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Fancy yourselfas something of a planet
hunter? The quest to find habitable
Earth-like planets outside our solar
system represents pretty much the
pinnacle of space exploration. In the three years since the Kepler
spacecraft waslaunched on a mission to survey the skies, the race to
returnvast quantities of radical new information has gathered pace and
some seriously significant breakthroughs are being made every single
week. Butit’snot just Kepler scanning the heavens; a selection of other
super-telescopes located around the globe are also making great strides
in this search for a new Earth. In fact, so much data has been captured
that it would take forever to analyse it all.

In our planet-hunting feature thisissue, we reveal the techniques used
to locate and identify exoplanets. From the data gathered to date, far
more is already known about possible life on other worlds, and in our
article you'll read about all the most exciting discoveries ‘unearthed’ so
far. Beyond this you'll find information on the size and makeup of
exoplanets, plus what living conditions would be like on the surface ofa
habitable extrasolar body. We also spoke to the British Interplanetary
Society about when they think interstellar travel will be possible.

Enjoy the issue

Helen Laidlaw
* Editor

| Dave

i Ed in Chief

Technology has to be my favourite
section this issue, just for the sheer
diversity of gadgets covered. It’s great

Robert

Senior Staff Writer

I really enjoyed the Amazon article -
the diverse array of flora and fauna is
awesome and we should make every
effort to protect it, especially
following my chat with Ed Stafford.

Adam

Senior Sub Editor

This month my vote goes to the
‘Amazing Amazon’ feature. From
jungle cities to a host of indigenous
species, it's incredible how much life
can depend on a single river network.

to see inside the new iPad, and also
see how sniper rifles are made.

Jonn

Staff Writery

Are we alone in the universe? | tackled
this question and more in our
planet-hunting feature, delving into
the technology and the people behind
humankind’s quest for a new Earth.
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MEET THE
EXPERTS

Find out more about
the expertsin this
month’s edition of
How It Works...
LuisVillazon
Cats

%~ Takingone ofthe
= mostpopular pets
« ontheplanetand
exploring their
unique anatomy
and behaviour, this
issue Luis explainswhat makes

our furry feline friend, the cat,
suchanamazing creature.

Poneizady
The editor of
iCreate magazine,

% Jimmy Hayes, takes
~ 2lookinside
Apple’s brand-new
tablettoreveal the
benefits of the super-punchy

Retina display, quad-core

graphicsand more besides.

Shanna Freeman
Celldivision

Thisissue, Shanna
isheretohelpyou
understand the
science of cell
divisionand
revealsjusthowa
single cell can grow, repairitself
and even become a human being
made of several trillion new cells.

Kate Kem;
Ice-cream makers

Kateisanew face to

the How It Works

panel, butshe

hopestoimpress

youwith herexpert

tech knowledge by
bringingyou the lowdown on
ice-cream makers, plus the
secrets of CAPTCHA tests.

Nigel Watson

Vacuums
This month Nigel
explainsthe pure
science ofavacuum
aswellasrevealing
how the umbilical
cord forms thevital
link between mother and unborn
baby. He also spills the beans on
how our tongues help us to speak.

Dave Roos

Distillation
Turning his hand to
chemistry, this
issuelong-time
science writer Dave
reveals how
distillation canbe

used toseparate liquid mixtures

into componentsubstances.
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"12 SPECIAL FEATURE
The search
for new Earth

Discover the mammoth hunt for
habitable planets taking place at
various locations around the globe,
as well as out in the cosmos, in our
big feature this month

The new iPad

Take a look beneath the capacitive
touchscreen at the inner workings
of the best Apple tablet yet
Advanced running shoes
Ice-cream makers

Sniper rifles

Discover the precision mechanics
inside this lethal weapon

Teflon

Velcro

CAPTCHAs

Gaming PCs

Carpet cleaners

Sticky tape

Sony Xperia S

The Big Space Balloon
Airlocks
Neptune’s Great Dark Spot

Capturing the 2012

Blue Marble

Learn how NASA took this famous
snapshot of Earth and how the
process has evolved over time

Distillation

The science of how several
elements can be separated to make
petrol, whisky, perfume and more
How cement hardens
Blisters

Fluorescent ink

The human tongue
Umbilical cords

Vacuums

Cell division

Learn the difference between
mitosis and meiosis plus how
human cells repair themselves
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How are shoes helpi
athletes b

The amazing Amazon
Take a journey down the mighty
Amazon River and sample the
immense biodiversity on offer

Algal blooms
Dust storms
Seahorses

Stone plants
Giant's Causeway
Rock pythons

Cat anatomy
Among many other things, find out
how a cat always lands on its feet

Super high-speed rail

All aboard for this feature which
reveals how the fastest trains in the
world are built and powered

Oxygen masks
Air brakes
World'’s fastest water sled

C-130 Hercules aircraft
Find out how these behemoths of
the sky can carry huge payloads,

including entire vehicles
<! B Explore the Amazon Basiftand the

diverse flora and faunait Supports

Diplodocus

Step back in time with us as we
examine the indelible footprints
made by these Jurassic giants
Jethro Tull's seed drill
Water pumps

Belfries

ootsteps of
hty dinosaurs

Sturmpanzerwagens
We crack the hood on the A7V, one
of the earliest tanks ever produced

to up their game?
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Global eye

Get the latest news and

the greatest stories from the
fields of science, technology
and the environment

82
Brain dump: Q&A
with top experts

A hand-picked selection of the
finest experts - from physicists
to historians - answer your
burning questions

88
The knowledge:
gear and gadgets

Advice on the articles of desire
you should be spending your
money on in our latest reviews

o1
Group test

For some of the most hi-tech
ultrabook laptops around, check
out this month'’s trio of products

94
How to...

Improve your practical skills with
our special How to... articles
loaded with tips on how to
survive in today’s world of
technology and gadgetry

95
Test your
knowledge

Enter our quiz that’s based on the
contents of this month'’s edition
of the magazine

96

Letters
Get in touch and have your say
on any subject. Tell us what
you've learned this month, get
something off your chest or
regale us with some of your
scientific wonderings
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Showcasing the incredible
world we live in...

Deepsea Challel;nlger

completes recor
dng dive

br

GLOBAL =

Moviemaker and explorer James Cameron has
completed a challenging journey to the very
bottom of Earth’s deepest ocean

. James Cameron

ﬁ‘ has made a

=) record-breaking
solo dive to the bottom of
the Mariana Trench, the
deepest part of any ocean
on our planet. The trench,
which is located
11 kilometres (seven miles)
beneath the surface of the
Pacific Ocean, had not been
reached for over 50 years, with the only other
successful manned visit undertaken by the now
legendry Bathyscaphe Trieste submersible in January
1960 by Jacques Piccard and Don Walsh.

The Trieste has long since been retired however,
with the new descent undertaken within a purpose-
built submarine, the Deepsea Challenger. Cameron
designed this one-man sub himself and, after a series
of test dives, it has now taken the Hollywood director
right down to the base of the underwater canyon.

Speaking to the BBC on the tropical island of Guam
- which was the base of operations for the mission
- Cameron explained what led him to build the sub in
the first place: “I started to think about what it would
take to go to full ocean depth - that was kind of the
Holy Grail from an engineering standpoint. So [I started
working] up designs, and thinking how it would be
possible and what it would take. And then there is
suddenly this moment that seems to transpire with no
transition where you are suddenly doing it. | seem to
have that curse that once | imagine something being
built, | have to build it.”

During the dive, Cameron was contained within a
109-centimetre (43-inch)-diameter steel sphere, from
where he was able to control all aspects of the
submarine (see annotations for the sub’s hardware
breakdown). The sphere had to be so small for both
weight and strength reasons, needing to be light
enough to be easily lifted back to the surface, but also
strong enough to withstand over 1,000 atmospheres
of pressure (1,000 kilograms per square
centimetre/14,700 pounds per square inch).

006 | How It Works

The director - who has helmed blockbuster feature
films centred on marine disasters such as Titanic and
The Abyss - hoped to capture the Mariana Trench like
never before, recording footage on the submarine's
cutting-edge RED Epic 5K video camera. However,
despite spending over 20 minutes on the floor of the
Mariana Trench and three hours within it, little imagery
and video was able to be taken, as the Challenger’s
landing caused large quantities of silt to be kicked up,
obscuring the camera’s view.

Speaking on Cameron’s successful return to the
surface, Dr Alan Jamieson of Oceanlab, told the BBC:
“| think what James Cameron has done is a really good
achievement in terms of human endeavour and
technology. But my feeling is that manned
submersibles like this are limited in scientific
capabilities when compared to other systems, mostly
due to the fact there is someone in it. Remote or
autonomous systems can collect a far greater volume
of useful scientific data for far less money.”

"I seem to have that
curse that once I
iImagine something..
I have to build it”

Batteries

The Challenger is fittedwith a

stackof7oloaf-sized battery packs |

within oil-filled plastic boxes

mounted toits side. These are split
_ across three power buses.

Light array
Aswellasthe spotlight, additional
light sources come froma 2m (6.6ft)
panel of LED lights. These can

¥ illuminatea3om (100ft)area.

Booms

Two booms hold both thesub’sRED |
EpicsKvideo cameraaswellasa
primary spotlight. These can be
controlled manually by the pilot.

Engineers examine
the Deepsea
Challenger sub
aboard the Mermaid
Sapphire off the
coast of Australia

The Trieste is the only other
manned submersible to have
successfullyreached the
Mariana Trench to date

WWW.HOWITWORKSDAILY.COM


http://worldmags.net/

The Deepsea Challenger begins
its first 4km (2.5mi) test dive off
the coast of Papua New Guinea

Pilot sphere
A6.4cm (2.5in)-thick steel sphere where
the Challenger’s pilot sits. It is spherical

8 sothatitcanwithstand theintense

Weights

More than 450kg (1,000lb) of steel
weightsare equipped to the Challenger
soitcan descend quickly; theyare held
in place by electromagnets.

The crew prepares Deepsea

Challenger for its first test in the
ocean at Jervis Bay, south of
Sydney, Australia

MERMAID SAPPHIRE

PANAMA
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pressures of the deep ocean.

Deepsea Challenger
Length: 7.3m (24ft)

Weight: 11.8 tons

Ballast: 500kg (1,100Ib)
Sphere size: 1.1m (3.6ft)
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Dione measures
1,122km (697mi)in
diameterand has
anicy exterior

©NASA/JPL/Space.

Cassini spots activity
on Saturn moon

NASA spacecraft records possible signs of
geological activity on the icy moon Dione

NASA's Cassini probe has
spotted features on Saturn
moon Dione’s surface that
indicate ice volcanoes could be active
on it. These findings are interesting as
they run contrary to previously held
scientific thought that the moon is an
undynamic, frozen wasteland.

The findings, which were presented
at the 43rd Lunar and Planetary Science
Conference in Texas, USA, were
delivered by Dr Bonnie Buratti from
NASA's Jet Propulsion Laboratory (JPL).

Research into Dione’s environment
began when NASA discovered a stream
of charged particles emanating from the
moon’s surface, with a thin layer of
oxygen detected around it. The Cassini
probe then proceeded to examine the
moon in greater detail.

Cheltenham

Science

Festival 2012

This year’s science bonanza
promises to be the best yet

e Over 300 of the world's greatest thinkers, comedians, writers and scientists
Xe) d will come together to celebrate and explore all things scientific at 2012's
' Cheltenham Science Festival. This year the event will feature cutting-edge

oo
~

From a series of close flybys, the
spacecraft detected that large areas of
Dione’s surface were largely devoid of
any craters, while others were heavily
pockmarked. As such, NASA believes
that either material flowed into these
craters, filling them in, or that they were
covered by large amounts of debris from
a nearby explosion. Both these theories
seem to be supported by Cassini's
discovery of an apparent cryovolcano.
Cryovolcanoes, rather than erupting
molten rock, spew water-ammonia and
methane into their surroundings.

Speaking on the publication of the
results, Professor William McKinnon of
Washington University said: “| suspect
that not a lot is going on on Dione right
now. There's clearly been resurfacing...
[so] we know something happened.”

discoveries, cabaret, comedy and hands-on experiments. It will also host the
International FamelLab final, which is seeking the world’s next big scientific stars.

For 2012, the festival's theme of ‘regeneration’ will be at the heart of the programme.
From medicine to technology, economic recovery to energy, the festival will look at the
role of science in our ever-regenerating society. Further, TV favourite Alice Roberts and
star of the 2011 Royal Institution Christmas Lectures, Bruce Hood, are already confirmed
to attend, with many more names to be revealed. It takes place 12-17 June and more
information can be found at www.cheltenhamfestivals.com/science.
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WHAT ON
EARTHISIT? |

A close-up look at the world!

We reveal the true identity of the weird
and wonderful images posted on HIW
Daily, plus a few of your suggestions.
Remember being right isn't everything
- we're also looking for creativity!

Thls is the shell of a pontifical mitre (mitra stictica), a
species of sea snail and marine gastropod mollusc in
the mitridae family. The species, which is notable for
its colourful shell, is widely distributed throughout
the Indian and Pacific Oceans, particularly along the coasts of Fiji,
Mauritius and Tanzania, and is popular among shell collectors.

‘A baby dinosaur turned on its side?’ Charles Windle
‘One very dodgy haircut’ James Gant

2. Mouse

This is the anther - pollen-bearing part of the
stamen - of a mouse-ear cress (arabidopsis
thaliana), a small flowering plant native to Europe,
Asia and northwest Africa. Interestingly, the cress
can complete its entire life cycle in just six weeks.
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‘Spider poo?’ SaiMun Wan ‘Bacteria or a virus?’ Ashwin Kumaar

""’"ﬂ 3. Bell

,5 r” This is an interesting shot of both an adult and baby
_'T bell pepper (capsicum annuum), the latter being

g half-grown in the body of the former. There are

three species of bell pepper, each native to North or

South America and used as a hot or sweet ingredient in many dishes.

‘The inside of a mutant bell pepper’ Bethany Nicholson
‘It’s a stuffed olive embedded in a guava...’ Gordon Muller

65CE:;.... 4%y 1587 1770 1839 1928:;. 1948

Piso’splot to kill the ; > Francis Drake’s Captain James & b The Treaty and final fascicle Burma (also

Roman emperor Nero ) expedition sinks Cook (pictured ¢ of London (instalment)ofthe ~ knownas

isfoiledandall of the . 2 the Spanish fleet right) firstsights 1 5 establishes Oxford English Myanmar) joins

conspiratorsare arrested. ‘-t inthe port of the eastern coast Belgiumas Dictionaryis the United
Cadiz. of Australia. - 4 akingdom. published. Nations.
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Stafford spent 860 days
traversing the Amazon

How It Works: Why did you decide to
embark on a mission to walk the
entire length of the Amazon?

Ed Stafford: [After leaving] the army |
fell into a job of leading expeditions into
jungles with film crews. So that was my
career for roughly seven years prior to the
Amazon [trek]. So as much as walking the
entire length of the Amazon seems a
bizarre thing to do, | had actually been
leading expeditions for several years and |
was in my early-thirties and felt | had the
skills to do a really massive adventure.

In addition, | didn't have a wife or kids
so | felt | could be a little selfish and do
this, as it was going to take up a large
chunk of my life. The majority of my
expedition experience had come from the
jungle yet | had never been to the
Amazon, so it was appealing. | have to be
honest though, | was just searching online
for other expeditions that had done
something like that, trying to see what kit
they used and what lessons they had
learned, however the more | looked, the
more it seemed that no one had walked
the length of the Amazon. So when |
twigged that it could be a genuine world
record | was hooked on the idea and
determined that | would be the first.

HIW: What major dangers did you
face during the journey?

ES: | was really lucky with disease - |
didn't get any of the big tropical diseases
like dengue fever, typhoid or malaria. |
think humans were the biggest threat,
even though | believe most would think
that it would be jaguars, anacondas,
venomous snakes, electric eels and all
those [kind of] things. They were always

there and you had to be aware, but in fact
the drug traffickers and the indigenous
tribes proved the biggest threat.

Drug traffickers because | was a white
man and walking through their areas such
as the ‘Red Zone' in Peru, where
two-thirds of the world’s cocaine is
grown. | mean, the national police force of
Peru just leaves that region alone - it's
literally lawless - and the traffickers put in
place these [unofficial law enforcers], who
police the area for petty crimes such as
theft and violence but they allow all the

Coming through those drug-trafficking
areas though led to very, very closed-off
indigenous tribe settlements. These
groups were heavily persecuted in the
Seventies and Eighties, with many of their
population killed, so unfortunately, even to
this day, these tribes are living in a state of
permanent alertness due to how they
were treated. Most people over 20 have
seen first-hand bloodshed and family
killed so it was incredibly unsettling to
walk [in these areas] as they were very
suspicious, and rightly so. They were very

“Reading between the lines to decide that
Iwasn't actually going to get killed and
that they were just saying these things to
discourage me was tough”

drug trafficking to go on.

So, coming through those areas, the
people in authority were those who were
running the drug trafficking. They were
also the people [from whom] | was asking
advice and they were constantly saying
that | was totally crazy - that | was going
to walk out of this town and get shot.
They had a reason for saying that as they
wanted to discourage me from coming
through, as | was carrying a video camera
and was blogging all the time and that
wasn't something they wanted.
Overcoming those fears and essentially
reading between the lines to decide that |
wasn't actually going to get killed and that
they were just saying these things to
discourage me was tough. | have to admit
that psychologically it was very difficult to
stay positive and not get wrapped up in
my own worries.

happened on this day in history?

The Bay of Pigs  The first spac:
i ion of

Cubea fails. islaunched.

tation, Salyut1,

popula

its23rd season.

defensive about their land so convincing
those guys that | wasn't a threat or an oil
prospector was tricky and | was pretty
paranoid during that period.

HIW: You have a book out, Walking
The Amazon. Can you tell us how you
approached writing it?

ES: | found it very rewarding actually. |

Stafford believes .

the greatest threat
was other humans

NEd Stafford

The 2011 European Adventurer of the Year is
B famous for walking the entire length of the
Amazon River, a feat that firmly placed him in
the Guinness Book Of World Records

think as you write you look back on things
like this with rose-tinted spectacles and
think how fantastic an adventure it was.
But actually, being forced to go back into
my journals was a dark and emotional
experience as it brought back into focus
the isolation. So writing the book was
really valuable for me, to actually
remember the expedition properly - [to
recall] the highs and the lows. | mean it
wasn't all about killing snakes and river
crossings, it really is that mental battle of
holding it together and staying in control.
What was great though was that, while
for the first three chapters | had to send
my writing off to an editor, after that they
said | could write well and just left me to
it. So that was nice as | got to write the
book myself, and in my own words.

HIW: Finally, is there anything you
can reveal to our readers about your
next big project?

ES: There's a lot going on. | think my book
is just now being published in the United
States, which is nice. | am also in talks
with the Discovery Channel at the
moment regarding an authentic survival
project that | am doing. And, finally, | have
just become an ambassador for The
Scouts, which | am really [passionate
about], as if | hadn't been a scout when |
was a kid | don't think | would have gone
on to do the things | have done today.

Walking The Amazon

by Ed Stafford is out now
inthe UK and US and is
available online from,
appropriately enough,
Wwww.amazon.com.

AMAZON
-

Fidel Castro resigns
from the Communist
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Voters prefer deeper voices
A study in Proceedings Of The Royal Society B suggests voters in
elections are drawn more to candidates with lower voices. In the
research, 27 men and women were recorded saying, “I urge you to
vote for me this November.” The voters then ranked the candidates
in order of preference, with clear favouritism shown for those
which were electronically altered to have a lower-pitched voice.

AMAZING TOPICAL FACTS..

Avalanche u
research
could
improve

ice cream

Scientists at the Institute for
Snow and Avalanche
Research in Switzerland have
used an X-ray tomography
machine, normally used to
measure avalanches, to

A photo has captured a billion stars
A new picture compiled by the UK Infrared Telescope in Hawaii and the
VISTA telescope in Chile claims to show a billion stars in our galaxy.
Taken in March, the amazing image (a small portion shown below) is the
culmination of thousands of images taken over a decade. It is still but a
fraction of the upper estimate of 400 billion stars our galaxy might hold.

calculate how ice crystals

form in ice cream. It's hoped

the research will reveal why Martian dust

small crystals develop in ice

cream when it is moved from has hampered

a shop to a household freezer,  / ht

often becoming slightly rover s Slg

chewier in the process. NASA's Mars Exploration Rover Opportunity

3 took a self-portrait in late December 2011 to
highlight the effects of Martian dust on its
solar panels. As it approaches its fifth Martian
winter, the accumulation of dust reduces the
rover's power supply and limits its mobility.
Only once winter is over, or wind clears the
panels, will the rover be fully operational.

Sonic booms
are no more
A retro biplane design
from the Institute of
Fluid Science, Japan, has
taken a new approach [
to eradicating sonic
booms. The concept
looks like a futuristic
Wright Flyer. Known as
Misora (sky), the
position of the wings
make the shock waves
created as the plane
reaches the speed of
sound bounce back and
cancel each other out.
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Biofuel

plane is set
to take off

As predicted by How It
Works back in issue 29,
Qantas is expected to

Australia’s first biofuel

.lupite!"s g : flight by mid-April 2012.

Using fuel primed with

heart IS cooking oil, the Airbus
melting A330 jet will fly between

Sergey Kustov

s p— o — Sydn: d Adelaide,
core may be turning to liquid and mixing 2

rlv defined heralding a new era of

st inable aviation fuel.
which may ex

s Jupiter but can be five time

s been made at the University - “
660Ib) weight (or =
107cm/42in t v ng from smooth glass. It's made by placing a thin penqtﬂns
polymer layer bric of rigid carbon fibres, ing i due to the van f oc to BI rd Iand

der Waals force, wh S -sticky quality. .
king penguins have temporarily taken up
residence in Birdland, Bourton-on-the-Water,
2 e : , UK, following ren n work at Edinburgh

&2, 8 .
% ’ d = Zoo. The famous birds, who include Sir Nils

7 w Olav - the mascot of the Norwegian Guard -
% . join 14 more of their kin at the avian park.
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3D nanoprinting &
is finally here '
A team at the Vien

of Technology b

record for printing a

via nanoprinting. The team
printed a model of a Formula 1
racing car only 0.285mm
(0.011in) in length in just over
four minutes. Each of the 100
layer omposed of 200
single printed lines. The
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WWW.HOWITWERKSOA h . LAVACSB 2 Do MR
-~ \ A A . ¥

Y Thl e ] i ©® Vienna University of Technology



http://worldmags.net/



http://worldmags.net/

lanet hunting is a very new

and exciting field of

astronomy. In fact, the first

planet outside our solar
system was not discovered until the
mid-Nineties, as the telescopes and
methods needed to find planets were
simply not advanced enough before then.
Today there are thousands of known
planetary candidates and potentially
trillions more in our Milky Way alone. So
far we've found gas giants larger than
Jupiter, Earth-like planets more than twice
as big as our world and even some rocky
bodies smaller than our home planet.
With each new discovery we learn a little
bit more, not only about worlds outside
our solar system (which are known as
exoplanets or extrasolar planets), but also
those inside it, including Earth.

However, as new as planet hunting
may be, there’s no doubt that the ultimate
goal is to answer a question that has
perplexed humanity for hundreds, or
perhaps even thousands, of years: are
we alone in the universe?

Statistically speaking, the chances of
our planet playing host to the only life
forms in the cosmos are incredibly small.
Consider, first, our own solar system. In it
are eight planets and five subsequent
dwarf planets, although of these only
Earth is known to harbour life. Some of
these planets and their moons appear to
have once had the capability to support
life, such as Mars, or perhaps still do
today, such as Jupiter’s moon Europa, but
so far we have found no concrete
evidence that they do.

Missions such as NASA's Mars Science
Laboratory, due to land on the Red Planet
in August 2012, will give us a greater
understanding of the ability of life to
adapt to different environments, but even
the most optimistic estimates don't
expect us to find anything other than
small microbial life in the solar system,
and certainly not intelligent life forms.

So for our true walking, talking
extraterrestrials we need to head out of
the solar system. A study in early-2012
suggested that every star plays host to an
average 1.6 planets, although some stars
are too large or volatile to be thought to
have orbiting exoplanets. However, upper
estimates for the number of stars in the
Milky Way reach a figure of 400 billion,

e so if even just one star in every 400 has a
AX. - . ‘ : - Yo . planet, that's still a potential one billion
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planets in our own galaxy. The mind
truly boggles when you then consider that
the universe is thought to comprise up to
200 billion galaxies, bumping our upper
estimate of planets to 200 million trillion.
If these figures turn out to be accurate,
we've so far discovered much less than a
millionth of all the planets in our galaxy
and an even more incredibly small fraction
of the planets in the universe.

Could it really be that out of all of these
only one - Earth - had the necessary
conditions for life to develop? Does only
one of these orbit its parent star at a
habitable distance? Is Earth really the only
planet with water, vegetation, a
temperate climate and a breathable
atmosphere? It would take a hardened
sceptic to unequivocally rule out even the
slightest possibility of life elsewhere, and
we're certainly not one of them. And
neither are the thousands of scientists
around the globe looking for planets that
fit the criteria of being ‘Earth-like’ with the
hope - and conviction - that one day we’'ll
discover a planet that ticks all the boxes.

Transit method

This is the predominant method through which the majority of planets have been
found. When a planet crosses in front of a star it causes a momentary dip in
brightness. The amount the star dims is relative to the size of both the star and the
planet; the size and mass of the star in question can be measured using a
spectrometer. Although the planet cannot be directly observed, its mass and size
can be estimated by measuring the star's fluctuation in luminosity.

FINDING AN
EXOPLANET

There’s a reason why the first exoplanets weren’t discovered until the
Nineties: finding them is incredibly difficult. While seeing stars with the
naked eye in the night sky is easy, observing planets is much harder.
Planets don’t give out their own light, instead only reflecting that of
nearby stars, and thus are far less luminous. As a result scientists
needed to devise alternative methods to spot planets...

N

We could then send a signal in
anticipation of a response or, much
further down the line, launch an

v . , Transit
interplanetary spaceship to explore this We can't see the
strange (or perhaps familiar) new world. transits with

telescopes, but we
can measure the
amount of light
emitted from a star.

The hunt for ET life

Of course, we haven't taken into account
other factors for life on a planet. It took
roughly 4.7 billion years for intelligent life
to flourish on Earth, and the constant
threat of nuclear war, asteroid collisions

Light curve

As a planet passesin
front of its host star it
causes it to dim
slightly, which can

be measured ona

and other disasters means that the light curve. | .BI;Imgsuring el

window during which intelligent life is : transits the

active is relatively small. Indeed, this . - characteristics of an

might help explain a perplexing paradox: if e gxo;_;lanet, including

intelligent life is so abundant inthe | | - IS size and_ s, can
é be determined.

universe, why has no one ever got in
touch with us? This very paradox was
first postulated by physicist Enrico Fermi

Ap

in the Forties, when he said that the lack
of extraterrestrial contact with our planet
suggested that interstellar travel was
impossible, but in truth we're no closer to
the answer than he was then. However,
there have been several efforts to
disprove Fermi, which we'll touch on later.
On Earth we are increasing our
capability to hunt for new planets with
ever-bigger and more powerful
telescopes, while our world is constantly 3 " e =

For a planet orbiting a Sun-like star at 1 AU (the distance from Earth to the Sun), the probability
that its orbit will transit in an observable manner in front of the star is about 0.47 per cent. Thus
it can take more than 200 observations of one star to definitively confirm or deny the presence
of a planet, and even then the speed of the planet’s orbit could lower the probability further. The
transit method also suffers from a high rate of false detections, and so a follow-up detection
method such as the radial-velocity method is needed to confirm or refute the findings.

Radial
velocity

Radial-velocity measurement,
aka Doppler spectroscopy,
observes the Doppler shifts in
the spectrum of a distant star.
To understand how it works,
imagine the Sun-Earth system.
We know Earth orbits the Sun,
but the Sun actually orbits the
Earth as well. For this reason, in
the Sun-Earth system, there is a
central point around which both
objects orbit. However, as the
Sun is so much larger, this point
is much closer to the centre of
the Sun; in fact, the point is only
450 kilometres (280 miles) from
the centre of our solar system’s
star. Thus, the Sun only appears
to ‘wobble’ around this point.

Radial-velocity measurements
work by applying this principle to
distant stars. Observations are
made of the spectrum of light
emitted from a star, and the
intensity of the light will vary
over time depending on the
‘wobble’ of that celestial body.
By measuring changes in radial
velocity, not only the presence of
an exoplanet can be determined
but also its mass.

emitting signals - both accidental and
deliberate - from our multitude of THE KEY .

electronics. If someone or something else
is out there, wouldn't they have found us
by now? Maybe we haven't been actively

AND THEIR DISTANCE
FROM EARTH IN
LIGHT YEARS [LY]

sending signals out long enough to reach
a nearby planetary system, maybe we're
being ignored, or maybe we truly are
alone. The best way of answering these
questions is through the search for
planets outside our solar system, which #»
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" Eridani b
7 This unconfirmed
exoplanet is the closest
potential planet to Eafth.
However it is uninhabitable, as it is
a gas giant with g mass about,one and
a half ties that of Jupiter.

Epsilon
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Gravitational microlensin oSy
@ X . - ‘ L ARt
* This method of finding planets:is based on the graviftional If there is an exoplanet in orbit around the star in the 3 s .
lens effect. If a massive object, like a star, is directly§h our _Iihe foreground, it will noticeably alter the lensing effect. Thi; 5 AR
of sight of another massive body, then the star closest to us method is especially usefull when peering towards the gentre
will bend and magnify the light of the background object. The of the Milky Way, as there are many Background sta’hich'
. two stars must be exactly aIignéd for this phenomenon to be. produce this effect. Its main advantage is that it is able to
observable, with the lensing event often'la's.ting for no more observe exoplanets at a habitable distance from their host -
than a few weeks. However, more than a thousand of these ~~ +stars, but unfortunately other planet-hunting methodswill
events have been observed in the past decade. - have difficulty cdnfirming such planets at this distance.
’ . -
In line"~

The foreground star Microlensing

v ® . :r_nust bﬁ dl:;ctly Itn //’“ If a planet is in orbit

7 sln;r\%/)lt ’ Se stan around the star it will

> 2 : the cause light to bend,
= . v / c I8y ;glgigal"tsmg effect jalaxy clustor which is known as the

» gravitational lens effect.

particular stars can nev X 3 = mt’m
observed twice, as they wi » . f 1- % Tl‘aHSIt L
align in the same way again, ) ® Eanh  First artelescope views thotsands of stars

:::;:EEZ?;::E:‘::;":{ ‘an.d notes which ones expgrience adip i{1
brightness dIe#o the transit of a planet.

.

R

A telescope on Earth observes a star
that is thought to host an exoplanet. ®

on the orbit of a potential exoplanet being directly in our Ime

If the orbit is slightly tilted from the perceived horizontal

star’s ‘wobble’ will be exaggerated, and so the planet’s mass: wil \
overestimated. To counteract this, radial velocity is usually oomﬁfne
with astrometric observations, which track the motion of the star \
across the sky. Another flaw is that this method is only reallx useful
for finding large planets orbiting close to a star, known as ‘hot
Jupiters’. However, by partnering this with the transit method, it is
possible to detect smaller Earth-like exoplanets.

2. Repeat transits .

To be sure it's a planet, ‘the staris
observed for longer until three separate

(and equal) dips have been recorded.
»

Doppler Shift due to
Stellar Wobble

e

"

3. Doppler -

The transit method alone can’t determine |
a planet's mass. The radial-velocity
method is employed to help work this out.

Gliese 581g
This terrestrial planet is
the fourth of six in the
Gliese 581 planetary system,
and is believed to be the most
Earth-like planet discovered so far.

Fomalhaut b
Found in the
co_nstellation of Pisais
Austrinus, this unconfirmed
planet has the longest-known
orbital period, taking 876 Earth *
years to orbit its host star. o

Upsilon
Andromedae d

Found in 1999, this is part
of the first multi-planetary

systerﬁ ever discovered outside
the solar system.

.
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P is why it has become such an
important area of astronomy despite the
fact it's barely three decades old.

