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“Written by experts to be enjoyed
by everyone” is howwe roll, so meet the
people that bring you each issue...

Dave Roos
Radiation

Dave’safarmeranda freelance
writer who’s been with ussince
issue1. He’sas great with research
asheiswithaploughand he
turned inan excellentarticle on
radiation, found over on page 46.

Adrian Bridgwater
Google

Adrian’satechnology journalist
who specialisesin web-based
tech. He'swritten some great
articles for our sister mags sowe
drafted him in to explain how
Google works.

Josie Reavely
Cameralenses

Josieisreviews editor on Digital
Photographer magazine, which
livesin the same spacious office as
us. Soshe didn't have far to come to
deliver her article on how camera
lenseswork on page 32.

Nigel Watson
Space junk

Nigel'sinterestin ufology meant
hewaswell suited to explaining
theidentifiable flying objects that
arein orbitaround Earth. You can
find hisarticle on space junk over
onpage 62.

Dr Bridget McDermott

Greek temples

Recently returned froma trip to
the desert, Bridget hydrated
herself enough to write an
explanation of Greek temples to
accompany the amazing cutaway
illustration found on page 78.

Shanna Freeman
Saturn

Shanna isanother How It Works
veteran. Spaceisher thingand
you canread an excellentand
thorough explanation of the
planet Saturnand itsrings
starting on page 70.

With thanks to

How It Works would like to thank the
following organisations for their help
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Sowhat’sthe
fastestanimal on
Earth?Itisnot-
contrarytoa
popular anecdote
—-acowthathas
been dropped out
of a helicopter.
Such a cowwould
allegedly havea
top speed of some 120 feet per second, or
8omph. This doesn’t come close to the
top speed of a diving peregrine falcon,
which can hit a staggering 20omph. It
does, however, just nose ahead of a
cheetah at full pelt, which tops out at
75mph in short bursts... so it would
depend on the height of the helicopter
when the cow was tipped out. A sailfish
would probably come in just behind the
cheetah, leaving Usain Bolt - the fastest
man on Earth - cominginlast, and no
doubt appalled by the senseless cruelty
of the helicopter’s occupants.

The fastestanimals on Earth isthe
topic of our main cover feature this
month and you can read more about a
hypothetical race between the species
on page 22, so whiz over there without
delay to discover more about the
quickest creatures on the planet, from
fish to frog to fowl to fella...

Ifyou think that speed isn't the key to
a great issue of How It Works then
there’s still plenty to stuff your hungry
mind with. You can find out about the
solar-powered vehicles that are trying
to go around the Earth powered only by
the Sun, or discover the breathtaking
amount of man-made trash and junk
that's floating in space. We also explain
the water cycle, Saturn, the Xbox 360 S
and laser eye surgery, plus loads of other
cool stufftoo. And if that doesn't whet
your appetite for knowledge, we even
tell you why your stomach rumbles over
on page 40.

Dave Harfield
Editor in Chief

© Imagine Publishing Ltd
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Get in touch

Have YOU got a question you want answered
by the How It Works team? Get in touch by...

Facebook: search for “How It Works” [lf§

Twitter: http://twitter.com/HowItWorksmag g 3
Email: howitworks@imagine-publishing.co.uk |
Web: www.howitworksdaily.com

The sections explained

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

into these sections
| HISTORY
The natural world Questionsanswered
explained on how things worked
inthepast
Beitroad, rail,
airorsea

you'll find
outabout
ithere

AN
i TECHNOLOGY

The wonders of

modern gadgetry

and engineering

| SCIENCE ] explained
Explaining the

applicatio;gls of

scienceinthe From exploration to the solar

contemporary world system to deep space

What you're saying about How It Works

Iabsolutely love How It records that have been set
Works! Your articlesarevery  incars.
simple to read and my Jack Philipson

brother and I really enjoy

readingit(lam12and heis BRIy SEi el

9). Some articlesIthink Aldan,g el lov¢’e your
magazine. I don'talways
would be good to have at g
Lo know the answers to his
some point include spy . .
. - . questions so we enjoy
equipment, Nintendo Wiis L.
and all the land speed CE T i
P Lucinda Kidney

Imagine what your life would be like without Google.
What would it be like planning a holiday? Booking a
flight? Checking the weather? We take a simple
white search box with two buttons

for granted, soitwas

fascinating to

discover

what

actually

happens

after you click

“search”. Find

out for

yourself on

pages4.
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Google
Justwhat happensafter you hit the
‘search’ button?

Pregnancy

How babies develop from a collection
of cells to human beings

Eardrums

Rumbling stomachs

The bends

Mass vs weight

Van de Graaff generators

Why glue is sticky?

Radiation
The energy that has the power to both
killand cure

22

The world’'s
fastest animals

Cheetah vs falcon
vs man. The ultimate
race decided!

The ultimate superboat
We go beneath the deck of the XSR48 to
find out what makes it so quick

Side impact protection systems
Tacking in a boat

Gliders

Sequential gearbox

The Bentley Mulsanne

Solar-powered vehicles

The amazing machines attempting to
travel round the world using only the
power of the Sun

Space trash

Fingi outabout the junkyard that’sin

orbitaround the planet Earth Sp_ace junk
Could the orbital scrap

yard ever threaten Earth?

Heart and Soul nebulae
The Karman Line
Halley’s Comet

The Oort Cloud

-

Saturn
Learn everything you need to know
about the amazing ringed planet

Concorde

The history of the only supersonic
passenger jet

Tesla coils

Anderson shelters

Floppy disks

Radiation

Discover the amazing
energy that can kill or cure

Greek temples
Dwellings for the gods and cosmic
generators explained
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Dr Robert Adam Boal
Bloomfield Science Museum Family

Director IYB-UK Programmes Developer
WithaPhDin Genetics, Adam studied Physics at
Bob leads the panel of ¥ YorkUniversityand now
experts from the writesand performs

International Year of family eventsat the
Biodiversity. Science Museum.

Alison Boyle
Curator of Astronomy and
Modern Physics

Alison Boyleis
responsible for a range of
collections spanning most
of the space-time
continuum.

66 -

Heart and Soul'nebulae
M Find out what created these 14 How It
awe-inspiring space cleuds, Iy WOI'kS

interview
How It Works talks to Dr Alice
Roberts about bones, books
and digging for Britain
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86 The latest

, : i’ - __ reviews
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M The most poisonous
fish on Earth explained

Solar-powered vehicle

The incredible machines that are
powered by the Sun

94 How to make
Thismonth
discover

howto
make an
origami
glider

96 How It Works
= Inbox

Your thoughts and opinions
about How It Works

How Google works
What happens after you hit the ‘search’ button?
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A fresh look at the world

slumber
disturbed

Incredible SDO imagery of a recent solar event that
plunged Earth’s magnetic field into disarray

he unusually ferocious solar storm recorded in
Tthis ultraviolet image of the Sun, taken by the

Solar Dynamics Observatory (SDO) on 1
August, produced some significant aurora displays
here on Earth.

A C3-class solar flare launched two coronal mass
ejections (CME) in the direction of Earth at speeds
exceeding 1,000km per second, resulting in a 12-hour
long geomagnetic storm that was lighting up the night
skies in Europe and North America by 3 August.

CMEs are large clouds of charged particles (magnetic
field) ejected from the Sun at millions of miles per hour.

1087

William the
Conqueror dies after
falling off his horse
in Normandy.

This day in history
15473 vary cucen

of Scots, is crowned on this
day atjust nine months old.
She was six days old when

her father James V died.

The Earth’s magnetic field interacted with
the charged particlesin the solar storm
cloud, creating an impressive light show

If such a wind reaches Earth - and they occasionally do
- the charged particles blow across our planet’s
magnetic field, exciting the oxygen and nitrogen atoms
in our own atmosphere. These excited gas particles
glow to produce the famous aurorae

visual phenomenon.

On this occasion the increased solar activity, which
took place across the majority of the Sun’s Earth-facing
hemisphere, resulted in bursts of intense solar flares, a
solar tsunami, filaments of magnetism from the
surface, radio bursts, large-scale shaking of the solar
corona, and powerful CMEs. The CMEs that reached our

else happened on this day in history?

1 8 French

5 5 clergyman
Armand Jean du Plessis de
Richelieuis born. You may

Three Musketeers.

© ImaM - Iblishing Ltd

9 September: How It Works issue 12 goes on sale, but what

recognise the name from The

magnetic field on 3 August were so powerful they broke
the Earth’s magnetic field lines, causing aurorae that
spread further from the poles than usual. This meant
that the Aurora Borealis was visible much further south
than usual over Europe and North America.

The Sun’s activity is cyclical, with a solar maximum
(the period of highest activity) and a solar minimum
(the period of least activity) repeating in a cycle that
lasts roughly 11 years. The last solar maximum was in
2001 while the next is expected to occur in around
2013. This latest bout of disturbance is evidence that
the Sun is reawakening.

1839 |

Englishman Sir John

| Herscheltakesthevery - L

4y firstglassplate !
photograph.

T

W
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Blood test
breakthrough

Scientists have
developed a new
method for testing
blood glucose

£ .
The team have created away to mgs-tllre" - levels- oo Wlthout
blood gluco Swithout usingan€edle — =% drawing blood

T he team at MIT’s Spectroscopy identifying the frequency of vibrations of test blood accurately. That being the fact

Laboratory have finally the bonds holding a molecule together. that there's a lag between when a patient

discovered a way for type one However, near-infrared light penetrates eats something sugary and when it shows
diabetes patients to control their less than a millimetre below the skin's up in their interstitial fluid reading. Barman
condition without having to puncture surface and so only measures the glucose and Kong have developed a new

their own skin. levels in the interstitial fluid surrounding calculation method, dubbed Dynamic

After 15 years of research by the team, skin cells, not in the blood. To overcome Concentration Correction, for working out
lab students Ishan Barman and Chae-Ryon this, the team produced an algorithm to the rate of glucose diffusion from blood to

Kong developed a tabletop machine that compare the amount of glucose in the interstitial fluid.

uses non-invasive light technology to test blood and the amount of glucose in the The method has been tested and has

blood glucose levels by scanning a interstitial fluid, enabling them to use the improved the accuracy of measurements

patient’s arm or finger with near-infrared result for one to predict the other. by up to 30 per cent. This could mean the
light. The machine can distinguish the The final breakthrough came when they end of painful blood testing for millions of
chemical compounds in a substance by conquered the last hurdle in the quest to people worldwide.

Greenland goes The largest chunk of ice to
t ltd break away from Greenland
into me OWll since 1962 Sparks concern
n 5 August a slab of glacial ice !
O with an area of 97 square miles L
broke away from the Petermann L.
Glacier in northwest Greenland. 1
According to the University of Delaware,
this chunk of ice now represents the largest
iceberg formed in the Arctic for 48 years.

The slab came free and floated towards the
straits separating Greenland and Canada.

Seaice

At 40 miles long and ten miles wide, the .
Petermann Glacier is the largest ice shelf in -
the northern hemisphere and the section of
ice that calved away from it accounted for -

around a quarter of the whole glacier. While
seasonal thawing of the ice in Greenland is
expected, this enormous calving has alarmed
a panel of geoscientists who suggested that
Greenland’s ice could recede completely if
temperatures were to rise by 2°C.
Pennsylvania State University’s Richard
Alley warned that the possible effects of
continued calving could result in a global rise
in sea level that may be felt thousands of
miles away from the Arctic. !

1850 1926 1940 1971 1976

Greenland
ice sheet

Petermann
Glacier

Californiajoins the America’s Inventor George Prisoners at the Attica Chinese
Unionas the 31st of radioand Stibitz first Correctional Facility near communist
the United States. televisionnetwork  demonstrated the Buffalo, New York, seized leader
National remote operation control of the maximum- =¥ ChairmanMao
Broadcasting of his “complex security prison for four v : Zedongdies
¥ Company -now number calculator”, days until state troopers aged 82
better knownas orthe modern regained control by force. followinga
" it NBC-isfounded. digital computer. The final death toll was 43. heartattack.
A Wiy il
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MONTH
INFACTS

Short, concentrated bursts
of facts and figures from the
last month in news

Jumping
the queues

M Invented by engineer Mark
Moore, the Puffin isa vehicle
hoping to change the face of
personal flight.

M It's50yearssince the first
successful launch ofa
communications satellite, the
Echo 1A.

Eveof
}¥ storms

B NASAwill spend the next six
weeks flying research vehicles -
the DC-8 and the WB-57 - through
storms around the Gulf of Mexico
and Atlantic Ocean.

160,000km?

M In Pakistan, around a fifth of the
country has been affected by the
worst recorded ﬂooding in history.

1? ears
mart

M September 2010 marks the
tenth anniversary of the arrival of
the right-hand drive Smart car in
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Theremainsof the
“Lucy” specimen of the

hominin species
Australopithecus
afarensis

Human ancestors’
tool use pushed
back 1m years

New bone find indicates that early humans
used stone tools much earlier than believed

esearchers have found evidence that
R early human ancestors used stone tools

to cleave meat from animal bones more
than 3.2 million years ago, pushing back the
earliest known usage by roughly 1 million years.
Bones found in Ethiopia show cuts from stone
and indications that the bones were forcibly
broken to remove marrow.

Previous to this find in the Dikika region of Ethiopia,
the oldest recorded use of stone tools was from 2.5
million years ago, a fact which suggested that it was
members of our own genus Homo that were the first
to use tools. However, this new find seems to show
that it was in fact an earlier genus of hominin that first
utilised tools to aid meat consumption.

Providing that the dating of the bones is accurate -
something that is highly probable as they were dated
against nearby volcanic rock - this means that it was
in fact the hominin species Australopithecus afarensis,
the species made famous by the 1974 discovery of the
specimen nicknamed “Lucy” in Ethiopia’s Awash
Valley, that was the first to use tools in this fashion.
Indeed, the arrival of the first human species, Homo
habilis, was not until 2.3 million years ago, a whole
million years after the species of the genus
Australopithecus were roaming the Earth.

Shannon McPherron, an archaeologist at the Max

researcher on the Dikika Research Project, speaking on
the find said:

“We were just walking along when we discovered
the two bones. We picked up the rib fragment, flipped
it over and there were these two, clear marks. Soon
after, we found the second bone, also with a lot of
marks on it. Right away we knew we had something
potentially important.”

The use of stone tools to remove meat from animal
bones is postulated by scientists to be a crucial
development in the evolution of the human, as when
the ancestors of early humans turned to meat for
sustenance, they were able to grow larger brains that
enabled them to make more sophisticated tools.

The bone find was discovered
north east of Addis Ababa in
central Ethiopia

Planck Institute for Evolutionary Anthropology and

guide to what the team love most this issue...

THE EXCITE-O-METER! it i fe o most e

Xbox 360 S
10

Concorde Camera lenses

Solar-powered Google
vehicles

f
")

Pregnancy

World’s fa_ste?t \ Radiation
animals

Duck-billed platypus

010 | How It Works

Dave

Ed in Chief

I'm trying to book a last minute,
bank holiday camping trip right
now and it would be much harder
without Google giving me a hand.
So | was excited to discover how
the search engine finds all the
campsites in the New Forest with
toilets and a shower block...

Rob

Staff Writer

Radiation stands out for me this
issue, despite our look at
Microsoft’s new Xbox scoring
highly also. How Google works is
fascinating and more complex
than you'd think, with a lightning
fast chain reaction begun every
time you hit the ‘search’ button.

AND THE VERDICT IS...

Jon’s excitement goes nuclear this month with a whopping 84 points out of a possible 100 placed onto the Excite-O-
Meter. Helen, on the other hand, is more selective, with only duck-billed platypuses and pregnancy receiving top marks.

© Imagine Publishing Ltd
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Helen

Deputy Editor

Pregnancy and the development
of human life in the womb (man, |
hate saying that word). It affects
us all: we all spent time in the
womb and most women will
experience the ordeal from a
completely different perspective.
What better reason to read on?

Jon

Senior Sub Editor

| went into excitement overdrive
this month! The likes of the duck-
billed platypus, Google and the
world’s fastest animal feature had
me eager to read more, and with
my fiancée being a midwife | had
to be interested in pregnancy,
seems | hear about it every day...
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The GOCE satellite has
runinto trouble for the
second time this year

GOCE
satellite

Europe’s flagship
Earth observation
satellite taken offline

or the second time this year the
F European Space Agency’s GOCE

Earth observation satellite is
drifting through space unable to beam
any data back to Earth.

The satellite’s emergency computer
system has been struck by a glitch, a fact
that after the system’s primary system was
taken offline due to a processor fault, leaves
it unable to communicate with ground
stations. Currently ESA engineers are
working round the clock to get the system
active once more, however the task ahead
of them is daunting. Speaking on the
mission to get the station fully functional
again, GOCE mission manager Dr Rune
Floberghagen said:

“There’s no doubt about it: we're in a
difficult situation, but we are not without
ideas. If we have just two half-computers,
we can stitch them together and get GOCE
working again.”

Luckily, regardless if the satellite was to
be forever lost due to the current fault,
GOCE has already collected two-thirds of
the data it was originally due to ascertain -
information regarding Earth’s gravity and its
variations. This data, it is hoped by
scientists, will have multiple applications in
the field of climate studies, potentially
bringing new insights into the way ocean
waters move and redistribute heat around
the planet.

Presently a senior investigation board at
the ESA is looking into the root causes of
the computer failures.

WWW . HOWITWORKSDAILY.COM

God’s number
revealed

Fewest number of moves to crack Rubik’s
Cube determined by team of researchers

he 30-year quest to
I determine the fewest
number of moves needed to
solve any one of the Rubik’s Cube’s
billions of possible configurations
has been calculated by a team of
international researchers.

Referred to as “God’s number” -
because an all-knowing entity would
know the optimal number of steps
needed to solve the puzzle - the magic
number for which any puzzle can be
solved was revealed to be 20.

To calculate this number the team
had to run through all of the possible
combinations of a Rubik’s Cube, a task
that Professor Morley Davidson - a
mathematician from Kent State
University and team member of the
project - admits would have been

© Courtesy of Curis

“completely hopeless” if it wasn't for a
timely intervention by Google, as there
are quite literally billions of possible
combinations and the computer
technology the team had was
inadequate to compute them.

However, thanks to Google’s super
computers the team were able to
crunch through the numbers and by the
end of the exercise the probability of
there being a combination that required
more than 20 moves to solve “dropped
into the very low digits”, before leaving
Professor Davidson and his team with
the number 20. Speaking at the close of
the exercise, Professor Davidson stated,
“It's come full circle for me. Rubik’s
Cube was an icon of the Eighties when |
was growing up and was the reason |
went into mathematics.”

The otherway to solve a
Rubik’s Cube

© Imagine Publishifig
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The How It Works site is
regularlyupdated with the
web’s most amazingvideos

Cape Cobra

M Learn about South Africa’s
deadliest snake, the Cape Cobra,
and specifically how it can kill up
to six people with a single bite.

Golden eagle hunting

M Thisisawesome! Checkit out. A
golden eagle hunts a mountain
goatinanamazing display of
hunting prowess.

Speed cubing
M Think you're an ace because you
cansolve a Rubik’s Cube? Think
again. Watch the former world
champion complete five with an
average time of 9.21 seconds.
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Handcuff trick

B Learn how to escape from a pair
of professional double-lock
handcuffsinless than 20 seconds
with nothing more than a hairpin.

.
"j ’ ’
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A fresh look at the wo

Roberts

From digging for ancient remains on Time Teamto
exploring the coastlines of the UK for the BBC's
Coast series, Dr Alice Roberts has a passion for the
world around her. Anatomy is threaded through

almost everything she does, and with another book

due out soon, we thought we’d find out more...

How It Works: Please tell us about your
latest book The Complete Human Body.

Dr Alice Roberts: The Complete Human Body
is a big book, crammed with fascinating facts
and beautiful illustrations, revealing the
structure and function of the human body, as
well as a wide range of the diseases which
afflict it. If you want one book as a guide to your
body - this is it. And as you'd expect from DK,
the illustrations are glorious - and accurate.

HIW: You’re involved in a new BBC series
called Digging For Britain, what can
viewers expect to take away from this
programme? And what did you learn
during filming?

AR: Digging for Britain is a brand new
archaeology series, which started on BBC2 just
a while back. It's a fresh approach to
archaeology on television, we set out to show
British archaeology as it is - and as it's
happening. We've travelled all over the UK,
visiting everything from small scale research

digs to community projects, to enormous
excavations like the one at the site of the new
road scheme in Kent. I've been to the beach
where the evidence of the earliest humans in
Britain - going back nearly a million years -
came to light. I've seen the earliest rock art in
the UK; | found out how archaeological science
has been able to help identify an Anglo-Saxon
princess, and | stood on the floor of
Shakespeare’s first theatre in London. It's
certainly a series about archaeology and history,
but what we're really doing is finding out about
the people who inhabited Britain before us - and
how we can find their traces and catch glimpses
of their lives, hundreds, thousands of years later.
What did | learn during filming? You'll have to
watch the series to find out!

HIW: You have done much work on the
migratory paths of early humans, as made
famous by your television show The
Incredible Human Journey. How clear-cut
is the progression across the globe?

“Itravelled out to aremote
reindeer-herders’ camp, where
we stayed in tents (at-40°C!)"”

014 | How It Works

Alice also works for the NHS
Severn Deanery School of Surgery

AR: Our understanding of how modern humans
- Homo sapiens - spread across the globe is
now quite detailed. Combining insights from
archaeology, palaeontology, climate science and
genetics, we can see where and when we
emerged as a species, and track those ancient
migrations that led to us colonising the globe.
There are still some debates and controversies,
as in any branch of science - and that’s partly
what makes it so exciting.

HIW: Over the years your work has taken
you to some fascinating locations, what’s
your favourite? What sites would you like
to visit in the future?

AR: Even though it was achingly cold, | loved
visiting Siberia while filming Human Journey:. |
travelled out to a remote reindeer-herders’
camp, where we stayed in tents (at -40°Cl),
with a herd of a thousand reindeer browsing in
the snowy taiga around us.

HIW: What was it like working with the
various experienced teams on Time

Team, and what is the most exciting
discovery that you made during your time
on the programme?

AR: | enjoyed working on Time Team
immensely. As an osteologist, or human bone
expert, | was able to bring my own expertise
and experience to the team, while working with
a great bunch of experts in a number of other
areas - including legends like Professor Mick
Aston! | wrote up reports on the skeletons we
found, but | also got a chance to be out in the
field, helping with the excavation itself. | think
my favourite dig is still the first one | went along

© Imagine Publishing Ltd
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to - an Anglo-Saxon cemetery site in Hampshire,
where we found a range of grave goods
alongside the skeletons - including metal parts
of spears and shields, as well as some
mysterious buckets.

HIW: We ask all our interviewees this one.
If there is one gadget you wouldn’t be
without, what would it be - whether in
the home or daily life, or while out and
about in the field?

AR: My laptop. | love being able to write - as
well as stay in touch with friends and family
while I'm off on location. And at home, | like
being able to work where | want - very useful
when balancing my work with looking after a
five-month-old baby!

HIW: What is next on your to-do list?
AR: | have a couple of ideas for books that |
want to write, and a few television projects
that I'm working on. We're
currently filming series t
six of Coast! $

Alice’s outstanding new
book The Complete
Human Body will be
available to buy from 23
September for £30.
He
Rl
You can also keep up with Alice and the
projects she’s working on at her
website www.alice-roberts.co.uk.
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The water cycle

This _mohth in
Environment

Helping out with the
curriculum this issue, we take
an in-depth look at the
hydrological cycle and explain
how and why our precious
water source moves around
the Earth. We also take a
close yet cautious look at
some venomous nasties from
the animal world - the
pufferfish and the platypus,
neither of which looks
particularly threatening, but
both of which can serve up a
spiteful sting. We also
thought you'd enjoy a high-
adrenaline feature revealing
how the planet’s fastest
animals are built specifically
for speed on page 22.
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¢ The water

Rain falling today has spent billions of years

travelling between Earth'’

The water - or hydrological - cycleisthe Earth’s
water recycling system. Since water rarely escapes
the planet or arrives from space, the water cycle
keepsriversrelentlessly flowing into the oceansand
the atmosphere supplied with clouds and rain. Without it, life
simply couldn’t exist.

The water cycle circulates water between the oceansand
atmosphere, sometimesvia the land. When ocean water is
heated, it turns into water vapour, which risesinto the
atmosphere and is carried by winds. The vapour cools at some
pointand forms clouds. Around 78 per cent of the rain, snow and
other forms of precipitation falling from these clouds goes
straight backinto the ocean. The rest falls over the Earth’s '
continentsandislands.

How the water
cycle works

Ocean water
evaporatlon

Ocean water is heated,
evaporates and rises into the
atmosphere as water vapour.
The vapour cools as it rises
and, at some point, condenses
and forms clouds.

.
Water
processes
explained

Condensation

Whenyou breathe on a cold window and
it fogs up, you're seeing condensation in
action. It's the process by which water
vapour in the air turns back into liquid
water when it cools down. Atmospheric
water vapour condenses on salt, smoke
and dust particles to form clouds.

© Imagine Publishing Ltd

through their leaves. When animals eat plants, they take the
water into their bodies and expel itinto the air in their breath.

- NS

s clouds, oceansandice

Some of thiswater runsinto rivers and lakesand is carried
backto the sea. Water also seeps back to the oceans through
deep soil and rocks, becoming the Earth’s groundwater. Water
falling as snow over the polar ice sheets can be buried,
sometimes for millions of years, until it reaches the sea via slow-
moving glaciers.

Water that stays in shallow soil can be lifted back into the
atmosphere when it warms. Alternatively, plants may suck up
soil water through their roots and return it to the atmosphere

e
¥ 4 I
Humansare increasingly altering the water cycle on land by

building citiesand flood controls, and capturing water for
drinking, agriculture and industry.

Loss from vegetation
Plants contribute about ten per cent of
the water in the atmosphere by losing
water drawn from the ground through
their leaves by transpiration.

Infiltration
Infiltration is

. wherewater seeps
into the ground

L ratherthan
runningacrossit.
Once in the ground,
the water staysin

3 shallow soil layers
or moves deeper to form groundwater. Dry,
loose soils on flat ground will absorb more
water than steeply sloping hard surfaces or
already wet soil.
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Ancient science Drop to drink Olympic deluge Earliest water Slow moving

People first mentioned the Most people get water from A small thunderstorm Liquid water may have existed Water can spend more
water cycle around 2,000 rivers and lakes, which form can produce, on average, on Earth for 4.4 billion years. than 10,000 years

years ago. One of the oldest just 0.014 per cent of the 2,000 tons of rain in just 30 The water in your glass is locked up in deep

Hindu scriptures, the world’s water. The rest is minutes. That’s enough to almost as old as our planet groundwater or the polar
Chandogya Upanishad, said mainly in the oceans (96.5 per fill an Olympic-sized and significantly older than ice sheets, but just a few
“rivers... lead from sea to sea”. cent), ice or underground. swimming pool. the dinosaurs. days in the atmosphere.

