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Why does a bee die 
after it stings you? 

Worker honeybees have barbed stings 
that evolved for stinging other bees and 
insects. It's only when stinging 
mammals, with their thicker skin, that 
the barbs become wedged. In trying to 
get free, the bee rips away part of its 
abdomen and dies a few minutes later. 
Queen honeybees and almost all other 
species of bee and wasp have smooth 
stings and can sting multiple times. LV 

Why do fish feel slimy 
and lose scales when 
you touch them? 

Fish secrete a glyco-protein slime from the cells 
in their skin to make it harder for parasites to 
attach. Some fish even secrete toxins into the 
slime to deter predators. Fish scales provide 
protection and reduce water turbulence. They 
overlap from head to tail and are only attached 
at the front edge. Scraping the fish from tail to 
head lifts the scales and wrenches 
them loose. LV 
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Is under-ripe fruit less nutritious 
than ripe? 
A major change during ripening is that starch is converted into sugar, 
making most fruit taste sweeter when it's ripe even though the acidity 
may also increase. This happens because fruits evolved to be attractive to 
birds and insects that spread their seeds. Anthocyanin pigments and other 
antioxidants may increase with ripening but Vitamin C levels rise in some 
fruits and fall in others. SB 

Why do 
mosquitoes bite 
some people and 
not others? 

The blue grouse (Dendragapus RZ<-c 

obscurus) has the shortest 
migration of any bird. It lives in the 
mountainous pine forests of North 
America during the winter but when 
spring arrives it descends 300m to 
nest in deciduous woodlands. 

Female mosquitoes locate their 
prey with a combination of sight 
and smell. Their antennae have 72 
different types of odour receptors 
and 27 of these are tuned for 
chemicals found in your sweat. 
These include carbon dioxide, 
octenol and nonanal. People 
who get bitten / 

more are simply 
those with higher 
concentrations 
of these 
compounds in 
their sweat. . , , S; 

Research is 1 1 1 
ongoing to find 
insect repellents 
that can block 
these smells. 

Do animals suffer from hayfever? 
Some do, but more rarely than humans. Hayfever 

in humans is a side effect of our 'adaptive' 
Brafe jhfci ... _ immune system, which remembers previously 

W*'"' encountered foreign molecules, such as 
~ those associated with disease-causing 

H p - ' ^T; organisms. That sensitises us, so we respond 
[ H E w P " w immediately on meeting these organisms 

^ ^ H k W again. Unfortunately this system can also become 
• sensitised to innocent molecules, such as those 

found in pollen. 
Adaptive immunity is common to all vertebrates, and hayfever has been documented in 

dogs, cats and horses - possibly because of their greater exposure to parasites. Similar 
reactions to innocent molecules are possible in chickens, although the exact response 
differs, and something akin to it even occurs in fish. However, invertebrates such as 
insects and worms don't have adaptive immunity, so if they have allergic reactions, they 
will probably be unrecognisably different. YW 

Do animals sweat? 
Some do, some dorVt. Many mammals, including > 
most primates, sweat to regulate their temperature 
when too hot, but few do so as rnuch as humans 
and horses. Even though we use the expression 
'sweat like a pig', pigs have very few functional 
sweat glands, which is why they like to roll in water 
or mud when they are too hot. 

Bears have sweat glands, but dogs have very 
few and instead cool themselves by panting, which 
evaporates water from the mouth and tongue. Cats 
sweat through their paws and also cool themselves 
by washing. 

Birds also lack sweat glands and stay cool by 
panting, raising their feathers and cooling from their 
legs and feet. Reptiles and insects have no need to 
sweat because, unlike mammals, they don't need to 
maintain a constant body temperature. SB 



YOUR QUESTIONS ANSWERED 

bbcknowledge@wwm.co.in 

What did mammals 
9 evolve from? 

Why have hammerhead 
sharks evolved their , 
distinctive heads? M Mammals are animals whose females have mammary glands and 

produce milk, and that includes us. These glands don't survive in 
fossils, so most of what we know about mammal evolution depends 
on the fact that mammals use two small bones for hearing, which 
other animals, like lizards and dinosaurs, used for eating. 

Although there was no abrupt transition to 'true mammals', the 
general idea is that the tetrapods (vertebrates with four legs) divided 

into amphibians (that lay eggs in water) and amniotes (that lay 
eggs on land). Amniotes then split into sauropsids (including 

dinosaurs) and synapsids (including mammal-like reptiles), 
^ T ^ u J p ^ K which eventually led to mammals. Once the dinosaurs 
j g t p f ^ j ^ g l g * \ were gone, early mammals could stop living nocturnally 

* l f \ l | | and flourish in the many forms we find today. SB 
L o t a h s I 
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These sorts of 'why' questions are tricky. We can r 
get ideas from how the various hammerhead 
species use their bizarre 'cephalofoil', but those \ 
aren't necessarily why it originally evolved. Nor 
why other sharks manage fine without it. 

Basically, the head provides extra lift and 
manoeuvrability, wider eye separation and greater 
area for sense organs such as smell and electric-field 
detection. In some species, it's used to pin down struggling 
prey. However, unless something's evolved separately 
several times over, it can be difficult to state with 
confidence what selection pressures were involved. 

Fortunately, hammerhead species with very different head 
shapes and sizes exist. Very recent DNA-based family trees 
of these eight species reveal something unexpected: 
species with astonishingly wide heads, like the winghead 
shark (Eusphyra blochii), branched off first. That implies the 
cephalofoil started huge before evolving into the much 
smaller heads seen in, say, bonnethead sharks (Sphyrna 
tiburo). It's been suggested that this indicates a role for 
extreme sensory advantage - increased binocular vision or 
olfaction - rather than hydrodynamics. YW 

Do animals get hiccups? 
Lots of species, other than humans, get hiccups 
too. This annoying experience happens when 
something irritates the diaphragm into a sudden 
contraction, pushing air up into the lungs so quickly 
that the epiglottis in the throat shuts. Almost any 
animal with this kind of breathing system can suffer 
the same result, including all mammals. Kittens 
often get hiccups although they don't make much 
noise, while adult cats and dogs sometimes do 
if they eat too fast. Horses get loud hiccups and 
all sorts of animals have been filmed hiccuping 
including squirrels, otters and even a porcupine. SB 
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Do animals other than dogs cock 
their legs to pee? 
Puppies don't cock their legs, only adult male dogs. The behavioural change 
doesn't seem to be directly linked to hormone levels because even dogs that are 
castrated before puberty will start cocking their legs at the appropriate age. They 
do it because pheromones in their urine are used to defend a territory against other 
males. Dogs out for a walk are constantly sniffing walls, lamp posts and trees, and 
when they find another dog's scent, they will try to overwrite it with their own. By 
cocking their leg and twisting their body, they can aim the spray of urine higher up. 
This puts the urine closer to nose level, which increases the impact of the smell. 

Leg cocking is also seen in wolves and foxes. Cats use urine to mark, but they 
don't cock their legs: both males and females squat to urinate. To mark, a male 
cat will back up to a target and squirt from the rear. The urine is mixed with a fatty 
substance from the anal glands to increase the smell and help it linger. LV 

How do dinosaurs get their names? 
Most dinosaurs are named after a prominent physical 
feature or behaviour, using Greek or Latin words to make 
the name international. So Triceratops means 'three-horned 
head , while Stegasaurus means 'covered lizard' or 'roof 
lizard' because of the plates that run along its spine. Other 
dinosaurs are named after the place in which their fossils 
were first discovered (Argentiriosaurus, Denversaurus) 
or in memory of their discoverer, such as Lambeosaurus, 
named after Lawrence Lambe. Like the scientific names of 
all living animals, dinosaur names must be ratified by the 
ntemational Commission on Zoological Nomenclature to 

What is the hottest an 
animal can get? 
Normal body temperature for warm-
blooded animals is between 36°C 
and 42°C, depending on the species. 
At 50°C, muscle tissue contracts 
spontaneously {known as heat rigor), 
which would be fatal if it happened 
to all your muscles simultaneously. But 
most animals will die before their body 
temperature reaches 45°C because at that point 
enzymes begin to lose their effectiveness. The 
highest confirmed body temperature in a human 
was 46.5°C. Willie Jones of Atlanta, Georgia was 
found unconscious from heatstroke on the floor of 
his apartment in 1980, but survived after 24 days in 
hospital, albeit with some brain damage. LV 

Why don't birds 
freeze in winter? 

Lots of birds do freeze in winter. 
But natural selection operates quite 
ruthlessly against this premature 
end - any that freeze to death before 
they have raised offspring are 
eliminated from the gene pool. Birds 
have therefore evolved a variety of 
strategies to avoid this fate. 

Like mammals, birds are warm-
blooded and well-insulated, so 
provided they can find enough 
food, they can stay warm. 
Pigeons and crows 
are opportunistic 
scavengers, for 
whom towns and 
cities provide 
extra sources of 
food. Very small 
birds, like the 
wren, will build 
nests that are 
fully enclosed 
and even nest 
together in groups 
to conserve heat. 
And of course, lots of 
birds migrate. LV 

keep names consistent and avoid duplication. LV 



YOUR QUESTIONS ANSWERED 

bbcknowledge@wwm.co.in 

J I U I I U I I I U u 3 u p . 

To pull off this trick, you need legs that can be aligned vertically, 
so you don't need to use muscular effort to keep them in place. 
You also need knees that 'lock' in place. Sleeping upright is 
advantageous for large animals because they would be slow to 
lumber to their feet if attacked. For smaller animals the reduction 
in leg springiness outweighs this benefit. Horses, zebras and 
elephants sleep standing up. Cows can too, but mostly choose 
to lie down. Some birds also sleep standing up. Flamingos live 
on caustic salt flats, where there's nowhere they can sit down. 
Many birds roost in trees at night using an arrangement of their 
leg tendons that causes their body weight to pull the claw shut 
around the branch. Whether this counts as standing up is a matter 
of semantics. LV 

Why are noses always in between eyes? 
The answer may be simple. There are good reasons why so , 
many animals have two eyes, even though some spiders ^ ^ A 
and insects have more. Two eyes on opposite sides of the 
head, as in many animals and birds, cover a wide angle. Two . - „ ' ^ m 

When do prey die after 
being swallowed? 
Most meals don't even make it past a 
predator's mouth. Swallowing live prey 
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It depends on the waterfall. Fish bodies are streamlined 
and relatively light so a long fall into water isn't usually a 
problem. Niagra River expert, Wes Hill, estimates that 90 
per cent of fish survive the drop over Niagra Falls. But 
a waterfall that cascades over rocks, such as Yosemite 
Falls, will be fatal to all but the smallest fish. LV 

vision. So lots of insects have evolved to be active at dusk. 
Bats probably began as twilight hunters but then evolved their 
echolocation ability, which enabled them to hunt in the dark. This 
gave them virtually unchallenged access to moths and also kept 
them safe from birds. Echolocation isn't any better than vision 
during the day but at night it gives bats a unique advantage. LV 
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What happens to 
fish when they go over 
waterfalls? 

Email your queries to 
bbcknowledge@wwm. 
co.in We're sorry, but we 
cannot answer questions 
individually. 

Why do bats fly at night? ' f 
Not all of them do. The megachiroptera, including the flying 
fox, are mainly fruit bats and fly during the day. But the 
microchiroptera, or microbats, are almost exclusively active at 
night. Microbats are insectivorous and they probably evolved their 
night flying to escape competition with birds. 

Birds are very agile flyers and have extremely good daylight 

ASK THE EXPERTS? 

KNOW SPOT 

'Winged cats' 
are domestic s  
cats suffering 
from a rare R t 

genetic skin 
disorder called Feline 
Cutaneous Asthenia (FCA). 
With this condition, the 
skin is exceptionally 
extensible, so that when 
the cat grooms itself or 
rubs against an object, 
the skin stretches into 
long, wing-like 
extensions. These 'wings' 
can sometimes contain 
muscle tissue and be 
raised up and down by 
the cat. The largest 
wingspan of 58cm, was 
recorded on a cat from 
Sweden in June 1949. 
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Why do dogs 
chase their tails? TOP TEN 

HEAVIEST LAND 
ANIMALS Sometimes it's a side effect of 

hunting behaviour in an animal 
too dim to work out that the tail 
always escapes. But tail chasing 
can become obsessional. Bored 
dogs that don't get enough exercise 
may use it to get their owner's 
attention - even angry attention can 
be rewarding. Others, especially 
terriers, may have inherited it. 
There are many dogs taking 
antidepressants to control their 
compulsive tail chasing. SB 

1. AFRICAN ELEPHANT 
Weight: Up to 10,000kg (22,046lbs) 
Largest recorded reached a height 
of 4m at the shoulder 

2. ASIAN ELEPHANT 
Weight: Up to 5400kg (11,905!bs) 
Can reach 3m at the shoulder 

3. HIPPOPOTAMUS 
Weight: Up to 3200kg (7055lbs) 
Its body can be 5.4m long 

4. WHITE RHINOCEROS 
Weight: Up to 2300kg (5071 lbs) 
The largest of the five rhinoceros 
species can be up to 4m long 

All members of the cat family purr, although the 
Pantherinae sub family, which includes the lion, tiger, 
jaguar and leopard, can only purr while exhaling. All 
other cats purr while inhaling as well. The exact 
mechanism isn't fully understood, but it seems to be 
a rapid twitching of the larynx that dilates and 
constricts the glottis, rather than a vibration of the 
vocal cords. 