Hot Jupiters

The problem for a long time has been
finding planets that are similar to Earth. At
first, all we could find were large ‘hot
Jupiters’, which are gas giant planets that
orbit their star at a very close range in a
very short period of time and thus are
extremely hot. Our current methods of
finding planets are limited and we have to
rely on indirect methods - mainly
observing the effect a planet has on a
nearby star to detect an exoplanet. It was
not until the arrival of NASA's Kepler
telescope in 2009 that smaller planets
were able to be spotted, as the use of the
transit method proved largely successful.
In the future, as bigger and better
telescopes are built, it is likely we will be
able to directly photograph exoplanets.
This would be a massive leap for planet
hunters, as a whole host of new data
could be gleaned from planets, plus ever-
smaller ones would be detectable.

Only in the past year have we truly
started to make ground in finding
Earth-sized planets. In fact, the first planet
smaller than Earth was not discovered
until 20 December 2011. This was
Kepler-20g, a rocky planet with a radius
0.87 times that of Earth. Although it
orbits too close to its host star to have
liquid water on its surface, its discovery
was one of the most important made
thus far in the brief history of planet
hunting. While we'd found gas giants and
super-Earths - so-called giant terrestrial
planets - we had yet to discover a planet
similar in size to our own. Its discovery
indicated that there could well be
Earth-sized planets orbiting stars at a safe
distance, much like Earth, and with B

EXOMOONS - We know that exo
exist, butwhatabout other celestial bodies?
Aswell as planets, scientists have been

planets

searching for smaller celestial bodies such

planets, which

are»thnv ght to be common through the
universe. However, with current techniques
their detection remains extremely tricky

‘as moons orbiting extrasolar

47 Ursae
Maijoris b
This hot gas giant that’s
two and a half times the size
of Jupiter is the innermost of

three planets in a planetary system

in the Ursa Major conistellation.
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Over the years many different telescopes have been hunting for planets.
However, today there are three major ones used to pinpoint exoplanets.
Others, like the VLT and the planned ELT have and wiill directly image stars
rather than using one of the indirect methods discussed earlier...

Cameras
Both SuperWASP telescopes
have eight cameras that
contain a high-quality
charge-coupled device
(CCD). These cameras are up
to 2,000 times wider than a
conventional telescope.

The telescope can
capture up to
100,000 stars in
*1 one image, which
. amounts to over
50GB of data per
night per scope.
This is necessary to
stand any chance
of finding planets
in transit.

Pipeline
The data is processed by a
custom-built computer called
‘Pipeline’, which removes
errors from the images and
noise from the lenses.

SuperWASP

SuperWASP is the UK's main planet-hunting programme and is
run by eight universities and institutions including Cambridge
University. The programme consists of two near-identical
telescopes. SuperWASP-North is located on La Palma, Canary
Islands, and SuperWASP-South in Sutherland, South Africa. The
telescopes found their first exoplanet on 26 September 2006,
and since have found a further 66 exoplanets. The strength and
size of the telescopes is such that they are unable to observe
Earth-sized planets, but rather the gas giant types.

'WASP-17b

Organisation: Eight ’ )
universities and institutions : One of the most interesting
0 tional: 2004 planets discovered by
perationas: SuperWASP has been WASP-I7b.
Location: Canary Islands This super-giant planet found in
and South Africa 2009 may be the largest in the
Weight: 400kg (882Ib) universe (up to twice the size of
Camera: 200mm CCD (x8) Jupiter). It was also the first

exoplanet discovered to have
retrograde motion, which means
that it orbits backwards relative
to the spin of its host star.

Aperture: 11cm (4.3in) (x8)
Operating temp: -50°C
Confirmed planets: 67

COROT

The COROT (COnvection, ROtation and planetary Transits)
space mission is run by French space agency CNES, the
European Space Agency (ESA) and other global institutions. It is
used to search for exoplanets and measure asteroseismology in
stars and is in orbit around Earth. Unlike NASA's Kepler mission,
which releases constant lists of candidate planets, the COROT
team only announces the discovery of a planet once it has
confirmed it is an exoplanet. It found its first two in 2007 - both
hot Jupiter-like planets and has also located some super-Earths.

Organisation: CNES/ESA
Launch: 27 December 2006
Mass: 630kg (1,390Ib)
Orbit: Polar, Earth orbit
Orbital period: 103mins
Operating temp: -50°C
Confirmed planets: 23
Diameter: 27cm (11in)
Collecting area:
0.1m?(1.1ft?)

COROT-7b
This planet, located 489 light
years from Earth in the
Monoceros constellation, was
first reported by COROT in
February 2009. At the time it was
the smallest-known exoplanet,
just 1.58 times the size of Earth.

It was the first potential rocky
terrestrial planet to be found,
unlike the gas giants that had
previously been discovered.

" 51Pegasib
This boiling hot,
Jupiter-like planet was the
first to be discovered in orbit
around a Sun-like star. It orbits its
star in roughly four Earth days.

¥ KOI-961
This is the smallest;
khown exoplanet in the
, at just half the radius
of Earth. It is in orbit around a red
dwarf star which is located in the
Cygnus constellation.
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Stars

Data from each
individual pixel that
makes up part of the
100,000 stars Kepler
can see is transmitted

Transits

The data gleaned from the CCDs
is analysed, and it can detect the
transit of a planet across a Sun-
like star in six and a half hours.

. |

Interview

The telescope is
designed to point at
one particular group of
stars, so it has no
moving parts except
small reaction wheels
used to maintain its
position and an
ejectable cover.

Thrusters

A pressurised membrane

protects on-board liquid used

to power the thrusters if the

telescope’s orientation needs s s : CCD
to be slightly adjusted. The photometer is composed of 42

charge-coupled devices (CCDs). Each

is 2,200 x 1,024 pixels and returns

observational data every six seconds.
Kepler is without a doubt the most successful planet-hunting
telescope to date, and has been responsible for finding thousands of
potential exoplanets. It was launched on 6 March 2009, and since
then its planet candidate count stands at over 2,000; however, as of
March 2012, it had only confirmed just over 60 planets. To find
exoplanets the Kepler telescope employs the transit method, as
discussed previously. The ultimate goal of the Kepler mission is to
determine an approximate ratio of planets to stars, specifically those
within habitable zones. Its observational mission is due to end later
in 2012, although the multitude of data it has returned is nowhere
near being fully analysed.

4 WASP-33b
0’ This planet, whichis 1.4

times the size of Jupiter

L
g and up to four and a half

Kepler-22b
Found by the NASA
telescope of the same
name, this planet was the

to the ground once a
month, allowing for
multiple stars to be

studied at once.

Photometer
This instrument has
a0.95m (3.12ft)
aperture and records
data from asingle
group of stars for the
entirety of the mission.

Sunshade

This protects Kepler's
sensitive instruments from
harmful radiation, provides
insulation for the telescope
and prevents light from
the Sun interfering with

its observations.

Stats

Organisation: NASA
Launch: 6 March 2009
Mass: 1,052kg (2,230Ib)
Orbit: Heliocentric

Orbital period: 372.5 days
Wavelength: 400-865nm
Diameter: 0.95m (3.1ft)
Collecting area: 0.7m? (7.5ft?)

KEY PLANET
Kepler-20e

This was the first exoplanet
smaller than Earth to be found,
with a radius approximately
0.87 times that of our own
world. Is has a mass almost
equivalent to that of Earth, but
it orbits its host star at a
distance just 0.05 that
compared to the Earth-Sun
system, completing its orbit,
and thus a year, in just six
days. For this reason it is
scorchingly hot - about
1,040K (767°C/1,410°F), and
not capable of sustaining
water or life as we know it.

times its'mass, is the hottest

first transiting exoplanet to be

4 Steve Howell

We speak to the deputy project
scientist on NASA's Kepler Science
team about the powerful telescope

How It Works: What makes Kepler unique?

Steve Howell: Kepler is the only current mission capable of
finding Earth-size planets, especially those in the habitable
zone of their stars. This means it can find true Earth-like
planets that may be able to support life as we know it.

HIW: What technique does Kepler use to find planets?
SH: Kepler uses a technique called transit detection. We
observe 150,000 stars continuously and search the signals
we receive. We look for very small drops in light, which
indicate that a planet has transited, or crossed, in front of its
host star as it orbits around the star.

HIW: Where is Kepler looking?

SH: Kepler is looking near the plane of the Milky Way galaxy,
a location in the sky that contains many stars. The exact
central location is between the constellations of Cygnus and
Lyra and we examine a field of view of over 100 square
degrees on the sky.

HIW: What are the key technologies in the telescope?
SH: The telescope has a very simple design - a Schmidt
telescope, and only one instrument: a large digital camera.
The telescope has lightweight mirrors and the camera has
specially built charge-coupled devices (CCDs), the digital
detectors we all use in our phone cameras. Kepler’s are far
[more advanced thoughl, being larger and more sensitive.

HIW: What are some of the most fascinating planets
Kepler has found so far?

SH: Wow, this is a tough one. Kepler has found small
planets, the size of Earth and even smaller. These planets are
rocky - that is, they have a solid surface like the Earth. So
far, we have only found these types of planets orbiting too
close to their sun so their surface temperature is far too hot
for life as we know it. Kepler has found planets larger than
Jupiter too; scientists didn’t know this [was possible]. Kepler
has also discovered solar systems, stars with many planets
orbiting them; the record so far is six planets. Kepler has
found planets orbiting binary stars too, which remind us of
Star Wars when Luke [is watching] the double sunset.

HIW: What kind of ET life can we expect to find?

SH: So far, probably none. We have found small, rocky
planets but these are too hot. We have found planets within
the right temperature range, but they are too large to
support life, either by having a crushing gravity at their
surface or being gaseous with no solid surface. Some may
have large moons which could harbour life though. We
simply do not know at present, but stay tuned...

HIW: What can we expect from Kepler in the
coming few years?
SH: Well, at present we have discovered over
2,300 exoplanets, with over 400 near the size
of the Earth. In the next year or two it is
anticipated that we will find a number of
Earth-analogues - that is, small planets with

rocky surfaces, able to host liquid water on
their surface, and orbiting their stars at the
right distance to allow their surface temperature
to be just right for our kind of life.

found in the habitable zone of a
Sun-like star at the end of 2011.

exoplanet yet found in the galaxy at
a scorching 3,200°C (5,792°F).
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P billions, or even trillions, of planets in

the Milky Way alone, it’s not unlikely that
we'll find such a planet in the near future.

New worlds

Along with the discovery of familiar
planets to those in our own solar system
have been bizarre new worlds that have
changed our understanding of planetary
science. Of particular interest are
super-Earths - exoplanets with a mass
greater than Earth's but a composition
that appears rocky. It was previously
thought the larger a planet is the more
likely it is to be a gas giant, but now it is
generally agreed that a rocky terrestrial
planet can be up to ten times the mass of
Earth. What actual conditions on these
super-Earths might be like, though, are
still - for the most part - up for debate.

The first super-Earths to be discovered
in a habitable zone were two planets in
orbit around the star Gliese 581. The
significance of being within the habitable
zone is that this is the distance from the
host star at which it is calculated that a
planet can support liquid water, one of the
known components needed for life to
start or flourish. Designated ‘c’ and ‘d’, the
former planet has a mass of about five
Earths and the latter 7.7. While Gliese
581 c is probably too hot to support ET
life, d sits squarely in its host star's
habitable zone. However, due to its mass
it is estimated to have a very strong
gravitational pull, and its orbit of just 0.22
AU from its host star shows that even a
planet within a habitable zone may not
have all the prerequisites for life.

Apart from super-Earths there are
countless other types of exoplanet that
we are only just now beginning to
understand. PSR J1719-1438 b, for
instance, is a pulsar planet that appears to
be so dense that it is thought to be made
of diamond. Other planets orbit their star
at such a close distance, or at such a high
speed, that the surface conditions might
be unlike anything we could imagine. As
we discover more and more planets
similar in size and composition to our
own, the prospect of finding one that
ticks all the boxes for being habitable
grows increasingly likely. As it is such a
new area of astronomy, the next few
years will be a period of great anticipation
for planet hunting. We won't be visiting
one of our neighbours for the foreseeable
future, but we can do our best to
determine if other planets possess the
ability to support life, or maybe even find
evidence of life by finding artificial signals
emitted like those from Earth, or
breathable atmospheres that indicate the
presence of life forms. With each new
planet that is confirmed we take one step
closer to determining if we are indeed
alone in the universe, or one of many.

018 | How It Works

COROT-7bis
illustrated here
inorbitaround
itshostyellow
dwarfstar

’nSide a .‘ lt.llaongtstoocloseto
habitable zone

hot rocky worlds or

scorching gas giants,

making them
uninhabitable.

Habitable zone

Mass of star relative to the Sun

Star :
The size, mass and
. temperature of the star

will determine where a

* planetary system’s *

habitable zone is located.

For a planet to have the potential to support life, it must lie
within a region known as the habitable, or ‘Goldilocks’, zone,
around its host star. If it's too close it will be scorchingly hot, but
too far away and it won't receive enough light and heat to
support life. In addition, planets beyond the habitable zone of a
star tend to be gas giants, as during the formation of a planetary
system the colder, gaseous planets can only form farther out,
while the rocky terrestrial planets form closer to the star. Our
solar system is a prime example; beyond Mars, which is said to
be at the edge of our habitable zone, you've got Jupiter, Saturn,
Uranus and Neptune - all gas giants. However, between Mars
and the Sun are Earth, Venus and Mercury. All are rocky

their host star will be
cold. This means any water

DY

Radius of orbit relative to Earth’s

*  Life Change

Planets inside the habitable . As a star gets older, it’s likely that its

zone are not too hot or characteristics will change. For
example, a Sun-like starwill
eventually grow into a red giant. I
this instance the habitable zone

: would move farther out.

remains a liquid - a must
for life as we know it.

Edge

Planets like Mars at the edge
of a habitable zone may
possess some of the necessary
qualities for life to survive.

10 x 40

: Cold
Planets too far from their host star
arelikely to be cold, icy worlds
without liquid water, althbugh some
may have reservoirs beneath their’
surface where it is warmer. «

terrestrial planets, although only one - Earth - is at the
necessary distance for water, and so life, to exist.

The key to finding a liveable exoplanet is to find one located
in the habitable zone of its host star. Due to the primitive
methods of finding planets currently at our disposal, the
majority of planets found so far have been large, hot gas giants
orbiting very close to their host star. It is only recently that we
have begun to find exoplanets of a similar size to Earth, while
water-bearing planets have been much scarcer. The farther a
planet is from its host star, the harder it is to find. As mentioned
earlier, it's hoped that, eventually, when we are able to directly
image exoplanets, Earth-like ones will appear more regularly.
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LIVING ON AN EXOPLANET

Trying to set foot on one of the scorching massive Jupiter-sized exoplanets we’ve found might not be
the best idea... If you survived being squashed to a pulp in the dense atmosphere, you'd only boil alive
once you reached the surface - that is, if there even is one. However, rocky terrestrial planets do
potentially offer a place for our descendents to land, walk and even live. Could we one day proclaim
‘one small step for man, one giant leap for mankind’ on the surface of an exoplanet?

Water Ice

The best bet for life flourishing on a planet is one that Could life reside beneath the surface of an icy world? It's
contains water, like Earth. This would indicate that the definitely possible. The surface of Jupiter's moon Europa
planet is not too hot or cold, as the water hasn’t in our own solar system is known to be an icy, cold and
evaporated or frozen, respectively. In addition, water is inhospitable environment. However, cracks across its
one of the known constituents for life. There is no life on surface indicate that underground there is flowing water,
Earth that can survive without it. The presence of water 2 perhaps heated by the core of the planet or the proximity

might also indicate the presence of a breathable
atmosphere, especially if vegetation can grow.
It's safe to say that water is vital if we're

going to find a habitable planet outside

of Jupiter. If there's water, there could be life.
However, the icy surface would likely be the
result of the planet orbiting at a great
distance from its host star, therefore
receiving minimal heat and almost

certainly not possessing a visible

: atmosphere. Subterranean life

S would be the only kind that

N could survive here. ¢

i

DID YOU KNOW? .
SUPER-EARTHS - A new study QN2

released in March 2012 suggests
there could be billions of super-
Earths larger than our home world
circling faint red dwarf stars
in our galaxy.If true, this would
bump up the number of potential
habitable planets considerably.

Rock a4 N 3

A planet might be rocky for two reasons. First, it could orbit too close to its host star and be too hot for any water (like Venus),
thus making it impossible for life to form. More promisingly, it might be because the planet's atmosphere has slowly eroded,
leaving any water on the surface to instantly boil. An absence of water should also indicate an absence of life, right? Well, not =
necessarily. Rocky terrestrial planets might be hiding secrets that we otherwise cannot see. Take Mars, for example; at its poles ]
are vast swathes of ice, but elsewhere on its surface liquid water cannot flow as its atmosphere is too thin, instantly boiling any.
liquid water that makes it to the surface. But it's likely that, just like on an icy world, water (@and maybe life) could be beneath the
surface. The presence of a thin atmosphere on an exoplanet orbiting a star at a safe distance could point to the planet once being
habitable, and thus signs of previous surface organisms or even current underground life could be present.

Distance
loser an exoplanet
host star, the rockier it

will be, while farther-out
examples tend to be gas based.
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This planet, 2.4 times the size of
? Jupiter, is roughly 7,000 light years

from Earth and orbits its host star at

an Earth-like distance of 1 AU. Found in

early-2012, it is one of the more recent

The large majority of exoplanets found to date are distant planets to be discovered.
within just a few hundred light years of Earth. However, . = :

as we keep scouring the skies we are slowly finding R ‘ S

new ones farther afield. Here, we've mapped some, of . o q > =T

the most notable planets across the Milky Way - - e =2 -

This exoplanet is the most distant
discovered to date. It is
approximately 22,000 light years
from us, and has a mass 3.8 times
that of Jupiter despite being thought
to only have 0.81 times its radius. It
orbits very close to its host star,
about 0.055 AU, taking just 4.2 days
to complete an orbit. It was found
using the transit method.

This planet is part of a system of
three orbiting the red dwarf star
KOI-961, where KOI stands for Kepler

This hot Jupiter planet, in orbit
around a red giant 8,800 light years
away, was spotted using the transit
method by Kepler. It is twice as big
as Jupiter but up to 13 times its
temperature, making it comparable
in density to Neptune but hotter
than Mercury. In fact, it orbits five
times closer to its parent star than
Mercury does to the Sun.

star at about 0.2 AU.

020 | How It Works

PSR B1257
+12a

At just twice the mass
) of Earth’s moon, this
" pulsar planet (pictured right)
" is the smallest-known exoplanet
to date in our galaxy. It orbits its

This exoplanet could be one of the
most Earth-like discovered to date.
Positioned 600 light years from our
world, Kepler-22b is known to orbit
comfortably within its host star’s
habitable zone.

PSR J1719-
This plahet is about 1438 b
half the'mass of Jupiter
butis almost twice its size,
making it both the largest planet
- f found to date and the least dense.

This pulsar planet,
discoveredarounda
millisecond pulsar (MSP) in
; late-2011, is the densest planet

found to date and is thought to be
possibly made of diamond.

Object of Interest. It is 0.78 times
the size of Earth and 126 light years
from the Sun. The planets were
discovered by the Kepler telescope
using the transit method. It was only
the second system discovered to
have planets which were less than
Earth's radius. Its temperature is
728K (455°C/850°F) and it has the
shortest orbital period we know of.
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This planet, in orbit around a red
dwarf star, is the most distant planet
found to date. It is a super-Earth
located roughly 21,500 light years
away near the centre of the Milky
Way. It does not appear to have the
capability to support life. It has a
mass about five and a half times
that of Earth. However, it is a
super-chilly planet, with a
temperature of only about 50K
(-220°C/-370°F) and it takes ten
Earth years to orbit its star.

Itisnowthought that
almost everystar may have
its own planetary system

-

°

“As the great Russian
This large gas giant 7,100 light years SDUCE SC’ent’SfKDnStant”—, )
away, is up to 20 times the mass of g ' e o - TS’D”,(DVSkU Dnce Sald

Jupiter. For this reason it is possible

that it could be a brown dwarf, but S » 'The Earth iS the Cradle Df

currently it is classed as a gas giant.

Its orbit is quite elliptical, like .. ” mankind' but Ghe Cannot

Mercury in our solar system. It takes oty

678 days to orbit its star at a ”\/e in the C,-Gd’e forever ;

distance of 2.38 AU and was found
using the radial-velocity technique.

This exoplanet in orbit around an
orange dwarf called Gliese 370 is
one of the most potentially habitable
planets discovered to date. It is 36
light years from Earth, and has a
mass about 3.6 times that of our
home planet but, due to it being

; larger, has an estimated surface
Discovered back in 2000 using the . gravity of 1.4 g. Its predicted
radial-velocity method, this gas " temperature is 24°C (75°F), though,
giant with about 1.56 times the 2 which is well within the range for
mass of Jupiter is the closest- liquid water, and so life, to exist.
known exoplanet to Earth. It orbits b

its host star at a distance of 3.4 AU

in 2,500 Earth days.

KOI-55 b
This terrestrial
planet roughly four
times the mass of Earth
has the shortest-known orbit planet, this exoplanet is

of its host star, completing a lap estimated to be 12.7 billion years
in just under six hours. . old, making it currently the oldest-
known planet in'the universe.

OGLE-2005-
BLG-390Lb

The most distant
exoplanet discovered to date
is this planet with a mouthful of
aname. Itis just over five times the
mass of Earth but is quite far from its
star so is believed to be very icy.

PSR B1620
6 b

Also known as
Methuselah or the Genesis
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New Horizons

New Horizons is Currently the fastest
man-madé object, travelling at _
121,000km/h (75,000mph) relative «
to the Sun thanks to its chemical
engines and various gravitational
assist manoeuvres. At this velocity it
woud take 180,000 years to reach

— ‘IKAROS -

A solar sail spacecraft, like .

Japan’s IKAROS, relies on the
Sun’s fays to impact photons

* on a thin matérial and provide
propulsion. A future solar-sail

_ vehicle might use lasers to

produce the same effect. «

Theoretically, this method

DAEDAL

Gliese 581g, presuming it'started
from its top speed. Y

could reach up to a whopping *
* 322,000km/h (200,000mph),
cutting the journey time down
to ‘just’ 67,000 years.

ace -
S uttle.
" Yfthe ‘Space
Shuttles hadn’'t
been retired, and
they could travel  «
outside Low Earth
Orbit, then their
top speed of
28,200km/h s
(17,500mph) using
their chemical
epgines would have
taken them to Gliese
58lginabout |
750,000 years, or
roughly three times
the amount of time
"humans have lived.

Simply put, our current methods of propuI5|on are novvhere near
. powerful enough to travel to an exoplanet on an.unmanrned mission, let

alone a manned mission. But let’s say that we did decide to ub and leave

our heme world and travel to a nearby exoplanet - inrthis example the
potentially habitable Gliese 581g which is 20 light years (or 188 trillion
kilometres/117 trillion miles) away. We've taken a look at the various .
methods of propulsion available today to work out the journey time:

From 1973 to 1978, the British Interplanetary Society
(BIS) conducted a study - Project Daedalus - into the
plausibility of an unmanned interstellar spacecraft. It
was the first study to propose such a mission, but
ultimately proved that it could be done.

Project Daedalus was a direct response to a paradox
proposed by physicist Enrico Fermi in the Forties. As
we touched on earlier, Fermi suggested that interstellar
travel was impossible, as statistically the universe
should be teeming with intelligent life but no one had
ever been in touch with us. This study was successful
in disproving his theory.

The target selected for the theoretical spacecraft
was Barnard’s Star, a low-mass red dwarf six light
years from Earth that could be the host of several
terrestrial planets. The aim was to determine if a
spacecraft with modern or upcoming technologies
would be capable of reaching the star in 50 years,
within a human lifetime. The result proved
unequivocally that such a mission would be possible.

A whole host of factors were considered in the
study including navigation, communications and
overcoming interstellar dust. The rocket would have to

be a two-stage, unmanned and autonomous vehicle
powered by nuclear fusion. The nuclear-fusion drive
would accelerate the rocket to 12 per cent the speed of
light, but there would be no method to slow it down.
Instead, after a journey time of 40 years, the probe
would fly past Barnard’s Star in just a few days.
However, there would be considerable opportunity to
also observe any surrounding planetary system.

Project Daedalus demonstrated that with modern or
near-future technology, interstellar travel is feasible.
The only obstacles are money and global stability. No
one nation could undertake such an endeavour alone,
and thus an international effort would be the only
option - much like the case of building the ISS.

To date, Project Daedalus remains the most
comprehensive and plausible engineering study ever
conducted for an interstellar probe. Several other
projects have aimed to build upon its findings and
continue reaching for the stars. Project Icarus is a
direct descendent, refining the technologies to make a
more modern equivalent, while the 100 Year Starship
study is examining the possibility of organising an
interstellar mission by the 2100s.

Mirecki
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SPACE

First designed back in the Seventies
by the British Interplanetary

Society, does this starship lay down
the blueprint for interstellar travel?

Engine

The two-stage engine
would be powered by
nuclear fusion, using
deuterium and
helium-3 pellets.

Thrust

The engine’s pellets
would be detonated at a
rate of 250 a second by
electron beam diodes
mounted around the base
of the exhaust.

MBoost

Detonations in the
engine would continue
for nearly four years,
accelerating
the craft to over 12 per
cent the speed of light,
before entering a 46-year
cruise phase.

Dimensions

The entire spacecraft
would be taller than the
Empire State Building,
wider than a soccer pitch
and as heavy as 450 tons.

Planets

The second, upper
stage of the rocket could
be separated from the
main stage and used to
explore a nearby
pla neta ry system

Propellant

The hydrogen
propellant for the rocket \
would be stored in giant
spherical containers.
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Welcome to...

Learn about some of the most
cutting-edge gadgets from the
sporting, military, domestic and
entertainment fields. To kick off,
explore the new iDevice that
everyone’s talking about...
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Xperia S

The new iPad
Hi-tech trainers
Ice-cream makers
Sniper rifles
Teflon

Velcro

CAPTCHAs
Building a gaming PC
Carpet cleaners
Sellotape

Sony Xperia S

024 | How It Works

categories
explained

Computing

Gadgets

.
Electronics
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Engineering

Entertainment

Communication
Domestic
Medical

General

generatlon tablet
packs more punch
than ever before

Safori

4 Inthe world of tablet
computing there is one clear
leader and that is Apple and
the company’s incredibly
popular iPad. The new iPad, as it has
come to be known, is the tech king’s
third iteration of the tablet computer
and it has built on the considerable
success of its predecessors with some
extremely advanced technology.

For anyone who doesn’'t know, a tablet
computer is one that can be held in the
hands and manipulated with taps,
swipesand other multitouch gestures
made by the fingers. Apple’s new iPad is

no different, running on the company’s
proprietary operating system, iOS.

The biggest feature is a new screen
which packs a whopping 2,048 x1,536
resolution into a 24.6-centimetre
(9.7-inch) screen. Thisamounts to
1million more pixels than the average
HD TV. Apple has had to do all kinds of
technical wizardry to make thisscreen
possible, including dealing with pixels
ina totally new way.

Pixelsare what make up the display.
Each pixel consists of three colours, and
the level of light in each colour makes up
the finished colour that your eye sees.

When all are lit fully you see white, for
instance, and when none are lit you see
black. There are four times as many
pixelsin the newiPad as there were in
the previous one and to make sure that
each one gets the correct signal to
display the right colour at the right time
they have had to lay them in a specific
way on a different plane from the signal.
Thisisa breakthrough technology
that no other display currently usesand
you can really tell when you see the
crispness of textand the richness of
colours. The screen has been labelled a
‘Retina’ display because at the standard
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iOS HISTORY

1976 2008

2010

2012

Computer, Inc, making PCs
from a garage in California.

update to its syncing
software iTunes.

[ [ ® [
Steve Jobs and Steve Apple sets up the App The first iPad tablet Apple announces that it
Wozniak start Apple Store through an computer is launched has exceeded 25 billion

and sells 300,000 units
on the first day alone.

Apple announces it has

sold more than 3 million

new iPads in the first
weekend of sales.

apps downloaded from
its App Store.

[DIO)YOUKNOW 2 Apple’s market cap (%54

7bn] is greater than the GOP of Belgium, Sweden,

audi Arabia and Taiwan

How a Retina display works

A closer look at the screen that packs a pixel punch

Apple’s Retina display works by packing so
many pixels close together that the human eye
isunable to distinguish between them. There
isasecondaryvariable in making this happen
inasmuch asyou have to observe a standard
viewing distance, which in this caseis 30
centimetres (12 inches) or so. Should you creep
closer to the display you may begin to discern
individual pixels. The resolution of the screen

is2,048 pixelsalong the longest edge and 1,536
across the shortest. This is far more than most
HD TVswhich average 1,920 x1,080. The
increase in pixelsand their density together
allows for much sharper images. The
downside is that it is far more susceptible to
flaws and requires much more power. Apple
hasattempted to counter these issues,
however, as explained later in the feature.

e | /-
The new iPad
The latestiPad device
includes 2,048x1,536
pixelsforasuper-
crisp finalimage.

l

HDTV
Althoughahugestepup
fromnormal televisions
HD TVs currently fall short
of theiPad3withamax
1,920X1,080 pixel count.

B

\ e
)

x

vieyvingdi-stfar?ceofarlound 30 centimetres “At the Standard
(12inches) it is impossible for the eye to . : .
disceigindiyti(ciiualpixel‘s.fvelrl}-/tkl:h}glohoks V,EW,ng dlStGﬂCE
averyhighresolut-ionr.) , - Df CFH'D!Jnd' BDCITI )
Shten et [120n) it's impossible
or the human
eye to discern
individual pixels”

are talking capacity, not size (though the

new iPad is marginally thicker than its

predecessor). There is also a new camera

which has some impressive lens technology

coupled with a five-megapixel sensor. The

same camera is capable of shooting 108op )

video. In terms of pure computing power //

the new iPad uses a dual-core chip with ;

integrated quad-core graphics, which has

been dubbed an AsX chip. Apple builds its

own custom silicon processors for handheld

devices. This allows them to optimise the

way the tablet works, controlling both the

software and the hardware.
Thereisalsoanincrease in the amount of

RAM inthe new iPad; it now packs1GBand

comes with three different storage options

-16GB, 32GBand 64GB -aswellas coming in

both Wi-Fiand 4G variations.

The AsX chip may be
dual-core, butit can

boastsome quad-
o core capabilities
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So how do pixels work
on a microscopic scale?

RGB colours
Hereisasingle pixel,
made up of threelight
colours:red, green and
, blue. Combinations of
light through each
shade generate the
final picture we see.

Processor
Each pixelis controlled by
the processorand the
graphics chip (one entityin
theiPad). The more pixels,
the more processing
powerisrequired.
3

Fine detail

With somany pixels Density
crammed together The newiPad packs
they become harder morepixelsinthe
todistinguish, giving samespaceas the
the impression ofa original-infact,
super-smooth finish. four timesasmany.

Power hog
The newiPad’s
screen needslots
of power. Apple has
had toraise battery
il capacity by7oper

Super signal | centtocope.

To prevent problems with
signalsreaching somany
pixels, Apple engineers
had to place the pixels on
adifferent plane, above
thesignal path.

Viewing distance
This pictureillustrates
the way thatrowsand
rows of pixels firingall
three coloursappear
white asyourviewing
distanceincreases.

=+ f =ty
SRS S AR SN
1ot g

Line-free

® Youcanalsoseefrom

B thiszoomed-out picture

" how quickly distance
from the display blurs

= the distinguishable

lines between pixels.

Text in focus
Rendered text on the new
displayisrazor sharp
meaning thatwords can
bereadatsmallersizes.

Real curves
Onalo-resdisplayyoucan
make out the pixelsalong
curved edges, butonahi-res
screen thisisn’t possible.
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Inside the iPad 3

3

“The AgX chip
than

e OHE in

%5 per cent larger
he previous iPad”

4G is the next generation of cellular
mobile communications. It supersedes
3G offering speeds that could reach
ten times that of current capabilities

The question that everyone wants to know is: just how
fastis 4G? Well, standard 3G connections today offer
around 7.2Mbpsalthough in reality most of us won't
experience much more than 1-2Mbps. True 4G technology
could potentially increase these speeds significantly to
beyond 100Mbps, but there are several competing
technologies that offer varying pros and cons. Below we
takea closer look at the main 4G contenders...

LONG-TERM EVOLUTION (LTE) 300MBPS

Thisis the most popular of the technologies currently
planned for widespread rollout. It is behind most of the
planned strategies in the US and the UK. Scientific theory
suggests that there could be a top speed ashigh as
300Mbps for LTE, although the current speeds being
achieved in the US - where some 4G LTE services have
gone live —are around the 6-12Mbps mark. While not
getting anywhere near the theoretical speeds it does offer
a huge upliftin the real-world speed, especially when
you consider that this is a mobile service.

