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Ifyou stop to consider the inventive

and often incredibly technical feats of

. engineering that have shaped both the
¥ physical and metaphorical landscape of
our modern world throughout the ages, it's really quite mindblowing.
For example, while once upon a time the humble bridge enabled our
ancient ancestors to cross mildly impassable terrain, today’s
mega-bridges can span miles of water and canyons, stretch high into
the sky and even extend far beneath the sea in some cases.

Of course, there’s no denying the importance of the elementary design
of a basic bridge, but with every new blueprint that emerges from an
architect’s drawing board comes a strong human desire to build it bigger,
better and bolder. In this issue’s big Technology feature we examine
seven of the most exciting examples of such forward-looking
engineering. Included in the lineup isalook at the seven-star luxury ofa
hotel built on its own island, an unthinkably massive behemoth of the
mining world, and even the supreme precision engineering of the
world’s first commercially available quantum computing system.
Feeling inspired? Let’s never stop striving for bigger, better and bolder.

Enjoy the issue!

Helen Laidlaw

2‘ * Editor

'DaVe

- Edin Chief

Robert

Features Editor
. Thearticle on rocket launch pads Interviewing the brilliant ancient
- makes for fascinating reading - it's all (‘ history expert Dr Michael Scott just

too easy to forget about all the
technology and hard work that goes
into a launch beyond the rocket itself.

Ben

Features Editor

You would have thought that, having
been in a car crash myself, I'd want
nothing to do with the ‘Anatomy of a
collision’ piece on page 46. | suppose |
just love to see things smash!

hours before he attended the Olympic
flame hand-over ceremony in Greece
was a real highlight this issue.

Adam

Senior Sub Editor

The range of history this issue is great,
from the tank-like triceratops to the
oracle at Delphi discussed in the
interview, and on to medieval jousting.
| defy anyone to find the past boring.

'THE SECTIONS

The huge amount of info in
each issue of How It Works is
organised into these sections

Your questions about how things
worked in the pastanswered

Explaining the applications of science
inthe contemporary world around us
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revealed

Lockheed Martin recently
demonstrated its brand-new
Aegis Ballistic Missile Defense
system for the very first time

US defence contractor Lockheed

' Martin has revealed the latest

iteration of its technologically
advanced Aegis Ballistic Missile Defense
(BMD) system in a recent showcase.

The Aegis system, which has been
designed to intercept hostile enemy missiles
mid-flight, is currently installed on a series of
US warships including the class-leading USS
Arleigh Burke, from which numerous
Raytheon RIM-161 Standard Missiles can be
launched, as well as through interlinked
ground-based sites. However, up until now,
the Aegis system has been limited to handling
only one interception at a time, leading
Lockheed Martin to evolve its operation.

The new system, which was revealed on 16
May in a demonstration at the US Navy's land-
based test facility in Moorestown, New Jersey,
is now installed with a cutting-edge
multi-mission signal processor (MMSP), a
piece of kit that not only allows the evolved
Aegis system to engage multiple threats
simultaneously (both air and ballistic), but
also nullify external aircraft and missiles’
jamming systems.

Speaking at the showcase, director of the
Aegis programmes for Lockheed Martin, Jim
Sheridan, said: “It’s an exciting time to be part
of Aegis’s evolution. This test is the
culmination of two years of hard work by our
Lockheed Martin engineers and marks the
start of a new era where the US Navy no
longer has to choose between air or missile
defence capabilities for any given mission.”
Previous Aegis systems are currently installed
on vessels in the US, Australian, Japanese,
Norwegian, Spanish and South Korean fleets.
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“The new system is
now installed with
a multi-mission
signal processor”

.. AStandard Missile-3is launched through
the Aegis system on board USS Lake Erie

The host of missile launch bays
on board USS Arleigh Burke
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Thisimagewas created
by layering 18 long-
exposure photographs
on top of one another

Incredible star trail
picture taken on ISS

A beautiful image that shows astral
movements has been captured for the first
time from the International Space Station

A unique image of some of our
galaxy’s star movements has

been captured on board the
International Space Station (ISS) by
Expedition 31 flight engineer, Don Pettit.
The image, which was photographed by a
camera mounted externally to the
station’s body, was created through
long-exposure photography, a process in
which multiple long-exposure images are
layered on top of one another. Speaking on
the release of the image, Pettit said: “My
star trail images are made by taking a time
exposure of about 10-15 minutes.
However, with modern digital cameras, 30

seconds is about the longest exposure
possible, due to electronic detector noise
effectively ‘snowing out’ the image. To
achieve the longer exposures | do what
many amateur astronomers do: | take
multiple 30-second exposures, then
‘stack’ them using imaging software, thus
producing the longer exposure.”

Currently, the ISS is orbiting Earth at an
approximate height of 385 kilometres
(240 miles). During this transit, the
camera was monitored by astronauts to
ensure its continued operation and the
final, psychedelic image (above)
comprised a total of 18 shots.

Your favourite Imagine
titles on almost any device

The entire Imagine portfolio is now available from
www.greatdigitalmags.com at incredibly low prices

After a month of frenzied downloading by readers, Imagine Publishing’s brand-new
digital magazine supersite, www.greatdigitalmags.com, has
blown the lid off all expectations to become one of
the hottest digital content stores on the web.

Delivering the entire portfolio of Imagine titles
in digital format - and at insanely low prices -
no matter what your interest or digital
consumption device, www.greatdigitalmags.
com has something to entertain or inform you.

From stamp-of-knowledge titles such as
How It Works, Digital Photographer and
Advanced Photoshop, through to the
jaw-dropping gaming awesomeness of Retro
Gamer and games™, this website helps you ‘
stay up to date with your interests and ==
hobbies like never before.
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A close-up look at the world!

€very month we post weird images on
the HIW website for you to identify.
Find out what they are now..

1. Jump
This is a closeup of a jumping spider, of which
there are 500 genera within the family
(salticidae) and approximately 5,000
described species. They differ from regular
spiders in their ability to leap large distances to catch prey and their
distinctive eye pattern, with each species having four pairs - a large
set at the front and three smaller sets flanking each side of the head.

A wolf or jumping spider? - Barry Powderley
A furry space alien? - Rachael Stone

2. Robust

This is a species of sea squirt - atriolum
robustum - perched on a soft tree coral.
Robustum is a marine filter feeder with a
sac-like morphology. To feed, organisms like
this siphon and expel water through their bodies, absorbing plankton
in the water. This species evolved in the early Cambrian period.

A sea squirt? - Arron Taylor
A government experiment gone wrong? - Matt O’Rourke

3. Peaked

This is an armet, or peaked helmet, a type of
armoured headwear from the 15th century.
The armet was the first piece of armour to
completely seal the head in a light yet
protective helmet. Most armets consisted of four pieces: the skull
plate, two hinged and lockable cheek pieces, and a movable visor.

An ancient perfume box? - Ashwin Kumaar
A pretty guillotine? - Andrea Stefkova
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WAll About © .
W©= Amazing new
' space magazine

" blasts off on 28 June

o

All About Space, the most exciting space magazine
= ever, will hit the shelves this summer
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happened on this day in history?

Hawaiibecomesa Paris falls
territory of the under German
United States occupation during
of America. World War II.
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Imagine Publishing is proud to announce the
launch of All About Space, which will be available
in print and digital formats from 28 June. Packed
full of cosmic content, All About Space will delve
into the wonders of space exploration, astronomy
and cosmic science every month, providing
in-depth knowledge from a team of experts on a
wide array of topics. The magazine is unlike
anything else out there and will appeal to
seasoned space fans and new explorers alike.
Inside you'll find fantastic illustrations and
information on everything from Earth orbit to the
edge of the universe. The first issue kicks off
with a giant feature on the wonders of space,
revealing the exciting missions that will be
making headlines in the coming years.
You'll also find articles on the new race
to the moon, futuristic space planes,

The

nebulas and much more. All About Space will
make astronomy accessible to everyone with a
host of stargazing articles explaining how to buy a
telescope and what to look for in the night sky.

Dave Harfield, Editor-In-Chief, said: “All About
Space is the most exciting magazine launch since
How It Works. Space is a mindblowing topic and
we're confident anyone fascinated by the cosmos
will find All About Space the most amazing space
magazine in this world or, indeed, any other.”

All About Space will be available online at the
Imagine eShop (www.imagineshop.co.uk) and in
all good newsagents and supermarkets from
28 June. You can also download the digital version
for iPhone, iPad and Android devices from www.
greatdigitalmags.com. If you can't wait till then
head to the All About Space website at www.
spaceanswers.com to get your space fix now.

Ariot

European occurs

Wreckage ofan
alleged UFO is

Space Research

Organisation (ESRO) -
found at Roswell, which goes on to form the
New Mexico, USA. ESA-isfounded.

after the New Yorlk
Rangerswinthe
Stanley Cup from
Vancouver.
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INTERVIEW
Drx Michael Scott

With the Olympics nearly here, we talk to one of the world’s foremost authorities on
Ancient Greek culture about the way of life, the gods and Delphi’s famous oracle

How It Works: What drives your
fascination of this period of history,
and Delphi specifically?
Dr Michael Scott: I'm currently writing
a book about the entire history of Delphi
and the reason | wanted to write it is that
Delphi is so often solely about the oracle,
when in fact there was so much else
happening. There were the Pythian Games
that were on a par with the Olympics, the
monumental dedications in the sanctuary,
the worship of many gods aside from
Apollo, and a whole host of other roles.
The other reason though is that most
coverage tends to focus on the classical
and archaic periods (7th-4th centuries
BCE). But this is a tiny town with a
population of about 1,500 citizens running
a tiny sanctuary and it manages, by hook
or by crook, to [influence] a huge number
of potentates from the 7th century BCE
right the way through to the Roman
emperors (including Nero and Hadrian in
the 1st and 2nd centuries CE) and even on
into the 4th century. Indeed, the site is not
wholly abandoned until the Slavic
invasions of Greece in the 7th century. |
think it's a most extraordinary success
story that deserves to be told in full.

010 | How It Works

HIW: What were the origins of the
Sanctuary of Apollo at Delphi?
MS: The traditional story was that there
was a settlement at Delphi stretching way
back into the Mycenaean period - so we're
talking from the 1400s BCE, but that
settlement died out and then there's a
[gap] between that and the [arrival] of the
oracle at Delphi. One of the biggest
advances in our understanding of the
archaeology of the area in recent years
has been to [effectively fill in] that gap.
We can now show this site is evolving
as a place of habitation all the way from
the earliest times of Greek history through
many centuries. What we don’'t know
- and what is almost impossible to get any
sense of - is when exactly a religious
sanctuary starts to be recognised here.
What we can say though is that, by the
8th century BCE, there is clearly some
form of oracle building a reputation that
spreads far from Delphi into the wider
Greek world. By the end of the 7th century
BCE this oracle, stuck up in the middle of
nowhere in the Parnassian Mountains, is
being consulted on some of the major
questions that will affect the future for
cities from all round the Mediterranean.
And that is all happening, it would seem,

before the sanctuary space itself has any
kind of form or architectural elaboration.

So the sanctuary as it stands today
looks nothing like it did in the 6th century
BCE - when it was much less elaborate.
And by then, the oracle has been going
[strongly] for at least 100 years. We have
to imagine that you've got this famous
oracle that people are coming to from far
and wide to ask big questions, [only to
find] no grand sanctuary; we don’t even
know (at least according to the
archaeological evidence) where the oracle
was practising from at this time.

This puzzled even the Greeks. A lot of
myths start to circulate at that time, like
the god Apollo was pottering around the
Greek landscape and eventually lands on
Delphi as a nice spot to set up [camp] and
then grabs passing Cretan sailors and
drags them off course to make them the
first priests of the Temple of Apollo. Oh,
and in the meantime he has to slay a
massive serpent that lives at Delphi called
Python (which ‘explains’ why the site
could be known as Pytho and Apollo was
worshipped there under the particular
name Apollo Pythios)!

The stories are fantastic and they were
a fundamental part of Delphi, however

For more information about Dr Scott, you can

go to www.michaelcscott.com or contact
him via Twitter @drmichaelcscott

they are creations of later generations of
Greeks who were seeking to understand
the world around them.

HIW: Ancient historian Herodotus
speaks of the oracle at Delphi and
others in his Histories, such as the
tale of Croesus and Cyrus. How
reliable a source is he?

MS: Herodotus is writing his big history

- the first history - of the world at the end
of the 5th century BCE. He was probably
standing at Olympia during the Olympic
Games making recitations of his work in
the 420s BCE. The old style of looking at
Herodotus and his oracle stories was to
say, “Ahal Here is factual truth so we know
that King Croesus sent emissaries to see
the oracle all the way from Lydia in Asia
Minor (modern-day Turkey) to ask this
important question.” Now people are
more interested in two things.

Firstly, to look at the aims and goals of
Herodotus as a writer. For example, it was
clear that Herodotus was a big fan of
oracle stories and there are tons of them
in Histories. However, if we compare him
to Thucydides, who takes up the Greek
narrative directly after him, he does not
like these stories. Thucydides is really not
interested in oracles, [preferring] politics
and fighting. So the Delphic oracle almost
disappears from history then. It's the
styles and interests of these writers that
frame the history they write.

The second thing with Herodotus - and
what is really interesting - is how he uses
an oracle and an oracle story to [highlight]
what people shouldn’t be doing. Croesus is
a perfect example of this. Croesus sends
emissaries to various oracles around the
Greek world and tests them. No Greek
would do something so stupid as to test
the oracles; these are the gods we're
talking about, you don't test the gods! But
King Croesus thinks you can find out
which oracle is ‘the best’ so asks them to
tell his emissaries what he is doing at a
precise moment 100 days after they left.
Of course, it is totally bizarre and, as the
story goes, he was boiling a lamb and a
tortoise together in a bronze cauldron and
supposedly only Delphi got it right.

So now Croesus delivers his real
question to Delphi, which is about war.

WWW.HOWITWORKSDAILY.COM
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The frame of the question, according to
Herodotus, is: “whether he should make
an expedition against the Persians and
whether he should make any further host
of men his friends.” And we know that, if
we compare that question to other
Delphic questions that are asked in
Herodotus'’s Histories, that off the bat
Croesus has asked his question in the
wrong way. He has shown himself to be a
barbarian because the question ought to
be much more open.

So then you get the famed ambiguity
of the oracle’s response to Croesus, which
goes along the lines of, “Croesus, having
crossed the Halys [a river], will destroy a
great empire.” Of course, Croesus
misinterprets the message and thinks it
means his enemy’s empire will fall, when
in fact it turns out to be his own.

HIW: The Pythia was a key figure at
Delphi in the prophesying process.
Tell us about her role.

MS: We do not have a single ancient
source that tells us explicitly from
beginning to end how a consultation with
the Pythian priestess went. It is either
something that was so well known that
everyone knew about it and didn’t bother
writing it down, or so secretive that you
weren't allowed to write it down.

“One popular belief was that there were some
vapours that emerged from a cavern beneath

someone is indoctrinated into a set of
beliefs strongly enough it can almost be
a self-hypnotic mechanism.

HIW: How important were the
oracles of Ancient Greece to its
culture in general?
MS: Fundamental. You have to picture
yourself in a world where the gods are in
control of everything. There is no way that
any plan of yours is going to succeed
unless the gods want it to. And in that
kind of mindset, atheism is not really an
option. It's very hard to think outside the
box. As such, it makes absolute sense to
find out what the gods are planning and
what they are happy to [endorsel. In that
sense consulting an oracle is a completely
rational occurrence. But what we have to
factor in is that Delphi was just one place
and just one way to consult the deities.

There were many other methods. You
could watch the way water rippled, or the
way leaves shook in the breeze. You could
get an oracle-peddler, a guy on the street,
to tell you the will of the gods by reading
his ‘oracle books’. You could sacrifice
animals, looking at the patterns on their
organs. You could even go and consult the
dead at various sites.

What kind of oracular engagement you
go for depends on different things [time

the temple that ‘inspired’ the priestess”

We know about certain stages; for
example, if you were a consultant you
turned up, paid some money, waited in a
queue (though certain people could skip
this) and then entered the temple.
However, it is from here that our
knowledge becomes uncertain.

In fact, for such important individuals,
who held sway and changed the tides of
Greek history so often, we only know the
names of but a couple of Pythian
priestesses. We know they were usually
women from the city of Delphi and that
although originally young women took the
role, in later times women over 50 were
more common. We also know that at one
point the oracle was so popular they had
two Pythian priestesses on the go and a
third in reserve, and we also know a little
about their daily routine. However, we do
not know how they were ‘inspired’ [or
enlightened] by Apollo.

One popular belief was that there were
some vapours that emerged from a
cavern beneath the temple that ‘inspired’
the priestess. However when they went
to excavate the sanctuary at the end of
the 19th century, no such caverns were
found. People have now done lots of
anthropological work showing that if

WWW.HOWITWORKSDAILY.COM

and money being two major factors]. For
example, to go from Athens to Delphi took
several days and even then you could only
go on one of nine days in the year (the
only days the Pythian priestess was
available). Once you were there you had
to spend a good deal of money. In other
words, it was a huge investment.

Taking this into account, it's not
surprising that at no point during Ancient
Greek history do we find people rejecting
in any real way oracular consultation as a
useful and effective way of going about
your business. And, more importantly, we
don't have a single example of any big
state question where the Delphic oracular
response is ignored or contravened. The
oracle can be misunderstood, even a
different answer demanded, but it always
holds sway for over a thousand years.

Dr Scott is research associate and
affiliated lecturer at the Faculty of
Classics and Darwin College, University
of Cambridge, UK. He is working on two
upcoming books: Space And Society In
The Greek And Roman Worlds and
Delphi: Centre Of The Ancient World,
due to be published in November

2012 and in 2013, respectively.
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AMAZING TOPICAL FACTS..
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Alien super-Earths exist
NASA has uncovered a ‘super-Earth’ orbiting a star called 55
Cancri in a system 41 light years away from Earth. The Spitzer
telescope detected infrared light directly from 55 Cancri e, a
planet twice as big as our own, and with eight times the mass.
It's a world of rock surrounded by water and steam in a
supercritical state, with the sun-facing side a molten 2,000
Kelvin (1,727 degrees Celsius/3,140 degrees Fahrenheit).

Maggots are
the Sherlock
Holmes of the
animal kingdom

Police are increasingly turning to
entomologists to help solve murders.
Insects and their larvae found on a
body can give a clear indication as to
how long the body has been there.
They can also indicate whether the
body has been moved and the cause of
death. Human DNA, drugs and other
important clues can even be found in
flies that have fed on a corpse.

Sharks aren’t |
attracted to
magnets

Research by an American
chemist has shown that certain
elements with magnetic
properties can repel sharks.
Samarium, neodymium and
praseodymium react in water to
produce an electric current,
which some sharks will swim
away from the moment that
they're within range. The theory
is that a shark’s ampullae of
Lorenzini organs - found on the
snout - with which they use to
locate prey and navigate are
overloaded by the electric field.

S55 Cancri e is a world
Of rock surrounded by ‘
water and steam ind Ak o o

\

iR . = +--=1 Terahertz Wi-Fi
see, ([ % W is coming

supercritical state”

v

Japanese researchers have broken the wireless data
transmission record by transmitting in the terahertz band. The
‘T-Ray’ area of the spectrum is anything from 300GHz to
three terahertz, 60-600 times higher than the fastest Wi-Fi
standard currently available. The range is limited; terahertz
Wi-Fi would only work over around ten metres (33 feet), but a
first generation of T-Ray Wi-Fi could be up to 15 times higher
than the next-generation standard, 802.11ac.

Scientists from Lawrence
Berkeley National
Laboratory, California, have
engineered a harmless virus
to produce electricity. The
virus is piezoelectric,
meaning that it generates
electricity under mechanical
stress. The scientists tested
their theory by creating a
small device that lit up an
LCD whenever a postage
stamp-sized electrode tab
coated in the virus was
pressed. The discovery
could be a step towards a
viable alternative form

of electricity, harvested
from everyday tasks.

© Lawrence Berkeley National Laboratory
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Sc;lar energy can be TROP'C O DE
coialitaorall WP (\DR|CORN|O

space by researchers at Strathclyde
University, UK. The satellites are
designed to collect solar energy and

s e Ay Brltam’s getting more tropical
or lasers. A terrestrial receiver would >
R 8 The tropics - the band around the equator delineated by the Tropic
then harvest the beams and turn them -
4 e ; of Cancer in the north and the Tropic of Capricorn in the south - are
into electricity. Not only are the satellites § ” o ¥ s .
; = getting bigger. Ozone depletion in the atmosphere is being blamed
a greener alternative to conventional o
3 for a widening of 0.7 degrees per decade over the last 30 years. In
power generation, but the energy can p ) ; :
the short term, if this progression towards the poles continues,
also be beamed to places that are ; ! ", ; g
difficult ¢ N e sub-tropical areas will become gradually drier while more temperate
ICHIEEOTeg CgiCIbaslezenES, areas - such as that the UK occup|es will become hotter and wetter.

©NASA/Strathclyde University

4 Planes are having a makeover

a"; NextGen is the name of a new wave of air transport vehicles being researched by
| NASA and several other US government agencies. The idea is to change the

J fundamental design of transport aeroplanes, with boxed wings and a different
3 f" engine placement in order to reduce drag and increase fuel effrmency

-~

Dogs made us human

We know that dogs have been an integral part of human society

for thousands of years, but anthropologist Pat Shipman is now
suggesting that our canine companions played a key role in ensuring
our ancestors came out ahead of our primate cousins. Over 32,000
years ago, homo sapiens ousted neanderthal man from Europe

using domesticated wolves as essential ‘tools’ to ensure success ~ 5 : Armageddon

for both hunting and defending ourselves.

movie is to
become
a reality

NASA is training a team of
astronauts to land on an asteroid.
Major Tim Peake and five others will
spend 12 days in a cramped
underwater base to simulate the
conditions they will experience
exploring a large near-Earth asteroid.
The idea is that a team will be
on-hand with the skills to deal with a
potential planet-killer, should a big
enough asteroid on a collision course
be spotted too late to send a robotic
deflection mission.

How It Works | 013
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Long ago, seven structures
captured humanity's
imagination. Putting a modern
twist on the concept we've
compiled a septuplet of fresh
engineering feats, each of
which has, in its own way,
changed the world.

Engineering wonders
Red-eye reduction
One-way glass
Automatic taps
Olympic Stadium
Webcams

Fire suits

Saunas

Squib explosives
Live TV broadcasting

¥ LeARN MORE
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OF THE WORLD

Humankind’s engineering 1n§enu1ty is pushing out a new
wave of mechanical, electrical and structural wonders, \
superseding their predecessors in every way, dehverlng

mind-bending levels of power, speed and strength J

How far can we manipulate matter? Bend the top engineers can defy gravity, travel across the Earth in mere
conventional rules of physics? To what extent can hoursand create computational systems to explore realityata
we push the engineering envelope to create quantum scale. And all this is just for starters... -
=/ mechanical wonders thatnot only broaden Like the heroic fables of old, these achievements should be ﬂ

humanity’s horizons but also reaffirm the ability of scienceand ~ celebrated and, as such, How It Works has put together a list of

technology to improve people’s lives? The answer, it seems, is seven of the modern world’s most spectacular engineering

further than anyone ever thought possible. accomplishments. From hypercars and seven-star hotels,

Engineers today are the wizards, alchemists and even gods through to monstrous 45,000-ton earth excavators and on to
ofyesteryear, achieving miracles that once would have been hypersonicjets capable of travelling ataround 21,000
deemed impossible. Thanks to their judicious study of kilometres (13,000 miles) per hour, what follows are some of the

mathematics, geometry, algebra and material sciences, today’s mechanical marvels currently pushing the boundaries.

WWW.HOWITWORKSDAILY.COM


http://worldmags.net/

5TOP

Original The survivor Helios Lighthouse Myth
The original list of the Of the seven wonders of the Of the ancient wonders, one of the Another of the most notable One of the ancient wonders is
world’s seven wonders ancient world, only one most impressive was the Colossus considered by many to be a myth.
stems from the 1st century remains on today’s list: the of Rhodes, a 33-metre (107-foot)- Lighthouse of Alexandria, which at The Hanging Gardens of Babylon

tall statue of the Greek Titan
Helios. It was destroyed in an
earthquake in 226 BCE.

were said to have been built in the
6th century BCE, however no
first-hand evidence exists.

Great Pyramid of Giza. The
others are now either ruins or

the time was the largest structure
on Earth. An Egyptian proposal to
rebuild it was tabled in 2008.

BCE, where Hellenic tourists
would visit numerous sites
around the Mediterranean.

THE ANCIENT
WONDERS

sssssssssssssnens
Csessenssenssnnne

.
-
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.
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completely destroyed.

Canyouracealightning bolt? Well,
considering that would mean travelling
at close to 225,000 kilometres (140,000
miles) per hour, probably not.
Nevertheless, Swedish hypercar
manufacture Koenigseggis giving it its
best shot with its latest model - the Agera
R-which is capable of obliterating the
440-kilometre (273-mile)-per-hour mark
without even breaking a sweat.

weight of just 1,330 kilograms (2,932
pounds)and, as such, can accelerate
from o0-60 miles per hour inan eye-
watering 2.9 seconds.

Talking of statistics, the Agera Risn'ta
mere flash-in-the-pan in terms of speed,
topping outafter an initial burst of
energy. Shift up through its seven-speed,
dual-clutch transmission and then
employ ventilated ceramic disc brakes

“The Agera R is capable of obliterating
440 kilometres [273 miles] per hour
without even breaking a sweat”

We're talking about a vehicle with a
colossal 850 kilowatts (1,140 horsepower),
earth-moving torque of over 1,200
Newton metres (885 foot pounds) at
4,100rpm, anintense 1.4 bar turbo boost
pressure, a lateral g-force of 1.6 g, a pure
aluminium five-litre (13-gallon) V8
engine and a carbon-fibre intake
manifold with optimised intake tract.
Not only this, but this hypercar delivers
all of these things at a stupidly low (dry)

Extreme engineering

How It Works breaks down the
exterior of a car that's designed
for a life in the fast lane

Acut-out sphtter ensures thatairflow
reachestherear diffuser during braking
and promotes constant downforce.

WWW.HOWITWORKSDAILY.COM

with six-piston callipers, and you'll find
yourself moving from o0-200 miles per
hourand then backto oinjust21.2
seconds. How is this possible? To name
but one of manyreasons, it’s down to the
fastestand most efficient traction control
system in the motoring sphere.

Highly qualified engineers have
delivered the lightest, most compact
hypercar engine in the world, complete
with a clutch, flywheel, dry sump and

Asemi-stressed en§i
and gearboxwith
support struts deliver *
optimalrigidity

Inconel manifold system with turbos,
allina package that weighsless than
200 kilograms (441 pounds). It also
boasts a revolutionary new response/
back-pressure reduction system to
grant the Agera R instantaneous turbo
response. Further, these engineers
have designed waterless, air-to-air
intercoolers for the vehicle, both
reducing weight and improving
acceleration speed significantly.

Windshield

Ahuge, swept panoramic windshield
delivers optimalvisibility in-car.

Vents over the AgeraR’s
wheelarchesreduce drag
and increase downforce.

addingdirectional stability at high speeds.

The advanced hypercar

, Like a brutal blow to the face by Thor's warhammer,
Koemgsegg s AgeraR demolishes traditional ideas of
speed and power in a fury of burnt hydrocarbons

Agera R

Length: 4,293mm (169in)
Width: 1,996mm (78.6in)
Height: 1,120mm (44.1in)
Dry weight: 1,330kg (2,932Ib)
Engine: 5! (1.3ga) V8

Power: 850kW (1,140hp)

Max speed:
440km/h (273mph)

Max torque: 1,200Nm
(885ft Ib) at 4,100rpm

0-60mph: 2.9 seconds
Lateral g-force: 1.6 g

Chassis: Carbon fibre with
aluminium honeycomb

Adynamicallymovable

rearwing ultimately
allows downforce to be
controlled by the driver.

Large, tapered side intakes ensure the R’s
pressure point is behind its mass centre,

4x©Koenigsegg
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Mechanical marvels

Burj Al Arab

Cost: £400m ($650m)
Rooms: 205

Floors: 70

Height: 320m (1,053ft)

Total floor area: 111,500m?
(1,200,000ft?)

[[]]

-~

[[]]

S

i

Foundations .
TheAlArabisbuiltona
surfacelayer of largerocks,
‘whichisencircledwitha
concrete honeycomb-
patterned foundation.

“The entire building - including
its artificial island base - only
took five years to construct

The seven-star
super-structure

The Burj Al Arab hotel boasts a
$650m, sail-inspired design and
sits on its own man-made island

Arevolutionary new architectural design, the Burj Al
Arab hotelin Dubai is currently one of the planet’s

——LL T 4, e
‘ &: S 4%?%‘%&5«5‘} 83t

TheAl Arab'sgtt;‘l:;lnr:: most impressive buildings. Its engineers designedit to

oneofthelargestin the resemble the sail of a dhow sailing vessel, with two
world, standingata reinforced concrete wingsacting as the building’s

huge18om (590ft) high. V-shaped mast, and the sail consisting of the atrium’s

mainly glassrear curve.

Astunning building such as this is only made
possible thanks to recent advances in concrete
reinforcement, as well as the ability to manufacture
lightweight steel - of which the Al Arab sports 9,000
tons-and strengthened, curved glass. Due to its
construction on a totally artificial island, which was
created by driving huge concrete piles into the seabed,
anadvanced foundation structure also needed to be
realised, with the hotel resting on a honeycomb base;
this grants staggering strength and also malleability
for resisting constant shifts in the Earth’s surface.

All of thisis pretty impressive. It becomes
astounding, however, whenyou factor in that the
entire building - including its artificial island base
-only took five years to construct. Speaking on its
opening, anarchitectural criticsaid: “This
extraordinaryinvestment in state-of-the-art
construction technology stretches the limits of the
ambitious urban imagination.”

Speaking of astounding, the hotel also comes with
itsvery own gravity-defying helipad at the tip of the
‘sail’, so guests can come and go without ever touching
the ground, as well as a restaurant with a floor-to-
ceilingaquarium packed with tropical fish.

The impressive, curved fish
tankinthe Al Arab’s Al Mahara
restaurant. The walls of the
aquariumare18cm (7.1in) thick

¥

Piles

016 | How It Works

The hotelsits on awhollyman-made
o island, created by driving 230 40m (131ft)
- - concrete piles deep into the ocean bed.