It's widely assumed cats purr as a sign of 
contentment, but they also purr during times of 
high stress, such as when giving birth or during a 

visit to the vet. Purring frequencies range from 
25-150Hz, depending on species, and several studies 
have shown that vibrations in this range stimulate 
bone growth and tissue repair. LV 

5. GIRAFFE 
Weight: Up to 1932kg (4260lbs) 
A giraffe's neck can be 2.4m long 

6. WALRUS 
Weight: Up to 1500kg (3307lbs) 
Its tusks can reach 1 m in length 

7. BLACK RHINOCEROS 
Weight: Up to 1400kg (3086lbs) 
Can be up to 1.8m at the shoulder 

8. GAUR 
Weight: Up to 1300kg (2866lbs) 
The world's biggest bovid can reach 
2.2m at the shoulder 

9. ASIAN BUFFALO 
Weight: Up to 1200kg (2645lbs) 
It has the widest horn span of any 
bovid - its horns can span 2m 

Swordfish can heat their % ||| 
eyes to up to 28°C using < a B 

special organs within their 
bodies, to help improve their 
efficiency in cold water and making it 
easier for them to spot prey quickly. 
That's less than 10°C cooler than 
human body temperature, and the sort 
of temperature you might expect to find 
on a summer holiday to Portugal. 

Yes. Very old birds produce fewer offspring and die 
more readily. But some (like chickens) age quickly, 
while others (like seabirds) show amazingly slow 
declines. Despite higher metabolic rates and body 
temperatures, birds generally age much slower than 
an equivalent-sized mammal, and often live more 
than twice as long. It's 
thought flight helps 

avoid predators, BL H B h H | 
increasing survival 
and making it J l H - V I / / • • . 
beneficial to evolve ways Wt f

t ' X. " 
to slow the ageing v 

process. YW /// . ; ' 

10. SALTWATER CROCODILE 
Weight: Up to 1000kg (2205lbs) 
The largest reptile in the world can 
grow to 8-10m in length 

• > n c m 

tspan o" a 

JngKsMoP 
California V 

mailto:bbcknowledge@wwm.co.in


How long do two groups 
have to be separated 
before they become 
different species? 

Why have dogs evolved to hear 
higher pitches than us? 

What did the woolly mammoth eat? 
The ancestral mammoth (Mammuthus meridionalis) lived in warm tropical 
forests about 4.8 million years ago and probably had a similar diet to the 
modern Asian elephant. The woolly mammoth (Mammuthis primigenius) 
evolved later, as the climate cooled, and was a grazer. It probably used its 
tusks to shovel aside snow and then uprooted tough tundra grasses with 
its trunk. They needed to be so big because their stomachs 
were giant fermentation vats for grass - which is not / 
nutritious. Lyuba, the baby mammoth found f 
preserved in the Siberian permafrost in 2007, had 
adult faeces in her stomach, \ 
suggesting mammoth babies 
ate their mother's dung t 
in order to give their digestive 
system the correct bacteria. LV J ' 

Hmmm, tricky! Not only is it unclear when 
two groups can be called different species, 
but recent research shows chance details of 
genetics and ecology massively affect the 
process of speciation. 

For example, it helps when natural selection is 
driving two groups in different directions. In this 
case, the fastest instances can occur without 
full separation, such as in the cichlid fishes of 
Lake Victoria. In only 15,000 years, between 500 
and 1000 new species of the fish have arisen, 
probably through a combination of natural 
and sexual selection. That implies speciation 
in a few thousand years: the founding group 
must already have been pretty diverse. Indeed, 
existing genetic differences in different areas 
probably lie behind most speciation. 

Broadly, think in the region of tens 
of thousands or a few million years (or 
generations). For example, studies of partially 
interbreeding fruit fly species estimate about 
three million years for complete separation - or 
200,000 years in the rarer cases of speciation 
with continued interbreeding. Perhaps it's not 
surprising that speciation in the lab is rarely 
observed! YW 

sound as it arrives in each ear. 
Because the ear on the farthest side 
is partially 'shadowed' by the head, 
some of the frequencies will be 
absorbed - higher frequencies are 
absorbed more than lower ones. But 
the smaller the head, the less effect 
it has on lower frequency sounds, so 
the animal must be able to hear a 
higher upper frequency limit in order 
to be able to detect the spectral-
difference effect. A mouse needs to 
hear up to 90kHz to use binaural 
spectral-difference cues, whereas 
an elephant manages with just 
10kHz. Dogs fall somewhere in the 
middle because they have smaller 
heads than us. LV 

Humans can hear frequencies up to 
about 20kHz, whereas dogs hear up 
to 45kHz. Almost all mammals have 
much better high-frequency hearing 
than other vertebrates - fish, 
amphibians and reptiles only hear up 
to about 5kHz, and birds up to 
8-12kHz. It's not that mammals need 
high-frequency hearing for 
communication - most can hear 
frequencies well above the ones they 
make themselves. Instead, mammals 
have adapted in this unique way so 
they can locate where a sound is 
coming from. Called 'binaural 
spectral-difference cueing', their 
special way of hearing works by 
comparing the frequency range of a 
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Why do celestial bodies 
have the same shape? 
Large celestial bodies, such as planets and stars are 
spherical. This is because two forces, one of them 
gravity, are balancing each other. In stars, the gravity, 
which tries to compress the star, is balanced by the 
thermal pressure acting outwards. In planets, the 
gravity is balanced by matter's natural resistance 
to compression. In both cases, the two forces are 
in equilibrium and so the object takes on the most 
compact shape possible - a sphere. AG 
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What's driving the expansion of 
the Universe? 
Until recently, astronomers thought the cosmic expansion was being 
propelled by the explosive energy unleashed during the Big Bang. 
According to this, an enigmatic form of antigravity known as the inflaton 
field appeared literally out of nowhere around 14 billion years ago, 
triggering an incredibly rapid expansion known as inflation. 

Almost immediately afterwards, the inflaton field vanished, leaving the 
Universe to expand under its own momentum. That would imply that the 
expansion would gradually slow down, and perhaps even stop and reverse. 
But since the late 1990s, evidence has emerged for another force-field still 
at work in our Universe, which is propelling the cosmic expansion at an 
ever-increasing rate. This is Dark Energy, which is no less enigmatic than 
the inflaton field - to which it might be related. RM 

Is a Star Trek transporter theoretically possible? 
Theoretical physicist Michio Kaku has said that it might be achieved within 
100 years but there are a lot of problems to solve before then. According to 
the Star Trek: The Next Generation Technical Manual, the transporter works by 
converting a person (or object) into an energy beam that encodes the quantum 
state of every particle in that person. This beam is aimed at the object's 
intended destination, where it reassembles itself into matter. 

The last step is probably the hardest. The crew of the Enterprise just 
rematerialise on a planet's surface, without any machine to receive the 
energy beam, decode it and convert it back. Even if you allow for a receiving 
transporter, that machine has to assemble the atoms of your body precisely, 
within seconds - and without heating them by more than 2°C if you don't want 
to die of heat shock. You'd also need to push the molecules in the air out of the 
way first and hold that person-shaped vacuum during the rematerialisation. 
Otherwise, at best, you'll end up with air bubbles in your blood vessels and, at 
worst, fuse some atomic nuclei together and cause a nuclear explosion. LV 

A light-year is the distance travelled by light in one year. It is 
commonly used as a unit of distance in astronomy. Astronomers 
use various methods to determine distances. Within the Solar 
System, distances can be found using radar, using simple 
trigonometry or by tracking orbital motions around the Sun. For 
relatively nearby stars, distances can be found by watching their 
tiny wobbling in the sky caused by the Earth's yearly journey 
around the Sun, or by analysing the orbits of binary stars. Further 
afield, direct distance measurements are not possible and 
astronomers resort to indirect methods. 

These methods mostly involve objects called 'standard candles'. 

These are objects (stars, novae or supernovae, for example) for 
which the astronomer already knows the actual brightness. 
Comparing this with the brightness seen here on 
Earth reveals the object's distance. Since the ^ g f t ^ 
Universe is expanding, the more distant an 
object, the faster it is moving away from 
us. So for really remote galaxies, 
astronomers estimate distance j r f y '^fiF ~ 
using a measure of the ^ ^ K B ^ ^ B m S l A z f ' ' 
object's motion called its P 1 
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Is the Moon moving 
away from Earth? 

Yes, the Moon is moving away from Earth 
at about 3.8cm per year. It's a trend that's 
been going on ever since the two bodies 
were formed. As a result, its orbit around 
Earth has become ever longer. A billion 
years ago, it only took the Moon 20 days to 
go around Earth. The law of the 
conservation of angular momentum means 
we're losing rotational velocity as the 
Moon gains it. That means our spin is 
getting slower and Earth days are 
progressively getting longer. 

In a thousand years, days will be about 
20 milliseconds longer than they are now. 
The trend will continue until we end up with 
days as long as months - assuming that 
happens before the Sun swells into a red 
giant and consumes Earth and its satellite 
in a fiery end. GM 

What is global dimming? 

This is an observed drop in the amount of sunlight reaching the 
Earth's surface. Between 1960 and 1990, this amounted to about a 
four per cent decrease, and some scientists believe global dimming 
may have partially masked the effects of global warming from 
greenhouse gases during that time. 

Global dimming is thought to have been caused by sulphate 
particles in the atmosphere, as a result of human industrial 
pollution. However, clean air legislation in Europe and the USA, 
beginning in the 1970s, has reduced sulphate levels and we now 
see a gradual brightening, rather than a dimming. In fact, the planet 
actually brightened by four per cent over the last decade, cancelling 
out the earlier drop. LV 

Does Mars have any gravity? 
The very fact that a celestial body has mass gives it gravity, but 
that gravity's strength depends on how heavy the object is. Mars is 
smaller than Earth - its diameter is about half ours. Mars is 
also less dense. Therefore the planet is about a tenth j?* 
as heavy as Earth. Mars has gravity, / • \ ( i 
but its pull is only about a third of that ' 
on Earth. GM \ > « 
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What is the chance of an 
asteroid hitting Earth? 

Jupiter has the shortest day in the Solar System, taking only £ 

9hrs 55mins to rotate 360° on its axis. Jupiter is also the 
largest planet in the Solar System, with a diameter of 
143,883km (89,405 miles). Its mass is 317 times that of Earth, but 
if it were 80 times larger than its current size, it would be classed as a 
star and not a planet. 

There are probably several million asteroids with the potential 
for smashing into planet Earth. But very large asteroids, which 
would have catastrophic consequences if they hit us, are 
thankfully very rare. Astronomers estimate that one of these 
monster asteroids (like the one that wiped out the dinosaurs) 
should fall to Earth once every 100 million years or so. 

An object about 100m across should arrive every 1000 years, 
although thousands of kilograms of tiny meteoroids land on 
Earth each day. However, most go unnoticed because they fall 
in unpopulated areas or into the sea. The chances of you being 
killed by an asteroid are very small indeed - much smaller than 
the risks you takQ driving a car or crossing the road. AG 

How did the Moon get cratered 
on the Earth-facing side? 
The Moon is vastly more 
cratered on its far side, but 
there are still many craters 
on the near side, despite the 
fact that it's tidally locked 
so it always points towards 
Earth and thus should be 
shielded from impacts. But 
the Earth is far from being 
a perfect shield. If you use 
an orange to represent the 
Earth, the Moon would be 
a large grape, orbiting at a 
distance of over 2m. That 
still leaves plenty of room for 
a rogue asteroid to sneak 
around to the near side. 

Secondly, the Moon hasn't 
always been so tightly 
aligned with the Earth. Until 

about two billion years ago, 
the axial tilt on the Moon was 
quite unstable and may have 
reached angles as high as 
77° to the plane of the Earth's 
solar orbit. Before that, when 
the Moon was first formed 
by material ejected from 
Earth's impact with another 
Mars-sized planet, it might 
well have had other orbital 
irregularities. These would 
have exposed what is now 
the Earth-facing side to the 
rest of the Solar System, 
until tidal forces between 
the Earth and the Moon 
synchronised the Moon's 
rotation with its orbit around 
Earth. LV 
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Is time travel possible? 
In a trivial sense, we are all travelling forward through time at a rate 
of one second per second. According to the special and general 
theories of relativity, we can accelerate this time travel, relative 
to a distant observer, by moving much faster than them or by 
experiencing stronger gravity. In his book, Time Travel in Einstein's 
Universe, J Richard Gott calculates that sitting inside a shell five 
metres across, with the mass of Jupiter, would cause time to 
pass four times faster for you than for someone a long way away 
from you. 

Travelling backwards through time is more controversial. Special 
relativity appears to allow it for objects moving faster than the 
speed of light, but since special relativity also prohibits exceeding 
the speed of light, it's a somewhat moot point. Wormholes also 
might allow it, but probably not in any useful or exploitable way. LV 

Does every planet have a 
magnetic field? 
No. Planetary magnetic fields are created when liquid conducting 
material inside the planet is churned up by the planet's rotation. 
In the Earth it's the molten iron-nickel core that is the conducting 
material. Jupiter and Saturn have highly compressed liquid hydrogen. 