This technology, while also offering a bumper speed of
around 128Mbps, isn't particularly popular, with no UK
operatorsasyet planning to use it and only one US carrier
- Sprint -adopting it. Sprint has claimed that its
real-world speeds will reach the 3-6Mbps mark.

HSPA+2IMBPS y

This technology can't offeras much speed as LTE but has
become a popular alternative as the upgrade cost is far
cheaper and the implementation is far simpler. HSPA+
hasbeen in use in the US by operator T-Mobile which
claims that real-world speeds are around the 1-7Mbps
markand that eventual top-end speeds could reach
21Mbps. In the UK, Three Mobile will be using this
technology through a dongle called Huawei E367.
Much like the advance to 3G, 4G

rollout will be taking place over e
the next few years. America is

already readyingits networks

with some live now. The UK,

however, is behind the times

waiting for the two bands of

spectrum to be auctioned off by

regulatory body Ofcom.

.«&\“ \'l\’
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APPLE’S AS5X CHIP

Apple develops its own processors for its
mobile devices. Thisis because Apple can
optimise the performance of the chip in
order to suit the device in question.

The new iPad isa perfect example of this
inaction with a dual-core chip that has
quad-core graphics. It's no coincidence
that the quadrupling of graphical
processing coincides with a custom-built
quad-core graphics processor. It has been
specifically designed to make sure the iPad
screen is fed with data in a timely fashion.
Each of the processing tasks for the
graphics is now split into four parts
meaning that four times as many tasks can
be completed ina time that is snappy
enough to deal with the games, pictures
and apps that customers want to run.

The dual-core portion of the processor is
reserved for purely computational tasks
and having two cores means the workload
is halved across two processors, making
for a speedy experience. Interestingly the
AsX chipis36 per centlarger than the one
included in the iPad 2.

z 12 )
.:.7;' ‘!o@ el
- -3 4

Inside the
new iPad

So what exactly makes
up the world's most
popular tablet?

Glue
The screenis glued to the rest of

the device soremovingitisa case
of heating the glue up and then
usingsuction to prise the
two elements apart.

Toshiba NAND memory g
TheiPad ships with either16GB,
32GB or 64GB of memory. It's
incredible howsuchalarge
amount of storage can be packed
intososmallaspace.

RAM
RAM isbuilt onto the A5X chip
and has been doubled from
512MB to1GB. This provides
therandom access memory -
needed to run apps smoothly.

Who's using 4G to date?
Perth, Australia
Bangladesh
Belgium
Cameroon
Canada

Fiji

Ghana
Jamaica

Japan

South Korea
Nigeria
Norway
Panama

Peru

Russia

South Africa
Sweden
Taiwan

USA

VNV HLWN=

WWW.HOWITWORKSDOAILY.COM



http://worldmags.net/

SIR JONATHAN IVE “Idiscovered at an
Apple senior VP of product design (born in 1967) ?ﬂr’y foe thattu,c,'
Ive is responsible for the design of all of Apple’s recent products ve E\!Ef WC_ln E'
starting with the iMac in 1998. He went on to design such iconic dois desgn

onathan Ive

to
products as the iPod, iPhone and all three iPad models. J

[~ Radiant results Five filters -

Front-facing camera * Bespoke connectors ‘ Lres Al
Apple labels the front-facing Appledesigns everything inside With the light filtered ;ljhe lightis ﬁitergd
cameraasaFaceTime cameraas theiPad with the same care asit and thesensorworking ive times beforeit
itis primarily used withits does outside, soall connectors hard 1m;ages look great. reaches the sensor.
FaceTimevideo chatapp. aretailored tosave space. H
* microSIM
For those
peoplewho buy
the4Gversion
oftheiPad they
willneeda ®
contractwitha H
microSIM :
whichis More light
inserted here. Themorelightthat ==
I M PROVED getsintoa camera the
clearer the pictures.

iISIGHT CAMERA

The camera in the new iPad has been upgraded to a five-
megapixel sensor and, while this may not seem like a lot, Apple
iskeen to point out that lens tech isas important as megapixels.
Inthe newiPad Apple has utilised the same five-element lens
that currently resides in the iPhone 4S. This works by filtering
light five times to ensure that the coloursyou see on screen are
the same as those you see inreal life. Thisis done by cutting out
frequencies we can’tseelike infrared and ultraviolet.

" BETTER BATTERY

Apple has managed to up the capacity of
the new iPad'’s battery by a whopping 70
per cent. The iPad batteryismade ofa
42.5-watt-hour rechargeable lithium-ion
and delivers an impressive ten hours of
web surfing, video watching or listening
to music. Lithium isused asitisthe

................................. Commu nication

This tiny chip located i X N X
on thelogic board lightest metal and its properties allow it
handlesmostof the to berecharged atany time. Additionally
Dock connector communications on the it doesn't suffer from crystal buildup,
TheiPad, iPhoneandiPod gCeXI}C& g; :2312‘25}3502 which can affect other forms of battery.
y alluseApplesproprietary 43b3 diadi gfth Asyou cansee from the teardown the
0-pin connection plug. You PESED I 0 W ;
3 integrated Bluetooth battery occupies more space than

need aspecific charger to
recharge theiPad.

4.0+HSand FM transceiver. anything else inside the tablet.

iPAD 22011

TheiPad 2wasa bigleap
forward, not only greatly
slimming down the original
butalso hiking up power.

New iPAD 2012

Asimilar shape butwithan
improved screen, battery,
processor and camera.

m (9.7in)

iPAD 2010

The original iPad set the tablet
computing marketablaze
whenitwasreleased witha
form factor and feature set

unrivalled at the time. Display siz

6cm (S.7in) Resolution:

5 588 264ppi

Processor: 1GHz dual-core

Defining feature

GHz Apple A4 Apple A5

Memory: 512MB

Battery: 25-watt-hour
lithium-polymer battery

Camera: None
Connectivity: Wi-Fi, 3G,
Bluetooth

In-built storage:
16GB, 32GB, 64GB

Pricing: £429 ($499)

Thewhole feature set
wasarevelation but
theiPad’sstunning
battery life meantit
wasalways on.

Worst feature
Thelack of cameras
wasimmediately
noticeable and
requested en masse.
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Battery: 2
lithium-polymer battery

Camera: 0.7MP

Connectivity: Wi-Fi, 3G,
Bluetooth

In-built storage:
16GB, 32GB, 64GB

Pricing: £329 ($399)

Defining feature
The star feature of the
iPad 2, compared toits
forerunner, was the
enhanced, super-
speedy processor.

Worst feature
Disappointingly, the
cameras used on this
model werewoeful to
say theleast.

Memory: 1GB
Battery: 42.5-watt-hour
lithium-polymer battery
Camera: 5MP

Conne:
Bluetooth

In-built storage:
16GB, 32GB, 64GB

Pricing: From £399 ($499)

Vi-Fi, 3G, 4G LTE,

Defining feature
Withouta doubt the
feature thatmakes
thisversionstand out
is the pixel-packed
Retina display.

Worst feature
Although therear
cameraisbetter, the
front-facing camerais
still pretty poor.
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TECHNOLOGY

Cutting-edge sports shoes

“The level of performance attainable by
wearers can be increased significantly”

Advanced trainer

tech

From smart materials to the integration
of electronic monitoring systems,
today’s trainers offer both enhanced
performance and minimal weight

Modern trainers, as exemplified here by the Asics
Gel-Nimbus 13 and adidas Supernova Glide 4, are fast
becoming platforms that demonstrate some of the
mostadvanced manufacturing and engineering in
the shoe industry. By introducing new materials, altering
existing materials’ propertiesand redesigning standard
designs, the level of performance attainable by wearers can be
increased significantly. So read on for a detailed breakdown of
the technology that allows today’s trainers to be comfortable,
lightweightand packed with intelligent features.

miCoach
Speed Cell ®2.

The miCoach Speed Cell monitoring
system allows users to track acceleration,
distance and pace while exercising

The miCoach Speed Cell by
adidasisasmall electronic
tagthatcanbe equipped to
avariety of compatible
athleticshoes. The tagis
slotted directly into the
shoe’s base and, once
activated, automatically
records the user’s
acceleration, pace and total
distance covered. Most
handily, however, the Speed
Cell also automatically
uploads collected datatoa
user’s mobile phone, which
can thenbeanalysed in-app
orvia a personal computer.
The tracker works by
partneringa CR2032 lithium
battery with an integrated
transmitter running offan
ANT+TM protocol, ANT-FS
(2.4GHz) band. This enables
the Speed Cell to transmit
datawirelessly to areceiver
(such asa user’smobile) as
wellasmaintaina high
speed and distance
accuracy of over g7 per cent
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Each Gel-Nimbus 13 weighs
just326g (11.50z), whichis
aboutathird oftheweight

X! ofa typical bag of sugar

explained

Trainer
teardown

We break downan
Asics Gel-Nimbus 13 to
see what makes it so
well-suited to running

Clutch
Aplasticcomposite heel clutch
counterisinstalled atthe rear
of each trainer to maximise
supportand reduce weight.

Srensnerenssrrererrstrreneseraretsrentrersesaeesry Perfect f it
Memory foamisintegrated
into the medial and lateral
sides of the heel collar, aswell

regardless of whether the asinthe tongue, moulding

useriswalking, jogging or

tothe owner's feet.
running. Further, the
batteryisrated as capable of
supplying power for up to
five months, judgingona
five times one-hour workout Pressure
routine per week. Anewdiscrete eyelet
Dimensions - top—fronta1 ;fr ??1’: tlll'g‘i,;ig:s
TheSpeed Cell measures shift fluidlywith the
35X25X8mm (1.4x1x031n). § foot, reducing pressure

for ease of movement.

Guidance
Afull-length guidancelinein
the platform guides the foot
efficiently from heel to toe,
reducing wasted kinetic

i energy and stress.
Memory 1
Seven to eight Weight
hours of The tracker WP Sponge
recording weighs 9g(0302) Arubberised composite sponge
capacity can when shoe reduces total outsole weight
bestored. mounted.

(roughly 10g/0.40z)while
increasing durability.
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RECORD

BREAKERS

MAKING ICE CREAM

FASTEST TO MAKE ICE CREAM
| The world record for making a litre of ice cream was set by
Ec Andrew Ross in Sheffield when he used liquid nitrogen to make
the dessert in just 10.34 seconds on 6 June 2010.
m ;li'l" HLMW,

| || ;
EIeCtrIc Ice- d , Making ice cream step by step
cream maker &~ eon 5 Kesptmovig

orintroduceablendof particles circulating to guarantee

IHSIde the maChlIle that \ iceagltgi r;])cl;saltto aneven freezeandsoft SCO?Q
transforms a handful of eironment. ~

ingredients into the much-
loved frozen dessert

Anice-cream maker works by simultaneously
freezing your ingredients while churning them
together. The ice-cream mixture is placed ina
double-walled bowl, which has a coolant ®
sandwiched between its two layers. Some more snazzy
devices let you remove and pre-chill this chamber before
you start, while older versions use a combination of ice and
rock salt, which melts the ice to lower its freezing point.
Astheice-cream ingredients (ie eggs, sugar, creamand
flavouring) make contact with the frozen interior of the
bowl, the mixture freezes. Aset of paddles driven by a

motor continually churns the contents to circulate the 2. Deep freeze : \

frozen particles within the mixture. This motion breaks Addyourice-cream 4. Cool to touch

downanyice crystals that form, while introducingair to mixture to the bowl £ Asthe mixture makes 3. Frost-free

encourage a creamy texture recognised as ‘soft scoop’ ice andthe freezing contactwith the frosty Switchiton, and the motorised i

cream. Ifyou hanker after a harder scoop, or you're femperatues start walls, theliquidice pacdlesmixiielc Creatmas ol
chillingitimmediately. creamstartsto freeze. toavoid the formation of ice crystals.

blending a boozy dessert, you may need to refrigerate your
ice creamin order to complete the freezing process.

science centre | planelarium
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Inside a sniper rifle

= R
¥

“CAD designs for components
and entire weapons are fed into
a rapid prototyping machine

AX338 PSR
sniper rfle

Accuracy International’s AX338 PSR sniper
rifle is, arguably, the best long-range rifle in
the world. HIW went to Al's headquarters
to see how it is designed and constructed

Anatom

AX338 PSR

We look at the tech that makes

this gun so state of the art

Recoil pad
The338’sbutt pad features
aquick-adjust button,
allowingusers torapidly

customiseitslength. 235mm (93in).

Accuracy International
(Al)isuniqueinits
approach to designing
anyrifle, blending
traditional engineering skillsand
techniques with cutting-edge design
and manufacturing technology.

The completion of any rifle at the Al
production plant, including its latest
AX338 PSR model -along-range
precision sniper rifle boasting a raft
of next-generation features (see
the '‘Anatomy of an AX338 PSR’
illustration) - begins, naturally, with
user feedback and analysis of any
required specification. These can
sometimes differ, so finding the

030 | How It Works

of an

Folding chassis - :
Therifle’s stock can be folded
for ease of transportation,
reducing overalllength by

Abrand-newstock design
grants the user enhanced
freedom of movement.

Modular bolt «wsassaaiisa

A22mm (0.9in)-diameter
close-fitting steel bolt, bolt
head, lockinghead and barrel
tenon ensure enhanced
durability and maximum
temperature threshold.

i Inthethree-stagesafety
: mechanism, stage one blocks
: thefiringpinandlocksthe

pinbutallows bolt operation,
¢ whilestage threeallowsthe
: weapon tobefired.

optimal balance between the two, as
well as between those and the
learned experience of the team's
designers, is essential.

This process of manual design runs
concurrentlyandinaloop with the
weapon'’s computer-aided design,
with firstindividual components
and, eventually, the entire weapon
and modifiers designed
electronically. The CAD-focused
software is an excellent -and
relatively recent - addition to Al's
production method, enabling the
team’s head designers to visualise
new prototypes much quicker than
previously possible.

i Safety et

bolt, stage two blocks the firing

design techniques

- Pistol grip

Astreamlined grip delivers
improved ergonomics over the
traditional rifle thumbhole variant.

Of course, a3D computer model can
only take you so far in the creation of
any weapon, especially one as
refined asa sniperrifle. This is where
the first of Al's many advanced
machines comes into play. CAD
designs for components and entire
weapons are then fed into a rapid
prototyping machine (RPM), which
decodesthe CAD drawingand
proceeds to lay down physical layers
ofliquid plasticin a series of
cross-sections. These layers
gradually build up and, when
finished, create a physical version of
the CAD schematicready for handling
inthereal world. Thisisa particularly

CAD softwareisused to -
complement traditional

""" Trigger assembly
Abattle-proven two-stage
mechanismisfittedas
standard, sporting
adjustable pull weights of
15-2kg (33-4.41b).

T Magazine

The PSR uses compact, ten-round, military-grade

steel magazines. These are surface toughened
and finished with an anti-corrosive coating.

useful tool, as it enables Accuracy
International’s designers to quickly
get their hands on a new item without
the huge cost or time penalty of
constructing it out of metal.
Assoonasadesignis finalised, itis
parsed down into its requisite parts
and tools (quality tools are vital for
construction of precision weaponry,
as parts need to be constructed
identically each and every time)
before being sent through for
manufacturing at Al's dedicated
construction centre. Taking the AX338
PSR asan example, this process
involves the creation of core
components such as therifle’s

WWW.HOWITWORKSDAILY.COM
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FACTS

ACCURACY
INTERNATIONAL

Gold

event in 1984 and 1988.

One of Accuracy International’s
founders was Malcolm Cooper,
a British Olympic shooting
champion who won gold in the
50m (164ft) rifle three positions

Designers
Al’s key designers are Dave
Walls and Dave Caig, who
both helped found the company
in 1978. Today, both are major
contributors to each new rifle
that is produced at Al.

sessssssesssnnces
Ssesnsnsesnnnnnes

.
Renaissance
The original company fell into :
liquidation in 2005, but was *
immediately bought back by a >
British consortium that included ~ »
the original company’s designers
and now director, Tom Irwin. .

Accuracy International
introduced its first
.50-calibre, semi-automatic
sniper rifle (the BMG) in
2005 at the NSSF SHOT
Show in Las Vegas, USA.

AX

Currently, Al's most
advanced rifle is the AX338
PSR, which is part of the AX
series as introduced in 2010.
Therifle is hand built in
Portsmouth, UK.

sssssssssssssanss

EINGWLSYYP Accuracy International was founded in 1978

 AnAlengineer
~ assemblinga
newrifle

i Picatinny rail
: Theprimaryarea
for optical system
attachment, this
railis pinned and
screwed to the
rifle’saction.

Bonded action

The AX338'sactionis
permanently fixed to the
aluminium chassis. This
eliminates movement,
ensuring thesight’s
accuracyatall times.

prototyping machine (RPM)

chassis, action, magazines, boltand
firing mechanism, as well as many
smaller, though equally asvital, parts
such as pinsand rails. The elements are
created in milling machines, hydraulic
presses and spark erosion cutters, each
bending, cutting or fining metal into the
desired objects. Individual components
areremoved of rough edgesand any
debris collected during manufacture
through rumblers - large vats filled with
smooth stones that rotate and, once
partsare dropped in, ensure a smooth
and blemish-free finish. When free from
imperfections, components are covered
with an anti-corrosion coating for extra
durability and longevity.

WWW.HOWITWORKSDAILY.COM

One of the most advanced

100-metre (328-foot) firing range and, most importantly, an
ex-British military sniper. The sniper - who took up the
role due to Accuracy International’s commitment to
improving the tools needed to operate effectively and
safely in the field - takes each unit, thoroughly checks it for
any defects, testsits action for fluidity and then fires two
braces of five rounds down the range. During the firing, the

Forend rail
Optical, ranging,
supportand carry
attachments can be
equipped to the PSR
viaafree-floating
forend system.

pieces of kitat Accuracy
International HQ, arapid

After all therifle’s elements have been
created - which are done in batches and
according to predicted resource demand
to reduce cost - the assembly process
can begin. Accuracy International has
spenta good deal of time maximising
the assembly flow of allitsrifles,
creating a U-shaped assembly line that
reduces logistical gaps between the
various stages. Importantly, at this point
each weapon is partnered with its own
identity tag and paperwork, the latter
specifyingits build stage, bespoke
options - such as a folding stock -and
final destination (which is most
commonly a military contractor or
private individual).

Alrigorously tests all of its rifles,
ensuring safety, reliability and its
reputation as a world-class producer
of cutting-edge weaponry
Upon build completion, each rifle produced by Accuracy

International is put through its paces in a dedicated,
secure testing facility. This includes aworkshop, a

i

sniper can measure therifle’s accuracy as well as other key
actions such as cartridge ejection.

Once the sniper is content with the rifle’s quality, it is

passed through to the armoury. From the armoury, each
deposited gun is then examined by an external official in

AI's proof house. The proof house is another dedicated

with a mark of accreditation.

.

Finally, as each weapon is completed,
itissent through to Al's dedicated
in-house testing facility and proof room
(for more detailed information on this
stage see the '‘Maximum testing’
boxout). Here, eachrifle is tested for
mechanical operation as well as
component/full-weapon quality. Rifles
that meet the exacting standards are
officially stamped and then sent to the
company’s armoury for storage prior to
shipment. The ability to haverifles
proofed in-house is relatively unique
within the industry, negating the need
to transport the guns to London for
approval and, asa result, reducing costs
and improving security.

. |
a
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All images © Accuracy International

testing room where the governmental representative can
approve the construction and safety of each rifle prior to
shipment to the customer, marking each tested component

Therifle sportsa match-grade,
free-floating barrel, which is
threaded deep into theaction
withalarge-diameter thread.
Optional barrellengths, twists
and muzzle breaks can be fitted.

he statistics...

AX338 PSR

Calibre:
0.338 Lapua Magnum (CIP)

Weight: 7.8kg (17.61b)
Length: 1,250mm (49in), with
up to 686mm (27in) barrel
Action:

One-piece, high-grade steel
Trigger: Two-stage adjustable,
set at 1.5-2kg (3.3-4.41b)

Safety lever:
Three-position safety

Barrel:

Stainless steel match grade,
various lengths and twist rates
Chassis material:
Aluminium

Chassis features: Adjustable
cheekpiece, rear support leg,
sling loops, movable forward
accessory rails and sight rail
extensions to MIL-STD 1913
Rear support leg:

Height adjustable design with
quick and fine adjustment
Carriage:

Four sling attachment points;
two adjustable forward mounts
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Non-stick pans / VVelcro / Anti-spam tech

“The more hooks and loops that are
attached per unit area [of Velcro],
the stronger the bond’

Teflon explained

Find out why coating cookware in Teflon
givesitan amazing non-stick finish

Teflonis made from
polytetrafluoroethylene
(PTFE)and is used to coat
¥ cooking pans giving them
wonderful non-stick properties.

PTFE is composed of carbon and
fluorine atoms which form very strong
chemical bonds with each other.
Fluorine also has the highest
electronegativity of any element,
meaning the overall electrical forces,
known as van der Waals forces, cause
compounds containing fluorine to repel
any other atoms that come near. The
fluorocarbon moleculeisstructuredina
way that the fluorine surrounds the
carbon sono other outside atoms can get
anywhere near the carbon. Asaresult
Teflon is highly unreactive causingit to
have a very low coefficient of friction
allowing things toslide across its surface
very easily. Due to PTFE’s reluctance to
react with anything, itisalso used to coat
containers of highly reactive chemicals
and, interestingly, is the only known
material thata gecko can't stick to.

Red spot

PTFE

Fluorineand carbon
} formasuper-strong

bond that few other

atoms can break.

The circle often found at the
centre of the pan containsa
heat-sensitive dye thatreacts
to the current temperature.

{ 1 :

Velcro comprises two strips of material -
one with lots of tiny hooks, and one with
lots of thinnerloops - that lockwhen they
are pressed together. This mechanism of
sticking was inspired by the way tiny hooks on the
seeds of burdock, known as burrs, attach to animal fur
and human clothing. The hooks and loops in Velcro are

Thin
Thinner loops
allowmore gaps.

Thick

What makes Velcro stick?

Discover the small-scale engineering behind this fastener

commonly made from nylon and polyester with the
hooks being more rigid and thicker than the loops. The
more hooksand loops thatare attached per unitarea,
the stronger the bond; heavy-duty Velcro contains up
to 400 hooksand loops per square inch. In some casesa
five-centimetre (two-inch) square piece of Velcro is
enough to supporta 79-kilogram (175-pound) person.
-

Thicker hooks can

8 clingtomoreloops.

032 | How It Works

since itwas conceived

Hyy.

CAPTCHA
technology:
human vs
computer

We investigate

the digital test

with designs on
distinguishing Joe
Bloggs from joke blogs

CAPTCHA technology, or
[_‘ Completely Automated
Public Turing test to tell
Computersand Humans
Apart, iswaging war on spam bots
blagging their way into our inboxes. But
how can these randomly generated,
cryptic codes hope to get the better of
thissinister cyber-culture?
CAPTCHAsrely on thefact that
computers struggle to decode human
languages as theyare too irregular. So
couple an unusual word, image or
number puzzle with some design
morpheryand, in theory, the bots should
be flummoxed. But for every randomly
generated test follows code designed to
crackit. The recent digitisation of
literature, from ancient scriptures to
back copies of your local newspaper,
using optical character recognition
(OCR), unwittingly created a computer-
proof directory of words already being
put to use. Google’s reCAPTCHA project
workswith OCR castoffs to pairup these
digitally distorted dregs, then further
warp them, to guarantee the confusion
of those unsavoury programs intent on
infiltrating private online space.

DiStOrtion e wreeessssssiemmiraesninnes
CAPTCHASs often take normal words and
morph theminto unfamiliarshapes. z

Bothvisual and audio tests are used. }

ol

Patterns -
The human mind can pick out patternsa
lot more easily thana computer can.

WWW.HOWITWORKSDOAILY.COM


http://worldmags.net/

Get all the internet
you’ll ever need.

On any phone.

On any plan.

From £18 a month.
Goodbye data limits.
Hello Three.

From the

UK’s fastest
growing mobile
network.

Three.co.uk



http://worldmags.net/

“Gaming PCs work by increasing the
bandwidth, stabilitg and cooling =
properties of the cére components

TECHNOLOGY

DIY games machines

What's inside
a gaming PC?

Making a console-crushing gaming PC
that delivers insane visual fidelity is easier A
than ever. Read about how they work, then
learn how to put one together yourself...

4

ProCesSSor e ;
APC’'sCPUisits computational heart. Intel’s
Z77platform has been designed to take
advantage of existing Sandy Bridge Intel
processors, which have been the standout
chips of recentyears. For this build we used
anIntelis-2500k, which aswell as boasting
good overclocking capabilities, is pretty
decentvalue. We also applied an integrated
liquid coolingloop to ensure everything
staysatan optimal temperature.

Today, the gaming industry is
dominated by consoles -such as
the Xbox 360 and PlayStation3 -
with large install bases
worldwide. However, these machines,
arguably, do not deliver users with the best
gaming fidelity possible at any one time, with
large seven-year-plus hardware cycles
leaving games developers to constantly pare
back titlesin order for them to run on old
hardware. Essentially, the hardware is closed
and restricted, only changing when a new
version of the system is released.

Gaming PCs are different. Aside from being
anopen platform in which users can
continuously upgrade individual components
to ensure maximum visual fidelityand
gaming performance, they arguably offer one
of the best ways to play games of any platform
inthe world. Almost all the games a user can
play on consoles are available on PCand, due
to their vastly superior hardware and control
methods, they can be experienced in
high-definition and with optimised input
(see ‘Maximum control’ boxout).

Gaming PCs work, put simply, by
increasing the bandwidth, stability and
cooling properties of the system’s core
components, such as the CPU, GPU, RAM and
motherboard. Enlarged bandwidth is
necessary so that gaming data can be relayed
between components as quickly as possible,
increasing the title’s frame rate and therefore
responsiveness. Increased speed of data
transfer often requires more electrical energy
and therefore heat, which, if not properly
dealt with, can cause a machine to overheat.
Manufacturers of gaming PC components
tackle this through modifying the system'’s
heatsinks, fans and coolingloops.
Enhancements include stock coolers replaced
with integrated liquid-cooling loops, cases
specifically designed to maximise out-of-
system airflow and high-calibre heat-
dissipating materials used throughout.

Typically, however, a key stumbling block
to more users taking up gaming on the PC has
been the machine’s construction, with

034 | How It Works

prebuilt models costing a premium and the
skillsand tools needed to build one yourself
difficult to attain for the uninitiated. That has
changed massively over the last decade
though, with manufacturers redesigning
components, cases and wiring layouts to
simplify any potential build. Indeed, far from
afull day’s labour with a comprehensive
toolkit, a system can now be put togetherina
couple of hours (to learn how to build this
computer see our DIY guide on page 94).

Of course, assembling a PCis only halfthe
battle for any user, with selecting the best
components being the first task. Here How It
Works reveals the core equipment of any
gaming PC build, some of the best tech
currently on the market, along with some
of the new, user-friendly features.

Motherboard

The spine of the gaming PC, a good motherboard is essential, as
youneed a piece of hardware that can handle thespeed and
power of the system’s CPU, GPU and RAM effectively. Intel’s new
Z77platform offers this, especially sowhen built upon by MSI,
which with its Z77A-GD55 motherboard has gone to extralengths
toimprove coolingand stability capabilities across the board. It
comeswithaboatload of ports, heat sinksand software features.

Graphics card - -
Modern motherboards comewithan
integrated graphics chipset, whichis good
forvideo playbackand other low-key
functions, however in order to play titles
such as Mass Effect3 and Crysis 2 on full
settings, a dedicated card should be
acquired. AMD’s7000series of cards hasjust
beenreleased and herewe used a R7950
Twin Frozr3GD5 GPU, which besides being
ridiculously fast, has been designed witha
unique fanarchitecture toremain
super-cool and quietwhenin use.

Both the Kgo and Mé6o boast

WWW.HOWITWORKSDAILY.COM
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l PC gaming can boast the most

FACTS

PC GAMING

vibrant ‘indie’ games development
community of any platform, with
ahost of innovative titles released
each month through digital
download services such as Steam.

sssessvsessnsnnns

Winning
One of the most popular and
lucrative games in the world is
the PC'’s StarCraft Il. Here,
teams of gamers compete in
international tournaments for
figures upwards of $100,000.

Cheap
Gaming on PC has one of the
lowest entry points of any
platform, with even low-end
desktops, laptops and
netbooks capable of playing
many console titles.

.
Evolution
Unlike consoles, gaming PCs ~ §
can be continuously upgraded §
by swapping out components. #
This allows them to evolve over
many years and keep pace .
with the latest gaming titles.

Output

just a desktop monitor.

EIY@WLASYP More modern PC gaming cases position the PSU bay at the bottom of the case to improve airflow

Anatomy of
a gaming PC

The key components of a
games machine explained

}{ar‘j‘jrh"a 0.

Traditional disk-based hard drives are common in gaming PCs and any 5,400 or
7,200 RPM hard drive is just fine for installing and playing games. However,
there have been greatadvancesinrecentyearsin solid-state hard drives, which
aside from beingalmost silent (no fan) offer an order of magnitude more speed
than their disk-based compatriots. We used a Corsair 128GB Force GT solid-state
hard drivein this build, which offers a good gigabyte-to-cost ratio.

Random access memory

RAM may look like an insignificant part of
themachine, consisting of justa couple of
smallrectangular sticks, butin factitisa
central part ofanymachine. In gaming PCs
itsrole is even more important, receiving

and temporarily storing data for the system'’s

CPU to process-obviously, ifa user’s

system’sRAM isn't fast enough, or thereisn't

enough of it, then a user will experience

of RAM should be opted forideallyin any
build, as demonstrated here in our choice of
8GB of Corsair’sVengeance LP memory.

Power supply unit

Allthese components requirea fairamount
of electrical energy, which needs to be
supplied bya PSU. Itis critical thatany
gaming PC carries a PSU capable of stably
outputtingenough juice to powerall of the
machine’s components -especially soifa
user overclocks their system -as otherwise
itwill suffer instability issues. Weused a
Corsair TX750M, as each unitis tested and
qualified at 50°C (122°F) inan oven at 100 per

and featuresamodular cabling array.

Learn
how to

Maxamum control

A powerful gaming PC is nothing without the means to control it

While a gamepad is fine on consoles, to maximise the
fluidity of control on a PC a good keyboard and mouse
are crucial. Luckily, dedicated gaming peripherals are
now manufactured by many companies, offering
better speed, accuracy and durability.

Corsair’s Vengeance series of peripherals epitomises
these, offering unique features and top-end build
quality. For example, the Kgo gaming keyboard comes
with Cherry MX Red mechanical keyswitches for speed

and accuracy, 100 per cent anti-ghosting and a 20-key
rollover on USB. These features are vital when gaming
as every second can make a difference.

Equally impressive is the M6o gaming mouse, which
comes with an integrated 5,700dpi sensor and Omron
switches. The sensor is first-class, offering a huge
improvement in accuracy over that of a standard
mouse. Both the M6o and Kgo are made of aluminium,
which gives them a lightweight and smart finish.

WWW.HOWITWORKSDAILY.COM

stuttering and slowdown when playing. 6GB

centload; it delivers a healthy750W of power

assemble this

computer on
page 94!
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Overclock
master

Overclocking used
tobea‘darkart’,
requiring pro tools
and techniques. But
today speeding up
PC components
couldn’t be simpler

One of MSI's Z77A-GD55
motherboard’s best features is its
overclocking-friendly design,
with large, integrated heat sinks,
asuper-ferrite choke, highly
conductive polymerised
capacitors and generally
industrial build quality.

Of course, many motherboards
that have come before the
Z77A-GD55 sported similarly
impressive hardware, however
most of them still relied on the
user opening the PC’s BIOS
menus and tamperingwith a
series of complex features,
altering voltages and timings in
a trial-and-error manner.

Handily, MSI has gone along
way to negate the need for any
BIOSwizardry by introducing
its Control Center Il and OC Genie
II software. These are user-
friendly programs that anyone
canrunin their desktop
environment to enable real-time
overclocking, allowing for -in
optimal conditions - an over 30
per cent performance increase.
Further, because the
overclocking can be done on the
fly, users can discover their
system'’s optimal configuration
far quicker than before, with no
endlessreboots needed to
achieve a stable overclock.