The Sun powers the water cycle, moving around 15.5 million tons of water through the atmosphere every second

The River Indus is now some
30 kilometreswide in places

cycle

Water vapour transport
Around eight per cent of the water

emporsted ot When the water
circulating through the atmosphere. . : I I d
il —— ‘ﬂf‘i}! cycle lets us down

iR Snowfall Floods affect tens of thousands of people each year, asis
Snow melts immediately or when evident from thisyear’s devastating monsoon flooding

the weather warms, but if it falls across Pakistan. The flood, which has affected some 20

on glaciers or ice sheets, it can be million people so far, was the result of the heaviest

locked up for hundreds or even monsoon rains in the area for generations. On 8 August the
millions of years. . . . .

River Indus burst its banks, sweeping away entire
communities. While it’s normal for Pakistan to receive half
itsannual rainfall (250-500mm) during the monsoon
months of July and August, the country was reportedly
bombarded with 300mm on 29 July alone. The Met Office
suggests several possible reasons for the unusually heavy
rains, including changes to upper atmosphere airflow,
active monsoon systems, and La Nifia (E1 Nifio in reverse).

==
= !.'. Rk

Rainfall

Rain runs off into rivers or
infiltrates into the ground
where it is taken up by plants
or moves into groundwater

Serious floods, like those seen in
Pakistan during July and August,
can cause catastrophic destruction

- Surface water evaporation
Around 14 per cent of evaporation occurs over
land from lakes, rivers, ice and the ground. Ice
also turns straight into water vapour without
melting, a process called sublimation.

©DKImages

Groundwater
Water infiltrating into the soil can seep
into the ground where it flows towards
streams and the ocean, or enters deep

underground stores called aquifers.

Runoff Evaporation Precipitation Transpiration
Water flowing Wet clothes hung Precipitation isa catch-all term for Plants - like humans -
down tarmac outside dry by water falling from clouds to the earth. breathe out water
roadsinto evaporation, the It coversrain, vapour, a process
= curb-side process by which snow, hailand so called transpiration.
. drainsaftera liquid water on. Precipitation During transpiration,
_ stormisan turnsinto happenswhen water drawn into a plant’s roots is
exampleofthe  vapourwhen water vapour carried to the leaves where it
process of runoff. Rain that doesn't heat energy breaks bonds between condenses on evaporates. How much plants
evaporate or infiltrate into soil or rock its water molecules. Soakinga T- airborne transpire varies depending on air
also flows down small channels as shirt keeps you cool on a hot day particlesas temperature, humidity and
runoff. The channels merge into streams because since evaporation uses up droplets. These grow bigger by, for incoming sunlight. Higher
that, eventually, joinrivers flowing heat energy from the air, it reduces example, collisions until they become temperatures and stronger
downbhill to the sea. nearby temperatures. so heavy they fall to the ground. sunlight mean more transpiration.

© Imagine Publishing Ltd
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“The poison is produced as part of
a mutually beneficial relationship”

The world’s most dangerous fish

The deadly pufferfish

Alook at why, despite its size and timid appearance, one type of
fish can be extremely deadly when it comes to defending itself

powerful bow-door-like valve closes over

theinside of the mouth. Once the mouth’s

cavity is compressed, this forces the water
into itsstomach.

Despite its resulting comic appearance,
the tissuesand organs of many a puffer
are no joke, laced with the potent poison
tetrodotoxin - a single pinhead of which
could killa grown man. This makes it ten
times more deadly than the black widow
spider. The poison is produced as part ofa
mutually beneficial relationship by
common bacteria where nutrients

The pufferfishisa group of
} over 100 species that are so-

named for their unique line in

defence. When cornered, a
puffer'slast gasp is to draw in water (or
sometimesair)and pump it to the
stomach, expanding to three times its
normalsize; deterring potential predators
and when possible, affording it the vital
seconds necessary to escape.

To achieve thiswith the required

efficiency and speed, once the puffer has
taken on water its gills clamp shutand a

How it blows

Aswater enters the stomach, kilted pleatsin
the inner-lining allow it to flex and stretch
under enormous pressure. As the stomach
cavity fills, it balloons above and around the
spine, continually pulling the inner-lining
fibres so tight that they harden to form an
almost perfectimpenetrable sphere.

Mouth

To expand, the pufferfish
enlarges its mouth; water
enters and is prevented from
leaving by an oral valve.

Teeth

Pufferfish have four large
teeth fused into an upper
and lower plate.

Fact File

are exchanged as payment for the
ultimate deterrent.

Some species such as the porcupine
puffer are more sporting than others,
covered with spines that offeradded
protection and ample warning to any
would-be attackers. Each spine is
attached to the skin by an ingenious
tripod-shaped bony base. When the skin
stretches, one of the legs is pushed
forward and two are pulled back to snap
the spine outwards...a pointwell made in
more ways than one.

Type: Fish

Diet: Omnivore: algae, molluscs,
invertebrates and crustaceans
Average life span: 4-8 years
Power: Pressurised water
reactor, fuelled for life

Weight: 150g-30Ibs

Size: 1in-3ft

Habitat: Tropical/sub-tropical,
saltwater, brackish, freshwater

Stomach

Water flows from the mouth to
the stomach by compressing the
oral cavity. Its stomach bloats to
100 times its initial volume.

Pleated lining
A pleated lining allows
for stretching.

Organs

Despite its arching spine and
absence of ribs, the internal
organs are squeezed between
the backbone and the stomach.

e

Tetrodotoxin

Second only to the golden dart frog, pufferfish
aresaid to rank as the most deadly vertebrate
on Earth. The poison it carries, tetrodotoxin
(TTX), is not of its own making; it is produced,
in association, by relatively common marine
bacteria and dinoflagellates.

Insusceptible animals, TTX binds to the
sodium channels of nerve cells, halting the
influx of sodium and causing a cessation of
nerve function; this leads to suffocation,
paralysing the diaphragm and causing the
death of its victim. There is no known cure.

Humans are most likely to taste its deadly
effect from improperly prepared Japanese
delicacy, fugu. The diner can expecta
deadening of the mouth, dizziness, vomiting
and difficulty breathing. This is followed by
respiratory failure and coma or death within
24 hours iftreatment is not forthcoming.

Camouflage
Asides from spikes,
patterning acts to
camouflage the fish or
ward as a deterrent.

Pectoral, dorsal,
caudal and anal fins
optimise movement.

Each atom of the molecule
is colour-coded: carbon
(grey), hydrogen
(turquoise), oxygen

(red) and nitrogen

Skin

It is pleats that allow this
fibrous inner-layer to expand
and are responsible when
stretched for its rigid form.

Outer skin

This elastic layer provides
a smooth hydrodynamic
profile as cover to the inner
pleated layer.

018 | How It Works

Spikes

Some species sport modified
scales that lay flush to the
skin. A tripod-shaped base
causes them to snap up
when the fish is puffed.

TTX

The most potent repellent
lies in high concentrations of
TTX found in the skin,
gonads, liver and intestines.

© Imagine Publishing Ltd

No unauthorised copying or distribution

(blue). It binds to sodium
channels, blocking the
transmission of
nerve impulses
and poisoning the
nervous system.
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Tiankeng,

means ‘sky hole’.

Discover why limestone landsca
are rlddled with hollows and hole

Sinkholes, dolines, swallow or shake holes, or
cenotes are bowl-shaped hollows created
when limestone is eaten away by acidic

=/ groundwater. Limestone chemically reacts
with acidic water because it’s mostly calcium carbonate -
the alkali used in some indigestion tablets to neutralise
stomach acid.

Sinkholes form in two main ways. First, as acidic water
seeps through and widens cracks in limestone. If the
cracksare close together, a small hollow forms and grows
bigger as rainwater flows into it.

Sinkholes also form when caves collapse. Riversin
limestone areas often run through underground tunnels
that they widen into caves. If the cave reaches the surface
and therooffallsin, it can create a sinkhole.

Holesin the ground in other rock types are sometimes
called sinkholes. An enormous sinkhole that swallowed a
Guatemala City clothing factory in May, for example, isin
anarea ofvolcanicrockand ash.

WWW . HOWITWORKSDAILY.COM
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i 1. Xiaozhai

southern China
At over 600m deep and wide, =
this gigantic sinkhole may be
the world's largest. Tiankeng

2. El Zacatén
Cenote, Mexico

A 319m deep lake, this is the world’s
=2 deepest water-filled vertical shaft -
= popular with divers and NASA
explorers hoping to use research
gained to search for life in space.

3. Great Blue

“ Hole, Belize

The world’s largest blue hole -
otherwise known as an
underwater sinkhole - lies off the
Belize coast. It's almost perfectly
round and 300m across.

e

Anear miss for these house
owners in Kentucky, USA

-1'1-—..-.
}-*-r'-:. X

Collapsing cave
Ifthese cavesreach the
surface and therooffalls
initcan createasinkhole.

/

-

4

Acidic water
P Limestone chemically
~ reactswithacidicwater
and gets eaten away.

Rivers
Riversinlimestoneareas
often run through tunnels
thatwideninto caves.

© Imagine Publishing Ltd
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“The duck-billed platypusisa
member of the class of primitive
mammals called the monotremes”

Duck-billed platypuses

Isita beaver?Isita duck?Isit
a lizard? No, it's something
entirely different...

) The duck-billed

platypusisa
} member of the
class of primitive

v

mammals called
the monotremes, whichisarare
order that includes platypuses and
just four species of spiny anteater.
Monotremes are oviparous,
which means they reproduce by
laying eggs that develop and hatch
outside the mother’s body, rather
than giving birth. For around ten
days, the mother incubates the egg
alone in her burrow by keeping it
warm ina pouch between her
body and her tail. When the
helpless, blind baby - commonly
known as a puggle - hatches it will
be hungry, and while female
platypuses don't have teats like
other mammals, they can still
suckle their young. Milk glands
thatare tucked away ina groove
inside the pouch on herabdomen
produce pools of nutritious milk.
The female nurses the puggle for

Home sweet home

The female spends ten days in
her nest and makes it cosy by
lining it with soft leaves.

several monthsuntil it can both
see and swim independently.

The platypus was built for
underwater activities: it hasalong
streamlined body, waterproof fur,
paddle-like feet aswell as tricks for
feelingaround in the darkand
remaining below the surface for as
long as possible. While huntingin
riversand lagoons, the platypus
uses its webbed front feet to propel
itself through the water and its
rear feetand flat, beaverish tail to
steer. The creature can remain
underwater for several minutes
due to the folds of skin that form
watertight seals over its eyes, ears
and nostrils.

Another distinguishing feature
of the platypusis the fact thatadult
males have a poisonous spur on
the hind leg, which can delivera
nasty sting. The spurisused
during tussles for territory or
mates and in defence against
predators, making the male
platypusavery nasty adversary.

© DrPhilip Bethge

Keep out

To prevent water from flooding
the nest and to regulate humidity,
Mrs Platypus builds blockages
along the tunnel to her nest.

Only girls allowed
The female lays and incubates
her eggs in a private nest
away from the male.

The Statistics
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Type: Mammal
Diet: Carnivore
Life span in the wild:
10-15 years

Weight: 3Ibs (1.4kg)

Size: Males up to 60cm
Females up to 50cm
Habitat: Freshwater ponds,
rivers and creeks

-
Platypus’s lair
Platypuses make their homesin riverbank burrows with an opening just
above water level. Once the female has mated - usually between July and
November - she needs a quiet place to lay and incubate her eggs away from the
males, and so she tunnels deep into the riverbank creating a lair for herselfand her egg.
Atintervals between the nest and the riverbank, she creates blockages in the tunnel -
which can be aslong as18m - to prevent any rising water from inundating her hideaway. The
mother lines her nest with soft leaf matter, which she drags in behind her using her versatile tail.

© Imagine Publishing Ltd
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Duck-billed pla
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The male of
the species
is more
deadly!

For self-defence, both
sexes develop sharp
calcaneus spurs on their
hind legs. These growths
are not fixed to the heel;
theyare attached toa
separate bone that
allows them greater
freedom to move.
However, only the
spurs of the malesare
venomous and capable
of causing immobilising
pain or death to small
animals. The venom in
the spurisuniqueto the
platypusandis
composed of special
chemical proteins that
can cause severe pain
andswellingin the
victimaswell as
lowering their blood
pressure. The poison is
produced in the crural
venom gland in the
upper thighand is
connected to the sharp
end of the spur by way
ofa tiny duct. The
female’s spur, on the
other hand, doesn't
develop fully, and falls
offafterayear.

WWW . HOWITWORKSDAILY.COM

1. Slow loris [ IS . " 2. Northern short- _ 3. Pangolin

The toxin produced by this i, . tailed shrew The scaly pangolin is another

primate is secreted from a o This shrew can paralyse its mammal that can emit a

gland in the elbow. It sucks the £ . prey with its venomous saliva. noxious substance in a similar

venom into its mouth and then § - =" A neurotoxin, which acts on way to the skunk. The pangolin
& either licks its babies to deter = the nerves, is secreted from a gives off a foul-smelling acid

predators, or bites its foes. =f WSS # gland in the mouth. from glands near its rear end.

The duck-bill and
electroreception

Because duck-billed platypuses are
mainly crepuscular -that is, they're
mostly active during the twilight
hours of the early morning and late
evening -you might assume they
have excellent eyesight for hunting.

And you'd be right; despite the
fact they have very small eyes, they
do have very keen eyesight.
However, the platypus actually
keeps its eyes shut when hunting
underwater. So to stalk its prey, a
platypus instead uses its highly
sensitive bill. Although this may
resemble the bill ofa duck, it’s
covered with soft leathery skin that
contains approximately 40,000 tiny
receptors that can detect the faint
electric fields produced by small
animals that are buried away in
theriverbed.

By sweeping its bill from side to
side, the duck-billed platypus can
sense the direction of its lunch,
which it will hungrily dig out of the
mud with its spade-like bill.

Amazing platypus
characteristics

Okay, so ifyou list the distinguishing features of
our friend the platypus you have a medley of
traits unique to only a few members of the
animal kingdom. Take their webbed feetand
rubbery bill, for instance - both examples ofa
duck’s distinctive appearance. Or the beaver-
like fur coveringall but its bill and feet. And
how about those legs, which protrude from the
side of the body, giving the platypusalizard’s
gait? Such borrowed characteristics make the
platypus one of the weirdest animals waddling
around the southern hemisphere. Many creatures
allrolled into one quite curious mammal.

Platypus
anatomy

¥

© Rainbow606

Feet

A platypus’s furless front paws
consist of five webbed toes
that act as very effective
paddles for swimming

Spurs

Male platypuses come
with an added defensive
feature: a poisonous spur
located on the inside of the

The bgdg ?f the strangest ankle on the hind legs. gracefully through water. On q
creature on orth! land the platypus takes on a Where the
much more ungainly waddle. platypuses roam

However, the webbing on their
feet does retract to reveal a
set of claws that enable it to
run if needed. Platypus is
Greek for flat feet.

Platypuseslive in burrowsin
the freshwater creeks and
lagoonsthe length of the
eastern side of Australia

and are also common
throughout Tasmania.

Tiny eyes

The platypus is blind when born and
even as an adult has tiny eyes located in N -
a groove, set back from the bill. But the il \

platypus doesn’t require good eyesigh <«  Fur
to hunt for food; instead it uses that ¥ ‘ Thick bR wat S TIaE Tir

ultra-sensitive bill.
grows all over the platypus’s
body - except for the bill and
feet - to trap air to insulate
the animal and keep it warm.

Tail

The broad, flat tail makes for an excellent
rudder, enabling the platypus to twist and
turn in the water. The fat reserves are |
also stored here. {

Mouth

Once the platypus has caught enough
grub, it will return to the surface to feed.
However, the adult platypus doesn’t have
any teeth; instead it has a mouthful of
horny plates and gravel, which is used to
grind the food. The young do have
molars, but they fall out as th ature.

Tt

- Bill
Once the platypus has used its bill to locate
and excavate its prey - that being worms,
insect larvae and shellfish - it can scoop the
food out of the mud and strain it through its
bill. The platypus can then continue its hunt by
storing food in its cheeks like a

Nostrils

The nostrils are equipped with special flaps of
skin that enable them to close not only their
eyes, but also to form watertight seals over
their ears and nostrils when diving.

© Rainbow606
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“The cheetah is fast but that
speed comes at a great price

T B ——————
The cheetah’s long tail acts as a
counterweight, maintaining balance
during sharp turns at high speed.

-

The arms race of hunter and hunts.d_lrslm"

a ferocious battleground, with

different species unously evolving t ‘~.

remain, literally, one step ahead o the

competition. How It Works pits these

s eed demons against each other in
e ultimate animal shootout

Accelerating to speeds of 7omph, the
cheetah is the quickest on four legs!

Cheetahs are one of the fastest animals on

Earth and have a terrifyingly quick o-60
)‘ time of a mere three seconds. Cheetahs are

unique in the fact they have evolved to such
= adegreein order to maximise their speed,
that they regularly risk brain damage and starvation due to
the great physical demands it places on their anatomy. The
cheetah s fast, the fastest land animal on Earth, but that
speed comes at a great price.

For example, lungs, nostrils and heart are all enlarged
within the cheetah to ensure it can process enough oxygen
and blood to maintain its explosive speed. However, it can
only process this for short periods of time and at the close of
alengthy chase not only does it skirt dangerously close to
oxygen deprivation but it must rest post-kill before it eats,
leaving plenty of time for scavengers to surround it. In
addition, while its muscle fibre is honed and holds superb u

elasticity, its physique is slender and lightweight, leaving it s 4
vulnerable to broken limbs and completely defenceless The StatlStICS

againsta larger and heavier rival such as a lion or tiger. 8 Cheetah

Due to these facts —as well as through human-caused N |

. . ~ Family: Felidae
habitat loss and predation - Ry e ———

cheetah numbersare Weight: 36-65kg
dwindling anditis currently an Height: 67-94cm
endangered Length: 200-220cm
specicsinmany [ oSOl o
African
countries. F

022 | How It Works WWW.HOWITWORKSDAILY.COM



Lightweight Threat Sexist Hakuna matata Habitat

The average weight of a All over Africa, Asia and India Baby cheetahs are brought up Cheetah'’s have a broad diet, Cheetahs tend to favour vast
cheetah is 125 pounds. This cheetah populations are in solely by the female parent, ranging from antelope to expanses of land where prey

is actually a fraction of the sharp decline. In 1990 there who raises them in isolation springhare and game birds. is abundant and easy to spot.
weight of other big cats, with was roughly 100,000 from any male. It takes However, one of their most However, cheetahs can be

an average lion weighing more individuals worldwide, now roughly 18 months for a common food supplies is the found in a variety of habitats

than 400 pounds. there are roughly 10,000. cheetah cub to reach maturity. slow and fat warthog. including grasslands.

Marine biologists postulate that the sailfish's large dorsal fin is used for cooling purposes as well as stability

- -
Check out the three stages a cheetah
a7 0-40 mph In three Strld undertakes to reach 4omph in just three strides
s : A
i.""* B R i oy,

g L

iy
,

N
1. Brace 2. Snap 3. Kick
¢ The cheetah employs its hard, ridged footpads The spine uncoils and shaps straight, driving the hind legs The combined spine and leg muscles give the cheetah an incredibly broad
é" and blunt, non-retractable claws to maximise into the earth and pushing the cheetah forward. The swing range and propel it 7.6 metres (25 feet) through the air in a colossal
< traction with the ground. Its spine curves, coil- honed, slender muscles expand in conjunction, adding bound. At the culmination of the bound one foot is replanted onto the earth
8 like, and head drops a fraction. greater elasticity and drive to the forward thrust. and the process is repeated. The cheetah completes three strides a second.

Eyes - — i The sailﬁsh-(;?rap'id y
The cheetah’s eyes are long to i £ ; turnits body light blue

provide a wide-angle view of o - with stripes when excited,
a n atom its surroundings. This - 4 e - “  ° confusingitspreyand
provides them with excellent - - . © " makingcaptureeasier

: when stalking and ] - e o
Just what makes it the i o B Fatve . . (T p—

- ch: i,
fastest thing on four legs? habitat of open plains. . : p——
o . L]
Spine A
The spine is incredibly flexible and
has evolved so it curves with each
stride, acting akin to a spring for
the cheetah’s hind legs.
Long nose
The sailfish’s elongated bill is
similar to a swordfish’s and
marlin’s, placing itinthe
category of billfish.

Capable of swimming for longdperiods of time at
over [i?mll‘fh' and with a recorded top speed of over
7omph, the sailfish is the ocean’s fastest animal

With a top speed on par with that of a cheetah, Aswith the peregrine falcon, the sailfish’s
the sailfish is lightning fast and one of the most speedisalsoaided by its ability to retract parts
difficult-to-catch fish in the world. With its ofits body, in this instance its various fins
stiffened, tapered body and scissor-shaped (notably the large dorsal fin that adds over a foot
caudal fin, the sailfish is built for speed - a speed on to its overall height). This feature helps it
that comes courtesy of a rapid and ferocious reduce the effects of dragand minimise
flicking of its tail. Indeed, during a chase to resistance to its movements.

consume fish, crustaceans or cephalopods, the Its spine isalso very flexible and as with the
sailfish will flick its tail back and forth hundreds cheetah allows it to generate increased thrust
oftimes, utilising the powerful muscles which through the rapid curves it bends its torso into
run down its compressed body. while swimming.

The Statistics | [y

incredibly sleek
and streamlined
Family: Istiophoridae body.
Genus: Istiophorus
Weight: 90kg
Height: 70cm
Length: 1.2-1.5m
0-60mph: Not recorded
Top speed: 70mph

© James Temple
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“The peregrine does not suffer
damage from oxygen deprivation
at the close of its stoop’

106 i i m T i, =

1. Sight

Prey is spotted while
soaring and then the
peregrine begins to draw - -
its wings into its body. It S,
also retracts its tail and T
tucks its feet into its body.

animals on
Earth are...

Here’s a the list of the
most super-fast critters
on the planet

2. Streamline

The wings are brought right into the falcon’s
sternum and - thanks to their pointed, slim,
stiff and unslotted feathers - begins to

Sailfish 68mph (110kph) rapidly reduce its air resistance.

Marlin somph (8okph) 3. Velocit

LD el ol Sp-eecl is incre?nlsed as the falcon bombs

Tunny 46mph (74kph) down with little-to-zero drag, soon reaching

Bluefish tuna 44mph (70kph) speeds up to 200mph. Its strong keel helps
maintain structural solidity during the dive
and its eyes are kept clear by nictitating

Tiger beetle 5.6mph (8.4kph) membranes, which act like a third eyelid.

Cockroach 3.4mph (5.4kph)

Peregrine falcon 200mph (322kph)

Spine-tailed swift 106mph (171kph)

Frigatet-)ird SR - . Check out the four stages a

]S;{I;gﬁ)vrvégsg;%goose 88mph f42kph) E When m_free fau/ the pe.regnne peregrine falcon undertakes to

merganser Pannemeal| falcon is just epically quick ;s?ghkﬁ?omph when diving in

©
Ifyou thought the cheetah wasfast, they themselvesare airborne. generate far more power per thrust

Chcctah 7ZAph 4KDh) thenthinkagain. The peregrine Secondly, its anatomy -as with the when building speed. Further, the

Propghor nantelope 57mph (95kph) falcon blows its top speed out of the cheetah’s-hasbeen finely honed to peregrine’s wings have evolved to be

Sp“ngW‘ B water by over 130mph. Capable of maximise speed, evolving over incredibly pointed, with slim, stiff

B}ue wildebeest somph (8okph) hittinga monumental 20omph millions of years into the swiftand and unslotted feathers, which helps

e 45mph (72kph) duringa stoop (dive), the falcon has efficient killer it istoday. For example,  streamliningand reducingair

the highest top speed of any animal the peregrine’s keel -which is resistance significantly.

Spiny-tailed iguana 21mph (34kph) onEarth. located atits breastbone -is Unlike the cheetah, however,

Blackmamba 12mph (20kph) The peregrine’sspeediscaused by  significantly larger than average arguably the peregrine handles its

S S S S S SO a combination of factors. Firstly it birds’, allowing for bigger muscles awesome speed much better. Firstly,

Seattle Zoo, American Journal of Physiology, National Geographic, makes use of gravity, diving upon its and a greater number to attach its while having the same enlarged

st ek i prey from great height, even when wingstoits body. Thisallowsit to heartand lungs, the peregrine does

i T YA W P T T ol ¥ - "8
Sailfish 68mph Finishing time in3.28 seconds

Cheetah 71mph Finishing time in3.15seconds

L S O IS T el N L P Sl b TR et L, T I i TR L P ol R T _.-" LA -

Peregrine falcon 200mph Finishing time in1.12 seconds i

Tiger beetle 7Z20mph Finishing time in 031seconds

) . - .
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The Statistics

Family: Falconidae
1 Genus: Falco
-:‘1_ Weight: 910-1,500 grams
.'-;_" A Height: 60cm

Length: 34-58cm
0-60mph: Not recorded
. 5_4'.' 2 Top speed: 200mph

4. Contact

Prey is both struck and
captured in mid-air. The
peregrine strikes its
prey with a clenched
foot, which due to the
immense speed either
stuns or kills it, before
then swooping round to
catch it with its large
claws. Prey is always
consumed on the
ground.

1. Galapagos
giant tortoise
With a top speed of
0.19mph the Galapagos
tortoise is very slow. Luckily,
it is protected by a shell to
put off predators.

=

How muscles work -
the contraction cycle

Muscle power is common to all these
creatures so here’s an explanation of how
muscles provide the power that in turn
provide the speed

C{TTrLaLee

Myosin head Actin filament

1. Attachment

Firstly a myosin head (akin to an organic hook) attaches
itself to an exposed binding site on the muscle filaments,
gripping it in a cross bridge.

(PO

2. Two-toed 1SLC s
sloth e

With a top speed of just two
metres per minute, they are
nick-named “bicho-

-~ preguica” in Brazil, which

. translates as “lazy animal”.

7% 3. Snail

. # So slow that it was adopted
== by the Judeo-Christian

-4 religion as the physical
manifestation of the deadly
in of sloth, the snail takes
. days to travel mere metres.

T,

5
im
El
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il # N il
Physique L

Tall height, balanced
weight and
powerful muscles.
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Metabolism

Converting ‘fuels’ like l

glucose into power,
producing adenosine
triphosphate.