WWW.HOWITWORKSDAILY.COM
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M-32 MGL

A lightweight, multiple-
round grenade launcher,
the M-32 MGL canfire a

3 maximum six 40mm (1.6in)

" 3. DEADLIEST

XM25 CDTE

A handheld grenade
launcher that can fire a
variety of 25mm (0.98in)
programmable smart

GRENADE
LAUNCHERS

grenades per cartridge up
¥ to375m (1,230ft).

. ordnance to an effective
range of 700m (2,300ft).

M203

A launcher designed to

attach to the M16 and M4

Carbine rifles, the M203

fires single-round 40mm
r *7, (L1.6in) ordnance to a

range of 150m (490ft).

The ultimate weapon

Weapons don't come much more devastating than
the XMag COTE grenade launcher, aka the Punisher

wirelessly, and on the fly, to explode at
asetdistance orataset time, to ensure

USSR Tor e and then explode at the optimum

Think a Counter Defilade Target
Engagement system (CDTE) sounds
boring? Does it conjure up an image of
atool for deflating tyres? Well, think
again. Because that system isactually
the most technologically advanced
weapon currently on the planet.

And what a weapon it is. The XM25
CDTE isa culmination of decades of
engineering forged into anincredibly

have recently deployed
the Punisherin
Afghanistan

powerful tool that can change any
warzoneitisfieldedin. It'sa handheld
semi-automatic grenade launcher that
can propel a wide variety of munitions
up to 700 metres (2,300 feet) and cause
massive damage againstany
imaginable targets. Not excited yet?
Well, this handheld grenade launcher
cannot only directly fire explosive
rounds, but also program each

How the Punisher works

We examine the handheld weapon so explosive
it could level your house with a single round

Magazine
Therifle comeswith a four-round box
magazine asstandard, which can carry
the weapon’swide range of ordnance
typeswithout any modification.

~ 4

itnever missesits target. Sounds a

little more impressive now, doesn‘t it?

Indeed, thisweapon trulyisa
‘system’ rather than a mere gun, with
each unitequipped withan
in-built ballistic computer,
digital compass, fuze setter,
environmental sensor array,
laser rangefinder, 4x thermal
sight with digital zoom and
XM1o4 target acquisition and fire
control chipset. All this is packed into
arifle that weighsless than 6.4
kilograms (14.1 pounds) - that’s the
equivalent of just three bags of sugar.
Combine these components and you
areready to stir up a whole gunboat-
load of trouble for enemy forces.

Areyou facing troops dugin deep,
sheltering behind reinforced cover or
hiding within the ground? That’sno
challenge for the XM25 - simply laser
the position with the Punisher’s
rangefinder, aim and watch a
programmed round loop with
pinpointaccuracy over the obstacle

s Laser
Aswell as the Punisher’s 4x
thermal sight and 2x optical
sight, itisalso equippedwitha
next-gen laser rangefinder. This
allows distance totargettobe
acquiredrapidlyin the field.

moment in a devastating air burst.

Or perhapsyou have a squad of
enemy forces rumbling your way inan
armoured personnel carrier? No
problem, because ifyou select the
XM25's armour-piercing ordnance,
you have a weapon that can penetrate
the APC’s hull with ease.

Theversatility of the XM25 CDTE is
onawhole different level to any other
weapon ever engineered and thisis
reflected in the US Army’s decision to
introduce 12,500 Punishersto its
troops throughout 2012.

XMa5 COTE

Weight: 6.4kg (14.11b)
Length: 749mm (29.5in)

Cartridge: 25mm (0.98in)
explosive ordnance

Muzzle velocity:
210m/s (690ft/s)

Range: Up to 700m (2,297ft)
Feed: 4-round box magazine

Operation: Gas operated,
semi-automatic

Electronics Ballistic computer,
digital compass, environmental
sensor, laser rangefinder

Control ... T Barrel
The XM25's XM104 control Therifle features a semi-
systemisstate of theart, automatic gas operation that
allowing its user to program propelsroundsdownthe
therifletosetfired CDTE’srifled barrel at210m |/
munitions to explodeata (690ft) persecond. The barrel’s

certain distance or afteraset
period of time. Desired round

riflingisincredibly fine, as
afteradistance-setroundhas | SURFEN R UG HER I 2

distancesand timesare been fired, it tracks its own thermobaric, flechette, airburst, armour-
automatically transmitted progress by measuringits piercingand door-breaching grenades.
toeach grenade. total spiral rotations.

WWW.HOWITWORKSDAILY.COM
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“If you need to move a
= mountain then what you really

WA
' =m0 NRENA need is the Krupp Bagger 288

Mechanical marvels

\’r 2% The mechanical monster

The world's biggest land vehicle, the Krupp Bagger 288 is
larger.than an Ancient Greek Titan and heavier than Titanic
-k\ !.ft‘

¢
4
Ifyouneed to move amountain then
The Bagger 288 can what you really need is the Krupp
excavate 240,000 tons of Bagger 288, the world's largestand

GoalceatiRsatt Gy most awe-inspiring bucket excavator.
thatis the equivalent size DU 4

ofa football field dugtoa And when we say large, we really
4 ’ depth of30m (98ft) mean titanicinscale, abehemoth and
ek mechanical monster that dwarfs men,
other vehicles and structuresalike, as
3 \\ ifthey were all merely bugs.
Y ¥ i\ This giant earth
q \\ The statistics... digger was designed
, R A\ by German company
! > = — B 3 Krupp (now
: ThyssenKrupp) to
; A g literally hollow out
2 o - mountainsin
g 3 S Germany in search of
= coal, which it then
4 pREagger=68 excavates with
Zaey Height: 94m (311ft) savage efficiency,
Length: 214m (705ft) piling bucket after
Chassis width: 46m (151ft) bucket of soil and
N . Weight: 45,500 tons rockinto its auxiliary
Max speed: 0.6km/h (0.37mph)  storage bins. From its
Turning radius: 100m (328ft) huge containers, the
=Y . . o * Power consumption: 16.6MW material - hopefully
=J4 _ - 7 - - containing coal or
R - ;Q . othervaluable minerals -is
Pi. automatically carried through its huge
body and out on to massive conveyer
belts which lead to a processing
facility. To put its capabilities in
L A o A% S ey ’ pe L e e o context, the Bagger 288 can fill 2,400
o ‘“ ' i e XS WA = coalwagonsinasingle day!
¥ e TR

Crew

Leam your way around Ittakes five people to operate the \
288and t it. If the

the Krupp Bagger 288 S

isclear they must be totally )'

We explore the machine so i 3
powerful it can sculpt the ebuilt, asitsinsane weight
of the arth at a whim Mhes the concrete.

track

mrow It Works
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BIBYGIUEREYP Us defence contractor Lockheed

AMAZING VIDEO!

,; Watch the titanic Bagger 288 excavator at wo .
www.howitworksdaily.com &

Martin became tf

SCAN THE QR CODE
FOR A QUICK LINK

he first to purchase a D-Wave One in May 2om

The reason why the 288 doesn’t
deliver the material itselfis due to its
immense weight, tortoise-slow
movement speed and colossal turning
circle. That is not to say that the 288 is
incapable of relocating itself - indeed,
it frequently moves around stripmines
in Germany - however movement
remainsavery cumbersome affair.

For example, in February 2001, the
288 had totally exposed all of the coal
located in the Tagebau Hambach
stripmine and therefore was no longer
needed in the area.Assuch, itwas
deemed that the Bagger should be
relocated 23 kilometres (14 miles)
down the road to the Tagebau
Garzweiler mine. While this short
distance would have been covered by
astandard road vehicle in a matter of
minutes, the 288 took three weeks to
complete the journey and it cost the
operator over £6m (59.9m). Further,
over 70 engineers were needed atall
times to ensure its safe passage, which
necessitated it crossing the large
Autobahn 61 motorway, the River Erft,
arailway line and numerous roads.

Interestingly -and maybe the
greatest engineering feat of the
Bagger’s construction - due to its
designers specifying the 288's tracks
withsuchalargesurfacearea, the
vehicle’s ground pressure is - relative
toitssize-incredibly small, clocking
inatunder two kilograms per square
centimetre (25 pounds per square
inch). This small ground pressure
means that the Bagger can traverse
awide array of terrains, including
grass, gravel, earthand tarmac-
nevertheless roadsstill need to be
resurfaced inits wake.

Excavator

The 288’s excavating head is 21.6m
(71ft)in diameter and consists
primarily of amassive, circular,
toothed bucketsaw. This head eats
into any material placed before it,
conveyingitaway for processing.

Buckets

The Bagger has 20 buckets,
each capable of holding
6.6mp° (233ft%) of excavated
material, be that coal or
overburden. Theseareso
bigthat, onetime, a

bucketaccidentally
. picked upabulldo:
‘x’-u_" . .

-

The D-Wave One quantum computer
—technically known as a ‘quantum
optimiser’ -works differently to
classical computersin many ways.
However, the mostimportantisits
abilities to use superposition - to put
bits ofinformation into more than one
stateat the same time - and its
restating of mathematical problemsin
terms of a Hamiltonian - which is
essentially the energy of the forces
that move particles about.

It does this by manipulating the
states of quantum bits (qubits) to set
up the problem that needs solving
through the use of couplersand
programmable magnetic memory
(PMM). Once the problem has been set
up within the system, the D-Wave One
then determines the answer by
naturally evolving its system into its
lowest-possible energy state.

This evolution into a lowest-energy
state - or the ‘ground state’ - is key to
the operation, as it highlights the
avenue D-Wave has
usedinitssystem. Indeed, the reason

-
We look at the €y elements of the D-Wave One's
amed Rainier

quantum proc@ssor — cod

Couplers-
Therole ofthe P‘»
processor’s couplers
isto connect qubits
together, attempting
toforce those that
they are attached to
tobeinthesame =
states (eg 0,0 0r1,1), or
opposite states(o,10r
1,0)depending on
how-and forwhat
purpose - theyare
programmed.

The computing
breakthrough

The D-Wave One quantum computer
can solve problems a million times
faster than today's supercomputers

why the computer is s tothelandscape’s
called a quantum The statistics... lowest-possible
optimiseris thatitarrives “ay, / energy state. This

at this energy ground canbe likened to the
state adiabatically f passage of a golf ball
(without the release or ona golfcourseintoa
input of heat within the hole. The initial
system). It does this by system’s state is the
coolingitscircuitryto20  p-\Wave One golfball onatee, the
millikelvin (272.98 Material: Superconductor energy landscape
degrees Celsius/45936 - thehillsand valleys
degrees Fahrenheit; near Qublts: 195 ofthe course, and the
absolute zero) and Couplers: 352 hole the ground

buildingitout ofa
material known as
superconductor. Indoing
this, the D-Wave One can
createa direct passage from the initial
programmed system state (ie the
problem) to the system ground state
(ie the answer) naturally and
incredibly quickly, consideringa
range of different permutations
simultaneously.

In essence, the D-Wave One reaches
answers to questions by ‘tunnelling’
through an energy landscape directly

PMM

Surroundingthe qubits and couplers
isan extensive network of circuitry,
which mainly consists of digital-to-
analogue convertersand a device
addressing system. Thisallows each
qubitand coupler to be programmed

tosolve specific calculations.

.-nuqn;r

Junctions: 23,360

Temperature: 20mK
(272.98°C/459.36°F)

state. Toreach the
hole (theanswer)ina
classical computer,
the system - non-
adiabatically - moves the ball over the
obstacles into the hole. In the D-Wave
One, meanwhile, the ball tunnels
through the hills and over the troughs
directly into the hole.

The D-Wave One isalready
demonstrating the immense
possibilities of quantum computing,
butit’s clear that there’s still a lot more
potential to revolutionise computing.

:‘L " Qubits
Themostimportant partofthe
processor, qubits store data
eitherasaoorai, or-using
quantum mechanical effects-as
asuperposition of both at the

from classical computers.

same time. This differs radically %

3x©® D-Wave Systems



http://worldmags.net/

=

2x© DARPA

W
TECHNOLOGY

“While an F-35 gets from London
to Rome in 55 minutes, the Falcon
could do London to Sydney in 50"

Mechanical marvels

AFalcon HTV separates
from a Minotaur rocket to
begin its re-entry phase

The Falcon HTV obliterates the speed of
sound tenfold and is capable of reaching
— and exceeding - the 13,00omph mark

Let’srunsome numbers. Mach 1-considered
the speed of sound at standard sea level
conditions -is 1,225 kilometres (761 miles)

per hour. Assuch, Mach 1.6 - the maximum
operating speed of the cutting-edge F-35
Lightning Il fighter jet-isroughly 1,930
kilometres (1,200 miles) per hour, a speed that
would get you from London to Rome in just
under 55 minutes. That’s pretty fast, wouldn't
you agree? Especially
considering the standard
passenger jet takes almost
three times that to make the
very same trip.

Wrong! Actually, it’s not fast
atall. In fact, whenyou place
the Falcon HTV into thislittle
competition, it makes both
the F-35 and the passenger jet
look like the Wright Flyer on
its first wobbly test-flight.

Why?Once again the
numbersrevealall. The
Falcon hypersonic test vehicle
(HTV) has been engineered to
travel at speeds of Mach 20 and above - Mach
20 equating to roughly 20,900 kilometres
(13,000 miles) per hour. As such, while that F-35

Max speed:

gets from London to Rome in 55 minutes, on the

Falcon, you could hop across the Earth from
London to Sydney, Australia, in 50 minutes.

All this comes courtesy of a programme
dedicated to advancing humankind'’s
understanding and critical knowledge of the
technologies needed to generate a vehicle
capable of sustained hypersonic flight. The
HTV project -which at this time has consisted
of both the HTV-1and HTV-2 aircraft - is

020 | How It Works

The statistics...

Falcon HTV

Height: Classified
Length: Classified
Weight: Classified

>20,920km/h (>13,000mph)

achieving these goalsvia a series of test
vehicles that, once carried to orbital speeds
on the back ofa Minotaur IV Lite rocket, are
released to accelerate up to-and over -20,900
kilometres (13,000 miles) per hour.

Therole these vehicles then play is best
described as large data trucks - full-scale
hypersonicaircraft equipped with a host of
sensors to collect data during the high-speed
operating envelope. This
information, which includes
feedback on the aircraft’s
aerodynamics, aerothermal
effects, critical guidance and
navigation and control
mechanismsis thenrelayed
inreal-time back to DARPA
(the Defense Advanced
Research Projects Agency) for
processing and analysis. The
end goal of all this hypersonic
flight and data acquisition is

toattainalevel of competency

inwhichanarmed

hypersonic fighter aircraft can

be built that could strike any targetanywhere
on the planetin less than two hours.

So far, the Falcon HTV vehicles have
returned a swathe of hypersonic flight
information. Thisincludesverification of the
testvehicles’ reaction control system (RCS),
hypersoniccommunication system, GPS-an
amazing feat considering that the Falcon can
be travelling at over 5.8 kilometres (3.6 miles)
per second, and the necessary thermal-
protective material properties needed for
travelling at these immense speedsin the
Earth’satmosphere.

vI'
v
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The Golden Gate Bri

and Marin County

When it was completed backin 1937 the
Golden Gate Bridge boasted the longest
suspension bridge main span in the world,
covering 1,280 metres (4,200 feet). Not only
this, but by traversing San Francisco Bay,
this marvel defies notoriously high wind
speeds, blinding fog, powerful tides, a
channel depth of 113 metres (372 feet)and a
lot of difficult terrain. Indeed, for these
reasons, it isnot surprising that
commentators at the time of its conception
stated it was an impossible venture.

Naysayersaside, it did conquer the strait
and since it haslinked San Francisco to
Marin County. This was achieved by three
main factors: the choice of bridge type; the
materials used; and advanced (for the time)
construction techniques.

The bridge’s design is a suspension, truss
arch and truss causeway variant. The
suspension element is key to its ability to
sustain a 1,280-metre (4,200-foot) main span
without support, with two towers taking its
massive 123,000-ton load via two main
cables. The cables are connected to each end
of the bridge - and intermittently along its
spanvia finer vertical cables - into each side
ofthestraitvia huge concrete braces; each
main cable comprises 27,572 strands of steel.

The truss arch and causeway both deliver
flexibility in terms of the main span’s ability
to move. This is very important considering
the weight and shifting nature of its load (ie
avarying number of moving vehicles)and
also the differing temperature conditions;
indeed, the main span can move vertically
through five metres (16 feet) due to therma

arched towards a central apex, a shape!
unts for this motionand e

great engineering feat due to itsadvance
construction techniques. The adoptio:
new advances in metallurgy meansit
only features galvanised and carbon
(both main cables are made from the I

but is also coated with a lead-based prime
and topcoatand, later, a zincssilicate prin o
andvinyl topcoat to mitigate againstrust.
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Ferry inconvenient
Before the Golden Gate
Bridge was built the only
way to cross from San
Francisco to Marin County
was by boat. A regular ferry
service began in the 1840s.

Naysayers
Prior to the bridge being built,
many commentators stated it
would be impossible to do so,
with the strait too deep and its
winds too fierce for any
passage to be practical.

Maintenance :
Today, a large team of 38 painters |
are permanently employed by the §
bridge’s operators to maintainits  »
paintwork, patching up areas that
become heavily corroded by the
sea air or otherwise damaged.

Fool’s gold
The bridge’s distinctive colour
is a shade of vermilion called
‘international orange’. It was
chosen to complement the
natural surroundings and
enhance its visibility in fog.

ssssesncssusenses

Big birthday
The Golden Gate Bridge
celebrated its 75th birthday on 27
May 2012, on which it played the
starring role in a city-wide
festival, in a nod to the Golden
Gate Bridge Fiesta of 1937.

r — -
The Golden Gate Bridge close up

How It Works analyses the key components of the planet’s most iconic bridge

~ Towers

The towers soar 227m

~ (745ft) above the water
~ and 152m (499ft)above
theroadway. Each
takesaload of 61,500
tonsfrom the cables.

Cables

The roadway and walkway

aresuspended by two huge
M cables that pass through

the bridge’s two main

two axles pay $2.50 peraxle.

S Gates z
¥ { Entrance to the bridgeis free Golden Gate B"dge
& onthenorthbound carriage, :
S 4 Mat I: Steel
i but southbound traffic paysa a‘ el ol
toll. Motorvehicles pay $6, Height: 227.4m (746ft)
whilevehicleswithmorethan Length: 2.7km (1.7mi)

Width: 27.4m (90ft)

Clearance: 67.1m (220ft)

Daily traffic: 120,000 vehicles

© Roulex

Walkway
Down either side of the
roadway are civilian
walkways, which are
separated from the
passingtrafficbya
reinforced steel barrier.

WWW.HOWITWORKSDAILY.COM

Roadway
Thebridgeisatrussarchand
causeway design. Assuch, the
roadway is curved towardsa
centralapex soitcanadaptto
both the temperatureand the
variable weight of traffic.

©Bill Ebbesen

Due to theimmense weight
of theroadway, the
supporting cablesare tightly
locked within gigantic
concrete braces located at
either end of the structure.
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“Autotaps are more economical and
eco-friendly and are ideal in hospitals”

For one-way glass to work,
itrequiresadistinct
contrastinlight conditions
on eitherside of the screen

One-way glass

How is it possible to make one side
reflective and the other transparent?

The secret of one-way glass is that it only works

under certain conditions. One side of the glass is

covered with a super-thinreflective layer,

called a half-silvered coating. It's so thin that
about half of all light hitting its surface is reflected while the
restislet through. When placed between two rooms - one
brightly litand one dark - the mirrored side has plenty of
lightto reflect, giving it the appearance of a normal mirror.
Onthe darkside, however, there’s enough lightallowed
through by the half-silvered surface to see the other room
perfectly. The effect isruined if the lights are switched onin
the dark room, because the surface isn’t opaque so the
light, and occupants, can be seen from the other side.

How is red eye prevented?

What tricks do modern cameras employ to remove
pesky ‘devil eyes’ from portraiture photography?

humans, so the flash from a camera hits the
retina and is sometimes strong enough to
cause ared glow, a result of light bouncing
offthe blood vessels at the back of the eye.
To counteract this effect, some cameras
include ared-eye reduction mode. This
works by triggering
the flash twice in
rapid succession:
once for the actual
photo and once just
before. The first of the
flasheswill cause the
pupils to contract,
significantly reducing
the amount of light
entering the eyeand,
more often than not,
eliminatingred eye in
the actual photo that
quickly follows.

In many nocturnalanimals, a
reflective layer called the
tapetum lucidum at the back of
@ theireyesreflectslightlikea
mirror, helping to enhance eyesightat low
levels of illumination. This doesn't existin

Most cameras today come with
adedicated mode to eliminate
red eye from your snaps
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How automatic
taps work

How autotaps differ from classic
faucetsand why they're better

| It'soften the case that inventing technology that
a makes our lives easier has some kind of karmic
effect on the planet. Like the combustion engine, for
example: millions of us get from Ato Bina car every
day, yet it’s one of the major contributors to global pollution.

Not so with automatic taps. This relatively recent invention
enables us to pass our hands under the spout and immediately
douse them in water, without twistinga knob. Aninfrared
sensor detects when an object (eg hands) is in front of the tap
and sends an electric signal to a solenoid valve. This wire coil
actsasamagnet when a current is passed through it, liftinga
valve into the range of a permanent magnet that holds it open,
allowingwater to flow. Once the object isremoved, the sensor
sendsanother signal to the solenoid valve, which reverses its
polarity and pulls the valve shut, stopping the flow of water.

Automatic taps are not only more economical and eco-
friendly but theyre also ideally suited to hospitals, where germs
can easily be transferred via communal surfaces.

Auto_tap technology

oo Infrared sensor
i This detectsan object
withinitsrangeand

sendsasignal to thevalve.

! Hancl§

| Ahuman hand orany
object comeswithin range
of the infrared sensor.

i
R
1
Water supply
Amainswater supply
enters the control box
whereitisdirected
by the solenoid.
: g
Solenoid valve g
Thesignalchargesthe  Transformer............. £
solenoid, turningitinto A6V transformer powers the g
amagnet that pulls the solenoid valve, or batteries §
valve open or shut. may be used instead. &
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london
transport
museum

Exhibition runs until
28 October 2012

Covent Garden Piazza, WC2E 7BB

Inspiring art, design
and cartography
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“A good example of this fluidit
is in its adoption of a completely
removable second tier of seating

’

Constructing the Olympic Stadium

Inside the London
2012 Olympic

Stadium

Discover how it was built, the materials

that were used and which features

make this the best-ever Olympic arena

Let’s kick offwith some fast

facts. The London 2012

Olympic Stadium was

created by the excavation of
800,000 tons of soil - soil that was then
reused in construction throughout the
wider Olympic Park. The arena also took
only 10,000 tons of steel to create, which
is significantly less than any other
Olympicarena built to date -indeed, the
entirety of the impressive top ring of the
stadium was forged out of pre-existing,
surplus gas pipes.

The stadium’s roof covers a huge 67
per cent of the seating within and was
constructed out of phthalate-free
polyvinyl chloride (PVC), which not only
led to it being one of the most cost-
effective stadium roofs in history but
also one of the most environmentally
sensitive. Despite these impressive
construction techniques and materials,
theseare only a few of the reasons why
the London 2012 Olympic Stadium is one
of the best ever conceived.

Abigger, and arguably even more
important, element of the arena is its

024 | How It Works

construction to a super-flexible and fluid
design brief, with the central venue split
into three key sections: the track/field,
lower-tier seating and upper-tier seating
arrays. This clear segmentation of the
huge, 80,000-seat stadium is due to an
emphasis on sustaining its usability
after the 2012 Games has finished, with
key parts able to naturally evolve to suit
awide range of future events.

Agood example of this fluidity isin
itsadoption of a completely removable
second tier of seating, which despite
providing a vantage point this summer
for 55,000 spectators per event day, can
be completely removed once the
tournament is over, granting the local
authority or private buyer a great deal of
freedom inany re-specification. Indeed,
ithasbeenrecently announced that the
stadium will be adopted for the IAAF
World Championships in 2017.

This forward thinking in terms of
future evolution is also demonstrated in
the design of the Olympic Stadium’s
concourse and convenience facilities,
with the former granting a 360-degree

Ashot of the London 2012 Olympic
Stadium during construction

freedom of movement for spectators and
athletesaround the vicinity of the arena,
and the latter providing a host of
facilities all positioned outside it; toilets,
merchandise and catering booths, etc,
are largely located in external pods.

All this sustainability and legacy,
while impressive, has not however
compromised the stadium'’s outfitting,
with some cutting-edge technology and
advanced facilities on display.

Within the stadium two custom-
built Panasonic TV screens have been
installed to show key events, scores and
information to spectators - the screens
each measurean insane 1,836
centimetres (723 inches).

Inaddition, a dedicated high-tech
medical support suite has been
integrated within the lower tier’s
infrastructure, enabling athletes to
receive the best medical assistance on
site. Also, athletes will have accessto a
dedicated 60-metre (197-foot) warm-up
track and spectators will be able to
access the stadium’s concourse through
five custom-designed bridges.

© Populous

Roof
Theroofisa cable-
supported typeand
stretches for28m (92ft)
around the stadium. It
supportsawide selection
offloodlights and covers
67per cent of spectators.

Upper tier 5
The upper tier of seatingis L
temporaryandwillbe 9
removed after the Olympics
and Paralympics have taken
place. This upper tier can
seat 55,000 people. \

Entrances i :
Various entrances
archingaround the
stadium linkits

concourse to the

surrounding Stratford,

whichisanarea of

the London borough
of Newham. S

Lower tier

The lower tier of
seatingis permanent
and canaccommodate
atotal of 25,000 people.

Facilities
Thisseries of buildingsis
for the athletes, officials

and administrators of the

A A
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Location: Stratford

Surface: Track and field (grass)
- Cost: £486m ($765m)

- Capacity: 80,000

Curtain
Afabriccurtain encircles
the stadium’s upper-mid

structure providing shelter for

Y spectators on the upper tier.

o Track/field

, / Atthe centre of the stadium

N liesits track and field, onwhich
l o theathleteswill compete.

Concourse
Atthe ground level the
concourse sweepsa full
360 degreesaround the
arena, providingvisitors
with plenty of room to
find their entrance and
relax between events.

s Columns
Thestadiumis
supported by a vast
ring of concrete and
steel columns, which
are located within
theinner concourse.

e sepeeseond Ms
Surroundingthe
concourseisaseries of
pods; thesesupplyalarge
portion of the stadium’s
cateringand merchandise.
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“Webcam sensors, lenses and chipsets

WokE
2 E: N\ [B N e\ tend to be very small and simple”

Webcams / Fire-resistant clothing

.
Sensor

In mus Webcam image sensorsare either CMOS
(complementary metal-oxide semiconductor)

How these miniature recordin onthelrquaity CCbsensorsferbetir 25
dEVICQS Capture lmages and viaeo performance butare more expensive. 2 {E‘

.| Awebcameraisasmallvideo camera
designed torecord and transmit images
and/orvideo to a computer or network in
real-time, with feeds typically sent over
an Ethernet or Wi-Fi internet connection. H
Unlike full-scale video cameras, webcams are y . 3 Visnsasais

designed to only capture and record video overa L d T Dueto theirsmall-scale,
relatively small area, typically with their focus being affordable nature, lenses for
auser positioned directly in front of them. As such, webcamstend tobemade

. . from plasticinstead of glass.
their sensors, lenses and chipsets tend to be very

: i . Both fixed and variable-focus
small and simple, and are selected according to their lensesareavailableand each

1 44
Py 8
n“ ]

low weight and cost to manufacture. Further, ismounted on top of the
recorded images and video are transmitted and camera’ssensor.
stored remotely, not on the camera itself.

Standard webcams today are both connected toa i
computer and also powered by a USB cable, which Microphone

Auxiliarywebcams tend to comewitha
built-in microphone so that generated video
canbe partnered withaudio during video
chats or conference calls. The processing of
thisis commonlyhandled on-chipset.

Fire suits explained
How do these space-age-looking clothes
shield firefighters from deadly flames?

grants a fast enough transfer rate to transmit images
and video live and also helps reduce the camera’s
weight even more, as no internal batteryis needed.
Many laptops also have webcams built in.

Fire suits, which are sometimes known as
‘bunker gear’ and ‘turnout gear’, consist of
several protective layers of heat-resistant
syntheticmaterials called aramids. These suits
must not only protect the wearer from obvious extreme heat
and burns, but they must also allow air transfer (to let cool
airinto the suitand expel body-heated air away), as well as
preventing moisture buildup inside the gear itself. There are
three main layers to a fire suit: the outer shell, the moisture
barrier and, lastly, the thermal layer.

The silver-coloured outer shell seen in these images here
must be tough enough to withstand splashes of molten
metal, yet flexible enough to enable the wearer to remain
mobile. This layer is often a combination of carefully woven
fibres made of a fire-resistant variant of Kevlar called
NOMEX. A tight weave ensures that the material resists
ripping during often strenuous firefighting activity. It also
offersa degree of moisture deflection.

Below the outer shell comes an essential moisture
barrier, which prevents liquids and chemicals from passing
into the suit. This material consists of a breathable fabric
such as Breathe-Tex, sewn in with the NOMEX/Kevlar blend.

Third isastrong thermal layer made from Kevlar-based
fibres woven into the material. Flames won't penetrate
through thislayer and italso absorbs around three-quarters
of afire’s heat. The temperature of a typical fire ranges from
400-800 degrees Celsius (750-1,470 degrees Fahrenheit).

Afire suit comprises three main
layers that, together, keep the
firefighter within safe from harm
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A Finnish beginning : Modern Saunavs steamroom : Splashing out
5 TU P The original Finnish saunas were During the Industrial Revolution - Modern saunas can approach Although saunas and steam " The best saunas come
pits dug into the ground in which a in the late-18th century saunas 4 100°C (212°F) as they have rooms can sometimes be 4 equipped with a dedicated
F A C TS fire was created to heat stones. By evolved to use a metal e systems to control their confused, they are different. - plunge pool or cold showering
throwing water over them, steam woodstove with a chimney. This ~ § humidity. If this wasn't Saunas can produce both dry ~ unit. These are recommended
S A U N A S could be generated to increase the enabled temperatures to be s controlled people could be and wet heat, while steam rooms 3 to cool the body back down to
. .
. .

overall pit temperature. increased up to 90°C (194°F). scalded by the air temperature. can only produce wet heat. normal after the intense heat.