—
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Modern gaming PCs sport
graphics cards capable of
outputting over HDMi, allowing
users to hook their machines up
to large TV screens, rather than
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“Wet cleaners employ the use
of either steam or chemicals
to kill germs and pick up dirt”

Carpet washers / Sticky tape

Inside the Vax
Rapide Ultra 2

This wet carpet and upholstery cleaner
uses high-powered jets to pump the
water and detergent into a material

to flush out even ground-in grime

2. Powered water jets oo ~
When using the device, a triggerinthe
handle dispensesa consistent amount

of detergent that is then pumped by
high-powered jets from the cleanwater
tank deepinto the carpet. With the
triggeractivated, the device is pushed
forward by the user and the cleanerwill

3. Rotating brush bar
The rapidlyrotating brush bar
aids cleaning asithelpstolift
the carpet fibres, enabling the
swiftextraction of dirt fromall
directionswhilealso
grooming the fibresleaving

.................................... 5_ D“-ty

Carpet cleaners

How these machines shampoo your carpetsand

upholstery to get them looking as good as new

1. Clean water and solution tank
After first dryvacuuming the carpet forloose particles
witharegular cleaner, the carpet cleaner comesinto
play. First the clean water tank must befilled witha
mixture of warm water and a cleaning solution.

water
collection tank

Soiled water extracted from the carpet
is collected in this detachable
reservoir for ease of emptying.

4. Suction téchnology

Once detergent has been pumped into the carpet

on the forward stroke, releasing the triggerand
pulling the machine backwards sucks the now
dirtywater backinto the machine via two
V-shaped channels. This technology - called Dual
Vtwin air path suction-is used in this Vax model
toensure evenand consistentsuction.

Inaddition to just sucking up
dustand other surface dirt

from the pile inyour carpets

and furniture, specialised
carpetand upholstery cleaning
machines can also remove deeper stains
and other grime, using either wet or dry
techniques.

Wet cleaners employ the use of either
steam or chemicals to kill germsand pick
up dirtand remove stains. Hot water or
steam is most effective at breaking down
the grime asapplying heat destroys the
structure of microbes so they cannot
survive. These wet variants work by first
adding clean water toa dirty carpet. The
water is then absorbed by the muck
before being sucked back up by the
machine with powerful suction
technology. It'simportant not to get the
carpet too wet, however, as depending on
the solution used, this canalter the
colour, and even shrinkitin the case of
wool-based carpets.

Dry cleaners, meanwhile, deposita dry
chemical on to the carpet, which is then
absorbed by the dirt and sucked back up
by the cleaner, but this typeisless
effective at giving a heavily soiled carpet
areally deep clean. Because these
cleanersapply a strictly controlled
amount of moisture this can ensure the
carpetremainsvirtually dry.

be applied to the area covered. them softand bouncy.

The first rubber-based

adhesive tape was

invented by surgeon L
Horace Dayin1845 i

vk s Layers
Sticky tape mightseemlikea
single entity, butit’sactually
twolayers glued together.

Release coating

Discover the amazing properties of
sticky tape and how it works

stick two surfaces —ideally flat ones - together without the need

for heat, solvents or other substances in order to make it tacky.
little pressure to make it stick fast. Synthetic transparent cellulose acetate
film (historically this was made of natural cellulose derived from plants like
resin, buthoware these layers adhered together in the first place?

By firstapplying a primer to the side of the cellophane film that will host
rubber-based glue. Next, by heating or applying hot air to the tape, any
liquid present in the adhesive will evaporate, leaving behind a purer dose
tape using extreme pressure. The tape is then rolled onto a cardboard
barrel for easy dispensing - often with the use of a clever device which

How is adhesive tape made? :
]
Pressure-sensitive adhesive tape is so versatile because it can
Instead, thisamazing invention uses somethingassimpleasa
cotton or hemp)is made sticky through the addition of synthetic rubber
the adhesive, the manufacturers can then applyavery thin layer of the ' .
of glue. Some other types of sticky tape involve laminating the glue to the
keeps that elusive end of the tape accessible for the user.
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“The Xperia S's front fascia is
over go per cent glass panel

The Sony Xpenia S

Sony’s latest and hottest smartphone

delivers media and gaming fidelity
like never before as well as some
innovative new gadgets

The Xperia Sisa new
smartphone produced by
Sony (recently separated
from Ericsson) that, aside
from offering a handset optimised for
high-resolution media playback, has
been designed to blur the lines between
aphone and a portable gaming console.

The former is delivered by a large
10.9-centimetre (4.3-inch) TFT capacitive
touchscreen display, which is capable of
presenting 108op hi-defvideos. The
videos can be taken directly on the
device through its integrated
12.1-megapixel camera, or downloaded/
uploaded to the phone from a content
source. Further, if media would benefit
from being presented on alarge
television or monitor screen, the content
can be played through an HDMI 2.0 port.
The screen itselfis powered by Sony’s
mobile BRAVIA engine, a hardware
standard designed to enhance both
audio and visual media playback.

The latter role asa gaming console is
delivered by the Xperia S’s PlayStation
certification, a tag that represents the
device’s hardware and software has
been optimised for compatibility with
Sony’s PlayStation Suite, an online
repository of videogames that can be
downloaded and played on the phone.
These titles, along with the rest of the
media content, can also be streamed
over HDMI to a larger screen if desired.

<

§ | \
VA
The innovative SmartWatc J "‘
| offersthe user some freedom
from the Xperia handset 1

038 | How It Works

Talking of screens, the Xperia’s front
fasciais over 9o per cent glass panel,
only separated from the casing at the
bottomvia a thin transparent strip. This
bar acts both as the device’santenna as
well asavisible area for the handset’s
main buttons. The screen, as with the
surrounding case, is curved; at its fattest
part, the Xperia S is just one centimetre
(0.4inches) thick.

Juice to run the device, which is
mainly consumed by the
aforementioned screen, is supplied by a
1,750mAh battery. This delivers a stated
450 hours of standby time, 25 hours’
worth of music playback and 6.5 hours of
video playback. Talk time varies
depending on connected network, but
ranges from7.5-8.5 hours.

The Xperia S has also been designed
to maximise on-phone photography,
bolting on a selection of technologies to
its rear-facing camera. Foremost of these
isan Exmor R camerasensor, a
back-illuminated, solid-state CMOS
sensor tweaked to handle low-noise
shots and low-light situations. This
sensor works by receiving light onto a
silicon substrate from behind, allowing
it to be used with a level of efficiency not
possible by conventional front-
illuminated pixel structures.

Finally, Sony has ensured the Xperia
Sis compatible with a broad selection of
communication platforms, the most
notable being itsimplementation of
near-field communication (NFC) on the
device. NFCis a set of standards for
smartphones that enables wireless
radio communication with other
compatible devices in close proximity.
This technology is currently gaining
popularity as a cashless payment
method for products and services - for
example, the Google Wallet app.

SOOI sasnsramsmisimsmsraseasan
Despite beinga TFT panel, the display of th
Xperia Sis one of its mostadvanced features,
deliveringa10.9cm (43in) capacitive
touchscreen capable of outputting a resolution
of1,280x720at 338 pixels-per-inch, which is the
highest ofany handset on the market. The
screen candisplay over16 million colours.

Casing -
The Xperia S featuresa large-128 x64x
10.6mm (5X2.5X 0.4in) - plastic case, which
isheavily curved toaccommodate its
screenand toaid grip. Segmenting the case
front from the screen is a transparent strip
which serves as thedevice’santenna.
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Launch Brand PlayStation-ready Curvy
The Xperia S handset was The Xperia S is the first pure The Xperia S is PlayStation Over 90 per cent of this
launched at the 2012 Sony-branded smartphone, with Certified, which means it is

prior models branded under
Sony Ericsson. This is due to
Sony'’s acquisition of Ericsson’s
stake in the partnership.

Consumer Electronics Show in
Las Vegas, USA, which took
place 10-13 January at the Las
Vegas Convention Center.

FACTS

XPERIA S

directly compatible with the
PlayStation Suite, a software
framework via which users
can download and play games.

and casing is curved. This is
an intentional design decision
in order to aid ergonomic
comfort and grip when in use.

.
.
smartphone’s front display 2

Hi-def

The capacitive touchscreen of
the Xperia S supports 1080p
video recording and playback.
Thanks to integration of Sony’s
BRAVIA engine, the screen can
display 16,777,216 colours.

BIYGWEQREYYP The Xperia S went on sale in the UK on 8 March 2012

Sony Xperia S in detail

W

SmartTags come™
inbundles of four

Take a look at the main features of
this cutting-edge smartphone

Processors

Thedevice is powered by a
combination ofa Qualcomm
1.5GHz dual-core CPUand Adreno
220 GPU. Combined, theseallow
the Xperia Storecord and play
1080p high-resolution video as
well as take shots with its
integrated 12.1-megapixel rear
camera quicklyand efficiently.

Software

TheXperia Sruns off Android 23
Gingerbread, whichis the
precursor to Android’s current
flagship OS, Ice Cream Sandwich.
Thehandset is PlayStation
Certified, a feature that enables it
toaccess the PlayStation Suite, a
software framework that delivers
downloadable games.

Connections
Aplethora of connections are available on the Xperia S, includingan HDMI
2.0port for directly connecting the device to a television or monitor for
video, audio and picture playback. Other notable ports include microUSB
anda3.smm (0.12in)audio jack. The handset also packs near-field
communication (NFC) technology for contactless abilities.

Sony Xperia S
Height: 128mm (5in)
Width: 64mm (2.5in)
Depth: 10.6mm (0.4in)
Weight: 144g (5.102)

0S: Android 2.3 Gingerbread

CPU: Qualcomm MSM8260
(1.5GHz S3 dual-core)

GPU: Adreno 220
Memory: 1GB RAM
Storage: 1-1.5GB
Removable storage: 32GB
Battery: 1,750mAh
Display: 10.9cm (4.3in),
1,280 x 720px touchscreen

Cameras:
12.1MP rear (1080p);
1.3MP front (720p)

Connections: microUSB, HDMI
2.0, 3.5mm (0.12in) audio,
Bluetooth 2.1, Wi-Fi 802.11 b/g/n,
aGPS, GLONASS, NFC, DLNA

SmartWatch

Aswith Sony’s SmartTags, the SmartWatch is an extra piece of kit designed to
complement any Xperia smartphone. It consists of a micro, square-shaped display
that can be clipped to either a watch strap or an item of clothing. The display and
system is loaded with a stripped-down Android operating system, which once
paired via Bluetooth, can communicate with a user’s handset.

This allows data and music to be streamed between the two and stored on the
watch’s internal memory, a feature designed to let users listen to music while
exercising without having to carry their expensive smartphone.

In addition, the watch comes pre-installed with text message, Facebook and
Twitter applications, which enables users to access their personal accounts
discreetly and/or without having to get their phone out and unlock it. Finally, due
to its Android operating system, the watch has access to the Android Market (now
known as the Google Play store), allowing additional tailored applications such as
weather and news programs to be downloaded and installed.

WWW.HOWITWORKSDAILY.COM
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SmartTags

While near-field communication (NFC) hasyet to be
widely adopted, Sony has taken the technology to a more
personalised level with its creation of SmartTags.

SmartTags are small keyring-sized tags that, when
swiped with an Xperia smartphone, automatically alter
its profile. The profiles can be customised on the
handset, allowing users to select a variety of options
such as turning on/off Wi-Fi, GPS or Bluetooth,
launching news and weather apps, turning the
handset’s sound on/off, launching the phone’s calendar,
playing a certain music track and a lot more besides.

These options enable users to customise individual
tags to initiate certain context-specific profiles. For
example, by hanging a SmartTagina car, a user can
quickly pass the phone over it to turn on the GPS
software, which would be handy if driving. In addition,
ifauser places a tagin their bedroom, then by sweeping
the phone over it they can automatically mute their
phone so they are not disturbed while sleeping.

The SmartWatch
runs onanAndroid
operating system

How'It Works | 039
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How will this giaﬁt balloon perform

experiments at the edge of space?

) The Big Space Balloon will be
Britain’s largest high-altitude
research balloon, taking
experiments up to the edge of the
cosmos and exploring the upper echelons of
our atmosphere. It is set to launch mid- to
late-2014, carrying a capsule full of scientific
experiments to study the Earth and its
atmosphere, before returning to our planet
and possibly being re-launched in the future.

The balloon will be almost 75 metres (245
feet) talland, once it has expanded in the thin
atmosphere, it will reach a diameter of 100
metres (330 feet) and a volume of 400,000 cubic
metres (14 million cubic feet). It has been
designed to provide a low-cost alternative to
takinga payload into orbit compared to an
expensive rocket launch. The entire balloon
and capsule system will be roughly twice the
height of Nelson’s Column and almost aswide
asthe height of the most powerful rocket ofall
time, the Saturn V. The design isa super-
pressure balloon envelope, which is designed
to survive several days at the border of space.
The balloon material will be made from 100
per centrecycled polythene.

Attached to the balloon by a cable will be a
capsule 2.9 metres (9.5 feet) talland two metres
(6.5 feet) wide. This will be made from the latest

composite materials for strength and
durability. Filled with scientificinstruments,
the capsule will study the Earth and its
atmosphere from a height of 40,000 metres
(130,000 feet). At the end of its mission the
capsule will parachute safely back to Earth,
whereitwill be recovered and potentially
used again in other similar missions.

Aconceptshotofthe
balloon envelope
atthelaunchsite

“The balloon wiill be
almost 75 metres
(245 feet] tall and,

once it has
expanded in the
thin atmosphere,
it will reach a
diameter of 100
metres (330 feet)”

Alasermaybeinstalledin
order to push space debris
outofharm’sway

WWW.HOWITWORKSDAILY.COM
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Inside the \ '
capsule - partute \ ¥ ' Interview
4 Richard Curtis

Sl We speak to the project director of

theballoon.

The upper section of the capsule will
bekeptatsea-level pressure by

steadily releasing nitrogen, which
willhelp to protect the more
sensitive scientificinstruments.

The majority of the capsule’s
experimentsare located inthe
central section. The capsule’s doors
canbe opened to expose the
experimentstospaceifneeded.

%‘

PRz

One proposed experimentisalaser
turret, which could be used to push
pieces of space debris out of the way.

Cameras

The capsule will be monitored
by four cameras surrounding
it, which willalso highlight
sponsorship logos on the
outside of the capsu le.

THE MISSION STEP BY STEP

We take a ook at the Big Space

Balloon's proposed seven-day journey

4, Target

After two hours the balloon will
havereached its targetaltitude of 8
40km (25mi)and amaximum
volume of 400,000m?’ (14m ft3).

3. Stratosphere

On the envelopeisaseries of
photovoltaic cells, which convert
solar energy into electricity as
the balloon rises.

2. Ascent

Asatmosphericpressure drops the
balloon starts to swell, because the gas
insideis able to expand more easilyand
pushes out the thin polythene material.

1. Launch

Onthe ground, a cranewillt
the capsulestationary as the
balloonis filled witha mix of
hydrogen and helium gas.

5. Descent

Tobegin the journey home, an
explosive panel detonates a hole
inthe envelope so the balloon’s
return to Earth can be controlled.

6. Parachute

Atabout3km (1.9mi) the landing
parachuteisreleased, returning
the capsule safely to the surface

soitcanberecovered.

7. Landing

The deflated balloonlands
separatelyandisalsorecovered
after completing itsm

the Big Space Balloon mission

How It Works: How and
why did you get involved
with this project?

Richard Curtis: The Big
Space Balloon is an idea I've
been working on for a couple
of years. | was part of the
generation growing up
during the Apollo missions,
Skylab, Soyuz and then the
Space Shuttle, so I've had a
lifelong interest in space and
space tech. It would be very
exciting to use some of the
latest technologies such as
printed solar cells and
additive layer manufacturing
to build a substantial vehicle
and send it on its way to the
edge of space and see the
images of the Big Space
Balloon flying above the
Earth’s atmosphere.

HIW: Why did you pick a
balloon for this project?
RC: A big stratospheric
balloon allows you to lift a
reasonably substantial
payload of up to several tons
into a space environment.
The Big Space Balloon will be
aiming for a total payload
weight - including the
science capsule - of around
one ton. This should allow us
to carry up to half a ton of
science equipment. Although
there is now a lot of great
science being done with
mini-payloads and balloons,
there are still areas where
the bigger the kit the better,
particularly with imaging and
sensing devices.

HIW: Is there any danger in
launching this balloon?

RC: There is a range of
challenges [we may facel.
The main one is the balloon
fabric tearing during launch.
The material used for most
large stratospheric

projects tends to be a very
lightweight polythene,
similar in thickness to a
supermarket carrier bag.
Hopefully we've arrived at a
size that’s [thin enough but
durablel. I'm also hoping that
by combining the fabric with
printed solar cells we can
make a stronger composite
balloon material. This will
probably mean a heavier
fabric, but as we're not trying
to break any altitude records,
it's not too critical if we only
achieve, say, [38,000
metres] 125,000 feet instead
of [41,000 metres] 135,000.

HIW: What does the future
hold for space balloons?
RC: The hope is that the Big
Space Balloon’s science
capsule could be reused in
further missions. I'm keen for
the Big Space Balloon to act
as a platform to test out new
technologies in the space
environment, such as printed
solar cells on the balloon
envelope, which could pave
the way for a new way of
powering future spacecraft
or stations. Additive layer
manufacturing (aka 3D
printing) is another process
I'm aiming to use in the
fabrication of the science
capsule, as this allows fairly
complex and bespoke
structures to be
manufactured straight from
the computer.

There's also the possibility
of using the technology for
interplanetary missions. One
of the instruments the
science capsule may carry
could be to detect micro-
organisms in the Earth’s
upper atmosphere -
technology that could be
then transferable to a future
Mars or Venus mission.
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“Neptune’s spots are anticyclonic
super-storms, intense cyclones
that produce 1,500mph winds”

Quest Joint Airlock / Great Dark Spot

NASA astronaut Garrett Reisman
inside the Quest Joint Airlock

The Quest airlock module of the International Space
Station being prepped prior to launch

Inside an airlock

Discover the key areas of the International

Intravehicle hatch

This provides a sealed barrier between
the equipment and crew locks. As an
astronaut enters the crew lock, it is
closed to prevent decompression in the
equipment lock.

Space Station's Quest airlock

Equipment lock

The equipment lock stores the
airlock’s power supply and the
spacesuits. It provides a kitting-
up area and a chance for
astronauts to acclimatise
to the EMU.

Crew lock
Once an astronaut has put on their
EMU (spacesuit), they exit the

Power equipment lock into the crew lock.

supply
assembly
The entire airlock
is powered from
acentral power
supply assembly
located in the
equipment lock.

Gas tanks
Nitrogen and oxygen
tanks replenish gas lost
during hatch opening
for any spacewalk.

-

Extravehicle hatch

Only when the crew lock has been totally
depressurised does this hatch open, allowing
the astronaut to venture into space.

Neptune’s
Great Dark Spot

What is this odd feature on the
farthest planet from the Sun?

The Great Dark Spot (GDS) is an elliptically shaped region of Neptune around
13,000 kilometres (8,100 miles) wide and 6,600 kilometres (4,100 miles) high.
Technically, it isa series of spots that generate and dissipate every few years,
which differentiates it from Jupiter’s Great Red Spot, which has been singular
and constant for centuries. However, as with Jupiter’s spot, Neptune’s spots are anticyclonic
super-storms, intense cyclones that produce 2,400-kilometre (1,500-mile)-per-hour winds.
These winds are the fastest to have been recorded in the solar system and are believed to
occur in the planet’s troposphere. Currently, there isa new GDS on Neptune in its northern
hemisphere that has been fittingly dubbed the Northern Great Dark Spot (NGDS). %

€
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o Airocks
i explained

How do these chambers
safely transit astronauts from

a spacecraft out into the
vacuum of space?

4

Airlocks, typified by the International Space

Station’s (ISS) primary Quest Joint Airlock, are

» designed to permit safe passage of people and
objects between a pressurised vessel and its

surrounding environment. Further, they are designed to

minimise pressure and air-level changes within the host craft.

The Quest airlock of the ISS is split into two main sections:
an equipment chamber and crew lock chamber. The former
connects to the ISSand supplies an auxiliary holding bay for
any essential equipment, such as Extravehicular Mobility Units
(EMUs - or spacesuits), as well as other key gear. It also supplies
astagingarea where astronauts can prepare for a spacewalk -
namely get in and out of their spacesuits.

Connected to the equipment compartmentis the crewlock, a
smaller cylindrical chamber into which astronauts enter prior
toany spacewalk. Once inside this section, the interior hatch
between the equipment lock and the crew lock is shut. This
providesa sealed environment for the suited astronaut and
allows depressurisation to proceed. When the crew lock is fully
depressurised, an external hatch becomes operational,
providing an exit for the astronaut to enter space.

Importantly, before any spacewalkis attempted, astronauts
must ‘camp out’ within the equipment chamber of the airlock
inareduced-nitrogen environment in order to purge nitrogen
from their blood stream. This ensures that astronauts avoid
decompression sickness in the low pressure experienced
within the pure-oxygen atmosphere of the spacesuit. Nitrogen
and oxygen are supplied and replenished via four externally
mounted gas tanks, which ensures that the lock does not need
to draw upon the hostISS’s own gas supplies.

Neptune’s Great Dark Spot as
imaged by the Voyager 2
spacecraftin1989
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Optimize Your
Brain’s Fitness

Your brain is the most powerful machine in the world—and it’s
constantly changing. Once you take advantage of this process, you can
improve your brain’s jaw-dropping powers at any age. In fact, optimal
brain fitness leads to improvement in a range of areas, including
memory, attention, creativity, and motor skills.

Discover the secrets to expanding your brain’s power to meet everyday
challenges and enhance the quality of your life with Optimizing
Brain Fitness. This engaging 12-lecture course shows you how to take
advantage of the basic principles of brain operation and build the brain
you want to live with for the rest of your life. Delivered by Dr. Richard
Restak, an award-winning teacher and practicing neurologist, these
lectures are packed with vital information and research-based exercises
you can perform every day to tap into your hidden mental potential.

Offer expires 18/06/12
0800 298 9796

WWW.GREATCOURSES.CO.UK/6HIW

Optimizing Brain Fitness

Taught by Professor Richard Restak

THE GEORGE WASHINGTON UNIVERSITY SCHOOL

OF MEDICINE AND HEALTH SCIENCES

LECTURE TITLES

How Your Brain Works

How Your Brain Changes

Care and Feeding of the Brain
Creativity and the Playful Brain
Focusing Your Attention
Enhancing Your Memory
Exercising Your Working Memory
Putting Your Senses to Work
Enlisting Your Emotional Memory
10. Practicing for Peak Performance
11. Taking Advantage of Technology
12. Building Your Cognitive Reserve

©VENOU A WN S

Optimizing Brain Fitness
Course no. 1651 | 12 lectures (30 minutes/lecture)

" SAVE £16

DVD £2799 NOW £11.99

+£2.99 Postage and Packing
Priority Code: 66384

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, TS251NN. Terms and conditions
apply. See www.greatcourses.co.uk for details.
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“There are five different instruments
on beard Suomi NPP, but by far the
Jmost important is the VIIRS”

How éré iconic pictures of our planet
like the Blue Marble photographed?

r Taking an image of Earth isno easy w
feat. Since NASA's Explorer 6 satellite E’
» first took a blurry photo of our world TheRliEMablat st
backin 1959, methods and techniques wastakenbytheTerra

to snap that perfect picture of our home have satellite orbiting 700km
come on leaps and bounds, and the images often (435mi)above the planet
become very famous. In fact, 2002’s Blue Marble
image was so popular that it eventually ended up
as the default background on Apple’siPhone.

The first Blue Marble image of the entire Earth
- coined for apparently portraying our planetasa
marble-like object - was taken by Apollo 17
astronauts in 1972 as they made their way back
from a mission. The image they took 40 years ago
was just a single snapshot, but today image-
editing software such as Photoshop is used to
enhance the picture, though great pains are gone
to not to detract from the reality of the shot. Green Blue

NASA’s most recent Earth portrait, dubbed 671 “sgﬁg‘e"e 551 "ﬂ:ﬁa“e"e 443 “:a":c'l“e"e
‘Blue Marble 2012’, was taken by an Earth
observation satellite called Suomi NPP. For the
satellite to shoot this image technicians on the
ground had to take a picture of Earth six times as
the satellite passed over one point, allowing
them to combine several layers into one image.

There are five different instruments on board
Suomi NPP, but by far the most important for this
taskis the Visible/Infrared Imager Radiometer
Suite (VIIRS). This scanning radiometer can
collectvisible and infrared imagery of Earth in L d . L
addition to measurements of the planet’s i : o ) e Perspective

atmosphere, land mass and oceans. The persxi)sefcr‘gv; :fﬁ}slfaiﬁﬁ
Theimage was taken in January 2012 and Orbit overlaps 12,743km (7,918mi), although

compiled by NASA scientist Norman Kuring. The
satellite flies in a polar orbit at a height of 824
kilometres (512 miles). However, the perspective

Suomi orbits ata height of
only 824km (512mi).

of theimageis frorq an altitudg of 12,743 Bands Sunlight

kilometres (7,918 miles) at a point ten degrees Imagesinred, blue The fourvertical

south latitude and 45 degrees east longitude, and green bandsare hazylinesare the

owing to the nature of the composite image. combined to produce reflection of
For a scale representation of how far Suomi animage ofastrip of sunlightoff the

NPP is from the surface, imagine our planetasa theEarth. ocea;i‘;gz?:::cg

basketball. The Earth has a diameter of about j B>

12,756 kilometres (7,926 miles), while a basketball

hasa diameter of 25 centimetres (ten inches). If

you hold the basketball 1.5 centimetres (halfan

inch) fromyour face, that’s how close Suomi NPP

isto Earth. The width of each section of Earth the

VIIRS images as it flies over is about 3,001 3 :

kilometres (1,865 miles). In comparison, the Cloutls sl ’ i | - — T—

Apollo 17 astronauts who captured the first Blue

¢ § Each part of the composition, By overlapping each
Marble were about 76 centimetres (?O inches) suchas cloudsand the oceans, stripwith oneanother,a
away from the basketball (45,000 kilometres/ wasadded inlayers to produce complete image of the
28,000 miles from Earth). & the best image possible. Earthiscreated.
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The Blue Marble 2012 image of Earth’s western hemisphere racked up 3.1
million views on Flickr in just a week upon its release in January 2012, making
it one of the most-viewed images of all time.

3.1n

NASA claims thatthisis the
most high-resolution image

of Earthevertaken , ' : Jr . i, - . | » Images
_— o - | through
the ages

1959

Explorer 6
Thisisthe

first-everimage

of Earthtaken

from space. Itwas
captured by the
Explorer 6 satellite
on14August1959,

from a height ofabout
27,000 kilometres (17,000
miles). Our capability toimage Earth
has comealongwaysince.

Apollo 17

Thefirst ‘Blue

Marble’ image of

Earthwas taken

by astronauts on

the Apollo17

mission. They

snapped the imagein

one takeastheywere on
theirway back to the surface.

1990

Pale Blue
Dot

This famous

image of Earth

was captured by

the Voyager1
spacecraft from

Saturn at the behest of
the late astronomer Carl
Sagan, who coined
itthe ‘Pale Blue Dot".

2011

Messenger
NASA's Messenger
spacecraft took this
image of the Earth
and moon from
Mercury. Thetwo
areso close that
theylookalittle

like abinarystar.

2011

Juno

This picture of the Earthand
moonwas taken by the
solar-powered Juno
spacecraften

routeto

Jupiter. Itis

expected to

reach the

gasgiant

by 2016,

whereit

willtake

many more

images.
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General

Biology
Chemistry
Physics

of distillatio

The revolutionary ancient discovery
that enables us to make gasoline from
crude oil and vodka from potatoes

compound. The rising vapour is channelled
into a condensing tube, whereitis cooled bya
circulating water bath and then condensed
backinto a purified liquid.

Simple distillation is taught in school
chemistrylabs, butindustrial-strength
distillation supplies the world with everything
from whisky and perfume through to gasoline
and liquid nitrogen, plus a lot more besides.

= ‘ Acutting-edge disf@

- \\ inamodern laboratol

i [nmanyways, during the Middle
Ages, distillation was the
alchemist’s greatest tool. Through
controlled heating ofaliquid or
solid source material, the alchemist could
draw out and isolate pure vapours that were
cooled, condensed into liquid and employed in
the mystical medicinal research. Distillation
also helped the Ancient Greeks to purify fresh
drinking water from the sea. It drew pungent
oils out of flowers and herbs for perfumesand
early medicines. And it took humble beer and
homemade wine and refined them into finely
crafted, high-octane spirits that earned the
name aqua vitae, or the water of life.

Today, distillation remains a critical
chemical process for isolating pure
compounds from a mixed solution. The science
of distillationisrooted in the fact that every
molecular compound has its own unique
boiling pointand dew point. The boiling point
isreached when the vapour pressure ofa
liquid equals the atmospheric pressure above
it, allowing molecules within the liquid to
freely escape as vapour. The dew point is the
temperature at which the vapour cools enough
to condense and return to a liquid state.

Since compounds have unique boiling
points, they can be vaporised out of a mixed
solution at different temperatures. First, you
slowly heat the solution to the boiling point of
the compound you want to isolate. The vapour
thatrises from the mixture will still containa
blend of the compounds in the solution, buta
far greater concentration of the desired

Making alcohol

The alcohol found in wine, beer and hard liquor is really ethanol, the same stuff that
powers alternative-fuel vehicles. To make ethanol (alcohol), all you need is a sugary
(high carbohydrate) feedstock like grapes, corn or malted barley, plus water and
yeast. Yeasts are microscopic organisms that metabolise the carbohydratesin the
feedstock and produce two by-products: ethanol and carbon dioxide. The carbon
dioxide produced by yeast is what makes bread dough rise. To encourage ethanol
production, brewers cover vats of fermenting material and allow only the carbon
dioxide to escape. Wine, beer and other fermented brews - like the grain mash
that’s used to make whisky - can be distilled to concentrate their alcohol content,
creating more potent spirits like gin, vodka, brandy and rum.

A
4. Thermometer
Each compoundin the
source material hasa ¥
different boiling point.
Temperature controlis N
essential for separating [~ '—f
elements through
distillation.

~—~#4

-

1. Source FA
material }
Chemistsstart U
witha source liquid
thatisablend of
several different
compounds. The

goal of distillation E

istoseparate or
isolate one ormore
of those compounds.

3. Heat source

Inlaboratories, chemists usea
hot plate or Bunsen burner to

heat the source material.

The

still pot can also be submerged

inahotwater or oil bath.
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DISTILLATION

2000sce

Perfume makers in
Mesopotamia distil essential
oils and herbal waters from
flowers, herbs and spices.

800sce

beer in China.

The earliest evidence of
alcoholic distillation is a
spirit distilled from rice

400sce-200cE

Fresh water is

first distilled from

seawater, as described by
Aristotle in his Meteorologica and
later by Alexander of Aphrodisias.

1500

Physician Hieronymus Brunschwig
publishes the authoritative treatise
on distillation, the first to apply
chemistry to pharmacology.

1300--1400-

Distilled liquors are
popularised by the Dutch (gin),
the Scottish and Irish (whisky)

and the French (brandy).

An azeotrope is a solution that can't be ‘broken’ through conventional distillation

Fractional distillation

Insimple distillation, a single distillate is vaporised out of a solution and condensed in a single
batch. Fractional distillation, meanwhile, is a technique for carefully separating multiple
different components of a solution in a continuous process. The separation process occursina
fractionating column that sits above the heated source material. The column is packed with tiny
glassbeadsand contains multiple levels of condensing trays. An important characteristic of the
fractionating column is that internal temperatures are hotter at the bottom and cooler at the top.
As each component of the source material reaches its boiling point, it vaporises upward through
the column. The components with the lowest boiling point rise higher in the column before
cooling enough to condense back into liquid. The glass beads provide extra surface area to
promote condensation, and the condensing trays collect each liquid component, which can then
besiphoned out. Crude oil is separated into its useful by-products - eg kerosene, diesel fuel,
natural gasand more - in towering fractionating columns.

8. Cooling water out
Thewater is constantly
circulated out of the cooling
bathin order to maintainits
low temperature.

5. Still head

‘When a component of the
source material reachesits
boiling point, itvaporisesand
rises through the still head.