¥ The Statistics

Family: Hominidae
Genus: Homo

Actin filament

is pulled Weight: 93.9kg

Height: 1.95m

Length: 30cm
0-60mph: Not recorded
2. Power stroke Top speed: 28mph
The myosin head then pulls the filament by pivoting
backwards and dragging it into a compressed position.

(CIITTLERL

Cross bridge
detaches

The fastest human alive, Usain Bolt recently
broke the world 100-metre record with a
staggeringly quick time of 9.58 seconds

One of the most successful
species ofanimal on the planet,
Homo sapiens have evolved over
thelast120,000yearsinto
creatures with formidable
physical abilities. Currently, the
fastest humanis Usain Bolt, a
Jamaican-born sprinter who has
won the world 100 and 200-
metre gold medals.

Bolt epitomises the ideal
human anatomy needed to

3. Detachment

A molecule of ATP (adenosine triphosphate) then binds to
the myosin, releasing its grip of the filament so that the
cross bridge detaches.

© DKImages

produce such high speeds: a tall
height (1.95m), balanced weight
(93.9kg) and long, powerful
muscles with an excellent
metabolism - muscles cannot
utilise energy-rich “fuels” such
asglucose, instead they must
convert itinto ATP (adenosine
triphosphate) with the amount
of ATP a muscle produces
directly correlating to the
amount of power it can generate.

not suffer damage from oxygen
deprivation at the close of its stoop.
Thisis partly due to gravity’s
beneficial aid in generating its killer
speed butalso due to the peregrine’s L Energised myosin
ability to absorb oxygen through its T head

red muscle fibres, of which it has
many. This allows it to keep a steady
oxygen flow atall timesand means
that, consequentially, it does not need
torest post-kill, reducing its
vulnerability to scavengers.

4. Energy release

Finally, the ATP releases energy to convert the myosin head
from its bent, low-energy position back to its initial high-
energy configuration ready for the next cycle.

How It Works
100m final

So who would

wininai00-
metre race?

NB: For the purposes of this illustration
the peregrine falcon’s speed is taken
from a stoop and all animals begin the
race at their top speed.

td
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This month in
Technology

Take a look inside Microsoft’s
lastest addition to the Xbox
clan as we explode the 360 S.
Meanwhile, for a better
understanding of the
sophisticated kit in your
camerabag, photographers
should turn to page 32 to
learn how various types of
lens work. In other tech
features, you can check out
the cranes that can build
themselves to stupid heights
and find out exactly how
Google can turn up
476,000,000 results in just
0.26 seconds.

29 Tower cranes

30 Central heating

34 Google’s search engine

TECHNOLOGY

26 Inside the Xbox 360 S
28 Yale-style locks

28 Wi-Fi

29 Tower cranes

30 Central heating

30 Laser eye surgery

32 Camera lenses

34 How Google works
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Xbox 360 S

Xbox has become one of the industry standards for
console gaming, but what makes the new machine work?

The latest version of the Xbox,

the Xbox 360 S, hasjust been
E unveiled and while it's not
faster than its predecessor,

it's fascinating to see how the
console has been upgraded. For starters it
only needs a 135 watt power supply, and uses
two cooling fans instead of one. These factors
combine to make the 360 S both quieter and
cooler. Itisalso smaller and more versatile
thanits predecessor.

The 360 S ships with Kinect, Microsoft’s
motion control system that uses an infrared
sensor and a multi-channel microphone to
allowa player to actas their own controller,
with the system monitoring your movements.
Italso has five USB ports, which not only
makes the unit more versatile and eliminates
the need for external hubs, but also allows the
old Xbox Memory Units to be phased out.

The biggest changes, though, are actually
inside the casing. The standard unit now ships
with a250GB internal hard drive which, while
still removable, isa different design to its
predecessors. The 360 Salso comes equipped
with built-in Wi-Fi, meaning that it can connect
toahome hub and access Xbox Live very easily.
All these features, combined with the Kinect
system, make the 360 S avery powerful addition
to the Xbox family and one that looks set to be
the benchmark for improvements to come.

w

RiverRush-will
utilise the360’s = &
motion control &

The Red Ring of Death referstoaring replaced. Now, though, the Red Ring s
formed by three statuslights on the frontof  no more according to Microsoft. This has
the machine. Normally green, if they go beenachieved by replacing the original
red it's usually because of either power 360's single fan with two smaller ones,
fluctuations or by overheating damaging making the machine quieter butalso
the motherboard, which will need to be keeping it cooler.

have been
too familiar with in the past

Asightmany Xb

© Imagine Publishing Ltd
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Hea d ~ 1.EyeToy | NEWER | 2. Wii Remote
Released back in 2003, Originally designed to
to Head = the PlayStation 2 motion be used with the
control system needs a GameCube, the ‘Wiimote'

brightly lit room to work
effectively, but has
proved popular.

popularise motion-
control gaming.

Innovc, ive

controllers

and nunchuk have helped

&

3. PlayStation
Move

The system is due out soon
and even measures the unit's
orientation relative to the
Earth’s magnetic field to work
out how it’s being moved.

EIYRULATSMYR As of june 2010, over 41 million Xbox 360 consoles have been sold worldwide

Gaming in motion |

Kinect is Microsoft’s new take on motion
control. Containing a camera, depth
sensor and multi-array microphone,
Kinect allows a player tremendous
freedom of movement.

The depth sensor throws an infrared
‘net’ out into the room which allows the
sensor to sense not only that you're
moving, but where in the room you are,

Inside the Xbox 360 S

Optical drive Wi-Fi board
Where the fun begins; the Plugged into the machine’s -y
gamesand moviesare loaded internal USB port, it allows the

andread here. Xbox to connect tolocal Wi-Fi.

and can be adjusted to take into account
the size of the room and any obstacles.
This sensor field means Kinect can track
up to six people, including two active
players, and pick up on movements in 20
joints per player.

Kinect’s microphone also allows it to
locate the player in the field, allowing for
headset-free chat over Xbox Live.

USB ports
These five ports make the S far

more adaptable and eliminates
the need for USB hubs.

Logic board
TheValhalla motherboard is
theversatile, powerful heart of
theXbox360S.

The hard drive

The major change with the 360 Sis versatility, it's balanced by the fact
thatthe hard drive can'tbe pulledout  the hard drive isreplaceable and
upgradeable. Microsoft’sannounced
a4GBversion of the Sand isselling
the 250GB hard drive separately,
meaning you can upgrade later.

and dropped into another Xbox 360. It
can beremoved, but the processisa
lot more involved. While this cuts
down on the system'’s portability and

© Imagine Publishing Ltd
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Kinect will bring motion control
to the Xbox 360 masses

Power switch board
This controls the power

button, soifitbreaks,a
replacement isa must.

The Statistics
Xbox 360 S

Manufacturer: Microsoft
Dimensions (height/width/depth):
264mm x 75mm x 209mm
Weight: 4kg
Processor/speed: 500MHz
Unit price UK/US:
£189.99/$299.99

Memory: 250GB

Power: 135w

Graphics: 16:9 ratio widescreen
and high definition

Sound: 48kHz 16-bit audio

Fan

The Sis much betterventilated
thanits predecessor, hopefully
making the Red Ring of Death
athing of the past.

Ventilation

The Red Ring of Deathis no
more, thanks to the extensive
ventilation on the casing.

Heat sink

Vital in keeping the
machine cool, the heat sink
prevents overheating.

Hard drive
The 250GB hard drive isnolonger

portable butitisreplaceable, allowing

youtoupgradeif needed.

()
\J

For more info and images of the
exposed Xbox 360 S, visit the
gadget surgeons at ifixit.com
who kindly contributed the photos
and findings for this article.

7Fixit

Learn more

How It Works | 027



“Only when the correct key
IS Inserted are the pins elevated

WORKS
fans\e|Ne/ey2 intoalignment”

Yale-style lock / Wi-Fi

TheiPad is dependant on
Wi-Ficonnectivity

Yale-style lock

Pin tumbler locks, as made famous by the Yale
lock manufacturer, usea simple yet ingenious
manner to form a secure locking mechanism
that has evolved over thousands of years

Apintumblerlockisalock mechanism that uses pins of
varying lengthsto prevent the lock from opening
without the correct key. The pin tumbler design is
based onamain barrel that is drilled with five to
six cylinder slots that are set close together ina line. Inside

each cylinder a metal pin (tumbler) s fitted, with a second pin sanrliziif;fla
(driver) on top ofit, pushed down by a tiny coil spring. This Yale pin

means that when no key - or indeed the wrong key - is tumbler lock
inserted the pins are pushed down across the plug's shear e r———

line (the line where the plugisinserted into the outer fme—
casing)and it cannot rotate and open. Only when the
correct key isinserted are the pins elevated into alignment
with the shear line and the lock allowed to open.

Inthe Netherlands thereisa
DID YD U recreational society dedicated \ F ; b IAnt_enPa +
A n y Ireless signals can be
KNOW? to the art of lockpicking. - B ices

-

Wi-Fi_ <=
. explained

= e

No key
With no key in the lock the
blue driver pins of the
tumbler are pushed
downwards by the springs,
thereby preventing the
yellow plug from rotating.

Ancient
The first pin tumbler locks were
used by the ancient Egyptians over
4,000 years ago. However, they
were much larger, non-uniform in

shape and made of wood.
- Bad key
T fan ncomectey s How can data be transferred

inventor and manufacturer of
locks, invented the cylindrical pin
tumbler lock in 1848. Linus Yale

wirelessly to your laptop?

the red key pins and
blue driver pins do not

S v onaof the founders of align with the shear ), Many ele.ctronic devicessuch as laptops, games consoles

the Yale Lock Company. line of the locking and mobile phones can be connected to the internet - or

S mechatn_usmt, l:herelzlby to each other - securely, quickly and wirelessly, using
preventing the yellow 4 . . . q

Linus Yale Jnr, the son of Linus plug from rotating and ' radio frequenc1e§ instead of cables to transmit data.

Yale Snr, set-up the Yale Lock the lock opening. Awireless network comprises a source computer connected to the

Manufacturing Company with his internet using an Ethernet cable, a router to translate data (1sand os)

father. He specialised in . P o . q q q

N e Correct key into aradio signal and an antenna inside the wireless device to pick

for bank vaults. If the correct key is up thesignal. Like using a walkie talkie, sending information via

Vault inserted then both radio waves requires the frequency bands to be broken down into
red key pins and blue : s34

The primary locking mechanism driver{)ins align with L # 4 channels to avoid outside interference.

on many modern bank vaults is a the shear line. h . To enable, say, a laptop to connect to a wireless network, the

GlEtEmiiial, ihieeeisiioe = laptop requires a wireless adapter, which can both send and receive

combination lock, requiring . .

e pEs B g data to and from the network router, which can also send and receive

openit. k data. Both devices are fitted with decoders, which convert radio

Dining ki Open signalsinto digital form. When you want to connect your laptop to

0Old bank vaults were often With the gaps theinternet, the adapter communicates with the router via radio

built so secure and from between the pins signals. The router decodes the signals and - via the Ethernet

such heavy, impregnable
materials, that many still survive
today even after the bank is
closed. A number are now in

use as restaurants.

aligned with the lock’s
shear line, the plug is
now free to rotate,
opening the lock.

connection - fetches the relevant data from the internet. Thisinfo is
converted into radio signals and sent to the laptop’s wireless adapter
where itis decoded, giving you the internet page yourequested. £

© GWirken-Pbroks13
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Mobile crane
The most versatile crane
for both small and large jobs
is simply a telescoping
hydraulic boom attached to the
bed of a heavy-duty
construction vehicle.

5T10P

FACTS

CRANES

[DID)YOUKNOW =

stalgll I?ti;rd

Hold a 10kg weight close to your body.
Now try to extend your arms without
tipping over. Tough, isn't it? Tower cranes
have the same problem. A large tower
crane can handle loads up to 16 tons, but
that’s only ata horizontal distance that’s
very close to the tower. At 8o metres out
onthejib, the most that the same crane
can carryis3.9 tons. Tower cranesare
preloaded with multiple slabs of concrete
counterweights to maintain the overall
equilibrium of thearm. A crane that
carries heavy loads at 8o metres from the
tower requires 31tons of counterweight.

Operator’s cab

It’s a long climb to the cab, where the
crane operator has a bird's-eye view of
the construction site through floor-to-

Overhead crane
Shaped like an upside down
‘U’, this small but powerful
crane rolls along tracks on
factory floors to lift car
engines and other heavy parts

Self-erecting cranes

This crane rolls onto the work
site as a compact, foldable
unit only 13.6m long. The
crane rises and extends its jib
32m out with a holding

Luffing tower crane

The jib arm of this tower
crane - which can still carry
35 tons - can be raised from a
flat horizontal position to an
85-degree angle using a

into place. capacity of 4,000kg. special jib cable and motor.
4
¢ . Jib arm Trolley
Ly s The horizontal arm of a The trolley and hook are
tower crane can extend connected by cables to
., outward 85m. The arm a trolley motor
has three sides forming mounted on the upper

ceiling windows.

How towe
cranes wo

These big birds of sky-high construction
are engineering marvels

Tower cranes flock to money.
During the economicboomyears,
high-rise construction cranes
=/ migrated from Beijing to Shanghai
to Dubai, where it was estimated in 2006 that
there was one tower crane for every 44
residents of the desert boom-opolis.

Tower cranes are feats of structural
engineering that often outshine their
creations. They are designed to stand 8o metres
talland reach 8o metres out supported only by
anarrow steel-frame mast, a concrete
foundation and several counterweights.

The engineering principle that keeps the
twiggy tower crane from tipping over is
something called a ‘moment”. Ifyou hanga
weight from the crane’sjib arm, it exertsa

o

rotational force or torque where thearm
connects to the top of the mast. The magnitude
and direction of this force (clockwise or anti-
clockwise) is called the moment. If the weight
ishung close to the mast, the magnitude of the

an isosceles triangle with
a trolley track running
along the bottom section.

side of the jib arm. The
operator can roll the
trolley back and forth

with hand controls.

construction site.

Hammerhead tower crane
The classic T-shaped tower
crane with a fixed horizontal
jib and counterweight arm.

The hammerhead lacks
freedom of movement, but
can carry more weight.

Cat head tower

On hammerhead tower cranes,
the cat head tower reinforces
the jib arm and counterweight
jib using thick steel cables
called pendants.

Machinery
arm

The power to raise
and lower the load
line is supplied by
ahuge winch
located along the
counterweight jib
or machinery arm.

Counterweights

_— Multiple concrete slabs -

moment is lower than if the weight is hung far The tower o teaCh we"—;’lh'"g Sevﬁradl
out on thejib. To keep the crane upright, Also known as the mast, each gy e Bk ¥
counterweightsare used to createamomentof 25 metre tower section has hd s b
g, . X . X four sides, each with vertical, I T EEMREE D
equal magnitude in the opposite direction, horizontal and diagonal trusses g overcompensate for the
balancing out the rotational forces. that give them full structural : crane’s lifting capacity.
Once a tower crane meets its maximum integrity. l{' _Ea B
unsupported height, it can be tethered to the Slewi it e Hydraulic
building itselfand continue to grow with the _ew'“9 un_' i [ Cl |mb!ng
. . This motorised pivot allows the | section
rising skyscraper. The tower cranes that rose a 4
> 5 X jib arm to rotate nearly 360 ] The hydraulic unit
with the construction of the record-breaking degrees to lift and drop | 1 attaches to the outside
Burj Khalifa skyscraper in Dubaireached a materials all across the I = T
[}

truly dizzying height of 750 metres.

WWW.HOWITWORKSDAILY.COM

Self-assembling crane

One of the most remarkable engineering feats of tower cranesis that they can
literally build themselves. With help from a large mobile crane, construction l i
workers secure the base sections of the tower and assemble the top unit of the !
crane -the slewing unit, jib and machineryarm.

But before the top section of the crane is attached, workers slide a hydraulic
climbing unitaround the base of the tower. Once everythingisin place, the
hydraulic climbing unit lifts the entire top section of the crane (including the
horizontal jib and operator’s cab) just enough to slide in a new section of tower
beneath. Once the new section is secured, the hydraulic unit continues to climb
up, section by section, as the crane slowly builds itself higher.

©Nebroto8
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No unauthorised copying or distribution

powerful hydraulic
arm lifts the entire top
section of the crane
just enough for the

3 crane to insert a new
'} section beneath.

Concrete
foundation

Large tower cranes get
their core stability by
burying the bottom of
the tower in several
metres of concrete
weighing 185 tons.
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“A flap is sliced on the surface of the
cornea and folded out the way”

Central heating / Laser eye surgery

Central heatin

How a combi boiler heats your home and
our water with no need for a separate

ot water storage tank
) The heat source fora central
@ per cent of UK households now
# useacombination, or ‘combi’,

allin one compact unit. Inside the boiler,
water is heated by a metal heat exchanger
thatloop around the home to radiatorsin
each room. By using a combi boiler, ifyou
heated as needed, with no need foralarge
and obtrusive storage cylinder.
condensing boilers, which are more fuel-
efficient because they re-use the heat energy
expelled through the flue. The water is
heated as it flows through the pipesinside
which are suspended in hot gases over the
burner’s flames, maximising the heat
temperature of the flue gasesis reduced to
50-60°C (rather than the 120-180°Cinanon-
leaves the flue as water vapour while the rest
isdrained away as condensate, or water.

surgery...

Cornea

the flap is folded back onto the

cornea and heals quickly.

Pulses of ultraviolet laser

light vaporise surface tissue,

heating system is the boiler. 70
boiler to heat their homes and their water -
and pumped into a closed system of pipes
turn onyour hot tap, water from the mains s

Allmodern boilersfitted in the UK are
that, ina non-condensing boiler, would be
one (or sometimes two) heat exchangers,
transfer from the burner. Ina combi, the
condensing boiler), and most of the gas

LASIK eye

Once tissue has been removed,

UV laser

reshaping the cornea.

Bull's-eye

A laser projects a target on
the eye at which the UV
laser beam can aim.

Radiators

The temperature of a room’s
individual radiator can be controlled
using a thermostatic radiator valve.

Thermostat
A room thermostat is
used to control the
temperature of
the water in the
system.

Hot water
Hot water is
delivered at mains
pressure. As soon
as the hot tap is
turned on, the
water flow is
detected by the gas
burner, which uses
electric sparks to
ignite the gas that
heats the water as
it runs back and
forth over a heat
exchanger.

Boiler

The combi boiler
can be programmed
to switch the
central heating on
and off at desired
timesandata
specific
temperature. A
pump inside the
boiler transports
water through the
radiators.

mbination
boiler central
heating system

Cold mains

The combi heats water direct from the
mains as and when it’s required. There’s
no need for a coldwater storage tank.

Laser eye

How can alaser beam correcta
g i 0o
patient’s poor vision?

) People with defective eyesight can undergo laser-
assisted in-situ keratomileusis (LASIK) eye surgery to
correct theirvision. LASIK involves using an

= ultraviolet laser beam to remove tissue and alter the

shape of the cornea at the front of the eye.

If, say, the cornea is not perfectly spherical, light rays entering
the eye won't focus on a single point on the retina, causing
diminished vision. However, by reshaping the cornea, light rays
can berefracted (bent) as they pass through the cornea to focus

Retina

A special surgical knife
slices a flap open on the
surface of the cornea.

DID YOU

KNOW?

030 | How It Works

After surgery, light rays
entering the eye are
focused to a point on the
retina, producing a much
clearer image.

Flap

LASIKisa kind of refractive laser
eyesurgery used to treat near-and
far-sightedness and astigmatism.

light properly.

A computer maps the shape of the patient’s cornea before
calculating exactly how much tissue needs to be removed. Using
afine knife called a microkeratome, a flap is sliced on the surface
ofthe cornea and folded out the way. The main laser light doesn’t
penetrate the eyeball, but rather it pulses, vaporising the tissue
onthe surface of the cornea. The flap is then folded back and
heals without the need for stitches, resulting in instantly
improved vision. £
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“Inits simplest terms, a
lens is a tube containing

-VIV_ECHNDLDGY a set of glass elements”

How a tube and some glass
combine to resolve a photographer’s
creative vision

™ Thelensisone of the most
important components of any
) camera. Inits simplest terms,
C_ alensisatube containinga
4

set of glass elements {or
lenses), each of which is positioned precisely
to channel light through the tube,
focusing it onto your camera’s
sensor or film plane, and resolving
animage of the outside world as
aresult.

E ; AF motor

Lenseswith built-in
AF {autofocus) motors
can focus automatically.
_ ratherthanhavingtobe’
adjusted manually.

Zoomring

Only found onazoom lens—
rotating this moves thelens
elementsto increase or decrease
thelens’s magnifying power.

© Canon

Elements

Smalllensesarranged
. . in groups that refine
Focusing ring _ the path of thelight
The photographer turns thisto travelling through the
fine-tune the space between the lensto help focusthe
frontand rear elements in order image on the sensor.
tofocustheimage.
Front element Sontacts

These electronic contactsallow the
camera and lens to communicate with

each other, and so thelens canbe
controlled via the buttons and dials on

The pointwhere light enters the
lens. Front elements often have
aspecial coating toreduce
problemslike ghosting or flare.

the camera body.

-
Inside a . Aperture
Lens mou nting  Anadjustable opening that controls
camera Iens Theinternal elements are howmuch orlittlelight isallowed
mounted on a platformwhich-in through thelensand onto the
The parts that pro duce the azoom lens-isadjustable, camera’s sensor. Sometimes

idea pl cture allowingforthemtobemoved.  referred toasthe diaphragm oriris.

Optical vs digital zoom

If you look at any compact or superzoom digital camera’s
specifications, chances are it'll state values for both
optical and digital zoom capability. Optical zoom refers
to the ability of a camera’s lens to shift its internal
elements, magnifying the subject you're trying to
photograph as the lens zooms to the telephoto (longest)
end ofits focal range. All non-fixed focal length DSLR
lenses zoom optically. Digital zoom, on the other hand,
involves no physical zooming mechanism at all; rather
the camera crops into your image, making your subject
appear to fill more of the frame. Overall image quality is f
reduced as the camera makes up (interpolates) pixels to - ' o o
: : ification. whi Wide Optical Digital
T AR Y Thewide-angled shot ready for some I(eegs quality high, found onall non- Foctges in-depth onaspecificarea, but
seriouszooming! fixed focallength DSLRs. loses overall quality.

3 X images © Josie

produce less-than-satisfactory results.
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Head
to Head

CAMERA
LENSES

1. 18-250mm f/3.5-
6.3 DC OS HSM
Costing £573, this lens
covers a decent focal range
but a non-fixed aperture
means less light-gathering
ability as you zoom.

2.50-500mm f/4.5-

6.3 DG 0OS HSM
Priced at £1,400 this
telephoto lens also spans a
wide focal range, but it's
heavy, and can suffer from
loss of sharpness.

3.70-200mm f/2.8
EX DG MACRO HSM I
This impressive lens costs
£817 and has wide fixed
maximum aperture, meaning
it stays the same even if you
zoom in.

EIYRULASMYP The glass used for lenses must be completely colourless

Other lenses

Macro

Macro optics are highly specialised lenses with
powerful magnification capabilities. They feature
aflatimage plane and, usually, very high-grade
glass elementswhich are highly corrected to
minimise any distortion. Most produce a1:1 (life-
size) reproduction of a subject, although some can
magnify by up to five times.
USELENSIF/WHEN...

...youwant to make small things look big.

Different lenses

Knowing which lens to use for which
shot is the key to a perfect picture

Astandard or ‘normal’ lens typically has focal length equal to the diagonal
of the focal plane, which isaround 35mm ona ‘cropped’ (APS-C) sensor
DSLR or 5omm on a full frame camera. The front element of a standard lens
isfairly flat, so light is not significantly bent internally, and the image
projected onto the sensor should roughly fill it, without any overlap. The
standard lens is considered ideal for portraits as - when engineered

correctly - they generate little, ifany, distortion and tend to perform well in FlSheye
low light. Afisheyelensisan extremeversion of awide-angle
USE LENS IF/WHEN... lens. The front element is bulbous, literally likea

. . . . - . . fish eye, which divergeslight. Theselenses
...trying to capture flattering portraits with minimal distortion.

produce a great deal of distortion, with objects

being ‘pulled’ away from the centre of the frame,

but give averywide angle of view - often around

180-degrees or more.

USE LENSIF/WHEN...

...youwant everything inyour shot, or for comic
effectin portraits.

Wide-angle lenses have a short focal length (roughly less than 35mm on a full

frame camera) and have curved front elements, which give them a wide

angle of view. The fact that the glass at the front of the lens is curved

outwards means the light rays enter the front element at a sharper angle,

spreading light across a smaller area of the camera’s sensor and therefore

producing a wider angle of view inyour final image. This has the effect of

allowingthe lensto ‘see’ more around it and exaggerating the wide

perspective of a scene.

USE LENS IF/WHEN...

... photographing groups of people, tall buildings or sweeping landscapes.

Teleconverter

Teleconverters are basically tubes that contain
predominantly diverging lens elements. These are
attached toyour existinglensand increase its
magnification power, allowingyou to zoom

[ furtherwith a telephoto lens or magnify your
subject more with a macro optic, for example. The
downside is theyreduce the lens’s maximum
aperture and can reduce image quality.

USE LENS IF/WHEN...

...your telephoto lensisn’t quite long enough to fill
the frame withyour subject.

)
(I

Atelephoto lens covers the longer end of the focal ranges - with around 200-
3o0mm being the most popular among enthusiasts, but professionals often
use much longer optics. The front group of elements in a telephoto lens gather
and project light onto a rear group of elements, which magnify the image
transmitted and spread it across a wider area of the image sensor, creatinga
magnified version of your distant subject. This design allows the lens
elements to be closer together, helping to keep the physical length of the lens
barrel compact in relation to its focal length.

USE LENS IF/WHEN...

...you have to shoot from a distance, such as at sporting events or when
photographing wildlife and candid portraits.

© Imagine Publishing Ltd
No unauthorised copying or distribution

How It Works | 033

WWW.HOWITWORKSDAILY.COM



' How exactly does Google return all those search results?

Google Search

How It Works Search

Search: (@) How It works () pages from the web

) Google’sname is synonymous with

internet search and browsing. The
g Google homepage has become the

gateway into the world wide web and

its plainly presented, mostly blank
starting screen isno accident - it is meant to
representan open page just waiting to be filled with
search results based onyour area of query.

Google understands that cyberspace is massive
and itis expanding justabout as fast as the universe
itself. Just like our own cosmos there are chunks of
matter out there in the form of huge planets of data
(let’s call them web portals in this instance) with
their own ecosystems inside of which users interact.

The problem is, no one hasbeen able to create an
accurate and definitive map of the universe, or
cyberspace for that matter, due to the constantly

034 | How It Works

changing dynamicshape of both worlds. But Google
isthere to guide us with some clever technologies
and more than a couple of nifty tricks, which you
may not even be aware of as you surf the web.
Prepare for take-off.

