, the bubble does not vanish completely, but leaves behind a minute secondary bubble, presumably of water vapour, that does not immediately condense but is whirled away by the convection currents. Soon there is such a cloud of these secondary bubbles that the water becomes turbid for half a minute or so. 


Meanwhile, the shock waves transmitted through the water by the imploding primary bubbles produce a sizzling sound. You can give this sound a more definite pitch by temporarily replacing the kettle lid. This defines a volume of air above the water surface that resonates to some of the frequencies present in the shock waves. 


Soon, the cloud of secondary bubbles clears, and there is a general increase in the size of the primary steam bubbles that are still forming on the element. These are no longer forced to collapse immediately and implosively, since the surrounding water is now practically at boiling point, so the noise fades away. As they grow, streams of buoyant primary bubbles detach themselves from the surface of the element, condensing in the cooler water a centimetre or so above it. 


Within seconds, the water becomes hot enough to allow large detached primary bubbles to reach the surface, and now you can hear only the return of sound with the low gurgle of their bursting in the air cavity above the water. 
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Do cats always land on their feet?


THIS QUESTION REMINDS us of a joke. If cats always land on their feet and toast always lands buttered side down, you can construct a perpetual motion machine by simply strapping a slice of buttered toast to a cat’s back. When the cat is dropped it will remain suspended and revolve indefinitely due to the opposing forces.


Jokes aside, there might be more to this stereotype than meets the eye. ‘High-rise syndrome in cats’, a study reported in the Journal of the American Veterinary Medicine Association in 1987 by W. O. Whitney and C. J. Mehlhaff, two New York vets, examined injuries and mortality rates in cats that had been brought to the hospital following falls ranging from between 2 and 32 storeys. Overall mortality rates were low, with 90 per cent of the cats surviving. However, the study unexpectedly found that the incidence of injuries and death peaked for falls of around seven storeys, and then actually decreased for falls from greater heights.


The study was summarised in a Nature article, which presented three main variables that determine injury and mortality rate – the speed reached by the moggy, the distance in which said moggy is brought to a stop, and the area of moggy over which the stopping force is spread. While concrete streets work in nobody’s favour when it comes to stopping falling items, cats suffer relatively little injury (compared to their owners) because they reach lower terminal velocities and absorb the shock of stopping so much better. A falling cat has a higher surface area to mass ratio than a falling human, and so reaches a terminal velocity of about 100 kilometres per hour (about half that of humans). They are also able to twist themselves so that the impact is spread over four feet, rather than our two. And as they are more flexible than humans, they can land with flexed limbs and dissipate the impact forces through soft tissue.


To answer the paradoxical increase in survival rates once seven storeys has been reached, the authors suggested that an accelerating cat tends to stiffen up, reducing its ability to absorb the impact. However, once terminal velocity is reached, there is no longer any net force acting on the cat, and so it will relax, increasing both its flexibility and the cross-sectional area over which the impact is dissipated once the cat hits the ground.
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What were the first words?


IT’S A FAIR guess that there was once an original mother tongue – the ancestor to all living and dead human languages. The evidence for this is that all human languages, unlike other forms of animal communication, string together words into sentences that have subjects, verbs and objects (‘I kicked the ball’), and anyone can learn any language.


Comparative linguists search for sounds that come up again and again in languages from all over the world. Merritt Ruhlen at Stanford University in California, for example, argues that sounds like tok, tik, dik, and tak are repeatedly used in different languages to signify a toe, a digit or the number one. Although studies by Ruhlen and others are contentious, the list of words they say are globally shared because they sound almost the same also includes who, what, two and water.


Another approach is to look at words that change very slowly over long periods of time. Words for the numbers 1 to 5, and words involved in social communication, like who, what, where, why, when, I, you, she, he and it are some of the slowest evolving. This suggests that language evolved because of its social role. 


More broadly, we can say with some confidence that the first words probably fitted into just a few categories. The first ones may have been simple names, like those used by some of our primate relatives. Vervet monkeys give distinct alarm calls for leopards, martial eagles and pythons, and young vervets must learn these. In humans, mama is a strong candidate for a very early noun, given how naturally the sound appears in babbling and how dependent babies are on their mothers. The sound ‘m’ is also present in nearly all the world’s languages.