2. Still pot

The entire distillation
apparatusiscalled astill,and
thestill pot holds the source
materialasitis heated.

6. Condenser

Thisangled glass tubeiswhere
vapour emitted from the source
materialis cooled and
condensed backinto liquid.

7. Cooling water in
Acoolwater bath s circulated
around the condenser to speed
up the process of condensation
within the tube.

How a single compound can be

WWW.HOWITWORKSDAILY.COM

extracted from a mixed solution

9. Distillate

Thisis where the isolated
component of the source
material, called the distillate,
is collected and cooled.

© DK Images
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10. Receiving
flask
Thereceptacle for
thedistillate is
sometimes
submergedina
water bath to
speed up the
cooling process.

B~

©Arien

Distilled water

By boiling water and condensing its ’ .
vapour, youachieve a purified
water with lower levels of trace
mineralsand other impurities.
Originally, distillation was used to
make fresh drinking water from
seawater, but now the purified liquid is
used in car batteries and other chemical-

electrical systems where the minerals found in tap water
would disrupt the reaction.

Alcoholic spirits

Beer and wine pack a pleasantalcoholic

beverages is never more than 20 per

cent by volume. Taking their cue from

Arab alchemists, European brewers
from the 14th century distilled beerand
wine to concentrate ethanol content,
creating potent spirits like brandy and gin.

Oil refining
The crude oil that we pump out of the
ground is useless asa fuel. First, it
must berefined through fractional
distillation and separated into its
component parts: diesel fuel,
kerosene, gasoline and natural gas.
Crude oil is heated to 600 degrees
Celsius (1,112 degrees Fahrenheit) and its
vapours ascend through a cooling column of air. As each
component of crude oil reaches its boiling point, it
condenses and flows out of the distillation column.

=
g
=
S
i
3
%!
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Separation of air
Air can be separated into its component
elements - mainly nitrogen, oxygen and
argon -viaa process called cryogenic
distillation. In cryogenicdistillation,
gaseous airis pressurised and cooled to
temperatures approaching-200 degrees
Celsius (-328 degrees Fahrenheit), at which
point its components condense and separate
into purified liquid nitrogen, oxygen, argon and so on.

Perfume making
Persian alchemist Ibn Sina (aka
Avicenna)is credited with first
distilling essential oils to create rose
water. Today, compounds come
from flowers, herbs, resins and even
some animal-based substanceslike
ambergris, amusky grey lump
regurgitated by sperm whales.
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Blistersshouldn't be
burstastheyarethe

bedy’s way of protecting
devkin layers

What are i:liste‘l"‘é?

Why do burns cause bubbles to develop
below the surface of the skin?

Though ourskinisan
amazing protector against
the elements, it can become
damaged by such factorsas
heat, cold, friction, chemicals, light,
electricity and radiation, all of which
‘burn’ the skin. Ablister is the resulting
injury that develops in the upper layers
of the skin asaresult of such burns.

The most common example of a
blister, which we’ve no doubt all
experienced at some time, is due to the
repeated friction caused by the material
of a pair of shoes rubbing against, and
irritating, the skin. The resulting water
blister is a kind of plasma-filled bubble
that appears just below the top layers of
your skin. The plasma, or serum -which
isa component of your blood - is
released by the damaged tissue cells

Blister caused by
second-degree bums

Skin
When any type of burnis
experienced, the overlying skin
expandsasitreceives the
protective plasma/serum.

Damage

This particular example of a blister
burn has caused damage tothe
keratinocytesin theskin. Second-
degree burnsare most often caused
when the skin comes into contactwith
ahotsurface, suchasanironor
boiling water, or even after exposure
to excessive sunlight.

048 | How It Works

and fills the spaces between the layers
of skin in order to cushion the
underlying skin thatis being rubbed
and protect it from further damage. As
more and more serum pours into the
space, the skin begins to inflate under
the pressure, forminga small balloon
full of the serous liquid. Given time to
heal, the skin will reabsorb the plasma
after about 24 hours.

Similarly, a blood blister is a variation
of the same injury where the skin has
been forcefully pinched or crushed but
not pierced, causing small blood vessels
to rupture, leaking blood into the skin.
All blisters can be tender but should
never be popped in order to drain the
fluid as this leaves the underlying skin
unprotected and also invites infection
into the open wound.

Plasma

Serumisreleased by the damaged
tissuesinto the upper skinlayers to
prevent further damage belowin the
epidermal layer. It alsoaids the
healing process, which iswhyyou
should avoid poppingyour blisters.

Fluid reabsorbed

Afteraday orso theserumwill be
absorbed backinto the bodyand the
raised skin layerswill dry outand
flake offin their own time.

How DayGilo ink glows

What makes fluorescent ink shine
brighter than ordinary ink?

Fluorescent ink, such as that made famous by DayGlo, is
known for being brighter than normal types of ink, especially
under ultraviolet light. DayGlo ink contains fluorescent
pigments, which absorb and reflect more light than
conventional inks. Normal pigments cause materials to be a certain
colour because they absorb some parts of the visible spectrum, while
reflecting the wavelengths of light corresponding to the colour you see.
Fluorescent pigments absorb visible light too, but they are also very
sensitive to the higher energy of ultraviolet light. Ultraviolet light
absorbed by these pigments excite electrons surrounding the atoms of
the pigments, giving them energy. This energyis then released in the
form of a photon which happens to be of a lower energy corresponding to
visible light, meaning the ink emits more light in total making it brighter.
Fluorescent pigments are often combined with conventional pigments to

develop awider range of colours that fluoresce.
, —

Py

How

does
cement harden?

What chemistry makes cement set?

Cementisa very fine powder made from limestone and
clay, heated in a kiln to form binding compounds such as
tricalcium silicate. The terms cement and concrete are
often used interchangeably, but they are not the same;
cement is the binding ingredient used to make concrete. Tricalcium
silicate in cement reacts with water, in a process called hydration,
releasing calcium and hydroxide ions and a great deal of heat. This
heat perpetuates the reaction until the mix is saturated with the
ions, at which point the calcium hydroxide begins to crystallise
forming a more rigid structure. Crystals of calcium hydroxide begin
to thicken making it harder for the water to reach the unhydrated
tricalcium silicate. Therefore the reaction slows as the mixture sets.
The less water-to-cement ratio, the stronger the concrete will be.

WWW.HOWITWORKSDAILY.COM


http://worldmags.net/

THE 288 TIMES
CHELTENHAMFESTIVALS

in association with

On-board our mobile lab
‘The Tech Truck” for events,
parties, school workshops

& science festivals

Tech Camp
August 2012
Ages 10-13

DIY Laser Tag
Forensics

Crazy Machines
Rocketry

Aerospace Camp
August 2012

Ages 13+
High-Power Rocketry
& RC Plane Design

Tree House Camp
July 2012

Ages 10+

Tree House Design
Campout

Electronic Lighting
Archery & Much More

For more info, go to

Hurry - Spaces www.techcamp.org.uk

StrictiyLimited 7 techcamp

org.uk



http://worldmags.net/

“The maternal blood supply divides
inside the baby to distribute
blood to the liver and heart”

Tongue anatomy / Umnbilical cords

The human tongue

Aversatile organ that allows
you to both taste and talk .
o On our tongues, we have up to 10,000 taste buds
‘I l that can distinguish between sweet, sour, bitter,
¥« W saltyandsavoury flavours. As food is dissolved by
our saliva, it meets taste receptor cells inside the
taste buds that, when stimulated, send signals to the cerebral
cortex. Receptors in the tongue also respond to other stimuli
like pain, temperature and pressure.

The tongue consists of eight muscles: four of them are
extrinsic muscles that are anchored to bone and change the

L et £9 s
PRGN FE L 2 e
M,‘ w*

position of the tongue, and four are intrinsic muscles that are - Palatoglossus
notanchored to bone and change the shape of the organ. extrinsic muscle

Besides guiding food as we chew and swallow it, these Elevates the back of
muscles also give us the ability to speak. In combination with the tongue.

the mouth, jaws and cheeks the tongue moves to articulate

sounds that emanate from the vocal folds of the larynx.
................. Styloglossus

extrinsic muscle

Moves the tongue upwards
and canalsoretractit.

Genioglossus

l
extrinsic muscle
Sticksoutthetongueandcan : | e SERERERE. s Hind bone
depress the centre of it. "\ The hyoglossusand
genioglossus musclesare
\ attached to thisbone.
TongueE s
Taste buds cluster
Tongues are not around papillae, which Hyoglossus
onlyintegral to are protrusions on the \ extrinsic muscle
taste butalso play surface of the tongue. b Depresses or retracts
abigroleinspeech Theintrinsicmusclesare 5 the tongue.
S d contained in the tongue. )

Umibilical cord , >

anatomy > What does the

L1 L
e UMmniiCail CO 0?
Th 8in)- il
e oy Chorionic plate -
attachedtothe fronto: The umbilical blood vessels . s
e sreadoverecnonone 1 1E €5sential link between
plateand descend like tree 3
Placenta roots, deep into the placenta. mOther and baby eXplalned
Theplacenta o | Theso-centimetre The maternal blood supply divides
storesand ,}.’}\1{3 l:)?ol;tglrel; ellgyr{ (20-inch)-long umbilical inside the baby to distribute blood to
providesoxygen, covered in thissticky cordruns fromthe centreof  theliverand heart. This oxygenated
Eg:;i‘:::;d substanceand protected by the mother'splacentatoan  blood circulates rapidly to renew the
the baby, aswell | theamnionmembrane.  openingin the baby’s stomach. It baby’s oxygen levels, and thisrole is
asprocessing || / consists of an umbilical vein and two taken over by the lungs after birth.
thereturned | Blood vessels  arteries, which spiralaround it. The
waste products. | Theone °"]¥ gegfteg vein supplies the baby with nutrients
| fm;’letl;:: ;f;ré e‘:ﬁa ;)I(: 4 andoxygenatedblood from the
! thetwoarteriesreturn  Mother’s placenta, while the two
deoxygenatedblood  arteries return carbon dioxide and
| and wastetoit.

e‘
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other waste products and
deoxygenated blood back to the
placenta. They are coated with
protective Wharton's jelly, and
sheathed with a smooth transparent
membrane called amnion.
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“[Pascal] has too much

1623-1662 vacuum in his head”

In his 1647 work, New Experiments Concerning Vacuums,
Pascal argued that the space above the liquid in a barometer is
avacuum. This went against long-held scientific and religious

e -

- Finding somethingin
nothing-thescience
ofthevacuum

Is empty space
really empty?

Avacuum isaspace that has less gaseous pressure
than the standard atmospheric pressure at sea level
on Earth. Apartial vacuum can be easily created by
pumpingair out ofa container. If the container is
notsealed, though, the airwill be replaced fairly quickly.

In everyday life, vacuums are used in light bulbs, cathode ray
tubes, cleaning appliances, and to package and protect food.
Creatinga vacuum drove the piston mechanismin the
Newcomen steam engine and was also used in the braking
systems of trains. Household vacuum cleaners work by sucking
inair, which creates a lower air pressure than that outside the
device. To restore the partial vacuum the outside pressure

forces air, and with it dirt/dust etc, into the appliance. Flames inside

The purest vacuums can be found in outer space. Between

galaxies, the vacuum density drops to ~0.001atoms per cubic a vacuum a vacuum

centimetre, while in the void between stars in the Milky Way, The lack of air in a vacuum Vacuums induce silence
the vacuum is ~0.1-1atoms per cubic centimetre. Thisisin starves a naked flame of because sound waves
contrasttoavacuum cleaner that produces avacuum of around oxygen causing it to extinguish require air to travel
10“ molecules per cubic centimetre, though sophisticated
extreme-high vacuum (XHV) lab chambers have achieved a 1. Candle L .Be" Ifairis pumped O%E 2{3122:;122
vacuum of fewer than 1,000 molecules per cubic centimetre. The candle flame consumes Aringing bell itwill createavacuum.
Whether manmade or natural, there isno such thingasa theoxygenin the globe. gi%itlfa[ﬁbe
perfectvacuum. Even in a virtually complete vacuum, S because the S
physicists have discovered the presence of quantum . @ sound travels e )
fluctuations and vacuum energy. @ : throughtheair to > ®
«® ‘@ the outsideworld. P
@ I ’ o <@
@ é @ L
o © v ¢
o @),
@ )
Vacuum packing food
reduces theamount of 3. Silent
i i 2. Heat
oxygenin order to make it Without theair inside
. ; Theh ner: heflam
harder for bacteria to survive wiﬁ C:S;gfh: aaiielg leo)‘(/;aidé e the globe to conduct the
sound waves from the
= | instrument it canno
Charactenistics
or a vacuum
The amount of air pressure on our planet reduces the
higheryou travel in the atmosphere. At sea level, we
experience one kilogram per square centimetre (14.7
pounds per square inch) of pressure produced by air '
molecules. At 15 kilometres (ten miles) air pressure reduces
to o.12 kilograms per square centimetre (1.6 pounds per
square inch), and in outer space, there’s no air pressure.
This means it’s easier to obtain a vacuum the further you 4. Cooling ‘ ‘
travel from Earth’s surface. Another characteristic ofa When the candle goes out,
vacuum is t.hatvlt does not t'rans.fer heat by convection nor ;l:)ev\;re:::gll:]i?;rc(t:zols 5. Vacuum 4. Seal
conduction; this property inspired vacuum flasks, which Apartialvacuumwill now be Ifthe globeisunsealed toallow
useavacuum sandwiched between an outer and an inner 3. Expansion created; if the vesselis not the outside air pressure to fill it
wall to keep liquids hot/cool for extended periods. Theexpandinghotair sealed the outside air pressure up again, the sound of the
escapes from the globe. willsend air backinto the globe. ringing bellwill return.
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“As eukaryotes, our cells 4
undergo Two different ”
types of cell division” y

«
A
- - .
- '5//
— -~ e
- e — -
= —
-
\
\\\
— -

Like parent, like daughter
— every multi-celled
organism started out

2. Prophase

- - The 96 chromosomes
OSIS consolidate intovisible
X-shaped structures

Mitasis is the process by which our called chromatids. The

3 bodies replace cells. It starts witha plEOaeheginEo
asa Slngle cell diploid cell containing 46 chromosomes... -
% There’san old joke that goes, ‘Let’s make likean :
‘l‘ amoeba and split'. Every organism goes through %hzl;‘:l? gg?\::; """""""""""" g “’!etafpa};'la:e
| a cell division, although in the case of the humble strands of DNA C;] ut(r:ictllgibfgrme
amoeba, cell division means creating another within the cell e | \ 2 spindle fibres that

amoeba. Amoebas are a type of cell known as a prokaryote nucleusreplicate X 8 move to each side of
(which also includes things like bacteria). It doesn’t have a g d“"d'j: o tWO'J ' % the cell,and the

chromatidsline up
alonganimaginary
dividingline.

nucleus, but has its DNA and other genetic material floating ]
around inside the cell. It reproduces asexually through Py
binary fission or a process called budding.

On the other hand, us humans -and every other

multi-celled organism in existence -are quite a bit more 5. Telophase
complicated. As eukaryotes, our cells undergo two different Nuclear membranes
S < S form around the sets of
types qf ce_ll division depending on the type of cell: meiosis chromatids (now called
and mitosis. Both are complex, multi-step processes that s WA e chromosomes). In
happen very quickly. In order to sexually reproduce, our 4 the final phase -
bodies create special sex cells called gametes (inanimals we ‘ cytokinesis-therest

call these sperm in males, and eggs in females). Gametes are ofthe cell divides.

haploid cells because they contain 23 chromosomes, which
are considered a single set. During reproduction, they merge
to form a cell containing 46 chromosomes, called a diploid.
But first, meiosis splits the original diploid cells, with the
chromosomes duplicating, shuffling and reforming into four
unique haploid cells.

In contrast, mitosis produces two identical haploid cells.
It's a different process from the prokaryoticasexual
reproduction, but in humans and other multi-celled
organismsit’s a sort of maintenance programme. Your body
isundergoing mitosis constantly as all sorts of eells die and 4. Anaphase
are replaced. Each human has between 50 and 75 trillio; * Thespindle fibres pull the

different cells and about 200 different types of cell. # = chromatids towards opposite
sidesas the cell begins to split.
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1665 1835

Natural philosopher Robert Hooke  Physiologist Jan Purkinje

first finds cells while studying observes cells in both

CELL HI STORY cork under a microscope, naming  animal and plant tissue; he

them after monks’ cells. refers to them as ‘granules’.

o Al N '
. Anormal cell in humans
- can only divide 52 times A—h‘;

before dying, knownas 7 —
the Hayflick limit

+ //

Tumours

b
Tumours can be malignant (cancerous) or non-malignant, /

and at their most basic are the result of abnormal cell

growth. The nucleus of every cell contains material that /
tells the cell when it’s time to grow and divide (mitosis).

There’s a strict balance so that the new healthy cells

are alwaysreplacing old, dying or damaged cells.

Sometimes, however, cells get the message to grow

and divide more often than they're supposed to,

throwing off the equilibrium. Typically this /

comes from a geneticmutation - that is, there’sa
problem with the programming. These genetic
mutations can be caused by anything from
environmental factors to viruses. In

cancerous tumours, the cells don't die like
normal cells - instead, the mutation
allows them to replicate indefinitely.

E WWW. HOWITWORKSBAILY.COM

1839 1855 1869

The theory that cells are the building Doctor Robert Remak Nucleic acid, which
blocks of life is proposed by L (left) proposes all cells includes DNA and RNA, is
physiologist Theodor Schwann (left) come from pre-existing first isolated by doctor
and botanist Matthias Schleiden. ones that divide. Friedrich Miescher.

Meiosis
Meiosis is the

process by wi
ourb [

' 1. Parent cell

Meiosisstarts the same
way asmitosis-witha
diploid cell containing
46 chromosomes. The
DNA strandsreplicate
and divide.

2. Prophase
The chromosomes
match upwith their
correspondingstrand.
Enzymes remove pieces
of DNA from eachand
genes swap between
the chromosomes
beforere-pairing.
=T ==

3. Metaphase

At thispoint, unlikein
mitosis, chromosome
pairsline up on either
side ofanimaginary
lineinthe cell.

4. Anaphase
Next, the chromosome
pairsseparate, with
halfmovingtoone
sideand half moving

8 totheother.

5. Telophase
Nucleistart to form
around each
chromosomeas the

" cell dividesintotwo

daughter cells, each
with 46 chromosomes.
T —

6. Daughter cells
The two daughter cells
go through the entire
processagain,
ultimately forming four
daughter cells, each
with 23 chromosomes.

- — -
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Animals

Climate

Geography

Geology

Plants
General

Freshwater
dolphin

These pink dolphins detect
preyin the muddy river waters
with echo-location. Necks
twistable atright angles help
themslither between flooded
trees. Males sometimes twirl
sticks toimpress females.

WWW.HOWITWORKSDAILY.COM


http://worldmags.net/

Manatee

Arelation of elephants, these
aquaticmammals canweigha
massive 600 kilograms (1,300
pounds), reach four metres (13
feet)long, and eat 15 per cent of
their body weight in vegetation
onadailybasis.

X

© LucViatour
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Red-bellied
piranha

Piranha fish have sharp,
tightly packed teeth for tearing
meat. They pinpointstruggling
orbleedinganimalsin the
water by smelland withan
organ that detects changes
inwater pressure.

remperature 20°C (79°F) annuaLranear 250CmM (100“1)
aeeroximvare ace JOO million years ramra pavs 250

& Discover Earth's

mightiest river
and the rainforest

B vilderness that

surrounds its banks

The Amazon is one of Earth’s two

longestrivers. It stretchesan

incredible 6,800 kilometres (4,225

miles) west to east across South
America -the approximate distance between
New Yorkand Rome. It's also the world’s largest
river by volume, transporting 20 per cent of the
freshwater on Earth and more than the world'’s
seven next largest rivers combined.

Feeding this gigantic torrentis the rainand
snow falling acrossaround 40 per cent of South
America. Thisareais called the Amazon’s
drainage basinand is surrounded by three
mountain ranges: the Andes to the west, Guiana
Highlands to the south and Brazilian Highlands
to the north. The Amazon Basin takes its name
from theriver. It is the world’s largest lowland
with an area ofaround 7 million square
kilometres (2.7 million square miles) - almost the
size of Australia. Atits widest, the basin stretches
2,780 kilometres (1,725 miles) from north to south.

Around 85 per cent of the Amazon Basin is
filled with the Amazon rainforest, Earth’s biggest
tropical forest. This densely vegetated region
contains around half of the world’s remaining
rainforestand is sometimes called the ‘lungs of
the Earth’. An estimated 20 per cent of Earth’s
oxygen is produced by the Amazon'’s foliage,
which drawsin carbon dioxide and releases
oxygen via mass-scale photosynthesis.

Rainforests form in the Amazon Basin because
of its equatorial climate; it lies within 15 degrees
of the equator. Conditions are warm and wet
year-round with little difference in weather
between seasons. Average temperatures are
about 26 degrees Celsius (79 degrees Fahrenheit)
and rain falls, on average, 250 days ayear.

The steady tropical climate encourages varied
fast-growing plants. In just one hectare (2.5 acres)
of Amazon rainforestin Ecuador, scientists found
anincredible 473 tree species. The tallest trees
canreach heights of 46 metres (150 feet) and live
for thousands of years. Their huge leafy canopies
harvest perhaps 7o per cent of incoming light and
8o per cent of rainfall, preventing it reaching the
forest floor. When a tree topples, saplings race

Scarlet
macaw

Among theworld’s largest
parrots, they canmeasure
almost one metre (three feet)
from beak to tailand weigh
more thanakilogram (2.2
pounds). Highly intelligent,
some have lived for75years.
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“A 4°C temperature rise would see
85 per cent of the forest destroyed
by drought within a century”

Exploring the Amazon Basin

» upwardsto fill the space. Beneath theseisa
shrub layer and a second forest layer - 20 metres
(65 feet) tall, the height of British deciduous trees.
When the trees and shrubs die, rapid leaf decay
releases nutrients that fuel the ecosystem.

The Amazon Basin teems with life. More than
onein tenspecieslive in the Amazon - many
found nowhere else. These include around 20 per
cent of Earth’s bird species, 370 reptile species,
thousands of tree-dwellers, and 7,500 butterfly
species compared to about 60 in the UK. Many
more species remain undiscovered. An average
three new plantand animal species were
catalogued each day between 1999 and 2009,
according to conservation group WWEF. These
included a four-metre (13-foot)-long snake, a
bald-headed parrotand a blind crimson catfish.

The Amazon is threatened by deforestation
and climate change. A future temperature rise of
four degrees Celsius (39 degrees Fahrenheit)
would see 85 per cent of the forest destroyed by
drought withina century. What’s more, in the
last50years, atleast 12 per cent of the trees in this
remote wilderness have been cleared for
agriculture. Around 8o per cent of these areasare
now occupied by cattle ranches and more forest
may have been selectively logged. The rainforest
isso huge that it produces around 50 per cent of
itsrainfall by releasing water from its leaves. Cut
down enough treesand the remaining rainforest
would dry out, and die of drought or forest fire.

The WWF warns the Amazon’s flora stores
between go and 140 billion tons of carbon. If each
dying plant were to release its carbon into the
atmosphere, the increase in greenhouse gases
would greatly accelerate global warming.
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constrictor

These snakes kill by crushing
creatures in their coils before
swallowing them.Uptoa
staggering four metres (14 feet)
long, they can eat prey whole
by dislocating their jaws.

JOURNEY DOWN
THE AMAZON

The Amazon startsits journey to the Atlantic Ocean in
Peru. Its ultimate source is high in the Andes, Earth’s
longest mountain range that extends 9,000 kilometres
(5,592 miles) along South America’s west coast. From
there, it flows eastwards through the lowlands of
Colombia, Ecuador, Brazil and Bolivia. Joining it on the
way are more than 1,000 tributaries with sources in the
Andes, as well as the Brazilian and Guiana Highlands.

RAINFOREST
REACHES

More than 1,000 tributaries flow
into the Amazon asitwinds
from Iquitos 3,700 kilometres
(2,300 miles) downhill through
the lowland rainforest. The two
biggestare the Rio Solimdes and
Rio Negro, which join the
Amazon downstream of the
jungle port of Manaus, 1,600
kilometres (1,000 miles) from
the ocean. Sea-going ships can
travel upriver to Manaus.

Rio Negro means ‘black river’
because the waters are stained
tea brown by decaying forest
leaves. Thisriver contains little
sediment because it begins on
the hard ancient rocks of the
Brazilian Highlands.

The 3,380-kilometre
(2,200-mile)-long Solimdes,
meanwhile, originatesin the
Andes, which are eroding
rapidly. Its waters are yellowed
by around 400 million tons of
sediment each year, which is
equivalent to the annual weight
of Britain’s discarded rubbish.
When the Solimdes and Negro
meet, their different-coloured
watersremain unmixed and
flow side-by-side for about five
kilometres (three miles); thisis :E:
the Encontro das Aguas. o

The Amazon’s source, the Nevado Mismi
mountainin the Peruvian Andes

This shotshows
where the two-toned
Solimdes and Negro

Middle features:
Manaus

4 RioNegro
Madeira/

Rio Solimdes 3

Encontrodas —
Aguas

Golden lion
tamarin
Thesesquirrel-sized monkeys
areamong Earth’s most
endangered species with fewer
than1,500leftin thewild.
Around 9o per cent of their
habitat has been cut down.
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- Yangtze
6,300km (3,915mi) - Asia’s
longest river and Earth’s
third-longest. China’s Three
Gorges Dam holds back the
Yangtze behind a wall

Amazon Nile
6,800km (4,225mi) - The 6,695km (4,160mi) - The
Amazon is the biggest river in Amazon'’s rival for the title of
the world by flow, and arguably longest river, the Nile is typically
Earth'’s longest river. Its more considered the winner. It has
than 10,000 tributaries drain two main tributaries: the White

Mississippi-Missouri
5,971km (3,710mi) - The
Mississippi and its tributaries
are Earth'’s fourth-longest
river system. The Mississippi
Basin covers more than 32

Yenisei-Angara
5,539km (3,442mi) - The Yenisei in
Russia is Earth’s seventh-longest
river, depending on where you start
measuring. The river’s tributaries
arguably flow via Lake Baikal,

the Earth’s largest river basin. and Blue Nile.

stretching over 2km (1.2mi).

per cent of the US's land area.

Earth's deepest freshwater lake.

Half the world's approximately 100 undiscovered tribes of people live in the remote Amazonian rainforest

THE UPPER AMAZON

The Amazon’s source is on the ice-covered slopes
of Nevado Mismi, a 5,597-metre (18 363-foot)
mountain insouthern Peru. Trickles of snowmelt
become hundreds of tiny rivulets, which growinto
creeks as they run downhill. Amazingly, no one
had pinpointed the Amazon'’s origins more
accurately than ‘the Andes’ until asshorta time
ago as the Nineties. Scientists still debate which
creekis the Amazon's true source.

-

The Amazon gushesinto the Atlanticviaa
huge estuary 240 kilometres (150 miles) wide
~that’s broader than the English Channel.
Here the river dropsits sediment as a maze of
islands, salt marshes and sandbanks.

The estuary is split into several smaller
channels. North of Marajo, an island larger
than Denmark, the main river divides into
two.Asmaller arm of the Amazon runs south

Jaguar

Earth's third-biggest cat after
tigersand lions, jaguars can be
1.8 metres (six feet) longand
weigh 550 kilograms (250
pounds). Once widespread,
they'renow common onlyin

‘a remoteregions like the Amazon.
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These creeks merge to become the Apurimac
River, which cascades through Earth’s third-
largest canyon as white-water rapids. The
Apurimacjoins the Urubamba, which flows
beneath the Incan city of Machu Picchu to form the
Ucayali. This meanders northwards through thick
forests east of the Andes until it joins the Marafién
River, southwest of Peruvian port Iquitos. At this
junction, the river officially becomes the Amazon.

of Marajo past the Brazilian port city of Belém.

Upper features:
Nevado Mismi
Iquitos

Apurimac Canyon
Ucayali River
Machu Picchu

The longest chain of
barrierislandsin the
world (54in total) sit
south of the river's mouth

MOUTH OF THE AMAZON

The estuary hasno delta. Ocean currents
carry the 13 million tons of sediment that the
Amazon discharges daily north-west to form
anunderwater debris cone.

Tides flow up the estuary, changing river
levels perhaps 970 kilometres (600 miles) from
the ocean. Before springtides, a tidal bore
called the pororoca roars upriver at speeds of
more than 24 kilometres (15 miles) per hour
forming a four-metre (12-foot) water wall.

Lower features:
MarajéIsland
Belém
Tocantins River
ParaRiver

Thesevivid, iridescent moths
areactiveduring the day -
unlike the vast majority of
moths-andlivealong
rainforestriverbanks. Theyare
migratory, often flyingalong
the course of rivers.

4,225mi)

Discharge:
> 119,000m?3/s
(4,200,000
ft3/s)

Maxim_um
elevation:

6.5km
4mi)

Drainage/
basin area:
7050,000km?
(2,720,000mi%)

Outflow:
Atlantic Ocean

¥ &,
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Toucan

The toucan’s bright-coloured
bill canreachahuge19
centimetres (7.5inches)long-
that’s30 per cent of the bird’s
bodylength! The beakisvery
light though becauseit’s
honeycombed with air.
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Iron fertilisation
Deliberately triggering huge
plankton blooms by scattering
powdered iron into ferrous-
deficient oceans could help
algal blooms to absorb excess
CO, in the atmosphere.

‘Oilgae’

Algae can be turned into biofuel
by cultivating special oily species
and crushing them (or adding
chemicals) to extract the oil. This
becomes biodiesel, which can
then be used as a green fuel.

Snow blooms
Another colourful consequence of
algae occurs on the surface of Arctic
ice. Also known as watermelon
snow due to its pink appearance,
this bloom is down to a green algae
that contains a red pigment.

Alien algae
It has been suggested that
there could be algae
present in the subterranean
ice on two of the four
Galilean moons of Jupiter:
Ganymede and Europa.

Edible algae
A common form of algae is
seaweed, which is very
good for you. It’s high in
protein, low in fat and also
contains a number of
health-promoting minerals.

’ Human activity, such as agricultural runoff, can also be to blame for the excess nutrients that can cause red tides

i ?

red tides:
you might first think...

micro-organisms called dinoflagellates - which
algae grows, or blooms, more rapidly than usual in order to
ofa certain species of dinoflagellate, or phytoplankton.
Despite therather startling appearance of a sea turned red,
phytoplankton canrelease harmful substances into the water.
the creatures that feed on them, and subsequently any humans
also cause spectacular bioluminescence at night. One species
with somethingin the ocean, a chemical reaction occurs when
catalyst for a chemical reaction that releases a flash of blue

Why crimson seas are not
as unbelievable a sight as
Ared tideis the rapid accumulation of a mass of
Q aquaticalgae made up of mobile single-celled
- means ‘whirling whip’ due to the nature of the
tail-like projections that propel them through the water. The
consume nutrients that have suddenly risen up from the colder
depths of the ocean below. The red hue is down to the presence

Together with the more abundant diatom algae,
dinoflagellates make up the majority of ocean plankton.
many algal blooms are actually harmless. However, you
shouldn’t consume seafood following ared tide as certain
Some dinoflagellates can produce toxins when eaten by other
creatures and the harmful substances then concentrate inside
who go on to dine on the contaminated seafood.

The billions of microscopic dinoflagellates inared tide can
in particular - the lingulodinium polyedrum - can create its
own light from within. When the organism is jostled or collides
an enzyme called luciferase and a substrate called luciferin,
both contained within the organism, combine. Thisis the
light. When this occurs millions of times simultaneously, the
effect is quite remarkable for onlookers.

£
tell jfan algal
bloom off the coast of
3 Patagonia, showingthelarge
: scale that they canreach
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Adinoflagellate algae in
allits bioluminescent glory

“Despite the startling appearance
of a sea turned red, many algal

blooms are actually harmless”
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Some of the biggest dust storms take
placein the Middle East where
they’re known as haboobs

Dust storms

What causes immense clouds of dust
to form and sweep across the land?

Although common in the American Southwest, dust storms
occur all over the world. They form when the windina dry
sandy region - without the moisture needed to hold the earth
together -is high enough to dislodge the top layers of dirt.

When the wind displaces these soil particles, silt, and sand they can
be transported huge distances via a number of processes, including
suspension and saltation. Suspension involves the smallest particles of
dust that canliterally be suspended in the air and carried on the wind.
Saltation, meanwhile, occurs when larger grains bounce along the
ground, picking up and dislodging more particles along the way.