What's really clever about Google’s search
function is that when most of us use it we think that
we're searching the internet itself. In fact we're not.
We're searching Google’s index of the web. Google
doesn’t have connections to every single corner of
the internet, but the company’s indexes are pretty
darn good. In fact, they are among the biggest
databases on the planet. We're talking about many
billions of webpages stored on thousands of
machinesaround the world.

But how does Google build this index -and how
doesit ‘populate’ it with accurate and meaningful

© Imagine Publishing Ltd

No unauthorised copying or distribution

results data that will be useful to users? Even Google
hasto start somewhere, so it uses software programs
known as spiders, also commonly referred to as
crawlers or Googlebots. These useful little crawlers
are sent out initially to the most logical places on the
web. Ifyou search for ‘Marmite’, most likely the first
site the spider will have compiled your search results
by visiting will be www.marmite.com, so no rocket
science asyet. This first stage of website search is
knownasthe ‘seed’ level.

After we pass the seed level we start to branch out.
The spiders will then crawl outwards further and
follow links from the initial pages that it findsand
start to weave a web of interconnected websites that
share relevance in terms of content. The spider
builds up a pattern of pages linked to pages, which
must be recursively revisited in order to ensure they

WWW.HOWITWORKSDAILY.COM




Head [NEW 1. Bing BIG 2. Yahoo! NICHE 3.Ask
Advertised as a ‘decision engine’, Bing Now more of a web portal than mere Set up by Garrett Gruener and David
to Head is a search engine from Microsoft. It is i search engine, Yahoo! was the first Il Warthen in 1996, Ask.com is a search
I ﬁg currently the third largest search Y}LHDC} search engine to go massive and one of engine that specialises in fetching
SO

SEARCH engine in use by query volume, with the largest companies to survive the results from everyday questions. In the
3.24 per cent of the total share. This dotcom crash in 2000. It currently lies UK it is known as Ask Jeeves, and has a
ENGINES lags behind Google and Yahoo!. in second place in total web queries. butler persona mascot.

EIYEULNSYYP Google was founded in 1996

m =
User logs on to Google.com or
Isua ?u I e o international country-specific site
a G u n g e sea rCh User enters search term )—

What Google does _
tO get your results User decides whether to use ’

“quotation” marks or other tools

Google disregards short object words such as ‘the’ or ‘at’
unless the user inserts a “+” at the start of the term

- L Depending on the browser, Google may auto-complete some
Dld you mean- m of the user’s entry with commonly searched terms
. As detailed overleaf,

e our search hereis for ]
“Toasted Cheese User hits Return

Time taken for search:
Sandwich”. However, if

you type “taosyed 4 . N
| dheerse srmE | The user’s search goes off to the nearest available Google web
the Didyoumean... server to plug in to the catalogue of information
| feature will offer > <
fﬁgiiﬂfgig:ﬁ?ﬁ;go N Google looks up relevant information related to your search by
how does it work? : 7| accessing its records of billions of webpages stored on
. thousands of its machines around the world
Google engineer \
Noam Shazeer y
developed aspelling correction system that would “>| Google’s query processor software then gets to work filtering
form part of Google’s core search software to perform — through its indexes to decide which links to present = = = -
this trick. He developed a system that would collate the \ / =y 3 ~
most frequently misspelled words relating to real Y —== = = =
words. Consistently within the top ten search terms ||  Google's query software asks over 200 questions to wade ) = N A
globally, “Britney Spears” has been searched forand through vast lumps of data as it tries to apply almost human ' === < 4 TSt
misspelled so many times that there are now — logic to reason why this search has been made S e ——
hundreds of listed misappropriations of her name - N\ P Sl
view them at www.google.com/jobs/britney.html. / Search preferences
BN Depending on the language used to make the search, the canbe tweaked to
analysis engines will be working away to check for possible provide greater
Czrirgle cordmrmr dala carder bour synonym usage that might provide the user with a more useful accuracy inresults
b | a— and more accurate set of results
. . \
T e . " & ] N
_—:_:""i!f The “Did you mean?” spellchecker Sites found are then analysed for Google checks through which
service will kick into gear at this obvious spam, viruses and ‘file types’ it will present back to
point to look for misspellings malware threats the user

L] LJ_- \J/

f

L Pages are then classified by their ‘page rank’, a formula-based
score derived from Google’s own calculations

Fromer Lbiicwass | Barmesri vais of 17

Google’s PageRank formula goes to work

j[ PR(A) = (1-d) + d(PR(t1)/C(tl) + ... + PR(tn)/C(tn))

Google’s container data centre is
responsible for a big chunk of the web’s
supporting data

Before live links are presented, Google prepares its Google will also prepare ‘similar’ results, derived using
‘cached’ pages report where users can view the its own software to apply different logic to the search
‘saved’ version of the site, stored on Google’s servers and find words that are related to the initial terms

7/ AN
L The user can now click on the links, try a different search term J

- or possibly even play with Google’s Options controls to
change the how the search function operates
L /
/
The user’s search becomes one of ‘hundreds of millions’ of
L searches handled each day by Google alone

© Imagine Publishing Ltd
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How a Google search works

“Google will also check far the
presence of viruses and malware”

still contain content relating to the original search.
Pagesare revisited based on frequency ‘policies’ that
are set by software that resides on Google’s servers.
But what we need to remember is that the web is so
vastand changeable that no spider will ever capture
allthe information out there.

Solet’sstart with a search. Say we want to look up
‘toasted cheese sandwiches’. We type in those three
words and press Return. Google’s query processor
software then gets to work filtering through its
indexes to decide which links to present. But hang on
-what’s to stop me getting results on cheese making,
results on toaster-buying advice and results on the
Earl of Sandwich? Well, Google asks questions. More
than 200 questionsin fact. You could say that Google’s
software usesa little artificial intelligence here
because it tries to apply human logic to the vast
lumps of raw data that it has to wade through.

To decide which ‘toasted cheese sandwich’
website to present to us, Google asks whether the
words appear in the website’s title or URL. Google
asks how many times the words appear in the
correct order on any given website. Does the page
include synonyms for ‘toasted cheese sandwich’
such as ‘grilled cheddar buttie’ or *hot cheesy panini”.
Discussing the mechanics of howto describea
toasted cheese sandwich might sound silly, butit’s
alllogical to the guys who run Google’s data centre.

Aswell as checking for poor design or poor content
quality, Google will also check for the presence of
obvious spam, viruses and malware. Qur search
processwill then start to classify pages by their ‘page
rank’, which is a formula-based score derived from
Google’s own calculations. A page rank scoreis
obtained by analysing howmany external pages
point to a particular website or citeitasa
reference or authority on a subject. All this
is done inroughly halfa second and your

search term results will, depending on
our web-connection speed, come backto
younearly instantaneously.

Now, of course Google could be
onthe payroll of the international
cheese sandwich society (for
example) and so therefore be quite
keen to present you with certain

pages relating to that organisation’s
owninterests. Butit'snot. Google’s
results are impartial and the company
will not take payments from

She’s delighted with the
results for “best science
and technology mag”!
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Anatomy of a search resuit

Google’s search results have evolved. Now we get relevant
advertising slots at the top and down the right-hand side of our
search page. As well as standard results (below) we'll also get
location-based results that are tied in with Google Maps

Statistics bar — Page title Snippets
Displays theresultsreturned and the Obviously, the name of the Ashort description / preview of the
timeittooktosearch websites returned contents of the website
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URL

More results
Clicktoaccessmoreresults  Apointertoa ‘resource’ on
via other search tools theworld wide web

companies who want to push up their page-ranking
results. Although there will be ‘Google Ads’ down the
right-hand side of the page and sometimes on top,
which have been classified as ‘relevant’ and
‘supporting’ to your search term.

So, howshould youread a Google search result?Is
itas simple as just clicking the top result on the page?
Have you actually read down below the headline to
look at some of the other information that Google is
presenting to you? Right underneath your
highlighted blue link you'll see a short description of
the website’s content. This is part of the metadata of
the website itself- or to putitanother way, it is
information about information. Either way, it’s your
fastest route to getting a handle on what you're likely
to find if you decide to click onwards.

Right underneath the website description is the
site’s cached results, which can be displayed if you

&£

L

© Imagine Publishing Ltd

Cached - similar results
Click on the cached link to see thesite
asitwaswhen firstindexed

authorised copying or distribution

Sponsored results
Paid for by advertisersin
return for this placement

want to be able to cross-reference exactly when the
last time the Googlebots dipped onto the site in
question foran update.

Thisversion of the page will also give you colour-
coded highlighted mark-ups of your search terms
showing you exactly where they have been used. The
cached version of the page isactually stored on
Google’sown serversand itis this content that the
company uses to calculate and establish the site’s
page ranking. If the web server that hosts the ‘live’
version of the site you want to visit isacting up or
working too slowly, you might like to remember
that Google’s servers are generally set to run pretty
fast, so you could always use this version of the
page instead.

Beside the ‘Cached’link you'll see the ‘Similar’
link and thisis pretty self explanatory. Part of the
concept of web search is that we often don't really

PR(A) = (1-d) + d(PR(t1)/C
PageRank formula

Google uses its own page rank formula
to decide which pages are likely to be
most relevant to every search

WWW . HOWITWORKSDAILY.COM



5 T Google is not the internet | Quick, damn quick From noun to verb Millions and billions Don’t PANIC!
D P Google is an index of the Google typically returns your Google is now a transitive verb Google currently runs over The word ‘Google’ occurs in
internet and the company says results to you in less than half and was officially added to the 1 million servers around the the Hitchhiker’s Guide To The
F A ‘ ' S that it does not know about asecond. It uses immense Oxford English Dictionary on world and spends somewhere Galaxy when the Deep Thought

every single website out there.
We wouldn’t suggest trying to

server processing power at
what it calls ‘the back end’ to

15 June 2006. Try it for
yourself: | Google, he Googled,

in the region of $200-250
million a year on various IT

designer asks “And are you not
agreater analyst than the

GOOGLE SEARCH

ENGINE

beat it though.

be able to do this.

they are Googling and so on.

equipment alone. Googleplex Star Thinker?”

EYEUEGISMYP Google's data centers consist of servers housed in hundreds of shipping containers

Google data centres

Google has always kept its data centres
shrouded in mystery, almost as if it was
hoarding the power of the internet away
from us. But over time the search giant has
allowed us to peak inside its ‘container
hangar’ data centre in Mountain View,
California. That's ‘container’, as in an eight-
foot high ISO intermodal-shipping container.
Google has stacked 45 of these metal
beastsinto its huge ‘container hangar’ data

The location of Google's
data centresin the USA

know what we're looking for until we find it.
Google can help here with some tangential
results that you may not have considered
searching for. Google uses its own server-based
software to apply different logic to the initial
search and find words that are related to the
initial terms. You can play with this function
more extensively if you use Google’s Advanced
search function or ifyou type ‘related: URL
where URLis the full website address that you
want to examine, asin ‘related: http://www.
howitworksdaily.com'.

centre and some of them are even housed
up on a second-storey balcony. Whirring
away inside each of these huge giant boxes
isup to 1,160 servers using 250 kilowatts

of power.

The use of shipping containers as data
centre building blocks is something the US
military have been doing for years, but
Google has adopted this technique to give
itself maximum portability - and it can easily
switch out faulty servers this way too. With a
power density of 780 watts per square foot,
the cooling system is set to 81 degrees
Fahrenheit inside the containers-and
there’s a whole heap of simple fansand
complex air-cooling systems using heat
dissipation techniques to keep this operation
running smoothly.

Onceyoureally dig into Google search you
canstart playing around with the user options,
which are accessible right from the Google
homepage. Not only can you change the
language interface thatis presented to you, but
you canalso change the native language that
you are searchingin and that you want results
delivered back toyouin. You can set the
SafeSearch option to block pages with sexually
explicit content and you can even change your
search format to display preferences more
suited to a mobile smartphone or PDA.

Thislooks complicated, butit’s really very simple: PR(A) stands
for the Google page rank of our arbitrary example page A. t1-th
are the pages that link to page A. Cis the number of outbound
links that a page hasand in this case our C variable is examining
pagestito tn. disa damping factor, which is usually set to 0.85 -
thisisastandard function used when working with numerical
algorithms. It is likely that Google has progressed the form of
this equation, but that it is still largely based on this initial form.

Search engine
optimisation
Getting to the top of the list

Search engine optimisation (or SEO)isallabout howa
website owner tries to optimise and improve the visibility
of their pages so that they feature among Google’s (or
another search engine’s) search results. SEO is based upon
the website’s ability to be found organically and
algorithmically without any paid-for marketing support.

Content is king!

It'sall down to content on the internet, so if you ‘populate’
your website with words that are frequently used in
search requests then your SEO score will improve.

Eqg recall Facebook YouTube
Britney Spears Pakistan floods
casey Johnson Mlichael Jackson
President Obama Craigslist

Weather SmackDown spoilers

Metadata matters

Ifyou edit your website’s metadata information to also
include popularly searched-for terms then you become
more prominent on the web asa whole.

Meta-tagging
and release

Technologies such asa the ‘Canonical meta tag’and the
‘3o1redirects’ URL redirect tools can improve your page
ranking as they ensure that internal website pages (ie
inside of and beyond your homepage) all go to add towards
your score.

Don’t ?et Cross, get
cross-linked

You can cross link less prominent pages within your total
website’s data stash to point to the most important pages
with the most highly searched-for words and phrases to
increase your overall ranking.

Use common sense

There are just certain words and phrases that you or
anyone else would naturally associate with websites
pertaining to every subject under the Sun. So use your
common sense, look at what other successful sites have
done and rework a few popular ideas in your own style.

e

© Imagine Publishing Ltd
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Human pregnancy
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Thi_s month in
Science

“The miracle of childbirth” is
a phrase that can often
sound overly sentimental.
However, take a little time to
consider what occurs during
pregnancy and you'll realise
the development of a new
human being is a truly
amazing process. Take a look
at the article here to learn
just how it occurs. Our main
feature this issue explains
radiation, another amazing
process that has the power
to both end human life and
sustain it through the most
serious illnesses.
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Human pregnancy

Nine months of change and growth

Pregnancy isa unique period inawoman’s life
that brings about physical and emotional
changes. When it occurs, thereisan intricate
change inthe balance of the oestrogen and

{These figures vary according to several factors
including the age, race, diet and the pre-pregnancy
. ight and size of the person)

i L

U a
progesterone hormones, which causes the cessation of
menstruation and allows the conditions in the uterus
(womb) to become suitable for the growth of the fetus. The
lining of the uterus, rather than being discharged, thickens
and enables the development of the baby.

Atfirst, itisa collection of embryonic cells no bigger thana ;:

pinhead. By week four the embryo forms the brain, spinal -

cord and heart inside the newly fluid-filled amniotic sac.
Protected by this cushion of fluid, it becomes recognisably
human and enters the fetal stage by week eight.

Many demands are put on the mother'sbody and she is
likely to experience sickness, tiredness, lower-back pain,
heartburn, increased appetite and muscle cramps, as well as
the enlargement of her breasts and stretch marks. Her blood
sugar levels, heart rate and breathing also increase to cope
with the growing demands of the fetus.

Asthe date of labour approaches, the mother feels sudden
contractions known as Braxton-Hicks, and the neck of her
uterus begins to soften and thin out. Meanwhile, the lungs of
the fetus fill with surfactant. This substance enables the
lungsto soften, making them able to inflate when it takes its
first breath of air. Finally, chemical signals from the fetus
trigger the uterusto go into labour.

FIRST TRIMESTER (0-12 weeks)

SECOND TRIMESTER (13-27 weeks)

This begins after the last menstrual period, when an egg is The fetus grows rapidly and its organs Hair and teeth
released and fertilised. It takes about nine weeks for the mature. By week 20 its movements can At 16 weeks, fine hair
(lanugo) grows over the

resulting embryo to develop into a fetus. During this period,
the mother will be prone to sickness and mood swings due to
hormonal changes.

Head Heart
Face begins to All the internal
look human and organs are
the brainiis formed and the
developing heart is able to
rapidly. pump blood

around its body.
Movement

Fetus moves around
to encourage muscle

development.
Weight Length
10g 5.5cm

© Imagine Publishing Ltd

be felt_. Atweek 24 it can s_uck its thumb fetal body. By 20 weeks,
and hiccup, and canliveindependently  teeth start forming in the
of the mother with medical support. jaw and hair grows.

Movement

By week 16 the eyes
can move and the
whole fetus makes
vigorous movements.

Sound and light
The fetus will respond
to light and is able to
hear sounds such as

the mother’s voice.

Vernix

By 20 weeks,
this white, waxy
substance
covers the skin,
protecting it

from the

. surrounding

Weight ] amniotic fluid.
Week 16: 140g

Week 20: 340g Sweating

Anincrease in

Length blood circulation
Week 16: 18cm causes mother to
Week 20: 25cm sweat more.
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1. Seahorses
The female seahorse
deposits her eggs in the

He fertilises the eggs and
carries them for the full
term of three weeks.

pouch of the male seahorse. .

2. Komodo
dragons

Female komodo dragons
can give birth to male
babies without fertilisation
from a male partner. This is
known as parthenogenesis.

- 3. Spotted hyenas

Female spotted hyenas have

. genitalia like a penis. It

stretches to allow the insertion
of the male penis during

d copulation, and stretches again
when giving birth through it.

T

200 extra calories a day are needed in mid-pregnancy, which is 10 per cent more than the usual daily requirement

.

Breathlessness

Movemen
The increased size of the By th(? glsltah w?eekt
fetus by 24 weeks due to less room in

causes compression of
rib cage and discomfort
for mother.

uterus, the fetus will
wriggle if it feels
uncomfortable.

Hands

The fetus can move
its hands to touch
its umbilical cord at
24 weeks.

Position

By 28 weeks, the
uterus has risen to a
position between
the navel and
breastbone.

Weight

Week 24: 650g Head

Week 28:1,250g The head can
move at 28

Length weeks and the

Week 24: 34cm eyes can open

Week 28: 38cm and see.

© Imagine Publishing Ltd
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Wharton’s jelly

The umbilical blood vessels are coated with
this jelly-like substance and protected by a
tough yet flexible outer membrane.

The placenta

The placenta is an essential interface between
the mother and fetus. When mature it isa 22cm
diameter, flat oval shape with a 2.5cm bulge in
the centre. The three intertwined blood
vessels from the cord radiate from the centre
to the edges of the placenta. Like tree roots,
thesevillous structures penetrate the
placenta and link to 15 to 20 lobes on
the maternal surface.

The five major functions of the
placenta deal with respiration,
nutrition, excretion of waste
products, bacterial protection
and the production of hormones.

Placenta body
Is firmly attached to the inside
of the mother’s uterus.

Maternal surface
Blood from the mother is absorbed
and transferred to the fetal surface.

Fetal surface

Blood vessels radiate out from the
umbilical cord and penetrate the
placenta. The surface is covered
with the thin amnion membrane.

Umbilical cord
Consists of three blood vessels. Two carry carbon
dioxide and waste from the fetus, the other
supplies oxygen and nutrients from the mother.

©Science Photo Library

THIRD TRIMESTER (28-40 weeks)

Now almost at full term, the fetus can recognise and
respond to sounds and changesin light. Fat begins
to be stored under the skinand the lungs are the
very last organs to mature.

Ultrasound scans cam,

Under pressure
Pressure on the diaphragm and
other organs causes indigestion
and heartburn in the mother. She
will find it difficult to eat a lot.

Position
Head positions itself downwards,
in preparation for labour.

Weight

1,500g

Sleep patterns
Length Fetus will sleep and wake in
41lcm 20-minute cycles.
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“It's this combination of liquid

causes a
rumbling stomach?

Discover how the small Oesophagus
intestineisreally to blame...  Domeanee,

) Waves of involuntary muscle contractions called theSene
peristalsis churn the food we eat to soften itand
U fo W transportitthrough the digestive system. The
=/ contractionsare caused by strong musclesinthe Stomach
oesophaguswall, which take just ten seconds to push food Food is churned and
down to the stomach. Muscles in the stomach churn food and mixed with gastric juices

gastricjuices to break it down further. tohelpit to break down.

Then, after four hours, the semi-digested liquefied food
moves on to the small intestine where yet more powerful
muscle contractions force the food down through the
intestine’s bends and folds. This is where the rumbling occurs.

Air from gaseous foods or swallowed when we eat - often due Small intestine

Here, liquid food

to talking or inhaling through the nose while chewing -also combined with trapped

ends up in the small intestine, and its this combination of gases can make for some

liquid and gas in a small space that causes the gurgling noise. embarrassing noises.
Rumblingislouder theless food present in the small

intestine, which is partly why people associate rumbling . r

tummies with hunger. The other reason is that although the Large intestine ;

stomach may be clear, the brain still triggers peristalsis at :g:’;ﬁ:ts::tsl::’tf tt::

regular intervals to rid the intestines of any remaining food. large intestine where it is

This creates a hollow feeling that causes you to feel hungry. turned into faeces.

and gas in a small space that
causes the gurgling noise”

It's all good

Noises coming from your
intestines is quite normal. In fact,
an absence of bowel growls could
indicate an intestinal obstruction.

Break it down

Each day the average human
stomach secretes three litres of
gastric juice, which is used in the
breakdown of food.

What's in a name?
Despite the name, the small
intestine is actually five metres
long - that's 3.5m longer than
the large intestine.

ool

Massive absorption
The surface area of the small
intestine is the size of a tennis
court. Millions of projections
called villi - each 0.5-1mm long -
on the inside wall absorb vital
nutrients from food.

& i me
=
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5 Getting gassy

Foods naturally containing more
gas and therefore leading to
more rumbling - not to mention
other sorts of bodily noises -
include fibre-rich fruits and
vegetables, such as beans.

The ear canal m
The outer, visible part of
our ear collects sounds

and funnels them into

e Discover how this tiny flap of skin helps you hear

Eardrum The hammer
The eardrum vibrates when When the eardrum
sound waves hit it. Loud vibrates, it moves the
sounds cause the eardrum to hammer from side to side.

move more; high-pitched
sounds make it move faster.

The stirrup
The ossicles - the three smallest
bones in your body - move in a piston-

like motion to amplify the force of the COChIea
vibrations from the eardrum. The
stirrup is the third ossicle in the chain.

The stirrup is attached to the
oval window of the cochlea - a
fluid-filled spiral lined with
hairs. These turn vibrations into

lectrical si Is that ti | t
How the eardrum works e o s

© Imagine Publishing Ltd
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3 The eardrum isathin, cone-shaped piece
i of skin around a centimetre across that

U f« W separatesthe outerand middle ear.

= Soundwaves entering the ear canal push

the eardrum backwards and forwards. These

vibrations travel towards the inner ear where they

get turned into messages that your brain interprets

assound. The eardrum also stops foreign objects like

bacteria and dirt getting into the middle ear.

The eardrum - or tympanic membrane - is
attached to aring of bone and tilted at a steep angle
inside the ear canal. Within the membrane are radial
fibres. These fibres, the steep angle and the shape of
the eardrum increase its sensitivity to sound.
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Skin pain
Ared rash on the shoulders or
chest is often a clear indication
of bubbles residing in the
capillaries of the skin. Though
painful, it is not in itself serious,

but may infer underlying issues.

Joint and limb pain

In three quarters of DCS cases
bubbles growing in and
around the ligaments, tendons
and muscles are said to occur
and signal acommon cause of
joint and limb pain.

Neurological: paralysis

Bubbles can grow in nervous
tissue or clog up venous flow
and so impinge on arterial
supplies to affected areas.
Numbness and paralysis can
soon spread.

Pulmonary: the “chokes”

When bubbles in the pulmonary
capillaries can’t diffuse to the
alveoli sufficiently, a jam may
ensue; this can interfere with
gas exchange and reduce
oxygen to the tissues.

Cerebral: stroke

A blockage of blood flow

to the brain canlead to a
blurring of vision, strong
headaches and migraines
and unconsciousness, which
in the end could lead to death.

Astronauts prevent the ‘bends’ by purging their bodies of nitrogen before slipping into low-pressure suits

When you're out of your depth,
rising too fast could have a
devastating effect on your body

N Despiteitsappearance, the
air we breathe has mass.
Consisting of nitrogen (78 per
< cent), oxygen (21 per cent)
and trace gas constituents, the action of
gravity on these molecules around us
resultin atmospheric pressure. While
the body’s chemistryisina constant
state of equilibrium with this
surrounding (ambient) pressure, in
water it is a totally different kettle of fish.

At 33 feet deep, the ambient pressure
istwice that at the surface, and a diver’s
body must attempt to redress this
balance. Breathing apparatus regulates
air to the lungs atambient pressure. To
achieve equilibrium, the partial
pressure of gasin the lungs must
ultimately equal, and so diffuse to, the
tissuesand blood. Unlike oxygen, which
is constantly being used, nitrogen will
build in the tissues until saturated in
line with the ambient pressure.

Ifthe descent continues so too does
nitrogen absorption, in tune with the
continuingrise inambient pressure;
ultimately this leads to nitrogen
narcosis. Only upon the diver’s ascent
and a subsequent fall inambient
pressure will the gradient reverse,
leading to excess nitrogen being
released. Thisis not without danger.

Atagradual ascent, nitrogen is
exhaled from the body. Surfacing too
rapidly will force the nitrogen out of
solution, like the carbon dioxide
distilled in a bottle of soda when the cap
isremoved too quickly. These bubbles
cause decompression sickness (DCS)
and, depending on where they form, all
manner of ‘bends’ ranging from
headaches and muscular weakness to
paralysisand even death.

WWW . HOWITWORKSDAILY.COM

rbaric chambers -

getting round the ‘bends’

Hyperbaric oxygen therapy
administers 100 per cent oxygen at
upwards of three times atmospheric
pressure. Monoplace and multiplace
steel tanks allow single or multiple
occupancy during treatmentand are
air-sealed and pressurised throughout.
Once therequisite pressure is
reached, oxygen is served by flooding
the single-occupancy chamber or via

PR
-

Why

oxygen masks when more than one
patientis treated.

Elevating the ambient pressure
increases the rate at which oxygen s
absorbed by up to 20 times, saturating
the bloodstream; aiding nitrogen
exhalation by way of the lungs and
improving white blood cell function so
asto speed up recovery time to
damaged tissues.

i

penguins don’t
p-p-pick up the bends

The blood and muscles of some marine mammals
conserve oxygen extremely well. As a response, they
have evolved to collapse their lungs while diving. This
prevents nitrogen from the lungs further diffusing into
the body during descent with increasing ambient
pressure, and so from diffusing out upon ascent to
potentially cause the bends.