[ Y(ILEG Squibs were used in the 1gth century to break coal away from worthless rock in mines

Inside saunas

The science of these sweat rooms unravelled

Asaunaisasmall,
enclosed room - usually
lined with wooden panels
-used by people to
experience two main kinds of heat
session, the goal of both being to
induce sweating and the cleansing of
the skin. The two main types of heat
generated in saunasare dryand wet,
which are differentiated by the sauna’s
humidity level. Dry-heat saunas have ‘ ] R
very hot temperatures (approachinga 1 -
blistering 100 degrees Celsius (212 = n A
degrees Fahrenheit) and very low s R — L] - ’
humidity levels - controlled by an i - : What Is a sq u‘ b 2
automated system. Wet-heatsaunas, : 5 ]
on the other hand, have lower S e
temperatures, but higher humidity - The mlnlatur e e.Xplosnles Often
levels, acting more like a steam bath. i . used in the movies eXplalned
The heat in both cases can be -
generated in avariety of ways, however, - ; . Asquibisasmall explosive device used to generate a
the most common practice istousea L il . mechanical force or visual effect. Squibs usually
stone fire. These are heating elements < — resemble a small stick of dynamite or layered fabric
covered with large smooth stones that, R L sheet, with each style containing a small quantity of
when heated, can have scented water explosive substance along with a central detonator.
thrown over them to generate large y : Squibs can either be detonated via a traditional slow-burning
quantities of vapour. These are ‘ — - fuse - like the one shown in the image above - or by a wired
popular as the heat generated bythe } connection to a remote electronic trigger, the latter being more
stone fire can be spread out more ‘ j ~ common today due to increased safety standards.
evenly through thewater vapour than - e 4 Typical uses of squibs include separating different materials
through standard air convection. R -for example, in coal mines, where small detonations can break
Historically, saunas were pioneered away valuable coal from worthless rock, and asa controllable
inFinland, where they havebecomea pyrotechnic. Squibs can simulate explosive effects for theatre
national tradition. However, thefirst and film productions without the need to use high-powered
recorded evidence of a sauna comes explosives, which are alot more dangerous and expensive.
from Ancient Greek historian Historically, squibs were originally constructed from tubes of
Herodotus, who describes in Histories parchment and were filled with black powder. These primitive
how the inhabitants of Scythia in squibs did not have the insulating, water-resistant coating that
central Eurasia used to throwwater they do today and, as such, if they got wet they would not
and hemp seeds on heated stones to function. This is where the common phrase ‘damp squib’
create a hot, intoxicating steam. # originatesand why it is used to indicate that something has not
worked correctly or to its maximum potential.

Atypical modern squib with
awater-protectivelining

Amodern sauna ata health spa with
traditional wood-panelled interior

s
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Personal CNC for Home or Hobby gafgs

g C l s \ = ) TN
Tormach Personal CNC machines are the ultimate workshop tooLT”Whether you're a jeweler, ;
artist, prototype builder, engineer, model maker or hobbyist, aTorQla@ PCNC will ‘
expand your possibilities and enable your ideas.
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“Everything is prepared in advance so
camera operators can concentrate
on moving, composing and zooming

- WA
4 TECHNOLOGY

How live TV waorks

Broadcasting live
sports events

Much like any live performance, the secret toa
successful live sports broadcast is preparation

Long before the sportspeople enter a
venue, the broadcasting crews have set up,
tested, rehearsed and rehearsed again.

The entire broadcast team practises
with a run-through. During the broadcast, the output
picture must look coherent whenever the vision mixer
switches from camera to camera. To match the
pictures, the vision engineer runs a ‘lineup’ before the
event -all the cameras pointata greyscale chartand
are adjusted for white balance and exposure.

Everything is prepared and pre-set well in advance
so the camera operators can concentrate on moving,
composing, focusing and zooming. Everything else is
controlled remotely. The expensive professional
cameras are fixed to tripods or trolleys, or handheld
usinga stabilisation rig like ‘Steadicam’. With the
director orchestrating the team via headsets, the cam
ops’ experience will greatly dictate the results.

In the mobile broadcast truck, or location studio,
the director, vision mixer and graphics editor
co-ordinate the output. In a separate area, the sound
team prepare and mix the audio. They usually work in
awell-insulated booth so they can accurately monitor
the sound, without interference from the noise of the
crowd outside or the whirr of air-conditioning, etc.

Many sports events use infographics to display
team info, match data and so on. These are all pre-set
and co-ordinated with the official results system at the
venue. On the monitor, a camera operator can checka
composition fits with the graphics by viewing the
output as either ‘clean’ or 'dirty”: clean is the picture
by itself, while dirty is the picture plus any graphics.

Butwhat happensifthere’sa problem, suchasa
camera failing, a race being delayed, or amore serious
situation such as a terrorist attack? Commercial
channels can switch to an advert break. For non-
commercial channelslike the BBC, thisiswhen the
skill of the presentersis tested as they talk to *fill in’
while the situation is resolved. This will have been
rehearsed and there may be a piece of emergency
video standing by just in case it’s needed.

How 'live’ is live? As anyone who lives near a
stadium or similar venue will tell you, the delay fora
true live broadcast is just a few seconds: they will hear
the roar of the crowd just shortly before they see the
triumphant event on their television. Some 'live’ TV
shows build inalonger delay, from a few extra seconds
up to 15 minutes so they can broadcast events which
occur simultaneously - getting a chance to remove
bad language, for instance, in this interim period.

okenSphere 2008

Outside broadcast vans enable broadcasters to transmit
footage from almost any location away from the studio

© Courtesy of Broadcast RF

A full professional ﬁ
Stebt’ijcum rigiike t "

can cost up tg £40,000...

Vest

This helps distribute weight around the
operator’s body. The work is physically
demandingand ideally operators should
be1.8m (6ft)tall, soit’srare to see women
operating Steadicams for long periods.

Spring-loaded arm
Thissmooths the forward
and backward movement.

Operator

The operator standswith bent knees
for optimum stabilityand balance,
ready to move quickly but steadily.

Handles
Tomove the camerasmoothly up
and down, aswellas leftand right.

Batteries

Large cells store hours of charge so
the operator isn’t tethered by power
cables. The monitor and batteries also
actasacounterweight to the bulky
camerasitting on top of therig.

director and a cue light to indicate their footage is
the picture being broadcast. Camerasare sef
up inadvance by assistants. Operators
may pepper their focusand zoom
controls with markers made
from tiny triangles
of electrical tape g
sotheycan
quickly move
torehearsed
settings.

sports, broadcasters often use wireless
microwave links. If the camerais connected
via cables, HD signals are sent down fibre
cables, while SD signals are sent via triax

Step1l Step 2 Step 3
Professional camera Link to CCU Camera control
Operated by a human or by remote control. Camera The data from the camera’s processor is sent unit (CCU)
operators have a headset for communicating with the to the camera control unit (CCU). For live Thisis effectively the

‘brain’ of the camera.

cables. Many venues have ‘tie-lines’ makesure thewhite

- fixed points builtin to the balanceand exposureis

venue'sinfrastructure set correctly forall the
so cables canbe cameras. The engineers
pluggedinand transmitrequeststo the

datasentto CCUbyremote control,

theCCU. whichin turnalter the

camerasettings.

Vision engineers monitor
thelive picture and ‘ride
thelevels’ continuouslyto

Right: An operator’s
view ofa fixed camera

Live TV transmission step-by-step 1 deiwveraystasharp

Step 4

Digital
interface

Data fromthe
cameras is processed
atadigital interface,
which transforms it
intorobustsignals
thatcanthenbe
transmitted over
large distances
withoutlosingany
ofthe quality.
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D A ES John Logie Baird The Olympics in Germany is the At the FIFA World Cup in The UK’s first live sports The FIFAWorld Cupin  Sky broadcasts a football
invents and first live sports transmission England, 32.3 million watch broadcast from abroad Germany is the world’s match between Arsenal and
TV BRO ADC ASTING demonstrates live (right), transmitted by cable and the world’s first live sports is Ali and Frazier's first live sports event  Manchester United live in 3D
TV broadcasting. viewed in Berlin and Leipzig. © Telefunken-Bild, Berlin broadcast in colour. ‘Thrilla in Manila’ fight. broadcast in HD. to nine pubs in the UK.

BINOIYLGBIWYE \When London hosts the 2012 Games, the BBC will broadcast around 2,500 hours of live TV

Microwave receiver Microwave Pro VS
Receives commands from transmitter

the camera control unit (CCU) S8 ¢ Bl Thissendsdatafromthe consu me
toadjust settings on the : camera’s three CCD chips to

camera, and receives the the camera control unit. cameras

video feed of the live output.
M Consumer cams have a built-in
lenswhereas pro cams have
interchangeable lenses (wide-angle,
telephoto, etc). For filmingdrama,
cameras may use fixed focal-length lenses
because theaction is controlled; for unpredictable
sports events, meanwhile, cam ops select lenses that
allow them to respond to varying conditions.

M Prolenses are larger and more expensive because
they’re precision-made from thick, scratch-resistant
glassassembled ina dust-free environment.

M Consumer cams usually measure zoom as 4X, 8x
andso on, because it's easier tounderstand.

2 Microphone
The furry cover minimises - M Pro cameras, in contrast, have stronger and more
noise generated bywind. precisezoom lenses, measured in millimetres.

M Consumer cams often have just one CCD
(charge-coupled device): the silicon chipwhich
convertslight todigital signals.

o

Camera
The operatorwill have pre-set
options on this professional camera
so that they can respond quickly.

M Aprofessional camerawill have aminimum of
three CCDs-one each forred, blue and green light.
This extrainformation meansa clearer picture
capable of good resolution at larger sizes.

Some pro cams use CMOS (complementary
metal-oxide semiconductor) chips, another method
of capturing datawhich requires less off-chip
circuitry to process the data thana CCD.

Monitor
Shows either the image captured by
the camera or the live output. The
operator needs to use amonitor
because they can’tlook through the
viewfinder and professional cameras
don’tusuallyhaveanLCD screen.

M Consumer cams don't usually have the option to
create their own presets for different conditions.

M Pro camsallow the operator to constructand save
settings for different conditions, which in the future
can be accessed at the touch of abutton.

M Consumer cams usually have just one method of
recording, while pro camsare adjustable.

M Professional cameras canrecord in PAL (UK format,
25 frames per second) or NTSC (USA format, 30 frames
per second); all the settings can be manuallyvaried

‘ and the data-rate can bealtered too. Pro cams can
& produce super-clear slow-motion playbackwith a
video to your TV, broadcasters use a complex array of technology framerateof 5o1ps, oreven100ps.
Step 5 Step 6 Step 7 Step 8 _ “d e . T
. . ese new developmentsrequire cameras to
Mobile broadcast van, Output sent Live Watched A g g s .
- H M S o S capture more information. Standard definition (SD;
or location studio, featuring: The sound, camera transmission by viewers 6704 % 480pixels) hasnowbeen replaced by high
Director Orchestrates the output - instructs pictur.es and graphicsare The bro.adcaster’s The digj_tal signals definition (ie1,920x1,080 pixels) inall procamsand
the camera operatorsvia their headsetsand sentvia cable to t}}e ‘sat transmitter sends arereceivedatthe most consumer cams. You need an HD-compatible
decideswhich camera picture to broadcast. truck’ (for an outside the signal by viewer's aerial, then television or computerin order to play HD video,
broadcast) or master electromagnetic decoded and played otherwise t's compressed to SD.
Vision mixer Follows director’s instructions controlroom (if the wave to byaTVsotheviewer
onwhat to focus onand image treatment, etc. directing galleryisina transmitters canenjoy the event, M Pro camsare nowavailablewith a super-high
studio). The signalis then across the country oftenwithabetter definition of over 4,000 pixels. Why bother with these
Sound editor The sound editor mixes audio sentto t.he.broadcaster’s (andvia satellite viewthanthe new formats? Theyare especially good for sports
‘on the ground’ and from commentators. transmission control totherestof the audienceat the viewing- the extra-fine resolution of HDmeans
cenFre, oftepma szgtelllte world). The Y(_emlle. Foratrue viewers can identify fast-moving playersinwide
Graphics Pre-set graphicsare co-ordinated butmcreasu}glyma a transmittersthen live’ broadcast, the shots, and 3D images communicate every detail of the
with thevenue’sresults system and added to super-fast, high-quality broadcastthe delaywillbejusta actionsuchasthe distance between finishersina
the output picture before transmission. internet connection. signal to homes. fewseconds. sprintorthe length of a javelin throw.
V4
:
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1&1 WEB HOSTING

WE'RE HERE TO HELP!
" | 24 HOURS A DAY,
7 DAYS A WEEK

OPTIMUM THE LATEST EXPERT
SECURITY TECHNOLOGY SUPPORT

B Your website is M Super-fast connectivity at M Easy account management
simultaneously hosted in over 275 Gbit/s via the 1&1 Control Panel
two Geo-redundant 1&1 M 9,000 TeraByte monthly M 24/7 Phone and E-mail
Data Centres for maximum transfer volume Support
availability -

M Over 70,000 high-tech servers
operating simultaneously
M High level of innovation with
1,300 internal developers
MEMBER OF
unitad
internet

*12 month minimum contract term applies. Standard prices apply after the initial offer term, Visit www.1and1.co.uk for full promotional offer details, terms and conditions. Prices exclude VAT.
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M UNLIMITED Webspace

M UNLIMITED Traffic 1 &1 U N LI M ITE D
I UNLIMITED access to 65 free 1&1 Click & Build Applications

W NEW: Up to £55 in Bing™ and Facebook® Credits 6 M O NTH S FRE E

M 1&1 Mobile Online Storage app for access on-the-go

M 1 free domain included for life of contract (.co.uk, .me.uk or .org.uk)
W 100 MySQL 5 Databases (1 GB each)
M Choice of PHP, Zend Framework, Perl, Python, Ruby and SSI =

M 5,000 IMAP/POP3 E-mail Accounts (2 GB storage per account)

M 1&1 Newsletter Tool and 1&]1 SiteAnalytics

M NetObjects Fusion® 1&1 Edition (Mobile Website Editing Software)

M Double security with Geo-redundant 1&1 Data Centres then £6.99 per month

Tl SPECIAL OFFERS

srtiog END 30/06/12

first year offers - visit our website today! ] &]

call 0844 335 1211 or buy online www.land1.co.uk

per month*
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Chemistry

ATHLETE

When we talk about
superhumans, shooting lasers
and turning invisible aside,
there’s a process of comparable
feats that we normally run through. So, for
example, the average guy might be able to
sprint at 29 kilometres (18 miles) per hour but
Superman can travel faster than a speeding
bullet (roughly 1,300 kilometres/8oo miles
per hour). Similarly, a strong person might be
able to lug a 70-kilogram (150-pound) canister
around a pub, but in comparison The Thing
could tow a 14,000-kilogram (31,000-pound)
double-decker bus.

These are feats of fantasy, but we don’t
have to look to the world of fiction for truly
astonishing human physical acts. In fact, a
lot of sportspeople capable of testing the
boundaries of the biological machine thatis

How do these real-life superhumans
differ from your average Joe?

the human body are gathering this July, in
the 2012 Summer Olympic Games in London.
Sowhat is it exactly that’s stopping any of
us from rolling up to the Olympic Stadium,
stepping up to the starting line and providing
aserious challenge to Usain Bolt for the
100-metre (328-foot) sprint gold medal? The
answer might seem obvious, but even though
we're made of the same fundamental
building blocks, Olympians are built very
differently. Think of their bodies as highly
specialised machines that have upgraded
themselves through years of training,
elevating them above the vast majority of us
to become significantly faster and stronger,
react quicker, last longer, improve balance,
accuracy, dexterity and endure levels of
self-inflicted physical discomfort that most of
us would quickly buckle under the stress of.

Brain
Whetherarunnerissprinting10o
metres (328 feet) ora pentathleteis
guiding their horse, withyears of
training the brain of an Olympian
changesand grows in harmony
with other physical developments.

Skeleton

Asapart ofany physical training,
bones strengthenwith the
stresses that muscles place upon
them. Caucasians tend to have
light boneswhile Polynesians
naturally haveahigher bone
density, which can be genetically
advantageous for certain sports.

Cardiovascular system
Astrong heartand biglungs mean
anathlete canlastalongtimein
any event. Ahighred blood cell
countwill increase oxygen
delivered to the musclesand a
good circulation means oxygen
will getwhere it'smostrequired.
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Muscles

These can be divided into two
main groups: fast-twitch fibres
produce power and are great for
sprinters and power lifters; while
slow-twitch fibres contract more
slowly butare more efficient,
making them more suitable for
enduranceathletes.

Fuel: weallneed it, butathletes
need several times the calorific
intake of the average person to
sustain them during training

An Olympian
versus you!

"

Everyman
Occupation:
Office worker

Brealkfast:
Bowl of cereal and juice
(300kcal)

Go to work
Sitdown

Answer telephone
Type documents
Walk to printer
Drink coffee (40kcal)

Lunchbreak

Chicken sandwich
Crisps

Chocolate bar

Soft drink (8ookcal total)

Finish work

Gym

5km (3.6mi) run

Dinner

Jacket potato with tuna mayo

and salad (500kcal total)

=

Michael Phelps
Occupation: Swimmer
(Olympic gold medallist)

Breakfast:

3 x fried-egg sandwiches

3 x chocolate-chip pancakes
5-egg omelette

3 slices of French toast

Bowl of grits (4,000kcal total)

Go to the pool

2.4km (1.5mi)warm-up
4.1km (2.5mi) mixed strokes
Warm-down

Lunchbreak 1400
o.5kg (11b) pasta

2 x ham-and-cheese sandwiches
Energy drinks (4,000kcal total)

Go to the pool

2.4km (1.5mi)warm-up
1km (0.6mi) mixed strokes
Warm-down

0.5kg (11b) pasta
Large pizza
drinks (4,000kcal total)
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Super-
biliti

Football

You often hear people referred toas

*football geniuses’, and there’s more truth

inthat thanyou might at first think.

Top-flight footballers are mental
strategists akin to brilliant chess players.

Athletics

Runners need more fast or slow-twitch
muscle fibres (depending on the event),
throwers need core strength and hand-eye
co-ordination, while jumpersneed
flexibility and leg strength.

Swimming

Swimmerswith longer bodiesand a bigger
armspan than height, plus bighandsand
feet to propel them through the water,
tend to perform better than others.

Modern pentathlon

Asthe pentathlon combines target
shooting, fencing, swimming, equestrian
show-jumping and cross-country running
events, a pool of all-round Olympic ability
isneeded to succeed.

Table tennis

Fast-twitch muscle fibres and lightning
reactionsareamust, but the best players
instinctively knowwhere to plant their
feetand have the endurance tolast for
several hours of intense play.

Cycling (road)

Cardiovascular endurance and strong legs
area given, butarguablyLance Armstrong’s
heroic (and victorious) fight against cancer
contributed to himwinning the Tour de
Francenolessthanseven times.
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“Usain Bolt smashed his own world
record in Berlin three years ago
with a blistering g9.58-second run”

It seems unfair but genetically many, if not
most, of usaren’t even on an even keel with
Olympians when we’re born, as many
athletes have a natural leaning towards
superhuman traits. Long limbs, a large pool
(up to 9o per cent) of slow-twitch muscle
fibres and a cardiovascular system with a
huge range means Kenyans tend to dominate
distance events over 5,000 metres (16,400
feet). Even outside of racial predispositions,
and regardless of the best training
techniques, some people are just genetically
overqualified for a certain sport and will
leave their fellow competitors for dust.

The Olympic Games themselves have also
been a catalyst for Herculean achievements.
Before the first modern Olympic Games

under the International Olympic Committee
in 1896, the first official world record for the
100-metre (328-foot) sprint (ratified by the
International Association for Athletics
Federations) was 10.8 seconds, by Luther Cary
in1891. The benchmark ten-second barrier
wasn't broken until 1968 and Usain Bolt
smashed his own world record in Berlin
three years ago with a blistering 9.58-second
run. While over a century of socioeconomic
improvements have helped open the Olympic
achievements up to everyone, the Games
themselves have provided a competitive =
platform from which Olympic athletes have & ",
been able to further distinguish themselves = b
from the everyday man, proving they're
capable of superhuman things.

Mind Games

While most Olympic superhumans may not
necessarily directly train their minds to enable them
to perform at their peak, their brains will develop as
apartof their training. Marksmen of the pentathlon
and champion archers can’t rely on 20-20 vision
alone, for example. The hand-eye co-ordination that
makes the perfect shot is quite methodical when you
boil it down. It begins with the brain setting the
bullseye as the goal, calculating the best way to
achieve it and then predicting what kind of feedback
sensation it should receive if the goal is achieved.

It rapidly adjusts the Olympian’s form and
compensates for what it thinks is the tiniest
deviation from the right technique. All our brains
do this even for the simplest of activities, but
superhuman brains find more efficient, more
accurate ways of doing the same task. The other
critical factor in any Olympian’s mind is their mental
readiness for action. Being calm and focused is
conducive to any activity and athlete brains emit
stronger alpha waves than average, which indicate a
state of calm. This is because the athlete has become
efficient enough to free the prefrontal cortexin the
front of the brain from the task at hand, giving it
space to react. The anatomy of their brain has been
changed, strengthening neuron connectionsin
some areas and weakening them in others,
honing it for the person’s particular sport.

1' 1,
SRS ) & \ N\ \f X
. T T T T T
Off the block Drive phase 90% max velocity Stride phase Max velocity
0.14seconds (1second) (2-3seconds) (3-4seconds) (5seconds)
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Greek gymnast Dimitrié)s Loundras Was only ten when he
competed in the 1896 Athens Olympics. The minimum age
today is 14 (for diving and bobsleigh).

Mental conditioning
and focusare every bitas
important foran athlete
asbeing physically
prepared forasport

Super-

Prefrontal cortex
Thisiswhere planning
and strategy take place.
With practice, thiscan be
freed up to respond more
quicklyand accurately.

Muscle memory
New, complex neural
pathwaysand neuronsare
developed in top athletes
so that they can perform

sophisticated tasks
without conscious thought.

Vestibular system
Though balanceisalso
maintained by other
sensesand computed by
the brain, the vestibular
system (whichis partofthe
inner ear) detects circular
motionand movement
inastraightline.

Cerebellum
Hand-eye co-ordination
is computed hereand can
beimproved, though not
all cerebellumsare equal.

e

It’s all in the genes

Currently, the only way we can take charge of our own destiny and give
ourselves a fighting chance of competing in the Olympic Games is by hard work
and dedication - though that doesn’t guarantee we’ll even come close to
becoming Olympic-standard. Modern technology may change that however:
‘gene-doping’ is the term given to a wave of genetic technologies that may allow
an athlete to change their DNA in favour of becoming faster, stronger and
all-round better at their event. PPAR-9 (peroxisome proliferator-activated
receptor alpha) affects muscle-cell metabolism and can potentially boost
strength and power, as well as affect fat metabolism for a leaner physique.
Repoxygenisanother gene-therapy agent that can boost red blood cell
production, increasing the amount of oxygen delivered to the muscles.

Even though either of these might put the average person on a genetic par with
Olympicsuperheroes, using them to increase performance in professional sports
isillegal, akin to using anabolic steroids and other banned substances. Currently,
however, there’s no way to test for such gene-altering drugs.

Gymnastics (artistic)
Incredible balance and flexibility aside,
more than any other athlete, gymnasts

require a strength-to-weight ratio that
belies their slight frame.

Rowing

Again, long, strong limbs make for the
longest strokes and the best rowers.
Olympic rowers need to overcome lactic
acid burn from anaerobic bursts that
would cripple lesser men.

Boxing

Unlike most other Olympic sports, boxers
are expected to endure a degree of injury
to the head and body, yet continue
performingat their peak. In addition to
overall athleticability, anironjawand a
certain ‘grit’ arevital.

Weightlifting

Weightliftersare extreme specialists,
focusing large overall muscle mass into
feats of power and strength. Technique
and endurance should never be
underplayed, as only a flawlessly
executed lift will secure full marks.

Archery

Archersneed long, strongarms and
back muscles, hawk-eye vision and
focus to the point that the archer can
temporarily lower their heart rate.

< g
\ /e Y Diving
\ ,' .- More than any other event, concentration
- . and absolute focus are vital to a diver,
T T T T 1 because entering the water from such
lofty heights with the wrong posture can
Lift phase Full sprint be seriously dangerous.
(6seconds) (6-10seconds)
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heavy

“In the18th and 1gth centuries,
industry led to the
process of curing steel”

Detecting drugs / Strengthening steel

In1991, coaches of the
former East German
swimmingteam
admitted to drugging
theirathletes,
contributing to11
gold medalsin
the 1976 Games

| Certain drugsare banned by
sporting authorities because of
the unfair advantage they can
give. Drugs like anabolic steroids
can increase lean mass, painkillers enable
athletes to endure greater stresses, sedatives
can help archers focus and even chemicals to
mask banned substances exist in the world
of performance-enhancing drugs.

Ever since banned-substance testing
began at the 1968 Olympic Games in Mexico,
it'sbeen an armsrace between new drugs
and the methods devised to detect them. The
process for detecting a broad spectrum of
forbidden substances involves a drug control

Sample injector
The sample taken from the athlete is
injected into the oven along with the gas.

Gas
Agas, usuallyhelium,
nitrogen or hydrogenis

Hot-dipping is the most common method
of galvanisation. Itinvolves a final stage of
dipping steel into a bath of molten zincat
around 460 degrees Celsius (860 degrees

Fahrenheit). The zinc bonds with the steel,
forming iron-zinc alloys which, in turn,
formszinc oxide on the surface. Asit’s the

Drug testing

How are athletes checked for banned
substances at major sporting events?

officer taking a sample ofan athlete’s urine,
or sometimes blood, for analysisata
laboratory. Here, gas chromatography and
mass spectrometry (or GC-MS for short) are
most commonly used to detect drugs. Gas
chromatography vaporises the sample in the
presence of a gas, with certain substances
remaining as a gas for a specific, known
amount of time.

Inthe final stage of the drug-testing
process, mass spectrometry blasts the
sample with an electron beam before
sending the remains down a magnetic tube
into a detector that can pick up the unique
‘fingerprint’ of each substance.

Temperature-
regulated oven

The gasand sampleare
heated and maintained ata
certain temperature bya
specialised oven.

Mass spectrometer
Thevaporised remains of the sample
and gasare passed into the mass
spectrometer for analysis.

“ Galvamised steel lasts
longerteday because
pollutiortlaws have

zinc that's effectively rusting and not the
iron, the zinc oxide layer helps protect the
steel, increasing its life span from around
five years to anything up to 7o years.

released intoa sealed oven.
through the use of some clever chemistry
discovered that introducing
Like iron though, it’s still susceptible to the
So, in the18th and 19th centuries, heavy

u = - ’
What is galvanisation?
@ Steel has been around for
# carbon to the forge produced a
elements: exposed to moisture and oxygen
industry led to the process of curing steel

How the strength of steel can be bolstered
millennia, ever since it was

much harder and durable metal than iron.

in the air, it’s prone to corrosion and rust.

- otherwise known as galvanising.

Hot-dipping galvanisation

\ L
N p——

Caustic cleansing Rinsing Pickling Rinsing Flux solution Molten zinc bath Cooling and cleansing

Dirt, greaseandoilis ~ Thesteelisrinsed in Thesurfaceisrefined Anotherrinse Adipinzincammoniumchloride Thesteel'sfinaldipisina Thegalvanised steelis then

removedwithacaustic watertowashoffthe furtherwithacid ‘pickling’, toremove removes oxides and prevents bath of moltenzincat leftto cooland any excess
alkaline solution. caustic solution. toremoverustand scale. theacid. oxidation prior to the nextstep. 435-455°C (815-850°F). zincdrainsaway.
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Expand your mind...

Magazines, bookazines and DVDs about science,
technology, transport, space, history and the environment.

Bookazines Back issues

to know about the world we live in
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How It Works Annual Vol.1 How It Works Book Of Space How It Works Book of Amazing

Find the solution to hundreds of life's Extended Edition Technology

little mysteries with the How It Works Everything you want to know A look at your household day-to-day
How It Wo‘ks Annual VOI 2 Annual, a beautiful compilation of the about the universe we live in. Take technology. From 3D cameras to

L finest in-depth features and bite-sized ajourney through the spectacular iPhones and tablets, we dissect these
i | i i articles covering all aspects of science contents of our solar system. top devices.

Over 8,000 faqts |nclyded. A section dedicated et el o ohee
to the greatestinventions of all time, a look £9.99

at the vehicles and designs that changed the
world of transportation, fully illustrated guides
and fantastic cutaways all written by experts to
be understood by all.

£9.99

How it Works eMag Vol.1
Every page of How It Works
issues 1-12 on one amazing
DVD! Browse by keyword or by
topic and view the magazine on
aPC, Mac or transfer to iPad.
£19.99

hOp CO. uk Ua

PUBLISHING

Become an ImagineShop
customer and leave reviews of
your favourite products.

Hurry, stock is limited! ™

o imagines

Email ishing.co.uk
Twitter @imagineshopuk

MAGAZINES BOOKS DVD eMAGS DOWNLOADS GIFTS

Prices correct at time of going to press.
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“Good conductors include copper,
gold and silver, the latter being the
most electrically conductive metal”

Harvesting sea salt / Conductivity

Seasaltfarmersin
Pak Thale, Thailan

How sea salt *
is farmed

How is this popular additive extracted from the
ocean to be used in kitchens all over the globe?

| Seasaltisharvestedin one of indeed, salinity is increased almost tenfold,
three ways. The first is a freeform from around three per cent up to nearly 30.
natural technique where human

Atthis stage, the contained salt starts to
labourers manually dredge crystallise and can be harvested manually.
natural, high salt-content waters (such as

The third process is an evolution of the
those found in Lake Retba, Senegal) with second, with the entire operation scaled up
sieves. Thisisthe oldest practice and delivers ~ and detached from a natural source of
small amounts of seasalt overalong periodof  seawater. Here, salt water is artificially
time -ie the supply and generation speed is pumped into man-made shallow ponds,
controlled by entirely natural means. which areallinterconnected. As the water

The second method is a semi-manual begins to evaporate, itis moved closer and
technique in which natural seawater

closer to a processing facility through their
resources are artificially dammed off and

connections, meaning that the water in the

segmented into a series of shallow ponds (as nearest pond has the most crystallised salt.
demonstrated in the Dead Sea). These ponds, The mineral is then raked up by huge
astheyare exposed to the Sunand wind, mechanical harvestersand transported toa
evaporate, concentrating their Sng ” processing facility for cleaning.
salt content; A Seasaltisprocessed by first washing

itina brine solution in order to flush

outany calcium and other impurities,
and thenin fresh water to dissolve any
remaining magnesium chloride. After
this, it can be re-dried, packaged up
and distributed to retailers.

o el

Aseasaltharvester
liftssalt out of Lake
Retba, Senegal

©Ferdinand Reus
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Copperisa highly
conductive materialandis
commonly used in wires
due toits cheapnessand
wide availability

&

Electrical
conductivity
explained

Why is it that some materials
ﬁ%ht the flow of electricity
while others embrace it?