In general, the higher the electrical conductivity of the material 
and the higher the rotation rate of the planet, the higher the magnetic 
field produced. So Jupiter, which rotates in less than 10 hours and 
has a vast conducting core, has an enormous magnetic field. Venus 
on the other hand, although it has a liquid interior, rotates extremely 
slowly - once every 243 Earth days - and so has no detectable 
magnetic field. Mars also has no magnetic field. Although it rotates 
quickly, its core is solid and can't conduct electrical charge. AG 

What evidence is there for parallel universes? 
Essentially, none. Parallel universes, as described by the 
Many Worlds Interpretation (MWI) of quantum mechanics by 
Hugh Everett in 1957, were proposed to explain the random 
events that occur at the quantum level of matter. 

Radioactive atoms, for example, decay spontaneously 
and randomly. Each atom has a probability of decaying 
within a given time but you can never say with certainty 
exactly when it will decay. How does the Universe 'decide' 
when it happens? According to MWI, it doesn't, because 
both events occur and the Universe splits into two - one 
where the atom decayed and one otherwise identical 
universe where it didn't. These universes are 'budding 
off' continuously in enormous numbers but there's no 

communication between them so there's no way to tell 
they're there. 

The main rival to MWI is the Copenhagen Interpretation. 
In the classic Schrodinger's cat thought experiment, the 
cat is both alive and dead at the same time, until someone 
opens the box to check and forces the cat to take on just 
one of the possible quantum states. In MWI, the 'choice' 
isn't made and the Universe splits into two instead. 
But to any single observer in any single universe, both 
interpretations look the same. Experiments have been 
proposed that might distinguish between the two, but they 
involve quantum computers and aren't currently feasible to 
actually perform. LV 
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How do astronauts go to 
the toilet in zero gravity? 

What's the biggest 
camera flown in space? 

For passing water, space travellers use specially-made 
funnels that connect to urine recovery units. Each 

astronaut has their own custom-shaped funnel, and 
variants are available for women. As for defecating, 

f j T astronauts back themselves up on to a unit similar 
" to a conventional toilet seat. To stop them floating 
^ away at the crucial moment, handles are clamped 
• over the thighs so that, shall w e say, the docking 
H arrangement remains intact. G M 

This accolade goes to NASA's Kepler space 
telescope, whose job is to search for 
Earth-like habitable planets. Kepler has a 
giant digital camera mounted under an 
elaborate optical telescope. The light-
sensitive photometer comprises an array 
of 42 CCDs (charge-coupled devices), 
all of which are about 100 times the size 
of the one in your digital camera. The 
entire array gives an image of 95 million 
pixels. On the optical side of things, 
the telescope has an impressive 95cm 
aperture - far bigger than 
the 15-20cm aperture of most 
amateur telescopes. 

However, Kepler is soon to be 
outshone. In 2013, the European 
Space Agency will be launching its 
so-called 'Billion Pixel Camera' , 
the Gaia space telescope. With 
106 CCDs, it will have over 
twice as many electronic light 
detectors as Kepler. Each will 
have about four t imes the 
resolution, giving 937 million 
pixels overall. This whopping 
space telescope will create 
three-dimensional star maps, 
allowing unprecedented j t t i ^ 

images of the Milky Way J H 
as well as other faraway j W 
galaxies. G M 

Why can gravity escape a 
black hole but not light? 
To escape f rom within a black hole requires faster 
than light speeds, but according to Einstein's theory of 
General Relativity, gravity is the distortion of space 
and t ime caused by the presence of mass. As such, 
gravity doesn't escape f rom within the interior of the 
black hole: it's simply caused by the hole's presence. If 
black holes collide, however, the space- t ime 
surrounding them responds by producing ripples 
known as gravitational waves; but again they aren't 
'escaping' f rom within the black holes. R M 

ASK THE EXPERTS? 
Email your queries to bbcknowledge@wwm.co.in We're 
sorry, but we cannot answer questions individually. 
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Can you fire a gun in Space? 

Bullets carry their own oxidising agent in the explosive of 
the cartridge (which is sealed, anyway) so there's no need for 
atmospheric oxygen to ignite the propellant. Without the stabilising 

effect of the atmosphere, the wide temperature variations in space 
might be a problem though. Direct sunlight might make the gun hot 
enough for the ammunition to explode spontaneously, whereas a gun 
kept in the shade would eventually become so cold that the primer in the 
firing cap might not go off at all. At very low temperatures, metals also 
become brittle and can stick together, which might cause the moving 
parts to jam. LV 

Is I t possible to 
find absolute " 
stillness in space? 
Not really - all movement is relative. 
To have absolute stillness you would 
need an absolute frame of reference. 
The (supposedly) fixed stars were 
once thought of as such a unique 
reference point, but now no such 
reference point is believed to exist. 
Ernst Mach (after whom the mach 
number is named) argued that the 
concept of inertia would be 
meaningless in such a frame, and 
Einstein was stimulated by this to 
develop his General Theory of 
Relativity. LF 

Is global warming also happening on 
other planets? 
Don't be misled by newspaper headlines into thinking that increased temperatures in some 

areas of mars, Jupiter, Pluto and Neptune's moon Triton have anything to do with 
global warming. The story started when Russian astronomer Habibullo 

Abdussamatov grabbed on to the fact that Mars's solid carbon dioxide 
'ice caps' have been shrinking for three years to support his theory 

•Kiiktttt j jghg^.. that changes in the Earth's climate are being caused by changes in 
solar irradiance. Abdussamatov doesn't believe that the 
greenhouse effect, the main cause of global warming on Earth, 
exists. If it didn't, our Earth would be a ball of ice - the main 
current problem is that man's activities are increasing it to 
uncomfortable levels.The increased temperatures at Mars's south 
pole are probably a short-term effect caused by large-scale dust 

storms, which change the atmospheric opacity and convection. A 
new red spot is forming in the upper atmosphere of Jupiter, and 

may turn out to be a local hot spot. Triton is approaching a time 
when its southern hemisphere receives more direct sunlight than 

usual. And the notion that Pluto is warming was drawn from two 
occultation observations, taken 14 years apart. None of these correspond to 

long-term 'global warming'. LF 

KNOW SPOT 

The first time thunder was heard on another planet was when the USSR's Venera 11 lander 
touched down on Venus on Christmas Day, 1978. Among Venera 11's many onboard scientific 
instruments was an acoustic detector capable of registering sound in the Venusian sky and on its 
surface, and roughly 32 minutes after landing, a sound of unknown origin with a level of 82 decibels 
was detected. A Venusian thunderclap is believed to be the most likely explanation. 
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Why does the 
Moon appear 
white and the 
Sun yellow? 

The Moon is actually quite black - it 
reflects the same amount of light 
as coal. Even a full Moon is 400,000 
times less bright than the Sun. 
Your retina contains cone and rod 
receptors. The cones are the only 
ones that sense colour, but they 
need higher light intensities to work. 
The Moon is only bright enough to 
power the rods, and appears light 
grey against a black sky. LV 
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HOW IT WORKS 
How does the Kepler space 
telescope find planets? 
NASA's Kepler space telescope searches for terrestrial planets 
that are similar in size to Earth, and which might harbour life. 
Launched in March 2009, it's so far found evidence for over 
1200 bodies, of which 24 have been confirmed as planets. 

To find them, Kepler constantly monitors a patch of sky, 
measuring the brightness of over 100,000 stars. If it spots a 
drop in brightness, it means something has passed in front 
of a star. If these dips occur at regular intervals, it implies the 
presence of an orbiting body that could be a planet. 

The size of a planet is determined by how much of the star's 
light is blocked when it passes in front. The greater the drop in 
brightness, the bigger the planet. An Earth-sized planet orbitng 
a star similar to our Sun will only cause a drop in brightness of 
about one per cent, making it difficult to spot. By measuring 
the time between transits (the time it takes to pass in front of 
the star), the size of the planet's orbit can be calculated. This 
indicates how far away from the star it is, and allows scientists 
to estimate its temperature. Once all measurements have 
been confirmed, scientists can make an educated guess as to 
whether or not a planet would be habitable. 

Star tracker: There are two star trackers, 
which search for the area of sky the 
telescope will monitor. They contain a 
star catalogue and point the scope in the 
right direction. 

This is the rough location of planet Kepler 7b, as 
picked up by the telescope's photometer. 
Kepler 7b, a planet nearly one and a half times the 
size of Jupiter, was monitored continuously as it 
orbited its host star, Kepler 7. 

Time 1 5 hours 



Contrary to widespread belief, we didn't evolve from apes, but a common ancestor that existed perhaps 10 million years 
ago (technically we still are apes). But even if that common ancestor still existed, the fact that evolution is the result of 
both random mutation and a process of natural selection imposed by environmental conditions, means it's highly unlikely 
that it would ever retrace its steps in quite the same way. RM 

Could humans evolve again from apes if we went extinct? 

HSU 



Why are clouds white? It's odd because clouds contain air and water - both transparent substances that 
hardly absorb any visible light. 

Crucially, however, some of this water exists as tiny, sparsely dispersed droplets. 
Light can travel many metres into cloud, but eventually it's likely to hit a droplet. That 
can scatter the light, changing its direction, although often only slightly. In thick cloud, 
each particle of light may hit many droplets in turn. Follow each circuitous trail, and 
you'll see light is eventually thrown back out of the cloud in a random direction, often 
near the side it entered (explaining the darker bit of cloud on the non-illuminated side). 

So a cloud's colour is basically a mix of all the light put into it. Daylight is usually 
white: light straight from the Sun mixed with a little blue skylight. But you see non-
white clouds at sunset, or over lit cities at night. Multiple scattering of small particles 
also explains the whiteness of milk, sugar, beer foam, and whisked Marmite. YW percentage 

lh-s surface I 
saltwater oc 

How long do biodegradable 
bags take to decompose? 

Are there really no straight 
lines in nature? 

Biodegradable plastics take three 
to six months to decompose fully. 
That's much quicker than synthetic 
counterparts that take several 
100 years. 

Exactly how long a 
biodegradable bag takes to 
break down depends on various 
factors, such as temperature and 
the amount of moisture present. 
But the bags aren't always as 
environmentally friendly as they 
seem. They're made from similar 
petrochemical-based materials 
to conventional plastic, only with 
compounds added that cause 
them to disintegrate gradually in 
the presence of light or oxygen. 
They often then degrade into a 
sludge of toxic chemicals. 

Bioplastics made of cornstarch 
and other plant-based materials 
are a better bet. They give off C 0 2 

as they decompose, but they're 
merely expelling carbon locked in 
by the plant matter that originally 
formed them. The net effect on the 
environment is therefore close to 
zero. GM 

It depends how demanding you are. The path taken by a beam 
of light travelling through the air will be perfectly straight for 
most purposes, and is routinely relied on by surveyors working 
on building projects. But changes in the optical properties of 
the air caused by temperature variations will bend (refract) the 
beam away from a perfectly straight trajectory. 

Even in the vacuum of space, a beam of laser light wouldn't 
keep a perfectly straight course. That's because, as Einstein 
showed, it's affected by the curving of the fabric of space and 
time caused by mass. The effect is incredibly small, though: 
even a body as massive as the Sun will barely deflect a beam 
of light off-course by a centimetre over a distance of 1 km. RM 

The Pantanal is the world's largest swamp, covering a , % |||| 
gargantuan area of 150,000km2. That's greater than the < 0 Ri 

total surface area of England. Much of the Pantanal (Spanish 
for 'marshland') is found in south-western Brazil but it stretches into 
Bolivia and Paraguay too. 

M l T A U 
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mixes with it, lowering its freezing point. The result is 
a brine solution, preventing subsequent ice forming. If 
roads are already frozen solid, salt is far less effective 
as there's no liquid water on the surface. GM 

Could science one day help you live forever? 
It depends on what you mean by 'live' and 
what you mean by 'forever'. Your body is a 
churning ecosystem of different cells dividing, 
growing and dying. We rely on cell division to 
repair damage but with repeated replication, 
errors can appear in the DNA code, causing 
cells to multiply uncontrollably into tumours. To 
protect against cancer, cells are programmed 
to self-destruct after a certain number of 
divisions. Medicine will eventually be able to 
cure all cancers but if we turned our cellular 
suicide trigger off completely, we would quickly 
be overwhelmed with multiple tumours in 
every part of the body. Preventing the tumours 
altogether probably isn't possible, given the 
nature of DNA replication. 

If we could clone ourselves perfectly, to 
replace each successive body as it wore out, 
our friends and family might think us immortal 
but each clone would still experience its own 
personal mortality. We'd only be immortal as a 
brand or an idea, like a royal lineage. 

Alternatively, if we could ever replicate 
consciousness in a computer, it might be 
possible to create a digital clone that wouldn't 
die but that would still be a bitter comfort to the 
organic original left behind. And even the digital 
clone would be at the mercy of an entropic 
Universe. Unless we discover some loophole 
in the laws of thermodynamics, whatever 
power source feeds this electronic identity will 
inevitably run down eventually. LV 
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How does salt melt snow? 
Salt melts ice and snow by lowering its freezing 
point. Salt is best put on the roads before they freeze 
or before snow arrives. Then, as snow falls, the salt 

We don't know for certain 
that it is. There may be life on 
other planets based around the 
chemistry of liquid methane, 
or even creatures inside stars, 
powered by fusion. But on 
Earth, water definitely is a 
pre-requisite. Water is a polar 
molecule, with positively charged 
hydrogen atoms and a negative 
oxygen atom. This makes it 
a good solvent of other polar 
compounds. It also creates 
hydrophobic interactions that 
make oily compounds form into 

bubbles, which helps materials 
self-assemble into cells. The 
electrostatic bonds formed by 
water molecules help to stabilise 
the shape of large proteins, but 
aren't so strong that they prevent 
chemical reactions. 