Imperatives like look or listen are also likely to have appeared early on, perhaps alongside verbs like stab or trade that would have helped coordinate hunting or exchanges. Even this simple lexicon allows sentences like ‘look, wildebeest’ or ‘trade arrows’. Finally, simple social words like you, me and I, yes and no, were probably part of our early vocab. Amusingly, a recent study suggested that huh is universal, prompting headlines that it was among the first human words. Perhaps it was the second.
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Could we hear solar wind if Earth’s atmosphere extended to the Sun?


WE AND THE sun are in each other’s atmospheres already, but most of the gas between us is so tenuous that the sound of the solar wind against our magnetosphere cannot compete with our traffic, pop music and strife. Even if that gas was as dense as our atmosphere at sea level, the loudest solar noises would probably be inaudible infrasonic rumblings, and much weakened after such a journey.


We would have more than noise to worry about, however. The sun would hardly be seen: our atmosphere would be too dense for much light to penetrate if it extended the 150 million kilometres to the sun. If the Earth’s atmosphere were to spread as far as the sun and have sufficient density to conduct sound, it would probably be solid ice for most of the distance, causing strange gravitational and orbital effects and burying a human observer on the Earth’s surface. Our atmosphere would have a mass of well over 15 × 1030 tonnes – thousands of times greater than the sun plus all its planets. It would collapse and the resulting blast could probably sterilise any planet within several light years.
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How do people sing well?


A GREAT ITALIAN tenor once gave permission for his larynx to be studied after his death. Air blown through his isolated vocal cords produced the same noise (somewhere between blowing a raspberry and the sound of a whoopee cushion) as other, musically uncelebrated corpses. So why do some people sound like Adele, while others sound like wounded hippos? 


Like all musical instruments, human voice quality is largely determined by resonance. Vocal sounds originate in the air stream that is forced through the larynx, the front of which is visible as the Adam’s apple. Near the bottom of the larynx are the vocal folds, a pair of flaps that are essentially muscles whose thickness, area, shape and tension can be controlled. The folds are open when you breathe, but when you produce a sound they come together and the air pressure builds up below them until they are forced apart. After reducing the pressure in a puff of air, the folds close again. 


After leaving the larynx, the air stream passes through the oropharynx, the upper part of the gullet, and into the mouth. Together, these structures can be likened to the tubing of a brass instrument between the mouthpiece (the vocal folds) and the bell (the lips). Like the air in any tube, it has resonant frequencies, known as formants. Changing the shape of the tube by arching the tongue, opening the jaws, modifying the shape of the lips or altering the position of the larynx will either raise or lower the frequency of each formant. To a certain extent we do this unconsciously, but singers learn how to control these parts of their anatomy.


Singers also have another formant, which is thought to be caused by a standing wave set up in the short tube between the vocal folds and the point where the relatively narrow larynx joins the wider oropharynx. In acoustical terms there is an impedance mismatch at that junction so part of the sound energy is reflected back towards the vocal folds. The effect is weak in normal speech because the tube is very short, and in untrained singers it can shorten still further because their larynx tends to rise as they try to sing louder and at a higher pitch. But in trained singers the larynx descends, lengthening the tube, adding clarity and projecting the voice. For these reasons it is called the singer’s formant. 
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Why do three buses always turn up at once?


IT’S A POPULAR cliché, but there is, in fact, a technical term for several buses arriving at once: it’s known as ‘bunching’. 


If for some reason a bus is delayed by a few minutes, there will probably be more people waiting for it than on average. This is especially true when the frequency of buses on a particular route is high enough (one every 10 minutes, say) that passengers tend to arrive at stops randomly rather than according to the timetable.


Any late-running will therefore increase the time a bus has to pause to pick up passengers at a stop, especially if the bus driver has to sell or validate tickets on entry. The late bus is therefore made slightly later still. This effect is compounded at each stop, causing more and more people to be waiting, delaying it even more.