Electrical conductivity is defined asa

measure of how readily a material allows an

electric current to pass through it. This isin

contrast to electrical resistivity, which isa
measure of how strongly a material opposes the flow of
an electric current.

The precise conductivity level of a material is found by
determining its magnitude of current density by the
magnitude of its electric field. Simply put, this means that
amaterial that can pull a large amount of current through
it- even with an intrinsically small electric field - isa
good conductor due to its low resistivity to electron flow.

Electron flow is characterised in a metal by the
dissociation of its atoms’ outer electrons from its
structural lattice. These free electrons, when an electrical
potential difference (ie voltage) is applied, proceed to
travel from one end of a material to the other under the
influence of its internal electric field. The ability and
quantity of these electrons to flow uninterrupted -
something that can be hampered by irregular lattices
and the thermal motion of ions - dictates how much
current can be effectively carried through a material. If
either of these factors is excessive, then the free electrons
will scatter easily from their path through the material,
reducing the amount of current that can pass through,
which makes for a higher resistance.

Examples of good electrical conductors include copper,
gold and silver - the latter being the most electrically
conductive of all metals. However, don’t be fooled into
thinking that non-metallic materials are not capable of
conducting electricity, as plasma, salt solutions and even
the carbon-based graphite all can boast high
conductivity levels.
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5 TUP Sta'r'twitharest

Giving pastry dough a chance

moisture to distribute evenly

FA Us to rest allows time for the

BAKING TRIVIA

through the flour, migrating
from areas that are too wet to
areas that aren’t wet enough.

Jaffa: cake or biscuit? Curdled eggs Is it ready yet? The secret to fluffiness
It’s an orange-flavoured cake When egg mixtures are A cake is ready to be taken When fat and sugar are mixed
mix in the shape of a biscuit. A heated too fast, the protein out of the oven wheniit is together little bubbles of air are
1991 legal case against McVitie's can become overcoagulated golden-brown and starting trapped in the mixture, each one
established that Jaffa Cakes are and separate from the liquid to come away from the edge surrounded by a film of fat. It is
indeed cakes. This means they leaving a mixture resembling of the tin. It should also be this air which produces the
don't attract VAT in the UK. . fine curds and whey. slightly springy to the touch. lightness of the finished cake.

BIBNGIATEYYR Self-raising flour contains baking powder; this ensures that the baked product will rise in the oven

From air bubbles in the mix which expand and make the
cakerise, to the stretchy gluten. Learn how all the science

: Baking involves an abundance of chemical interactions.
comes together to produce a tasty treat here... #

AND BUTTER/

MARGARINE
Sugar isadded for sweetness
while butter or margarineis
added for moisture. Sugarand
fatinteract to create air bubbleswhich help make
the cake fluffy. Refined white flouris usually used in
cakemixture, becauseitislightand createsa better
texture. The sugar meltsinto the flour at186 degrees
Celsius (367 degrees Fahrenheit), when in the oven.

BREAK THE EGGS
4 When the cake mixture
d isbeaten, air bubbles
. aretrappedand theyhelpto
¥ make the cake lightand airy.

Eggsare critical at this point

1 MIX SUGAR, FLOUR

because unless beaten eggisadded, the fatinthe
mix collapsesand the air escapes during cooking.
The eggwhite creates a film around the airbubbles,
and asthe cakerises during baking, the film forms
arigidwall which fixes the shape of the calce.

ADD BAKING
L’ POWDER

Baking powder
containssodium bicarbonate,
the acidifying agent cream of
tartar, and adryingagent
(usually starch). When sodium bicarbonate is
combined with moisture and anacidicingredient, it
producesa chemical reaction so bubbles of carbon
dioxideare created. Thereaction startsassoonas
youmix the ingredients, soyouneed to bake cakes
containing bicarbonate of sodaimmediately.

MIX EVERYTHING
4 TO A GLOOPY

CONSISTENCY
Asyoustir the mixture, the
ingredients start to interact.
The fatand sugar mix to
create bubbles, and the baking powder is activated
by the moisture from the butter/egg, releasing gas to
make the doughrise. The eggbindsitall together
and starts to form a film around the air bubbles,
while the spread ensures the cake remains moist.

n COOKIT
Spoon the cake
mixture intoatin
2 . and placein the oven. The
» combination of hotair
trapped within the mixture,
eggwhite protecting the air bubbles, and baking
powder releasing carbon dioxide into the mix
causes the cake torise. Don't open the oven door too
earlybecauseifyou letcoolairin before the egg has
fixed the shape, then itwill stop expanding and
contract. Asaresult, the cake will collapse!
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The science of baking a cake

Discover the chemistry behind making the popu]ar Vlctona Sponge B e /orgarine

Combined with sugar,

- the spread formsa sweet,

. bubble-filled base mix,
. towhich flouradds body.

Sesserensansansesean;

Baking powder
Sodium bicarbonateis
thekeyingredient that
makes cake doughrise.

Eggs

Beatinginthe eggs ensures
that the cake mixretainsits
light, fluffy consistency, until
bakingsets the mixture.

How to make different
types of pastry

Various types of pastry have slightly different ingredientsand
preparation methods. To make short pastry, for instance, you
should mix the fatand flour, add water, roll the paste and cook
at18o0degrees Celsius (356 degrees Fahrenheit).

To make puff pastry, meanwhile, the dough islayered with
butter to form many layers of fatand dough. During baking,
thewater in the dough turnsinto steam andrises, creating lots
of flaky layers. Flaky pastry is made in the same way, but
unlike puff pastry doesn’trequire lots of rolling and folding.

Other leaved pastries are made from a paper-thin sheet of
dough. Roll, stretch or press to create these sheets. Before
placing them in the oven, you must brush with butter or oil.
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LIVER LOBULE DIAMETER ~1m m WEIGHT1-4kg

cHorsoees 80%

rhe liver al

TOTAL
IN LIVE

CHRRARER >1.41 AR

How does the
liver detoxify?

Optimal performance of the liver is
integral to preventing disease

3 0 Toxins enter the body in
food, water, through the skin
l A and by inhalation. These
# toxins-such as pesticides,
pharmaceutical drugs, chemicals and
water-borne pollutants - end up in our
bloodstream, and our liver filters the
blood to remove them. Toxins are also
created by biochemical reactions in the
body. Toxins affect us in many ways,
from drunkenness caused by alcohol to
the side-effects of certain medication.
The liver transforms fat-soluble toxins
into a water-soluble form. This enables
them to be released through the kidneys
for elimination in urine, or into bile for
elimination through the colon.
Enzymes chemically break down toxins

Hepatocytes
Hepatocytesare the
predominant cells of the
liver, makingupan
estimated 8o per cent of the
organ’s mass. Theyperform
metabolicand endocrine
functionsaswellas
detoxification.

Branch of
portal vein
Thisvein delivers
nutrient-rich
blood for use by
the hepatocytes.

Branch of
hepatic artery
Thisartery delivers
oxygen-rich blood
forusebythe
hepatocytes.

Branch of bile duct
Thisisalong tube-like
structure that carries bile,
secreted by the liverand
needed for digestion,
towardsthe intestine.
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which have been absorbed through the
intestines. The toxins are either
neutralised, or converted into a more
chemically active form which is then
neutralised, to be safely excreted.

A healthy liver will manufacture
approximately one litre (1.75 pints) of
bile per day to transport toxins out of
the body. If the liver is sluggish, toxins
can build up, causing inflammation and
oxidative stress. Toxins which are not
eliminated return to the bloodstream
and are eventually stored in fatty
tissues where they pose less of an
immediate threat. In the longer term,
however, the slow release of these
toxins back into the bloodstream can
lead to a number of diseases.

Central vein

The central veinreceives blood
from the sinusoids and returnsitto
circulationvia the hepaticvein.

\"\,._,._-———- .

 jiPd

Toxins come in many
shapesand sizesand
mustall be processed
by the liver for excretion

w2, 8 e o

The liver at wo;l\(

Sinusoid Bile duct Hepatocyte
This blood vessel carries Bileislargely produced by Hepatocytes
nutrientsand oxygen from breaking down cholesterol, manufacture bileand
the portal and hepatic bilesalts, waterand secreteitintosmall
arteries past the hepatocytes bilirubin-whichisa channelswhich drain
and back to the central vein. product of red blood cells. into the bile ducts.

Kupffer cell Fat-storing cell

Kupffer cells partlyline the These cells contain fat

sinusoids and destroy which regulateslocal blood Red blood cell

microbesand dead cells. flowto the hepatocytes. Theie f}?uzc?in"y
5 Theyplayakeyrolein OXyESHgIne body s

White blood cell repair%x?g g;]lsit": theliver _ tissues. They contain

These cellsare part of the when they’re damaged. iron-rich haemoglobin,

immune system and help our whichisthe pigment

bodies fight off infection. thatmakesblood red.
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Extreme vehicles

Future vehicles

General

How It Works visits a working crash—test C
Germany to take a look behind the scenes at the
extreme measures taken to ensure car safety

The Ford B-Max s expected
toscore highly on the Euro
NCAP and so become one of
the safest cars on the market

At the turn of the 20th
century, and with the rising
popularity of the automobile,
theinternal combustion
engine pulled itselfinto a position of
dominance over steam and electric. By
the Fifties cars were a common sight -
and so were car-related accidents.
Though crash testing had begun with
General Motors’ 1934 barrier test, car
safety features of the time, such as
padded dashboards and recessed
controls, were considered a luxury. For
owners of popular Fifties models like the
1959 Chevrolet Bel Air, you could expecta
stylish set of wheels that looked like
nothing else on the road. Woe betide
anyone who had an accidentin it though:
with no seatbelts or other safety features,

all occupants were left at the mercy of
fate. For most car manufacturers, safety
took the proverbial back seat, so crumple
zonesand other energy-absorbing
features mandatory in the design of
today’s cars simply didn't exist. A
64-kilometre (40-mile)-per-hour, head-on
collision would often see the Bel Air’s
body crumple, the driver-side door fly
open and the steering column punch into
the driver as the front end concertinaed.
Asaresult of the increasing number of
cars on theroad, thelast half-century has
seen car safety take a higher priority in
the automobile industry. It’s primarily
been driven by legislative measures to
decrease road traffic collision fatalities,
rather than particular demand by
consumers. Because history has shown

thatalthough we are becoming more
safety conscious, we tend to buy fast,
powerful, stylish, cheap and practical
before safe. After all, we're planning on
using our cars to take us to work, pick the
kids up from school or go for day trips,
and ploughing into another vehicle
doesn'treally factor in to our itinerary.
NCAP (the New Car Assessment
Program)and Euro NCAP are the
government-backed car safety
evaluation schemes for the USand
Europe, respectively. The Ford test centre
in Merkenich, Germany, includes a
100-metre (329-foot) runway along which
asled onwheels, representingan
oncomingvehicle, is propelled into the
test carand then photographed with a
high-speed camera at 1,000 frames per
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Ford C-Max Renault Laguna Volvo 122 Flcars Saxon APC

Though it flagged slightly in The Renault Laguna scored five Volvo included the three-point As vehicles designed to race While the Saxon Armoured

the area of pedestrian safety, out of five stars in 2001 under seatbelt as standard equipment top speeds upwards of 320 Personnel Carrier would shame
the Ford C-Max scored Euro NCAP’s safety assessment in the Volvo 122, which was kilometres (200 miles) per hour, any other vehicle for occupancy
maximum marks in 2010, system of the time. It's a produced back in 1959. With modern Formula 1 cars are protection, a fully armoured 10.6
which bodes well for the landmark in car safety history as this feature, it was probably comprehensively tested to meet tonne vehicle means its top
upcoming B-Max NCAP test. the first maximum-rated car. the safest car of its time. strict FIA safety regulations. speed is only 96km/h (60mph).

Inthe UK, adriveris onl

LERARURNRANAI

Sensors
The sled is equipped with avariety
ofimpact gaugesat therear thatset
cameras offand start measuring the
| momentthat contactis made.

SEENEEEE
Payload

This 950kg (2,0941b) sled, when fully
loaded and travellingat 50km/h
(31mph), can deliver a force
equivalent to theweight of three
African elephantsinto the test car.

Bumper
Specialised honeycombed
aluminium is designed to deform
with arealisticimpactwhile
providing crash data for the sensors.

“As a result of the increasing number
of cars on the road, the last half -
century has seen car safety &

take a higher priority” T
second, for experts to later examine.

NCAP tests for a variety of low to medium- L mNG THE CAR 4
speed collisions, including a potentially —
deadly car-to-car, side-impact collision at TAKE COMROL

50 kilometres (31 miles) per hour that the

new Ford B-Max - one of the safest carsin How in-car Computer S keep us safe

theworld currently - excelled at. With computers taking an ever-more prominent role
Centreslike this run tests on whiplash, inall aspects of our lives, it’s not surprising that they
seatbelt protection assessment and form a significant part of many modern car safety
stressing the computer-controlled safety systems too. From something as minorasan
measures common inmodern cars, such electronicvoice that warnsa driver when the door
as electronicstability control. It'snot all isn't closed properly, or if they aren’t wearing their
about the occupants either; Euro NCAP seatbelt, to far more sophisticated electronic stability
has made its pedestrian safety scorean control (ESC) modules that, on a fundamental level, act
integral part of its rating. This is based on much the same as the stability systems aboard the
the protection a car affords to the most Eurofighter jet. ESC works by detecting the loss of Electronicstability
vulnerableareas ofa pedestrian-thelegs  traction when a car begins to skid and applying the gonlnf()l tzl@ e ?f B
and head - on being struckat 40 brakes to individual wheels to bring the car to a stop. Jneduringa skid g

kilometres (25 miles) per hour.
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“The B-Max includes an interesting
active safety feature called
Emergency Assist”

Measuring car safety

An innovative |dea

Ford’s aim in designing the B-Max model was to create
avehicle with no B-pillar - the central column that
divides passenger and front seats - for increased
accessibility. Without any support in this area
however, the vehicle is structurally weak,
so the B-Max incorporates reinforced
doors that lock to form a B-pillar

when closed Sl —

Portal
Normal doors onavehicle
withan openinglike this
would be catastrophic for
theoccupantsina
high-impact collision.

B-pillar
Both doors come together to form the
B-pillar, avital component in car
occupantsafety.

Locks
Ultra-high strength steel
brackets (dubbed ‘crash
catchers’)lock the doors tight
togetherwhen another
vehicle hitsimpacts the side.

1958 1966

Volvo invents the Luxury hand-built The US National German car

most enduring sportscar Jensen Highway Traffic Safety manufacturer

and beneficial car FFincludesthe Administration (NHTSA) Mercedes becomes the
We've been dl’lVl ng for overa safety feature ever, first mechanical establishes the New Car first production

. Y with Nils Bohlin anti-lock braking Assessment Program, car-makertoincludea
centur y bUt/ untll the Flftles/ patentingand system (ABS). The with the goal of driver’sairbaginits
car Safety took a baCk seat. refining the systemis now used encouraging automobile Mercedes-Benz
v c three-point asstandard on manufacturers to make S-Class model.

BUt that S ChangEd radlcally carseatbelt. mostcars, safer carsand getting the
over the last 60 years... ¢ . includingPorsche. . publictobuythem.
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Sliding door

Thereardoor on the B-Max
slidesopenonlyifthe
fuel cap, located at the
rear, isn'topen.

k]
=
S
=
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Boron steel
This crossbeam, along
with the B-pillar
framework, is made of
boronsteel, a high-
strength but lightweight
grade of themetal.

.................................... Passenger cell

Theboronsteel used in
the frameis four to five
times stronger than
ordinary steel. It'sused
whereimpact forcesare
greatestin conjunction
withapassenger cell
designed toreduce
deformationina crash.

HOW CARSAFETY T
RATING WORKS

Take a closer look at the four
main criteria on which Euro
NCAP bases its safety scores

The Euro New Car Assessment Programme (Euro
NCAP) scores new vehicles in four key areas: adult
protection, child protection, pedestrian protection
and safety assist (driver assistance and active safety
technologies). The system has naturally evolved over
theyears with the introduction of new tech, first
awarding additional points for cars incorporating
them into the design, then making the new safety
measuresastandard part of the NCAPrating.

Adult occupant and pedestrian protection formed
the original rating system when Euro NCAP was
founded backin 1997, the child occupant safety
rating was introduced in 2003, while safety assist
only came along in 2009 with the rise of electronic
safety systems. These days, new cars are tested for
whiplash protection and NCAP also rewards vehicles
thatare installed with speed-limitation devicesand
electronicstability control (ESC).

Euro NCAP calculates the final rating for each
vehicle by weighing up the results of these four tests,
ensuring each area meets its stringent standards and
thenscoring out of five stars.

Emergency computer calls

Using the on-board GPS locator, it informs the appropriate
emergency services of your location - though ifit’s activated
byaccident, there’s a ten-second window in which the
occupants of the B-Max can cancel the call. Emergency Assist
is potentially life-saving technology and, as a result, it's
looked on favourably by Euro NCAP testers.

Emern. Assist a1 12:38
Connected to
emergency
operator

The B-Max includes an interesting active safety feature called
Emergency Assist. Once the system has been Bluetooth-
paired with a smartphone, it placesa call with a local 112
emergency operator (112 being the emergency number
everywhere in the EU) if either the airbag or emergency fuel
shutoffis deployed within the car.

Acciot 119227
Calling
Emergency
Assistance

Emera Assist | 12
Connected
GPS Lat: 51.0271
GPS Long: 6.9399

Cancel |

1983
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1997

2001

2007

2008

2009

Wearing front The EC supports TheRenault Lagunais After several Inresponsetothe With pedestriansafety
seatbelts becomes law the EuroNCAP thefirst Euro NCAP car high-profile ever-increasing being neglected, Euro
inthe UK. Afine of up initiativeand, in toreceive five out of five incidentsinvolving number of whiplash NCAPmakessure this
to£500isapplicableif 1997, EuroNCAP stars for occupant pedestriansseriously injury claims, Euro element of road user
the personresponsible releasesits first protection. Since then, hurt by 4x4 vehicles NCAP introducesa safetyisakeypartof
is convicted in court. results. Notably, carsafety standards with front-mounted newwhiplash itsnew safety rating
the Rover100 haverisenas metal bull bars, prevention test. system. Driver-
scoresone outofa manufacturersstrive to fittingbullbarstoa assistance technology,
possible five stars. achieve this maximum road vehiclebecomes like ESC, alsotakesa
safetyrating. illegalinthe UK. more prominentrole.
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Anatomy of a
deadly collision

We get an insight into a potentially devastating
act at a working crash test centre

side-in
s 1

—

Ithitsthe testcarata3

Using the basicequation force=mass
acceleration (F=ma), we canworkout -~
that the sled hits the carwith a force of
justover3N (31bf).

N Thisisaside-impact test on Ford’s latest small car
design. A sled loaded with sensors and a specially
adapted bumper designed to accurately re-create

“# crash forces while recording impact is propelled

down the Merkenich test centre runway (which How It Works
visited in Germany) and into the static B-Max at 50 kilometres
(31miles) per hour. It's a significant impact that could,
potentially, seriously injure the occupants of the vehicle
without adequate protection. Even at these low speeds the
driver is susceptible to head and neck injuries because, quite
incredibly, the force of the impact is equivalent to three African
elephants simultaneously sitting on the side of the vehicle!
Thisisa standard test that every car seeking a European
NCAP (New Car Assessment Programme) rating must take.

046 | How It Works

What makes this one significantly*différent from a typical
side-impact test is the B-Max itself: it has no B-pillar (the
vertical beam that separates the front and back doors)and so
requires some nifty engineering to make up for the structural
weaknesses this design might lend itself to otherwise. The
B-pillar was removed from the B-Max in order to improve
accessibility, so to compensate for the structural strength that
this traditional pillar provides to the framework of the car, Ford
has instead integrated itinto the doors.

In practice - and despite the lack of rigid central column - the
side-impact test result is comparable to that of a modern car
with a good safety rating, as the bodywork still absorbs most of
the blow. The crash-test dummies inside the B-Max were
apparently rattled but, other than that, unharmed. £
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“The force of the impact is
equivalent to three African
elephants sitting on the car”
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Donald Campbell survived crashing his car, the

Bluebird, while attempting to set a new land
speed record in 1960. Incredibly, he got away.

\
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The damage
Because of theangle, the forceis
loaded asymmetrically along the
B-pillar frame. A combination of 58
per cent boron steeland clever
engineering means the B-Max takes
theimpact-equivalent to the weight
of three African elephants-while
- protectingits occupants.

- The sled
- -\ 5 Weighingin ataround 950kg (2,100lb), the
- — o — motorised sled with deformable
. - - aluminium honeycomb bumper
= ; represents an oncomingvehicle travelling
/ aturbanspeeds of 50km/h (31mph).
-‘ - -
[ > - -~
= T~ §
- t . e )
T R e - -
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“Since the first flight, over four
decades ago, the Lynx has been
continually upgraded and developed”

West

Arecord breaker and for
4oyears - can anything
beat the Lynx?

The Westland Lynx forms the
backbone of the British Army and Navy
PS8 helicopter forces. Entering military
@ serviceini978, it had already set world

speed records during testing. Introduced asa
utility helicopter in1971, the Lynx isa twin gas
turbine-powered, two-pilotaircraft, with
advanced control systems, a four-blade, semi-rigid
rotor and, thanks to the fundamental stability and
unrivalled agility of the basicairframe, it has
performed in almost every role imaginable.

From troop transport, armed escortand
anti-tank warfare with the Army Air Corps, to
anti-submarine warfare and maritime attack with
the Fleet Air Arm, and in many similar roles across
the globe, the Lynx is used by the militaries of over
adozen countries worldwide.

This helicopter is used as an airborne command
post, a fire support platform, as well as for search
and rescue, casualty evacuation, plus many
specialist roles including anti-pirate and border
patrol. The British Army and Navy also have
display teams that use the exceptional agility of
the Lynx to amaze the crowds at air shows.

Since its first flight, over four decades ago, the
Lynx has been continually upgraded and
developed, ensuring it’s always at the forefront of
technology, as demonstrated by the most current
variant, the Super Lynx. Army models kept the
traditional landing ‘skids’ until only recently, when
they adopted the tricycle-wheeled undercarriage
used by the Navy to aid ground handling.

Improvementsin navigation, communication
and radar systems in Navy derivatives have
ensured that British helicopter capability at sea is
world leading, while Army versions have similarly
demonstrated their ability to evolve with the
changing requirements of modern warfare.

The latest variants are excelling on the
battlefield, using state-of-the-art weapons and
tactics including night-vision-assisted operations.
The next generation of Lynx (the Wildcat) is
currently undergoing flight testing on land and sea,
ensuring many years of continued service.
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land

Central hub
Asingle-piecetitanium forging, the
central hub takesall loadsimposed by
flight, as the bladesrotatearound it.

Engines
Two Rolls-Royce Gem 41-1 turboshafts

producing 835kW (1,120shp) each spin the
mainrotor through ashared gearbox.

Pilots in CONErOl < werermmesmmmmnaninisnssnanns
The two pilots make use of
the three-axesstabilisation
system to gainasolid
weapon launch platform.

WHheels e
Unlike other Army Lynx versions,
the AH.9 hasa Navy-style tricycle
undercarriage to helpwith
ground handling.

The AH.g variant of the
Lynx is used exclusively by
the British Army, primarily
as a utility vehicle

The stati Seas

Westland Lynx AH.g
Length: 15.2m (50ft)

Rotor diameter: 12.8m (42ft)
Height: 3.8m (12.4ft)

Disc area: 128.7m2 (1,385ft2)

Empty weight:
3,291kg (7,255Ib)

Max takeoff weight:
5,330kg (11,750Ib)

Powerplant: 2 x Rolls-Royce
Gem 41-1 turboshaft, 835kW
(1,120shp) each

Max speed: 324km/h (201mph)
Range: 528km (328mi)

© AgustaWestland
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Unbeatable record?
The world helicopter speed record
set by G-LYNX still stands over 25
years later. With the latest fast
rotorcraft moving away from
eligible designs, G-LYNX'’s record
may never be broken.

War veteran
The Lynx has proven capabilities in
many combat environments,
including disabling the Argentine
submarine Santa Fe during the
Falklands campaign, and sinking
several Iraqi ships in the Gulf Wars.

Blow me down

Naval versions of the Lynx
have the ability to angle the
main rotor blades downwards
to generate negative lift,
pushing the aircraft onto the
deck of a ship after landing.

More speed?
An even faster variant of the
Lynx was proposed but never
built. It would not have qualified
for a world speed record,
though, as it had aeroplane-like
wings beneath the rotor.

Super-strong
The key component in the Lynx
rotor is a solid titanium hub
around which everything spins.
This provides the strength
needed for both high-speed
and high-agility manoeuvres.

franneens BERP blade tips
Theenlarged tips of the BERP
blades increase liftand smooth
transonic turbulence asthetips
approach the speed of sound.

8 - BERP blades
The advanced composite British
Experimental Rotor Programme

(BERP) blades provide huge
performance and speed gains
over conventional helicopters.

©AlexPang

g Low-heat exhaust
§ The exhaust diffusers mix the hot
gases exiting the engines with colder

ambientair, reducing theinfra-red
signature of the aircraft.

” {X [ -

............................................ All aboard
Therear crew compartment can
accommodate ten fully equipped
troops, cargo, specialist systems
and/or extra fuel tanks.

- Weaponry
This Lynxvariant commonly carries
7.62mm (03in) General Purpose
Machine Guns or a Browning AN/M3M
50-calibre heavy machine gun.

Record breaker

Fastest chopper in the west... and the rest

In1972, just one year after its introduction, the Westland Lynx became the world’s
fastest helicopter when airframe XX153 set a new world speed record over 15-kilometre
(93-mile) and 25-kilometre (15.5-mile) straight courses by flying at an average 3217
kilometres (199.9 miles) per hour. In1978 a heavily modified Russian Mil Mi-24 ‘Hind’
increased this t0368.4 kilometres (228.9 miles) per hour. With Westland under
politicaland commercial pressure, it was decided that an attempt would be made to
reclaim the record. Westland re-registered Lynx airframe ZB500 as G-LYNX, and began
aprogramme of extensive modification. More powerful Rolls-Royce Gem 60 gas
turbines were fitted, along with a water-methanol injection system, but the biggest
performance contribution came from the British Experimental Rotor Programme
(BERP). On 8 August 1986, these advanced rotor blades carried G-LYNX pilot Trevor
Egginton and his flight engineer Derek Clews to the world record speed of 400.9
kilometres (249.1 miles) per hour, which still stands to this day.

The Lynx Mark 3shares many of the same
featuresas the record-holding G-LYNX, such as.
BERP blades and Rolls-Royce Gem. enginga

© Crown Copyright
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“When the Hammetschwand Lift
was originally opened in 1905, it
featured a wooden cabin”

Bowler EXR S / Hammetschwand Elevator

© Bowler

Explore the Bowler EXR S

How It Works picks out some of the features
which make this car tougher than mast

Wheels -
The560nin (22in)
wheelsareequipped ¥
with360mm (14.1in)
discswith six-piston . }
Brembo callipers F
atthefrontand

340mim (13.4in)
discswith four-

pistorn callipers’
attherear.

7 " C be pain
'm&?drﬁetéﬂsmagalﬁcql@rﬁ :
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The EXR Sisan advanced off-road
vehicle from English company
Bowler. It'san evolution of the
manufacturer’s existing EXR rally
car, which is considered one of the most
rugged off-road vehicles on Earth. The EXRS
differs, however, in one key way: it performs
justaswell onstandard publicroads as it does
hurtling over rocky and muddy terrain.

The EXR S’s awesome off-road ability comes
courtesy of its full CAD design, hydroformed
base chassis, super-tough tubular steel
rollcage, electronically controlled rear
differential, six-speed automatic gearboxand
Bilstein/Eibach suspension system. Its engine
is capable of outputting a huge 620 Newton

From the American off-road
specialist, the Jeep Wrangler
comes in two main flavours: a
short-wheelbase two doorand
along-wheelbase four door.

050 | How It Works

The third generation of the
classic Range Roverisalarger
off-road vehicle than the
Wrangler and comes with
eithera V8 or V6 engine.

: Underthehood, the EXR
; Sisequippedwithasl
(13ga), V8 supercharged
engine capable of
producing 410kW
(550bhp)and propelling

$ thevehicle from
{  0-97km/h(0-60mph)in
. just4.2seconds.

§llbw1
ension| g’:iweflt cons:gof afrontand

rea: doublewishbone setupwith bespoke
Bﬂstemdampér;and Eibach springs.

P o

Bowler EXR S

Put SImply the most versatile off-road car in the world

metres (457 pound-force feet) of torque over
2,200rpm. These factors, combined with
colossal 56-centimetre (22-inch) wheels, mean
that the car can not only tackle any extreme
terrainyou can think of, but can do so
incredibly rapidly, hitting 0-97 kilometres
(0-60 miles) per hour in just 4.2 seconds. That
power and performance is notrivalled by any
other off-road vehicle made to date.

The EXR S's on-road performance is the
result of the powerful five-litre (13-gallon), V8
supercharged petrol engine, paddle-shift gear
changes and Brembo disc brakes. It also boasts
ahost of comfort features such as climate
control, a large rear load space, in-vehicle
entertainment system and leather seats.

The US military Humvee can
be modified to handle many
extreme environments,
including having itswheels
replaced with snow tracks.

Europe’s highest

lift explained

Find out how this impressive
mountainside elevator works

The Hammetschwand Lift in Lucerne,
Switzerland, can carry its passengers to a total
1,132 metres (3,712 feet) above sea level, making
it Europe’s highest outdoor elevator.