Penguins do not have this option. They may limit dive
time to reduce the window during which nitrogen may
be absorbed. On deeper dives they may bypass the
bends by slowing the ascent, allowing natural
buoyancy to return. Thisallows nitrogen time to diffuse
from the blood and into air inside the body cavities.

© Imagine Publishing Ltd
No unauthorised copying or distribution

The nitrogen
diving cycle

Henry’s law

It is accepted that the human body
will dissolve nitrogen in line with
and dictated by the prevailing
surrounding (ambient) pressure.

At sea level

The body is in equilibrium, or
‘saturated’ in respect to the
ambient atmospheric pressure, ie it
contains as much nitrogen as it can
hold in solution at surface pressure.

Beginning the descent
During descent, the ambient
pressure increases in relation to
the diver’s body. The two are no
longer in equilibrium.

Nitrogen makes its move
Nitrogen in the lungs moves down
the pressure gradient, diffusing
across the alveoli of the lungs and
into the tissues and blood.

Regaining equilibrium
At a stationary depth ambient
gases continue to diffuse into
solution (in the body) until the
tissues and blood are saturated.

Super-saturation

During ascent, pressure
surrounding the diver falls and is
lower than tissue pressure. This is
known as super-saturation.

Outgassing

A super-saturated state acts in
reverse. Nitrogen diffuses from
tissues and blood into the alveoli,
which is then vented by
pulmonary exhalation.

Bubble trouble

If the ascent is too swift then
nitrogen is forced to come out of
solution too quickly, leading to the
formation and build up of bubbles
in the tissues and blood.

All about location

The resulting condition is
something of a lottery and is
dependent upon the extent and
location of bubble formation.

Symptoms by degree
Where bubbles arise they cause
varied degrees of physiological
angst and distress.
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Outside of the world of physics

‘weight’ is a generic term used to

refer to an object’s mass - the
. “Y amount of matteran object has,
directly dictated by itsamount of and type of
atoms - and its weight, the force created
when a mass is acted upon by a gravitational
field. This is because most masses on Earth
have weight and the relationship between
the two factors is directly proportional - ie,
the more massive an object is, the greater its
weight. However, in the world of physics -
which deals with objects of infinite mass
under wildly varying forces, not just the
relatively stable force of Earth’s gravity -
mass and weight are distinct.

To understand the distinction fully
between mass and weight it isimportant to
understand their fundamental principles.
Newton'’s law of universal gravitation states
that every massive particle in the universe
attracts every other massive particle to
some extent, and considering the size of
Earth it hasa pretty big pull. On Earth this
resultant force is gravity (g) and its average
numerical value is 9.81m/s?>- meaning that,
ignoringair resistance, the speed of an
object falling freely near the Earth’s surface
increases by about 9.81 metres per second
every second. However, gravity pulls down
on both airborne and ground-based objects
and this force acting upon a mass isan
object’sweight.

For example, an apple has a mass of
roughly 100 grams and on Earth that apple is
pulled down by gravity at 9.81m/s?, or
roughly by the force of one newton (a newton
isaunit of measurement equal to the
amount of net force required to accelerate a
mass of 100 grams at a rate of one metre per
second per second). This means that the
apple has a weight of one newton, but a mass
of 100 grams. Equally, the average human
weight in newtons is 700, while their average
mass is 7okg. The human’s / apple’s weight is
therefore the force of gravity acting upon
their mass, while their massis purely the
amount of matter they are made up from.

In physics, however, there are objects that
are not affected by Earth'’s gravity, of varying
atomic density and with a mass to weight
ratio that is not directly proportional, hence
the distinction. &
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‘Mass versus welght

Commonly grouped under the generic .
term ‘weight’ in everyday society, the
properties of mass and weight are :
actually completely different . .

*rhis is because maost masses ' '
on earth have proportional”

;
n*

Anapple hasamassof100
gramsand aweight of one
newtononEarth
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Fruitful Microgravity Inertia Littleg Justice

The force of gravity actingon a Astronauts taking part in a Mass itself is an inertial The gravity of Earth has an The scales that are held
mass of 100 grams is called one spacewalk are capable of property - the resistance of approximate value of 9.81m/s2. by the blind figure of
newton, roughly the weight of an holding a multiple ton satellite any physical object to a This means that the speed of an Justice, as with all
apple. When one falls to Earth under because it is weightless, a change in its state of motion - object falling near the Earth’s balance-type scales,
the force of gravity, it is falling under feat that would be impossible that when static is surface increases by about measure mass rather
the force of one newton. on Earth. represented numerically. 9.81m per second every second. than weight.

Thingsweigh more here...

The ultimate diet plan

When a person is overweight they are
referred to as having a ‘weight problem’,
when theyreally have a mass problem, as
the force of gravity acting upon them is
consistent across Earth. The amount of
matter the obese person hasisjustlarger
than that of a comparatively skinny person,
who has less mass but the same force of
gravity acting upon them. Therefore, to lose
mass a person needs to eat less, while if
they wish to lose weight they should travel
to the moon, where the force of gravity
acting upon that massis1/6th of that of

the Earth. Ifthey did this, they’d instantly
have a weight of 1/6th of what they had on

Ifyou'remissingany Earth, even though their mass would
pies, thisguyate them remain the same.

spring scale

Asweightistechnically a force - the force of
gravity acting upon a mass - a different
deviceisused to measure it accurately. The
newton spring scale works by the principle
of Hooke’s Law (the extension of a spring is
in direct proportion to its load) and unlike a
traditional set of scales, allows for the
Earth’s gravitational pull on an object’s
mass to be accurately determined.
g Interestingly, however, because Earth'’s
Althoughyour masswould be gravitational field can vary depending on
the same onthe moonason : where you are (see the nearby map of the
Earth, yourweightwouldbea Earth’s southern ocean)and that weight is
lotless used generically on Earth to ascertain
mass, industrial spring scales - which
measure local weight - must be
b individually calibrated to be legally
Agravitymap ofthe Earth's accepted in commerce. For example, at the
southern oceanshowing Earth’s equator, acceleration due to gravity
variationsinstrength ! is measured at 9.7803, while in Aberdeen,
Scotland, it is measured at 9.8322. This
means thata produce’s mass would
technically weigh more in Aberdeen than
atthe equator, making fine measurements
difficult to attain.

...thanhere. Thisisdueto the Earth’s
densityand gravitational field varying
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1. Generating a charge

The motor turns the nylon roller, whose
atoms are more prone to give up
electrons than those of the rubber belt,
which is more inclined to receive.

2. Charge concentration

Positive charge builds on the roller, with a negative
charge on the belt. The roller’s smaller surface area
causes a concentration of positive charge, which draws
electrons to converge at the tip of the lower comb.

3. St ElImo’s fire

At its tip, the negative charge tears air molecules into
their atomic parts - electrons and positive nuclei - and
forms a conductive plasma. Freed electrons of the plasma
are drawn to the positive roller.

4, Electron transport

The rubber belt intercepts this passage and carries the free
electrons with it. At the top of the belt, this charge repels the
negative charge in the tip of the upper metal comb resulting in
the tip of the comb developing a strong positive charge.

5. Feeding the dome
This charge tears ambient air
molecules apart by attraction (of
electrons) and repulsion (of
positive nuclei). The positive air
attracts to and neutralises the
returning belt while free
electrons transfer to the comb
and coat the outside dome.

Van de Graaff
generators

Learn how this invention gained universal appeal
for a generation of shocking hairstyles...

3 .| Atoms consist of nuclei material nature. The positive or
housing positively charged negative charge that is carried by the
U y« W protons, middlingneutrons,  beltto the dome isultimately dependent
=~/ and asurroundingshell of upon this exchange.
negatively charged electrons. A material Assuminga person is insulated from
may be measured by its atomic the ground while touching the dome,
tendency to gift or receive electrons. the charge builds on the body causing
The Van de Graaff generator exploits the follicles on the head to take on the
this principle using a base roller and same charge. Aslike chargesrepel, this
belt that exchange electronsina leads each hair on the head to recoil its
direction dependent upon their neighbour, causing them to stand up.

The quickway to getan
Eighties hairstyle
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“The glue and the surface react to
form a new chemical compound”

glue stick?

Think you know how glue works?
Well stick around to find out

b For glue to stick, a substance
I i must have cohesion -that s,
U Y« W itshouldbeable tostickto
= itself. Adhesion mustalso
apply so that the properties of a
substance and surface relate by way ofa
physical and/or chemical engagement.

Even the smoothest surfaces have
microscopic fissures and cracks. The
key to mechanical binding is seen
where the substance can seep or is
pressed into these pores, hardening
and locking itselfinto place.

Bindinga non-porous surface most
often relies upon chemical bonding
where the glue and the surface react
and ‘interlace’ to form a new, and
invariably strong, chemical compound.
The component parts of epoxy resins -
which are chemical compounds that
start offasliquid and then harden
through the process of curing - may be
modified to affect their ability to adhere
toavariety of surfaces by mechanical
and chemical treatment.

Subtle Van der Waals forces - which
dictate whether molecules are attracted
or repulsed by each other -mayactas
anadhesive, where weak polar
opposing electrostatic charges of
surface and glue molecules attract.
Alternatively, Post-it notes deliver their
strength by virtue of tiny bubbles that
burst to form a vacuum and seal when
pressed toasurface.

© Imagine Publishing Ltd
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Bacterial glue

Caulobacter crescentus boasts
the strongest grip in the natural
world. This stalk tipped with
sugary molecules can withstand a
force of five tons per square inch.

2 Gecko glue

A gecko's foot is covered in
microscopic hairs, each of which
bristles with even smaller hairs.
Electrostatic bonds between the
hairs and the surface allow the
gecko to stick to polished glass.

3 Marine glue

Mussels can adhere to rocks and
boats due to protein fibres
created by a gland in the foot.
These fibres anchor via wire
bundle proteins that build into a
cohesive blob.

4 Geckle glue

Bioengineers have fabricated
silicone pillars to imitate a
gecko’s grip and coated them in
a layer of synthetic protein to
mimic that of mussels to provide
adhesion on land and in water.

5 Nosferatu glue

Optics and dentistry employ an
epoxy resin that is cured by the
addition of UV light. This allows
time to position the materials
without the glue going off.
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“Radigtion isn't 'good’ or 'bad’,
it's simply a scientific reality

b, Nuclear
radiation

i1  We explain the misunderstood
process that has the power to

kill and to cure

Radiation is both a blessingand a
curse. Inthe hands of a highly trained
physician, targeted blasts of radiation
can destroy cancer cells and save
lives. But that same radiation, in much
higher doses, can be catastrophic. Think of the fallout
clouds descending on Japan during World War II or
the lingering effects of the Chernobyl disaster.

Intruth, radiationisn’t ‘good’ or ‘bad’, it's simply a
scientificreality. Radiation isall around us. Over 8o
per cent of the radiation absorbed annually by the
human body comes from natural sources like the
Sun, mineralsin the Earth and radon, a heavy gas
that seeps up from the ground. The other 20 per cent
comes from periodic exposure to medical x-rays,
consumer products like smoke detectors and even
food. Normal levels of radiation exposure, estimated
as360 millirems/year, do not resultin higher
instances of cancer or other diseases.

By definition, radiation is nothing more thana
form of energy that either travels in waves or
particles. The intensity of radiation depends on its
position on the electromagnetic spectrum. Generally,
when we talk about the radiation that kills cancer
cellsand powers nuclear reactors —not the kind
emitted by mobile phones and microwaves — we're
talking about extremely high-energy particlesand
waves called ionising radiation.

Ionising radiation gets its name from the effect that
it has on individual atoms. When a particle or wave of
ionising radiation strikes an atom, it has enough
energy to bounce an electron out of its orbit. Since
electrons carry a negative charge, the resulting atom
now hasa net positive charge and is called an ion.
Some ionising radiation is powerful enough to cut
right through the nucleus of an atom.

There are three major types of ionising radiation:
alpha particles, beta particlesand gamma rays.
Alpha and beta particles are the result of a process
called radioactive decay. The atoms within heavy,
unstable elements like uranium and radium contain
animbalance of protons and neutrons in their nuclei.
Each atom requires a certain amount of protons and
neutrons to be stable. For example, a stable form of

—
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Smoke detectors Static eliminators Natural illumination Dating organic matter Food safety

| Smoke detectors contain a Some industrial processes Wristwatch dials and Trace amounts of carbon-14 The irradiation of fresh foods
| americium-241, which helps generate huge amounts of emergency-exit signs use are present within all plant with gamma rays from
) create an electrical current static electricity. Radioactive gaseous tritium, a radioactive and animal life. As we know it radioactive isotopes like cobalt-
[ between two charged plates. polonium-210 emits positively isotope that emits fluorescent has a half-life of 5,730 years, 60 is controversial, but results
| Smoke particles disrupt the charged alpha particles that light (through beta decay) when scientists can determine a in the destruction of potentially
current, triggering the alarm. neutralise static electricity. it reacts with a phosphor layer. material’s relative age. deadly food-borne bacteria.

Tobacco is a sponge for radiation, storing radioactive isotopes of lead and polonium

lead has 82 protons and 124 neutrons.

| ]
a5 i . Where everyday
Radioactive decay is the process by which Ba k d d at CIC
atomsalter their nuclear structure on the path C I‘Olll‘l I‘a I IOI‘I radiation comes from

to stability. The half-life of a radioactive e P ey T Buildinas and
elementisthe timeittakes for exactly halfofits e gro?md the gro?md

atoms to decay into a more stable form.

Atoms have different ways of compensating
for instability, all resulting in the emission of
ionising radiation. Ifan atom has too many
protons, for example, it emits an alpha particle
containing two protons and two neutrons. By
lowering the total number of both particles, it
slightly lowers the proportion of protonsin the
nucleus. Alpha particles have a mass, a
positive charge, and carry energy - although
very weakly. A piece of paper is enough to
block an alpha particle.

Beta particlesare very similar. Ifan atom
carries too many neutrons, it can change a
neutron into a proton. In the process, a spare Food and

Artificial
| sources

electronisalso created, which flies offasa drink Cosmic rays
loose beta particle. Beta particles have a i

negative charge and carry more energy, but } - The remnants of the gym in

can be stopped by a thin piece of aluminium. i the Palace of Culture,

Prypiat, a ghost city since
the Chernobyl disaster

Gamma raysaren’t particles, but rather
high-energy photons (waves of light). Gamma
rays are emitted when the nucleus of an atom
has excess energy to shed. The most common
trigger isafter the emission of a beta particle. If
not enough energy is released with the
creation of the spare electron, the nucleus
emitsa gamma ray - no mass, no charge, just
pure energy - which travels at the speed of
light and passes straight through most
materials, including human tissue. The only
effective barrier islots of lead.

Nuclear power and Other
weapons test sources

Medical

The Sunis a huge source of
radiation that has an effect
__onour everyday lives

A. Alpha decay B. Beta decay C. Gamma decay

Heavy, unstable elements like uranium Beta decay occurs in unstable atoms Gamma rays are high-energy photons

and radium emit alpha particles - when a neutron turns into a proton, with no mass, no charge, but intense

nuggets of nuclear material containing emitting an electron in the process. The power. The power comes from the

two protons and two neutrons - to loose electron is the beta particle (f3-), exponentially short wavelength of the

balance the ratio of neutrons to protons whose energy and momentum is shared photon, which is measured in tiny

in their nuclei. By losing these particles, by a massless neutrino (v). Since the fractions of nanometers. Gamma rays are

the ‘decayed’ atom becomes a new atom loses a neutron and gains a proton, emitted in the wake of beta decay, if the
The dlfferences between element with a new atomic number. it decays into a different element. Beta transformed nucleus still has excess

Alpha particles are weak enough to be particles can be effectively blocked by six energy to shed. Lead is the only effective
alpha, beta and gamma stopped by a sheet of paper. millimetres of aluminium. barrier to gamma rays.

“Alpha

A,‘fqﬁ"h enough
R =l ’

A58
c )-%ﬁ.&!:.
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articles are weak
0 be stopped by a
sheet of paper”
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“Photons are only one weapon in

SCIENCE the fight against cancer”

Nuclear radiation

Thorium-234 Uranium-234 - -
Half-life 24 days Half-life 245 500 years Ra Ioactlve
cay type: Beta Decay type: Alpha
ability: Less stable than Stability: Much more stable u
s e deca chaln
Details: With beta decay, Details: Uranium-234 has the
neutrons transform into protons same total number of protons . R , .
to provide more stability. and neutrons as its predecessors Elements with more than 83 protons have heavy’ nuclei that
(234), but more protons (92) are unstable and therefore radioactive. Over billions of years,

| E . make it more stable.  atoms of uranium-238 undergo alpha decay, emitting packets of
protons and neutrons accompanied by weak gamma rays. As

the atoms lose protons, they decay into a series of ‘lighter”
elements. In turn, each of these elements undergoes alpha or
beta decay until the atoms arrive at a stable isotope, lead-206.

% Thorium-230 Radium-226
a Half-life 75,380 years Half-life 1,602 years
. Decay type: Alpha Decay type: Alpha
Uranium-238 Stability: Less stable than Stability: Less stable than
Half-life 4.47 billion years uranium-234 thorium-230
Deca.y. type: Alpha Details: This second version of Details: The most common
Stability: The most stable thorium has 90 protons, but fewer radium isotope, radium-226 also
element in the decay chain L — . neutrons, triggering alpha decay. emits gamma rays.
Details: Uranium-238 emits a Protactinium-234
weak stream of gamma rays Half-life 6.7 h
along with alpha particles. ELALLEHATCES
Decay type: Beta Polonium-218

Stability: Less stable than
thorium-234

Details: This isotope still isn't
stable enough, so it undergoes beta
decay to produce more protons.

Radiation
side effects

Half-life 3.1 minutes
Decay type: Alpha

E Stability: Even less stable
than radon-222
Details: Interestingly, polonium-

218 exhibits trace amounts of beta
particles along with alpha decay.

N

1. Hair loss Radon-222
Since hair cells divide at a Half-life 3.8 days
fast rate, they are most Decay type: Alpha
vulnerable to radiation. Stability: Very unstable

. Details: With such a short half-
2. Brain life, this inert gas emits high
Radiation-induced brain concentrations of alpha particles

swelling (coedema) can cause
temporary speech problems,
headaches or double vision.

3. Thyroid

The thyroid naturally
absorbs iodine to function.
Unfortunately, this also
makes it a natural
repository for radioactive
isotopes of iodine.

4. Blood system
White blood cells

(lymphocytes) are
constantly regenerating, Potentially deadly mutations can be

making them highly formed because of contact with radiation
sensitive to radiation.

5. Heart

Damage to valves and
ventricles can lead to
stiffening of heart muscles
and congestive heart failure.

6. Gastrointestinal
tract

The Gl tract is very sensitive

to radiation. Widespread cell

damage can lead to internal

bleeding and death.

7. Reproductive tract
Damage to reproductive
cells can result in DNA
mutations that are passed
on to the next generation.

as it decays into polonium-218.
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-
Becquerel
-

Documented spontaneous

- natural radiation when he

i placed uranium salts near a
photographic plate and saw
the plate became ‘fogged’.

1. Antoine Henri

3. Ernest
Rutherford

His discovery of alpha
particles in 1898 led him to
postulate the existence of a
nucleus, an invaluable
contribution to science.

2. Marie and
Pierre Curie

The winners of two Nobel
prizes, the Curies expanded
on Becquerel's discovery,
isolating radioactive

'3 e
f .'J isotopes like polonium.

Brazil nuts are the most radioactive snack, containing 1,000 times the average radium content of other foods
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How radiation heals

Radiation therapy is a form of
controlled cell death. The method
isto use focused beams of
radiation to kill cancer cellswhile
limiting the exposure of healthy
cells nearby. Radiation therapy
kills cancer cells by destroying or
damaging their DNA through a
process called ionisation.

When a high-energy beam of
ionising radiation - usually x-rays
or gamma rays - passes through
anatom, it dislodges electrons,
creating positively or negatively
charged ions. These ions, not the
beam of radiation itself, are what
damage the DNA of cancer cells.
Cell death isnot always
immediate, butany damage
sustained by the DNA is usually
enough to prevent the cancer cell
from dividing and the tumour
from growing.

Ionising radiation is most
effective at killing cells when they
areinthe process of actively
dividing. Cancer cells divide like
crazy, while normal cells spend
most of their life cyclein a rest
state. That’s why radiation
therapyissuch a common
treatment for tumours and other
localised (non-metastasised)
cancers. Radiation can be tightly

Lead-214

Half-life 26.8 minutes

Decay type: Beta

Stability: Slightly more stable
than polonium-218

Details: Lead-214 is also known
as ‘radium B'.

Bismuth-214

Half-life 19.9 minutes

Decay type: Beta

Stability: Less stable than lead-214
Details: Bismuth emits beta
particles as it converts neutrons into
protons to regain stability.

WWW . HOWITWORKSDAILY.COM

Polonium-214

Half-life 0.16 milliseconds

Decay type: Alpha

Stability: Incredibly unstable
Details: With a higher proton to
neutron ratio, polonium-214 is
ready to shed more alpha particles.

focused on the tumour, targeting
the fast-dividing cells, while
limiting collateral damage to
healthy, non-dividing cells.

Radiation oncologists, doctors
trained in the use of radiation to
treat cancer, have several tools in
theirarsenal. The most common
treatment is to attack the tumour
externally. Oncologists use high-
energy photons produced by
radioactive elements like cobalt
and caesium or a machine called
alinear accelerator. As the patient
lies motionless, doctors use
powerful computers to map and
target the tumourin3D. Then they
bombard the cancerous cells with
hundreds of simultaneous beams
of radiation.

Photons are only one weapon
inthe fight against cancer. Other
accelerators fire streams of
protons, which limit the damage
to healthy cells by saving their
energy until they arrive at their
destination, the tumour itself.
Proton acceleratorsaren’tas
common in cancer treatment
centres because of their
staggering cost. Electron beams
are another type of radiation used
to treat superficial tumours like
skin cancers.

Lead-210

| o
Half-life 22.3 years L

Decay type: Beta I'.
Stability: Much more stable than polonium-214 i

Details: Lead-210 emits a slow, steady stream of
beta particles as it converts neutrons to protons.

© Imagine Publishing Ltd
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Tomotherapy is radiation delivered in slice by slice (‘tomo’ being Greek for slice). This patient is
being prepared for tomotherapy radiation treatment, which delivers high-dose radiation while
reducing the exposure to healthy surrounding tissue. Plastic webbing holds the head in place.

During proton therapy, the cancerous brain tumour
(pink)is targeted with a stream of protons (red). The
precision of the proton beam makes this the best
treatment for cancers near to delicate organs.

Polonium-210
Half-life 138 days
Decay type: Alpha
Stability: More stable
Dettails: This isotope of polonium
is also known as ‘radium F’ in the
decay chain.

Bismuth-210
Half-life Five days

Decay type: Beta
Stability: Less stable
Details: An imbalance of
neutrons to protons triggers
more beta decay.

©Science Photo Library

Lead-206

Details: Finally we reach

stability. Lead-206 is not

' radioactive and therefore will
remain stable for eternity.
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Extreme vehicles
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Future vehicles
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R48 superb

Unique glass roof Tested to STABIlity
Thetriplelayer roofis made extremes Apatented STAB
fromapolymerand glass Developerstested the stabilisation system
mix.Itistinted and heat XSR48at speedsin excess counteracts unsettling
reflective to keep cabin of100mph -in the most rolland pitch by means
temperatures under control. extreme sea conditions. of hydrofoils.

The world’s first superboat i
masterpiece. As you'd expect, only super-level

sa £1.2million pound

F1 on water

“Thereisan F1-style fly-by-wire
hand throttle, remote trim

tabs using touch sensors, and
helicopter-style headset
communication units.

engineering has been used to create it...

No speedboat like the XSR48 has ever existed. It is
such arevolutionary machine, a new term had to be
invented: meet the world’s first superboat! Itisa
true groundbreaker. Two world powerboat
champions conceived it, and developed it with expertsin naval
architecture, hydronamics, aerodynamics, aesthetics,
ergonomics and propulsion technology.

XSMG used expertise from leading yacht designersand
marine structure experts. High power is essential; the
minimum output of the XSR48's twin turbodiesel enginesisin
excess of 1,60obhp. Countries outside Europe can also have
supercharged petrol engines that give out well in excess of
2,000bhp. A1,000-litre fuel tank carries enough diesel for a
cruising range of 250 nautical miles - and thisis at the XSR’s
cruising speed of 50-plus knots. That’s more than 6omph...

This drive is delivered through a reinforced ZF gearbox to a
ZF surface drive system. The surface-piercing propellers are by
Rolla and made from stainless steel. Only this sort of system can
withstand the potentially crushing forces propellers could be
subjected to; XSR has verified this by testing the superboat at
speeds in excess of 10omph.

Given such extremes of force, shock mitigation technology
had to be standardised in every seat: various configurations of
race-style budget seat are on offer to secure passengers, all of
which are fitted with full race harnesses.

It'snot all about speed, though. Because it uses a composite
monocoque, the additional strength has been used to create
more space inside -and the interior is overflowing with luxury.
Buyers can choose, for example, a wetroom-style bathroom
itself constructed from carbon fibre.

© Imagine Publishing Ltd
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2. Hyper-Sub™ 3. Austal 102
Submersible Trimaran

1. PlanetSolar I
The world’s first solar- S

powered yacht aims to Powerboat .-——:7__ This 1,165-passenger
cross the globe by t}he m 40 knots on water, but this _ trimaran can hit 39
power of the Sun, via powerboat can also dive to knots yet maximises fuel

500 square metres of
photovoltaic panels.

250 feet, and then hit over 3.5
knots underwater!

thanks to a patented
trimaran hull form.

]

=

" Sanderson
, CEO of XSMG

Described by Jeremy Clarkson as “the most beautiful
thing created by man”, the idea for the XSR48 came
from CEO of XSMG Ian Sanderson. He is a speedboat
master, with ten UIM international endurance
powerboat records, two world titlesand three
European titles. "I felt that there was a huge gap in the
- market for an F1 car-type
powerboat that could be
positioned as a supercar of the sea.
A'superboat’, it would be the marine
equivalent of a Bugatti Veyron.”
His general intent was to produce a
powerboat with the technology, performance
and driving experience of an F1 car. To do this, he
based it on a hull that, in full racing form, can run at
anincredible 140mph.

“I felt that there was a huge gap

in the market for an F1 car-type
powerboat that could be positioned
as a supercar of the sea”

Sanderson explains carbon fibre monocoque
construction was used to lower the centre of gravity,
provide massive strength and durability, and
increase internal cubic capacity by 40 per cent
e g compared to traditional designs. This means the

off onewave and crashing cockpitand cabin are larger, fuel tanks bigger - even
: ~hardontothenext. comfortisimproved, as more equipment such as

Hull and deck ¥ fridges and air conditioning units can be fitted.