Meanwhile, the next bus on that route is getting a pretty quick run because many of the passengers it would have picked up are on the late-running bus. Eventually it catches up the bus in front and, if it doesn’t overtake it, we are left with two buses trundling along together, with the next service behind catching up on them too.


The most obvious and widely practised solution is to include ‘timing points’ along the route – stops where a bus is scheduled to wait for a few minutes before continuing. A late-running bus may ignore this wait and so make up a few minutes, but on the downside a bus that is on time will put passengers through an unnecessary delay whenever it reaches a timing point.
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What would happen if the Moon disappeared?


THE MOST IMMEDIATE difference would be the disappearance of the tides. Both the sun and moon influence the tides on Earth, but the moon is the dominant force. Remove the moon and the daily rush of the tides would recede to a gentle ripple.


The next omen of doom would be wild swings in the Earth’s rotational axis from a position almost perpendicular to the ecliptic plane all the way to being practically parallel to it. These swings would provoke drastic climate changes: when the axis points straight up, each point on the globe would receive a constant amount of heat throughout the year but, when the axis lies parallel to the ecliptic, Earthlings would spend six months of the year sweltering under the unending blaze of the sun, only to spin round and shiver for the next six months, hidden on the frigid surface of the Earth’s dark side.


Of all calamities, though, the creature to be pitied first is the marine organism called ‘nautilus’. This mollusc lives in an elegant shell shaped like a perfect spiral partitioned off into compartments. The nautilus only lives in the outermost partition, and each day adds a new layer to its shell. At the end of each month, when the moon has completed one revolution around Earth, the nautilus abandons its current compartment, closes it up with a partition, and moves into a new one. Scientists have proved that the number of layers making up a chamber are directly linked to the number of days it takes the moon to circle the Earth. Remove the moon and the nautilus lies stranded, forever locked in the same chamber and wishing ruefully for the days when it could look forward to a new home.


Thankfully, it seems unlikely that an alien spaceship would come along and steal the Moon, even for civilisations with a sense of humour that is advanced many millions of years beyond our own.
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Why do people have eyebrows?


EYEBROWS SERVE A functional purpose in keeping rain or sweat from your forehead out of your eyes. But perhaps more importantly, we use our exceptionally mobile eyebrows to communicate our emotions. 


The position of the eyebrows emphasises expressions on the human face thus giving others an accurate picture of the individual’s mood. This gives a good indication of whether a person is friendly or whether they might be dangerous to approach. Perhaps most important is the ‘eyebrow flash’, a rapid up-and-down flick of the eyebrows that conveys recognition and approval. The ability to telegraph friendly intentions from a safe distance would have had obvious survival value for our ancestors. Eyebrow signalling of various kinds is widespread among primates, although only in humans are the eyebrows highlighted by setting them against bare skin


Smiles come in many forms, from expressions of merriment or contentment to leers, smirks and even anger. The position of the brow, emphasised by the eyebrows, is what gives us a visual cue to what an individual is really feeling.
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Why are there no three-legged animals?


A TRIPOD IS wonderfully stable, so there could be something to be said for having three legs. When insects walk, they use their legs as two sets of three. At any instant their weight is supported by three legs – two on one side of the body and one on the other. Meanwhile, the other three legs can be moved forward to form the next ‘tripod’.


Kangaroos have strong tails capable of bearing weight, and though they do not have any ‘three-legged’ gaits, they can move slowly with a ‘five-legged’ gait. First the tail and forelegs are used to support the animal while the hind legs are brought forward in unison, then the hind legs take the weight while the kangaroo shifts forward before putting its forelegs and tail back onto the ground. Because the forelegs are short, the head stays close to the ground throughout, making this gait good for grazing.


The first vertebrates to walk evolved from fish, which swim with a lateral motion, so the gait they evolved probably also involved side-to-side movement. If fish had evolved differently, swimming with a vertical tail motion like a dolphin, then the first vertebrates would have had a gait with some up-and-down motion, possibly using the tail as a ‘leg’. In this alternate reality, a five-legged gait similar to a grazing kangaroo could have been common, and tripedal creatures could conceivably have evolved.