Water is common over the 
surface of Earth and has the 
unusual properties of remaining 
liquid over a large temperature 
range, and floating when it 
freezes. Both of these properties 
help to keep our oceans from 
freezing over. LV 

e> 
Why is water so essential to 
supporting life? 
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What is the thinnest material 
ever made? 
That accolade goes to graphene, a form of carbon: sheets 
of it are only one atom thick. A very familiar form of carbon 
is graphite, as used in pencils. When you draw, you're laying 
down thin layers of graphite. If you were to peel these away, 
layer by layer, you'd end up with a trace just an atom thick. 
And that's graphene. 

First produced as recently as 2004, graphene has been 
found to have remarkable properties of strength and 
electrical conductivity. The latter is causing the most 
excitement. As a semiconductor, graphene allows super-
efficient transistors. These in turn can be bundled into 
low-power, fast computer chips. Or, combined with 
graphene's impressive strength, semiconducting materials 
can be fashioned into thin, durable, efficient touchscreen 
displays for mobile phones. 

Graphene is still an experimental material, but it's 
causing a real stir, winning the Nobel Prize in Physics for its 
discoverers in 2010. Expect it in a gadget near you within 
five years. GM 

What is the single largest threat to humanity? 
The human species is resourceful, adaptable, 
numerous and very widely dispersed around the 
globe. To render us entirely extinct would require a 
very sudden, planet-wide catastrophe. Gradual 
climate change of the sort that has been 
responsible for mass extinctions in the past 
wouldn't do it, because we would have time to 
find technological solutions that would save at 
least some of the species. 

Global thermonuclear war, an impact from a 
meteorite larger than 10km, a sudden 

supervolcano eruption or an incredibly contagious 
and virulent disease are the only real candidates 
with the ability to kill enough of us, fast enough. 
None of them are at all likely and deciding which 
is the least unlikely is very difficult. 

Genetic analysis has suggested that the global 
population may have fallen to less than 15,000 
after the Toba supervolcano erupted 70,000 years 
ago. If a Stone Age civilisation was able to recover 
from a population crash like that, then the outlook 
for our species now is probably quite rosy. LV 

i Is it possible to stop light? 
Yes - using an ingenious trick devised in the mid-1980s by the 
Russian optical physicist Professor Olga Kocharovskaya at 
Texas A&M University. She suggested that light could be brought 
to a halt inside crystals, by controlling their transparency using 
laser beams. First seen experimentally in 1991, this so-called 
Electromagnetically Induced Transparency method has now 
been used to hold light dead still inside crystals for over a 
second. It's more than a party-trick, too: such crystals could 
serve as memories for ultra-fast optical computers. RM 

The six-lane ° ^ 0 

Qingdao-Haiwan o jmj" 
road bridge in ^<0 R t c ° 
China's Shangdong 
province is the 
world's longest bridge over 
water. The earthquake- and 
typhoon-proof bridge, which 
opened in 2011, is 42.5km (26.4 
miles) long, and was built using 
450,000 tonnes of steel. 
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Why, does salt 
enhance flavour? 
Taste is a complicated business. It used to be thought that 
there were separate receptor cells on different parts of 
your tongue for each of the five basic tastes: salt, sweet, 
sour, bitter and umami (the taste of glutamic acid). But 
more recent research has shown that individual cells 
actually respond to several tastes each, at different levels 
of sensitivity. The upshot of this is that all the tastes interact 
with each other - sometimes enhancing, sometimes 
suppressing - depending on the concentrations. So for 
example, at low concentrations, sour tastes will enhance 
bitter ones, but at moderate concentrations, they will 
suppress them, which is why we put lime in a margarita. 

Salt is used as a universal flavour improver because at 
low concentrations it will reduce bitterness, but increase 
sweet, sour and umami, which is desirable for sweet 
recipes. But at higher concentrations it suppresses 
sweetness and enhances umami, which is good for savoury 
things. It's also easily obtained in a pure form without any 
interfering flavours. LV 
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Is it possible to toss a coin 
and always get heads? J t 

How big does something have 
to be for gravity to act on it? 

Gravity acts on all masses, regardless of size - even 
particles of light. This makes gravity unique among all 
the fundamental forces of the Universe - and also causes 
theorists enormous problems. And that's because gravity 
also acts on itself, causing runaway 'feedback loops' in 
their equations making them tricky to solve. But gravity 
is also the weakest of the fundamental forces, and so in 
many everyday situations its effects are small enough to be 
ignored. For example, the shapes of solid objects as big as 
mountains are dictated principally by the chemical bonds 
between their constituent molecules, rather than their own 
gravity. In general, gravity only begins to dictate the overall 
shape of objects bigger than several hundred kilometres in 
size - such as small moons and asteroids. RM 
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Is it possible to control 
the weather? 
During the 1940s, a team of American scientists led by the 
Nobel-Prize winning chemist Irving Langmuir performed 
experiments that suggested it is possible to 'seed' clouds 
with chemicals, such as silver iodide, which trigger the 
formation of water droplets big enough to fall as rain. The 
technique of cloud seeding has since been tried out in many 
countries - though not always with welcome results. During 
the Vietnam War, the US military launched Project Popeye, 
seeding rainclouds over the Ho Chi Minh trail in an attempt 
to turn it into a quagmire, preventing the Viet Cong from 
using it to infiltrate South Vietnam. According to CIA reports 
it worked, triggering a 30 per cent increase in rainfall over 
the area. In contrast, last November Chinese officials were 
accused of triggering serious blizzards over Beijing, by 
carrying out cloud-seeding experiments just before a bout of 
cold weather. 

As with all claims to have modified the weather, however, 
it is far from clear whether these blizzards 
would have happened anyway. The sheer 
complexity of the weather 
makes reliable comparisons of 
predictions with observations 
very difficult. The most recent 
authoritative study of the field, 
published in 2003 by the US 
National Research Council, stated 
that there is still no convincing 
proof that it's possible to modify 
the weather at will. RM 

Coin-tossing is a time-honoured way of 
getting fair outcomes, but the way it's 
flipped can influence the outcome. In 2009 
researchers at the University of British 
Columbia found that, with practice, it's 
possible to boost the chances of a coin 
landing the same way it started from 
50 per cent to 68 per cent. To protect 
yourself against trickery, insist on 
calling out the outcome while the 
coin is in flight - and on catching 
the coin before it hits the 
ground. RM I 

YOUR QUESTIONS ANSWERED 
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Why do dead bodies float? 
For the same reason that live bodies do: they're full of gas. 
The adult human body is about 60 per cent water and the 
density of the other 40 per cent is only a little greater than 
water. Overall this brings the total density to 1.01g/cm3. 
This means that if you weigh 70kg, you have a volume of 
69.3 litres. In order to make yourself neutrally buoyant, you 
would therefore only need to increase your volume by 0.7 
litres - about the same as two cans of cola. 

When you're swimming, your lungs contain at least that 
much air at all times and so you float. If you drown, your 
lungs fill with water and you sink. But after three days or 
so, the bacteria in your intestines will have produced that 
two cola cans' worth of methane and carbon dioxide and 
you'll float back to the surface. In very cold water, the 
bacterial action is slowed down and fish and crabs might 
eat you first. L.V 

Will telephone line^ ^ 
strung between poles 
soon become redundant? 
Twisted-pair copper phone lines are indeed gradually giving 
way to fibre-optic cable. Much of this is laid underground, 
but on long hops through areas where it is less 
economical to dig into the ground, cables are 
strung between poles. Wooden telegraph 
poles are still used but, increasingly,k 
utility towers are manufactured 
from tubular steel. GM 

Could we harness 
Earth's magnetic 
field for energy? 
At school, we learned about the 
dynamo effect, where moving a magnet within an arrangement of copper coils 
generates an electrical current. The Earth's magnetic field shifts over time and this 
movement, in principle, can also induce a current in a sufficiently large loop of wire. 
But in practice, these shifts in magnetic field are too small for energy harvesting. A 
superconducting loop cooled to near absolute zero (-273°C) would help but the system 
would consume more energy than it produces. GM 
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The oldest known ° 
rocks are found on ^ | j 
the eastern shore of <o , 
Hudson Bay, in 
Canada, and were 
formed 4.28 billion years ago. 
Scientists have speculated 
that the rocks could be 
remnants of Earth's 
primordial crust, which 
formed on the planet's 
surface as it cooled soon 
after forming. 
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How do metal 
detectors work? 
If you mean the sort of metal detectors you 
see people combing the beach with, then 

» it's inductive technology. The circular 'foot' 
at the base of the detector contains two 
concentric magnetic coils. The outside one is 
the transmitter coil and it produces a magnetic 

1 • field that changes direction thousands of 
times per second. The field pulses in and 
out of the ground and when it encounters 

something metallic, the object produces a 
mirroring magnetic field that bounces back. 
The receiver coil is in the inner loop of the 

detector and this picks up the magnetic pulses from 
the object, generating a small audible signal, which 
the user hears in their headphones. GM 

How do manufacturers 
calculate use-by dates on 
their products? 

Use-by dates only apply to perishable 
iv products such as dairy foods, 

fttis Wi '« vegetables and beer. To determine 
the dates, samples of the food are 
monitored in a microbiology lab, in 
similar packaging and environmental 
conditions to those of the retail outlet 

and the home. Food scientists then test the samples 
for traces of known pathogens. The use-by date is 
calculated according to the point where levels of the 
microbes start to exceed safe limits. GM 

Why do we have leap years? 
We normally think of a year as consisting of 365 days, 
but in fact the Earth completes slightly more than 
365 rotations in the time it takes to complete a single 
orbit of the Sun: 365.256 to be exact. To mop up this 
difference, which amounts to just over a quarter of 
a day per year, an extra day is added to the calendar 
every four years. RM 

ASK THE EXPERTS? 
< 
x Email your queries to bbcknowledge@wwm.co.in We're sorry, 
P but we cannot answer questions individually. 

Does light weigh anything? 
Light is a form of electromagnetic (EM) radiation, and 
theory shows that the mass of photons of light is 
related to the range of this radiation. If, as most 
scientists believe, EM radiation has an infinite 
range, then photons must be massless. That 
said, light possesses energy and so, by 
Einstein's famous equation E = mc2, it can still 
behave as if it has mass-like properties. RM 

How are lottery balls picked with 
equal probability? 

The only way to ensure this is by trying to eliminate any factors that might 
favour some numbers over others. That means making the balls as similar 
as possible, putting them into a randomiser and carrying out regular 
statistical tests. While it's impossible to absolutely guarantee randomness, 
after 17 years no evidence has emerged that the lottery machines pick the 
winning balls anything other than completely fairly. RM 

Where is the 'above sea level' 
measurement taken from? 
Sea level varies continuously, so the idea of mean sea level depends a 
lot on where you measure it and when. In the UK, Ordnance Survey maps 
use a reference height called Ordnance Datum that was the mean sea 
level measured at Newlyn in Cornwall between 1915 and 1921. To avoid 
inconsistencies around the world, GPS systems use a mathematically-
calculated reference datum, based on an idealised ellipsoid as an 
approximation of Earth's shape. Your height above 'sea level' is given 
relative to this reference surface. LV 
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HOW IT WORKS 
How can a car drive itself? 
Google's self-driving car (a modified Toyota 
Prius) has several sensors to work out where 
it is and the position of obstacles on the road. 

On top is a spinning LIDAR (Light 
Detection And Ranging) laser scanner. The 
LIDAR fires 64 invisible beams and measures 
the time it takes for them to bounce back off 
surrounding objects, allowing it to gauge the 
distance to them. The LIDAR detects objects 
up to about 60m from the car. Traffic at 
greater distances is spotted by radar sensors 

on the front, back and sides. Meanwhile, a 
camera mounted on the rear-view mirror 
captures high-resolution video and a GPS 
system locates the car's position. 

Data from all the sensors is converted into 
a 3D view of the car's surroundings. This is 
compared to detailed map data previously 
captured by a car that has driven the same 
route. This enables the driverless car to 
recognise static traffic lights and 
road markings. 

So far, the car has driven more than 
220,000km (136,700 miles) of Californian 
roads and coped with tollbooths, joggers and 
highways. By driving closer together, the 
self-piloting cars could create space and 
reduce jams on roads, as well as reducing the 
risk of accidents. 

Developed for Google by Sebastian Thrun, 
director of Stanford University's Artificial 
Intelligence Lab, the technology was recently 
declared legal in the US state of Nevada. 

LIDAR rotating sensor 
This sensor scans the area 
at distances of up to 65m 
around the car while it's driving, 
building up a 3D picture of 
its surroundings. 

HOUSING 

LASER 
EMITTERS 

MOTOR 
HOUSING 

Position estimator 
A motion sensor fitted above 
the left rear wheel monitors 
small movements made by 
the car, helping the computer 
locate its precise position on 
a map. 

MOUNTING 
BASE 

Video camera 
Mounted in the top of the front 
windscreen, the video camera 
helps the car to recognise 
hazards like pedestrians and 
cyclists, and detect stationary 
objects like traffic lights. 