— i TG e e T ' - - “The hull has three transverse steps that introduce
and carbon fibre. Thismakes : airunder the boat to help her break away from the

itvery strongandrigid, and Engine i s icti =
en ages it to%l ave thi full- Various engines are offered. Surface drives gl(i;{or(liof llae W?itfr' Ats ST s \lllvshape 0 tlﬁe
length glassroof. Seatek820 Turbo enginesare six Thevery high speedso ullis decreased from bow to stern. This means that

cylinders, fourvalves per cylinder, the XSR48 mean surface the hull has a deep sharp V at the bow, which cuts
directinjection and boastavery drivesare the best solution through the waves and the back the boat runs on at
good reliabilityrecord. for transmitting power, high speed.”

Interior

Car designers whoworked for
Rolls-Royce, Bugattiand Bentley
worked on the boat’s interior.

highspeeds can

The Statistics

LR PN

Manufacturer: XSMG World
Unit price: £1.2 million
Dimensions: Length: 14.6m,
beam: 3.19m, height overall:
3.1m, height above water: 2.2m
Displacement: 8,750kg
Engine: Two 10.3 L Seatek 820
Plus Turbo - 603 kW
Fuel: Diesel, capacity 1,000
litres
Top speed: 70 knots
Horsepower: 1,640bhp
(standard), 1,900bhp (max) Aselection ofavailable engines
provide speeds up to 100mph
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“The sails, in theory, are positioned 45

. TRANSPORT degrees to the direction of the wind”

SIPS / Tacking

Side impact protection systems

Passengers are susceptible in side impacts due to the small gap between them and the
other car, so carmakers work hard to overcome physics and protect the occupants

Side impacts are a headache for designers. Itisnot justa matter of making the body sides as The car manufacturer Volvo led side impact

@ Crumple zones, like those that absorb heavily reinforced as possible. Energy flowis a safety in the Nineties with its SIPS - side impact
energy in front impacts, are much reduced scientific process: simply fitting lots of ‘ultra high protection system. This has developed over the

inside impacts. Here, energy must be dissipated in strength’ steel will risk ‘stalling’ this energy flow years to combine safety restraints such asair bags

another way. Cars today do this through scientific and therefore not absorbing as much. Carmakersare ~ with well-managed crumple-zone-equivalent

calculation of load dissipation paths. The carbodyis  alsounder pressure to make carsaslightaspossible  side impactsafety. Current models can even

then designed and engineered to maximise energy -not least because over-reinforced doors would be communicate with electronic stability systems fora

absorption before it reaches the occupants. impossible to open! holisticsystem.

5. Material mix

Many different grades of
steel are used to manage
side impact energy
dissipation, along with other
metals. The different
strengths of each material
ensure a highly optimised
flow of impact severity
through the car structure and
away from its occupants.

Protecting the
sideways glance

3. Side air bags

| Side air bags have two
chambers - one for hips, one
for the chest. Hips can
withstand a force five times
greater than the chest, so
more pressure can be sent
to these chambers to
protect passengers.

N | &

-, 6. B pillar
P The starting point of side
¢ F ,,p'; - impact protection is
ir- ; o strengthening the central ‘B’
et pillar. It is this structure that
~= T.Weaker is made from the highest
=] Materials further inboard strength steel. Roof rails and
can be of a lower strength, ; floor members are also
absorbing more energy as it ( reinforced to ensure they
passes through them. don’t collapse on impact.
- A - -
- - f. hat v o -y
3 \

- ar

, — -
L - _—--—EE [ ]
“ 1. Magnesium *
_. A magnesium support houses the centre

4, Steel

Driver and passenger seats are mounted on

= 2. Sixth sense

console - this doubles as a structural SIPS steel rails. In a side impact, these rails crush =

element. It absorbs energy channelled to it against the centre console, spreading more Gyroscopic sensors can control air bag

from side impacts via the lower seat frame. energy over a wider area in the process. and seat belt pretensioners deployment.
LA - ™

Step 2 tep 3

The boat rides the starboard tack he boat is now headed directly
gaining momentum from the wind nto the wind and is only carried
due to the position of its sails. 'orward by momentum.

What is tacking and how doesitallow g, ; Direction
sailing boats to travel into the wind? = meboatis taken

. . . . . from a port tack
.,  Wheneverasailboat needs to progressinadirectionheading  to a starboard

into the wind, the operation required to doso isreferredtoas  tack.

tacking. Tacking requires the boat to keep turning its bow
through the wind and alternately filling the sails from one side and
then the other (the sails, in theory, are positioned 45 degrees to the Step 4

direction of.thc.e wind eagh tlme).. In essence, to tack. istozigzagthe The boat is then switchedtoa  Step 5

boat and sails into the wind, which obviously requires the boat to port tack and is powered up The boat remains orraport tack—\
cover more distance but the payoffis progress directly against the once more by the position of the until the tacking manoeuvre
wind’s direction. & sheeting in the mainsail. begins once more.

© Imagine Publishing Ltd
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Gliders

How do these engineless aircraft stay airborne?

Gliders work by maximising the gliderisalsoreliant onitsairspeed and the
dynamic properties of air to prevalence of rising airin the aircraft’s
remainairborne forlongperiods  vicinity. For example, ifa glideris too light
=2 oftime. To do thisthey optimise thenits fall rate will be low but its travel

their lift-to-drag (L/D) ratio - theamount of lift ~ distance forward will also be low, meaning
generated by awing orvehicle, divided by the  high speed and long distance glidesare
dragit creates by moving through theair-by  impossible, as it will never reach the next
extending the surface area of their lifting area of lift. However, ifa glider is
surfaces, ie their wings, streamlining their weighted correctly, then the polar
physical construction and utilising the curve of distance travelled to
lightest possible construction materials. distance fallen is optimised,

The glide ratio - the distance a glider falls carrying the glider between
for the distance it travels forward - of any areas of uplift.

—uniis

<

Airspeed (knots)

“Weighted
correctly, the
polar curve of
distance travelled
to distance fallen
IS optimise

Best glide angle

Sink rate (knots)

Experiments with gliding
Gliding isn't a new pursuit of humans, although it only reached
substantial successin the 20th and 21st Centuries. In fact, the first
record of someone attempting to glide through the air occursina
17th Century account of a gth Century attempt by Abbas Ibn Firnas of
Cordoba, Spain. Unfortunately for Firnas - who was a respected
polymath and inventor - the attempt was reliant on covering
himselfwith vulture feathers and ended in bad back injuries.
Where Firnas failed, though, the Wright brothers succeeded, and in
1911 they successfully glided in a modified, engineless variant of
their famous aircraft. Since then the engineless glider has evolved
into the sleek, streamlined aircraft we see today.

The Wright brothers’ aircraft
without motor in 1911
successfully glidi:

[T

© Imagine Publishing Ltd
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Recreational
Modern gliders were developed
post World War Two, mainly by
enthusiasts just to have fun
during their time off work. Back
then they were made primarily
out of wood, not fibreglass.

Tow

Gliders were used in the Second
World War to drop soldiers and
equipment into war zones. The
gliders would be towed half the
way and then left to glide to a set
drop-off point. They were
considered expendable.

Cheat

Not all gliders are engineless,
with many fitted with one to
allow them to take-off on their
own, removing the need for
them to piggyback on another
aircraft in order to get airborne.

Boom

The principles of gliding have
been extrapolated to the
armament industry, where
numerous companies make
gliding bombs designed to travel
great distances without needing
any propellant.

5 Training

Many gliders are used by
instructors to educate amateur
pilots in the basic principles of
flight before they are given an
engined aircraft. Trainer gliders
contain a dual-seated cabin.

How It Works | 053



© Imagine Publishing Ltd
No unauthorised copying or distribution



Both the Aston Martin DBRg
and Jaguar XKR GT3 use manual
sequential racing gearb

) Sequential gearboxes
work by replacing the
standard H-shaped
gear layout - found on
most modernvehicles-witha
straight ratcheting drum, a
cylindrical tube scored with
multiple grooves. This drum
removes the need for a gear lever
to move in more than one
direction when selecting gears,
allowing the gear lever instead to
select gears simply by being
pushed up or down.

Sequential gearbox advantages

Favoured on racecars, the
sequential gearbox allows
more efficient gear changes

Thisisbecause when the gear
lever is pressed upwards or
downwards it rotates the drum,
causing the gear rods and selector
forks to move according to its
grooves, changing the present
gear configuration. In essence,
the drum converts the fore and aft
motion of the shiftleverintoa
rotary motion, while reducing the
gear selection procedure intoa
linear process in order to speed
up shift time and allow for a one-
position user-end set-up.

Grooves
If the drum is located next to the I’
gears then the grooves directly
control the gear selector fork. If
not, then control rods run the
grooves instead.

Asequential shift is considerably
faster than a standard H-type shift
asitrequiresthe gearlever to be
simply pushed up, instead of up,
sideways and up again (or, of course,
the reverse procedure). This becomes
incredibly important when every
second counts, suchasin Formula1,
where a podium finish is often
differentiated from the rest of the
pack by merely a couple of seconds.

WWW . HOWITWORKSDAILY.COM

With a sequential gearbox the gear
lever is consistently in the same
position, with its only movement
comingin the brief upwards and
downwards pushes the user inflicts
onit. With a standard H-type gearbox
configuration thisis not the case,
requiring the user to remember
where the gear lever isin the set-up
and adjust their hand positioning
accordingly when changing gears.

Ratcheting drum

A long cylindrical tube
controlled by the gear
lever, the drum is scored
with numerous groves
through which the selector
fork runs as it is rotated.

Selector fork

On a sequential manual
gearbox the selector fork
can only move directly to
the next gear up or down
from its current position,
unlike an H-shaped manual.

Gears

Sequential transmissions can be
laid out with a variety of gear
numbers or configurations, with
many high performance saloons
and sports cars featuring six-
speed or greater set-ups.

Sequential gearboxes also help
mitigate the damaging effects of
missing a gear when shifting. On
manual H-type configurationsifa
user misses a gear - for example,
going from 5th to 2nd - then they can
damage the gearboxand engine. On
sequential gearboxes, however, users
can only ever shift to the gears .
directly above and below the gear

: Agood example of a traditional gear stick
theyare presently in.

beingused on top of a sequential gearbox

© Imagine Publishing Ltd
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“Problems with parts and design can
be addressed and rectified before any
physical products even exist’

Bentley Mulsanne

Designing a Be

Thanks to 3D virtualisation and simulation tech
from Dassault Systémes, the design of Bentley’s

The Statistics

new flagship has been honed like never before

Virtualisation and simulation
software works by allowinga
company to create designs,
build orders, and parts without
anyvaluable time and money been spent
inthe real world. In the case of the
Mulsanne, for example, this allowed
Bentley to model all ofits 10,500 parts, all
8310fits build operationsand complete the
entire build process in 3D virtualisation.
Thisisarguably animportant step for
the automotive industry -which
previously had to physically build parts
and test their assembly on a trial and error
basis-and has optimised the Mulsanne’s
design and manufacturingsignificantly,

Hollow

The 3D simulation
software provides an
accurate perspective
from any angle

A good head st;n

i b1
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Here Dassault Systemes’ DELMIA simulation software
isused to develop the Mulsanne’s front headlamp build
sequence. By virtualising this process any problems
canbe addressed before any mechanical engineering
begins, a process which is more expensive and time
consuming to amend and adjust once initiated.

" o R

reducing its production costs and build
time. Now any problems with parts, build
order and overall design, can be addressed
and rectified before any physical products
even exist. Aided by a central data hub that
managesall virtual information and
designs for the Mulsanne live, thismeans
workers can plan and simulate
manufacturing build processesin parallel
with the cars’ design evolution.

Agood example of the benefits that the
virtualisation process has brought to
Bentleyisin the design and manufacture
ofits doors. Here 204 individual parts had
to be efficiently assembled into each
aluminium skinned door assembly, so 3D

simulation software was used to definean
optimised assembly sequence and that
was then shared concurrently with all
departments who added to itand fine
tuned it over time. In doing this, the final
design of the door was optimised for
function and production and meant that
parts fitted properly and tool and hand
access could be ensured 100 per cent.

Before thisvirtualisation, this direct
line progression would not have been
possible, with much time and money spent
altering the designs after the physical
parts had become available due to the
assembly order or part designs were found
to be wanting.

Detail
Every part of the door,
down to individual
screws and washers,
is modelled

Co-operation

Gaps

Part fit clearances can

© Imagine Publishing Ltd
No unauthorised copying or distribution

Animportant part of the virtualisation software that
Bentleyisusingisthatitallows the departmentsto
collaborate, create and adjust designs on the go, with
thatinformation available to everyone atall times. By
S BEELE N EEE doing this, less time is spent sending work to and from
' departmentsand no one is working on outdated stats.

Length: 5,575mm

Width: 1,926mm

Height: 1,521mm

Weight: 2,585kg

Engine: Twin-turbocharged
6750cc V8

Power: 505bhp

Torque: 1,020Nm
Gearbox: ZF 8-speed automatic
0-60mph: 5.1 seconds
Max speed: 184mph
Wheel size: 20in

WWW . HOWITWORKSDAILY.COM



24
The Mulsanne is named after
the famous Mulsanne corner of
the Le Mans racetrack where
the Le Mans 24-hour race is
held. Bentley has won the
competition six times.

ntle

The Mulsanne is currently in -?l'
pre-production at Bentley’s
headquartersin Crewe, Cheshire

Wires

Wiring can be
mapped accurately,
however presently
the virtualisation
software presents
wires as solid objects

-

— l“'l
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History
Bentley Motors Limited
was set up in 1919 by Walter
Owen Bentley, who had
previously produced a range
of rotary aero-engines in
World War One.

Live
The changes made to
any virtual model,
design or process
occur live
v 1 ¥
4

Under the hoo

Inthis example the Mulsanne’s re-engineered V8
engineisvirtually installed into its chassis to ensure
that the marriage will be obstruction free and efficient.
Dassault Systémes’ software not only allows problems

Rival

Bentley’s main rival in the early
20th Century was Rolls-Royce,
who bought the company in
1931 through a deal where it
posed as an entity called the
British Central Equitable Trust.

tobeidentified in any build sequence, butalso for parts
to be studied and optimised to enhance usability.

© Imagine Publishing Ltd
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Mulsanne’s powerful
twin-turbocharged

Hollywood

Various models of Bentleys
have appeared in numerous
Hollywood movies since the
Fifties. Recently Bentleys
have appeared in the films
The Dark Knight and 2012.

The Bentley

V8engine

Rare

The traditional veneered wood
common to many Bentleys is
variable from vehicle to
vehicle, with customers able
to choose from a variety of
rare woods.

Rare wooden
panellingand hand-
stitched leather is

standard

Logged

When changes are
made, workers can
clearly log themona
central data hub
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“If electricity is the power of the
future, sourcing and managing solar
energy will become key to this”

Solar-powered vehicles

The Statistics

The propeller willbesteering
the Tiiranor forward

Length: 31Im

Width: 15m

Height: 6.1m

Weight: 85t

Surface of solar panels:
536m?

Power from solar energy:
93.5kW

Solar panel efficiency:
18.8 per cent

The Turanor

Sailing boats have always relied
on ‘free’ power: the Tiiranor
aimstoreplicate this with far less
effort: let the Sun do the work

Big battery -
3 536m? of photovoltaic panels cover the top of the
D IS C Over the pla ne S b O at S and Tiiranor. Thesesupply electricity to the largest =
4 lithium-ion battery in the world! Theyacht can o J_
C arS th at run On Sun p Ower carryup to 40 people but four people will board =
tocross theworld. -
The Sunisa bounty of free energy - canavoid shade and even angle themselves for Thesheeroos ofie
harnessing its power has beena bestsolar capturing. They can also utilise other Tiiranor is impressive
challenge occupying inventors for energy-generation methods such as kinetic i | i
years. Now, though, newmachinesare  regeneration to supplement solar power. -
being developed that are powered by only energy There isan obvious downside to solar power too,
from the Sun: the best are capable of some though. What do you do when it gets dark? Or ifit’s
remarkable feats. cloudy? The problem of managing motion when
It haslong been the dream to utilise this the Sunisin haslongbeen the challenge. Until
democratic energy of the Sun. It costs nothing, is now. Would you believe there is now a solar plane

available to everyone across the planet,and makes  that can flyaround the globe? Or solar cars that can
consumers independent of fossil fuels. Unlike oilor  travel from one end of Australia to the other?

gas, the Sun will never run out. This is why there is If electricity is the power of the future, sourcing
agrowing determination to crack the solar code. and managing solar energy will become a key part
Vehiclesare ideal objects to be powered by the of this. Will these planes, boats and cars be

5ximages © PlanetSolar 2010

Sun. They do not stay static in one location so they shooting you round the globe in years to come?

© Imagine Publishing Ltd
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Solar ferry
The only ferry allowed to
carry people across Hyde
Park’s highly protected

Auriga
Toyota cars carried by container
ship across the globe are done
so using solar-assisted vessels.

Serpentine is the Solar Shuttle. The Auriga has enough solar car theories. On two-year
Solar panels on the roof power photovoltaic cells on its deck to cycles, students design and
a lead acid battery. supply 40kW of electricity. build their own solar car.

Stanford Solar Car Project

A student-run organisation that
was set up in 1989 to help
members learn and develop

Power of One Prius roof
This Canadian one-seat Toyota fits a solar panel on
electric car weighs 300kg, is the roof of the Prius Hybrid.

five metres long and has a top
speed of 75mph. It has set a
distance record of 16,000km
and is ‘open source’.

When the car is parked, this
powers the ventilation system,
so the car remains cool inside
on a hot day.

Space vehicles combine solar power and electrical propulsion [such as ion drives] for high exhaust velocity

*The boat will be covered
in536m*of panels

Electric range
beyond belief

Batteries can store enough
energy to drive the Tiiranor
for three days-and that'sat
aspeed of 7.5 knots. Go
slowerand it can run for up
to15days. Circumnavigating
theEarthwill seeit cover
34,000 miles!

Low drag, high speed

The Tiiranor isa multihull
catamaranyacht. This helpsit slice- =

through the water using aslittle

Carbon fibre for
light weight -
The Tiiranor weighs 85tons-by
boatstandards, thisisverylight. It  — k!
isbecause the hullis constructed energy aspossible; itisan efficient,
~ froma carbon fibre sandwich. This lowhydropneumatic dragmethod.
ismadeupof2o.6tonsofcarbon Catamaranscanalso helpreach
fibre,23tons epoxyresinand115 =" = higherspeeds.
tons of structural foam: E

EF'-::- _‘r‘”.'.._
The rOllteu- m

Efficiently circumnavigatingthe globein  prrtETy.
aboat meansworking with the waves.
Energy can be conserved ifyou gowith
thetidesrather thanagainst them, so
following the path of least resistance’
around theworld is theway to go.

To maximise publicity, the Tiiranor
will stop overin cities such as New York
and Abu Dhabi. The route therefore hugs
the US coastand takesadirect route
across the Atlantic to minimise distances.

WWW.HOWITWORKSDAILY.COM

How does a
solar cell work?

The theory of solar electricity
generation is ‘literally’ exciting —
it'sall thanks to the effect of light
on certain elements and was
investigated by several
physicists, including Einstein

Solar cells convert sunlight into electricity through the photovoltaic
effect ona semiconductor. This is where electrons are emitted from a
material that has absorbed energy from electromagnetic radiation
such as sunshine. These are photoelectrons. Photovoltaic cells work
on the same principal, but work on any light source, not just sunlight.

Individual solar cells are connected together ina module. These
are then interconnected to other modules, forming an array. Thisis
covered by a protective material to create a solar panel. Depending
on the materialsused, such panels can be highly flexible.

Electricity produced is used to power most objects that run on
electric-from lights to cars. Consumer solar panels are often
connected to batteries. This ensures the power that is not
immediately used can be stored for later use, so it is not wasted.
Efficiency of today’s solar panels is, however, only around 10-20 per
cent. Thiswill improve in the future.

1. Photon of the Sun
Sunlight contains photons: these
hitthe solar panel and are absorbed
by the semiconducting materials it
isconstructed from-a common
product hereisssilicone.

3. One-way road

The composition of the p-n
{positive-negative) junction means
electrons can only flowin one
direction. The arrangement of the
solar cells channels these atoms
into an object that consumes them.

Silicon

Protective base

Silicon

2. The photon barge

The absorbed photons . .
‘knockloose’ negatively 5. Influential doping
charged electrons from Ap-njunctionis created within

thesilicon lattice by ‘doping’ -
that’s introducinga section of
impuritywithin the otherwise
purestructure. This changes the
electrical composition and is
where the electronicaction occurs.

atomswithin the structure.

4. Semiconducting solar
Electron transfer occursat the p-n
junction. Thisiswhat makes the
solar cell asemiconductor.

6. Digging the hole

The work of the photons creates a *hole’ in the covalent
bond between atoms. Atoms therefore move sideways
tofillthis hole. This flows through the lattice.
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heaccumulators weigh 400kg:

The Impulse’s
wingspan

compared to that
ofan Airbus

~ The Statistics
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. el T

Length: 21.85m E
~ Wingspan: 63.40m Bk

Height: 6.40m

Weight: 1,600kg

Motor power:

4x10hp electric engine

Solar cell count: 11,628

Average flying speed: 70kph ]

; ar Impulse
Constant watch p
The bat.teries neefi thermal -
o retainitsheat: ot The Solar Impulse has been designed to fly around
the globe under solar power alone - day AND night - ==
5 —

¥ 4

———
T
4

8,500 metres, it can be subjected
toatemperature of -40°C. The
planeisin constant air-ground
communication and hundreds of
parametersare observed by the
management system.

T -
' . R
5, = =
- [ | -
[ ] 1
L | - i
i -
— - w,
.-L. y _,.-:'...-"'— i l
s
om four pods beneath the i
ing a1ohp electricmotor = " N
L
L i
- . Asimulator willmodify routes to ™
; Carbop f'bre_rmh help the ground team work '
y Carbonfibreisan integral around air space restrictions
construction material. The upper

wingisaskin of encapsulated
solar cells, using145-micron
monocrystallinesilicone.
Beneath thewingthereisa
flexible film: these two
surfaces encase120 carbon
fibre ribs, which give the
aerodynamic profile.

The route...

Therouteis essential to ensuring the
plane findsitselfin clear, cloud-free skies
- atsunrise, to charge the batteries. The

L' exactroutewill only be decided a few
days before the run, based on
meteorological information. A simulator
will examine 5,000 key parameters -
winds, temperatures, air humidityand
turbulence - before selecting the route.
The simulator will propose modified
routes for the planein ‘real-time’.

5x photographs © Solar Impulse
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Solar-powered car (plant)

Seat plansto design a car plant that could one day be entirely powered by
solar energy. The roof of the Martorell plant is covered in solar panels as Spain
looks to become independent of fossil fuels by harnessing the Sun’s energy.

Solar ability

The body is covered in pyrite solar film, which u a nt
harnesses electricity to power the operating ———

electronicsand recharge the battery. The electric car with the

. self-charging body!

"—-_-..
! Solar efficiency
Cars have used all L Usingdigtal prootyping, NLU
sorts of ener%K B lictor Thisafiersamaverage
Sources but e Sun efﬁciencytf)ffg? per cefnt and pea1<
hasn't been one of T

them. Until now...

Solar-powered cars don't offer the
flexibility of battery-electric or
hydrogen power, but they area
tantalising prospect. If structures can
be made light enough, and solar
panels efficient enough, solar power

could provide a useful

complementary source to other Luxury car

means. Thishasbeen driving Thefour-seater

enthusiasts for decades, but now, Quantwlll soon
starttrials.

international competitions have
reached the mainstream.
Australia’s World Solar Challenge,
for example, has been running since
1987 and demands competitors cover
1,877 miles between Darwin and
Adelaide. Battery capacity is limited
to5kWh, and the PV area to 6m>.
Batteries can weigh no more than
21kgand the carsare run on public
highways so must be fast enough!

The Statistics

NLV Quant
L |

4 / 1/’

-

Manufacturer: Koenigsegg
Weight: 1,680 kg

Class: Electric vehicle

Body style: Gullwing
Power: 600kW (4x150kW),
800bhp

Top speed: 377kph (234mph)
Price: TBA

-

-

In-wheel electric motors
Four150kW in-wheel electric motors are powered
byamodular battery running down the centre of
the car-various chemistries can be installed.

©Quant

The Statistics
Lotus

- Eco Elise
Innovative sports car maker

British Lotusis thinking . : s
gl‘een Wlth the ECO Ehse . and air con), sochgedoesnthave

tobe drawn from the battery.

Petrol engine

Manufacturer: British Lotus

. Itusesa conventional
Weight: 828kg 2 =
Class: Sports car I"l i petrol gnelne butfl\{elght

ke reductions meanitis

Body style: Roadster i
Power: 134bhp

Top speed: 204kph (127mph)
Price: TBA

more efficient.

it ' e
W
*as v,
Intime, thewhole
combustion engine " Get the hemp
could bereplaced bya Most of the body panels are made from
battery-electricsetup. renewable hemp while all paint iswater-based.
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SPACE

This month in
Space

Unlike this issue’s opening
space feature on the junk
littering low Earth orbit, this
section isn’t a load of
rubbish. You can discover
the awe and beauty of the
Heart and Soul nebulae, and
find out how and why they
create such a vibrant
spectacle in the sky. Our
guide to Saturn, one of the
most recognisable planets
in our solar system, is
definitely worth a look. Did
you know that if you could
find a big enough bath tub,
Saturn would float? We also
have facts on Halley’s
Comet and the border
between Earth and space,
the Karman line.

68 Halley’s Comet

E——

68 Earth’s thin blue line

70 The guide to Saturn

SPACE

62 Space junk

66 Heart and Soul nebulae
68 Halley’s Comet

68 The Karman line

69 The Oort cloud

70 Saturn

062 | How It Works

categories
explained

Exploration

The space age junk that pollutes our planet

which was the first man-
» made satellite to orbit the

Earthin1957,avastamount
of space debris hasaccumulated in its
walke. This consists of anything from
flecks of paint to discarded rocket
boosters, ‘dead’ satellites that no longer
function and equipment lost by
astronauts during space walks.

The scale of the problem can be
grasped by the fact that there are
estimated to be several hundred million
items of space junkless thanicm in size,

l ) Since thelaunch of Sputnik],

several hundred thousand items
between 1cm to 10cm and at least 19,000
objectslarger thaniocm.