Theliftitselfis constructed from steel and sportsa
filigrain, metal lattice truss tower structure, which is
positioned on top ofa 44-metre (144-foot) rock spit. The
tower spans two square metres (6.6 square feet) at all points
from the base up until the tapered roofand carries the
internal aluminium and steel central cabin.

The cabin of the elevator is entered from within the
Biirgenstock Mountain, which is also where its generator
engineroomislocated, and can carrya maximum of eight
passengers per trip. The cabin moves entirely vertically
during its journeyata constant speed of 2.7 metres (8.9 feet)
persecond, a speed that enables it to make the 152-metre
(499-foot) run in approximately 50 seconds.

The top of the tower is braced against the mountain
plateau by a latticed steel walkway that, when the cabin
hasreached its highest point, allows passengers to venture
outover the steep drop to enjoy the views of Lake Lucerne.

Interestingly, when the Hammetschwand Lift was
originally opened in 1905, it featured a wooden cabin,
which unlike its modern counterpart, could only elevate at
approximately one metre (33 feet) per second. The refit,
which took place in 1935, replaced the drive engine as well
asthe cab, leading it to become Europe’s fastest external lift
for decades, but today it can only claim to be the highest.

The statistics...

Hommetschwand Lift
Year opened: 1905
Location: Lucerne, Switzerland

Structural type: Truss tower
Base dimensions:

2m? (8.9ft?)

Total height (with roof):
157m (515ft)

Elevation from sea level:
1,132m (3,712ft)
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5 Top FA CTS_- ;Very flexible Very fast Navy Lynx Army Lynx New Lynx’s

: The Lynx was the : A specially modified : The Navy Lynx found  : While the Army Lynx : Both the HMA.8 and

WESTLAND LYNX  world’s first fully : Lynx currently holds the : many e;ypo% users, while : can backﬂig;rgywd ¥0II, the : the AH7 are due to
: acrobatic helicopter. . helicopter speed record : the Army version found : Navy version in service : be replaced by
: : of 249mph. : only one. : cannot, due to the extra : improved Lynx
s 3 : weight it carries. : }lliriants in the near
: : future.

=
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Featuring Composite Main
Rotor Blades the Lynx is
blessed with exceptional
manoeuvrability.

In addition to its usual
crew of pilot, co-pilot
and door gunner the
Lynx often also carries
a sniper team for anti-
piracy work.

For anti-piracy work the
Lynx's main armament is
the M3M Heavy machine
gun. Able to supress
enemy forces from a
long range.

-

Forward Looking Infrared (FLIR)
and an under nose radome give
the Lynx excellent ship and
submarine finding skills.

The undercarriage splays out on

deck, as the Lynx has no wheel Scan this QR code
brakes, to help keep the machine i with your smartphone
still. to find out more!

The Westland Lynx is a British g 04 ) d
(7

multi-role helicopter that has seen
service in both land-based army forms as
well as ship-based naval variants. Entering
service in 1977, the Lynx has since seen many
upgrades and improvements throughout its service
history. The Mk8 naval variant entered service with the
Royal Navy in the early 1990s and has since gone on to provide
them with an excellent maritime attack helicopter, performing
well in the anti-submarine role as well as search and rescue
and more recently anti-piracy operations off the coast of
Somalia. Fiercely armed with either missiles, depth charges or
a heavy machine gun the Lynx is a formidable machine and is
more than capable of taking on the best of the world'’s surface
vessels as well as any potential underwater threat.

- .

Speed: 201 mph  Range: 328 miles  Length: 15.2m

Rotor diameter: 12.8m

Armament: 2 x torpedoes or 2 x depth charges or 2 x Sea Skua
missiles or 1 x M3M .50cal HMG
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“They are a ‘free’ performance boost
and can be fitted to almost any engine”

BMW's Mseries of cars features
atri-turbo system, one large
turbocharger with two smaller ones,
asetup thatofferslots of power

Turbochargers use waste exhaust to help cars generate
more power: they really do give something for nothing...

Aturbocharger isa great example of getting
something from nothing. These devices use waste
gases from engine combustion, normally expelled
into the atmosphere through the exhaust pipe, to
produce more engine power: they are essentially a ‘free’
performance boost and can be fitted to almost any engine.

They help make a smaller-capacity engine generate the
power of a larger one, without suffering the fuel economy
penalties associated with big-block engines. They also mean
that smaller vehicles can have much higher outputs despite
the restricted space that is afforded by their engine bays.

Aturbocharger works by using the kinetic energy from the
exhaust gasairflow to spin a turbine, which is connected toan
air pump that compresses air viaa compressor wheel. It is
called forced induction, where the air is compressed in order
to significantly increase its pressure, density and temperature.
Alternatively, an engine without a turbocharger (an increasing
rarity these days)is considered to be naturally aspirated.

Compressed, higher-density air contains more oxygen,
which improves combustion and - when mixed with extra fuel
- thisultimately produces more power. Each ‘bang’ of the

052 | How It Works

engine’s combustion cycle is bigger and more potent;
asaresult, smaller, fewer cylinders can create the same
cumulative power of more and larger naturally aspirated ones.

Because a turbocharger works from waste exhaust gases,
the turbine getsvery hot. This heats up the compressor that, in
turn, further heats up the compressed air too. Because cool air
isneeded for maximum efficiency, most turbocharged engines
have anintercooler, through which the hotair passesand is
cooled before it reaches the engine.

Today, turbochargers are used by nearly every diesel engine
on the market for one very good reason: they increase the
power of aninherently less efficient type of engine without
negating the impressive fuel economy that many choose
diesel engines for. More and more petrol cars are using
turbochargers too, as car manufacturers ‘downsize’ their
engines -replacing bigger, less green motors with smaller,
more efficient engines that offer the same power.

Aturbocharger’s power is not quite completely free though
-the additional backpressure in exhaust due to the turbine
does costavehicle alittle horsepower, but this is minimal
compared to the mighty gainsitbrings.

2x © BMW

argers
boost performance

The cycle
of a turbo

The basic principle of
turbocharging is the same for
all cars. Variations comein
the number of turbos (some
cars have two, and a recent
BMW even has three) as well
as the complexity of the
turbo. Advanced variable
vane and dual-scroll
turbochargersimprove
response and efficiency over
more basic models.

Abasic priority for engine
designersisto get the turbo
as close to the combustion
chamber as possible. This
means the airflow path to the
turboisasshortasitcanbe,
maximising engine response
and shortening the effect of
turbolag - the delay between
pressing the accelerator
pedaland the car
responding.

COMPIeSsSOr ......ccuuuuwuvnies
air discharge

The compressor
dischargesairintothe

inlet manifold - but

usuallyviaan intercooler,

tocool down theairand

malke itdenser.

Compressor ..........................................
ambient air inlet

Theair that the compressor

acts upon comes from the

atmosphere outside the car

-soitis ‘freshair’.
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{ TURBO HISTORY turbochafge vna.pre compre§snon

Chevrolet and Oldsmobile Modern turbos on many

introduce the first commercial vehicles are
production cars withan  adapted to boost efficiency
exhaust turbocharger. and lower polluting fumes.

General Electrlc completes a Swiss company Saurer
turbocharger for a biplane, brings turbocharged
coinciding with a new aviation commercial diesel engines to
height record of 8,687m (28,500ft).  the market for the first time.

Idamobile

of the air supplied to an engine.

A turbocharger turbine can spin at over 250,000rpm, compared to most road car engines which idle at 8oorpm

TURBOCHARGING
VS SUPERCHARGING

Turbochargers and superchargers boost engine power using
similar principles - ie both devices force more air into the
engine for combustion, increasing the pressurein the
combustion chamber and thus improving its volumetric
efficiency. Nevertheless, turbocharging and supercharging
work in slightly different ways to get the job done.
Asupercharger is not driven ‘indirectly’ by exhaust gases,
butis ‘directly’ connected to the engine, via a belt or other rigid
link. Asupercharger is normally driven by the crankshaft of the
H engine, and this direct connection meansitis effective atall
Basic layout engine speec.15, not just Yvhen e?d.laust gasesare flowing fast
There are three main sections toa ; enough to spin the turbine sufficiently quickly.
turbocharger unit: the turbine, the compressor The major downside of superchargers is the mechanical drag
and the centre hub rotatingassembly that they take from the engine - with the extra friction

connecting the two separate chambers. Tenctirsthafassie prol-gﬁob‘;gz:gebz absorbing power. For example, ifa supercharger boosts an
does not get too high, awastegate regulator is engine by 75 kilowatts (100 horsepower), 15 kilowatts
usually integrated into the unit, allowing (20 horsepower) of this can be taken up by actually driving the
exhaust gases to bypass the turbine. supercharger, meaning the net power gain is 6o kilowatts (8o

Turbo hose horsepower). For this reason, turbochargers are preferable and
The turbo hose is responsible for are more fuel-efficient, despite not being quite as fast-reacting.
takingall charged air away from ) Atwincharger engine combines both turbocharger and
theturboandfeedingitbackinto ~ zeeeeerees Compressor housing supercharger elements - the turbo is used at higher engine
the engine. Thishose should beas Aturbocharger needsvery strong

speed and the supercharger at lower speeds, whenitisat its

shortas possible for efficiency. bearingswithin the compressor . X SRy S X

3 housing towithstand the most effective and its power consumption is minimal. This
ultra-high rotation speeds of the ‘best of both worlds’ solution is used on some new car models
turbine/compressor shaft. from Volkswagen, and while it’s more expensive than a regular

turbo, itis both highly efficient and effective.

- Turbine housing

Exhaust gasand ambient air never
actuallymix: theyare divided
within the turbo unit, within their
own discrete housings.

e e e Turbine exhaust
gas discharge
Onceithasspunthe turbine, the
exhaust gasis freeto carryon .
through%he exhaust pip?;o exit Exhaust mar_"fOI_d 4
intotheatmosphere. The exhaust manifold is directly
connected to the turbo. Engine
designers focus on making this
gapasshortas possible.
* Turbine wheel
Turbine response can be

improved with a twin-scroll
design -this has two exhaust gas
inlets into the turbine: one

optimised for low-speed flowand
the other for high-speed flow.

N Exhaust gas from
Compressor wheel .............; : combustion chamber
The compressorwheelis connected to \ g g Allair used by the motor during
the turbine via the centre hubrotating combustion leaves through the
assembly. Thisis cooled by engine oiland exhaust manifold: thismeans
some newer turbos have additional water everything the engine producesis
cooling foradded efficiency. available to charge the turbo.

2x© www.clearmechanic.com
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SPACE 58
Launch pads explained

ROCKET
LAUNCH PADS

»
¥

.{Nelcome to...
SPACE

During a rocket launch, the
vehicle itself always steals the
show, but it wouldn’t even get
off the ground if it weren't for
the technologically advanced
launch pad, as we see here.
Elsewhere in Space, learn about
the entities gobbling up entire
planets as well as the complex
composition of Saturn’s rings.
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The complex structures that are used

@

Solar system
The universe
Astronomy

™~
General

Exploration

&)

to help propel rockets into space

Rotating service
structure (RSS)
This provides a clean room
forthe servicingand
installation of payloadsinto
the shuttle’s cargo bay. The
whole structure swings
away prior to take-off.

Fixed service
structure (FSS)
The75m (247ft)-tall launch ’
tower has12floorsatém g I YN
(2oft) intervals to gain i 2 '™
accesstotheshuttle. : [ J =
. 3 ol
. il { :
i
/
q — Emergency egress i _
system
Inan emergency astronauts can
escapein sevenbasketsthatrun  Flame trench iﬁ £!
downslidewirestoalanding This12.8m (42ft)-deep, V-shaped
Launch zone366m (1,200ft)awayata trench underneath the MLPis '
Complex 39 .. speed of 88km/h (55mph). covered in high temperature-
ground plan resistant concrete. It deflects the heat 4

1 Vehicleassembly. %
building (VAB)

2 Launch control centre

3 Roadway tolaunchpads

4 Launch Complex39A

'
L.

and flames from the rocket engines
and cools the MLP with water.

. , !N

2

5 Launch Complex39B
The launch of arocket is the

culmination of years of

planning, work and expense,

' J and the mostimportant

element in this processis the launch pad
and its attendant facilities. The launch
pad cradles, fuels and powers the rocket,
before itisunleashed into the sky.

In the case of NASA's Space Shuttle, its
rocket motors produced 3.2 million
kilograms (7 million pounds) of thrust at
launch. The corrosive exhaustand
intense flames from the engines were

channelled through a horizontal
V-shaped flame trench, which consisted
of two 453,600-kilogram (1 million-
pound) deflectors made from steel coated
with 12.7 centimetres (five inches) of
heat-resistant Fondu Fyre concrete,
which is sprayed with water and flakes
offto disperse the intense heat.

The Space Shuttle was assembled on
amovinglaunch platform (MLP) at the
nearby vehicle assembly building (VAB)
and taken to the launch pad on top ofa
crawler transporter. At the pad, a fixed

service structure (FSS) hasalift to gain
easy access to any level of the rocket.
Anchored toitis the rotating service
structure (RSS) that comprisesa clean
room used to load the rocket’s cargo.

It took at least a month for 170
technicians and specialists, nicknamed
‘padrats’, to prepare, check and launch
the Space Shuttle, though for less
complex, unmanned rockets the
timescale is a matter of days. During the
countdown, all links between the FSS
and the rocket were systematically
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http://worldmags.net/

15 AMAZING VIDEOY 5w sisee

BIBYAWEGEE The Apollo 1 moon landing mission and the first Space Shuttle mission both took off from Launch Complex 39A

ekt LAUNCH COMPLEX 39 S e e RaY/e s

strikes, a24.5m (8oft)-talllightning Launch Complex 39A and 39B were originally
towerismounted ontop of the FSS. built for the Apollo moon mission's Saturn V MOBILE constructedverticallyin the
racket. The structures on 398 have now been The Germun Vo2 WWII vehicleassembly building (VAB)
----- Gaseous oxygen vent arm (GOX) demolished and 39A has been mothballed o eea and taken byroad ontopofa
The ‘beanie cap’ positioned on top of the horizontally toanyavailable specially built crawler
external fuel tankwarms oxygenvapours launchsite ona Meillerwagen transporter. The 4om (131ft)-
vented from the tank, to preventit fo_rm_mg trailer. At thesite, a hydraulic long, 35m (114ft)-wide vehicle
into chunks of damagingice. i ahlonthe wagoil pushedthe weighs2.7tonsand, when fully
P Orbiter access arm V-2anditssupportgantryintoa  loaded, hasamaximumspeed
Awhiteroomatthe end of vertical position. Itwas then ofjust1.6km/h (1mph).
thearm providesa final fuelledwithalcoholandliquid =~ ** "« w o
preparationareaand access oxygen by tanker trucksand RAILWAY
totheshuttlefor the fired from an armoured car. The Baikonur
astronauts. Itswingsaway | . Cosmodrome,
seven minutes before liftoff. SEA PLATFORM Kazakhstan, mainly usesa
2 SeaLaunchAGhasabase  470km (290mi), wide-gauge
inLongBeach, CA,where ~ Tailroad networkto transport

itassemblestherocketpayload itsrocketstothelaunchsite.
and then loadsit on the Sea Therockets are assembled and
Launch Commander ship transported horizontally, and
whereitismarried with the areerected to thevertical
rocket. The ship transfers the POSIUOH atthelaunch pad.
rockettothe converteddrilling ~ ~*~" e

rig Odyssey Launch Platform, RAMPS
sout of the o whichislocated in the Pacific The WWIIV-1flying
e external fuel Ocean on the equator. The bomb used a catapult to
launch is then controlled from fireitalongashort ‘ski’ ramp to
the Sea Launch Commander. getitin theair. Usingarail or
D e maglevtrack onamountain
Sound suppression system slope, aided by a jet or rocket
Nozzles direct3.4million litres - TRANSPORT booster, larger payloads could
(900,000 gallons) of water perminute Atthe Kennedy Space belaunched with great costand
over the MLP to suppress the " I fuel savings. Today, similar
. 3 % \.n enter, FL, rocketswere - ‘
damagingnoise ofitsrocket systemsarestill being tested.
enginesasitblasts off.
r Rocket fuel is highly volatile, and when a rocket is fully
/ Al e b fuelled and ready for launch it is like a bomb ready to explode
f _ 3 =" atany moment. Problems are caused when the complex
r % R s T sequence of launch procedures are not followed properly, or if
= T one or more system failures cause the rocket propellant to
= " leak or ignite prematurely. As a rocket lifts offany loose debris
: = e — oracousticshock can severely damage the rocketand very
Moving launch platforiﬁ‘ (Wﬁ 2 W quickly lead to a catastrophicaccident.
Theshuttle isassembled on the MLP and e v o -
transported to the launch pad.Jthas & It tDDk ‘,70 SDEC’DI’StS known
communication and electricallinksto the 'N’ : X \ : d t ] t {
rocket. Atlaunch, explosive boltsarefired / NN as adad racs O grepare
torelease the shuttle from the platform. { = ? DN TH E N p J p p 4

check and launch the Shuttle”

released, and lastly at blast-off explosive Maijor space centres
bolts free the shuttle from the MLP. around the globe
To protect the delicate components of 1 Kennedy Space Center,
the vehicle and the pad itself, the MLPis . i‘(’[emt}f‘!ﬂa’;dl Florida
flooded with water at a rate of 3.4 million agostimaspace
¥ 5 Center, Kyushu, Japan
litres (900,000 galloqs) per minute to 3 Xichang Space Launch
suppress the damaging sound waves Center, China
and heat produced by the engines. 4 Baikonur Cosmodrome,
Some support structures holdand Kazakhstan
guide the rocket, while others - like S glesétSk Cosmodrome,
those at the Baikonur Cosmodrome in 6 nl:ssm .
5 e Guiana Space Centre,
Kazakhstan -swingaway from the Kourou, French Guiana
rocketat the time of launch.

2X©NASA
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Saturn’s gravitational pull
creates the heat to enable icy
eruptions on Enceladus

Ice volcanoes

Saturn’s freezing moon
Enceladus has volcanoes, but
they're not what you'd expect

They're known as cryovolcanoes, and though
‘ scientists don't have cast-iron proof that volcanoes

spouting ice from a sub-zero caldera exist on
Enceladus, there is strong evidence for it. The
flyover by Cassini two years ago revealed jets spurting from four
cracks along the moon’s surface, named Alexandria, Cairo,
Baghdad and Damascus. The eruptions were so high that they
could easily be seen in profile from space.

Volcanoes found on Earth and also Jupiter’s moon Io spout
silicate lava heated by the pressure beneath the crust. Ice
volcanoes work in a similar way: scientists believe that
subterranean geological activity on Enceladus warms the
freezing surface into a slush of water, ice and organic
compounds, which is then ejected by ice sheets grinding up
against one another. Enceladus hasan elliptical orbit similar to
our moon, so as Saturn’s gravity pulls unevenly at Enceladus it
creates a bulge that generates the friction and heat necessary to
cause this previously unheard-of phenomenon.

-

The discovery of Lithium-6 on
HD 82943 meansitislikely to have
consumed at least one of its planets

056 | How It Works

“WASP-12b is spilling material into
its star at a rate that will see it
consumed in 10 million years”

Enceladus’s eruptions

. B Gas
* and

Ilcy Grains

Ice sheets -
Temporary cracks open

up in the ice sheets

on Enceladus’s surface, 5
allowing meltwater to escape. ErUptlon

When the ice sheets clash,
any slush caught between
them is ejected under the
immense pressure.

Under pressure
The water ice slush is
squeezed between the
ice sheets on the surface.

Tidal heating

Hard packed ice beneath
the crust is partially melted
into slush by the force of
Saturn'’s gravity.

The planet swallowers

Planets eaten by their own parent stars -
it’s cannibalism on a cosmic scale

W Approximately 89 lightyears
away in the constellation Hydra
isthe star HD 82943. It's the

“¥ same temperature and size as

our Sun, with a small system of its own
comprising at least two gas giants orbiting
it. A fairly standard cosmic entity then -
exceptithasadark past.

Evidence suggests HD 82943 has
consumed one or more of its planets.
Scientists have detected Lithium-6 on the
star’'ssurface and because thisisotope is
destroyed in the formation of a star, the
most likely reason for it being there is

because itis the remains of an orbiting
planet. In another system 600 light years
away, the hottest known planetin the
Milky Way, WASP-12b, is so close to its
parent star WASP-12 that it's being heated
to1,538 degrees Celsius (2,800 degrees
Fahrenheit), causing its atmosphere to
expand to three times the radius of Jupiter.

Whereas HD 82943's planets had orbits
that will ultimately put them on a collision
course with their star, WASP-12b is spilling
materialinto its star ata rate that will see it
utterly consumed within the next 10
million years or so. #
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Rocket pack technology
research begins at the

Rocket Center in

JETPACK HISTORY

SAFER jetpacks

More recent developmentsin
jetpack technology have resulted in
SAFER, the Simplified Aid for EVA
Rescue. Thisisasmaller unit than
the MMU and works as a safety
device for use on the International
Space Station (ISS). In the event of an
ISS crew member working on the
structure drifting away without
hope of retrieval, they can use this
device toreturn to the station.

It fits over the life support system
ofaspacesuit (the EMU)and hasa
control module and display that
moves from the bottom of the SAFER
to the front during operation.

It hasa similar build to the MMU,
with gaseous nitrogen expelled
from 24 nozzles that can propel the
user with a similar manoeuvrability.
Butbecause it only holds

1.4 kilograms (three pounds) of
propellant, it can’t manage the same
velocity change as the MMU.

WWW.HOWITWORKSDAILY.COM

Redstone Arsenal, AL.

1952 o

Thomas Moore ﬁ‘ ' ,“‘ !

successfully tests a “,. ‘7 "
jetpack that lifts him into ~ L‘
the air for a few seconds. »

nables astronauts
thered in space

1961

Science fiction becomes

reality when the military

successfully showcases
the jetpack to JFK.

1984

Bill Suitor flies out over
the field with his jetpack
in the 1984 Los Angeles
Olympic Games.

1994

Mark Lee and Carl
Meade give NASA's
SAFER jetpack an
untethered test flight.

Space mechanics

The pros and cons of anyone
workingin space is thatyou, as
well asany other object, have no
apparent weight. This can be great
whenyouneed to lift heavy
objectsaround, like the
148-kilogram (326-pound) MMU,
but only when you're secured to
something with much greater
mass than the objectyou're trying
toshift. Newton’s third law of
motion states that for everyaction
there must be an equal and
opposite reaction, so the average
8o-kilogram (176-pound) astronaut
trying to manually push the MMU
around, without standing on the
Orbiter, will only succeed in
pushing themselves away at a
much greater velocity than they
canmove the MMU.

Space jetpacks

How NASA's MMU works as a jetpack in space

Space jetpacks exist, though they don’'t work
quite asyou’d see in the movies. So when, on
12 February 1984, the astronaut Bruce
=) McCandlesswent free-flying 40 metres (131
feet) away from the Orbiter - farther than anyone had
ever been from the safety of their ship -itwasa
considerable achievement. It was made possible using
NASA's Manned Maneuvering Unit (MMU), a nitrogen
jet-propelled backpack that is the most practical answer
to science fiction’sidea of a working jetpack.
Fullyloaded with gaseous nitrogen propellant, the
MMU weighs a hefty 148 kilograms (326 pounds). It
comprises two aluminium tanks with Kevlar filament
wrappings to protect them from punctures and improve
strength. Each tankisloaded with 5.9 kilograms
(13 pounds) of nitrogen under 20.7 kilopascals of
pressure, which is enough propellant for six hours’
worth of extra-vehicular activity (EVA).

Each tank feeds an individual system of thrusters
through to a combination of 24 nozzles, three on each of
the eight corners of the MMU. The astronaut uses their
fingertips to manipulate the individual controllers, the
right-hand controller rotating the MMU for roll, pitch
and yaw, the left-hand controller pushing the MMU
forward, back, up, down, leftand right.

Once the astronaut has achieved their required
position, they can subsequently engage an altitude hold
function that maintains it, allowing them to work
without constantly monitoring the MMU.

On one of the shuttle missions following McCandless’s
ground-breaking EVA flight in November 1984,
astronauts Joseph Allen and Dale Gardner were able to
use the revolutionary MMU to capture two rogue
communication satellites which had faulty propulsion
modules, then bring them back to the Orbiter to be
returned to Earth.

4X©NASA
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An asteroid 1,930 kilometres (1,200 miles) wide
caused a Martian landslide the size of the US billions of
’ years ago, creating what’s known as the Borealis Basin.

Martian mudslides

Mars's barren surface isn’t quite as static as we once thought...

These pictures could easily
have been taken atany dusty
Earthlocation, but they're
=7 actually snaps of Mars, taken
by NASA's HIiRISE (High Resolution
Imaging Science Experiment) camera by
mistake as scientists searched for carbon
dioxide frost. The photos show four
avalanches of Martian mud spilling across
astrip of terrain six kilometres (3.7 miles)
longand 700 metres (2,300 feet) tall,
located at the Red Planet’s north pole.
Thelandslides are actually quite small,
but they've caused some excitement at
NASA, partly because the planet is
normally so still and lifeless that to
capture these dynamicimagesis quitea Theselandslides on Marshave
rarity. But they have also helped to give an , I Bt caused quite astirat NASA
insightinto the composition of the planet. ! — — -
It's expected that the material that has
fallen loose is probably more ice thanred
Martian dust, but by watching the debris
and how rapidly it shrinks as the solids
change to gas, scientists hope to apportion
aprecise figure over time. Also of interest
to NASA scientistsis the cause of the
mudslide, which isn'tyet clear.

Movementlike thisisarare
occurrence on the Red Planet

Sizing up the universe

Can we estimate its scale — and is there any point finding out how large it is?

> . i One of the greatest challenges that
. : ' /& astronomers face is determining distances

beyond the reach of current science. For

instance, today, we can estimate that the
universe hasaradius ofaround 13 billion light years, a
figure obtained by multiplying our estimated age of the
universe by the speed of light.

The reason why this fairly basic equation is used is
thatwe can only see as far as the distance that light
could have reached us since the universe began.
Scientists can geta good idea of the age of the universe
by estimating the age of the oldest stars we can see,
which evolve predictably over billions of years
according to the conventions of atomic and nuclear
physical theories. They can also estimate the time of
the Big Bang by calculating the distances of many
galaxies, then establishing the speed that they're
moving atand extrapolating back.

Ultimately, we are limited by what we can observe,
§ because some scientific theories propose that the

Up untilaround00yearsago, universe expanded so rapidly after the Big Bang event
astronomegs believed our Milky that only part of it has remained within range of our

T e RS uiverse current methods of detection.
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“Its diffuse E ring is truly gigantic
at around 300,000 Kilometres
(186,000 miles) wide”

The mysteries of how Saturn’s rings
were formed are only now revealing

themselves to us...

‘ While both Neptune and
‘ Uranus can boast of being
encircled by a stellar crown of
sorts, it's Saturn that is the true
‘lord of the rings’. Neptune’s five relatively
thinringsare so small that they weren’t
definitively discovered until 1968, while
Uranus’s narrow bands were discovered
even later, in 1977. By contrast, Galileo was
the first person to view Saturn’s rings over
400yearsago using a simple telescope.

Six of its seven rings span from 74,500
kilometres (46,300 miles) to 140,220
kilometres (87,130 miles) above the surface
of Saturn, whileits diffuse E ring is truly
giganticataround 300,000 kilometres
(186,000 miles) wide - nearly the distance
between the Earth and the moon.

Most of the rings are primarily
composed of water ice that ranges insize

“
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Saturn’s rings close up

from tiny droplets micrometres across to
large chunks the size of houses. Icy moons
like Enceladus that orbit Saturn help seed
the enormous E ring by spouting water
slush and organic compounds from
beneath its frozen crust into the
atmosphere and way beyond. Rock
particles of a similar size, but much
greater mass than the ice particles, can
also be found within the rings.

One theoryis that Saturn’s main rings,
A, Band C - the first ones that were
discovered - were actually created much
earlier than had been previously thought.
Rather than at the time of the formation of
the solar system, space scientists think
therings may have been formed a few
hundred million years ago when a large
moon or asteroid was broken apart by
Saturn’s gravity. &

o
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Moonlets

The Cassini-Huygens mission has thrown
new light on the formation of Saturn’s
moons. Some of the smallest moonlets that
measure less than 50 kilometres (31 miles)
across should have been destroyed by
comets if they were captured by Saturn’s
gravity at the formation of the solar
system, as per the old theory. Using data
collected by the Cassini probe, a computer
simulation suggests that the ice in the
rings can piece together into large enough
lumps to come under the influence of their
own gravity, then continue to grow as
Saturn pushes them out on a gravitational
tide. Italso helps explain why the biggest
moons are farthest from the gas giant.
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We answer your burning questions about the
incredible variety and awesome power of the
planet’s most intriguing chm‘atlc phenomena

M Welike to be able to control everything, but weather
-those changesin the Earth’'satmosphere that spell
out rain, snow, wind, heat, cold and more -is one of
“ those things thatis just beyond our power. Maybe
that’s why a cloudless sunny day or a spectacular display of
lightning both have the ability to delight us. Meteorologists
have come a long way in their capability to predict weather
patterns, track changes and forecast what we can expect to see
when we leave our homes each day. But they’re not always
right. It's not their fault; we still don’t completely understand all
of the processes that contribute to changes in the weather.

Here'swhatwe do know: all weather starts with contrastsin
air temperature and moisture in the atmosphere. Seems
simple, right? Not exactly. Temperature and moisture vary
greatly depending on a huge number of factors, like the Earth’s
rotation, where you're located, the angle at which the Sunis
hittingitatany given time, your elevation, and your proximity
to the ocean. These all lead to changes in atmospheric pressure.
The atmosphere is chaotic, meaning that a very small, local
change can have a far-reaching effect on much larger weather
systems. That’s why it's especially tough to make accurate
forecasts more than a few daysin advance. #
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Lightning and thunder always go together, because thunder is the sound that

a way to te.“ 1. Start the count
ose a storm is? Whenyousesa o kg

be the most accurate way.

2. Five seconds

results from lightning. Lightning bolts are close to 30,000 degrees Celsius e AT
(54,000 degrees Fahrenheit), so the air in the atmosphere that they zip seconds, the storm is roughly 1.6
through becomes superheated and quickly expands. That sound of expansion kilometres (one mile) away.

is called thunder, and on average it's about 120 decibels (a chainsaw is 125, for 3. Do the maths

‘reference). Sometimesyou can see lightning but not hear the thunder, but

Stop counting after the thunder and
do the maths. If the storm’s close,

that’s only because the lightning is too far away for you to hear it. Because take the necessary precautions.
light travels faster than sound, you always see lightning before hearing it.