In the Thirties, a series of major dust storms tore through the Great
Plains of North America. Known as the Dust Bowl, these storms were
caused by a combination of serious drought and high winds, aswellasa
more human factor. During WWI, a high demand for food led farmers to
work the land intensively, doing away with crop rotation, leading to
loose, dry topsoil. This, together with arid conditions and high winds,
resulted in many dust storms that left the landscape unrecognisable.

Living stones
Why do these plants
look like pebbles?

The lithops (from lithos,
meaning stone) genus of
flowering plant, similar to
» the cactus, isaremarkable
species that - although entirely organic
-looks like a small pebble. Botanist
William Burchell found the plant while
exploring Africa in the early 1800s.
So-called living stones, these plants
grow mainly in the sandy soils of the
southern hemisphere, where a rocky
appearance serves asa great disguise.
The structure of the living stone
consists of two oversized fleshy leaves
that have evolved to retain moisture.
The leaves have a split in the middle
from which a daisy-like white or yellow
bloom appears during the summer in its
native territory, such as South Africa.
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“‘Amazingly, it's the male

seahorse that bears the young”

©SPL

Horse-like
appearance

Unlike actual horses, seahorses are not
gpeed sprinters. In fact it's quite
ifficult for this creature to get around

Brood pouch e
The female deposits her

eggs here for the maleto
fertilisein his body. The
eggsremainin the brood

pouch until they hatchinto
babyseahorsesand

venture out.

explained |,

Discover what
makes this
equine marine
creature so
unusual

% Usually found in the
”-» sheltered shallows of
warm coastal areas,

“ theseahorseisabreed
of bony fish that mates for life.
They swim upright and have a
distinctly horse-like appearance,
hence their name. Amazingly, it's
the male of this species that bears
the young. The female deposits
her eggs into the male’s brood
pouch on its ventral side, which
he then fertilises internally. The
eggs later hatch into tiny
seahorses inside this pouch.

Stomach (not shown)
That’sabitmisleadingas the

~ Body

The entirety ofa seahorse’s body
-except for the male’s brood pouch
-isprotected by plates of bony
armour, so predators tend to leave
seahorsesalone. Their size ranges
from1.5-35cm (0.6-14in) long.

Dorsal fin

For propulsion the seahorse hasa
small dorsalfin, which can flutter
around 35 times per second. The
creature movesverticallyup and
down through the water by
increasing or decreasing,
respectively, the volume of
gasthat’sinsideits

» swim bladder.

seahorseactuallydoesn’thavea
stomach. Instead the food they eat
-note, they have no teeth - passes
straight through their system. This

iswhy they must consume somuch.

Prehensile tail

Theseahorse uses thistactile
appendage to cling to corals, reeds
and other marine vegetation so they
can catch passingtiny sea creatures.
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BARESECOLUMN AHecm (177|n) aprrox ace ©2-65M yrs

PLATEAU AREA 3,800km2 (1,467m|2) Bien 12m (36ft)

— Di th igi fthi
How was the Giant’s ol phonomenonin

orthern Ireland which

causeway fOI‘mEd? consists of around 38,000

basaltic columns

On the north-east coast of County Antrim
in Northern Ireland lies an unusual rock
formation which draws in millions of visitors

# fromaround the world everyyear. They flock to
seeavast plateau of polygonal basalt columns - commonly
known as the Giant’s Causeway - which looks like a carpet
of enormous stepping stones extending out into the Irish
Sea. The basalt pillars that make up this amazing rock
formation dramatically range in size from a matter of
centimetres to several metres high.

Although the Giant’s Causeway is so-named due toan
ancient legend, its formation actually began up to
65 millionyears ago during the Tertiary period when
volcanicactivity forced tectonic plates to stretch and
break. This caused magma to spew up from inside the
Earth and spill out across the surface as lava.

The temperature of erupting lava can range from
between 700 and 1,200 degrees Celsius (1,292 and 2,192
degrees Fahrenheit). However, upon contact with the
surface itwill immediately begin to cool. At first this
cooling is extremely rapid and this resultsin a hardened
crust forming on top of the superhot substance, which
insulates the still liquid lava below. Because the lavais
now insulated the cooling becomes increasingly slow over
time. While you could probablywalk on the crust after just
halfan hour or so, thick lava flows can take many years to
cool completely and solidify all the way through.

While the temperature falls the lava dries out, and it’s
this drying that causes the solidifyinglava to crack and
formregular pillars of basalt rock. The size and shape of
each column is determined by the rate at which the lava
coolsand dries, and therefore the speed at which what's
called the ‘drying front’ moves. Scientists from the
University of Toronto discovered that the slower the
cooling rate the larger the basalt columns that formed.

Polygonal
il of rock

Though the number of sides to each
pillar varies, of the 38,000 basalt
columns the majority are hexagonal
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Record breaker The pits Mini me Pythons can swim Vestigial hind limbs

The longest python recorded was Before killing their prey through Pythons can lay up to 100 eggs There are some 30 different Like boas, pythons possess
areticulated python called Fluffy. constriction, pythons seek out at a time - usually in the vacated species of python, all of which visible pelvic spurs, which are
Although native to SE Asia and their warm-blooded dinner burrows of other animals. The are good swimmers. Most the evolutionary remnants of
the East Indies, Fluffy lived at a with special heat-sensing pits baby pythons are born alive and species are ground-based, but back legs. These tiny bones
200 in Ohio, USA, and measured located in their mouths, look just like miniature versions some climb trees while others towards the tail end suggest
a whopping 7.3m (24ft). between their eyes. of their adult counterparts. burrow underground. they descended from lizards.

The African rock python is a protected species which plays a vital role in controlling rodent populations

cLry

Rdiigythbﬁs have a diverse diet
_\ which incliides everything from
small antelopesto crocadiles

\

Discover how Africa’s largest:

killsand consumesitsprey. ,..”

Despite being non-venomous, the python remains
one of the world’s most dangerous serpents. The
Africanrock python, in particular, isa very deadly
assassin, also notorious for beingill-tempered.
Pythons incapacitate their prey by literally squeezing the life
out of them, coiling their long - sometimes seven-metre (23-foot)
-bodies round the victim and tightening their grip until the
animal, unable to breathe, eventually suffocates. That done,

the python then sets about consuming their meal...in one go. ] ¢ ; “ SENSSEE © Tigerpython
Equipped with a set of highly flexible jaws, stretchy skin and (equatorial Africa) \ 5 & : Rock pythons

ribs hingedwith extra—supplg tissue, the Afric§n rqck python De tsand v Type: Reptile

candown its quarry whole. First the python slides 1§s mouth semi-arid SR e edEe

over the head of the prey and then gradually moves its body regions Diet: Carnivore

along the length of the animal with the help of an expandable
throatand abdomen. The animal is then digested over a matter
ofhours, or even daysifit’s particularly large. Following such a
meal, the python need not eat again for several weeks.

Life span in wild: Up to 25 yrs
Weight: Up to 100kg (2201b)
Size: Up to 7m (23ft)

©NASA
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“There are now roughl clfl oo million
t

ENVIRUNMENT domnestic cats arodn

Feline anatomy

e world”

Cats can point their ears forwards
or backwards independently to
pinpoint sounds. The complex
foldsand flaps help with thisas
well, by cancelling out certain
frequencies of sound and
amplifying others. Cats can hear
frequenciesa whole octave
higher than even dogs.

Domestic

The tricks, skills and
amazing features of the
world’s most popular pet

Cats originated in the Middle East, descended from the African
}_ wildcat. They were domesticated sometime in the Stone Age, probably
around the development of agriculture, when grain stores began to
attractratsand other pests to human settlements. Cats in the wild
make almost no sounds to one another, butamong humans they have a wide
repertoire of purrs, hisses, mews and yowls. These are all designed to
communicate with us and research has shown that stroking a cat stimulates the
hormone oxytocin in humans, which helps us feel relaxed and happy. A
9,500-year-old grave in Cyprus has been found of a Neolithic human buried next to
a cat. There are now roughly 500 million domestic cats around the world but
geneticanalysis has revealed that they are all descended from just five females.
Many domestic cats have a semi-feral lifestyle where they will take food from
several different households as well as hunting for themselves. To this end, cats
still retain most of the hunting skillsand instincts of their ancestors. Cats are quite
hardyand can getall the water they need from eating meat. Interestingly, they
canalso drinkseawater. Cats mainly hunt at twilight; their eyes can operate with
just one-sixth of the light that we would need to see by and their hearingisamong
the mostacute ofany mammal. In the UK, cats kill 64.8 million birdsayear;
indeed, 30 per cent of all sparrow deaths are down to a feline culprit.

How cats eyes work

Eye socket " oy ok Tapitum lucidum
Catshave muchlarger % Areflective layer on the
eyesocketsrelative to backof theretina. Light
theirskullsize than is bounced back for
most other mammals. another opportunity

tobeabsorbed.

Retina

Pupil ....................... '3 \& " ¢ ? Cats can distinguish
Inlowlight, the pupil 4 blue andyellow-green
can expand to cover colours but have limited
almost thewhole eye. sensitivity tored.
? _/ N

Slit pupils 4 4

To preventimage ' | i

distortion in bright ]

© DKImages

light, cats contract

. 3,
their pupils toaslit & / - _/
instead of a point. ) S Z
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Turkish
Angora

This ancient breed has
medium-length fur with
no undercoat. In Turkey,

Maine Coon

' According to folklore, this
North American breed is
the result of feral cats
mating with raccoons.
Alas, that's genetically
impossible.

national treasure.

the breed is considered a

Persian

The very long coat is a
recessive mutation.
Originally Persian cats had
longer muzzles, until
breeders selected for

the flatter face.

- SMELL

The inside of a cat’s nose has twice
the surface area ofa human’sand
their sense of smellis 14 times
more sensitive than ours. Catnip
contains the chemical
nepetalactone, which is similar to
cat pheromones and cats can
detect thisat concentrations of
less than one partina billion.

All members of the feline
family lack one of the genes
needed to beable to taste sweet
things. Cats have very rough
tongues, but when they drink
only the smooth tip is dipped
into the water. Cats are lactose
intolerantand milk can cause
stomach upsets.

- ‘ .................... TOUCH

Cat whiskers have sensitive
nerve endings thatallow the
animal to build a three-
dimensional map from air
currents and contact with
objects. When a cat bites, the
whiskers bend inward to form
abasketso that it can pinpoint

thelocation of its prey even
whenitistoo close to see.

Teeth

The canine teeth
arevery closely
spaced. Catskill
byseveringthe sreseenanant
spineatthe neck.

By easene’

eenananny

Floating collar

The clavicle bonesaren’t
attached to the skeleton,
allowing cats to squeeze
through any space that

Extra vertebrae " Short intestine )

~
-
cat anatomy Cats have one more thoracic Catsare obligate

vertebra and two more carnivores. Their short
lumbarvertebrae than intestine is specialised for
humansin their spine. This digestingmeatand can’t
makes them more agile. copewith plant matter.

How do cats land
on their feet?

The self-righting reflex develops at
seven weeks old. In a3ocm fall, cats
can perform a midair 180° turn

1. Curl up
The catstarts by
bendingin the
middle, so the
frontand back
halvesrotate
around two
different axes.

Pr—— 2. Tuck
and spread
The frontlegsare
pulledinand the
. backlegs spread
outwide.

3. Half twist
When thespine
twists, the front
halfrotates faster
than theback,
likeanice skater
tuckingin for
aspin.

e ], Repeat
Pullingin the
backlegsand
spreading the
frontallows the
cattorepeat the
procedureto
rotate therear.

© DKImages

Precise steps
Cats ‘directlyregister’,
which means the hind
pawstepsin the paw
printof the front. This
helps cats move silently.

Tail

willfit their head. Paws

9 The tail helps with
Carpal pad balance when jumping,
Resemblingasixthtoe, this but even catswithout

R ﬁgzﬁg&iﬁiﬁzvggga ___ padonthewrists provides tails canright

rather than the flat of the foot.

extra gripwhenlanding. " themselvesifthey fall.
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Extreme vehicles
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Future vehicles

General

SUPER HIGH-
SPEED TRAINS

A new series of advanced supertrains are
beginning to roll out. How It Works gets on board

to see what technologies set them apart

-
&= | EARN MORE

For over 200 years trainsand rail

travel changed very little. New
M) |ineswere builtand trains

travelled on them to and from stations.
Sure, speed hasincreased, with steam
engines making way for petrol ones, and
those replaced by electric varieties, but
fundamentally, there has been little
innovation in the field. Compare the
evolutionin the car or aviation industries
injustthelastiooyears, and suddenly

[=] Pz ]
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this becomes more obvious; think of the
Wright brothers’ biplane to the F-35
Lightning II- the technological
advancement is mind boggling.
Excitingly though, with the turn of the
first decade of the 21st century, there
promises to be a revolution in the field of
rail travel. Driven by a need for cheaper,
faster and more environmentally
friendly forms of travel, the rail industry
suddenly findsitselfin the spotlight once

more, with new designs, technologies
andinfrastructuresaiming to radically
overhaul the industry. From novel
network structures, to tilting train
engineeringand on to electronic, fully
automated control systems, rail travel is
evolving faster than a runaway express.
Soit’sall-aboard aswe run through some
of the speediest and most innovative rail
tech currently on the marketaswell as
what’sin the pipeline.
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Configurations
The AGV is offered in trainset
configurations of 7, 8,10, 11 and
14 cars. Up to three seven-car
trainsets can be bolted
together to form one supertrain

Customised

Each AGV trainset is designed
basically as a hollow tube that
operators can then fit out.
Areas for leisure, work,
meetings, reading and rest

Connected
AGV trains are equipped with
an Ethernet backbone. This
delivers both on-board
internet as well as Wi-Fi and a
host of multimedia services.

Peaceful

The driver’s cabin has been

with the result of intensive
acoustic studies bringing
levels within the cab down to

optimised for noise reduction, *

Savings
Each AGV delivers energy
savings of 15 per cent compared
to older models. This is due toa
reduction in weight, the number
of bogies (wheel trolleys) and

before detaching later.

can all be installed accordingly.

The system is also modular.

78dB at 330km/h (205mph).

reduced aerodynamic drag.

The first AGV fleet is currently in Dperatfon by Italg s Nuovo Trasporto Viaggiatori [NTV]

Moving Platforms

Britain’s leading transport designer
has unveiled a next-gen concept for
an interconnected rail network

Moving Platforms is a brand-new
concept for the future of rail travel.
Designed by Paul Priestman - creator
of the Mercury high-speed concept
train-theideaisbased ona
completely joined-up rail network
thatallows passengers to transfer
fromlocal trams to high-speed trains
without ever stopping.

The system works as follows. A
network of high-speed trains (like

that of the Japanese Shinkansen)
runs continuously on a nationwide
level. This network runs via major
citiesand key commuting
destinations, carrying many
passengers at high speeds. However,
aseach of these trains passes by a
destination, rather than pullinginto
astation and stopping to let offand
let on passengers, it instead merely
slows down a little.

Once bothvehic
Jjoined, passengersean
“tranisfer from one to the other

Asthe high-speed train slows, a
local lower-speed tram draws
alongside it, temporarily matching
its speed. Next, the vehicles connect
viaa dock, before opening their
doors to allow passengers to transfer
from one to the other. Finally, the
trainand tram separate again, and
proceed on their separate lines, with
trams stopping atlocal stations to

_— R e

allow passengers off the network.

AGV TDP SPEED 357MPH i

Absorber
Inthenoseisan energy
absorption device, which
helps mitigate damage in
the eventofa crash.

Brakes
TheAGVis equipped with
an electrodynamic

Cockpit braking system, allowing
Thedriver’s controlsare eachtrain to produceits
centrally positioned, and own electricity that canbe §

fed backinto the grid.
Monitoring System (TCMS)
et D A

s usea Train Controland

The statistics...
Alstom AGV 14

Operator:
Nuovo Trasporto Viaggiatori

Suatid

Pantograph
The AGV's pantograph,
which collects electricity
fromaparallelwire, is

' equippedwithareal-time
© electronic control system
thatensuresaconstant
and consistent current.

Formation: 14 cars per trainset
Capacity: 700

Body material: Aluminium
Total length: 252m (820ft)
Width: 2.75m (5ft)

Weight: 510 tons

Doors: 2 per side

Max commercial speed:
354km/h (220mph)

Traction system: Onix 6.5kV
IGBT power modules, 3,600V
power bus, PPMs

Traction
Each AGVispowered by a
new traction system that
bothreducesweightand
improves energy efficiency.

Power output:
12MW (16,000hp)

Electric system: 25kV AC,
M 50Hz overhead catenary

Power delivery:
Overhead pantograph

EUROPEAN FLYER

The Alstom AGV isa bleeding-edge piece of kit, wrapping
up many of the best technologies currently available into
atrainthat can not only cruise atalmost 360 kilometres
(225 miles) per hour, but do so while delivering a 30 per
cent energy reduction over its predecessor.

Indeed, although it boasts other features, speed cannot
be overlooked with the AGV. Commercially the train is
artificially limited to 354 kilometres (220 miles) per hour,
butina test undertaken by Alstom in April 2007, the AGV's
traction and bogie system (a chassis that carries the
vehicle’swheels) propelled a test model to a blistering 575
kilometres (357 miles) per hour, which today in 2012 has
yet to be topped anywhere in the world. For a little
perspective, thatisa speed that would get you from
London to Istanbul in just under five and a half hours.

WWW.HOWITWORKSDAILY.COM

This top speed comes courtesy of a water-cooled
traction system capable of outputting 11,930 kilowatts
(16,000 horsepower). This traction system is composed of
multiple Onix 6.5 kilovolt IGBT power modules, a
3,600-volt power bus and, mostintriguingly, a selection of
in-bogie-mounted permanent magnet motors (PMMs).
These magnetic motorsare of the asynchronous type and
are supplied with electricity via converters in partnership
with a high-voltage switch. The motors are arguably key
to both the improved top speed of the AGV as well as its
huge reduction in energy consumption. This is because
theyare both lighter and more compact than previous
versions, butalso because they offer an improved
power-to-weight ratio of over one kilowatt per kilogram in
addition to sport-simplified ventilation circuits.

® FranMonks

Interview
Paul Priestman

We speak to the designer of
the Moving Platformsrail
infrastructure concept
about the future of trains

How It Works: What was the

inspiration for Moving Platforms?

Paul Priestman: | thought why do

trains have to stop and, then, why is

there such a problem of connectivity

between trains? Also that, by their

very nature, you can’t run high-speed

lines through the centre of cities

because of the disruption and cost, so

how do you get to those stations as

they are on the outskirts of cities?

Further, stations take up a large “
quantity of land and are only really
used by people for minutes each day,
requiring car parks and, as a direct
consequence, more cars and buses on
the road to get people to them.

HIW: Could you tell us a little about
how the Moving Platforms docking
system works?

PP: So the idea is that the lower-speed
tram travels round a city picking
people up and then it moves out and
joins a main, higher-speed commuter
line that runs parallel in part to the
primary high-speed line that the train
utilises. Then the high-speed train -
which is passing by the city - slows
down to 70-80 kilometres [40-50
miles] per hour and the tram speeds
up to the same speed, pulling
alongside it, and then the two
vehicles’ systems electronically link to
become one, opening an aircraft-style
boarding gate between the two. This
allows passengers from both vehicles
to move into the other.

HIW: What would be the main
advantages of such a system if it
were to be put in place?

PP: There is both [substantial] speed
and energy savings - the latter
especially so - as you don’t have to
keep stopping these large vehicles at
fixed stations and then accelerating
them once again each time that a
passenger transition is made.
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Pressure

The380A’s body is highly
pressurised and rigid to ensure
ride quality at highvelocity.

Traction

YQ-365motors in partnership
with Cli1 converters maximise
the traction power.

The CRH380A is one of the world’s fastest
trains. Why? Well, a test run top speed of
513 kilometres (319 miles) per hourand
artificially limited commercial top speed
of356 kilometres (221 miles) per hour
certainly help, as doesa maximum
power output of a titanic 20,440 kilowatts
(27,410 horsepower), but in reality it is
due to the collaboration ofa number

of low-visibility yet integral state-of-
the-art technologies.

Let's start with the 380A’s
aerodynamicsand stability. Alow-
resistance, streamlined head deliversa
nose resistance coefficient of less than
o.13and allowsa direct reductionin
aerodynamicresistance, aerodynamic
noise and aerodynamic lift over its
CRH2A predecessor.

This is partnered with a newrigid,
pressurised body - which keepsthe
pressure change rate inside the train at
less than 0.002 kilograms per square
centimetre (0.029 pounds per square
inch) per second -and lightweight
aluminium alloy body. Another system
also reducesvibrationsat high speed to
ensure passengers getasmooth ride.

Traction and bogies follow suit. Each
380A is equipped with SWMB-400/
SWTB-400 bolster-less bogies, which
have been totally redesigned to delivera
critical instability speed of 550
kilometres (342 miles) per hourand a
derail coefficient of 0,34 at 386 kilometres
(240 miles) per hour. The traction system
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Bogies

“The train has cut commuting times
between Shanghai and Hangzhou
from 1br 18mins to just 45mins”

! P CRH380AL

Each380A s equippedwith bolster-less

bogies, which offer a critical instability
speed of 550km/h (342mph).

CHINESE DART

uses Zhuzhou ElectricYQ-365 motors and
CI1 converters, which are supported by a
new power unit configuration. The
combination of both these technologies
grantsthetrainao0-236 miles per hour
time of seven minutes.

Lastly it'sworth mentioning braking
and noise. The 380A utilisesa
regenerative braking system that, in
optimal conditions, produces a feedback
energy rate of 95 per cent. This means
that with each stop a trainset makes, a
substantial amount of electric power can
be fed backinto the electric grid to be
recycled. Noise from braking procedures
and general operation has reduced
significantly too with the integration of
sound-absorbing and insulating
materials. These combine to deliveran
average noise level of just 67-69dB in the
driver’s cabin when travelling at 349
kilometres (217 miles) per hour. While
this may seem unremarkable at first
glance, it becomes more so when you
consider that the CRH2A sported the
same noise level when travelling at just
250 kilometres (155 miles) per hour!

Despite the 380A's top speed being
limited by a computerised control
system, sinceits mainstream
introduction in 2010, the train hashad a
dramaticimpact, reducing commuting
times between Shanghaiand Hangzhou
-which amounts to around 180
kilometres (111 miles) - from 1hr 18min
down to just 45 minutes.

Operator:
Chinese Ministry of Railways

Formation: 16 cars per trainset
Capacity: 1,066

Body material: Aluminium
Total length: 401m (1,317ft)
Width: 3.38m (11.1ft)

Height: 3.7m (12.1ft)

Doors: 2 per side

Max commercial speed:
356km/h (221mph)

Traction system: IGBT-VVVF
inverter control

Power output:

20.4MW (27,410hp)

Electric system: 25kV AC,
50Hz overhead catenary

Power delivery:
Overhead pantograph

A380A's next-generation
driver’s cabin

“The 380A utilises a
regenerative braking system
that, in optimal conditions,
produces a feedback energy
rate of g5 per cent”

ACRH380A Teaving Shanghai's
Honggiao Station
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The CRH380A has a restricted commercial top speed

of 221mph but can reach 319mph

-

Specially designed
low-noise pantographs as
well as cover-all hoods for
bogies allow the N700 to
reducedragandalso
noise for passengers.

"

rate of 2.6 kilometres (1.6
miles) per hour per second
and capable of carrying 1,323
passengers per trainset
between Tokyo and Osaka in
just2hrs2smins, the Nyoo s,
without doubt, one of the best
trains on the planet.

Speed comes courtesy ofa
traction system that consists
of 56 305-kilowatt (409
horsepower) unitsand
producesa total power output
of over 17,000 kilowatts (22,900
horsepower); thatisthe
equivalent power generation
of 19 Bugatti Veyron Super
Sports - the world’s most
powerful road car. This raw
power enables the N7o0 to
cruise comfortably ata speed
of300 kilometres (186 miles)
per hour, which is artificially
limited down from its
theoretical top speed of330
kilometres (205 miles) per

hour. The traction system also enables it to
accelerate faster thanany other trainset in its
class on Earth, hitting 274 kilometres (170
miles) per hour in less than three minutes.

: \ N,
The Shinkansen N7o0o0 is but the latestin along
line of super high-speed trains operated
throughout Japan’s standard-setting
Shinkansen rail network. Delivering

commercial speeds north of 290 kilometres
(180 miles) per hour, sporting an acceleration

Shinkansen N7oo
Operator:
Japanese Railway Company

Formation:
16 cars per trainset

Capacity: 1,323

Body material: Aluminium

Car length: 25,000mm (984in)
Width: 3,360mm (132in)
Height: 3,600mm (142in)
Doors: 2 per side

Max commercial speed:
300km/h (186mph)
Traction system:

56 x 305kW (40Shp)
Power output:

17.1IMW (22,900hp)
Electric system: 25kV AC,
50Hz overhead catenary

Power delivery:
Overhead pantograph
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W Y SHINKANSEN N7oo: TOP SPEED 205MPH |

The statistics...

Acceleration
Thanks toitsadvanced
traction system, the N700
canaccelerateat2.6km
(1.6mi)/h/s. Thisallows it
to gofrom o-170mphin
justthree minutes.

The Nyoo featuresa body
incliningsystei thatlets the

train tilt up to one degree on
eitherside, allowing fora
higher speed on bends.

BULLET

Indeed, it’s not just the fact that the N700 can
reach such high speeds that makesitso
cutting edge, but the fact that it does it so
efficiently-and can maintain it over long
periods of time. The key to the N700’s
consistent cruise speed isitsair spring-

powered active tilting system,
which allows the train to tilt up to
one degree on either side. This
body inclination enables the
N700 to accelerate continuously at
a constant rate even when
traversing curves in therail track.
Thanks to this feature, the Nyoo
sportsa 0-270 kilometre per hour
time of only 180 seconds -
precisely 120 seconds faster than
stock 700-series trainsets.

What is perhaps most
remarkable about the 700 series,
though, isitsreliabilityand
safety. First, the Shinkansen
network runs across train tracks
without obstacle (thatis, there
are no crossings), elevating the
track when necessary to avoid
thingslike roads. Second, the
average delay ofany 700 series
acrossan entire yearis
staggeringly just30seconds.
Third, and finally, throw in the
fact thatsince 1964 the

Shinkansen series of trains has not had a
single fatality due torail crashes, and it is easy
to see why the N7o0 and the Shinkansen
network as awhole is world renowned.

“Speed comes courtesy

S

© Spaceaeroz.

of a traction system
with 56 305kW units that
produces a total power

output of over 17,000kW"

The Shinkansen network interconnects
over 8o per cent of Japan, allowing
passengers to travel hundreds of
miles in a matter of hours

400

Kilometres

MAIN STOPS
IN JAPAN

Primary lines
Kyushu Shinkansen
Sanyo Shinkansen :
Tokaido Shinkansen |

I: Tohoku Shinkansen
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Expand your mind...

Magazines, bookazines and DVDs about science,
technology, transport, space, history and the environment.
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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 Alook 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
e 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 facts included! A section dedicated b s il S opes
to the greatest inventions 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. How it Works

£9.99 bookazines

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

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

Hurry, stockis limited! ™
Order online lmagl neShop CO. Uk m

Twitter @imagineshopuk

MAGAZINES BOOKS DVD eMAGS DOWNLOADS
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Aircraft oxygen
masks explained

How these devices keep us
breathing in an emergency

Commercial aircraft are pressurised to a
maximum cabin altitude of 2,438 metres
(8,000 feet), which is the accepted limit for
@ people to breathe normally. However, ifthe
aircraft’s cabin pressure ascends to the equivalent of
4,267 metres (14,000 feet), or if cabin decompression
occurs, emergency oxygen masksarerequired.

Oxygen masks are stored above each passenger’s
head and can be manually dropped by the pilot or
automatically by an on-board electronic system. The
mask consists of three main parts: a facial connector,
concentrator bagand piping connection.

These masks are fed with oxygen from a central
reservoir - usually held in the cargo bay. Importantly,
emergency oxygen masks of this typeare only intended
asashort-term oxygen delivery replacement.

Shell

—nll

\

\ ‘ structure. Itis affixed
v

L

\\
\

Connection
Themask’scupand
concentrator are
supplied oxygenvia
aside-mounted
rubbertube, which
filtersgasfroma
centraltank.

Jet

Accumulator . i
TheF7'smeans of TheF7isinstalled ;fhe F}ZSS;?”;Sforlmfd ti
propulsion, the E-Jet e e o rom hard-integral plastic

isan electric
jetstream system
consistingofan
electro-motorand
encased running
impellerwithina
jetchannel.

— — )

designed accumulator
box, which storesthe
Li-ionbattery. The
boxis easilyremoved
forrecharging.

compositesand features
ahydrodynamicsurface

Cockpit

AnLCD display delivers
the pilot key data from
the motor’s electronic
system, likeremaining

Cup
Themask’scupis
made fromsilicone
andmouldstothe
passenger’s facial

byan elasticlanyard.

e &

Concentrator
Dependingonthe
altitude of the
aircraftorlevel of
decompression, a
concentrator bagcan
reduce the volume
of puregasused.

Grip

The F7’s control grips
allow the pilottoboth
accelerateand

coatingto maximisespeed
and agility in thewater. decelerate smoothly, as
: wellasprogram the

unit’s datamenu.

operatingtime.

Seabob Cayago F7

The ultimate high-performance marine toy explained

The Cayago F7is Seabob’s flagship water
and diving scooter. It allows a user to
traverse marine environments at high
speed and agility, be that eitheracross
the surface of the water, or diving through it down to

a depth of 40 metres (131 feet).

The F7is powered by an E-Jet, an electricjetstream
system that works on the principle of water
displacement. Water is drawn into the E-Jet when the
F7isinuse bya powerful rotating impeller and then
forced outina jet channel under high pressure. This
method of propulsion allowsit to hit 22.5 kilometres
(14 miles) per hour across the surface of the waterand
15.9 kilometres (ten miles) per hour when diving.

and perform sharp turns without any fear of losing
grip on the Seabob’s control handles.

Finally, the device is powered by a lithium-ion
batteryarray, which is installed within the F7’s
front-centre-slotted accumulated box that, due to its
modular design, is easily removed from the unit’s
main shell for a simple recharging process.

Seabob’s top-of-the-
range Cayago F7can
propelits user at speeds
up to15.9km/h (1omph)
when underwater

¥

Due to the high power of the F7, pilots can choose
tobestrapped to itviaan integrated belt system,
which is top-rear mounted to the unit. This enables
users of the marine vehicle to dive at high speeds
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HGVs stop?

Now a mainstay of heavy-
duty road vehicles, air
brakes can stop mlghtY
loads quickly and safely

% Airbrakeswere originally designed
to stop trains, however today - due
toreduction in their component size
and cost - they are equipped to
many heavy-duty road vehicles too.

Air brakeswork differently to those on
standard road vehicles, creating a system where
the brakes are always on when in a neutral state.
Assuch, rather than using compressed air to
activate a vehicle’s brakes, it is used instead to
deactivate them. This is a design feature very
much aimed to maximise safety, as if the air
brake system fails (ie the system depressurises),
then the vehicle will automatically stop rather
than suddenly have no brakes atall.

A compressed air brake arrayis divided into a
supply system and control system. The former
draws air into a compressor from the
surrounding environment, filters it for
impurities, stores itin a reservoirand then
distributes it to the control system. The latter
consists of a brake circuit and trailer brake
circuit, which themselves are splitinto frontand
rearwheel circuits. These individual circuits
receive air from the supply system’s reservoir.

Assuch, the brakes of heavy-duty road
vehicles are essentially engaged on a permanent
basis, requiring the driver to disengage them to
accelerate - ie the brake circuits’ release valves
are opened, dropping the contained air pressure
and releasing the physical brake components (ie
the callipers and brake pads) from the wheels,
leaving the vehicle free to move. %

Drive
= Theair compressoris driven off
™ thetruck’sengine either by
™% crankshaftpulleyviaabeltor
directly offits timing bars.

© Panoha

Filter
Compressedairisdrawnin
and thenrouted througha
cooling coilandair dryer to
remove moistureandany
impuritiesin the oil.