Inlow Earth orbit (LEO) this junk
travels atan average speed of 7.5km/s,
which is ten times faster than a bullet.
This means that even the smallest
objects can damage the subsystems of a
satellite. Objects from 1cm to 10cm are
partofa ‘lethal population’ because they
are big enough to do considerable
damage to a satellite, but are too small to
betracked. Larger debrisis tracked and
canbeavoided; in the case of the

© Imagine Publishing Ltd
No unauthorised copying or distribution

International Space Station, it makes at
least one manoeuvre a year to divert it
from potentially lethal collisions.

Last year there were 13,000 near
missesand by 2059 it is predicted that
there will be as many as 50,000. The
increased need to use rocket fuel to avoid
these hazards shortens the life of
satellites, and increases the cost of
launching satellites that need to carry
extra fuel.

1,400 items of space junk were created
when the first ever collision between two
satellites occurred on 11 February 2009.

WWW . HOWITWORKSDAILY.COM
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o Deltall launch vehicle that
- landed in Texasin 1997

g’ J“',.'E.

“Last gear there
were 13,000
near misses

and by 2059 it is
predicted that
there will be as
many as 50,000"

Thiswas between the Iridium 33 US
communications satellite and a defunct
Kosmos 2251 Russian satellite, 790km
over Northern Siberia.

Even worse, 150,000 pieces of junk were
deliberately created when China
destroyed an inactive Fengyun-1C
weather satellite with a missile, as part of
ananti-satellite test.

Radar systemsare used to track LEO
junk, and telescopes are employed to
track objects from 2,000km to 36,000km
inmedium Earth orbit (MEO) and
geostationary orbit (GEO) at 36,000km.
Telescopes, however, are only capable of
tracking objects thatare 1m or morein
size. Radio frequency technology can also
beused to discover if satellitesare
operating or not.

Tracking helps warn of possible
collisions, but measures that are more
drasticare being employed, before it is
impossible to launch manned flights,
or operate the satellites that provide us
with TV signals, weather forecasts,
mobile phone networks and global
positioning systems.

WWW.HOWITWORKSDAILY.COM
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Is there junk on Mars?

Space junkis littered over Mars. In 2004, NASA deliberately crashed a heat
| shield protecting a Mars rover vehicle into the planet. The rover vehicle
~ wasthensent to examine the type of impact crater the shield created.

Worth $100,000 containing grease guns lost by
Heide Stefanyshyn-Piper during a shuttle

spacewalk in 2008. It re-entered the
atmosphere in August 2009

What's ﬂoatin%
around in the LEO?

Glove - Cameras

Lost by Ed White, the first American and a Discovery space
astronaut to take a spacewalkon3June shuttlemissionin
1965, during the Gemini 4 mission December 2006

Ed White's

) The extravehicular activity 53
first space walk

I tool bag floats away from the
International Space Station

128kg of nuclear
Produced when the upper reaC Or COOIant

stage of a Pegasus rocket Leaked from inactive Soviet Radar
exploded in1996 Ocean Reconnaissance Satellites

_/'480HHMMD
= copperneedl

Meta I I IC Spherlcal Launched in 1963 as part of Project West Ford to create an artificial

dl‘l n kl ng water ionosphere, it encircled Earth at 3,700km. Most re-entered the

atmosphere in the Seventies

Started a UFO scare when they crashed G e ne ROd d e n be rry
in Western Australia in 1965, but were

identified as coming from the Gemini Hisasheswere released ina small capsule by

spacecraft aPegasus XLrocketin1997

Gene Roddenberryand the
castof Star Trekattending |
the roll out of the Space
Shuttle Enterprise in1976 ¢

300,000
fragments

Produced when the upper stage ofa
Pegasus rocket exploded in1996

4ximages/stary background © NASA
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Space junk
Breakdown _
of space junk
GEO : 3

Geostationary
orbit

13%
Spent rocket
bodies

48%

Fragments caused by the
break-up and deterioration
of satellites

Debris in low Earth orbit |

A snapshot of the junk orbiting Earth

Objectsin low Earth orbit (LEO) are between 160km
and 2,000km above the Earth. Military satellites,
Earth monitoring satellites and communications
satellites operate at these orbital altitudes.

LEO satellites pose a problem because they orbit
the Earth atleast 15 times a day along different
orbital planes to provide global coverage. This gives
them more chance of hitting other satellites in
contrast to those that keep to the elliptical plane of
the Sun. In addition, they have shorter battery lives
and are more vulnerable to the gravitational pull of
the Earth than higher satellites.

The so-called Kessler Syndrome proposes that as
collisions multiply they create even greater numbers
of fragments that will start an unstoppable chain
reaction of collisions. In this process, the debris will
increase more than the amount of debris burnt-up by
orbital decay, and will make the use of low Earth
orbits impossible.

Most objects that go beneath LEO, through orbital
decay or due to a collision, fall back to Earth and
harmlessly burn-up in the atmosphere. Larger space
junkismore of a problem. This was emphasised by
the accidental crash of Cosmos 954 in January 1978.
The Soviet reconnaissance satellite carried an
onboard nuclear reactor, which instead of reaching a
safe orbit fell over northwest Canada. A huge
recovery operation found 12 large pieces, ten of

064 | How It Works

“In 2001, the Russian Mir space station
was deliberately made to crash into
the southern Pacific Ocean”

LEO

- P How the
=1 1SS dodges

Satellitesno

e the deb"S

Orbiting at 350km in low Earth orbit, the ISS is
particularly vulnerable to damage from space
debris. Manned modules and other vulnerable
areas have been fitted with protective aluminium
shields - both during and since construction.

The ISS also carries out Debris Avoidance
Manoeuvres (DAMs) to dodge space junk or
micrometeorites. When warned of such dangers,
the ISSis sent a few kilometres higher or lower,
usingashort engine thrust from a docked
Automated Transfer Vehicle (ATV) or Progress
spacecraft. The ATV is fitted with an automatic
system that during docking procedure will abort
the procedure if it detects any danger from debris.

If any debris comes within 0.75km above or
below, or within 25km around it that cannot be
avoided, the ISSis put into unmanned mode and
the astronauts have to seek protectionina
spacecraft docked with the station. In 2008 and

Rubbish and equipment 2009, astronauts had to seek refuge ina Soyuz
ejected by manned craft, due to such warnings.
spacecraft, and during the . - —

deployment of spacecraft " Onelineof tj

defence for
the manned
modulesis
aluminium
shielding

which were radioactive and one that carried a lethal
radiation level of 500r/hr.

In 2001, the Russian Mir space station was
deliberately made to crash into the southern Pacific
Ocean. There-entry of the 130,000kg station created a
spectacular display, and metal fragments from it
were recovered and sold on eBay.

So far, such crashes have been in oceans or remote
parts of the world but certainly, thereisarisk ofa
rogue piece of space junk causing serious damage to
a highly populated area.

Soyuz Crew

Transfer Vehicles

In debris emergencies, the
Soyuz craft can transfer the
crew back to Earth.

+#

ATV propulsion
Docked at Zvezdaisan ATV
whose thrusters can move

theISStoavoid collisions.

The majority of the
debris floating in space
lurksinLEO

© Imagine Publishing Ltd
No unauthorised copying or distribution
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First and oldest
Vanguard 1, launched by the
USA back in 1958, is the oldest
piece of space junk. It stopped
operating in 1964, but will
continue orbiting Earth for
240 years.

Long-term problem

The length of time junk stays
in orbit before re-entering the
atmosphere is only a few days
when it's below 200km, but
increases to a few years
between 200 and 600km.

Working

The 902 operational satellites
that were orbiting Earth in
2009 are dwarfed by the vast
amount of junk debris and
dead spacecraft that
surrounds them.

Damages

The relative velocity of a space
vehicle and a piece of junk can be
10km/s, makinga collisionvery
damaging. In the case of manned
flight, it is even more threatening.
The US space shuttles often
encountered debris, causing NASA
toregularly replace cabin crew
windows and thermal tiles
damaged by flecks of paint or
micrometeorites.

Amore threatening incident
happened to the Columbia shuttle
in1995, when an object penetrated
the protective layers of its payload
bay door. Another collision,
betweena circuitboard and an

Atlantis shuttle payload door in
September 2006, created a12mm
deep hole. To reduce such impacts
Shuttles flew tail-first in orbit, or
when docked to the ISS they were
positioned so that the station took
the worst impacts.

Whipple shields that absorb
debrisimpacts before they can do
any significant damage can protect
manned and unmanned
spacecraft. Unfortunately, such
shields cannot protect vital solar
panels or stop the impact of larger
debris. To tackle large debris,
spacecraft have to manoeuvre out
of the way to avoid a collision.

Lethal

A 2mm piece of debris can rip
alethal hole in an astronaut’s
spacesuit. The chance of such
an object hitting an astronaut
during a six-hour spacewalk is
31,000 to one.

Hit
The chance of being hit by
space junk on Earth is 20
billion to one. Unlucky Lottie
Williams was hit but
unharmed by a 13cm piece of
aDelta Il rocket in 1997.

ne idea for ridding space of
itus is using satellites to
the litter with lasers

© Science Photo Library

The orbital debris hole
made in the panel of
NASA's Solar Max
experiment

L

WWW . HOWITWORKSDAILY.COM

Dealing with
the space junk

The European Space Agency is currently
building a radar system to catalogue and
track hazardous objects in Earth orbit. At
the moment, the US military Space

Surveillance Network (SSN) tracks 19,000
objectsand its Space Fence radar system
scheduled for 2015 expects to track as
many as 100,000 objects.

To mitigate the problem of space junk
the Inter-Agency Space Debris Co-
ordination Committee (IADC) was formed
in1993 to produce a set of guidelines. It
advocates several preventative

= - measures, including reducing the
amount of hardware ejected or rendered
¥ inoperative by a space mission. Since
accidental orbital explosions have
f accounted for at least 200 incidents, it is
| recommended that explosive gases or

Shielding v fuels be vented to stop this happening.

Vulnerableareas of d The deliberate explosion of satellites

thespacestationare |

protected by shields.

.,;.

'

.al

Zvezda module

Zvezdais fitted with six
§ Service Module Debris

Protection shields.

should be stopped, and where possible
satellites should be steered clear of
debris. As LEO satellites are the biggest
culprit, they should be designed to only
have an orbital life of 25 years, and carry
drag devices or a propulsion system to
send them into re-entry ifits orbit is not
low enough for it to naturally re-enter.
Higher satellites should be designed to
enter a ‘graveyard’ orbit at the end of
their operating life.

Several ideas have been proposed to
dispose of existing junk. They range from
shooting it downusing lasers, scooping it
up with Aerogel material or netting it
with ‘trawler’ satellites. For the smallest
debris, large panels of porous foam could
slow down junk that passes throughiit,
making it re-enter the atmosphere. For
larger debris, it could be collected by the
roboticarm of an unmanned spacecraft.

The Hypervelocity
BallisticRange at
NASA's Ames Research
Center simulates orbital
debris hittinga
spacecraft by
launchinga projectile
atspeedsofupto
17,000mph ata solid
surface. Thisimage
showstheresulting
energy flash.

Hypervelocity picture and stary background © NASA
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<" emission nebulae called Heart and Soul. The *heart’ nebula on the right-hand side is so- "

“These clouds form visible pafts of the
interstellar medium called nebulge and
it's here that star formation begins” -

" The Heart and e
Soul nebulae' A

How clouds of gas and dust create the “ e
‘most spectacular vistas in the universe P ¥ Sk :

The space between stars, consisting mainly of hydrogen and helium gas, is the et E 3 -
interstellar medium. Most of this space is extremely thin, but there are clouds of - “, = L
denser material containing heavier matter such as molecules of carbon dustand P S : 1 .
\ “9 silicates (silicon and oxygen). These clouds form visible parts of the 1nterstellar " - " g
medium called nebulae and it’s here that star formation begins. y
Thisstriking image from NASA's Wide-field Infrared Survey Explorer reveals a pair of Ty r.. o 1 B

named for its likeness to an anatomical human heart while the ‘soul’ nebula, on the left, is

more akin to a traditional two-lobed heart shape. They’re located 6,000 light years from Earth
inthe Perseus Arm of the Milky Way. So far, WISE has captured three quarters of its infrared "
survey of the entire sky, and continues to bring us incredible imagery to marvel at. % bl . - -

All images © NASA .
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1. Horsehead
Nebula

Dark nebulae, such as the
famous Horsehead, are

only really visible when they
are silhouetted against a
bright background.

2. Witch Head
Nebula

The blue light of the Witch Head
is a result of its constituent
dust grains scattering the
starlight reflected from the
nearby star Rigel.

3. Rosebud Nehbula

Intense light from nearby stars
heats the interstellar medium,
causing hydrogen to ionise,
which frees electrons that are
then absorbed and re-emitted by
the cloud.
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The Statistics

Closest approach to Sun:

88 million km (55 million miles)
Furthest distance from Sun:
5.3 billion km (3.3 billion miles)
Orbital period: About 76 years
First recorded: 240 BC

Last recorded: 1986

Next appearance: 2061
Diameter: 16 x 8 x 7km

Mass: 2.2 x 10* kilograms

Halley’s Comet

Whatis this fiery ball and why doesiit -

‘return to the night sky?

Comets are dirty snowballs made of dustand ice left
behind when our solar system formed. Halley’s
Comet is the best-known short period comet -a
comet that has orbited around the Sun more than
onceinrecorded history.

Comets’ orbits can be tilted at a large angle relative to the
orbits of the planets. Halley’s Comet’s orbit is so tilted it looks to
orbit backwards compared to the planets. Its orbit isalso very
elongated so the distance between Halley’s Comet and the Sun
changes dramatically asit travels.

When the comet is far from the Sun, it'sa frozen ball called a
nucleus. As it comes closer, it heats up and spews out dustand
gasto form a glowing cloud - the coma -and long tail. Each time
Halley’s Comet returns towards the Sun, it loses more ice until,
eventually, there will be too little to form a tail.

We'll have to wait until 2061 to see
thissightagain, by which time we’ll
be celebrating our 670th issue!

Over the centuries, Halley’s Comet
hasbeen blamed for earthquakes,
the births of two-headed animals
and even the Black Death.

DID YOU
KNOW?
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Dinosaur extinction

A comet hitting the Earth 200
million years ago could have
cleared the way for dinosaurs

to rule the world until another
comet wiped them out 135 million
years later.

Lightweight

A person weighing 45kg on
Earth would weigh 0.005kg on
acomet and could jump off into
space. A comet’s small size
gives it little gravity to hold
objects down.

Gushing gas

Comet Hale-Bopp could have lost
250 tons of dust and gas every
second as it swung by the Sunin
early 1997 - more than 50 times
greater than most comets.

4 Time capsule

Comets could hold a deep-
frozen record of the early solar
system. Scientists think they
formed 5 billion years ago and
have remained almost
perpetually frozen since.

5 Seeding life

Dust collected from comet
Wild 2in 2004 contained a
chemical, glycine, used by
living organisms. Scientists
think some building blocks for
life could have arrived from
space on comets.

© Imagine Publishing Ltd
No unauthorised copying or distribution

“As it comes closer, it heats up and
spews out dust and gas to forma
glowing cloud - the coma”

What is the
Karman line?

Want to turn from an aeronaut

into an astronaut? Just cross
the Karman line

B The Karman line is an official boundary between the
Earth’s atmosphere and space, lying 100km
J (approximately 62 miles) above sea level. The
70 governing body for air sports and aeronautical world
- records, Fédération Aéronautique Internationale
(FAl), recognises it as the line where aeronautics ends and
astronautics begins.

The line is named after aeronautical scientist Theodore von
Karman. He calculated that approximately 100km above sea level it
was more efficient for vehicles to orbit than fly. The air thins with
increasing altitude and aircraft rely on air flowing over their wings
to keep them aloft so must move faster with increasing height.
Above 100km they’d have to move faster than the velocity
satellites orbit around the Earth.

Thin air also explains why the Earth’s sky looks blue and space is
black. Atmospheric gases scatter blue light more than other
colours, turning the sky blue. At higher altitudes, less air exists to
scatter light. &

Exosphere
Many satellites orbit in the exosphere -
the highest atmospheric layer. It
extends to 10,000km above sea level
and gets thinner and thinner until it
becomes outer space.

Thermosphere

‘Thermos’ means hot. Air molecules in
this layer can be heated to over
1,000°C by the Sun’s incoming energy,
but we would feel cold because there is
so little air.

Mesosphere

Meteorites entering the Earth’s
atmosphere normally burn up in the
mesosphere, the coldest layer in the
atmosphere that lies 50 to 80km
above sea level.

Stratosphere

The stratosphere stretches

from around 12km to 50km

above sea level. This layer contains
the ozone layer, which shields

us from the Sun’s potentially
harmful ultraviolet radiation.

Troposphere

The atmosphere’s lowest layer
contains 75 per cent of its mass and
almost all its weather. It varies from
around 8km high at the poles to
20km over the equator.

The first man-made object to
cross the Karmanlinewasa
German V-2 rocket duringa
1944 test flight.

DID YOU
KNOW?
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The Oort Cloud

The home of comets

W) The Oort Cloud isa giant the origin of comets. It was created even nearby stars have caused objects
(é) sphere of icy comietarynuclei ~ during the formation of the solar system, - - to actually leave the Qort Cloud. They
that surrounds our solar when planetesimal bodies gathered to then either turn up in the form of comets
“¥ . system. Its maximum form planets or moons. The gravitational  inthe inner solar system, or they are
distanceis1.9 light years away from the influence of Uranus and Neptune sent sent completely out of our system'’s Sed
Sun, which isas far as the Sun'’s some of these planetesimals outwardsto  influence altogether. Just as objects are na
gravitational influence extends. form the Oort Cloud. lost from the cloud, new ones from Evidence of the Oort
In 1950, Dutch astronomer Jan Oort Over time the gravitational effects of outside the solar system.can also be Cloud’s existence is
developed the concept of this cloud as the Sun, planets in the solar system and attracted into it. & supported by the

discovery on 14 November

b/ 2. Long period comets 2003 of the furthest object
The OOI‘t CIOUd s These can take thousands of years to inthe solar system.
orbit the Sun. Their orbits do not Named Sedna, itis

L -
popu Iatlon oty conform to the ecliptic plane and they currently 13 billion

can travel round the Sun in a clockwise kilometres away from

' 4 ’ I or anticlockwise direction. Earth. Its highly elliptical
orbitaround the Sun
takes11,250yearsandtoa
maximum distance of 130
billion kilometres.

Sedna hasa diameter
of between1,180t01,800
kilometres, making it
larger than an asteroid
but smaller than a planet.
Itisthe second reddest
objectinthe solar system
after Mars, and its surface
temperature isavery cold
-240° Celsius.

Asticking pointisthat
itismuch closer than the
predicted position of the

3 Oort Cloud. One
suggestion is that millions
ofyearsagoaroguestar
passed by, causing
cometsand bodieslike
Sedna to formaninner
Oort Cloud.

1. Elliptical plane
This is where the Oort =

_ ’ Ry
Cloud is most dense. = . ol

3. Transformation : 4, Short period comet
Over time the influence of gravity can These orbit in the same direction as
cause long period comets to become the planets on the ecliptic plane.
short period comets. Halley’s Comet is Their orbit is relatively short, such as
thought to have originated from the Oort Halley’s Comet, which takes 76 years
Cloud as a long period comet. to orbit the Sun.
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“€ach ring contains billions of chunks
of dust and water-ice”

Inside Satum

Saturnisbelieved to have a small rocky core, with a
temperature of more than 11,000°C. Itis surrounded by a layer
of gases and water, followed by a metallicliquid hydrogen
and a viscous layer of liquid helium and hydrogen.
N, Near the surface, the hydrogen and helium
Y become gaseous. Saturn

Wave-like structures hasno solid surface.
inthe clouds canbe
seen in Saturn’s

atmosphere

Inner layer

This thickest layer
surrounding the core
is liquid hydrogen

and helium.
L
L] L] - - L] : gl
Only Jupiter islarger than this gas
giant, best known forits ring system
We've been viewing Saturn with compression. Saturn takes about 29%2 years to
the naked eye since prehistoric revolve around the Sun, and its rotation isa
times, but the planet’s most . bit more complex - different probes have
. unique feature -itsring system - estimated different times, the latest estimate
wasn't discovered until 1610. Each ring is ten hours, 32 minutes and 35 seconds. The
contains billions of chunks of dustand water- ~ variations probably have something to do
ice. Saturn has about 14 major ring divisions, with irregularities in the planet’sradio
but there are also satellites and other waves, due to the similarities between its
structures within some of theringsand gaps. = magnetic axis and its rotational axis. Outer layer
Saturn’s rings are believed to have come from Saturn has a cold atmosphere comprising The outer layer is gaseous
the remains of moons, comets or other bodies  layered clouds of both water-ice and E}’:;gi‘;“;;: ir;:"“m’
that broke up in the planet’s atmosphere. ammonia-ice. It also has winds of up to 1,800 T
Theringsaren't the only fascinating thing kilometres per second. Occasionally Saturn
about Saturn, however. This gas giant is less has storms on its surface, similar to those of
dense than any other planet in our solar Jupiter. One such storm is the Great White
system and has a mostly fluid structure. It Spot, amassive storm in the planet’s northern
radiates a massive amount of energy, thought  hemisphere that has been observed about
to be the result of slow gravitational once every Saturnian year since 1876. &
. u . North pole tilt - Both hemispheres
Rlngs In VIew Th(a_ r}orthe_rn hemi_sphere - - - . 1 Bo_th_ hemi_spheres_ are
is visible with the rings visible with the rings

Saturn takes 29% years to orbit the Sun, and it hasan appearing below. appearing as a thin line.
elliptical orbit like most planets. The closest Saturn

comes to the Sunis 135 billion kilometres, while at its C -—-b.&
furthest, Saturnis 1.5 billion kilometres away. Saturn

hasatilt of 26.7 degreesrelative to the orbital plane. . &
During half of its orbital period, the northern i -

hemisphereis facing the Sun, while the southern " )
Orbit —T ) — South pole tilt

hemisphere faces the Sun during the other half.

When viewing Saturn from Earth, this impacts

whether we can see the rings full-on orasa thin line. Saturn has an elliptical b _ ; ; The southern hemisphere is visible
orbit of 292 years. * from Earth with the rings above.
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Discovering the rings

Galileo thought that he was seeing moons orbiting Saturn instead of rings
because his telescope was not powerful enough. Astronomer Christiaan
Huygens observed the rings in 1655, but thought they were a single ring.

Extreme bulge

Saturnisan extreme example ofan
oblate spheroid - the difference between
theradius of the planet atits poles and at
its circumference is about ten per cent.
This is due to itsvery short rotational
period of just over ten hours.

Cassini probe
The first spacecraft to ever orbit Saturn,
the Cassini probe has provided incredible

Inner core images of the planet and its ring system.

The inner coreis likely ,
very small and contains

iicate rock, muchlike - Float that plaliet

Jupiter’s core.
Ifwe had a big enough pond, we could float Saturn on its surface. Although .
Saturnis the second-largest planet as well as the second-most massive, it's
the least-dense planet in our solar system. Its density is just 0.687 grams per
cubic centimetre, about one-tenth as dense as our pl?met and two-thirds as
dense aswater. .

Va

Outer core
Saturn’s outer core is
much thicker than its
inner core, containing
metallic liquid hydrogen.

Anartist’'simpression of
Saturn’sring particles

©DKImages

AllImages © NASA
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Wing fuel tanks
Concorde, like many aircraft,
storedits fuelinitswings.
However, italso used its fuel
asaheatsink, drawing heat
away from the passengers.

Intake system

The intake rampsand spill
doorwere so effective they
could almost completely
offsetan engine failure and
keep theaircraft
aerodynamic.

This month in

History

Floppy disks, remember them? = Vi o 27\

We take a look inside those " | . e
prehistoric data storage devices ) 4 > .

and find out how they served us
so well since their invention in
the Seventies. Step even further
back in time - several thousand
years, in fact - to discover the
incredible engineering behind
Greek temples. These
structures are so impressive
some have stood the test of
time and are still around today.
We also take a look at the Tesla
coil, an invention that took
wireless to the next level well
ahead of its time.

Rolls-Royce/Snecma
Olympus 593 engines
Concorde’safterburning

engineswere a development of
engines originally designed
for the Avro Vulcan

Ogival wings Lighter, stronger components
Concorde’s ‘double Concordewas constructed using ‘sculpture
delta’wingshelpedits ~ milling’,a process that reduced theamount of
aerodynamic profile partsrequired while making those thatwere
and speed. necessarylighter and stronger.

Concorde

An aircraft that could fly across the Atlanticin less than
three hours seemed as impossible as it was desirable

77 Floppy disks

{1

"_ | &
Yo | AR
2N
77 Anderson shelters

3
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Flying faster than the
speed of sound has
always been the sole

proviso of the military,
butin the late-Sixties,

Russia, France, the UK and the USwere
allworking on the idea of supersonic
commercial travel. Faster planes meant
shorter travel times, increased demand
and higher prices.

Concorde was the result of France and
the UK combining their efforts to

produce a supersonicairliner and, even
now, it’simpossible not to be impressed
by its pioneering stature.

Its ogival or double-curved wings kept
itaerodynamicand dictated much of the
plane’s shape, as they forced the nose up
on taxiing, take offand landing. To help
minimise drag on the aircraftaswell as
improve visibility, the nose cone could
move, dropping down to improve
visibility then straightening out in flight
to improve the aerodynamic profile.

© Imagine Publishing Ltd
No unauthorised copying or distribution

Concorde’s enginesalso had to be
modified for extended supersonic flight.
Jetengines can only take inairat
subsonicspeed so the air passing into
the engines had to be slowed when
flying at Mach 2.0. Worse, the act of
slowing the air down generated
potentially damaging shock waves. This
was controlled by a pair of intake ramps
and an auxiliary spill door that could be
moved during flight, slowing the airand
allowing the engine to operate
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reconnaissance aircraft,

the SR-71 was capable of
up to Mach 3.35, or 2,275 -
miles per hour.

Head THE FIRST 1. Bell X-1 2. SR71 THE FAILURE 3. Tupolev-144
As well as being the first Blackbird NATO code name -
to H ea d aircraft to break the A futuristic, high-altitude _-I-.--__ - harger)
speed of sound, the X-1 ot The TU-144 flew two months

before Concorde in December
1968 but was ultimately
scrapped due to lack of demand.

was the first in a long
line of experimental,
pioneering aircraft.

SUPERSONIC
PLANES

YRR The first Concorde test flight took place from Toulouse on 2 March 1969

The sonic boom

Sonic booms are generated by the passage of an object through the air. This passage
creates pressure waves that travel at the speed of sound. The closer the aircraft gets
to the speed of sound, the closer these waves become until they merge. The aircraft
then forms the tip of a ‘Mach cone’, the pressure wave at its nose combining with the
fallin pressure at its tail as it passes to create the distinctive ‘boom’ sound.