>

NS

A

Lightning occurs most often
in hot, summer-like climates

Where are you most likely
to get hit by lightning?

Generally lightning strikes occur most often during the
summer. So the place where lightning strikes occur the
most is a place where summer-like weather prevails
year-round: Africa. Specifically, it's the village of Kifuka
in the Democratic Republic of Congo. Each year, it gets
more than 150 lightning strikes within one square
kilometre. Roy Sullivan didn’t live in Kifuka but he still
managed to get struck by lightning seven separate times
while working as a parkranger in the Shenandoah
National Parkin the USA. The state in which he lived -
Virginia - does have a high incidence of lightning strikes
per year, but since Sullivan spent his job outdoors in the
mountains, his risk was greater due to his exposure.

What makes clouds?

Thewarm, moistair builds
up somewhere between3osm
and 1,525m (1,000-5,000ft)
abovethes

Warm, wet

air rises

Sunlight heatsand
evaporates water from
the Earth’ssurface.

What is the fastest
wind ever recorded,
not in a tornado?

407KmM/N (z53mph)
Gusts recorded during
Cyclone Olivia in 1996

Is it possibl_eto
stop a hurricane?

We can't control the weather... or
can we? Some scientists are trying
to influence the weather through

cloud seeding, or altering the clouds’

processes by introducing chemicals
like solid carbon dioxide (aka dry
ice), calcium chloride and silver
iodide. It has been used to induce
rainfall during times of drought as
well as to prevent stormes.

= e

REALLY R
ANIMALS?
from the sky before,
butit’snotactually
‘raining’ them. More likely
strongwinds have picked up large
numbers of critters from ponds or
other concentrations-perhaps
from tornadoes or downspouts—
then moved and deposited them.
Usually theanimalsin question
aresmalland live in oraround
water forareason.

DOES FREAK WEATHER
CONFUSE WILDLIFE?
Ashort period of unseasonable
weatherisn’t confusing, buta
longer one can be. For example,
warmweather in winter may
make plants bloom too early or
animals begin mating long before
springactually rollsaround.

IS THE ‘RED SKY AT
NIGHT, SHEPHERD'’S
DELIGHT SAYING TRUE?
Therest of the proverb s, '‘Red sky
atmorning, shepherd’swarning'’.
Ared skymeansyou could see the
red wavelength of sunlight
reflecting off clouds. At sunrise, it
was supposed to mean the clouds
were coming towards you so rain
might be on theway. If you saw
these cloudsat sunset, therislchad
already passed. Whichis ‘good’ or
‘bad’ isa matter of opinion.

WHAT ARE SNOW
DOUGHNUTS?
Snow doughnuts, orrollers, area
rare natural phenomenon. If snow
fallsina clump, gravity can pull it
down overitselfasitrolls.
Normally itwould collapse, but
sometimesa hole forms. Wind and
temperature also play keyroles.

Air currentsrise upand
become thermals-rising
columns of warm,
expandingair.

- Bases
The bottom of
the cloudisthe
saturation point
oftheair,and it
isveryuniform.
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“Hurricanes may also
be known as tropical

cyclones or typhoons” 000s Df
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Meteorological marvels
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How hot is
lightning? .

27,750 C o
5 g

0,000°F)

What are the
%etting
hit by lig
in a lifetime?
11N
10,000

—
-

errennes!

Ifthemoon didn’t exist it
would have a catastrophic
effect on world climates

- Patchy clumpsand '
 layers make up this
| mid-level cloud. Itoften

What woﬁl ‘
weather without the moon?

pen to our

It's difficult to know exactly what would happen to our
weather if the moon were destroyed, but it wouldn’t be
good. The moon powers Earth’s tides, which in turn
influence our weather systems. In addition, the loss of
the moon would affect the Earth’s rotation - how it spins
onits axis. The presence of the moon creates a sort of
drag, so its losswould probably speed up the rotation,
changing the length of day and night. In addition it
would alter the tilt of the Earth too, which causes the
changes in our seasons. Some places would be much
colder while others would become much hotter. Let’s not
neglect the impact of the actual destruction, either; that
much debris would block out the Sun and rain down on
Earth, causing massive loss of life. Huge chunks that hit
the ocean could cause great tidal waves, for instance.

WWW.HOWITWORKSDAILY.COM
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The Huang He flood of 1931 covered over 100,000 square
kilometres (62,000 square miles) around the Yellow River basin
in China, claiming up to a staggering 4 million lives.

3.7-4uN

Sir Francis Beaufort devised his wind scale by using the flags and sails of his ship as measuring devices

1 billion |

Why are you safer inside a car
during an electrical storm?

People used to think the rubber tyres on a car grounded any
lightning that may strike it and that’s what kept you safe.
However, you're safer in your car during an electrical storm
because of the metal frame. It serves as a conductor of electricity,
and channels the lightning away into the ground without
impacting anything - or anyone - inside; thisis knownasa
Faraday cage. While it is potentially dangerous to use a corded
phone or other appliances during a storm because lightning can

2 travel along cables, mobile or cordless phones are fine. It'salso

6 best toavoid metallic objects, including golf clubs.

This mysterious phenomenon
looks like a glowing ball of
lightning, and floats near the
ground before disappearing,
often leaving a sulphur smell.
Despite many sightings, we're
still not sure what causes it.
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What caus
giant hailstones?

275
~A
Y

'3

Put simply, giant hailstones come from giant storms

- specifically a thunderstorm called a supercell. It has
a strong updraft that forces wind upwards into the
clouds, which keeps ice particles suspended foralong
period. Within the storm are areas called growth
regions; raindrops spending a long time in these are

How does the Sun cause the seasons?

Seasons are caused by the Earth’s revolution around the Sun, as
well asthetilt of the Earth onits axis. The hemisphere receiving
the most direct sunlight experiences spring and summer,
while the other experiences autumn and winter. During the
warmer months, the Sunis higher in the sky, stays above the
horizon for longer, and its rays are more direct. During the
cooler half, the Sun'sraysaren‘tasstrong and it’s lower in the
sky. The tilt causes these dramatic differences, so while those
in the northern hemisphere are wrapping up for snow, those in
the southern hemisphere may be sunbathing on the beach.

SUMMER WINTER

Vernal equinox
For the northern
hemisphere, this day-
around 20 March - marks
the firstday of spring. On
thisday, the tilt of the Earth’s
axisisneither towards nor
away from the Sun.

able to grow into much bigger hailstones than normal.

Winter solstice
Thewinter solstice marks the
beginning of winter, with the

Sunatitslowest pointin the
sky; it takes place around 20
December eachyear.

The Sunisatits highest pointin
the skyand takes up more of the
horizon. Itsraysare more direct.

The Sunisatitslowest pointin the
skyand there isless daylight. The
raysarealsomore diffuse.

3
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Summer solstice
During the summer solstice,
around 20 June, the Sunisat
itshighest, or northernmost,
pointinthesky.

Autumnal
equinox

On, oraround, 22
Septemberinthe
northern hemisphere,
this marks the start of
autumn. Thetilt of the
Earth’saxisisneither
towards nor away
from the Sun.
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“A weather front is the separation
between twao different masses of air”

Meteorological marvels

-~

it theduratlonarambow

~ willlast.Italldepends on

el howlongthehghtlsrefracted
bywater dropletsin the air (eg

rain, or the spray from a waterfall).

WHY DOES IT SMELL

What's the difference between
rain, sleet and snow?

When it comes to precipitation, it’s all about temperature. When the air is
sufficiently saturated, water vapour begins to form clouds around ice,
salt or other cloud seeds. If saturation continues, water droplets grow
and merge until they become heavy enough to fall as rain. Snow forms
when the airis cold enough to freeze supercooled water droplets - lower
than-31degrees Celsius (34 degrees Fahrenheit) - then falls. Sleet is
somewhere in between: it starts as snow but passes through a layer of
warmer air before hitting the ground, resulting in some snow melting.

FUNNY AFTER RAIN?
Thisscent comes from bacteriain
thesoil. Once the earth dries, the
bacteria (called actinomycetes)
release spores. Rainfall kicks these
spores up into the air, and then the
moistair disperses them. They
tend to hawasweet earthy odour

HGW MUCH RAIN CAN
A HURRICANE BRING?
Theaverage hurricane, witha
radius of about 1330 kilometres
(825 miles), can dump asmuchas
213Xx10% cubic centimetres (13 x10%
cubicinches) of watera day. That’s
enoughrain to fill up 22 million

Olymplc-sme swnnmmg poolsl

DO DROUGHTS
D HEAT WAVES

Droughtsareaboutan extreme
lack of water, usually due to lower
than average rainfall, and last for
months or evenyears. There’sno
set definition of a heatwave, but it
typically means higher than
average temperatures for several
consecutive days. Both can lead to

What are
wave clou

Gravity waves

arewaves of air

moving through a stable

area of the atmosphere. The air

might be displaced by an updraft or

something like mountains as the air

passes over. The upward thrust of air creates
bands of clouds with empty space between them.

\
Cool airwants to sink, but if it is buoyed again by the updraft,=

itwill create additional gravity wave clouds. =

Why is it so qmet
after it snows?

It's peaceful after snowfall as the
snow has a dampening effect;
pockets of air between the flakes
absorb noise. However, if it's

How do tornadoes work?

Polar air

Acold front full of very dry
airand athighaltitudeis
necessary fora tornado.

Tropical air
The cold front
meetsawarm front
full of very moistair
and atlowaltitude.

Funnel

Thewind begins
rotatingand formsa
- low-pressurearea

supercells They formwhm;mlarair comesmmntact
with tropical air in a very unstable atmosphere.
Supercells contain a rotating updraft of air that is known
‘asamesocyclone, which keeps them going foralong
time. High winds add to the rotation, which keeps
getting faster and faster until eventually it formsa

crop failuresand fatalities. : f;mnel.Theiunnel cloud creanesasucldngareauﬂow
W"“A"E"A'B"""s snow might actually reflect sound. | tocontacts th the Earth, you havea tornado.
Rainbowsare arched duetothe
-~ = What is a weather front? mne=om fog
bendsasit passes through Unstable masses of Fog often comes
5 3 5 : Aweather frontis the R warmair often contain before the slow-
becauseitslows during this G e Wet 'n’ wild stratiformclouds, full ~ movingwarm front.
process. Then, as the light passes separation between two 7 Ifthere’salot of :

: . " of thunderstorms.
different masses of air, which :

have differing densities,
temperature and
humidity. On weather
maps, theyre delineated

moisturein the cold air
mass, thewedge can

also causealine of
showersand storms.

outofthe drop, it bends againasiit
returns to itsnormal speed.

How hot was the

by linesand symbols.
h DttESt d a The meeting of different
h I StCJ rg frontal systems causes
the vast majority of

....

58 C [—,3 5 F] WEatherphenom?g .................

Recorded on 13

. Wedge Cold front
Se ptE’m ber 1922 11 Ascoldairisdenser, it Coldé;ontfsllieindeep Warm frontsliein broad
=1 f often ‘wedges’ beneath troughs oflow pressure troughs oflow pressureand
AI Aziz ’gah' lel__]Cl thewarmair. Thislift and occurwhere theair occurat the leading edge of
can causewind gusts. temperature drops off. alargewarmairmass.
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DAY AT NIGHT

Noctllucent clouds occur when icy polar mesospheric clouds - the highest
clouds in the Earth’s atmosphere at 76-85 kilometres (47-53 miles) - refract
the fading twilight after the Sun has set, temporarily illuminating the sky.

© Martin Koitmée

Fog is made up of millions of droplets of water floating in the air

Rising heat s High pressure Cooler air gt High pressure
Drylandis heated by the High pressure carries the The cooled air High pressure carries the
Sun, causingwarm air to . cooled air out over thewater. slowly sinks cooled air towardsland.
rise, then cool down. f:lown over land.

@ soaviseses Cooler air Y S Rising heat
Thecooledair [ Inthe evening,
slowly sinks down theland cools
over the ocean. offfaster than
""" the ocean.

Warm airrises
over thewater,
whereit cools.

Surface wind Surface wind
Wind over the ocean blows the Wind blows the air back out towards
coolair back towardsland. theocean. Thisisaland breeze’.

What is the eye of a storm? Does Ilghtnm? ever strike

: _ : in the same place twice?
The eye is the calm centre of a storm like a hurricane or tornado,
: - Yes, lightning often strikes twice in the same
without any weather phenomena. Because these systems consist of location. Hfherasa thinderstornand ekt
circular, rotatingwinds, air is funnelled downward through the eye ; A . ¢ & & douds—theblg -
: : strikes, it's just aslikely to happen again. Many
and feeds back into the storm itself. - cotton-ball ones-area
tall structures get struck repeatedly during called -
thunderstorms, such as New York City’s famed gﬁ’e f € cgm s A
Empire State Building or NASA's shuttle launch rls:Zfl(‘:) rﬁgezwxe&a
padin Cape Canaveral, Florida. Fretim
condenses. If the cloud grows
HDW COICI was thE’ enough to meet an upper layer
CDIdE’St day of freezing air, rain orsnowmay
fall from the cloud.
in h:storg A -
WHAT’S IN ACID RAIN"
— 8 C o Acid rainis full of chemicals like
[ -129 F ] nitrogen oxide, carbon dioxide
and sulphur dioxide, which react
Recorded on 21 -IUI’:] withwater in therain. Much of it
1983 at Vostok IT comes from coal powerplants, cars

Station, Antarctica and factories. It can harm wildlife

and also damage buildings.

Why does the [t

Your breath is full of warm water

Su n Sh I I1e9 vapour becauseyour lungsare

moist. When it’s cold outsideand

i 23 you breathe out, that warm vapour
The Sun is a super-dense el
What are red sprites ball of gas, where hydrogen e ey

begin to change form, and bunch

and blue jets? g is continually burned into uptogether, ecominguisble.

helium (nuclear fusion). This

These are both atmosphericand electrical phenomena that take place WHAT IS THE GREEN

in the upper atmosphere, and are also known as upper-atmosphere g ene I’ateS a h u ge d eqa I Of FLASH YOU SEE AS THE
discharge. They take place above normal lightning; blue jets occur ener an d th e core SUN SETS SOMETIMES?
around 40-50 kilometres (25-30 miles) above the Earth, while red gy’ b Atsunsets (or indeed rises), the
sprites are higher at 50-100 kilometres (32-64 miles). Blue jets happen reaCheS ]_5 Ml | | 10N deg rees Sun can occasionally change

in cone shapes above thunderstorm clouds, and are not related to H HIF colour due to refraction. This can
lightning. They're blue due to ionised emissions from nitrogen. Red C e lSI us (27 mi | I 1on d eg rees cause a phenomenon called green

sprites can appear as different shapes and have hanging tendrils. Fa h ren h e |t) Th iS extreme flash. It onlylasts forasecond or
They occur when positive lightning goes from the cloud to the ground. hea t pro d uces | Ot S Of | | g ht two so can bevery tricky tospot.
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| Budgerigar

Male budgies are considered
to be one of the best talker
birds around, holding the
world record for vocabulary.
However their voices are
quite fast and high-pitched.

Quaker parrot
With a vocabulary of
around 500 words,
Quaker parrots can
verbally inform their
owners of a wide variety
of emotions and needs.

African Grey
This parrot is typically
found in the rainforests of
West Africa but is a very
popular pet bird. It has a
S reputation for being both
& vocal and brainy.

S
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[EINGELAEYYE 1n 1995, a budgie called Puck was recognised as having the largest vocabulary of any bird with over 1,700 words

Beak

Unlike our lips, which enable
usto formshapesto create
specificsounds, a parrot’sbeak
remains openbutrelatively
stillwhenitisspeaking.

Trachea

Thetrachea, orwindpipe, isa
tube thatruns from the back of
the bird'sthroat (pharynx) to
the syrinx. Sound s created by
airwaves leavingthe trachea.

How are parrots
able to talk?

Discover the physiology of this bird that
enables it to mimic human speech

While parrots do seem to make noises that sound like

Syrinx

Thesyrinxisa bird’svocal organ. This
resonant hollowis found at the junction
between the bronchiand the bird’s

- trachea. Inside the syrinxisa cartilaginous

Larynx
Inhumansthelarynx (or
voicebox)is the organinwhich
yourvocal cordsare found.
Whilebirdsdo havealarynx,

» words, they do not create the sound in the same way

thatwe do. For starters, birds possess neither a

voicebox nor vocal cords. Instead they have a vocal
organ called the syrinx lower down the throat. When air is
expelled from the parrot’s lungs across the syrinx, a
wide range of noises can be formed. Located at the
bottom of the trachea, just before the lungs, the
syrinxisa bony structure whose walls vibrate as
air passes through it. Parrots use the muscles
around the syrinx (at the base of the trachea and
the top of the bronchi) to change the shapeand
depth of the space, producing a multitude of
different sounds. Changes in resonance come
from the variationsinair pressure, which is
controlled by the bird’s lungs.

flap called the tympanic membrane,
whichvibrateslike thereed inawoodwind
instrumentwhen air passes throughit.

Lungs

Sound is produced by air
passing through the syrinx
fromthe lungs. Birds can
control theair pressurein each
lungindividually, enabling
them to adjust the resonance of
thesounds they make. Thisalso
means they can make more
thanonenoiseatatime.

this organ doesnot feature
vocal cords. Instead the larynx
servesto keep food and water
outofthelungs.

Bronchi

Airfromthe lungstravels
through the two bronchiinto
thesyrinxdirectlyabovethe
pointwhere the bronchi
branch offto each lung.

How do lionfish survive?

Afish of many names, but there’s no mistaking this sea creature isa born survivor

With its graceful fins and zebra-like stripes, the
’_ lionfish may not look particularly feline, but

compared to some of its other nicknames - like

the dragonfish and, believe it or not, even the

turkeyfish - it doesn’t seem so far-fetched. Perhaps the most

appropriate moniker that this sea creature goes by is

scorpionfish (the wider family to which this species belongs),

becauseit can deliver avery nasty sting.

However, the series of needle-like spines (up to18), which

lineitsupper bodyand can each inject a dose of powerful
venom, are not used to kill. This weapon is purely a
defensive one deployed when the lionfish feels threatened.
Although being on the receiving end of these spinesisvery
painful for humans - potentially leading to sickness or
breathing problems - fatalities are extremely rare.

Stripes -+ axmsdoressssaseseseseonssseenaresopese
Body markings, which largely
compriseredand white stripes, warn

That’snot to say the lionfish isn't an adept killer of other
marine life. It isvery much an ambush predator where any
prey-mainly consisting of fryand small crustaceans like
prawns - that ventures too close falling victim to this
species’ lightning-fast reflexes. Oncein the lionfish’'s range,
there’slittle chance ofa fight as their quarryis gulped whole.

Originating from the Indo-Pacificregion, since the
Nineties lionfish populations have seena boom in other
tropical seaslike the Caribbean and the Gulf of Mexico. Most
likely this isa result of pet owners releasing fish that have
grown too big for their tanks into the sea. It's a major concern
to conservation groups, as not only does this invasive species
have few predators, but it hasa very high reproduction rate
-indeed, females can spawn up to 30,000 eggs in one week
alone (that equates to roughly 1.5 million eggs a year).

A

et easrarrreerserrraseraeanena

- Spines

Genus: Pterois

Length: 30-38cm (11.8-15in)

Weight: Up to 1.2kg (2.6Ib)
Diet: Carnivore (eg fish, shrimp)

Life span in wild: Up to 15 years

sisbeletesesutns Venom

Thevenom
contained within

offany creatures thinking of makinga
meal of it. Theyalso serveas effective
camouflage inreef environments.

Feathery fins

The translucent pectoral
finswillsometimesbe
fanned outand usedto
trap prey likefish fry.

WWW.HOWITWORKSDAILY.COM

Eachlionfish boastsanarsenalof —thespinesisa
venomousspines(upto18), which ~ cocktail ofa protein,
serveasagreatdefence. Although ~aneuromuscular
rarely fatal to humans, they can toxinanda
causeagreatdeal of painand neurotransmitter
reactionssuchasnauseaand (acetylcholine).
temporary paralysis.

Tentacles

Fleshy tentaclesabove the eyesand below
themouthare believed to be used in
sexualselectionand/orasaluretoprey.

(©]Jens Peterson
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Camels

Both camels and horses
use muscular lips to sort
through what they want to
eat: for camels, flexible lips
are handy for negotiating
thorny desert plants.

Giraffes

A very useful prehensile
appendage, the giraffe’s
tongue is super-long - up to
50cm (20in) - and very
supple. It's used to strip
leaves from high branches.

Elephants
Elephant trunks are a
™ fusion of nose and top lip.
They feature four major
S external muscles and a

[ B network of small internal
c * muscles for added agility.

The word ‘prehensile’ comes from ‘prehendere’, the Latin for 'to grasp’

Discover the structure of a horse’s feet and
why fitting horseshoes doesn’t cause pain

E)

0
, , #

Spider monkeys spend a lot of, +
their timein the trees so iife s
extragripaprehensiletail ™ 4
affords can provea redl asse

How do
rehensile
ils grip?
Learn about the creatures whose
tails work like additional limbs

Animal tails perform a vast array of physical functions,
} from working as a cheetah’s counterbalance when
cornering at high speeds to delivering a powerful blow
in the case of the crocodile, or even communicating
emotion, when a pet hound wags its tail. An animal with a
prehensile tail, however, has a special ability to grip on to things
with its specialised appendage - using it as a kind of extra limb.

Among other animals, fully prehensile-tailed creatures include
species from the New World order of primates, which are native to
rainforest regions in South America. Here, where the branches of
the tree canopy can be widely spaced, animals had to develop a
suitable mechanism to assist them in traversing these large gaps in
the rainforest over many thousands of years. Spider monkeys, for
instance, use their agile tails for additional balance and locomotion
when swinging through the treetops.

Such a tailisrequired to suspend the entire weight of a creature
and so the skeleton and muscular structure of prehensile tails must
beresistant to both torsion and bending, and capable of generating
higher forces than regular tails. An opossum, for example, dangles
upside down by its tail while using its hands to pick food. The tip of
the tail can curl round branches and trunks and some prehensile-
tailed mammals even have patches of bare skin or scales - instead
of fur - for a non-slip grip on surfaces such as branches.

WWW.HOWITWORKSDAILY.COM

Horse hooves are the thick
}, horny coverings that protect
the end of the horse’s legand
¢ alsoprovide shock
absorbency. Horse hooves are made of a
tough protein called keratin - the same
stuff our nails and hair are made of. The
keratin ina horse’s hoof is layered in
horizontal sheets, in order to add
strength and minimise the extent of any
damage that could split the hoof
irreparably in the event of a crack.
Horses are digitigrade - ie they walk
on their tiptoes - and therefore require a
spongy pad beneath the heel on which
to walk. While the outer wall of the hoof

Cannon bone
The cannon, or shin, bone isaweight-bearing

structure. The frontlimbs in particular support

around 6o per cent of a horse’s total weight.

Skin
Above the coronetisregular skin
featuring blood vessels and nerves.

Long pastern bone

(proximal phalanx)

Thejoint between the cannon and the
long pastern bone is the fetlock, which isa

isinsensitive - much like human hair
and fingernails - the inner parts can feel
pain. Therefore, when a farrier fitsa
horseshoe to the hoof, they do so by
hammering the nails into only the outer
wall of the hoof. Horseshoes, which are
often made of steel these days, offer
added shock absorbency aswell as
traction on the ground. These curved
metal bands come with between sixand
eightsquare nail holes through which
the metal pins can be slotted. One by
one, the nailsare hammered into the
hard, nerve-free outer wall of the hoof,
securely fastening the shoe to the
creature’s hoof.

kind of anklejoint. The joint between the T
... Digital
longand short pastern bones offers cushion
articulation and shock absorbency. <
Thisstructure-also
known as the plantar
Short pastern bone B o
(middle phalanx) S .
The pastern joint connects poatEERpIng stinc cs,
theslopinglongandshort J hiinniskras
pinglong blood through the
pastern bones. Strong
A < r venous plexuses.
ligamentslinkall {
these bonesand £ Naviculae bo
jointstogether. a‘('cu ar bone
This bone prevents
over-articulation of
the coffin bonejoint.
Frog
Thiswedge of springy
tissueisthefirst part
of the hoof to hit the
ground when the
o L horse takesa step.
Hoof wall (crust) - Coffin bone
Thisis the insensitive outer (distal phalanx)

Coronet
The coronet marks where the hoof
meets the leg. Thewall of the hoof
grows out of thissmall bulge.

casing of the hoof, which
never stops growing. The

Thisisthelargeboneinside
the hoof. Many tendons and

front-facingwalls of the ligamentsare attached to
fore-hooves are slightly thisand a network of blood
thicker than therest. vesselsrun throughit.
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“When coral dies, the hard, chalky
skeletal remains are left behind and
new polyps will then grow on top”

How coral reefs form

What
coral?

Are these brightly coloured
marine organisms animal,
vegetable or mineral, and
how do they manage to
support the world’s richest
ocean habitats?

) While corals may look like rocks and share
}_ several characteristics of plants, theyarein

factanimals. To be exact they are aquatic

marine invertebrates (known as polyps) that
live in the warm shallows of the clear coastal waters
around the world. A huge number of marine organisms
malke their home among the corals, making reefs some of
the mostabundant and varied habitats on Earth.

Because the nutrients on which plankton need to feed
dissolve better in deeper, cooler water, the warmer
layers become a less attractive spot for the huge numbers
of floating plankton to occupy. Therefore, the upper
shallows remain warm and clear - the ideal living
conditions for microscopicalgae, which use sunlight to
combine carbon dioxide and water to create their own
food source, which they share with their coral. Corals
live in partnership with single-celled zooxanthellae
algae, which are also responsible for the bright colours
seen in this photo. If the algae die the coral will turn
white, a damaging effect known as coral bleaching.

Like jellyfish, corals are cnidarians, except they are
rooted to the spot by a tube attached to a surface (usually
rock), rather than floating freely like jellyfish. Cnidarians
consist ofa simple body, featuring a central mouth
opening thatis surrounded by stinging tentacles.

The coral polyp is the softindividual organism that Coral can play home to a vast array of marine
forms from a single-celled alga and lives within a larger life, providing both food and shelter
community of similar polyps called a colony. They use
calcium and a variety of other mineralsin the seawater
- together with the food waste they produce - to
construct their own protective calcium carbonate
skeleton shelters in which to live.

When coral dies, the hard, chalky skeletal remains are
left behind and new polyps will then grow on top of
these. Sedimentary limestone rock is formed when the
coral skeletons are compacted over many thousands of
years. Over hundreds of thousands of years, a single
colony of polyps can grow big enough to eventually link
up with other colonies to form a large coral reef.

While coral can take centuries to grow, it hasa
multitude of natural enemies and can quickly be
destroyed by rising ocean temperatures, pollution and
physical destruction due to harvesting for souvenirsand
medicine, or accidental damage by divers and boats.
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Though coral is among the world’s most fragile organisms, it can be predatory. Coral
not only senses movement, but it can also detect waterborne chemicals from passing
sea creatures. Using barbed, venomous tentacles it can reach out and grab its prey.

Acoralreefin the clear shallowwaters
common around the Caribbean
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Weapons & war

General

Medieval times

B

High-speed, brutal and theattical -it's easy to seewhy
this martial sport was $o popular in the Middle Ages

Jousting was a martial
sporting event undertaken
between two horsemen
usinglances, eachaiming
to strike the other and unhorse him. It
worked either asasingle event or as
partofalarger tournament, the latter
involving other athletic disciplines such
as hand-to-hand combat.

The joust itself, however, worked ona
point-scoring system, with each true
blow struck on the opponent generating
anumber of points for the striker, the
total depending on where the blow
landed. So, ifa rider hit his opponent on
the helmet he was awarded two points,
whileifhe struck them on the
breastplate only a single point would be
awarded. Ifarider unhorsed his

opponent with a strike then he was
awarded three points and the match
was considered over. Importantly,
however, only true blows generated
points, with a true blow consisting of the
lance shattering on impact. Glancing
blows, low blows and any strike that did
notshatter the lance were not counted.
For each joust both horsemen were
equipped with a trio of lances, to be used
over aseries of three charges. All lances
were measured before each joust to
ensure they were of equal length and
therefore no reach advantage could be
sought. Inaddition, strict rules governed
each meeting, with only the horseman’s
squire (assistant) allowed to hand him
new lances or help him in the event ofan
unhorsing. As part of these rules, it was

also mandatory that any knight
competing own the horse and armour
he was using, asin the event that they
were unhorsed, their opponent could
demand both asavictory trophy. Of
course, all these rules came behind the
firstand most important, which stated
that only noblemen could compete.

Ifthe joustwasheld as part of a larger
competition, the other key event was the
hand-to-hand combat match. This
worked along a similar set of rules to the
joust proper, with the first knight to land
three blows on his opponent the victor.
Which weapons and styles were allowed
were dictated before the tournament.

Historically, jousting emerged out of
the High Middle Ages (1000-1300) and
was based on the military use of the

WWW.HOWITWORKSDAILY.COM
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A question of honour
By the 1390s combat in jousts
was generally expected to be
non-lethal, with any defeated

Jousting jeopardy
Jousting tournaments in the
High Medieval period were
considerably rougher and more

5TOP
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dangerous than the more opponent expected to
chivalric events held in the honourably yield to the more
JOUSTI NG Late Medieval period. dominant fighter.

Beyond the main event
Despite the main event in any
jousting tournament being the
joust proper, there were other
subsidiary events, including
foot combat, with the first to
land three blows the winner.

Etymology

The term ‘joust’ is believed to
have derived from the Old
French word ‘joster’, which
itself is derived from the Late
Latin ‘iuxtare’, meaning to
approach and/or to meet.

Lance-a-lot
Jousting lances were often
made from ash wood,
however unlike their military
predecessors, they were not
fitted with sharp iron or steel
tips but rather blunt ones.

“ssesusssssnannss

EIEYEWRGEWR jousting was phased out in France after King Henry II was mortally wounded in a tournament in 1559

to avoid injury or even death.

The gorgetwasasteel collar designed to
protect the knight's throat. It slotted into the
suit of armour underneath the breast-and
backplates, and typically comprised layered
and angled steel plates.