Distribution
Filtered airisstoredina
reservoir fromwhichitis
distributed via a four-way
protectionvalve into the
front/rearbrakecircuits.
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Hercules aircraft

“[The Hercules C-130 has the] ability
to lift the equivalent of seven fully
grown African elephants”

One of the longest-lasting and most widespread
military transport vehicles of all time, the C-130
Hercules remains to this day an aerial
behemoth, capable of flying thousands of
miles to deploy troops and vehicles alike

il The C-130 Herculesisa military transport
aircraft famed for its durability and
versatility, having been in active service
for over 50 years. Since itsintroductionin
December 1957, over 40 models and variants of the
Hercules have been produced and are used today by
more than 60 nations worldwide.

Theaircraft works by delivering a cavernous central
fuselage in which the vast cargo bay can carrya
plethora of civilians, soldiers, vehicles, equipment,
weapons and supplies over huge distances. This
makes the Hercules an ideal tool to aid military
operations in the 21st-century battlefield, a global
theatre of war where mission parameters often need
to adapt fluidly and at high speed.

Indeed, the sheer lifting power of the C-130 cannot
be overstated, with a single plane capable oflifting
northwards of 33,000 kilograms (72,753 pounds). To put
that in context, thatisan ability to lift the equivalent of
seven fully grown African elephants or 44 Mini
Metros! Asa heavy-lifting workhorse, the C-130 has few
competitors capable of matching itand, as such, has
seen off several contenders that were supposed to
replaceit (such as the C-5 Galaxy) and even spawned a
larger but rarer Super Hercules variant.

All that lift comes courtesy of four Allison T56
turboprop jet engines, each capable of generating
3,423 kilowatts (4,590 shaft horsepower). The
combined output makes this plane more powerful
than 15 Bugatti Veyron Super Sports - the most
powerful car on the planet. It also means the Hercules
cannotjustlift more than 33,000 kilograms (72,753
pounds), butitcandoso atboth high altitude (the C-130
hasaservice ceiling 0f10,000 metres (33,000 feet) and

™ AL
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athigh speed, with a cruise speed of 541 kilometres (336
miles) per hour. In addition, the titanic turboprops
allow the Hercules to climb at a rate of 9.3 metres (31 feet)
persecond, a fact that allows it to quickly getairborne
and out of range of many anti-aircraftarmaments.
Interestingly, despite the US Air Force aiming to
instigatea programme to produce areplacement for the
C-130in 2014 - for eventual delivery in 2024 - uptake for
the programme has not been marked. Further, in
December 2011, Lockheed Martin - the manufacturer
of the Hercules -announced two new variants of the
Hercules: the C-130X] and C-130NG. As such, despite the
aircraft being 57years old, it is unlikely that it will be
retiring in the next decade atleast.

Crew
Duetoitstremendous size
and flexible capabilities,
the C-130H is manned by
five crewmembers. There
are two pilots, a navigator,
flightengineerand
loadmaster. Duetoitslarge
carrying capacity, the
loadmaster’sroleis to
determine how to most
efficientlyload huge and
diverse cargo.

-130 Hercules

Avionics

Later modelsin the Hseries of C-130s are
installed with ring laser gyros, GPS
receivers, an upgraded APN-241 colour
weatherand navigational radar,
improved generator controland bus
switching unitsaswell asan integrated
radar and missile warning system.

The C-130's awesome versatility has
seen it adopted the world over

o 4
oo

BLUE Current operators Gl
GREEN Former operators
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Versatile
Despite being introduced in the
Fifties, the Hercules C-130 is
still a mainstay of militaries
worldwide, with over 2,300
built and over 40 different
variants in use today.

Elite

As of 2012, only five aircraft have
been used continuously for over
50 years. The C-130, English
Electric Canberra, Boeing B-52
Stratofortress, Tupolev Tu-95 and
Boeing KC-135 Stratotanker.

Georgia
The original prototype was
produced in California, where
it took its first flight. Since
production began, however, all
C-130s have been built in
Marietta, Georgia.

Super
A larger, more advanced
version of the C-130 is
currently being produced -
the C-130J Super Hercules. As
of November 2011, 250 have
been built and deployed.

Upgrade
In 2010 the Pentagon approved
funding for a selection of C-130s
to be upgraded with an Avionics
Modernization Program (AMP)
kit. A total of 198 C-130s will
feature the upgrade.

The Hercules C-130 was first introduced in December 1957

How It Works breaks down a
popular variant of this aerial titan

- Powerplant
: Due to itsimmense weight, four Allison T56-A-15
turboprop engines are equipped to each C-130H. These

aircrafttoreacharespectable top speed of 592km/h
(366mph). The T56 is a single-shaft turbopropwitha
14-stage axial flow compressor.

......................... Capacity
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produce a colossal3,423kW (4,590shp) each and allow the

N\

With a max takeoffweight of over;0,000kg (150,0001b),
the C-130H can carry up to 92 passengers, 64 airborne

troops, three Humvees or two M113 armoured personnel
carriers. If specced out fora medical role, a single aircraft
can carry 74 litter patients plus two medics.

The C-130is one of a prestigious
group of only sixaircraftto
have beenin continuous
service for over soyears

The statistics...

Hercules C-130

Crew: 5

Length: 29.8m (97ft Sin)
Wingspan: 40.4m (132ft 7in)
Height: 11.6m (38ft 3in)

Capacity: 92 passengers; 64
airborne troops; 3 x Humvee;
2 x M113 troop carriers

Payload: 20,000kg (45,0001b)
Powerplant:

4 x Allison T56-A-15 turboprop
(3,423kW/4,590shp each)

Max speed:
592km/h (366mph)
Max range:
3,800km (2,360mi)
Max altitude:
10,060m (33,000ft)

Engineerswork onthe
turboprop enginesofa
Hercules deployed in Iraq
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Kick off the History section
with a closer look at one of the
biggest - and most well-known
- dinosaurs to have walked the
Earth: the colossal diplodocus.
We also discover how wells
have provided us with fresh
water over the centuries, and
why the Sturmpanzer-
Kraftwagen, or A7V tank
ultimately proved a failure for
Germany in WWI.

78 Water pumps
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Diplodoc¢!

We find out how this mighty
dinosaur once lived

Diplodocus is, without doubt, one
of the most famous dinosaurs. It
belonged to the group known as the
sauropodomorphs and wasaround
inthe Late Jurassic period - specifically the
Kimmeridgian and Tithonian erasroughly
154-150 million years ago. It reached sizes of
up to 25 metres (82 feet) in length and was
predominantly found in what is now North
America. There were four species of diplodocus,
with the largest of these being seismosaurus,
which essentially translates to ‘ground shaker".
Diplodocus was part of the diplodocid family,
sharing the same characteristic of having 15
neckvertebrae, short forelimbs compared to
therestofits body and a whip-like tail. Its giant
neck made up a large proportion of its body, but
thereisstill some contention as to whether it
held its neck vertically or horizontally. Its
rectangular skull contained huge eye sockets
and nasal chambers, inaddition to along flat
jawline and a small space for its comparatively
little brain. Studies of its teeth suggest that
diplodocus fed using what is known as branch
stripping, where the branch of a tree is grasped
ina creature’s jaw and then pulled sharply up
ordown, tearing off foliage as it goes.
Foritstime, diplodocus was the largest
dinosaur around. It was later eclipsed by other
sauropods, but it roamed the tallest for at least
a few million years. Numerous diplodocus
bones have been found and studied by
palaeontologists, providing an insight into how
these giant dinosaurs were able to support
themselves and generally how they lived.

Diplodocus feet are believed
tohave been fleshyand
cushioned by thick pads,
muchlike those of elephants
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The largest confirmed dinosaur is argentinosaurus, which is estimated to
have reached lengths of 35m (115ft). As its name suggests, it roamed across
South America, and it was alive approximately 97-94 million years ago.

25m (82ft)

The teeth of
diplodocus were

i peglike, allowing
ittostrip foliage
from branches.

Stability
The outstretched tail y
counterbalanced the neck of the G AR = Spine
diplodocus, allowing the huge Runningalongitsback,

like other sauropods,
- ‘ were triangular spines
onitsvertebrae.

creature toremain stable.

- -

,'%
-

4 '
Vertebrae 0
Therewereasmanyas  :
80 caudalver@braein the :
.. tailofthediplodocus.

Tail s
It'shighlylikely thatit
was able to crackits
whip-liketailat
supersonic speeds, using
| itasaprimaryform of
| attaclkordefence.

Legs
Diplodoctus could weigh
upto1stons. It therefore
needed huge, trunk-like
legstosupportits
immensebodyweight.
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“Histaorically, water pumps were
invented to optimise water
retrieval from town wells”

Seed drills / Water pumps

Jethro Tull’s
seed dnll

One of history’s
greatest agricultural
inventions explained

Alkey invention during the British

Tines
The tines

"~ Agricultural Revolution, the seed he'pedﬂip“t
drill allowed for a semi-automated, lcll%g:r =

controlled distribution and

gathered
plantation of wheat seed. Designed by renowned  during
agriculturalist Jethro Tullin 1701, the drill went operation,
on tospawn many other mechanised planters ensuring
: X ; fluidity of
and ploughs, which many of today’s agricultural

h movement.
toolsand vehicles are descendents of. 3

The drill-which was made from elm wood
and consisted ofa wheeled wooden frame -
worked by carving three channelsinto the earth
into which seeds were dropped
from containersatregular
intervals. The seeds, once
dropped by the horse-
drawn drill, were then
covered by the harrow
(atrailing bar), which
gathered soiland evenly
deposited it over the
channels. For a detailed
breakdown of Tull'sseed
drill, check out the
accompanyingillustration.

Check valves
The checkvalves are one-way,
non-returnvalves, and allow
water to pass through first from
the reservoir and second through
the piston head on its journey to
the surface.

Cylinder -
The vertical body of the
pump, the cylinder
provides an enclosed
compartment for the
pump’s piston to

move through.

The piston descends and
ascends through the
cylinder, with water from
the lower chamber forced
through its head valve via
anincrease in pressure.

Reservoir
Amediating tank or
chamberwhere the
pump’s water is stored
ready for extraction.

©Manco Capac

078 | How It Works

17thand 18th-century
agriculturalistand inventor
oftheseed drill, Jethro Tull

Apiston hand pumpat the
Hinckley Reservation, Ohio

Seed boxes Hoppers

Sitting at the bottom of the The drill’s hoppers were chute-like
hoppers, these boxes containers that held the seeds en
distributed the seeds masse. They dropped from here
atsetintervals. into the seed boxes for scattering.

Three wooden, angled
funnels, which carved the
planting channelsaswellas

guided seedsinto them
from the seed box.

The spindles held the drills wheels
and hoppersin the correct
positions for even distribution.

Standards

The standards held the
spindles - and therefore the
drill’swheels - perpendicular
to the sheats and level.

Harrow
The harrow covered the seeds with soil
once deposited in the cut channels.

How do water
pumps work?

We break down a manual water
pump to see how it deliversH O

There are many different types of water pump, however
I /=~ Y themostcommonare positive displacementvarieties, such
asthe manually operated piston pumps which are often
found in parks, aswell as developing countries.

Positive displacement pumps work by trapping water from a central
reservoirand then forcing its volume upwards into a discharge pipe.
Thisisachieved most commonly through the use ofa valved piston and
cylinder, which when combined (see illustration), draw water via
suction up into a cylinder, before redistributing it through a descending
valved piston head into an expanding higher chamber. When the
piston begins torise, its own valve is forced shut by increased pressure
within the higher cylinder chamber, while the cylinder’s reservoir
valveis pulled open by a release of pressure in the lower chamber. This
allows pockets of water to be continuously drawn up from an
underground source to an outlet on the surface.

Historically, water pumps were invented to optimise the retrieval of
water from town wells, which previously had employed simple but
labour-intensive bucket-on-rope methods.

®

Force rod
The external lever of the pump,
the user must apply force to
thisrod to draw the piston up
and down the cylinder.
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BELFRIES

Heritage
Due to their age and
craftsmanship, many belfries
are now protected structures.

Calling
Belfries serve two main
purposes: the first to call
people to prayer and the

Origin
The first bell towers were
designed as early warning
systems against invasion. This

tsecsesesssosnsas
sssssssscesossces

In 1999 32 Belgian belfries second to announce the time. lineage can be seen in the Dutch
were added to UNESCO's list The latter is done on both term ‘belfort’, which combines
of World Heritage Sites. religious and civic buildings. ‘bell’ and ‘stronghold’.

Carillon
Some larger bell towers are
fitted with carillons, a musical
instrument consisting of an
array of variously sized bronze
bells. The bells are played via the
striking of an attached keyboard.

Lucky
The heaviest functioning
bell in the world is called
the Bell of Good Luck, and
weighs in at 116 tons. It's
located in the Foquan
Temple, Henan, China.

tessessesdsanssas
Cscecosssssos NN

MWYE The word belfry stems from the Old French word berfrei

Anatomy of a bell mechanism

The operation of any belfry’s sound-making apparatus

requires a host of mechanical components Headstock
Typically a block of wood from

which the bellis hungvia

vl\!hehell . b i Stay f h cannons (metal loops formed
The wheel is secured to the The stay extends from the at the top of the bell).

headstock and holds the end
of the bellrope. When the
rope is pulled, the wheel
spi.ns, and so moves the bell.

headstock and allows the
bell to be rested on the

sliderwhenitisrunginan

upright position.

Bell
The bellis connected to the
headstockvia the cannons.
Bells are typically made of
bell metal, a hard alloyand
form of bronze famed for its
resistance to oxidation.

- Clapper
The sound produced by the bellis
done so by the clapper, which strikes
the inside of the bell on either side

in opposition to its motion.

Slider
In partnership with the stay, this moving
wooden bar allows the bell to be rested
when rungin the upright position.

Belines explained

Found throughout the world, belfries are complex structures
whose bells have served many uses over the centuries

Belfriesare common features on both
religiousand civicbuildings alike

mounted withinan enclosed environmentand also
for their operation to be handled in another room or

~A
T

worldwide. Their purpose is to elevate one
or more bellsto a heightat which they can
be rungwith most effect - ie where thereislittle
obstacle to the passage of their produced sound.
Mounting bells within a belfryisa complex
operation, not least due to their extreme weight, and
assuch, theyare typically placed ina space-saving
mechanical array (see ‘Anatomy of a bell mechanism’
boxout). The array allows both multiple bells to be

Personal CNC for Home or Hobby

compartment further down the bell tower.

Bellsina belfry are rung traditionally by bell
ringers, who draw down anindividual bell'swheel
rope. This has the effect of rotating the wheeland
drawing the connected bell upwards, which when
released, allows it to swing through a high-degree
rotation, forcing its clapper to connect with the inside
walls and produce that familiar ringing sound. Today,
however, many mechanical systemsare alsoin

Tormach Personal CNC machines are the ultimate workshop tool. Whether you're a jeweler,
artist, prototype builder; engineer, model maker or hobbyist, a Tormach PCNC will

expand your possibilities and enable your ideas.

»

Thelarge and ornatg

G | . T
Atriple bell array withina church tower’s belfry. Note how
the bell ropes extend down through to a lower floor

operationwithin belfries, eitherin the form ofa
carillon (a type of musical instrumentinwhicha
selection of smaller bellsare rung by anautomated
keyboard), or by electronicamplification of chimed
metal rods through loudspeakers.

Historically, belfries evolved out of early
watchtowers, which were common throughout
antiquity. Here, rather than calling worshipers to
prayer orannouncing the time of day, they were used
tospotincoming enemies and then broadcast the
threattolocal soldiersand civilians.

Shown here with optional
stand, LCD monitor, machine

arms, and accessories.
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“Many got stuck on difficult
off-road terrain and two even
toppled over into holes”

Areplica ofan A7V based on original
schematicsisviewable todayat the
Panzermuseum in Munster, Germany

One of the earliest tanks to be produced,
the A7V was supposed to deliver German
soldiers a mobile fortress to break through
Allied lines, but wasn't a great success...

) Designed specifically to counter the emergence of British tanks
on the Western Front during World War I, the A7V was a
0 medium-armoured tank designed by the German General War
Departmentin1916. The vehicle resembled a mobile pillbox or
APC (armoured personnel carrier) and delivered a steel-plated body for 18
soldiers, a 57-millimetre (2.2-inch) cannon and six to eight 7.9-millimetre
(03-inch) machine guns (for a full hardware breakdown see ‘Anatomy ofan
A7V’ diagram). Itsrole, as hinted at by its German classification -
Sturmpanzer-Kraftwagen translates roughly as ‘assault armoured motor
vehicle’ - was to assault and break through fortified Allied lines.

The first preproduction A7V was delivered in September 1917 and was
closely followed by the first production model in October of the same year.
Despite this, the first deployment of the A7V had to wait until March 1918,
where five of the total 20 made were deployed north of the St Quentin Canal
innorthern France. Unfortunately, thisis where the first design flaws of the
vehicle were first encountered. Three of the five tanks broke down during
operation due to mechanical faults.

Despite these issues, the A7V fleet was then deployed en masse, with 18
vehicles partaking in the Second Battle of Villers-Bretonneux in April 1918.
Although reports from Allied soldiers at the time state that the A7V’s armour
made direct attack from their handheld weapons impossible, the A7V’s
modestarmour was easily breached by the Allied Mark IV's six-pounder
cannons. Further, due to the low clearance and crude design of the A7V’s
suspension and tracks, many got stuck on difficult off-road terrain and two
even toppled over into holes. In addition, after a swift counterattack by Allied
forces, three of the stranded A7Vs were captured.

Assuch, even though 100 A7Vs had originally been ordered, their limited
impact led to the programme to be scrapped, with many of the remaining
vehicles dismantled as early as October 1918. Today, no original A7V has
survived, with the majority scrapped after the war. However, a replica based
on original designs was built between 1987 and 1990 and can now be viewed
by the publicat the Panzermuseum in Munster, Germany.

080 | How It Works

Armament

The main weapon of the A7Vwas a 57mm
(2.2in) Maxim-Nordenfelt cannon, which
was equipped toallmalevariants. The
secondary armamentwas aseries of six to
eight7.9mm (03in) MGo8 machine guns. The
tank could carry18o shells for the cannon.

Anatom
ofan A

How It Works breaks
down this World War I
tank to see howitwas
built and operated

ATITIOUL ssssstssornsssssssssspmsncrses
Despite having 2omm (1.2in) steel
plate at the sides, 30mm (0.8in)at the
frontand 1omm (0.4in) on the roof,
the A7Vwas easily penetrated by
cannon fire. Thiswas because the
steelwas not hardened armour
plate.Assuch, it could only stop
smallarmsfire.

Suspension R svies
The A7Vwas equipped with helical springs,
rear-drive sprockets, front-mounted idlersand
24rollerwheelsin bogies. The lack of shock
absorbers made the ride incredibly bumpy
and the low clearance (ie 190-400mm/
7.5-15.7in) led to poor off-road capabilities.

WWW.HOWITWORKSDAILY.COM
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Fortress
British forces nicknamed the
A7V the ‘Moving Fortress’ when
it was first deployed on the
battlefield. This was due to its
large pillbox design and heavy
(for the time) armour.

Service
Due to its crude design and
myriad problems, the A7V
was only in operation for a
total of seven months, from
March to October 1918. Only
replicas survive today.

Designer
The inventor of the A7V,
Joseph Vollmer, was the
chief designer for the German
War Department. He went on
to produce the K-Wagen, LK |
and LK Il tanks.

5TOP

FACTS

A7V TRIVIA

ceessssesssssnnas

Female

The A7V had both male and
female variants. The male had six
machine guns and a 57mm
(2.2in) cannon, while the female
version replaced the cannon with
two extra machine guns.

secesssessccsnene

Wotan

One A7V, named Wotan, after
being scrapped by the Allies in
1919 was rebuilt in the Eighties
based on original designs. The
replica now resides in the
Panzermuseum, Germany.

EIBYGEWRGTWP 1n German the A7V was called the Sturmpanzer-Kraftwagen [which means assault armoured motor vehicle]

Crew .

AnA7V’s crew consisted of 17soldiers
and one officer. These were needed for
the followingroles: commander,
driver, mechanic, two artillery men
(gunner and loader)and 12 infantry
men (six gunnersand six loaders).

1146-1971-092-24/ CC-BY-SA

Despite the A7V being capable of travellingat15km/h
(9mph), it frequently got stuck on uneven ground

f\_.... lm)
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© DK Images

AnA7Vonthe Western

FrontinMarch1918

WWW.HOWITWORKSOAILY.COM

© Bundesarchiv, Bild146-1974-050-12/ CC-BY-SA

AshotofanA7Vand its crew from July 1918

Crew: 18

Height: 3.3m (11ft)

Width: 3.1m (10ft)

Length: 7.3m (24ft)

Weight: 30 tons

Engine: 2 x Daimler four-cylinder
petrol (149kW/200hp total)
Suspension:

Holt track, vertical springs

Max speed: 15km/h (Smph)
Max range: 80km (50mi)

Armour:

Sides: 20mm (0.8in); front:
30mm (1.2in); roof: 10mm (0.4in)
Main armament: 57mm (2.2in)
Maxim-Nordenfelt cannon

Secondary armament: 6 x
7.9mm (0.3in) MGO8 guns

Engine
The A7V's power came courtesy of two centrally
mounted Daimler four-cylinder petrol engines, each
capable of generating 75kW (100hp). The engines were
fed byaso0l (132ga) fuel tank. At full power, the A7V
could travel ata maximumspeed of 15km/h (9mph).

©Bundesarchiv, Bild183-P1053-316/ CC-BY-SA
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Because enquiring m
want to know..

MEET THE
EXPERTS

Who's answering your
questions this month?

Bridget McDermott

Bridgetisan expert
- Egyptologistwhois
P passionate aboutall
g things pharaohs,
pyramidsand
hieroglyphs. She haswritten several
books including Warfare In Ancient
Egyptand Death In Ancient Egypt.

Luishasadegreein
- - = Zoology from Oxford

Universityand
another in Real-time
. Computing. He has
beenwriting about scienceand
technology since before the internet
was invented.
Rikisan outreach
of Physics where he
Am - worksonavariety of
“.  projectsaimedat
realm. His favourite part of the job is
travelling to outdoor eventsand

officer at the Institute
bringing physics into the public

Shanna has been
bugging her parents
with questions since
she could speak.Asa
generalist freelance
writer she can now research beyond
just satisfying her own curiosity.
The subject of space hasheld a
special placein her heart since she
caught her first Star Trekrerun.

Aneel Bhangu

a Atop surgeon by day
Y and the How It

! Works biology guru
s bynight, Aneelis on
hand toanswerall
your burning questions about the
human body;, its most bizarre
functions, and theweird and
wonderful thingsit can do.

-—

082 | How It Works

inds

What determines
the speed of your

intermet connection?

Hayley Paterson

M Broadband data is sent down telephone lines as lots of oscillating electrical signals
layered on top of one another. Your modem divides the total available frequency range
into channels of 4.3125kHz each and analyses the level of interference in each one. The
more interference in a given channel, the less data per second that can be sent at that
frequency, without introducing errors. Living more than four kilometres (2.5 miles) from
your telephone exchange, old telephone wires in your house, having more than five
phones connected to the same landline and long telephone extension cords will all
introduce electrical interference. Fibre-optic broadband is much faster because it uses
light pulses in special glass wires that don't suffer from interference in the same way.
Luis Villazon

WWW.HOWITWORKSDAILY.COM
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Which is the most
radioactive element?

Helen Parker
M Radioactive elements are those made up of atoms with unstable nuclei. Unstable nuclei emit ionising

“radiation in the form of alpha particles, beta particles or gamma rays in a process called radioactive
decay. Polonium is thought to be one of the most radioactive naturally occurring elements, due to the
high intensity of alpha particles that it emits. Just one gram (0.04 ounces) of polonium can self-heat to
tempe\ratyres of 500 degrees Celsius (932 degrees Fahrenheit). However, there are elements with a
higher radieactivity that have been synthesised in a lab, such as ununpentium, which is so unstable it S
can only last\a few fractions of a second before decaying. 4

— e terraform
Mars?

Neil Field

Many scientists believe that it's possible to
make Mars habitable, but there’s a lot of work
to do. First, we need a new atmosphere. That of
Mars is about 95 per cent carbon dioxide, and
very thin in comparison to Earth’s. We also
need liquid water. Mars is currently a desert
planet. Since it’s further from the Sun, on
average Mars has a temperature measuring
about -60 degrees Celsius (-76 degrees
Fahrenheit), so we'd definitely need more heat.

: 'j '.T*.’(.". %‘ﬁw .qg

Finally, Mars would need a magnetic field to

Does show dehydrate you? kit et et rriuciil

| well as protect us from solar radiation.
Nicholas Fenn We could help along some of these issues by
creating a greenhouse effect on Mars - it's how
Earth is warmed, as sunlight is reflected off the
planet’s surface and is absorbed by gases in the
atmosphere. This would require importing or
creating those gases on Mars, and there are
lots of proposals for how to make that happen...
some of which are either not possible with our
current technology or are too cost-prohibitive.
So the answer to whether we could actually live
on Mars one day is, for now, a decided ‘maybe’.
Shanna Freeman

Not directly, but eating snow in a survival situation F - -~
isn't the best strategy. As it’s so cold, it will decrease g ‘
your core temperature, forcing your body to increase its ’ *
metabolic rate to keep you warm. In these cases, you / = &\
trade high levels of energy for relatively little gain. (
Melting the ice to water is a far better option. If you
can't do that, sucking on ice is still better as it has more
water for the same volume compared to snow. The
other problem is that, like drinking from a stream, you
don’t know exactly what pollutants may be in the snow.
Aneel Bhangu

Why do EZZG%nlake
bees buzz? |

Mikey Saunders

Bees, like most insects, don't have muscles directly
connected to their wings. Instead the flight muscles
are attached to the roof wall of the thorax. When it is
pulled down, the thorax suddenly pops inward, like the
dent that appears when you squash a ping pong ball.
This flips the wings upward. A second set of muscles
squashes the thorax lengthwise and the roof pops up
again. This happens about 190 times a second in
honeybees and the rapid clicking of the thorax wall
sounds like a buzz to our ears. Bumblebees also use
this feature to shake pollen out of flowers.
Luis Villazon
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How big is the Want answers?

Milky Way? m—
® Send us your questions using one of the methods

Find out on page 87 opposite and we'll get them answered

Because enquiring minds
want to know...

How come babies
can swim underwater
until a certain age?

Emma Squire

M This is one of the primitive
reflexes which all newborn
infants have, but which are
lost as they grow past six
months old. Many of these
reflexes are to protect the
baby and carry a survival
advantage, but some have no
benefit. In the swimming
reflex, placing a baby
facedown in water will cause
them to kick and paddle. The
aim is to buy enough time
until someone can come and
help. It carries risks, however,
since the baby may swallow
large quantities of water or
aspirate it into their lungs.
Another example is the
palmar grasp, where placing
an object (such as a finger or
toy) into a baby’s palm will
cause a strong grip.

Aneel Bhangu

Can scissors cut glass?

Eira Davies

M Glass is a very brittle material and likes to crack and shatter under pressure. It
would not be possible to cleanly cut glass using scissors without cracks
appearing, and a high risk of the glass shattering. Glass is an amorphous solid
which means, unlike most solids, it has no repeating arrangement of molecules
within its structure. The glass used to make drinking vessels and windows is
composed of around 75 per cent silica mixed with sodium oxide and calcium
oxide; this is known as soda-lime glass. The best way to cut this type of glass is
by scoring the line you want to cut with a glass cutter, then applying some
pressure to both sides of this line to achieve a clean break.

Rik Sargent

Charlie Stubbings as flat as possible. Soap reduces this

The skin of a bubble is composed of a surface tension, however the effect of
thin layer of water molecules sandwiched surface tension is still present in a bubble
between two layers of soap molecules. which causes the bubble ‘film’ to be
Water on its own has a high surface stretched. A sphere is formed as it is the
tension due to intermolecular forces shape with the least amount of surface
causing molecules to pull on one another, area for its volume.

trying to minimise the surface areaandbe  Rik Sargent
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How do electric
freezers get so cold?

lain McWhinnie

The freezer in your kitchen is at about -22 degrees
Celsius (-7.6 degrees Fahrenheit) despite the fact
the outside temperature is more like 20 degrees
Celsius (68 degrees Fahrenheit). It achieves this
| using a gas, such as tetrafluoroethane, that has
a boiling point not too far below O degrees
Celsius (32 degrees Fahrenheit). The freezer
compresses the coolant, which heats it, and
then passes the hot vapour around the coils at
the back. Heat radiates from the coils Particlesin the LHC cantravel at speeds
to the kitchen, and the coolant almost too fast to comprehend - nearly
temperature drops. As the coolant is =4 300 million metres persecond

under pressure, it condenses, even though
it is above its normal boiling point. Then it is At What speed does
pumped to the interior of the freezer and a
the LHC smash
-
particles together?

pressure valve lets about half the coolant boil off. This
Bill Porter

drops the temperature of the rest of the coolant, which

The Large Hadron Collider (LHC) uses an array of 9,300
supercooled electromagnets to guide and accelerate particles
- namely protons - around the 27-kilometre (17-mile)
underground ring at CERN in Geneva, up to speeds extremely
close to that of light. At their fastest, these particles travel at
around 299.8 million metres (983.6 million feet) per second
completing 11,245 laps of this ring every second. This is
equivalent to travelling around the circumference of the Earth
seven and a half times in one second. The LHC has two rings
with beams of trillions of particles zooming around in opposite
directions. Detectors are placed at certain points where the
pipes intersect causing collisions to occur. As both the particles
are travelling in opposite directions at nearly the speed of light,
you might expect their combined collision speed to be almost
twice the speed of light. However both particles would measure
their collision speed to be less than the speed of light. This
seems counter-intuitive but is accounted for by the slowing
down of time and warping of space as explained by Einstein's
special theory of relativity. This explains why no particle with
mass should be able to travel faster than light, as it would
require an infinite amount of energy to get there.
Rik Sargent

P
Wh allows heat to flow from the freezer compartment to
en an the coolant. Once boiled off, it returns to the
] compressor in order to restart the cycle.
Where dld Vapour compression cycling using different gases
can achieve much lower temperatures - as low as
] liquid helium (around -269 degrees Celsius/-452
the Im degrees Fahrenheit). Below that you can use a laser to
reach temperatures a fraction of a degree above
- ? absolute zero. This uses the momentum from the
orlgl nate = photons themselves to slow down individual atoms.

Luis Villazon

Paul French

M The pizza as a flat bread can be linked to
ancient times. The Ancient Egyptians were expert
bread makers and remains of this type of bread
can still be found in many tombs. Flat bread was
also popular with the Ancient Greeks and the
Romans. However, the modern pizza is
inextricably linked to Italy where it first became
popular in the 18th century. Naples is thought to
be the home of the pizza - a description of this
type of dish is given by the French writer
Alexandre Dumas in 1830. Its popularity continued
to flourish as Italian immigrants brought the recipe
to America along with the rest of the world. Freezersworkas aresultofthe

Bridget McDermott ongoing cycle of evaporation
and condensation of a coolant

- ] i p "
What is the maximum e
d- th h to the curvature of the Earth

istance the human eye?
can see if unobstructed-

Sue Shrimpton

M Dust, water vapour and pollution in the air will rarely let you see more than 20
kilometres (12 miles), even on a clear day. Often, the curvature of the Earth gets in the
way first - eg at sea level, the horizon is only 4.8 kilometres (2.9 miles) away. On the top
of Mt Everest, you could theoretically see for 339 kilometres (211 miles), but in practice
cloud gets in the way. For a truly unobstructed view though, look up. On a clear night, you
can see the Andromeda galaxy with the naked eye, which is 2.25 million light years away.
Luis Villazon

What is the Terracotta Army? rind out on page 86
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Because enquiring minds
want to know... &

‘What is the
Terracotta Army?

Simon Peacock

The Terracotta Army, unearthed in 1974, is
one of the most exciting archaeological finds
in recent history. The figures represent the
soldiers of Qin Shi Huang, the first emperor
of China. They had been placed in his tomb,
an earthen pyramid mound, which was
excavated beneath Mount Li. Construction
had begun when the emperor was a child - it
took many years to build. The tomb
represents the royal palace, and the figures
inside, court residents. Beside the warriors,
archaeologists found models of officials and
entertainers. There are 8,000 soldiers, each
depicted with weapons such as spears,

Recentresearch hasraised
questions about current
thinking on the speed of light,
though further testsare needed
before anythingis confirmed

bow. d arrows. Ther Iso models of
horses and chariots. Made out of yellow clay,
the Terracotta Warriors were meant to
protect the emperor in the afterlife. Artisans
first made the limbs and heads which were
then fired in a kiln. Once assembled, the
models were painted and coated with a
preservative, but only some colours are still
visible. Each figure was given individual
features, with details added to the hair and
clothes; artists even added muscle tone to
the arms and legs. The height of the soldier
depended on his rank - ie the military
generals are the tallest figures in the group.
Bridget McDermott

In space, is there a maximum speed
at which an object can travel?