Most animals are bilaterally symmetrical, however, so it is not surprising that their limbs come in pairs – two in the case of land-dwelling mammals, three in insects, four in spiders, and various larger numbers in crustaceans, centipedes and millipedes. Three legs is an unlikely arrangement which doesn’t confer an advantage in movement over two or four.
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What causes different types of rain?


SOMETIMES RAIN FALLS down in great elongated stair rods, other times there’s just a misty drizzle. In Afrikaans (and in Welsh) when heavy rain lands, they’re called ‘old women with clubs’, the circular sheet of splashing water suggests a wide skirt and the centrally rebounding droplet a cudgel.


Rainfall intensity depends mainly on the depth of the cloud and the strength of the updraughts. Rapidly rising air produces fast condensation of water droplets and large amounts of rain, mostly when the cloud extends high enough for ice crystals to form among supercooled water droplets.


Shallow clouds with weak updraughts only give drizzle, which rarely falls faster than 3 metres per second. Large raindrops can reach a terminal velocity of about 10 metres per second. Their fall speed increases with size until the diameter approaches 6 millimetres, at which point wind resistance flattens the base, increases the drag and prevents further acceleration.


However, if the rain is caught in a ‘downburst’ where an air column is descending at 20 metres per second or more, the rain hits the ground harder. Downbursts are often associated with cumulonimbus clouds that contain almost vertical air currents. The weight of precipitation in the cloud may be enough to trigger a downburst.


Rain from deep flat cloud layers is usually caused by slow diagonal ascent along a sloping frontal surface. Such rain is persistent but seldom heavy. This can change if prolonged lifting makes the layer unstable. Then massive turrets containing strong updraughts grow vertically out of the layer. These can produce heavy downpours from a cloud mass which had previously only given moderate rain.
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How much does a human head weigh?


MEASURING THE WEIGHT of your head involves effectively isolating it from the rest of your body. But while decapitation is an obvious method it has far too many drawbacks, not least that you will not be able to see the results of your experiment. 


Happily there is an easier way and it is surprisingly accurate. You will need a bucket of water filled to the brim, a larger empty vessel big enough to accommodate the bucket and its contents, and your head. Because it involves immersing your whole head in water, make sure that there are always at least two people present and that children are supervised. 


Place the full bucket inside the larger, empty vessel. Take a deep breath and lower your head, crown downwards, into the bucket until the water reaches the base of your chin. Hold your head still for as long as possible until any water ripples cease, then take it out and have a few gulps of air. 


Collect all the water that has spilt into the outer vessel and measure its volume. If you don’t have a larger vessel to catch the water, let all the displaced water run away and then start to refill the bucket into which your head was placed with a measuring jug, taking a note of exactly how much water you need to refill the bucket to the brim. 


Although bone and brain are constituent parts of our heads, the rest, like the remainder of our bodies, is mostly water. We know that 1 litre of water weighs 1 kg, so if we can measure the volume of water displaced by a head we can approximately work out how much that head weighs. If you displace 4 litres of water using the experiment above, your head weighs approximately 4 kg, roughly the weight of the average head.
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Will we ever speak dolphin?


DOLPHINS AND HUMANS can communicate, but will it ever be possible for them to engage in meaningful conversation? Perhaps, but communication between the two species has been limited to date. 


The idea that dolphins possess a communication system as sophisticated as human language was proposed by John Lilly in the 1960s, who vowed that pioneering researchers would one day ‘crack the dolphin code’ and begin an interspecies dialogue. In the ensuing years, dolphins were taught to use artificial symbol systems, with equivocal results. Their performance is comparable to great apes where comprehension is concerned, but when it comes to using symbols to establish two-way communication with humans, dolphins have been overshadowed by linguistic prodigies such as Kanzi the bonobo.