Besagew

Due to reduced necessity of
movementwhile chargingin
horsebackjousts, knights
would often equip besagews
(small circular shields)to
theirarmour. These were
designed to provide extra
protectionat joints-suchas
thearmpit-where gapsin
the plate could be exploited.

Aunique adaptation to
standard plate armourwasa
lance holder, whichwas
positioned beneath the
right-arm pauldron. The
steel hookwaswelded to the

breastplate and helped
support the lance while
charging, allowing fora
greater strike accuracy.
lance by heavy cavalry. Up until the 17th
century, jousting gradually evolved Gauntlet s

froma blood sport into the sporting
form of chivalry for which it is now
remembered. For example, by the time
of Queen Elizabeth I'sreign (1558-1603),
jousting had been heavily romanticised
and was more a form of entertainment,
rather than proof of military prowess.
Interestingly, today jousting is seeing
something of a renaissance, with
dedicated jousting clubs organising
competitions and medieval re-
enactment events held worldwide.

“Only true blows generated points,
with a true blow consisting of the
lance shattering on impact”

Jousting gauntletswere designed to
maximise the combatant’s grip of
theirlanceand, assuch, Almain
rivet type designs were commonly
used. These consisted of layered,
overlappingsteel plates augmented
with reinforced knuckleand
fingertip caps, which covered only
thetopandsides of the hands,
leaving the underside free to grip
through aleather/fabric glove.

WWW.HOWITWORKSDAILY.COM
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Jousting armour
breakdown

Being hitwith a lance while jousting was
akin to being struck by a sledgehammer,
requiring knights to bolster their steel plate

s Helmet
Due to bonus points being
awarded fora head strike,

joustinghelmetswere
heavily modified toadd
more protection. Armets and
close helmswere popular, as
-aside from beingsharply
angled - they were equipped
witha pivotingvisor,
allowingsuccessful knights
to present themselves to the
audience post-battle.

Due to the highlikelihood
ofbeingstruckin the
shoulder, pauldrons
(shoulder guards)were
heavily strengthened.
Thicker, ridged steel was
used, oftenwith a fluted
auxiliarylayer designed to
deflectlancestrikes.

NI cuirass

The technical name for the
armour’s breast-and
backplates, the cuirasswas
one of the core components to
anyjoustingarmour. The
breastplate was often
smoothlyangled away froma
central apex to deflect blows.

The sabaton was the part of the
armour that covered the jouster’s
foot. Theywere commonly made
fromriveted iron plates. Their
designvaried depending both on
the eraand the class of the jouster,
with high-born members of the
aristocracy allowed to sportlong
tapered sabatons, while the
standard gentrywere only allowed
towear short, flat-tipped varieties.
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“Animal faeces - especially dogs’
— contains an enzyme that breaks
down the collagen in the skin”

Making money / Tanning leather
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Coin milling in action

- - Hammer .............................. v
Modern minting methods
can apply hundreds of
tons persquareinchtoa
blank. Soft metals only

[ | require the force ofa
COI ns m e T
|, Upper die
< o LN Held byan
. e77: . . = 5 assistant, the
upper die
When did milling begin and how did
. : : . O N < /. ant T ] - impressed the
ancient criminals profit from it? Priortostriking, g
the blank coin =
Today, our currency is pressed out of long sheets of metal was also known
and stamped under pressures of up to 360 tons per square afatl}:}?:t“' or )
inch in automated machines. But before Matthew Boulton's P T [ Lower die

This was usually
setintoananvil or
wooden block for
added stability.

steam-powered minting process and Peter Blondeau’s
hand-cranked machinery, coins were struck individually by hand.

Carefully weighed circular blanks of metal from the forge were
placed between two hardened metal blocks, one with the reverse
design and the obverse design on the other. The top die was then struck
hard with a hammer so that the softer metal of the coin blank took on
the design on both sides. The process - which was called milling - was
comparatively time-consuming and was also fraught with errors: coins
were frequently struck off-centre, double-struck or cracked.

Worse still for the authorities, because gold and silver were used in
the higher denominations and because no two coins were alike, the act
of ‘clipping’ the edges of precious metal coins, or ‘sweating’silver coins
(shakinga bag of silver and collecting the dust), was common practice
among the unscrupulous, who could then profit by spending the coin at
its face value while pocketing the precious remains.

How was leather
manufactured?

Hold your nose aswe reveal the rather
revolting process of tanning leather

Machineryand chemicals have made the preparation of
animal skin for human use a far less gory processin this
day and age. But for hundreds of years, tanneries were
relegated to the outskirts ofa town because of the foul
materialsused in the process. Fresh from the slaughtered animal (cow,
deer, rabbit or any creature with a workable skin), the skin would
typically be stiffwith gore, so the remaining flesh was scraped away,
while any hair was removed by soaking the skinin urine.

Chicken faeces or other animal dung was then mixed with waterin
vatsand kneaded into the skins by the tanner, who worked the leather
into the vile concoction with his bare feet, like the way a worker would
squeeze grapesat avineyard. Animal faeces - especially that of dogs -
containsan enzyme that breaks down the collagen in the skin, making
it softand pliable. In some cases, the mashed brain of the animal
slaughtered was used to make buckskin or a fur hide, with the lecithin
in the organ softening the surface of the hide. Finally, a tanning agent
like cedar oil (or a similar natural tannin) was applied while the leather
[Wastélised in the process was beingstretched in order to keep the material supple.
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CUCKOO CLOCKS

Prince
The first known description of
amodern cuckoo clock comes
from a 17th-century German
nobleman, who wrote of
Prince Elector August von
Sachsen owning one.

Black Forest
Cuckoo clocks popularity grew
during the 18th century, with
Germany'’s Black Forest at the
heart of production. Today
they are highly prized and can
cost thousands of pounds.

Chalet

Through the 20th century cuckoo
clocks were commonly built in the
shape of a wooden chalet, a style
that originated in Switzerland
towards the end of the 1800s,
where they were sold as souvenirs.

Minimalist Totally cuckoo
Today, cuckoo clock design has The world’s most extensive
become more varied both in and finest collection of
form and function, with cuckoo clocks (with both

old and new models) is at
the Cuckooland Museum in
Cheshire, England.

traditional and chalet, along with
more minimalist and modern,
timepieces all available.

SENEIRsRRR R,
SEsEssRenRRsRRRne

BIBYGWEQREYP The creation of the cuckoo clock is credited to Ancient Greek mathematician Ctesibius

Cuckoo clocks explained

How do these bird-ejecting timepieces work?

A cuckoo clockisaspecialised type
" ~_¥ ofpendulum-regulated

& (traditionally) timepiece that, as

wellasstriking the hourlikea

normal clock, releases a small model cuckoo
and itsaudible call too. The clock works through
aseries of internal and external components
that, together, eject the cuckoo and playits call
in time with the faceplate’s hands.

The cuckoo clock was invented in its ‘modern
form during the 16th centuryin Germany, and
since has diversified into three main types:
Black Forest, Swiss chaletand modern quartz.

Thefirst typeis considered both the most
traditional - it was in the Black Forest area that
the first modern cuckoo clocks were created
-and mostvaluable, as all cuckoo clock
manufacture in the region is quality controlled.
These clocks have full mechanical movements,
requiring them to be frequentlywound, and are
driven by weights that hang down beneath the
clock. These movements come in two distinct
types: one-day and eight-day.

’

The second type is the chalet cuckoo clock,
which was invented in the late-19th century in
Switzerland. These clocks resemble wooden
chaletsand use either mechanical or quartz
movements depending on their quality. A
quartz movement differs markedly froma
mechanical onein that it is powered by batteries
rather than by winding and weights. The quartz
movement works by using an electronic
oscillator thatis regulated by a quartz crystal to
keep time, the oscillator creating a signal witha
very precise frequency. Chalet cuckoo clocks
also differ from Black Forest varieties in that
they commonly have extra moving model
featuresinaddition to the traditional bird, such
aswoodcutter and housemaid figures.

The newest variant of cuckoo clockis the
modern quartz. These tend to be more pared
backin design and feature non-traditional
internal mechanisms - for example, modern
quartz cuckoo clocks produce their birdsong
electronically via a digital recording, rather
than the traditional dual bellows array.

Inside a cuckoo clock

The Swiss chalet
variant of cuckoo clock
often incorporates
other figures, such as
abrideand groom
inthis example

How It Works breaks down a cuckoo clock to see what makes it tick SV Y vy
Releases - wsseses Pendulum i -
Both the front-top The clock’s pendulum
ciickoo doarandthe con.trols thespeedat e
rearpanelare which the clock runs,
opened by two with a slideable bob
release tabs, the allowing the user to
former automatically adjustitaccordingly. h
whenin operation. Bird
The cuckooitselfis
ejected from the clock
with a scissor
armature, which is
controlled by the
central mechanism.
We|ghts  — Hammer
Usually shaped like The clock’s hammer is
pinecones, the weights governed by the central gear
are made of castiron mechanism, strikingan
and supply the central internal gong on each hour.
mechanism with power.
............................. Whistles
The bird’s distinctive
chirpingis created by a pair
of whistles. Each whistle
operates by dropping a steel
weight onto some bellows that
forcesair to pass overareed.
Chains s Rear <Kechanisii
Each clockweightisattached The heart of the clock, the
toawinding chain, whichin mechanism consists ofa

turn passes over a ratchet
wheel, a one-direction gear
attached to the mechanism.
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series of gears that powers
the clock’s gong-striking
hammer, whistle operation
aswell as bird ejection.
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“These traits made triceratops
capable of puncturing flesh
and shattering bone

How triceratops once lived

Artwork depicting triceratops
horridus, one of the lastspecies
of ceratopsia to evolve before the
extinction of the dinosaurs
around 65 millionyearsago

Tail
Thelong tail of the triceratops
helpedittobalanceand
counteracted theweight of

its super-heavy front end.

Frill oo

The triceratops’large, solid bone
frillis thought to have evolved asa
courtship displayaid, rather than
adefensive shield structure.

One of the most well-known dinosaurs, the triceratops was a
herbivorous titan that was very well equipped for a fight

= Triceratopsisa genus of herbivorous

dinosaur that comprises two validated
. species - triceratops horridusand

triceratops prorsus, both of which
roamed Earth during the Late Cretaceous period
(68-65 Ma) before being eradicated in the K-T
mass-extinction event that wiped out all dinosaurs.

Triceratops were large, rhinoceros-like animals

thatweighed many tons - a fully grown adult would
be expected toweigh in the region of seven tons.
They were heavily armoured with reinforced bone
horns, which could exceed 70 centimetres (28
inches)and a solid bone frill, and hugely powerful
thanks to their sturdy frame. These traits,
combined, made both species of triceratops a
fearsome foe to potential predators, capable of
puncturing flesh and shattering bone with their
sharp hornswhen charging.

080 | How It Works

In terms of anatomy (for a comprehensive
rundown, see the ‘Triceratops anatomy’
illustration), the triceratops genusis incredibly
interesting, not least because many of its parts’
functionsare still debated today in the field of
palaeontology. A good example of this can be seen
by analysinga typical triceratops skull, which -
aside from typically measuring a whopping two
metres (6.6 feet)in length - sported three horns as
well asa fluted, extravagant rear frill.

The horns, from which the genus getsits name,
and frill have been successfully argued by
palaeontologists to have been used for self-defence
against predators, with close examination of
unearthed specimens revealing battle scars, cuts,
puncturesand cracks. However, modern scholars
also postulate that both skull features, along with
the elongated nature of the skull itself, most likely

also evolved as courtship aids, with potential mates
selected on the size and shape of these features. It
hasalso been suggested that the frill may have
helped triceratops regulate their body temperature
inasimilar manner to the plate-laden stegosaurus
(whose name translates as roof, or covered, lizard).

Other anatomical areas of interest lie in this
dinosaur’s large bird-like beak and hips. Indeed, it is
because of these particular features that this genus
has been used asareference point in the definition
ofall dinosaurs -ie all dinosaurs are descendants of
the most recent common ancestor of triceratopsand,
assuch, this common ancestor is also that of birds
prevalent throughout the world today. It's important
to note here that modern birds did not descend from
triceratops directly, but rather from its common
ancestor with all other dinosaurs; today’s birdsin
fact originate from saurischian dinosaurs.
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Valid
Despite many species being
named, only two species of
triceratops are considered valid
today by palaeontologists. These
are triceratops horridus (1889)

Origins
Today, the evolutionary origins |
of the triceratops are considered

Range
The triceratops genus existed
during the Late Cretaceous
period in what is now North
America. Many of today’s finds
are discovered in the Hell Creek

Fight!
Artist Charles R Knight
famously depicted a triceratops
‘ ' s and T-rex squaring up for a fight
ina 1901 painting. In reality,

these two dinosaurs were not

to be in Asia during the Jurassic
period. However, they only
became prominently horned

sssesesvsssnennce
sesesssessssensns

Herd

Despite TV shows and
Hollywood movies commonly
depicting triceratops as herding
animals, there is actually very
little recorded evidence that

TRICERATOPS prominent adversaries. Formation in Montana, USA. and triceratops prorsus (1890). animals in the Late Cretaceous. supports this claim.
EIYEWEGEWER The first recorded tricer atops remains discovered in the modern era were unearthed in 1887
o / ' \ S 1
x -
. Triceratops anatomy
.
LN
"i RIW  How It Works examines the skeleton of this
\ . .
3 powerful plant-eater to see its basic anatomy Ko e
' With both species of
Pelvis Brow OIS sessssssassssimsaenissmssssimtssssissins triceratops, thenose
Triceratops had a gentlyarched back Considerablylarger hornisveryshort
leading down towards a strong pelvic than the nose horn, the andsquat, elevated
structure, both factors that generated brow horns commonly from the upper jaw
more power when charging. stretched outbeyond onabonearch.

the animal’s snoutand
were sharp-tipped.

Chest cavity The head of the

The chest cavitywas _tr@ceratops was
massive, holding the joined at the neck by
animal’svital organsat aball-and-socket
the frontand upper jointlocated behind :
stomach to therear. thelarge frill. :
Beak
Atough, horny, toothless
beakat the front of the
triceratops’ snout aided in
------------- foragingactivities.
Tiiceratops
Group: Ornithischia
Genus: Triceratops
Species: T horridus / T prorsus Bothvalidated species Over 50 complete
Range: Late Cretaceous of triceratops have triceratops skulls have
Length: 8m (26ft) extremely sturdy front been foun.d tqdaYr ....................................... Jaw
. legs to ensure support each confirming that The triceratons tecth
Height: 2.9m (9.5ft) forits heavy head and theywereincredibly arr:nré:?irfnoggzugso f;;:g
Weight: 6,350kg (14,0001b) chest cavity. heavyand solid. ol ch<ideofthe
jaw, with three to five

The fundamental diet of the triceratops was
largely dictated by —-and most likely co-evolved
with - its low-slung posture and head position,
which was located close to the ground. Asa
consequence of these factors, as well as its deep
and narrow beak and sharp teeth batteries, both
species of triceratops most likely consumed large
amounts of low-growth ferns, palmsand cycads,
plucking the plants with their beaks and then
shredding the fibrous material with their teeth.

The triceratops’ main potential predators were
carnivorous theropod dinosaurs such as the
tyrannosaurus rex. However, while modern-day
depictions of these two prehistoric titans are often
far-fetched, triceratops specimens have been
discovered with T-rex bite marks and even one
where the herbivore had had one of its brow

hornssnapped off entirely. 8-9m (26'30&)

stacked teeth per column.

1.8m

)
g

[ © Marmelad
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Because enquiring minds
want to know...

Who's answering your
questions this month?

Luis hastwo degrees,

oneinZoologyand

oneinReal-time

Computing, and he

has beenwriting
about science and technology for
years. His sci-fi novel A Jar Of Wasps
is published by Anarchy Books.

. Toddler-wrangler by
dayandwriter by
night, Shannahas
never stopped asking
questions. Now she

hasa curious child of her own, she’s
realising how much she must have
tried her parents’ patience!

Rik Sargent

Rikisanoutreach
m officerat the Institute
e of Physicswhere he
% g works onavariety of
- projectsaimed at
bringing physics into the public
realm. Hisfavourite part of the jobis
travelling to outdoor eventsand
demonstrating *physics busking'.

Mike Anderiesz

Mikehasbeena

journalistand

copywriter for over1s

years, writing fora

range of publications
and institutionsincluding The

Guardian, the BBC and Microsoft. ] ?
His expertise lie in technology, Is a sma
computingand lifestyle products. L

' Kev Smith
I M In physics, plasma is the fourth state of matter. All ‘stuff’ in the

Aneelisatraining universe is made of matter, but we are only familiar with it being a solid,

academicsurgeon liquid or gas. Heating any gas to a high enough temperature will cause

workingin London. the electrons in atoms to be stripped away from their associated nuclei,

Hisresearchinterests leaving just protons and neutrons. These protons and neutrons are

w=" include advanced called ions and are positively charged due to the lack of negative
cancers and medical statistics, with electrons. Clouds of ions or electrons are known as plasma and only
hisclinical interestsincluding occur at temperatures over a few thousand degrees Celsius. The Sun,
planned surgery for rectal cancers . like most stars, is almost entirely plasma, making plasma the most The Sunisalmost wholly
and emergency surgery for trauma. | £ abundant state of matter in the universe. composed of plasma
© Rik Sargent
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Why do irons work so
much better when hot?

Richard Hill

[¥ Cloth fibres are bound together by chemical bonds, the polymer
strands becoming fixed in unnatural shapes (wrinkles) as the fabric
bends. These bonds are weakened by heat, so when a hot iron is
applied, the cross-linking between the fibres is loosened, allowing the
weight of the iron to force them into a new, flatter shape. As soon as
the heat is removed, the polymers re-bind into their new position and,
voila, a freshly pressed shirt, skirt or pillowcase. Apply weight without
heat and the job is much harder unless water is added too - hence the
wrinkle-busting power of the steam iron.

Mike Anderiesz

What causes the ‘butterl‘lies
in my stomach’ feeling?

Ben Hardy

I “I've got butterflies in my stomach” -
this relates to more than just that feeling
you get when you're around someone
you'd like to kiss, as the same feeling also
comes when you're nervous (eg before an
exam or the first day on a new job). These
feelings are most likely related to the fight
or flight reflex. When something stressful
is about to happen (in evolution this would
be fighting a predator/rival), the body
switches into an ‘action mode’, which
sends adrenaline speeding through your
bloodstream. In addition, the autonomic

Arecent

study suggests

thata peacock’s

plumage doesn’t up its
chances of finding a mate,
butisthisthe end of the ‘tail'?

¥‘ do peacocks have
such unusual feathers?

David Hendy

¥ The standard explanation, first posited by
Charles Darwin, is that the peacock is
advertising to the peahen what a good mate
he will make. Peahens choose the males
with the most impressive tails because it
demonstrates that they are healthy and
strong enough to drag such an encumbrance
through the jungle, and also because the
peahen wants to produce sons that will have

big tails because then they will be successful
in attracting mates themselves. This theory
was recently challenged after a seven-year
study in Japan found that large tails didn’t
make peacocks more successful in finding a
mate. But that research has been criticised
for ignoring colour and eyespot density and
the consensus is still that the peacock tail is
a result of sexual selection.

Luis Villazon

Can we see both

nervous system diverts blood away from
non-essential systems (such as your
stomach and intestines) and sends it to
the muscles and brain. The vagus nerve,
which is a key mediator of this effect,
slows stomach function, as well as

the Sun and the
moon (when it
isn’t an eclipse)?

Starry-eyed truth

I Yes! The moon is actually the second-brightest
object in the sky after the Sun and you can see it
most of the time... if you know when and where to
look. How well you can see it depends on the phase
of the moon. It orbits Earth once every 28 days (a
lunar month), so there are times when it won't be
visible during the day, or visible at all. But most of
the time you can see it as it moves eastward, with
the best visibility during the third or last quarter.
Check a lunar calendar and look in the southern sky
in the early morning (in the northern hemisphere).
Shanna Freeman

WWW.HO

Aswith many of our
involuntary reactions,
thisrelates back tothe
fight orflight instinct

increasing the heart rate. This may be the
reason that your stomach, which doesn’t
need to be active during these situations,
reports a different sensation to your brain.
Aneel Bhangu

Why are some animals all white? rindout on page 84
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Why

Joe Bulger

(] . &
are some animals albino?

B Although albinism is rare, many animals (including humans) are at risk of it. Being albino
refers to a complete absence, or in some cases a reduction in thelevels, of melanin that cause

: How would you
put out a fire
on the ISS?

pigmentation of the skin, eyes and hair. This is due to a fault in the function of the enzyme

that produces melanin. Itis a genetic condition, caused by inheritance of two recessive

genes, though this is a very rare occurrence. As well as lightening the colour of skin and hair,
albinism can also affect the way the visual system develops and lead to sight problems.
Aneel Bhangu

Do we con!:rol our brains or
do our brains control us?

Gukophoto

An experiment at the Max Planck
Institute, Berlin, in 2008 showed that
when you decide to move your hand,
the decision can be seen in your
brain, with an MRI scanner, before
you are aware you have made a
decision. The delay is around six
seconds. During that time, your
mind is made up but your
consciousness doesn't acknowledge
the decision until your hand moves.
One interpretation of this is that your
consciousness - the thing you think of as

What would Satum’s rings look like from
the surface of the planet?

Mick Turner

Since Saturn is a gaseous planet, it's not possible to send any
sort of spacecraft to the surface. However, several probes have
performed flybys - the first being NASA's Pioneer 11, which
came within 21,000 kilometres (13,048 miles) of Saturn’s
cloud tops. It passed under the ring planes, and images showed
a reversal of what we see from Earth through a telescope: the
rings looked dark and the gaps between them looked bright.
This is probably because sunlight was passing through the
gaps, and not reflecting off the icy dust particles in the rings.

Further probes, including the recent Cassini, have shown us
there are seven main groups of rings, but the total number is

084 | How It Works

‘you' - is just a passenger inside a deterministic

Belinda Mitchell

Although to date there have been no fires on the ISS, it
remains a dangerous possibility because even NASA has
relatively little experience of fighting fire in space. On the
plus side, flames burn at a lower temperature in space as
they receive far less oxygen. However, it is the absence of
gravity that causes the most problems, making flames
roughly assume the shape of the burning object, rather
than rising straight up as they would on Earth.

Detection is another problem as, without gravity,
smoke will not rise, meaning smoke detectors must be
located in the ventilation system. Once a fire is found, the
actual extinguishing would be down to astronauts using
either water-based foam extinguishers or compressed
CO, units. In January 2012, the second phase of the Flame
Extinguishment Experiment (FLEX) began. FLEX is
designed to explore how flames react and how fuel
moves in space - particularly in the Destiny Module
where the ISS’s fuel and ignition systems are located. A
sealed chamber is being used to simulate different
atmospheric conditions, using a Multi-user Droplet
Combustion Apparatus (MDCA). The flames will then be
analysed at NASA's Glenn Research Center in Ohio, USA.
Mike Anderiesz

automaton. Your unconscious brain and your
body get on with running your life, and only
report back to your conscious mind when
necessary to preserve a sense of free will.
But it’s just as valid to say that when you
make a decision, there's always a certain
amount of background processing going
on, which the conscious mind ignores
for convenience. In the same way, your
eye projects an upside-down image onto
your retina, but your unconscious brain
turns it the right way around.
Luis Villazon {

unknown. There are also moons embedded in the rings, and
the particles within the rings are always moving and reforming.
Information from Cassini led astronomers to speculate that
some of the rings even have their own atmosphere. Add to all
this the fact that the rings move, some of them are tilted, and
that Saturn has its own movements going on, and you'll see
why the planet’s rings continue to be so mysterious... and why
it's very difficult to say exactly how they'd look were you able
to stand on Saturn and look up. You'd probably see both light
and dark depending on where you were located and what was
happening in the various orbits and gravitational forces.
Shanna Freeman
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Are astronauts
able to belch?

Lee Norman

¥ Burps, or belches, are caused by a vibration of the
upper oesophagus as gas is expelled through it. This
could be oxygen and nitrogen after breathing in too
fast, or carbon dioxide after glugging a fizzy drink or
suffering a bout of indigestion. There’s nothing
about space that would cause this natural bodily
reaction to stop, however there would be fewer
things to trigger it. For instance, astronaut diets are
carefully formulated for easy digestion and cola
would certainly not be part of it. Even if it were,
carbonated drinks don't fizz in space as there is no
gravity to separate the gas from the water, leaving
air bubbles simply floating in the liquid.

Mike Anderiesz

What's the dlff

between a clol

Mira Coxhill

Of the two marine mammals,
porpoises are shorter and fatter
(indeed, the name comes from the Latin
poreopiscus, which means pig-fish) and
have a blunt jaw, rather than the beak of
a dolphin. Dolphins also have a bulge at
the top of the head, just in front of the
blowhole, called the melon. This is filled
with fat and acts as an acoustic
chamber for echolocation. Porpoises
have an echolocation sense too but no
melon, and are generally less acrobatic
and playful than dolphins. They are both
members of the toothed whales
(odontoceti) and evolved into different
families about 15 million years ago.
Luis Villazon il
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If we're constantly
shedding our skin,
how much do we lose
over a lifetime?

Oscar Ruiz
[% Skin'is our body’s largest
organ - on average an adult
has about two square
metres (22 square feet) of
it, or in weight about 3.6
kilograms (eight pounds).

It protects our internal
organs, produces vitamins and
minerals, provides tactile
feedback, and helps us retain
water; that's why keeping it
moisturised and well protected is so
important. Since it’s so hard-
working and subject to so much,
though, skin constantly needs to
reproduce itself. For each
minute that goes by, you've
shed 40,000 skin cells, and
your skin is entirely renewed
every 35 or so days. So if
you live for 80 years, you'll
have renewed your skin
approximately 800 times,
shedding up to 2,880
kilograms (6,400 pounds).
Shanna Freeman

“31

&

Helium balloonsrise because
L the combined weight of the
balloonand the gas s less
A than the surroundingair

If | let a balloon
go, how high can
it get before it

pops, and why?

Charlene Oliver

[T At sea level there is about one ton of pressure
exerted on you by the air at all times. This
pressure comes from the 100 kilometres (60
miles) of air above weighing down the air below.
As helium balloons rise, the atmospheric pressure
drops as there is less air above, causing the
balloon to expand. This expansion will continue
until either the gas inside the balloon is of equal
density to the air outside the balloon, or it pops
due to the latex not being able to stretch any
more (the latter being the most likely scenario).
Rik Sargent

-

‘Dolphins can grow up to
2m{(10-14ft) compared to
2.porpeiseswhich are
orterat1.5-2m (5-6.6f)

Why does runmng Water make us want to pee” e ——
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" @ Chasingdownastickor
toy brings out theinner
wolfin man’s best friend

I’'m often delayed by
signal failures — what
exactly does this mear

James Francis

M Signal failures are almost as old as the railway itself - with the first primitive
& wayside signalling systems being introduced in 1832. These days signalling relies on

a combination of movable sections of track (known as points), track circuits that

detect the position of the train and the'signals themselves, which look like traffie

lights positioned above orbeside the track. These three elements must ‘z

be routed»yiaeables’ to a signalling centre where each sigrgal~,§~ .t"/

system, the reasons for a signal failure could bei‘

- -
'/Change must be co-ordinated. With sucha complex %“ D ’
™ — .

7C¢7:;|Id scientists; é\}ér develop

Why do dogs
like chasing
thingsyou .

ave th!“an?; :

Stefan Rogers-Coltman, aged 13
M Dog are descended from wolves that chased after mammals »
- and birds for food, so the chase instinct is already present from
‘3irth. But domestication has also created a link between dogs
and humans. Dogs actively seek play opportunities with us
because they want our approval. Cofl‘der the qu%tion from the
other perspective: why do we like gowing things for dogs to ¢
chase? We like it because the dog enjoysiit and we find its
happiness rewarding. Dog and owner are engaged in a mutual
back-scratching exercise, where the pleasure of one reinforces
the pleasure of the other in a cycle.
Luis Villazon

a way for humans to extract
the oxygen from water?

Cameron Whitaker

Oxygen can be extracted from water in a process known as electrolysis. Water
molecules consist of two hydrogen atoms paired with one oxygen atom.
Connecting two electrodes to a power supply and placing them into salted water
allows an electric current to flow. Electricity is the flow of electrons, therefore one
of the electrodes - the cathode - becomes negatively charged due to the buildup
of electrons, while the other - the anode - becomes positively charged because
of an electron deficit. This difference in charge causes water molecules to
separate into their constituent parts, with oxygen bubbles appearing on the
anode and hydrogen bubbles accumulating on the cathode.

Your question could also be referring to whether we might one day be able to
‘breathe’ in the water. To do this, humans would need a system similar to fish gills
in order to harness dissolved oxygen. All water in contact with the air will contain
a small amount of dissolved oxygen - around five millilitres (0.01 pints) per litre
(2.1 pints) - and it is this oxygen that diffuses into the bloodstream flowing
through gills. It's impossible to know if humans could ever ‘evolve’ gills, however it
is unlikely to serve any practical use since there is plenty of oxygen in the air.

Rik Sargent

Could humans
ever evolve gills to
breathe underwater?
Be careful what

you ‘fish'’ for...
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Why do the upﬁer arm
and upper leg
one bone, while the

lower arm and lower leg

have two bones?

Purple ranger

¥ The makeup of the human skeleton is a fantastic display of
evolution that has left us with the ability to perform incredibly

complex tasks without even thinking about them. There are
several different types of joint between bones in your body,
which reflect their function; some are strong and allow little

ave only

movement, while others are weak but allow free movement.
The forearm and lower leg have two bones, which form plane
joints at the wrist and ankle. This type of joint allows for a range
of fine movements, including gliding and rotation. The hinge
joints at your elbows and knees allow for less lateral (sideways)
movement, but they are very strong. The shoulders and hips,
meanwhile, are ball-and-socket joints, which allow for a wide, if

not overly refined, range of motion.
Aneel Bhangu

i
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“...butIdidn’t needto
go before we left!”

Dave Kitchener

% For hundreds of years, many
scientists used the example of
maggots ‘magically’ appearing in
rotting meat as proof of
spontaneous generation - the ability
for life to form in a ‘dead’ object. But
in reality, maggots are immature fly
larvae. They hatch from eggs laid by

i iJ‘l }
Ssound of running”” |
make us want to pee?

pasﬂne. This type of associg
Smost likely'due ~ the ous experiments of
was asscientist who gave d@
bell afthe same time. Aftel
times, he just rang the bellfan@ithe dogs salivated
as they unconsciously expeetéd food.