Radar sensors 
Three radar sensors at the front and one at 
the back determine the distance to other 
traffic and obstacles on the road at greater 
distances than the LIDAR. 
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What's the evidence linking sugar to cancer risk? 
There's long been anecdotal evidence linking 
higher sugar consumption with an increased 
risk of cancer. Doctors working in Africa 
during the 20th century noted how increasing 
consumption of refined carbohydrates and 
sugar by the indigenous populations led 
to increased risk of what they termed the 
'diseases of civilisation', such as diabetes, 
heart disease and some forms of cancer. More 
scientific evidence has emerged from studies 

involving comparisons of the blood glucose 
levels of huge numbers of people and their 
cancer risk. f 

In 2005, a study of 1.3 million Korean people 
pointed to a link between sugar consumption 
and cancer risk, as did a European study 
published in 2010. However, the evidence is 
still far from compelling, as the increased risk 
figures are small and possibly attributable to 
other lifestyle factors. RM 
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Why do we have so many teeth? 
Adult humans have 32 teeth, which isn't all that many - the Virginia 
opossum has 50 teeth and some dolphins have more than 250. 
The problem is that our jaws are too small for the teeth we have. 
A 2011 study at the University of Kent has suggested that this may 
be because we aren't hunter-gatherers any more. Agriculture and 
cooking have given us much softer food to eat and our jawbone has 
evolved to a shorter, wider shape more suited to that diet. Until we 
also evolve smaller teeth or fewer of them, we'll have to rely on the 
orthodontist to sort out the overcrowding. LV 

How is a memory formed? 
There is really no such thing as 'a memory'. Memory is a 
process, or set of inter-related processes, in which the brain 
changes in response to events. These changes then result 
in us being able to repeat a name or phone number (short-
term memory), recall a specific event (episodic memory), 
recite a poem we learned at school (long-term verbal 
memory) or exercise a learned skill such as riding a bike or 
skateboarding (procedural memory). 

Among the important mechanisms that underlie memory 
are changes to the strength of synapses (the gaps between 
nerve cells that signals have to cross), the growth of the 
tiny dendritic spines that grow out of the cells' branching 
dendrites, and many chemical changes that strengthen 
some networks of neurons at the expense of others. These 
changes occur all over the brain but some areas, such as 
the tiny hippocampus in the temporal lobe of the brain, are 
especially important. Damage here can mean a permanent 
loss of any ability to lay down new memories. SB 

Why does your tummy rumble when 
you're hungry? 

The technical term is 'borborygmus' and it's the sound of your stomach and 
intestines contracting. This occurs continuously, as part of the normal 

^ digestive process: your stomach squeezes to mix your food with the gastric 
^ ^ juices; your intestines contract to move food along on its journey. When 

your stomach is empty, the borborygmus is louder because you're 
^ f t squeezing air back and forth and the empty space resonates. 
B But there's also a wave of contractions called the 'migrating 

myoelectric complex', which runs from the stomach to the small 
intestine, between an hour and 90 minutes after eating. This is designed 
to help sweep out any leftover indigestible bones, seeds and toenails 

[J!, and also to keep the intestinal bacteria down in the lower intestine, 
H P where they belong. LV , 
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L V/ S 
Why do people get 
dyslexia? 
People don't exactly get' dyslexia because it's not 
an infectious disease or a result of brain damage 
(loss of reading or writing ability after brain damage 
is called alexia). Rather, it's a deficit in reading, 
writing and other abilities that usually shows up 
when children struggle to master these skills 
at school. 

Many children find reading hard because of low 
intelligence, but dyslexia is diagnosed when reading 
ability is poor compared with general intelligence. 
Between five and 17 per cent of the population are 
affected, although diagnosis can be controversial. 

There's a genetic component to dyslexia, but 
many competing theories about what the genes 
do. Some point to deficits in the cerebellum, which 
controls fine movements; others to problems in the 
visual system, in attention systems or elsewhere in 
the brain. 

We should remember that human brains did not 
evolve in a world full of numbers, letters and books. 
So perhaps it is not surprising that not all of us are 
well suited to acquiring these modern skills. SB 

the average 
human will expel 32,952 
litres of intestinal gas 
That's enough to foul the 
air in their immediate 
vicinity for more than 
eight and a half days 
non-stop. 

What causes food poisoning" Can honey really fight infections? 
It's caused by the Campylobacter 
bacterium, particularly Campylobacter 
jejuni. Each year 300,000 people in 
England and Wales get food poisoning 
from this bug. The most common 
way to become infected is by eating 
contaminated chicken. Poultry have a 
much higher tolerance to the bacterium 
than we do and it's very common for 
raw chicken to have the bacterium in it. 

If this meat isn't cooked properly, 
or if raw meat is allowed to cross-
contaminate cooked food, you can 
end up swallowing live bacteria. The 
bacteria are destroyed by stomach 
acid but some will always slip through. 
Eating just 1000 bacteria is normally 
enough for some to reach the intestine 
and multiply. It takes one or two days 
for symptoms to appear and then you're 
in for 2-10 days of fever, diarrhoea and 
abdominal cramps. LV 

Yes. Honey has been used to treat wounds for thousands of years 
and is still used today. The best known antibacterial and antifungal 
honey is manuka honey, made by bees feeding on manuka, the 
tea tree bush Leptospermum scoparium, which grows in New 
Zealand and Australia. It has been reported to 
inhibit more than 
80 species of 
bacterium, and 
recent research is 
investigating how it works. 

Bacteria that live on your skin, such as Streptococcus 
pyogenes, are normally harmless but sometimes 
prevent wounds from healing by clumping together to 
build a 'biofilm'. This film then prevents drugs such as 
antibiotics from entering the wound. Recent research 
shows that manuka honey prevents these bacteria 
from sticking to the wound tissue and can even destroy 
the biofilms once they have formed. No instances 
of honey-resistant bacteria have been reported and 
applying antibacterial agents directly to the skin to clear 
bacteria from wounds is far preferable to using systemic 
antibiotics. So honey may be a very useful treatment. SB 
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How does your heart keep beating? 
A human heart beats about once a second for, on average, 70 or 80 years. 
Try clenching your fist as frequently and your finger muscles will be 
exhausted after a couple of minutes. But the cardiac muscle of your heart 
has a different structure, with a lot more haemoglobin in it to carry oxygen, 
and extra mitochondria to generate energy. Cardiac muscle cells aren't 
separate - the same cell membrane joins all of them together into a structure 
called a syncytium. This allows nerve impulses to propagate quickly across 
the heart. The timing is controlled by the pacemaker cells, which contract 
spontaneously, without direct interference from the brain. LV 

What determines your 
fingerprint pattern? 
The general type of fingerprint you have - such 
as the mixture of whorls, arches and loops - is 
genetically determined, but your specific pattern 
is not. This is moulded in the uterus from about 
three months' gestation - so even twins don't have 
identical fingerprints. Wounds and scratches can 
obliterate part of a fingerprint, but it will still grow 
back to the same individual pattern. SB 

brain transplant 
ever work? 
Brain (or 'whole body') transplants 
were attempted as long ago as 1908 
when Dr Charles Guthrie grafted the 
head of a dog onto another dog. The 
resulting two-headed animal was 
brain-damaged but alive. By 1963, 
surgical techniques had advanced and 
surgeon Robert White transplanted a 
monkey's head onto another monkey's 
decapitated body. Unfortunately there 
is currently no way for the spinal cord 
of the donor body to be connected to 
the host brain, so the patient is left 
quadriplegic and breathing via a 
ventilator. The technology and 
know-how to get spinal cord and brain 
reconnected and working properly is 
still many years down the line. LV 

s I P 

Why do we 'dance' when we need 
to pee? 
A full bladder is uncomfortable and creates a sense of urgency in our 
mind. The conflict between the desire to take action to relieve the 
stress and the fact that circumstances don't currently permit us to, gets 
translated into various rhythmic displacement behaviours. These include 
humming to ourselves, clenching and unclenching muscles or hopping 
from foot to foot, despite the fact that remaining still and calm actually 
allows you to last for longer. LV 

Would it be 
possible to live 
healthily on only a 
few types of food? 
Yes, but it gets harder the fewer foods 
you allow. To stay healthy you need 
carbohydrates, fats and proteins -
and not just any proteins, but a mix 
containing all 22 amino acids from 
which your own proteins are built. You 
need trace elements, vitamins and 
minerals as well. Avocados reputedly 
include all these, but not in the right 
proportions, so you'd need to choose 
additional foods carefully. SB 
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Why do spinal I % 
nerves cross 
at the medulla | 
oblongata? \ 
This has long been a mystery. Most 
(about 80 per cent) of the nerves between 
the spine and the brain cross sides, so 
the right brain controls the left hand and 
foot, the right brain takes information 
from the left visual field, and so on. But 
why? Such a complicated system seems 
evolutionarily pointless. However, recent 
analysis of complex 3D networks suggest 
that crossed-over arrangements may be 
more robust against wiring errors. SB 

Earwax is a mixture of shed skin cells, long-chain 
fatty acids and other oily compounds that are 
secreted from specialised sweat glands. The slow, 

L continuous production of earwax, along with the 
L motion of your jaw creates a sort of conveyor belt 
A that helps to remove dust, dirt and dead bugs. 

It's also no coincidence that your fingers 
are the right size to poke in your ears. Earwax 

^ ^ is like Blu-Tack, and when you dig out a 
Tfc satisfying lump with your finger, you're also 
^ ^ removing lots of other debris as well. (Be 

very careful with anything smaller than 
your finger though; you can easily push 

too far and inflame your eardrum). On 
top of everything else, earwax is slightly 

H , acidic, which inhibits the growth of 
| life some fungi and bacteria. LV 

Do allergies, such as hay 
feverf follow cycles? 
Humans are very good at spotting patterns in random 
sequences. The seventh wave is always the biggest; Friday 
the 13th is always unlucky; sudden lulls in the conversation 
always occur on the hour or at 20 minutes past or 20 
minutes to. 

These patterns seem to appear partly because we 
generally have fairly loose criteria for what constitutes a 
special pattern and partly because we are very good at 
excusing or forgetting situations where the pattern is 
broken. It's said that hay fever follows a seven-year cycle, 
but seven years is a long period in a human life. If you're 35 
now, you only have five data points on your graph, which 
isn't enough to draw meaningful conclusions. 

Hay fever will be better or worse from year to year 
according to the climate, where you live, how much time 
you spend outside and lots of other variables. All of these, 
scrambled up with all the things that affect all the other 
allergies, form a random sequence and any pattern you 
think you see is mainly wishful thinking. LV How long could you live 

submerged up to your chin 
in water? 

J I T A U 

difficult. The Chinese Governmer 
has been accused of immersing 
political prisoners up to the neck 
as a form of torture and victims 
are reportedly unable to stand 
or use any of their major 
muscles for several weeks 
after immersion of just a few 
days. Since this water is most J 
certainly far from sterile, it's % 
hard to say how much of 
the effect is due to the water 
and how much is due to the 
contaminants. LV 

Assuming the water is warm enough that you don't simply die of 
hypothermia, the next problem would be your skin. For reasons 
that still aren't well understood, human skin starts to break down 
after continuous immersion in water of a few days. You'd suffer 
open sores and be liable to fungal and bacterial infections 
just from the spores on your skin, even if the water itself was 
perfectly sterile. 

The pressure of the water also reduces the circulation to your 
extremities and makes breathing more 

Why do spinal 
nerves cross 
at the medulla 
oblongata? 
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Is sea salt better for 
you than regular salt? 
No. The trace minerals are present in negligible 
concentrations and are often removed during the 
refinement of sea salt anyway. No peer-reviewed 
studies that I'm aware of have shown any health 
benefit of sea salt over pure sodium chloride and 
more than 6g of either is bad for you. LV 

How does paracetamol 
get rid of headaches? Is it true that a son will always 

grow to be taller than his mother? The exact mechanism is still not well 
understood, but it seems that paracetamol does 
at least two different things. One is to inhibit the 
action of the cyclo-oxygenase family of enzymes, 
which are involved with the body's inflammatory 
response. Inflammation can be a useful part of the 
healing process but in an ordinary headache, it's 
just a source of pain. 

Paracetamol also affects a series of biochemical 
pathways called the endogenous cannabinoid 
system. This is involved with controlling appetite 
and our sensitivity to pain. Paracetamol blocks the 
re-uptake of a key neurotransmitter and thereby 
lowers our sensitivity to pain. LV 

Healthy nose mucus is | 
clear, but when you have a 
cold, white blood cells called 
neutrophils are sent to fight the 
infection. One of the bug-killing 
enzymes they produce is called 
myeloperoxidase, which has a 
heme (iron-containing) pigment 
that causes the green colour in 
secretions such as pus and 
nasal mucus. LV 

When does a 
baby's heart 
start beating? 
A heartbeat is detectable in the 
middle of the fourth week, or roughly 
day 24 of pregnancy. The heart is 
the first organ to start functioning in a 
human embryo and indeed in all vertebrate 
embryos. It's presumed that the heart can then 
begin pumping nutrients and oxygen to all the other 
developing cells that are turning into skin, bones, liver and brains, and 
remove waste and carbon dioxide. 