Dolphins’ own communication system has been the subject of much study, revealing a perplexing array of vocal and non-vocal signals. But a sober view of half a century’s worth of evidence suggests that dolphin communication – even when taking into account the referential, or word-like, nature of their mysterious ‘signature whistle’ – is nothing more than a variation on the type of communication system seen throughout the animal world. It is complex, to be sure, though likely to be short on content. 


Science is destined to make great strides in unravelling the mysteries of dolphin communication, as there is much we do not yet understand about the function of their vocalisations. However, the idea that dolphins are harbouring a secret language that awaits decryption is looking increasingly like a spot of wishful thinking from a bygone era.
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Why do some flowers close at night?


WHEN FLOWERS CLOSE temporarily for the night they are effectively in standby mode, protecting their delicate reproductive parts and pollen while they are not in use. The pollen is isolated from the dew that forms during the night, keeping it dry so that it can be dusted onto a passing insect the following day. Indeed, some flowers remain closed until some time after dawn, and only reopen when the day is warm enough for the dew to have evaporated.


Closing the flowers also helps to protect against nighttime cold and bad weather. As well as closing their petals, some plants also close the tough surrounding structures, called bracts, to protect the flower against plant-eating insects. Keeping the pollen dry while limiting access for plant-eating insects – and the fungi and bacteria that they carry – also means that the pollen is less likely to spoil.


Ultimately all these adaptations minimise wastage of pollen or damage to the flower. Analogously, many moth-pollinated flowers release their fragrance only at night, so avoiding waste during daylight.


Some flowers open and close so punctually that a once-popular gardening fashion was to plant flowers in sectors of a bed resembling a clock face. These were so planned that flowers opening in each sector matched the position of a notional hour hand on the clock. In season, all being well, one might actually be able to tell the time by consulting one’s flowering clock.
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What colour is a sub-atomic particle?


WHEN WE LOOK at things, we see light coming from their surfaces. For most everyday objects we see reflected light. If the light falling on the object is white, then the colour comes from the parts of the visible spectrum not absorbed by the surface. So a ‘blue’ object is one that has absorbed all the other colours, leaving only the blue component to be reflected. 


But light can also be emitted by the object itself. All objects at temperatures above absolute zero are constantly emitting electromagnetic radiation. At room temperatures, this light is at a wavelength below the visible spectrum so we cannot see it with our naked eye (although we can see it using infrared goggles). However, when an object becomes hot enough, its electromagnetic radiation enters the visible spectrum. It starts at the lower red end (for example, a hot glowing coal), then more colours are added as the object gets hotter, until eventually it glows ‘white hot’.


If you have an isolated subatomic particle such as a lone electron, proton or neutron, then light waves in the visible spectrum pass right by it without interaction because the particle is so small. So there would be no reflected light to give the particle any colour you could see. It would be invisible, just like the oxygen and nitrogen atoms in the air you are looking through to see this page.


The only way to see such a subatomic particle with the naked eye would be if it were hot enough to emit electromagnetic radiation in the visible spectrum – so its colour would depend on the temperature of the particle. There is an everyday example of this. Our sun is a ball of plasma made up mostly of free protons and electrons that emit a white light. Other stars have lower surface temperatures, so their protons and electrons look red, while other stars are hotter and have a bluish tinge.
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What is MSG?


FOR THOUSANDS OF years the Japanese have incorporated a type of seaweed known as kombu in their cooking to make food taste better. It was not until 1908, however, that the actual ingredient in kombu responsible for improvement in flavour was identified as glutamate. Today, hundreds of thousands of tonnes of monosodium glutamate, or MSG, are produced all over the world.


Monosodium glutamate contains 78.2 per cent glutamate, 12.2 per cent sodium and 9.6 per cent water. Glutamate, or free glutamic acid, is an amino acid that can be found naturally in protein-containing foods such as meat, vegetables, poultry and milk. Roquefort and Parmesan cheese contain a lot of it. The glutamate in commercially produced MSG, however, is different from that found in plants and animals. Natural glutamate consists solely of L-glutamic acid, whereas the artificial variety contains L-glutamic acid plus D-glutamic acid, pyroglutamic acid and other chemicals.
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