Aneel Bhangu

e sound of

physiological
ear the sound”
all, it remind;hls

s want to *

Where do maggots come
from when food goes bad?

flies, but the eggs are so tiny that
they are invisible to the naked eye.
Decomposing food is the perfect
meal for maggots, so flies are great
at finding that old piece of fruit on
your counter. Get rid of rotting food,
keep your bin sealed, and you won't
give flies a place to lay their eggs.
Shanna Freeman
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Was shown by
JOV'S dogs. Paviov
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done this several
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GAMES / BOOKS / GADGETS / TOYS Cyborg R.AT.9

Gaming Mouse

Price: £119.99/$149.99

Get it from: www.cyborggaming.com

We've seen high-end gaming peripherals in all shapes and sizes
before, but the Cyborg R.AT. 9is possibly the most left-field
mouse we've played with. It's what we'd imagine a very small
Transformer could look like when in disguise. It has a crazy
configuration of knobs, buttons and twiddly bits, which makes
for a slightly intimidating first encounter, even for a seasoned
PC gamer. But actually, it's all very practical. It's part of the
R.AT. custom configuration, so depending on your grip, this

FDR CDNNDISSEURS OF KIT AND
SAVANTS OF STUFF

GOOGLE EARTH

m-u-.uu-um-uu«uuuuu.nuuuum.u.ou.n

Google Earth uses
sateﬁites with telescopic — wireless mouse can be adjusted for a more comfortable fit and
¥ cameras to take tons of / - weight. It's fleshed out with six programmable buttons, four

photographs, then : . " )
e o R dpi settings, up to 6,400 dpi for the most twitchy games, and

into polygonal tiles. g fl - spare rechargeable battery, for whenever the nine-hour life
on your current cell dries up. As far as wireless gaming mice
are concerned, it's quite reasonably priced too and, given the
robust build (it has an aluminium chassis), serious gamers
should be left feeling they’ve got bang for their buck.

. Y ? ’ " SILICONE RUBBER

. 3 < AR The Grippy Pad is made of

| v : \’/ # \‘g,/? - ~# an advanced silicone that
Ny A We P " 5 acts in a similar way to
g . W3 gecko feet. Amore
y advanced version being

developed by US polymer
researchers can stick 317kg
& (700Ib) to 40cm? (16in?).

CAPACITIVE PENS

Touchscreen pens, which
work on devices like the onie
iPad, use the natural >
electrical capacitance of
your hand and transfer it
using conductive fibres

through to the nib.

WIRELESS MICE
- 1 = The R.AT. 9 uses radio

frequencies to transmit

- 5 clicks and movements to =

- areceiver that plugs into
— . the PC. It transmits at
2.4GHz, offering just a
one-millisecond delay.
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DAB STANDARD
DAB and its successor
DAB+ are transmission
standards that use

compression techniques
and multiplexing (the
combination of several
signals) to reduce noise
and allow features like
autotuning as well as
real-time text display.

Ruark R4i Integrated OF THE MONTH

Music System Brought to you by Apps

Price: £549.95/$N/A Magazine, your essential guide to
Get it from: www.ruarkaudio.com the best iPhone and iPad apps
Given the choice, we'd pick a retro walnut finish for a music available on the Apple App Store

system over black or white lacquer every time. Perhaps it's
because Ruark is rewarding good taste then, by making
this walnut version of its R4i music system £50 cheaper
than the other optional finishes? You won't find us
complaining. In fact, there isn't a lot to complain about with
the R4i in general - in terms of sound quality and features
anyway. It's the kind of audio device you'd find in the
bedroom of a stylish modern flat. It's host to all the usual
technologies plus DAB and DAB+ compatibility, a
multi-format CD player, universal iPod dock, additional
speaker ports and an 80W RMS 2.1 speaker system. That's iPa d .

ample acoustic welly for your typical bedroom and a very Briar" COX’S

rich sound at that, even if the price leaves us smarting.
Wonders of

the Universe
Price: £4.99/$6.99
Developer: HarperCollins
Publishers Limited
Version: 1.1.1 Size: 343VB Rated: 4+
This dedicated app to the
” BBC series places the
wonders of the universe at
your fingertips. There are
video clips, image galleries and masses
of text to scroll through. The manner in
which it's presented is the most
impressive feature of this app, however,
with an interactive cosmos that you can
pinch-zoom and swipe across to find
different topics (choosing between over
200 articles and two-plus hours of
video). This is what all educational apps
should be like: head-turning visuals and
loads of content to inspire and inform.
Verdict: “&oaa

iPhone:
Snapguide

Price: Free
Developer: Heavy Bits
i 0.2 Size: 12.6MB

Snapguide is a beautifully

designed app that allows

you to view hundreds of
. different how-to guides on
varying subjects, and create your own.
Each guide follows a step-by-step
process that is easily navigated. Steps
can include videos, photos or just text
depending on the task’s complexity.
Verdict: #00aa

www.knowyourapps.com
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@ Afocused
fitness monitor

¥ Limited to
certain
activities

3 Inexpensive
and discreet

CONS

¥ Very casual

Gam1|n Forerunner 110
Price: £169.99/$229.99
Get it from: www.garmin.com

Many of us wear a watch and runners and cyclists generally :

like to know their times over a certain distance. It's the
reason that, since the dawn of the digital LCD watch in the
Seventies, new wristwatches often incorporate stopwatch
and timer functions in addition to a simple clock. So Garmin
has taken that concept a few steps further...

For most of your day the Forerunner 110 is a simple

digital watch, but below the proverbial tip of this iceberg is a

suite of fitness-tracking features that can be a real boon to
your performance. To begin with, it incorporates GPS to
precisely measure the distance you've run while wirelessly
linking to a pair of electrodes strapped just below your
chest to monitor your heart rate. Once you've completed
your routine, you can plug the Forerunner 110 into your PC
via a bespoke USB cable, log in to the Garmin website, then
upload the data gathered to track your distance, times and
calories burned. Of these three devices tested here, the
Forerunner 110 is best suited to those runners and cyclists
who know how to get what they want out of their routine.

WWW.HOWITWORKSDAILY.COM
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ness monitors

Helping you boost performance, lose
weight and improve your lifestyle

Fltblt Ultra

Price: £79.99/$99.95

Get it from: www.fitbit.com

At the other end of this spectrum of fitness monitors - and
with a price tag to reflect its more basic functionality - it's
the Fitbit Ultra. This is a very compact, USB drive-sized

device that simply clips onto a pocket or straps around your

wrist where, once synced with a Fitbit account online, it can
¢ detector plus a trio of sensors that measure heat flux, skin

temperature and something called galvanic skin response
(essentially, sweat). It's designed, ideally, to be worn all the
¢ time: when you exercise, while at work and even while

: sleeping. To get the best out of it, the only time it should be
taken off is to clean, recharge and upload to your profile on
the Ki Fit website. In return it gives you accurate readings
on calories burned, the time you've exercised, the amount

: of quality sleep you've had and more. The website will

go to work taking various measurements. Like the Ki Fit, it
will tell you how long you've slept for, the calories you've
burned over the course of the day, how active you've been
and, of course, the mandatory pedometer - which in itself
isn't such an accurate way of gauging activity but,
combined with the other measurements, can give a runner
an idea of what they need to work on. The Fitbit will also
give you a breakdown of where you could try to improve,
based on targets you've set yourself - albeit on a more

basic level. It's less accurate and not as fully featured as the
: almost anyone’s routine, from fitness fanatics to those who

. just want to shed a few pounds. You do need a subscription,
however, which bumps up the cost considerably, but used
¢ properly it can prove an invaluable aid to a better lifestyle.

Ki Fit package, but it has two advantages: it's cheaper and
you don't need a subscription. Casual runners will benefit
from it the most, but more dedicated sportsfolk might
want to look for a solution that will better suit their needs.

Ki Fit Armband
- Audit Package

Price: £176.99/$N/A

: Get it from: www.kiperformance.co.uk
The Ki Fit is a comprehensive device that combines a

SPONSORED BY ™

If you're looking to take up running, you'll
find this fantastic guide is packed with
advice, tips and motivational secrets

www.greatdigitalmags.com

W Accurate and
comprehensive

® subscription
requinedptI

handful of funky sensors into a watch-sized box that straps
onto your arm. It has a standard pedometer, a motion

monitor nutritional data too, so the Ki Fit is compatible with
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modern world delivered step by step

CHANGE A
FLAT TYRE

Broken down at the wayside with
a punctured tyre? Follow these
instructions to get back on the road

JUGGLE

Juggling three balls can be
learnt quickly, just follow
these five simple instructions

Ball 1

Tostart, take two

=Ty
y," ni balls inyourright
hand and one inyour
- left. Then, throwone
-

oftheright-hand balls

tothelefthand so thatit proceedsinanarc, the
apexofwhichshould beat eyelevel.

Ball 2 r
Then, as this first L \

ballreaches the apex
ofitsarc (iewhenitis
in front of your eyes), E
throwthe ballinyour N A

lefthand inasimilar "
arctowardsyourright

hand. Withyour left

hand nowfree, catch

thefirst ballasit
descends.

Ball 3
Finally, asthe
second ballyou threw
fromyourlefthand
reaches the peakofits
arc, throwthe
remaining third ballin
anotherarcfromyour
righthand. Withyour
righthand nowfree,
you can catch the
incomingsecond ball.

Atthisstage,
itisadvisable to 5
simply catch the A
remainingairborne )
ball (ball3)inyour

lefthand and stop. Ifall’s gone to plan, you
should now have two balls in your left hand
and one inyour right. Once you have
confidently tackled the previous three steps,
now try to continue the juggle, which is
achieved by throwing ball1 out of your left
hand as ball3 hits the apex of its arc.

r | Corrections
{ Y Thereare two
) mainissues that

amateurs encounter
h‘ whenlearningto

juggle. Firstly, they
unconsciouslymove forwards as theyjuggle,
leading to an eventual collapsein the ball loop.
To counter this, try juggling in front of awall or
bed. Secondly, they run out of time to catchany
ball. Thisis caused by uneven ballarcs, so to
rectify this problem, try to keep each ball
throwata uniform height (ie so each ball hits
itsarcapexin front of your eyes).

094 | How It Works

1. SAFETY FIRST

Before you do anything, ensure that your car is on a flat,
stable surface and as far away from passing traffic as
possible. In addition, put on your hazard warning lights
and apply the handbrake.

5. SUPPORT

Now raise the jack until it is just supporting the weight of
the car. You do not want to raise the car entirely off the
ground straight away as now we need to check if the jack
is securely positioned - if it isn't, lower the car and

reposition the jack so it’s perpendicular.

[

2. BRACE

Next, if possible, place a couple of heavy objects in front
of the rear and front wheels on the side with the
puncture. Extra tyres, rocks and weights all work well.
This is simply to add an extra level of stability to the car.

3. RETRIEVAL

Now it is time to remove the spare tyre and jack from the
car. These are normally positioned in the boot (trunk),
located under the floor panel. The floor panel can be
lifted by a pair of tabs found near the rear base of the
boot (ie the end closest to you).

6. LOOSEN

With the jack just taking the weight of the vehicle, take a
wrench (these are also typically equipped to most cars
under the boot flooring) and loosen the wheel nuts. Do
not completely remove these nuts, however.

4. JACK

Jacking the car is easy,
provided you position
the jack in the correct
place. Ideally you want
the jack to make contact
with the metal frame of
the vehicle as close as
possible to the
punctured tyre. Most
cars come equipped
with jacking points
either to the fore or rear
of each tyre. Under no
circumstances jack the
car from the trim.

WWW.HOWITWORKSDAILY.COM
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7. RAISE

Now, with the nuts loosened and
the jack level, lift the car off the
ground so there is enough room to
remove the flat tyre. This is
achieved by completely removing
each of the wheel nuts, by turning
them clockwise with the wrench.

8. REPLACE

Now slot the replacement tyre onto
the car wheel hub, ensuring that it is
correctly aligned. Once this is done,
replace the nuts and tighten them

- when doing this, try to tighten all
at the same rate, doing a little on
each repeatedly until fixed, rather
than turning one to full tightness
and then the next.

9. LOWER

Now lower the car on the jack until
the tyre is just touching the ground
and tighten the nuts again to ensure
the tyre is not loose.

10. GOOD TO GO

Finally, lower the car to the ground
fully and remove the jack. Tighten the
nuts once more for peace of mind and
place the old tyre, jack and wrench
back into the boot. You have now
changed your flat tyre and are ready
to get on with your journey!
 Disclaimer: Neither Imagine
Publishing nor its employees can
accept liability for any adverse effects
- experienced when carrying out these
projects. Always take care when
handling potentially hazardous
- equipment or when working with
electronics and follow the
manufacturer’s instructions.

Follow these five steps
and get '‘eggs-ellent’
results every time

Gentle

Startwithyour selection of eggsina
panof coldwater, with all the eggs on the
same layer (ie do not pile eggs on top of
each other) and five centimetres (two
inches) of water covering them. Then
bring the pan of water to the boil slowly,
while addinga pinch or two of salt. Both
these techniqueswill prevent the eggs
from cracking while cooking.

Simmer

Assoon as thewater begins to boil
remove the pan from the hoband drop
the heattoa lower setting. Then replace
the panand leave the eggs to simmer for
precisely one minute.

Cover

After the minute has passed, once
againremove the pan from the heat,
cover it, and then let it sit for ten minutes.
Nextremove one of the eggswitha
slotted spoon, run some cold tapwater
overitand cutitinhalf. If the eggisn’t
quite done, wait an additional couple of
minutes before removing the remaining
eggsfrom the pan.

Ice

Asyou remove each egg deposit it
intoabowl of ice water. Once the eggs
have cooled strain the water out of the
panand then dry them off. If the eggs are
to be eaten immediately, they can now
be peeled; if not, place them withina
sealed containerand put in a fridge.

Cracking

The bestway to peel hard-boiled
eggsistocracktheshellonallsidesona
hard surface and thenroll the entire egg
betweenyour hands inarepetitive
motion. The rolling motion will
graduallyloosen more and more of the
shell without splitting the egg within.

s WWW.HOWITWORKSDOAILY.COM
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ENJOYED THIS ISSUE? WELL, WHY NOT TEST YOUR WELL-FED MIND
WITH THIS QUICK QUIZ BASED ON THIS MONTH'S CONTENT?

How heavyis the Krupp
Bagger 288?

What is the average daily
trafficthat crosses the
Golden Gate Bridge?

A: A:

How hot is the Sun’s core in
degrees Celsius?

Atwhat temperature should How many points were
you cook short pastry? awarded for a helmet strike
A: inthe sport of jousting?

How long is the runway at
Ford’s crash test centre in
Merkenich, Germany?

What is considered the
home of cuckoo clock
manufacture?

How many species of
triceratops are officially
validated?

What is the total height of
the Hammetschwand
Liftin Lucerne,
Switzerland?

What are the technicians
who work on rocket launch
pads sometimes called?
A:

ENTER ONLINE

atwww.howitworksdaily.com and one lucky reader will win
this special Airfix Battlefront Gift Set

gy
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Feed your mind. Speak your mind

. howitworks@imagine-publishing.co.uk £.4 @HowltWorksmag
J www.howitworksdaily.com B3 How It Works Magazine

Getin
touch!

We enjoy reading your
comments every month.
So keep us entertained
by sending in your
questions for the mag,
comments on what you
like/don't like, or any
science-related news
you want to share.

FANTASTIC PRIZE FOR
LETTER OF THE MONTH!

0ee

WIN A WOWEE
ONE PORTABLE
SPEAKER

This issue’s top letter wins a WOWee
One Classic portable speaker. This turns
any surface into a bass amplifier using
gel technology, and is compatible with
all iDevices and other mobile gadgets.

A matter of light

When Albert Einstein wrote E=mc? he
knew that the speed of light (c) could not
be exceeded. So why did he use ¢
squared? And, if ¢ squared is impossible,
does the formula still work?

Harry Bingham

HIW: The most famous equation in
the world states the relationship
between energy (E) and mass (m)
and that there’s a constant
correlation between the two. Einstein
said that ‘mass and energy are both
but different manifestations of the
same thing'. His theory of relativity
states that all observers are
governed by the same physical laws
regardless of how fast they are

096 | How It Works

Letter of the Month

Rose-tinted Raspberry

M | recently picked up the March issue (32) of How It
Works at my local Costco. The article on the Raspberry Pi
computer brought back fond memories.

Back in the late-Seventies | had a single-board

Could Raspberry Piinspire
anew generation to get
hands onwith @omputers?

worked with machine language on the ELF, but it is nice to see
that young people today have the opportunity to have the kind

of experience | had in a modern context.

computer called the Netronics ELF Il (as | recall it cost

about the same as the Raspberry Pi, or perhaps a little
more). This machine had a 1.79MHz 8-bit processor with
256 bytes of RAM. The maximum video resolution was 64
x 128 monochrome (though | came up with a hardware
modification to get it to 128 x 128). Data storage was by
cassette tape, which wasn't even standard - you had to
buy an additional board, which was also required to hook
up a keyboard; there was no provision for a mouse, though
| imagine | could have come up with something if | had
thought of it. How far we have come in 30 years!

My hardware tinkering days are long past, though | still
do some programming in BASIC. Over the years | dabbled
in C, Pascal and even assembly language and, of course,

moving, and this equation shows the
speed of light (the maximum possible
speed) squared is the conversion
factor between mass and energy. It
reveals the huge potential energy
that any unit of mass has and why
nuclear fission (in the form of a bomb
or power station) can yield enormous
amounts of energy from relatively
tiny quantities of matter.

Atouch of glass

Hi! Do all types of glass block all types
of infrared light? Is glass made of a certain
composition better at blocking infrared?
Lucy

HIW: The infrared spectrum extends
from 0.74-1,000 micrometres (that’s

one millimetre), immediately
following the visible part of the
spectrum. Modern glass is designed
to allow us to see through it yet keep
heat in, so shorter, visible
wavelengths pass through while
longer-wave infrared heat energy is
reflected. Not all glass has this
property though: lenses for thermal
imaging cameras can be made out of
coated germanium or sapphire that
allow IR wavelengths to pass.

Superman

| was doing the sci-fi flowchart in issue
32 when | saw the question about the flux
capacitor and thought of something
impossible: if we could possibly reverse
the direction of the Earth’s rotation or our

Michael A Zachary, Phoenix, AZ, USA

HIW: Indeed, things have changed since the days when
the bedroom programmer and hardware boffin could
take the market by storm, but the access amateur
computer enthusiasts have to tech today is

inspiring. The Raspberry Pi in particular
encapsulates the entrepreneurial

spirit of computing for everyone. It's
incredible that in 30 years, that
hobbyist ELF Il has inspired a

700MHz, 256MB RAM computer

that fits into something the size of

a credit card! Talking of modern
technology, enjoy your prize, Michael!

Win!
AWOWee

One portable
speaker

direction of orbit around the Sun, would it
reverse time?
Oisin Goddard (10)

HIW: It’s an interesting idea, Oisin,
but we're not convinced it would
work in practice. Unlike the scene in
Superman, reversing the rotation of
the Earth will most likely cause
catastrophic earthquakes and
geological disasters for all life on our
planet as magnetic fields and magma
tides beneath the crust shift
significantly. In addition, let’s not
forget the kind of event it would take
to make this happen - one theory
suggests that the last time the
rotation of the Earth reversed was
billions of years ago, when a planet

WWW.HOWITWORKSDAILY.COM
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the size of Mars collided with Earth,
which went on to form the moon.

Cam-can

Hi, | made a cam out of LEGO using the

sprinkler article in issue 11. | saw the
diagram and decided to make a LEGO
model, got all the pieces then made v1...
A few tests later it worked perfectly.
Harvey Aitken (12)

HIW: Great work, Harvey, and thanks

for the photo. We think you’ve got
the basic principle of the oscillating

sprinkler mechanism spot-on. All you

need to do now is replace the lever-
driven motion with a turbine and
you’ll have a working sprinkler! Best
set that one up in the garden though
- or things could get a bit wet!

Moonlighting

I've never seen a solar eclipse, but from
the images I've seen it looks like the moon
is exactly the right size to cover the Sun. If

the moon were smaller it wouldn’t cover
all the Sun and we would see the star like
a ring doughnut (with the moon hiding
just the centre). If the moon were bigger

we wouldn't see the Sun’s halo during the
eclipse (ie the moon would block the halo

out). Is there a mathematical reason why
the moon and the Sun are just the right

size and distance from the Earth to create

the perfect eclipse?
Andrew Weighill

s
(e - ]
s —

W.W
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accuratemod

HIW: Thanks for writing in with your
query, Andrew - there’s no doubt
there’s something very captivating
about eclipses. The short answer is
that it’s most likely a complete
coincidence, ‘most likely’ because we
only know of around 700 planets and
little of their moons. We do know
that the diameter of the Sun is 400
times that of the moon, but the moon
is 400 times closer to Earth, so they
appear around the same size.
Because the moon travels in an
elliptical orbit though, its size in the
sky does vary, so sometimes we get
total solar eclipses and other times
we get partial (or annular) eclipses.
Additionally, the moon is constantly
moving away from the Earth at a rate
of around four centimetres (1.6
inches) a year, so eventually we'll
have no more total solar eclipses.

As the moon continually moves
away from our planet total solar
eclipses won’t be around forever

What’ ’ppening on...
Twitter?

We love to hear from How It
Works' dedicated readers
and followers, with all of your
queries and comments about
the magazine. Here we pull
together a varied selection of
the most interesting tweets
from the last month.

F Miss_Mitchell
(@HowltWorksmag
(@HowltWorksmag arrived today.
Airpunch!

F Money4Machines
(@HowltWorksmag

At first glance we read ‘titanic badger’
- the stuff of dreams!

F mst3kuk

(@HowltWorksmag

Did you know... Concorde used to fly
at [18,300m] 60,000ft where the air
outside is only [0.07kg/cm?] 1psi, on
the edge of space!

¥ StarryEyedTruth
(@HowltWorksmag

What are those atoms or particles
that are bonded and even when
separated by distance they still
mirror each other?

¥ bittenapple
(@HowltWorksmag

A simple question: what is the shape
of the universe?

F Owieh

(@HowltWorksmag

That definitely looks like a spider’s
head. Or it could be a mutant
owl-spider hybri

F Sparkcafe
(@HowltWorksmag

Congrats on a brilliant mag.

Finally, something that gets my
13yr old son reading ;) when he can
get it from me that is!

Your daily dose
of knowledge

For an endless supply of facts and answers, visit
our brand-new website, updated every day

-—
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NEXT ISSUE

ISSUE 36 ON SALE

Which big catisthe
greatest hunter?

How can we overcome
a phobia?

[sit possible to see your
thoughts take shape?

. What engineering
powers a bulldozer?

In August this year, the Mars Science Laboratory is due to touch down
on Mars. Its mission is to investigate the planet’s previous or present
ability to sustain microbial life. Find out how the mobile lab reached

the planet, how it will land and what it will do there next issue... How doesa Sp Erom

its complex web?

LEARN
ABOUT

METEOR SHOWERS
BATTLE OF AGINCOURT
JELLYFISH
CHOLESTEROL
INSTAGRAM

ASTHMA INHALERS
EXOCET MISSILES

ACOUSTIC LEVITATION
THE WORLD'S FASTEST
REMOTE-CONTROL CAR
TYRE JACKS

2x©NASA
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Understand the Fun and Beauty

in Mathematical Concepts

Humans have been having fun and games with mathematics

for thousands of years. Along the way, they've discovered the
amazing utility of this field—in science, engineering, finance,
games of chance, and many other aspects of life. The 24 half-hour
lectures of The Joy of Mathematics celebrate the sheer joy of
mathematics, taught by a mathematician who is literally a
magician with numbers.

Professor Arthur T. Benjamin of Harvey Mudd College is renowned
for his feats of mental calculation performed before audiences at
schools, museums, conferences, and other venues. His teaching

has been repeatedly honoured by the Mathematical Association

of America, America’s largest professional mathematical society.
Throughout these lectures, Professor Benjamin shows how
everything in mathematics is magically connected—how the
beautiful and often imposing edifice that has given us algebra,
geometry, trigonometry, calculus, probability, and so much else

is based on nothing more than fooling around with numbers.

Offer expires 13/08/12
0800 298 9796

WWW.GREATCOURSES.CO.UK/8HIW

The Joy of Mathematics

Taught by Professor Arthur T. Benjamin
HARVEY MUDD COLLEGE

LECTURE TITLES

The Joy of Maths—The Big Picture
The Joy of Numbers

The Joy of Primes

The Joy of Counting

The Joy of Fibonacci Numbers
The Joy of Algebra

The Joy of Higher Algebra

The Joy of Algebra Made Visual
The Joy of 9

10. The Joy of Proofs

1. The Joy of Geometry

12. The Joy of Pi

13. The Joy of Trigonometry

14. The Joy of the Imaginary Number i
15. The Joy of the Number e

16. The Joy of Infinity

17. The Joy of Infinite Series

18. The Joy of Differential Calculus
19. The Joy of Approximating with Calculus
20. The Joy of Integral Calculus

21. The Joy of Pascal’s Triangle

22. The Joy of Probability

23. The Joy of Mathematical Games
24. The Joy of Mathematical Magic

VEONOUOAWN =

The Joy of Mathematics

Course no. 1411 | 24 lectures (30 minutes/lecture)

" SAVE £30

DVD £54:99 NOW £24.99

+£2.99 Postage and Packing
Priority Code: 67776

Designed to meet the demand for lifelong
learning, The Great Courses is a highly
popular series of audio and video lectures led
by top professors and experts. Each of our
more than 350 courses is an intellectually
engaging experience that will change how
you think about the world. Since 1990,

over 10 million courses have been sold.

The Great Courses®, Unit A, Sovereign Business Park,
Brenda Road, Hartlepool, TS25INN. Terms and conditions
apply. See www.greatcourses.co.uk for details.
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Dell recommends Windows® 7.

Everything. And More.

Introducing the Dell XPS 13 Ultrabook™. Inspired by Intel.

XPS™15

With high-fidelity JBL speakers,
this entertainment powerhouse
will be whatever you want it to be
- wherever you need it to be.

Total
Savings
£329

The power to do more

Dell XPS 13 Ultrabook™

The XPS 13 - created out of e
durable machined aluminium -
and lightweight carbon fiber 5/5 Stars |
for maximum mobility. March 2012

£049

E-Value Code: PCPUK06-N0013Z10

Including VAT & Delivery

« Intel® Core™ i5-2467M Processor

« Genuine Windows® 7 Home Premium 64bit

» 4GB Memory & 128GB SSD Hard Drive

»13.3" (34cm) HD LED Screen with
Truelife & 1.3MP Webcam

» Pre-installed with 15 months McAfee Security
Center

Includes next day In-Home Service

with Premium Phone Support |

XPS™ 13 Ultrabook™

Alienware X51 XPS™ 8500

Let your hero out with Alienware's Finally, a desktop that keeps pace with
epic gaming experience in a space- your creativity. Save your biggest projects
saving desktop, with huge storage options, and enjoy fast

@ boot options.
£ o £ ( ¥
679 =5 749 799 —

Rated 9 | 10 Feb 2012 infected PC?
E-Value Code: PCPUKO6-NOOX5M04 E-Value Code: PCPUKO6-DO0OANDO3 E-Value Code: PCPUKO06-D00X8504 How-to Solution
Including VAT & Delivery Including VAT & Delivery Including VAT & Delivery questions? e
= Intel® Core™ i5-2450M Processor « Intel® Core™ i5-2320 Processor = Intel® Core™ i7-3770 Processor
» Genuine Windows® 7 Home Premium 64bit « Genuine Windows® 7 Home Premiumn 64bit « Genuine Windows® 7 Home Premium 64bit
* 6GB Memory & 1TB Hard Drive * 4GB Memory & 1TB Hard Drive » BGB Memory & 1TB Hard Drive We can help.
« 15.6" (39.6cm) HD LED Screen with « Monitor not included « Single 1GB Radeon™ HD 7570
Truelife™ & 2.0MP Webcam « Single 1GB NVIDIA GeForce™ GT 545 Graphics Card
+ 2GB NVIDIA GeForce™ GT540M Graphics Card « Pre-installed with 15 months McAfee CALL 0844 444 3122 or visit
Graphics Card Security Center dell.co.uk/solutionstation
Now Includes 1 Year Next Day Upgrade to 3 Year Next Day In-Home Now Includes 1 Year Next Day In-Home No Fix, No Fee. Prices from £19.
In-Home Service Service with Premium Phone Support Service with Premium Phone Support &

" Your PG,
simplified.

N
ad
Windows 7

Mo

o

Dell.co.uk/deals or 0844 444 38
Offers end 27/06/2012. 8am-9pm Weekdays, 9am-6pm Saturdays, 10am-7pm Sundays and Bank Holidays

McAfee™ - PROTECT WHAT YOU VALUE, Offers due to end 27/06/2012. Dell Products, c/o P.O. Box 69, Bracknell, Berkshire RG12 1RD,

United Kingdom. Subject to availability. Prices and specifications may change without notice.
Delivery charge is £20 Incl. VAT per system (unless otherwise stated). Consumers are entitled to cancel orders within 7 working days beginning the
day after the date of delivery; Dell collection charge is £23 Incl. VAT for system purchases and £11.50 Incl. VAT for accessory purchases, Terms and
Conditions of Sales, Service and Finance apply and are available from www.dell.co.uk. 1. Saving is the difference between the total offer price versus the
current online price for the basic system with promotional components upgraded individually. 2. Selected systems are available for shipment within 2
working days following the date of order confirmation, though delivery dates are not guaranteed and this offer is subject to availability. Delivery charges
range from £5.75 to £14.95 incl. VAT (20%) per item for items purchased without a system. Dell’s general Terms and Conditions of sale apply and are
available on www.dell.co.uk Dell Services do not affect customer's statutory rights. They are subject to Terms and Conditions which can be found at
www.dell.co.uk/consumerservices/termsandconditions. Intel, the Intel Logo, Intel Inside, Intel Core, Ultrabook, and Core Inside are trademarks of Intel
Corporation in the U.S. and/or other countries. Microsoft and Windows 7 are registered trademarks of Microsoft Corporation.
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