Actually it's a little odd to refer to this embryonic structure as the baby's 
'heart' because, at this stage, it's no more than a few blood vessels that 
contract to push the blood along. These are then remodelled, joined 
together, and finally divided into two pumps with four chambers so the baby 
really does have a heart by the time it's born. SB 

Height in humans is about 70 per cent genetic and 
30 per cent environmental, but there are many 
different genes that all contribute to your final 
height. Women generally stop growing any taller 

around the age of 15, whereas men keep going for 
another three years. For this reason men tend to 

be taller than women, for a given set of height 

genes. In a sense, you could say that the 
Y chromosome is itself one of those 

height genes. 
If a mother and father are the same 

height, their daughters will be roughly 
the same height, but their sons will be 
taller. This is because in order for the 
mother to be the same height as her 
husband, she must have more of the 
other 'tall genes' than him, and these 
get passed onto her sons. And often 

women marry someone slightly 
taller, which makes her sons taller 

still. For them to be shorter, 
she needs to marrv someone 

much shorter than her, or 
there need to be significant 

environmental influences at 
work which serve to offset 
the genetic contribution. LV 



YOUR QUESTIONS ANSWERED 

bbcknowledge@wwm.co.in 

At what depth of water would the pressure 
kill you? 

• 

Every 10m you descend, the pressure mixture of gases to breathe at that pressure 
increases by 1 Atmosphere. At just 3m, your that limits the depth, rather than any direct 
diaphragm isn't strong enough to inflate your crushing effect/Eventually the pressure 
lungs against the pressure. To counter this, would cause the enzymes in your body to 
scuba gear supplies air at the same pressure change their molecular shape, which would 
as the water around you. This works down to halt all metabolic processes. The deepest 
about 60m but beyond that the high-pressure recorded dive in a non-rigid diving suit is 
oxygen becomes toxic. To go deeper, you 330m but sperm whales can dive as deep 
need to reduce the oxygen concentration by as 3km. Luncheon meat is sterilised during 
replacing some of it with helium, which is canning by pressurising it to the equivalent of 
inert so it doesn't react with anything in the 60km depth, so a lethal pressure is probably 
body and cause toxicity. between 3km and 60km. The deepest part of 

It's the problems of maintaining a safe the ocean is 11 km. LV 

Why do we get more 
colds in the winter? 

Does evolution always lead to bigger brains? 
No. Big brains are expensive, both to build 
during foetal development and to keep supplied 
with energy in adults. For example, when we 
are sitting at rest, our brain - which is only two 
per cent of our body's weight - uses about 20 
per cent of our body's energy. This means that 
evolution will tend to produce big brains only 
when the benefits outweigh the costs. 

There have been endless arguments about 
why humans developed such exceptionally 
big brains. My own theory is that once our 
ancestors began to imitate, they let loose a 
new evolutionary process based on memes 
and this drove their brains to become bigger 
and better at spreading even more memes. 

But most theorists believe they developed to 
provide better tool use, language or other kinds 
of intelligence. 

What is known is that among primates, 
including monkeys, apes and lemurs, 
brains have sometimes increased in size 
and sometimes decreased. For example, 
brains grew smaller during the evolution of 

.marmosets, mouse lemurs and mangabeys. 
What's more, brain and body size do not always 
evolve in the same direction. Gorillas grew 
greatly in body size without their brains growing 
correspondingly larger, while gibbons and 
colobus monkeys grew larger brains while their 
bodies grew smaller. SB 

It's a matter of greater exposure to germs. 
In winter we spend more time indoors with 
other people. Coughs and sneezes spray 

. switches for hours or days 
H afterwards. In the summer, 

ultraviolet in the sunlight 
kills germs, open windows 

circulate the air and we spend 
our lunch hour in the park. LV 

germs into still, indoor air, which then 
^ ^ ^ linger on door handles and light 

How many chemicals are there 
in the body? 
Your body is constantly making, altering, and 
destroying chemical compounds, but they're so 
varied and complex that it's impossible to detect * 
and count them all. Water is the most common, but 
the count will be dominated by long sugar molecules, 
proteins, RNA, and DNA. At a minimum, there are T L 
probably at least as many different chemicals as there are V 
nucleated human cells in the body (about five trillion, not ' 
counting the tens of trillions of bacteria in the gut). I say that 
mainly because mutation means DNA molecules in one cell are 
likely to differ from those in others. YW 
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Does drinking tea and 
coffee dehydrate you? 

How might the human 
body evolve in the future? 

Evolution operates over timescales of millions 
of years. Our ability to alter birth rates and 
survival chances, through technology and 
medicine, is so powerful that it swamps the 
gentle tug of natural selection. Genetic 
engineering, cosmetic surgery and prosthetic 
implants will eventually reach the point where 
the shape of our bodies is as much a 
matter of fashion as the clothes we wear. 
And just like hemlines, there's no final ^ 
goal with this process, or even a single . J ® 
ideal. Humans will sculpt themselves 
according to changing ideas of 
aesthetic beauty. Thin and tanned may 
give way to pale and plump, then short 
and hairy, then back to thin. Much of 
this won't be heritable change any more tf 
than making our children wear braces t a t 
to straighten their teeth affects the 
genes they pass on to their children. LV 

Are yellow teeth stronger? 
The strongest teeth are natural, healthy ones and these teeth are not 
white. At least, not white like the colour of paper, or even the colour of 
piano keys. They are a couple of shades darker than that. The enamel 
itself is a blueish white colour, but it is also somewhat translucent so the 
yellow of the dentine beneath it shows through to make the overall colour 
of the teeth either light grey or light yellow. 

If your teeth are darker than that, it may be due to heavy smoking or 
possibly certain rare metabolic disorders. This can be corrected by a 
combination of bleaching and polishing off the top layer of enamel, but 
both of these will permanently weaken the teeth. LV 

Health professionals have long warned us that 
the caffeine in tea and coffee acts as a potent 
diuretic, dehydrating you by making you urinate 
more. This message endures despite a number 
of studies showing that, in moderate amounts, 
caffeine only acts as a mild diuretic, about the 
same as water. 

One such study reported in the European 
Journal Of Applied Physiology in 2004 studied 
the effect of tea on hydration in 21 volunteers 
based at Everest Base Camp. Hydration is a 
problem at altitude as more water is lost 
via the lungs because of low air ^ ^ ^ ^ ^ 
pressure and temperatures. 

The subjects drank four ^ r > 
mugs of tea over a 12-hour A m m * p H * ^ ^ 
period, and then drank a M J 
similar amount of plain, L * - I f M ^ 
warm water over the I 
same period on a — 
separate day. The results I 
showed that the tea 1 
made no difference to % k J H 
levels of urination or V 
hydration - the only \ 
noticeable difference was ^ ^ 
that it reduced fatigue. v 

There have been larger studies; 
for example, one published in 2003 
that found coffee consumption in 27,936 
Norwegian women didn't lead to increased 
urination. And there was a cross-study review, 
published in The International Journal Of Sport 
Nutrition And Exercise Metabolism in 2002. It 
reviewed 10 previous studies that had 
compared the diuretic effects of caffeine with 
water or a placebo. These 10 studies showed 
that up to 84 per cent of a caffeinated drink 
remained in the body after consumption, 
compared to up to 81 per cent for water. 

Clearly, tea and coffee aren't the diuretic 
demons you might think. Science has shown 
that, in moderation, they're every bit as 
hydrating as water. 

ASK THE EXPERTS? 
Email your queries to bbcknowledge@wwm.co.in We're 
sorry, but we cannot answer questions individually. 
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How do emails reach your inbox? 
The part of your email address after the @ sign is your mail domain -
essentially the group of computers you're part of. The sender's email 
server sends a message to the Domain Name Service (DNS) on the internet 
to find out which server at that domain is handling emails. The message 
itself is then sent to this server, where it is stored for you. When you click 
'Get Mail', your email programme looks for messages held on the server 
that are addressed to you and downloads them. In many cases these days, 
you're email system will automatically check that mail server for new 
emails every now and then, so you don't have to click on anything. 
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How do catalysts work? How do barcodes work? 
A catalyst is a substance that speeds up 
the rate of reaction between two other 
substances but which isn't consumed 
by the reaction itself. Biological 
enzymes are catalysts. All the chemical 
processes of your metabolism would 
still happen without enzymes, but at 
room temperature the reactions would 
be so slow as to be useless. 

Most catalysts work by providing 
temporary binding sites for the 
reagents, like zeolite, the powder on the 
mesh pictured here. This allows the two 
molecules to be brought closer together 
and held there for longer than they 
would through the random collisions of 
molecules in solution. Sometimes the 
binding also weakens crucial bonds. For 
example, the industrial Haber process 
uses iron particles to catalyse the 
reaction between hydrogen and nitrogen 
to make ammonia. The iron weakens the 
strong triple bond in the nitrogen gas so 
that it can rebind to the hydrogen. LV 

Barcodes consist of a 12-digit code written in a 
language of black bars and white spaces and repeated 
in numerals underneath. The first two digits denote 
the country that issued the code, while the next four 
identify the manufacturer. The final six digits are 
the product code - different, of course, for every 
single product. 

The width and spacing of each black and white bar 
translate to different numerals. The sequence begins 
with a 'start code' of bar/space/bar/space, telling the 
scanner where to begin. Then each number of the code 
is laid out, with every digit between 0 and 9 having its 
own arrangement of evenly spaced white and black 
stripes. At the halfway point, another code like the start 
code tells the scanner that the next digits are inverted 
- white spaces become black bars, and vice versa. 
This makes sure that the code is being read in the right 
sequence, and not upside down or reversed. 

How does a spider produce silk? How does a submarine 
stay submerged? Spiders' abdomens contain spirals are proportional to 

glandular tubes called the distance from the tip of 
spinnerets from which the spider's back legs to its 
they produce liquid silk spinners - this effectively 
that hardens on contact means that the spider 
with air. The silk is thin or uses its own body as a 
thick, smooth or rough, spacing device, 
depending on where it's Dave Clarke, London 
needed. Sometimes it's Zoo's spider expert, 
sticky for capturing prey; explained that spiders 
sometimes it's dry for the build elaborate webs 
spider to walk on during purely from instinct. The 
web construction. The web looks complicated, 
spider pulls out the silk but the spider doesn't 
with its back legs and work from a blueprint in 
starts to shape it after its head - rather its genes 
the first thread has been control how each leg 
anchored to an object. moves as it manipulates 
The spaces between the silky threads. 

A submarine has large tanks that fill with either air or 
water to alter the vessel's displacement and allow it 
to rise or fall. There are three sets of valves on these 
tanks: one underneath to let water in and out, one 
on the top to let air out and a third that leads to a 
compressed-air chamber in the structure 
of the submarine. 

When the craft is on the surface, the tanks will be 
full of air. By opening the top vents and bottom vents at 
the same time, air is forced out and replaced by water. 
The vessel, weighing and displacing more, sinks. When 
the captain wants to stabilise, he closes the valves -
the proportion of air and water in the ballast tanks will 
dictate the depth at which they stop. To rise, the bottom 
valves are opened and compressed air fed in from the 
internal tanks, making the vehicle float to the surface. 



How does the Space Shuttle dock 
with the International Space Station? 

the Shuttle moves at just 0.03m/s. The Shuttle begins by matching 
orbits with the Space Station, The docking module has a ring 
using the Orbital Manoeuvring that extends on telescopic struts 

ahead of the docking port itself. System (OMS) rocket engines. At 
This makes contact with the distances of a few kilometres, the 

astronauts use radar to determine Space Station about 1.5m before 
the main body of the Shuttle the position and speed of the 

Space Station. As the relative connects. The docking ring is 
latched in place and the Shuttle speed of the two drops, the 
is placed in 'free drift mode' for Shuttle switches to the Reaction 

Control System (RCS) thrusters a few minutes to allow subtle 
for fine control, with laser relative motions between the two 
targeting (LIDAR) measuring craft to damp down. Then the 

struts are retracted to close the the approach. 
At 50m, the Shuttle stops and gap between them and achieve a 

waits for clearance from Mission hard dock 
The last scheduled flight of Control in Houston, Texas. It 

the Shuttle later this year will then creeps forward at 0.05m/s 
(0.11mph), stopping again with 9m test a new docking system that 
to go. The astronauts use external uses much higher-resolution 3D 

cameras and a long-range LIDAR cameras and the RCS to line up a 
(Light Detection And Ranging) large black cross that is painted 

just off centre to the docking for future space missions such 
as Orion. module. For the final approach 
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How does a Botox 
injection change your 
appearance? 
Botox is derived from botulinum toxin 
- the same substance that causes 
botulism. Death from botulism poisoning 
occurs because the toxin paralyses the 
patient's respiratory muscles, stopping 
them from breathing. Botox uses just 
a small diluted amount that is injected 
into specific, small facial muscles, but 
the impact is similar. The nerve endings, 
which normally release a chemical 
neurotransmitter called acetylcholine 
triggering muscle contraction, get 
blocked by a neurotoxin produced by 
Botox. In other words, Botox prevents 
the muscle from receiving its normal 
signal to move and hence the face from 
wrinkling. The effect lasts from four to 
six months. 

KNOW SPOT 

The country 
that makes | •==• £ 
the most V | i < ° * 
cars is China, 
which in 2010 
produced 18.3 million 
vehicles out of a total 77.6 
million built worldwide. 
Chinese car sales also 
overtook those of the US 
for the first time in 2009. 
Japan was in second place 
with 9.6 million cars, while 
third-place USA built 
7.8 million. 

ASK THE EXPERTS? 
Email your queries to 
bbcknowledge@wwm. 
co.in We're sorry, but we 
cannot answer questions 
individually. 
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How do F1 pit stops workP 
The Formula 1 pit stop is a highly choreographed procedure, 
the speed of which can make a serious difference to the race's 
outcome. Although mid-race refuelling was outlawed at the 
start of the 2010 season, a pit stop remains a complicated 

operation; the removal of the fuel pipe simply means it's 
speedier than ever. Indeed, the whole process should now take 
in the region of a mind-scrambling three to four seconds. But it 
takes a lot of people to make it work, so who does what? 