Penny McWalters a (983,571,056 feet) per second. Theoretically, then, that's the fastest

M The theory of special relativity, proposed by Einstein in 1905, speed that anything can travel in space. Recently workers at CERN

includes the universal constant that nothing can travel faster than (the world's largest particle physics laboratory) announced they had

light in the vacuum of space. It took several decades to pin downthe  recorded a type of subatomic particle called a neutrino going faster .
exact speed of light, but in 1983 it was tied to the definition of the than the speed of light, but this has yet to be confirmed. E
metre by the International System of Units at 299,792,458 metres Shanna Freeman o
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W wn do eyes take
ile to ad ust

between darkness
and light?

Don Scott

At the back of the eye on the retina, there are two
types of photoreceptors (cells which detect light). Cones

deal with colour and fine detail and act in bright light,
| while rods deal with vision in low-light situations. In the
first few minutes of moving into a dark room, cones are
responsible for vision but provide a poor picture. Once
the rods become more active (they are initially slow to
react), they take over and create a much better picture in
poor light. Once you move back into light, the rods are
reset and so dark-adaption will take a few moments
again. Soldiers are trained to close or cover one eye at
night when moving in and out of a bright room, or when
using a torch, to protect their night vision. Once back in
the dark, they reopen the closed eye with the rods still
working and, as a result, maintain good vision. Give it a
try next time you get up in the middle of the night.
' Aneel Bhangu

spin slower
now than it
used to?

Morwenna Williams

Thanks to thousands of years’ worth of observations
recorded by astronomers, we know that the Earth’s
rotation has slowed down over the years. The rotation -
or the length of a day - can vary by as much as a
millionth of a second. It hasn’t been a steady decline, but
over that period of time the decline has been up to 25
millionths of a second per year. This is all due to the way
that the moon interacts with the tidal bulges on our
planet, but there’s also a relationship between the
weather and the Earth’s rotation.
Shanna Freeman

Who was the flrst

ever king/queen
of Englancl

Elena Walker

Some historians think the beautiful, but wicked,
Aelfthryth (c.945-1000) was the first queen of England,
while others believe Matilda (c.1102-1167), the daughter
of King Henry |, was the first female monarch. Queen
Mary | (1516-1558), aka Bloody Mary after burning many
religious opponents at the stake, was officially anointed
and crowned, so is generally recognised as the first
woman to rule. Early kings of England include Athelstan
(c.895-939) whose victories over the Vikings and the
Scots meant he was crowned first king of a united
England. However, to complicate matters, his
grandfather, Alfred the Great (c.849-899; pictured
above), was the first to be crowned King of the English.
Bridget McDermott
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How bi

is the
Milky Way?

The Milky Way has a diameter of approximately
100,000 light years, meaning that it would take that
long to travel from one end to the next. However, our
solar system - comprising the Sun, its orbiting planets,
comets, asteroids and all kinds of other space bodies
- doesn’t have a clear boundary. But if you use the
orbit of the furthest known objects - the cloud of
comets called the Oort Cloud (much farther from the
Sun than Pluto) - it's about two light years. That gives
you an idea of how small our solar system is in
comparison to the Milky Way as a whole.

Shanna Freeman

What is China’s
Forbidden City?

Charles Morgan
Situated in Beijing, China, the Forbidden City was known

as Zijin Cheng - it was named for the North Star which was
thought to be the celestial home of the emperor. Built
between 1406-1420, its role as an imperial palace continued
for 500 years. Covering 73 hectares (180 acres), it was
surrounded by a moat and high walls and played home to
many magnificent dynasties. The city could house 9,000
people who served the emperor and his many hundreds of
wives. Inside the city, ceremony was carefully observed, and
all members of the royal family were revered as gods.
Bridget McDermott
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GAMES / BOOKS / GADGETS / TOYS

FOR CDNNUISSEURS OF KIT AND
SAVANTS OF STUFF ' -

modu Photo Frame
Price: £39.99

Get it from: www.purelygadgets.com

This photo frame provides an intuitive way to display snaps in
addition to playing music from your phone. If you have a modu
phone or device you can dock it into the top and output any saved
shots to the screen, allowing you to create a slideshow of your
favourite snaps. This frame also supports input from a USB and
SD card port, so if you haven't got a modu device you can still link
up to it. It was very easy to get to grips with, especially with the
included remote control that lets you control your pictures from
afar. In-built speakers also enable you to play music and, while
these weren't the best quality, the addition of hands-free calling
thanks to the speakerphone and microphone was a bonus. Overall
a well-rounded product that will help make your snaps shine.

BLUETOOTH

To create a connection
between the photo frame
and an external device,
Bluetooth communicates
on a frequency of
2.45GHz and sends out a
weak one-milliwatt
signal; this enables the
data to be transferred
without interfering with
other systems.

SUPER AMOLED
Super AMOLED devices
integrate touch-sensitive
technology into the
screen rather than laying
it on top. This allows the
screen to be brighter and
more detailed, although it
has been known to
increase battery
consumption.

Samsung Galaxy Nexus
Price: £462/$799.Eg y

Get it from: www.google.com/nexus

This smartphone boasts an 11.8-centimetre (4.65-inch) screen that displays
in 720p. Despite this, the phone is very light and super-thin, so certainly
doesn't feel clunky. There are two cameras (one five-megapixel and one
1.3-megapixel), and it also comes with Wi-Fi, Bluetooth, accelerometers,
gyroscopes, a headphone jack, GPS, a microUSB port and 16 or 32GB of
memory, which is all pretty standard. It also packs a built-in NFC chip,
though this has limited use at the moment. Probably its most distinctive
feature is its use of Android 4.0 (Ice Cream Sandwich); in fact, it's the first
phone to run ICS. If you've used Honeycomb on an Android tablet you'll be
right at home, with ICS bringing a host of new features. There are new apps
like People, which brings together all your contacts from social networks
and your address books, while the software itself runs fast, loading
image-heavy websites in seconds. While the build feels a little plasticky, this
is undoubtedly one of the best smartphones currently on the market.

088 | How It Works

SunnyCam video glasses
Price: £75/$1y20 g

Get it from: www.sunnycamglasses.com

At first glance we were a bit wary of these video-recording glasses
as we've been let down by similar products. It was a pleasant
surprise, therefore, to find these specs perform excellently. If you're
into extreme sports, from snowboarding to skateboarding, and
you'd like to record your sessions, these are for you. Embedded in
the centre is a three-megapixel camera that records on to 4GB of
internal memory or the 2GB memory card in AVI format. The picture
quality is surprisingly good, even if it's not HD (though an HD model
is planned), and a microphone captures audio too. The glasses
handled sudden movements fine, all the while staying firmly in
place. Getting the videos on to your computer is a snap; just plug
the glasses in via the included USB cable and you're good to go.

Sony Tablet P

Price: £399/$549.99

Get it from: http://store.sony.com
This tablet is immediately noticeable for its foldable screen, which you'll quickly discover is both a _
blessing and a curse. First off, though, the tablet is great; it boasts a sharp 1,024 x 480px screen, has a
snappy five-megapixel camera, and there’s also a headphone socket and USB port on the side.

However, its main USP is its dual screens. Offering an 18 x 15.8-centimetre (7.1 x 6.2-inch) display

when fully unfolded, the screens both use capacitive touch technology. However, you'll notice that in

the middle there is about a quarter of an inch of dead black space where one screen ends and the

other begins. This can be very annoying on apps and sites not designed to accommodate a dual-

screen device. The tablet excels in portability though, and of course the screens are always protected.

It's a bit of a ‘love it or hate it design, but we definitely found ourselves leaning more towards the

former. If you can be patient until more native apps are released, you too will love the Tablet P.
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CONTROL

The entire device is
controlled by two simple
buttons on the side:
power and record. This
ensures that the glasses
are easy and quick to turn
on and use, making sure
that you don’t miss a
moment’s footage of
extreme sport action.

TRUBLACK

Sony’s trademarked
TruBlack tech controls
the refraction of light
between the LCD and the

screen on the Tablet P.

This allows for more

detailed

and vibrant

images to be displayed,
which s instantly
noticeable on activation.

STAR TYPES

One little taster from the
book: ‘Astronomers use a
standard reference
system, the Hertzsprung-
Russell diagram, to
categorise individual
stars. The diagram plots
the surface temperatures
of certain classes of star
against their brightness.’

Rough Guides: The
Search For Aliens

Price: £11.99/$18.99

Get it from: www.roughguides.com

If you still have a thirst for extraterrestrial life after reading our
feature on planet hunting this month then you'd be well advised
to pick up this book from Rough Guides. In typical fashion for the
publisher it contains a whole host of sourced information and
images that give you a deep insight into the topic at hand:
namely the search for ET. Starting with the composition of life
on Earth, the book delves into planet-hunting methods, where
we stand today and even covers controversial UFO sightings.
With over 200 pages of alien goodness on offer, we'd definitely
recommend this for those who are certain, or perhaps looking to
be convinced, that we are not alone in the universe.

HOW IT WORKS
MEMORY FOAM
Also known as visco-
elastic polyurethane
foam, memory foam has
an open cellular structure.
Each cell has an air hole
and, when the foam is
pressed, the pressure
spreads between the
cells and distributes the
force to provide an added

level of comfort.

Corsair Vengeance 1300

gaming headset
Price: £69.99/$79.99
Get it from: www.corsair.com

These headphones from PC expert Corsair are the perfect companion for gamers looking for
comfort, style and quality. The memory foam earpads mould snugly to your lugs, providing an
immersive experience that blocks out pretty much all external noise. The sound quality is also

excellent, so no matter which game you're playing you'll be getting the full experience. The

lengthy wire has a separate headphone and microphone pin at the end, while you'll also find a

volume adjustment and a microphone switch on the wire. The microphone itself captures your
voice well and limits any external interference, so that whoever you're talking to will hear you
clearly. Our only slight grievance was that at times it felt that volume couldn’t go high enough,
especially for those intense moments where we wanted to bump it up to 11. However, this is
still an excellent gaming headset for a reasonable price that’s well worth picking up.

WWW.HOWITWORKSOAILY.COM

OF THE MONTH

Brought to you by Apps
Magagzine, your essential guide to
the best iPhone and iPad apps
available on the Apple App Store

iPhoto "’"‘

Price: £2.99/$4.99

Developer: iTunes S.a.r.l.

Version: 1.0 Size: 106MB Rated: 4+
The latest iPad has brought
with it the birth of iPhoto

\ for iOS; as you'd expect, it's
full of eyecatching features.

There are in-depth editing options that

can be applied with a single touch or by

manipulating one of the many scroll
bars. This gives complete control for
fine-tuning, otherwise there's oodles of
auto settings. Interface wise it has been
completely overhauled, with a sleek new
glass shelf containing all your albums.

There are some impressive new

additions for navigating and finding

photos too. There is so much to this app
that makes it an incredibly immersive
editing suite and the updated Ul makes
sure all the options are always to hand.

Verdict: #0aas

iPhone: Chopsticks
Novel
Price: £4.99/$6.99
Developer: Pearson PLC
Version: 1.0 Size: 143MB
Rated: 12+
Chopsticks has completely
rewritten the formula for
. eBooks and how the user
engages with them. In this
story of young love, there is in fact no
narrative text. Instead the story is slowly
unveiled through a mix of ticket stubs,
handwritten notes and photographs,
making you use your imagination.
Verdict: #0000

You can get daily app feeds by checking out
www.knowyourapps.com
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| ___PROS |
@ Low price
| CONS |

® | acks high-end
features

ROUP TEST

PUTTING PRODUCTS THROUGH THEIR PACES

B Incredibly thin

® Poor trackpad

Ultrabooks

We put three of the most

Acer Aspire S3

Price: £699/$849.99

Get it from: www.shopacer.co.uk

With the Aspire S3, one of the first ultrabooks to hit the
market, Acer aimed to provide a cheaper alternative to
more expensive machines like the MacBook Air. Indeed, it's
one of the most affordable ultrabooks but retains a very
thin and light feel with a thickness of 1.3-1.7 centimetres
(0.5-0.7 inches) and a weight of 1.4 kilograms (three
pounds). While the top has a sleek aluminium finish, the
rest of the device is a bit plasticky. Inside the machine you'll
find an Intel Core i5 processor, 4GB of RAM and a 320GB
HDD in addition to a disappointingly small 20GB SSD, while
the absence of a USB 3.0 port is also a shame. The device
runs Windows 7 and operates reasonably well, with
minimal slowdown during regular operation, while the
33.8-centimetre (13.3-inch) screen looks great. The
multitouch scroll pad is incredibly effective - easily the best
in this test - and using multitouch gestures is a pleasure.
You'll get about five hours of battery out of the Aspire S3,
which is good but not great. Overall it’s a well-rounded
product that is more than adequate for the price.

WWW.HOWITWORKSDAILY.COM

ASUS UX2IE -

. Price: £849.99/$999

. Get it from: shop.asus.com

: The UX21E is the smaller and cheaper of two similar

¢ Zenbooks from ASUS (the other will be covered next issue).
¢ The device has an Intel Core i5 processor in addition to a

USB 3.0 port, with all ports neatly on one side of the laptop.
The top of the UX21E has a delicious spun metal finish,

while the whole device is ultra-thin at just three millimetres
¢ (012 inches) at the front. The keyboard is decent, if not the
. best, and its large size is comfortable for work or gaming.

The 29.5-centimetre (11.6-inch) display is bright enough for
all light conditions and it has about five hours of battery life,
which is good considering its portability. The UX21E’'s
128GB SSD is also a welcome bonus, but the laptop is let

: down by its trackpad; in fact, using multitouch gestures on
: the trackpad can be pretty tricky and at times it feels

unresponsive. However, plug in an external mouse and

: you'll find playing games at medium to high specs a breeze.

Minor flaws aside, of our three ultrabooks, this is definitely

. the one that both looks and feels the best, and despite the
: higher price tag we'd recommend it over its competitors.

‘

poweriul laptops to the test

& Excellent
battery life

¥ Not the
best design

Toshiba Satellite Z830

Price: £799
Get it from: www.toshibadirect.co.uk

: The Z830 is the joint-lightest of our three ultrabooks at 1.1

kilograms (2.4 pounds). This is thanks to a magnesium alloy
chassis rather than aluminium, but the Z830 won't be

. winning any beauty contests, with its rather ugly grey
- finish. There are two USB 2.0 ports, an HDMI port, VGA
* output and a USB 3.0 port, which should get you by. One

top feature is the backlit keyboard, which is excellent in
low-light conditions. Unfortunately, the keyboard and
touchpad aren't so great, with the former suffering from
mushy keys and the latter being a bit clunky, especially with
multitouch controls. Indeed, this trackpad is the only one of
our three ultrabooks to use physical mouse buttons, which
you'll either love or hate. Performance is good with the Intel
Core i5 processor, while the battery life of over seven hours
easily eclipses the S3 and UX21E. However, the Z830 also
suffers from some terrible viewing angles and disappointing
audio. The low price of this ultrabook does almost redeem
its defects, but if you have a bit more cash to splash then
we'd suggest looking at the UX21E instead.
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If an appliance won't turn on,

there's a chance you might

Rt (o ablocut e futolmite Putting together a powerful gaming computer

plug. Find out how here might look quite daunting, but is actually a

...................................................................... [ElBtIVEIg Stl'alghtforwal' process

First off, youneed to determine which type

of plugitis. Older plugs tend to have a screwed 1- PREP 2 . CASE

faceplate, whilemore modernvariants havea First, take your components (see page 34 for our Your case will come with its side door attached; remove it by

GRS 2} Gl IEERG s suggested kit) and lay them out on a stable surface. taking out the rear thumbscrews for a clear view of the internals.
A large dining table is ideal, as during the build you  You'll see a small brace of wires, as well as the hard drive and

want to be handling components at a comfortable  optical disc drive bays. Ignore the wires for the moment, as we'll

level. Cloth or carpet surfaces should be avoided, as come back to these later. Notice how the wires extrude through

static buildup can potentially damage parts. On this holes in the back of the case; these lead us to our final job for

topic, if you have a grounding band put it on now; if  this step: taking off the back panel. Do this as you did with the
not, touch a radiator to achieve the same effect. side door, by simply removing the thumbscrews.

Faceplate

For older plugs, remove the screwswith a
flat-head screwdriver and then the plate. Ifit's
aone-piece plug, remove the coloured plastic
rectangle from the faceplate by prising it out.

3. MOTHERBOARD

Once the case is prepared, put it to one side. Now take your motherboard and
remove the plastic protective cover from the CPU bay (rest the motherboard on
top of its conductive grid bag to prevent damage to its underside). In addition,
remove any protective plastic caps on the motherboard’s VGA and DVI ports, as
otherwise you will not be able to slot them through the case’s port plate.

Extract the fuse (a)

In screwed faceplate plugsyouneed to
remove the fuse from its holder- part of the
internal structure. Takeyour screwdriverand

carefullylever one end of the fuse upwards. -

........... R S PR S, e 4. CPU _

Extract the fuse (b) 3
For one-piece plugs, the fuseholderis

part of the rectangular plastic strip removed in

step 2. Here, to extract the fuse, simply lift one
end ofitwithyour finger untilit clicks free.

Now you can add your CPU. At
this stage it’s vital to ensure you —
establish the correct alignment of
the CPU before attempting to
insert it. This is because the
CPU'’s pin arrangement will only
be accepted in one alignment;
failure to line it up properly will
lead to some of the pins being
bent, severely damaging its
connection to the motherboard.
You can tell which way to insert processes to attach correctly: first
the CPU by matching up a tiny the cooling block on top of the
triangular mark on one of its The motherboard’s RAM slots can be found to CPU bay and secondly the dual fan

d-

| 6. CPU COOLING -

Before we insert the motherboard
into the case, we need to attach
the CPU’s cooler. If you followed
our kit guide on pages 34-35, you
will have an integrated liquid
cooling loop. This requires two

Replacement

Now toinstall thereplacement. Making corners, with an identical mark on the side of the CPU bay. Inserting the RAM array. Start with the cooling block,
sure the new fuse s of the same rating as the the CPU bay. In addition, to prime  sticks is extremely easy; just prise down the  attaching its feet extensions to the
old one - typically plugs use3, 50r13amp the bay, you should lift its tiny plastic tabs at either end of each slot and then motherboard and fixing it in place
variants -simply pushit back into its holder lever into a vertical position. Once  clip the sticks in place. If the RAM sticks have  within its frame. Next, screw the
and then reconpect the faceplate/plasticstoip. the CPU is in place, lower the been installed correctly, the plastic tabs dual fan array to the ceiling

lever once more to secure it. should automatically clip back into position. exhaust vent of the case.
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7. PSU

Inserting the power supply is fairly simple. Ensuring you
correctly align it - modern PSUs tend to have rubberised
feet to separate them from the case - screw it in place
via the backplate. Do not remove the cable ties from the
bundle of wires, as chances are you will not need to use
them all and, by freeing them, you create more mess
that will then need to be tidied away later.

8.SSD

As we're making a high-end gaming PC, we’ve opted for
a solid-state drive (SSD) rather than a slower but bigger-
capacity hard disk drive (HDD). Luckily, however, thanks
to the case’s easily accessible drive bays, we can simply
insert the drive into a caddy and slot it in (remember,
you want to put it in face first, as power and data cables
need to be attached later). The caddy should securely
hold the drive in the bay if inserted properly.

9. GPU

Now we can slot the last part into the motherboard: the
rather large GPU. It's important to ensure the case you
buy is large enough to accommodate the GPU,
otherwise the gaming heart is rendered useless. Start
by taking out one of the PCIE slots’ rear panel covers -
ideally the highest one in the array (this is because you
want more room beneath the card for cooling
purposes). These can be removed by unscrewing their
single holder screw and carefully prising the metal strip
away. Next, with great care, install the card into its slot
and screw it in place at the inside-rear of the case.

10. WIRING

Before you start connecting anything, remember the
goal is to leave as much of the case’s internals
unobstructed by trailing wires. To help with this, there
are rubberised holes in the motherboard panel, enabling
you to route unwanted cable between the motherboard
panel and the case’s back panel. Start with the power
cables for each component (specified in their manual),
before progressing on to data cables (such as the SSD’s
SATA connection), and then on to function-related
cabling such as the power and reset connections, as
well as fan, USB and audio jack wiring.
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= TEST YOUR
| KNGWLEDGE

! WELL, WHY
NOT TEST YOUR WELL-FED MIND
WITH THIS QUICK QUIZ BASED ON

THIS MONTH'S CONTENT?

FIRE A
SINIPER RIFLE

requiring great skill and technique to —
successfully take any shot < .

What is the average number of

Lying down offers a stable ;
planets that orbita star?

position from which to fire

What resolution does the new
iPad’s screen have?

Which calibre of bullet does the
AX338 PSR fire?

What's the capacity of the Sony

Xperia S’s battery (inmAh)?
High maintenance
Before any sniper can make
ashot, they must ensure that
theirrifleisin tip-top condition.
Cleaning and servicing s critical
“ therefore, with each
[HEhaNee» 1A | * + imperfection greatly affecting
e s the efficiency of the weapon - for
example, any powder buildup in the barrel can have an impact

on the spin, and so the trajectory, ofa round.

Roughly how many domestic
catsare there in the world?

1 How many types of cell does
The perfect position the human body contain?

Once therifleis assembled and ready for use, the sniper
must thenacquire a stable foundation from which tofire.
Elevated positions areideal, however a stable platform on
which torest therifleisvital. Tripods and attached bipods can
What is the commercial top
speed of the CRH380A high-
Spotting speed train?

Snipersrarelyworkalone.
Instead, they operateasateam
of two, with a sniper and spotter
working together. Aspotter
detects, observes and assigns
targets for the sniper, and then
reports back on each shot fired.
Thisis because the narrow view a sniper is afforded leads toa

How many years has the C-130
Hercules been in operation?

Who invented the seed drill?

Zeroing
Depending oninformationreceived from the spotter, the
sniperwill then zero therifle. Zeroing is the adjustment of the
rifle’s sights to account for distance and elevation.

r Variables
Inaddition tozeroing, the

sniper must then adjust their

aim forwind speed, wind
direction, obstacles (such as
shooting through glass),

| temperature, humidity, target
movement and the curvature of
the Earth. Each of these can affect the trajectory of a fired round,

Which month and year did
the A7V tank get deployed?

9

at www.howitworksdaily.com and
one lucky reader will win this special
Airfix Battlefront Gift Set.

Pull the trigger

Finally, the shot can be taken. This involves the sniper
steadying the picture sights, controlling their breathing pattern
and adjusting the point of aim before squeezing the trigger. The
targetreticle commonly moves in a figure-of-eight patternin
syncwith the sniper’s breathing, with a sniper commonly
taking theshotat the top-centre of the figure of eight.
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Feed your mind. Speak your mind
.y howitworks@imagine-publishing.co.uk (P @HowltWorksmag

D www.howitworksdaily.com “ How It Works Magazine

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!

, O7
“Intech

sclence cenire | planeladum

WIN AN
ANNUAL PASS
WORTH £100

The fun and interactive INTECH Science
Centre & Planetarium is offering the
winner of our Letter of the Month a
whole year's unlimited entry to the

wonderful world of educational
discovery at INTECH for four people
(adults or children).

[ ]
Win!
Annual Pass
to INTECH

Science
Centre

Junior science

M Your magazine is fantastic in the
classroom. | often hand it out to my
higher-level pupils to look through. They
love it. After reading your magazine a
couple of times | thought it would make
excellent reading for some of my older
pupils, however a children’s version of this
magazine would also work incredibly well,
| think (and there’s a bit of a gap in the
‘science for children’ literature out there).
Stuart Owens

HIW: Thanks for writing in, Stuart;
you'll probably want to check out the
new How It Works Book Of Junior
Science, which is on sale now. It’s a
compendium of all our school-level
articles, a perfect companion for
pupils studying physics, chemistry,
biology, geography and more.
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Letter of the Month

0ld light

M Hi, | was wondering if you could mention a thought |
had in your next issue. It would be really interesting to see
people’s thoughts and yours! Given that light
travels at a certain speed through space
and that the light we receive on Earth
is ‘old’, this means obviously that
what we see is in fact history, like
seeing the past. Well, if that is the
case, then surely if we could get a
device far enough into space at
sufficient distance, we could look into
the past and see, for example, medieval

o' L] L3
Sibling rivalry
M I've had a subscription to HIW since
issue 1 and have loved almost every word.
The only bit | didn't like is when my sis
wrote in and complained | haven't let her
read it. This is untrue; she has never once
asked to read HIW. Also one thing I'd like
to see is something like a boffin's corner,
because in several topics you have
explained the basics well but left out
anything complicated, like facts, figures
and general clever stuff. For example,
when you did a bit on Einstein’s theories |
felt you hadn't really explained in enough
detail the things like massive speed plus
more energy equals extra mass or that
gravity bends light and therefore time. But
anyway, | absolutely adore HIW and think
it's the best thing to ever hit the
newsstand. Keep up the good work.
Henry Cole (Cheltenham)

Could old light be the key to
looking into the past?

Earth! | hope this makes sense - it just seems fascinating.
Dan Wood (26, Gloucester)

HIW: A very interesting question, Dan, thanks for
getting in touch! Your theory would depend on
whether you could fly a super-powerful telescope
faster than the speed of light. If you could place one,
say, 100 light years from Earth at this very instant,
then the light you’d be seeing from Earth would indeed
be from 100 years ago, so you would technically be
looking into the past! Now, the only problem is figuring
out how to build this faster-than-light, super-powerful
telescope... We'll leave that up to you! Congratulations
though, your interesting theory has earned you this
issue’s Letter of the Month.

HIW: Thanks for your kind words,
Henry. We do try to go into as much
depth as possible but we don’t
always have enough space in the
magazine to cover everything in as
much detail as we’d like. We'll keep
trying our best though, and hopefully
you and your sister can share How It
Works from now on.

Three’s a crowd

I In your article on the Apollo spacecraft
(which appeared in issue 25), there were
three main sections not two. The
Command module, the Lunar Excursion
module and the Service module that was
connected to the Command module. The
Service module contained the support
system of fuel, guidance, oxygen, etc, for
the Command module.

Michael Bussey
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Venice was only built on
marshland as a last resort

HIW: Technically you're right,
Michael, but the Command and
Service modules are usually regarded
as one entity - that is, the Command/
Service module - while the other is
the Lunar Excursion module. So,
occasionally Apollo is referred to as
having two modules rather than
three. Apologies for the confusion.

When in Rome...

| was a bit confused in issue 31 about
Venice. Now here’s a question for you:
why was Venice built on a lake? That's
the only city on a lake that | know of. Also
why did people want to live there? |
wouldn't live there because it’s got no
parks, and I'd have to go on a boat just to
go to school. But | was fascinated about
how they built Venice all the same.
Sam Holt

HIW: The Venetians were driven out
by the Romans, and found
themselves with few places to settle.
The only place they could go is what
is now Venice, which at the time was
a horrible marshy land that nobody
else wanted to colonise. Eventually
they built it up into the fantastic city
we know today that, thanks to its
coastal position, became an
important port. This, in turn,
attracted new settlers to Venice.

Feel the speed

| was reading the article about dwarf
planets (issue 30) and got sidetracked
into a debate about the speed the Earth is
travelling at. Hopefully I'm right in saying
it's approximately 1,609 kilometres
(1,000 miles) per hour spinning on its axis
and 103,803 kilometres (64,500 miles)
per hour around the Sun. The query then
occurred to me that if we are moving at

e
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that speed and we don't feel it and,
setting aside any catastrophic impact it
would have, how fast would the Earth
need to spin or rotate around the Sun
before we did feel movement?

Don Kinghan

HIW: The law of inertia states that if
you are travelling at a constant
speed, it feels the same as if you
were stationary. This means that, no
matter how fast the Earth was
moving, as long as its speed was
constant you wouldn’t feel any
movement. You'd only feel something
if it started drastically slowing down
or speeding up, in which case the
effects would be catastrophic!

As cold as ice

| was reading about cryogenics in last
month's edition of How It Works and it
said that -89.2°C (-129°F) was the coldest
temperature ever to be recorded on Earth.
Why couldn't electronic freezers make a
cooler temperature?
lain McWhinnie, 9

HIW: Electric freezers have indeed
reached cooler temperatures; we
were referring to the coldest natural
temperature. For a more in-depth
explanation of how electric freezers
get so cold, head to page 85.

What'sglppening on...
Twitter?

We really 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 latest things you've been
tweeting over the last month.

¥ HopscotchFoundr
@HowltWorksmag Discovered
your magazine! Perfect for my
inquisitive scientist daughter, who
gets little to no real ‘science’ at school

¥ IslayGaz

@HowltWorksmag Just waiting for
the bus and want to know: why does
cold weather make your nose run?

¥ StarryEyedTrut
@HowltWorksmag Does a cat’s
colouring affect his/her personality?

F AbsWarokar
@HowltWorksmag It is the best
magazine |'ve ever read so far. | would
recommend to buy the mag to those
people who love to read ;) Impress

F mst3kuk

@HowltWorksmag The biggest
number ever used in maths is called
Graham's number; all we know is that
it ends ...2464195387 #didyouknow

¥ DaisyCCheung
@HowlItWorksmag Thanks to
some dude on the subway with his
iPad, | found an interesting publication
to read @HowltWorksmag #tech

¥ snapshotscience
(@HowltWorksmag If the
molecules in a litre of water were
the size of sand grains they would
cover the surface of the Earth [48
kilometres] 30 miles deep...
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5 Top FACTS HARR’ER : old Boy Post-colonial Invincible ;Vixen EForgetfuI

: The Sea Harrier was in : The only other international : The first ever Sea Harrier : The second-generation : The second-generation

: service for a total of 28 : operator of the Sea Harrier : confirmed as operational : Sea Harrier, the FA2, : Sea Harrier was also the

. years, from August 1978 to : is actually India, who use  : launched off the Invincible : featured the Blue Vixen *first British aircraft to

: March 2006. The second- : their own FRS51 variant . class aircraft carrier HMS  :radar, the predecessor . be armed with the US

. generation Sea Harrier FA2 : armed with R550 Magic * Invincible in 1981, a ‘ that formed the basis of : AIM-120 AMRAM, a fire

- was introduced in April . air-to-air missiles. . purpose-designed VTOL/  : the system used in the 3 and forget high-explosive
1993. § : STOL carrier. : Eurofighter Typhoon. : air-to-air missile.

AIRFIX HOW It worked

In order to supplement its short range,
many Harriers were fitted with the
aerial refuelling probe seen here.

3 = \ In addition to the primary nozzles, were four
Retractable ‘eye lids A “puffer jets” housed in the tail, nose and wing
protected the laser tips that used air bled from the high pressure

ranger and target seeker compressor to give added stability.
during take-off and

landing, thus protecting
the Harriers weapons
capability.

e

Seen here armed with two

sidewinders and the 30mm gun

pods, the GR3s primary role in

the Falklands was one of ground Sy ¥

attack, armed with bombs and § Ciae The two front nozzles discharged cool air from the front

rockets. » 8 fan of the Pegasus engine, the rear nozzles hot air that had
passed through the compressor. All the nozzles could rotate
through a full arc of 98.5 degrees in one second.

Developed in the 1960s,
the Hawker Siddley Harrier
was the first close support and
reconnaissance fighter aircraft
capable of V/STOL (Vertical/Short
Take-Off Or Landing). After it entered
service the RAF positioned the majority
of its early Harriers in Western Germany,

&
so as to be as close to the frontline as o
possible should the Cold War have )

turned hot and the Soviets launched an
invasion. The Harriers trump card in this
situation would have been its ability to operate
from rough strips and even roads, thus hopefully
evading the Soviet Air Force.

It was not until the Falklands in 1982 that the Harrier

saw combat however, here the GR3 variant operated as

a ground attack fighter with great success. Updated throughout
its service life before its retirement in 2011 the Harrier was a
capable and dependable warplane. Equally at home

delivering guided ammunitions over Afghanistan, or wowing
airshow goers with its ability to hover and ‘bow’ to its audience. ke
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