The Lollipop Man 
Having stood out in the pit lane 

to direct the car into the correct 
pit, the lollipop man then sprints 

to the front of the car. He is 
the communication hub for 

the driver during a pit stop. His 
lollipop stick shows 'Brake' 
while the wheels are being 

replaced. Once the wheel nuts 
are tight and the jack men have 
let the car back down, he twists 

it to show 'Gear' and the driver 
revs the engine to 12,000rpm. 

Having checked that the pit lane 
is clear of traffic, the lollipop 

man then removes his stick and 
the car is off. 

Situated at the front and rear, 
the jack men raise the car a 
few centimetres so work can 
commence. Many teams now 
use jacks with quick-release 
mechanisms, saving vital micro-
seconds. The nose cone is the 
front jacking point, so if it needs 
replacing during a pitstop, the car 
has to be lifted manually at 
the front to replace it. 

The Cleaning Mechanics __ 
Many teams, including Red Bull, 
employ mechanics to clean the 
driver's visor and to check the 
radiator for debris: even the slightest 
remnant of plastic litter in the engine 
can cause the car to retire early. 

The Wheel Men 
Each F1 team has a dozen mechanics on wheel duties 
- three on each wheel. One mechanic is responsible for lifting 
the used wheel off, another puts the new one on. The third 
mechanic - the 'gunman' - operates the wrench on the end of 
an air gun. He applys the wrench onto the wheel nut before the 

car is totally stationary and disengages a locking device. He 
then pulls the trigger to undo the nut. While the used wheel is 
being removed, the gunman switches the direction of the gun 
to be ready - once the new wheel's in place - to tighten the nut 
back up to around 450lbs of torque. 
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Mars rovers use solar panels to keep 
recharging their batteries, so you've got 
to be careful they don't get caught in the 
shade - especially as winter approaches! 

360° vision I 
Strategically positioned, wide- ' 
angle video cameras give an 
all-round view, ensuring the rover 
won't accidentally bump into 
rocks or get stuck in dunes. 

Off-road, 
off-world driving 
Mars rovers are equipped with 
three pairs of chunky wheels for 
maximum traction and stability. 
Each is independently steerable and 
powered by its own electric motor. 

Dig deep 
To get beneath the harsh, 
radiation-bathed surface of Mars, 
rovers need a drill to gather 
handfuls of Martian dirt from 
underground for analysis. 

Robots are used for most space exploration 
because they're less fragile than humans. 
They also make for much smaller and 
lighter missions. Rovers launched to Mars 
are like miniature science laboratories on 
wheels. They're equipped with a suite of 
sophisticated instruments to learn about the 
rocks and atmosphere of the planet, as well 
as the possibility of Martian life. A rover also 
needs great off-road traction, its own power 
generators and keen vision. 
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How does the London Eye work? 
Often mistakenly called a Ferris 
wheel, the Eye is actually a 
'cantilevered observation wheel'. 
This means it's only supported 
on one side, while the 'pods' 
are self-contained and sit on 
the outside of the wheel. The 
structure is built on an A-frame 
58m high, leaning at an angle of 
65° towards the river. It's kept 
upright by steel cable backstays 
anchored to a concrete 
foundation buried 33m under the 
riverbank. Twin hydraulic motors, 
powered by electric pumps, 
provide the movement. These 

motors drive several rubber tyres 
that move the wheel around at 
0.6mph. 

Each pod actually moves 
independently. Located in 
circular mounting rings attached 
to the rim of the wheel, they 
remain upright as the wheel 
turns. Each pod has a stabilising 
unit underneath keeping it level -
even if its passengers run to one 
side all at once. Should anything 
go awry, the wheel's direction 
can be reversed and speeded up 
to return any pod to ground level 
within eight minutes. 

How does Hubble see 
objects 13 billion light 
years away? 

Hubble Space Telescope has a large, 2.4m 
diameter, mirror capturing lots of light. Its 
orbit 559km (347 miles) above Earth means it 
doesn't have to peer through light pollution 
and avoids atmospheric shimmer - the 
distortion of light as it passes through the 
atmosphere. To see deep into the Universe, 
the telescope is also aimed at bits of space 
where there are few bright objects, such as 
stars, that could interfere with its view. In 
2003/4, Hubble was able to capture an image 
of a galaxy that was 13.2 billion light-years 
away when the light left it. The t ime it took for 
this light to reach Hubble and the expansion 
of the Universe means that the object is now 
over 30 billion light-years away. 

How do igloos get warm inside? 
An igloo is made of packed snow, 
which contains air pockets. Snow is 
a poor heat conductor, enabling heat 
to stay inside the igloo. Likewise, air 
is lousy at conducting heat, allowing 
an insulating layer of air to form 
between the person and 
the igloo. 

Professor Wilson J Gonzalez-
Espada, from the Department 
of Earth and Space Sciences at 
Morehead State University, Kentucky, 
explains: "The human body radiates 
about 200 Watts of thermal energy 

- 200 joules (0.05 calories) - every 
second, twice as much as a 100-
Watt light bulb. The heat is radiated 
over the whole body area, about two 
square metres. In one hour, this is 
equivalent to burning 170 calories 
each hour. 

"Eventually, there's a heat transfer 
equilibrium between the outside 
temperature, the packed snow, the 
air inside the igloo and the person 
radiating the energy. The equilibrium 
temperature is about 15-17°C inside 
the igloo." 
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How does the stuff in my house 
Dimmer switch 
The original dimmer switches used a resistor to provide variable 
levels of light, the level of the electrical current being controlled 
by how far it had to pass through the resistor. Significant energy, 
that didn't contribute to the light output, heated the resistor, so 
a much more efficient process was conceived. This involves a 
semi-conductor device called a triac (a triode-alternating current 
switch) that 'chops up' the electrical current by switching it on and 
off extremely rapidly - around 120 times per second. The brighter 
the setting the switch has been set to, the shorter the gap between 
being turned off to being turned back on. The dimmer the setting, 
the longer the period before the light is switched on again. 

Wi-Fi 
A Wi-Fi connection works along very similar lines to good, old two-
way radio signals. A computer's wireless adapter converts data into a 
radio signal that it then transmits, via its antenna, to a wireless router. 
The router decodes the signal back into a series of 1s and Os that it 
then sends to the internet using a physical Ethernet cable. It's a two-
way process: the router can also convert a message from the internet 
into a radio signal before sending it on to the computer's wireless 
adapter. The shorter the distance that the radio signals have to travel 
between computer and router, the faster the connection. 

Fridge 
How your fridge keeps food fresh and bacteria-free is all to do with 
how a liquid can turn into a gas and back again, similar to how the 
liquid contents of an aerosol transform when sprayed. A fridge uses 
a liquid coolant that flows through a series of pipes before it reaches 
an expansion valve (essentially a pipe that gradually gets wider). As it 
fills this channel, it expands, causing it to cool and turn into a gas. It 
then flows through pipework behind the fridge, absorbing heat from 
the cabinet before passing into a compressor that condenses the gas 
and raises its temperature. This hot gas then passes through thinner 
pipes that allow it to disperse its heat to the outside of the fridge, 
allowing it to cool and return to liquid form. The process then starts 
again on its continuous loop. 

Microwave 
Inside every microwave is a magnetron, a tube that generates radio 
waves from the oven's power outlet. These waves, passing through 
another tube called a waveguide, then penetrate the food, making the 
food molecules vibrate. This movement gives the food heat. The faster 
these molecules vibrate, the hotter the grub becomes. 

SpjBpajjHftf 
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Satellite dish 
The curved dish receives the signal directly from the transmitting 
satellite and channels it into the feed horn (the element on the end of 
the antenna that contains a Low Noise Blockdown converter (LNB). 
The LNB converts the high-frequency electromagnetic waves into 
lower-frequency electrical signals, which are then fed into the satellite 
receiver via a coaxial cable. 

Whitening toothpaste 
There are two different types of whitening toothpaste. The most 
common contains tiny particles that act as abrasives during brushing 
- it whitens teeth by removing more food debris than regular 
toothpaste does. These are often called non-bleaching whiteners, 
referring to the other type of whitening toothpaste that works its 
magic by containing low levels of hydrogen peroxide. 

Power shower 
Standard electric showers need a reasonably high water pressure to 
work effectively. For areas with low water pressure, power showers 
will increase the water flow through built-in pumps. They don't heat 
the water - they simply pump both hot and cold water (at a ratio of 
roughly 2:1) from storage tanks to the shower nozzle. Because they 
draw this tank water quicker than the mains can replenish it, power 
showers require good-sized tanks as reservoirs. 

Remote control 
These laziness-inducing gadgets transmit codes to the receiving 
device by way of infrared LED pulses as Is and Os. It's not unlike 
Morse code; long flashes and short flashes represent different 
commands and are decoded by a processor so that the correct 
function can be performed. But how do universal remote controls 
work? This is all down to the fact that, in order for the receiver not to 
get confused by a signal from another LED, each remote control and 
receiver shares an identifier code. This code is then programmed into 
a universal remote that ascribes it its own button, allowing its generic 
LED signal to send commands to the receiver. 

3D TV 
TVs that require Active 3D glasses show separate images for each 
eye, rapidly alternating them. The specs have shutters that open and 
close in synchrony with what's being shown on the screen. Passive 
3D glasses also show separate images for each lens, but don't have 
shutters. So, because two images are being shown on screen at the 
same time (rather than being alternated), the screen resolution Is half 
that of Active 3D. A glasses-less, 3D-vlewing future might soon be 
with us. Toshiba is leading the field; its screens use lenticular lenses, 
the shape of which mean that a different image is shown depending 
on the angle the viewer is watching from. 
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- Did Homo sapiens and Neanderthals interbreed? 
Yes - and we probably wouldn't be here otherwise. The likely explanation is that when our ancestors 

*! Recent research on the genes involved in hominid began leaving Africa about 65,000 years ago, they 
immune systems has answered this previously had no immunity to the diseases they met, while 
contentious question. Human Leukocyte Antigen the indigenous populations that had been there 

{ (HLA) genes are fast-evolving components of the for several hundred thousand years did. So the 
V . immune system and their variants have now been unprotected newcomers died of disease. Mating 

tracked in modern humans, Neanderthals and with the locals was probably rare, and up to 98 per 
1 another newly discovered archaic species cent of hybrid offspring may have died - but even 
I '' called the Denisovans. This reveals that so, acquiring some Neanderthal genes would have 

Neanderthal and Denisovan genes represent more given survivors greater immunity, 
than half of the immune-system DNA in today's Some of these ancient gene variants now appear 

f k. European and Asian populations, with much less in African genomes as well, suggesting that later 
in African populations. groups returning to Africa took them with them. SB 
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How long would it take / ' 
to drive to the International 
Space Station [ISS)? 
The ISS orbits at an altitude of around 370km. If 
you could somehow drive a car straight up, at normal 
motorway speeds, this would only take three or four 
hours. If you built a ramp with a 10 per cent gradient 
(a very steep hill), you would need to drive about 
3500km to reach the same height, which at 100km/h 
would take 35 hours. Even then, the ISS has an 
orbital speed of over 14,000km/h, so you would 
never catch it. LV • . . • * » 

Why do we eat savoury before 
sweet at meals? 

Why do your pupils dilate 
when you look in a mirror? 
Pupils dilate for physiological reasons - because it's 
dark, for instance, or in response to pain - but also for 
psychological reasons, such as when you are sexually 
aroused, when you are experiencing heightened 
emotions or even just when you see something of " 
interest. For most of us, our own reflection is pretty 
interesting (otherwise, why bother with a mirror?), so 8 
our pupils dilate slightly. LV 

We have evolved a preference for sweet tastes for two reasons: sugar is a 
high-energy food source, and it is also quite rare in nature. Honey, fruit and 
the sap from certain plants are the only accessible forms of relatively pure 
sugar, and before they were cultivated by humans, most fruits were a lot 
less sweet than they are today. A sweet tooth is therefore an evolutionary 
advantage, because it encourages you to seek out these energy-giving 
calorific foodstuffs. 

In the Middle Ages, most people didn't eat meals in separate courses, 
and fruit and meat were mixed together in lots of dishes. But refined sugar 

was so expensive that it was reserved for 
the nobility. The main meal was eaten with 

the servants and after it had been cleared 
_ away, the lord and lady might 

retire to their private rooms 
for a second course of 

luxurious sweet dishes. The 
word 'dessert' comes from 

the Old French verb desservir, 
meaning 'to clear the table'. LV 

There's nothing spooky going on. Coincidences are actually 
all around us all the time; it's just a matter of looking for them. 
For example, if you're together with four other 
people and you ask which month they were 
born in (or what astrological sign they 
have), it's odds-on that at least two will 
coincide. That said, some 
coincidences do seem truly 
amazing - such as cases where 
someone is walking past a phone 
box when the phone rings, and 
on picking it up it turns out it's 
for them (as happened to Jason 
Pegler in Dover in 1992 when a 
colleague mistakenly dialled 
Jason's employee number, which 
happened to be the same number 
as that of the phone box). In those 
cases, we're forgetting that even rare 

events do happen, but they only seem 
amazing if we choose to ignore the zillions 
of times when, for example, people walk past a 
phone box and nothing amazing happens. R M 



How does a knife cut? 
Imagine squashing a block of butter with the palm of your hand. The 
butter has to move out of the way, so it is squeezed sideways as it 
gets flattened. Now use the edge of your hand, like a slow-motion 
karate chop. The edge has much less surface area, so the pressure is 
higher and it is easier to push your hand through. Also, because the 
edge is narrower, you don't need to push so much of the butter out of 
the way. Instead of flattening the whole block, you leave a narrow slot. 

The blade of a knife is like a very thin hand. It applies huge pressure 
at the edge to push the material apart. When you try to cut a tomato, 

a blunt knife crushes a wide band of plant cells underneath it 
but a sharp knife will cut through a single line of cells, separating 
the long-chain cellulose molecules in the cell wall. 

The sharpest knives are those with the thinnest edges. Obsidian (a 
form of glass) can be sharpened to an edge just three atoms across. 
Obsidian scalpels are sometimes used in surgery and have 
been found to produce less scarring, but a narrow edge is more 
delicate and the obsidian blades become blunt more quickly than 
surgical steel. LV 

How does granite form? 
Granite is made of magma that solidifies more readily than the magma 
around it. This occurs because in most mixtures of molten minerals, 
there's a specific proportion that has a higher melting point than the 
others. This is called a eutectic mixture. 

In the same way that fractional distillation changes the ratio of different 
mixed liquids, fractional crystallisation separates the lower melting point 
compounds and drives the magma towards its eutectic composition. 

When the magma cools below its specific melting point, it solidifies into 
a huge lump, called a pluton. This works its way up to the surface through 
geological weak points and can be exposed on the surface when the 
softer, sedimentary rock above it wears away. LV 

Why does the smell of burnt 
toast linger? 
Burning organic material produces chemicals called polycyclic 
aromatic hydrocarbons (PAHs). These compounds are all quite 
toxic and so we have developed a high sensitivity to them. 

PAHs are produced when any food is burned 
sufficiently, but toast tends to broadcast 

the smell best because it's a dry food 
without any fat to trap the smoke 

particles. Also, it's cooked in an open 
toaster or grill, rather than an oven 

or microwave. Smoke particles are 
small enough to quickly spread 

across the room and easily get 
trapped in curtain fabrics or 

bound to the paint on the 
walls. LV 

Why can some people 
sleep through anything? 
Because they sleep more deeply and 
have more of the bursts of brain activity 
known as sleep spindles. Everyone's sleep 
differs, even though we all pass through 
the same four stages of non-REM sleep 
and several periods of REM (Rapid Eye 
Movement) sleep every night. In the waking 
brain, a large area called the thalamus acts 
as a way-station for sounds, sights and 
other stimuli coming in, but during sleep 
it helps suppress them. Patterns called 
sleep spindles, that can be seen using an 
electro-encephalogram, reveal the start 
of non-REM sleep. Recent research has 
found that really deep sleepers - those 
who will 'sleep through anything' - have 
more sleep spindles than the rest of us. 
Whether you can increase your sleep 
spindles is still unknown. SB 



Plants 
cells only 
divide at the 
growing tips 
and they don't 
have a circulatory 
system that could 
allow cancerous 
cells to metastasize around the 
organism. Both things limit their 
vulnerability to cancer. But many 
plants will produce tumours in 
response to infection by certain 
bacteria. Rhizobium radiobacter, 
for example, causes crown gall 
disease in many fruit trees - the 
'galls' are tumours. LV 

Can you really transcend your 
body by meditating? 
No, because you're not separate from your body, and all ineditf tion if; 
grounded in the body. You can, however, learn extraordin? ry sk 'is, s i ch 

as sitting calmly with severe pain, facing terrible grief o! fear vith 
equanimity, and paying steady attention without being distracted 

by sounds, sights or thoughts. 
| \ Profound bodily changes can occur during met itaticn, 

1 including much slowed breathing and heart rate is the mine' 
I becomes still. Perhaps the most dramatic is the >ract ze of 

I J 'Tummo', during which very experienced medita4 ors can sit, 
• I f barely clothed, in snow or ice and raise their bocfy temperature 

i ' 4 S sufficiently to stay alive. This is not magic though, and my o w i 
f Zen teacher used to say that the Tummo practitione s h e new 

would eat a lot of meat in preparation! 
Out-of-body experiences may also occur. These feel like 

transcendence of the body but the brain mechanisms invr ved are we ! 
known. Perhaps most significant is transcendence of the lusio - of 
being a separate self. SB 

Why do your poos 
sometimes float? 
It's not the fat content. Fat is 
a valuable nutrient and the 
pancreatic lipase enzyme will break 
down almost all the fat in your 
intestine so it can be absorbed. 
Floating poo contains bubbles of 
trapped gas. This is produced by 
your gut bacteria and normally 
escapes as farts but sometimes 
small bubbles will remain behind 
and reduce the overall density of 
your poo. LV 

Can changes in atmospheric 
pressure affect our mood? 
If they do, it must be a very subtle effect. Several studies have 
looked at correlations between the weather and our mood, and 
atmospheric pressure appears to have the smallest influence. A 

2008 study of outpatients with rapid cycling bipolar disorder at 
the University of Virginia, found that their mood swings 

correlated quite well with changes in temperature, but 
much less so with changes in pressure. But mood is 
a very individual thing, and researchers found that no 
single equation could be used to describe the mood 
changes of all the subjects in the study. 

Even where correlations can be found, it is much 
harder to say whether they are a consequence of 
the temperature or pressure itself, or of the indirect 
effect this has on the weather. We are more likely to 
feel cheerful on bright, sunny days than dark, rainy 
ones, for example. LV 

The heaviest building s _ _ 
moved intact is the Fu %< llll 
Gang Building at West 0 Rl 

Bank Road Wuzhou, in the 
Guangxi Province of China. It 
was successfully relocated by the 
Guangzhou Luban Corporation on 10 
November 2004. The building weighs 
15,140.4 tonnes and is 34m tall. The 
building was moved 35.62m 
horizontally and it took 11 days to 
complete the relocation. 
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How do dry cleaners clean 
with no water? 
Calling it dry cleaning is a bit of a misnomer. Water isn't used 
but fluids are still part of the process. The washing machines 
in a dry cleaners use strong solvents instead of water and 
detergent. At the heart of the process is perchlorethylene 
(perc). The clothes rotate in a big drum while perc is fed in 
to chemically lift dirt from garments. The soiled perc solvent 
passes through filters that remove the dirt before being fed 
back into the spinning drum. Finally, any remaining perc is 
evaporated by blowing warm air through the drum. GM 

The world's largest dental caps measure 50cm long, 13cm in 
diameter and weigh 13kg each. They were fixed onto a pair of 
cracked tusks belonging to Spike, an Asian elephant at 
Canada's Calgary Zoo during a 3 hour 30 minute operation on 
4 July 2002. 

Why is the bell curve 
so ubiquitous? 
Known to statisticians as the Gaussian or Normal distribution, 
the bell curve is routinely used to describe everything from 
the outcome of dice rolls to the weights, heights and IQs 
of randomly selected groups of people. The reason it's so 
common is because many phenomena have typical or 'mean' 
values due to their underlying causes (such as genetics), 
plus random variation caused by a host of chance effects. 
Mathematicians have proved that if one collects lots of 
samples of the same phenomenon, each with their own 
means and scatter, the combined result will be the familiar 
bell-shaped spread of values. RM 

Could I reduce heating bills by 
painting the south-facing wall 
of my house black? 

You might do better to paint the wall white. This is because 
reflecting the Sun's heat back into space will contribute to 
cooling the surrounding atmosphere. One of the world's leading 
climate change experts is calling for roofs and pavements 
to be painted white, conserving energy and reflecting the 
Sun's heat back into space. Last year, Nobel Prize-winner and 
US Secretary of Energy Steven Chu addressed a scientific 
meeting at the Royal Society in London. He suggested that the 
cumulative effect of many white surfaces globally would save 
as much carbon as taking ail the world's cars off the road for 11 
years. So, if you're doing DIY this weekend, I'd suggest buying 
whitewash rather than black paint. GM 
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Flies and other insects don't pee at all. Since they're small, insects 
have a high surface-area-to-volume ratio and in order to survive in 
dry environments they've evolved several adaptations to conserve 
water. One of these is their excretory system. Instead of kidneys, 
insects use a network of pipes called Malpighian tubules. These 
remove the nitrogen waste left over from digesting protein and 
convert it to uric acid paste. This empties into the rectum, where it 
mixes with the indigestible part of the insect s diet. Any 
remaining water is reabsorbed by the rectum 
and what s left is a virtually dry pellet. 

Insects that drink nectar, however, take 
in more water than they need and they 
do expel the excess. Whether this 
counts as pee is debatable, since they 
only have one excretory opening 
technically, it s more like diarrhoea. 
But water is heavy, so butterflies and 
bees will normally squirt away the 
extra weight before take off. LV 

u l t i m a ^ t o o k o f a n s w ? ^ 

Where is the coldest part 
of the fridge, the bottom 
or top? 

The back. The biggest source of heat in a fridge is the 
warm air that rushes in every time you open the door. 
Cold air sinks, so it collects at the bottom and, in a 
fridge freezer, the bottom shelves will be coldest. But 
in a fridge with an ice-making compartment at the top, 
it will be the top. Frost-free fridges circulate the air and 
have much more even temperature distribution. LV 

Is there an absolute maximum ? 
Yes, there is. Called the Sakharov Temperature, it was first 
calculated by the eponymous Soviet physicist in the mid-1960s. 
The simplest way to estimate it is to work out the temperature of 
photons with the highest possible energy. Their wavelength is set 
by the Planck length of around 10 35 metres, a scale so tiny the very 
fabric of space starts to break down. Quantum theory then shows 
that a photon with such a wavelength has an energy of around 109 

joules, which corresponds to a temperature of around 1032oC. RM 

Can flies pee when they're flying" 

Do digital clocks get slower like 
analogue ones do? 
They don't get slower in the same way, exactly, but the 
timekeeping of digital clocks can certainly drift. My 
mobile's clock, for instance, loses a minute every few 
weeks unless I synchronise it with the phone network. 
But that's different from the way analogue clocks 
slow down. 

In the case of analogue clocks, their mechanisms 
gradually grind to a halt as the clockwork spring loses 
the energy stored from being wound up. Digital clocks, 
on the other hand, work by counting cycles of pulses 
generated by timing chips within their circuits. The 
frequency of those pulses can fluctuate, affecting the 
clock's accuracy. GM 
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Is there really such a state as 
"too cold to snow'? 

How are cranes assembled? 

As snow is made of ice crystals 
which will form at all temperatures 
below the freezing point of water, 
this sounds like one of those silly 
bits of weather folklore. But you 
don't just need low temperatures 
to get ice: pretty obviously, you 
also need water - and cold snaps 
over Britain are often the result 
of relatively moisture-free high-
pressure systems sitting over 
the country. So on those bright, 
clear but bitter winter days, it can 
indeed be too cold for snow. RM 

Tower cranes like the ones s» 
you see on large building i 
sites with horizontal jibs 
(arms) are erected section 
by section. The jib is 
assembled on top of the 
first element of the tower. 
An arrangement of jacks 
then raises the first section 
and another is inserted in 
its place. Gradually, piece 
by piece, the crane gets 
taller until it reaches the 
required height. GM 

Why do we close our 
eyes when we sneeze? 
Sneezing is a complicated reflex in which 
muscles in the throat, face and chest all work 
together to force air quickly out and so clear 
the nose and sinuses. This is all controlled by 
a 'sneeze centre' in the brainstem. Enormous 
pressure is quickly built up and released, which 
could damage the eyes if they weren't shut. SB* 
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Are the three 
hands on a watch 
ever 120° apart? 
The easy, but incorrect, 
answer is yes. We might 
set our watch to, say, 
four o'clock and 40 
seconds. But, by then, 
the minute hand has j P ^ B 
travelled across flj 
two thirds of the 
angle between the 
number 12 and the 
first minute marker. It 
has rotated 4° and the 
hour hand by a third of 
a degree. 

Let's pick another time. 
At exactly 10 minutes to 
two the minute and hour hand are 
120° apart but the second hand is 
on the 12 and therefore 60° away 
from each of the two other hands. It 
turns out that the closest the three 
hands ever get to exactly the same 
separation is just before five to three, 
but they are never exactly 120° apart 
from each other. GM 

iNMJli 

Why does the ground smell 
after it rains? 
The smell is called petrichor, or sometimes geosmin, and is 
caused by the chemical Dimethyl-9-decalol. This substance is 
found in the spore coat of certain species of Actinomyces and 
Streptomyces bacteria. 

The bacteria are ubiquitous in soils all round the world and 
in moist conditions they form filaments. When the soil dries 
out, they produce spores and the next time it rains, the spores 
are bounced high enough into the air by the force of the rain's 
impact for you to breathe them in. The spores we don't breathe 
in fall back to the moist ground and become filaments. LV 

The most-streamed live '<, 
broadcast to date was the 
marriage of Prince William and Kate 
Middleton on 29 April 2011, which was 
watched live on YouTube by 72 million 
people in 188 countries. 

What is Kirlian photography? 
Kirlian photography, named after Semyon Kirlian who 
discovered the effect in the 1930s, creates aura-like images 

of objects placed on a photographic plate. An item is 
connected to a high-frequency, high-voltage electricity 

source. In a conductive object, this creates energetic, 
Y rapidly oscillating electromagnetic fields. These 

ionise the surrounding air and the photographic 
plate is lit with a silhouette of the object, surrounded 

by a corona of light. GM 