SUBSONIC
SPEED

Wavefront

MACH
ONE

Overlapping

SUPERSONIC
SPEED

Shock cone -

Passenger cabin
Concorde could carry 92

passengers or be
reconfigured internally
tocarryupto1zo.

Undercarriage

efficiently. This system was so
successful that 63 per cent of Concorde’s
thrust was generated by these intakes
during supersonic flight.

And yet Concorde still had to contend
with the heat generated by supersonic
flight. The nose - traditionally the
hottest part of any supersonicaircraft -
was fitted with a visor to prevent the
heat reaching the cockpit while the
plane’s fuel was used as a heat sink,
drawing heat away from the cabin.

WWW.HOWITWORKSDAILY.COM

The undercarriage was unusually strong due to the
highangle the plane would rise to at rotation, just
prior to take off, which put a tremendous amount of
stress on the rear wheels in particular.

© Martin]. Galloway

Theinterior of a British
Airways Concorde

Even then, owing to the incredible
heat generated by compression of air as
Concorde travelled supersonically, the
fuselage would extend up to 300
millimetres, or almost one foot. The
most famous manifestation of thiswasa
gap that would open up on the flight
deck between the flight engineer’s
console and the bulkhead.
Traditionally, engineers would place
their hats in this gap, trapping them
there after it closed.

On 25 July 2000, Air France Flight
4590 crashed in Gonesse, France,
killing all 100 passengers and nine
crewaswell asa further four on
the ground. Although the crash
was caused by a fragment from the
previous aircraft to take off,
passenger numbers never
recovered and were damaged still
further by the rising cost of
maintaining the ageing aircraft
and the slump in air travel
following the 9/11 attacks.
Asaresult, on10 April 2003, Air
France and British Airways
announced their Concorde fleets
would be retired later that year.

Cockpit
Concorde’swere the
lastaircraft BA flew
thatrequireda
flight engineer,
seated in the cockpit
with the pilotand
copilot.

Thrust-by-wire
Concordewas one of the
firstaircrafttousean
onboard computer to help
manage itsthrust levels.

Nose
Concorde’s nose drooped to help visibility on
take offand landing and straightened in flight.

© Imagine Publishing Ltd
No unauthorised copying or distribution

Mike Bannister (top left)
piloted the first Concorde

flight following the
Gonesse disaster

~End of an era

Despite an attempt by Richard
Branson to purchase BA's Concorde
fleet for Virgin Atlantic, the planes
were retired following a week-long
farewell tour that culminated in
three Concordeslanding at
Heathrow. BA still ownsiits
Concorde fleet: oneis on display in
Surrey, a second is being kept near-
airworthy by volunteers at the Le
Bourget Air and Space Museum,
and a third, also at that site, is
being worked on by a joint team of
English and French engineers. The
planistomakeitairworthy and
have the aircraft form part of the
2012 Olympics opening ceremony.

The Statistics

BAC/Aerospatiale
Concorde

PR

Manufacturer:

BAC (Now BAE Systems) and
Aerospatiale (Now EADS)
Year launched: 1976

Year retired: 2003

Number built: 20
Dimensions:

Length: 61.66m

Wingspan: 25.6m

Height: 3.39m

Capacity (passengers):

Up to 120 passengers

Unit cost: £23 million in 1977
Cruise speed: Mach 2.02
(1,320mph)

Max speed: Mach 2.04
(1,350mph)

Propulsion: 4x Rolls-Royce/
Snecma Olympus 593 engines
Ceiling: 60,000ft

b
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HOWIT
W%RKED “Nikola Tesla's coil worked by stepping

HISTORY up a current exponentially”

Tesla coll
. ‘.—‘.-."-1_._1:"

Members of the Tesla Coil Builders Association e — 3
standing in front of their largest coil the "Nemesis’ Nikola Tesla at the age of 40

Discharge sphere
Finally, the massive current
leaves the secondary coiland
enters the discharge sphere
before discharging the current
assparksand/ora corona.

©Science Photo Library

2. Capacitor 5. Secondary coil . :

The capacitoractsakintoa Physically resemblingasmaller | -

giant battery, takingthe primary coil butacting like another " -
transformer’s stepped-up transformer, thesecondarycoil =y - i
voltage and storing it until continues to built the currentuntil it~ L = L Ly r
it’s fully charged. reaches massive voltage levels.

I -I
The Tesla coil was one of the

first and most theatrical
resonant transformer circuits

) Anearlytype of resonant transformer -a

device that facilitates the wireless
transference of energy between two
similarly tuned coils - Nikola Tesla’s coil
worked by stepping up a current exponentially to
produce high voltage, high currentand high
frequency alternating current electricity. During the
operational life span (1890s —1920s) Tesla coil circuits

maril d allvin radi 1. Transformer 3. Spark plug 4. Primary coil
were pr.lmarl yus? commercially inradio ) Theinitial transformer When the capacitor reaches 100 Made from a thick copperwire, the
transmitters for wireless telegraphy and medical takesalowlevel current per cent, the spark plug fires primary coil producesa strong
devices for electrotherapy. Follow our step-by-step andstepsitup to releasingits contentsinto the magnetic field as the current released
guide to see how the famous coil worked. thousands of volts. large primary coil. by the spark plug flows throughiit.

© Imagine Publishing Ltd

. . . . . WWW.HOWITWORKSDAILY.COM
No unauthorised copying or distribution

076 | How It Works



THE WEBSITE THAT FEEDS MINDS
FORUM m VIDEOS m NEWS W INTERVIEWS m FEATURES

EIDYAULATEMYP The floppy disk was invented by IBM and became commercially available in 1971

Anderson shelter

Named after the head of British Air Raid
Precautions during WWII, the Anderson shelter

*a by absorbing the blastand

ground shocks from bomb

explosions throughout their
curved steel sheeting, diverting the
potentially dangerous levels of energy
released into mere plastic deformation,
rather than widespread destruction.

This differed massively from the

existing concrete bunkers that had been
inuse during the early 2oth Century as
they were especially prone to collapsing
ifexposed to the effects of a close
explosion (both wallsand ceiling would
collapseifthe other was disturbed).
Importantly, however, the new shelter
was one for the general population and
not just the wealthy, with Andersons
beingreleased for free ifa person
earned under £250 a year.

DID YOU KNOW?

The Anderson shelter was designed
in1938 by William Paterson and Oscar
Carl Kerrison.

Steel panels

Made from six curved sheets of
steel bolted together and with steel
plates at either end, the shell of the
shelter was 1.95m by 1.35m and
could accommodate six people.

Interior

The interior of all Anderson
shelters was bare, leaving its
furnishing to the owner. Because
of this, the level of luxury varied
massively from shelter to shelter.

Apreserved Anderson
shelter from 1941

Earthen roof

Added as another layer of defence
but also to provide camouflage
from German bombers, each
shelter was, if possible, covered
with a great mound of earth.

Blast wall

At the entrance end of the shelter
there was both a steel blast sheet
and earthen wall to protect it from
any debris caused by an explosion to
the owners’ main dwelling.

WWW . HOWITWORKSDAILY.COM

Entrenched

Anderson shelters were entrenched
1.2 metres down into the earth to
provide extra protection from
explosions and to enhance the
stability of the steel-sheeted chassis.

© Imagine Publishing Ltd
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Floppy disks

We take transferring huge
amounts of data for granted, but
without the floppy disk your USB
drives would never have existed

Inside the plastic casing, floppy disks are made
from a thin piece of plastic with magnetic

material on both sides, arranged in concentric

circleslike a record, which isin turn divided
into sectors. When information is copied to the disk, it
spins while a ‘stepper motor’ matches the rotation and
moves a read/write head into place over the correct sector
ofthe disk. Once in place, an erase coil clears the sector of
the diskand the read/write head records information onto
the disk by magnetising minute, bar-magnet particles
embedded in the disk’s surface. ©*

What's
inside?

Capacity
indication
Ifthisholeis present,
it means the disk can
holdupto1.4
megabytes.

Hub

Thisslotsonto
spokesin thedrive to
hold the disk steady.

Shutter
Thismetal shutter
protectsthedisk
whennotinuse.

Plastic housing
The hard outer casing
protects the fragile
floppy diskinterior.

Paper ring
Glued in place, these
keep thedisk clean
asitisspun.

Magnetic disk
This ferromagnetic
diskiswherethe
informationis
recorded.

Disk sector

Each piece of saved
information isstored
ina different sector of
thedisk.

How It Works | 077



"It housed important official
offices and acted as a storage

HISTORY centre and a treasury”

Greek temples

reek tem

Inside these multi-use architectural marvels

The temple acted asa cosmic generator. It was

A'a regarded as a dwelling designed for the gods and Metopes and triglyphs
was also seen as a reception area for prayer, Metopesare individual sections i
magical petition and divination. It also became a of sculpted stone that show i A

political symbol that emphasised the might and figures of war. Triglyphs may
power of the state through ancient architectural achievement. ;‘;fistf‘jg ltl}llliwowen .
The temple, now the most famous symbol of ancient Greece,

was also functional - it housed important official officesand
acted asa storage centre and a treasury.

L Column flutes
The Statlstlcs The number of flutes on each
column changed with each
The Parthenon architectural style.
Location:
Athenian Acropolis, Greece Columns
Length of construction: Valued for their beautiful
447 BC - 438 BC architectural features, columns
Designer: Phidias werealsoseenas pillars of the sky.
Type of building/purpose:
Temple and treasury
Type of architecture: Stereob‘::lte el
Classical - Doric foundation blocks
Cost of construction: Foundation blockswere placgd
In modern terms, it is estimated atthebase Ofthf? temple. ]?Ol'lc
that the Parthenon cost over columnswere directly built
£3 million upon the stereobate.
Architects:
Ictinos and Callicrates
Area coverage: 69.5m x 30.9m
i Learn more
For a fantastic video on the
building, history and secrets of -
the Parthenon, visit our website The ramp Port'c9
and click on the history section A cgrgmomal causeway. It 1ead§ the Theportico l'ed toanentranceroute
www.howitworksdaily.com. individual from the earthly plain through which the individual would
and guides him or her to the divine. approach the sacred cult statue.

© Imagine Publishing Ltd
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OLDEST

1. Temple of Delians "E!E
Delos, Greece, 478 BC

This temple was founded on the
island of Delos - as Delos was the
birthplace of Apollo, the temple is
dedicated to Apollo and Artemis.
This temple was never finished.

3. Temple of
Hephaestus
Athens, Greece, 447 BC

d | l i i * I ' This elaborate temple, which was
i I_ “i built on the tip of the Agoraios
L 1
. "j s

- 2.Temple of
Poseidon

Paestum, Italy, 470-460 BC
This temple dedicated to the
Goddess Hera was described

as “oppressive” by the

Head
to Head

DORIC
TEMPLES

Kolonos Hill, was used (until 1834)
as a Greek Orthodox church.

philosopher Goethe.

Cult statue
The cult statue was
situated ina prime
position-itwas
venerated as the
temple deity.

The temple was viewed
not only asan edifice of
marble, wood and stone, buta
magical structure that was designed
on astronomical principles. With thisin
mind, early construction of the temple
began with the foundation ceremony,
creating a base thatis knownasa
stereobate. This consisted of several

WWW.HOWITWORKSDAILY.COM

Cornice

The cornicewasan
ornamental structure
which protrudes
notably from theroof.

layers of stone blocks, their tips
protruding above ground.

The workers employed simple tools of
bronze and copper. During construction
theyalso used mallets, chiselsand
ropes to create a further foundation
block called a crepidoma, which acted
asabase for the columns and walls. The
columns, which were made of several

Doric designs followed
therules of harmony

From the 6th Century
BC onwards the roof
was decorated with
fully sculpted figures
of Greek deities.

©DKImages

Cella
The cellawas the sacred
room inwhich the cult
statuewas placed.

Doric architecture

The temple was entered from a ceremonial ramp, allowing
the individual to approach the portico. Once inside, you
faced a narrow corridor decorated with pillars. Although the
temple was annexed by official offices and storerooms, it was
designed so that the individual had a sense that he or she
was entering a holy space - with the narrowing of the
corridor you were gradually drawn inwards as ifabout to
experience the sacred presence of the gods. At the heart of
the temple there was the cella, the home of the cult statue.

Building the temple

drums of fluted stone, supported the
entablature, which consisted of the
architrave and the frieze which lay
below the cornice. Temple construction
could take over a decade, the building
often covered 115m x 55m of land and
boasted columns that reached 15m to
20m in height. On completion, the
temple was decorated by craftsmen.

© Imagine Publishing Ltd
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Types of ...

GREEK COLUMNS

How to identify
Greek columns

These columns are short, heavy
structures with plain capitals. They
have no base and their height
measures only four to eight times
their diameter. The columns are
decorated with 20 flutes. The base of
the column was placed directly on
the stylobate (or the foundation
stone), its capital can be seen as a
square abacus that connected it to
the entablature.

lonic columns are graceful and
slender - they differ from the Doric in
that they are designed with a large
base for extra support. They are
easily distinguished by their large
scrolled features. The lonic column
has 24 flutes. The frieze above them
is often designed with carved figures.

The Corinthian column is ornate and
elaborate, and is often more
appealing than the Doric and lonic
columns described above. The
column is tall and slim. Designed with
24 flutes it is crafted with a
scrumptious capital, which is sculpted
with scrolls and acanthus leaves. The
column is often measured at ten
metres high.
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Adam Boal

Family Programmes Developer
Adam studied
Physics at York
University and
now writes and
performs family
events at the
Science
Museum. He
enjoys playing computer games and
football and is scared of heights.

Ernestina Asare
Science Museum Explainer
A student in
Engineering 1
Design at
being a Science
Museum Explainer
is learning and explaining the science
behind everyday things.

University of
Bristol, Ernestina’s
favourite part of

Rik Sargent

Science Museum Explainer

Rik is an Explainer
in the Science
Museum’s
Launchpad gallery.
When Rik isn't
blowing up stuff
or putting people
in giant bubbles
he trains the Explainer team in the
principles of science.

Alison Boyle
Curator of Astronomy and
Modern Physics

M Imagine one of your teeth. It has two main
sections: the crown above the gum line and
the root below it. The crown comprises the
following layers from top to bottom: enamel,
dentine and the pulp gum. Nerves branch up
from the root to the pulp gum. The dentine
runs down to the root and contains a large
number of tubules or microscopic pores,
which run from the outside of the tooth to
the nerve in the pulp gum.

Alison Boyle is
responsible for a
range of
collections
spanning most of
the space-time
continuum. She is
currently
researching particle accelerators.
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People with sensitive teeth experience
pain when their teeth are exposed to
something hot, cold or when pressure is
applied. Their layer of enamel may be
thinner and they may have a receded gum
line exposing more dentine. Therefore, the
enamel and gums offer less protection and
this is what makes their teeth sensitive.

Sensitive toothpaste works by either
numbing tooth sensitivity, or by blocking the
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tubules in the dentine. Those that numb
usually contain potassium nitrate, which
calms the nerve of the tooth. The
toothpastes that work by blocking the
tubules in the dentine usually contain a
chemical called strontium chloride.
Repeated use builds up a strong barrier by
plugging the tubules more and more, leading
to less-sensitive teeth.

Ernestina Asare
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sciencemuseum

Proudly associated with SC i encemuseum wwwsciencemuseum.orguk
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Why do we get stitch? - O | WA
& What’s on?

WHAT: Visit the new Fly Zone

Simon Walsh the liver moves around, as does the '&
simulator area and take control in
360° flight simulators or fly with the

M There are many theories about what diaphragm due to breathing. This movement
causes that horrible side pain we commonly causes the connecting ligaments to stretch

i Red Arrows in our sensational 3D
motion effects theatre. And don't

know as a stitch, but almost all the theories
forget to visit Fly Café to refuel.

point towards the diaphragm as the main
cause. The diaphragm is a sheet of muscle

WHERE: Science Museum, 3rd floor
WHEN: On now

that sits below the rib cage and plays a big
PRICE: Chargesapply

which gives rise to a sharp pain, a ‘stitch’.
Another notable theory is that a stitch

occurs due to an inadequate blood supply to

the breathing muscles, which may explain

&
|

part in respiration. Attached to the why we often get stitches upon doing
diaphragm are various ligaments that exercise after eating as there is an increase
connect to different organs - one of whichis in the blood supply to the digestive system.
the liver. It's thought that as you exercise, Rik Sargent

What is a slipped disc,
and why does it hurt
so much?

Geoff Poore
M Your spine consists of 33 bones called vertebrae. In-between each
vertebra are circular pads, or discs, of connective tissue, which protect

WHAT: A captivating new film
showcasing some of history’s most
amazingaircraft. Soar over the
highest peaks, feel the gut-
wrenching force of take-off, and loop

the vertebrae against shocks. The discs have tough cases that contain a androll abO\{e the ocean.
gel-like substance. WHERE: Science Museum,
A slipped disc occurs when the gel protrudes outwards between the IMAX3D cinema

WHEN: On now

vertebrae. A damaged disc can put pressure on the entire spinal cord or on
PRICE: Chargesapply

a single nerve fibre. This means that not only will a person with a slipped
disc feel pain around the disc, but they could potentially also feel pain in
every area a nerve fibre controls.

Ernestina Asare

WHAT: Who Am I? presents the
latest in brain science and genetics
through a mixture of interactive
exhibits and object-rich displays.

Whatisa

memory?

Kirsty Stockton

W Memory is the brain’s ability to recall
information from the past and it generally
falls into three categories - sensory, short-
term and long-term.

Take a look at this page then close your
eyes and try to remember what it looks
like. Your ability to recall what this page
looks like is an example of your sensory
memory. Depending on whether or not this
page is important to you will determine
how likely it is that it will get passed on to
your short-term memory.

Can you remember the last thing you
did before reading this? That is your short-
term memory and is a bit like a temporary
storage facility where the less-important
stuff can decay over time, whereas the
more important stuff can end up in the
long-term memory.

Our senses are constantly being
bombarded with information. Electrical and
chemical signals travel from our eyes, ears,
nose, touch and taste receptors and the
brain then makes sense of these signals.
When we remember something, our brain
refires the same neural pathways along
which the original information travelled. In
this way, you are almost reliving the
experience by remembering it.

Rik Sargent
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How do boats brake, do they

just pedal backwards? i:rrenen

M You're correct, though only for boats with pedals and propellers. Different
types of boat use different ways to propel themselves through the water.
For boats with propellers, like motorboats and pedalos, the spinning
propeller pushes water back and this pushes the boat forwards. You can
slow them by stopping the propeller spinning. If you spin the propeller
backwards, the boat will push water forwards and this will start to push the
boat backwards and it will slow down a bit faster.

Sail boats are different. If you want to completely stop your boat then
don’t forget an anchor or you'll drift away with the wind and currents.
Adam Boal
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Find out what makesyou...you, and
discover how your genes impact on
your brain, your actions, your
thoughts and your appearance.
WHERE: Science Museum, 1st floor
WHEN: On now

PRICE: Free

WHAT: We're buying a third more
clothing than we did a decade ago.
But fast-changing fashions mean
over 1million tons of textile waste
everyyear. Discover how new
technology will help create wear
without waste. How can we reduce
the impact of throwaway fashion?
WHERE: Antenna Gallery, G floor
WHEN: On now

PRICE: Free >

How It Works | 081



M

sciencemuseum

» COMING SOON...

WHAT: Atmosphere combines

interactive exhibits with objects from

the museum’s collection and around
the world. Discover the science of the
climate system, how climate has
changed, and how scientistsare
improving our understanding of it.
WHERE: Wellcome Wing, 2nd floor
WHEN: Winter 2010

PRICE: Free

WHAT: Explore the unconscious
mind with an exhibition to celebrate
psychoanalysis. Discover the broad
contemporary relevance of
psychoanalysis in an accessible way.
The exhibition focuses on how the
unconscious can be interpreted
through everyday experiences.
WHERE: Science Museum

WHEN: 13 Oct-April 2011

PRICE: Free

SCIENCE MUSEUM LATES

WHAT: Anight of musical
performance and science with
musician Finn Peters. Discover the
innovations in brain-computer
technology that allow us to compose
music from our own brain waves.
WHERE: The Dana Centre

WHEN: 17 September

PRICE: Free

For further information visit the
What’s On section at www.
sciencemuseum.org.uk/
centenary.

Exhibition Road, South Kensington,
London SW72DD.

Open 10am - 6pm every day.

Entry is free, but charges apply for
the IMAX3D Cinema, simulators and
some of the special exhibitions.
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Nota good day to
leave your space
suitathome...

Sam Barnes

M You might be able to survive in
space for over a minute, so long as you
got back to safety and medical care
immediately. Following a sudden
exposure to the vacuum of space, the
first thing to do would be breathe out -
if you held your breath, the gas
expanding in your lungs due to the
reduced external pressure would
cause them to rupture (it's a bit like
ascending after a scuba dive).

Around ten seconds in, you would
start to lose consciousness and vision
due to oxygen depletion. In the low-

How long could a human
survive unprotected in
outer space?

this puppy love...

pressure environment, your body fluids
would begin to vaporise, causing tissue
to swell up. If you were in the sunlight,
without the protective effect of the
Earth’s atmosphere, serious sunburn
would occur.

Experience from training accidents
suggests that if astronauts are
returned into a pressurised oxygen
environment within 90 seconds,
injuries are reversible. However, with
so many factors at play, the survival
limits are not well known.

Alison Boyle

Some would call

Annie

way or another.
Rik Sargent

FROM THE
FORUM

gvery month we'll feature a
reader’s question from our
fantastic forum at www.
howitwaorksdaily.com/forum

What is the
difference
between
‘rain’ and
‘showers’?

AndrewGearl1l

Rain is water falling from the sky
thatis bigger than 0.5mm in diameter.
Anything smaller is called drizzle.
However, rain is then divided into
different types so that you know what
to prepare yourself for. One type of rain
isshowers. Thisis where the rain starts
and stops suddenly, like your shower at
home whenyou turnit on or off.
Adam Boal

What is love, and what
triggersit?

B Love is the emotion of strong affection and personal attachment.
Love comes in many forms varying from the generic and platonic type
such as ‘I love that film’ and ‘I love my friends’, to the more personal,
intense, romantic love.

Love is seen as a mammalian drive similar to hunger or thirst as it
activates the same area of the brain as these cravings. It is speculated
that romantic love evolved to enable us to focus our mating energy on
one partner long enough to stay together and rear young.

There are many different triggers for love: specific chemicals being
released in the brain, meeting someone who you are compatible with
and so on. As long as we are surrounded by other people it would be
near impossible to prevent love from eventually happening in some
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W:hat are butterflies’
wings made of?

Dorothy Burns

M Butterflies are from the order of
insects known as Lepidoptera. A
butterfly has four wings; two forewings
and two hind wings. Each wing is made
up of thousands of tiny scales that sit in
overlapping rows over a framework of
veins - a bit like tiles on the roof of a
house. Some scales contain colour
pigments, whereas others are
translucent and create colour by
refracting and diffusing light.

How do owls turn
their heads 360°?

Alison Whitman

W With 14 vertebrae in its neck - twice that of a human - an owl has
more flexibility and can turn its head through 270 degrees without
moving its body. This adaptation is necessary because owls’ eyes are
almost completely fixed in their sockets. Being able to move its head
allows the owl to focus its vision and hearing towards its prey, often with

deadly results.

Grahame Madge, conservation spokesman, RSPB

WWW . HOWITWORKSDAILY.COM

The front and back of the wings
usually have different patterns. The
undersides are often designed to help
the butterfly camouflage to its
surroundings when it is resting - like the
mottled leafy green on the Orange-tip,
and butterflies rest with their wings
closed. If you see a butterfly sitting with
its wings open it will be absorbing
sunlight to raise its body temperature.
peacock butterflies use the eye patterns

www.biodiversityislife.net

Butterflies’
wingsare made up
oftimy scales

on their wings to scare off predators
when they are basking.

Butterfly wings are very delicate and
often tear, but it would take a lot of
damage to stop them from flying. Scales
containing colour pigment can also fade
in sunlight. If a butterfly looks pale it
could mean it's nearing the end of its
life. Sometimes the pigments mutate
and rare variations occur like copper
butterflies with white wings instead of
orange ones. There are often ultraviolet
patterns in the wings that we cannot
see, but which may possibly be seen by
other butterflies.

Dr Martin Warren, chief
executive, Butterfly Conservation

Who needs eyes
inthe back of
their head?

Dr Robert Bloomfield

Director IYB-UK/Head of Innovation
and Special Projects, Natural
History Museum

Bob is Head of
Innovation and Special
Projects at the Natural
History Museum where
he has delivered
Darwin200 and is now
directing IYB-UK during
2010. WithaPhD in
Genetics, Bob has pursued a career in
science and public engagement, leading
major science communication projects. In
2002 Bob was awarded a NESTA Dream
Time Fellowship, which he used to retrace
the first voyage of Captain James Cook.

2000
What'’s on?

WHAT: Journey through the Natural
History’s Museum’s magnificent
butterfly house and discover the
many habitats and butterflies living
there. Spot different species at various
stagesin their life cycles, and learn
which are under threat, as well as
those you might see in your garden.
WHERE: Natural History Museum
WHEN: 8 April - 26 Sept

PRICE: Chargesapply

WHAT: This major multimedia
exhibition at the Royal Botanic
Garden in Edinburgh explores the
amazing world of fungi and their
relationship with humans.
WHERE: Royal Botanic Garden,
Edinburgh

WHEN: 31]uly -21Nov

PRICE: Audio guide £2.50 adults,
fa.50 for children

WHAT: Explore London’s WWT
reserve with a bat detector to see and
hear bats swooping overhead. Times
vary with sunset. Children should be
accompanied by an adult. Call 020
8409 4400 to book.

WHERE: Wildfowl & Wetlands Trust
WHEN: 9and 16 Sept

PRICE: £10admission fee
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Autumnal
Migration in
North Kent
WHAT: The autumn migration
season isa great chance to learn about
the UK’s waders and migrant birds.
Oare Marshes and the Elmley RSPB
reserve sites in Kent are the perfect
setting to discover more about these
amazing birds. You can also observe
birds of prey at one of the best sites in
the UK, led by warden Tony Swandale
and ornithologist Rob Clements. To
book, call 01622 662012.
WHERE: Elmley RSPB Reserve and
Oare Marshes, Kent
WHEN: 10 September
PRICE: £25

Blue Ribbon Village
at the Mayor’s

Thames Festival
WHAT: Blue Ribbon Village is the
interactive river and environment
zone at the Mayor’s Thames

Festival. The Village features stalls
and activities provided by a range of
organisations promoting biodiversity
within urban, ruraland marine
environments. From bee keeping to
pond-dipping, wild-flower cooking to
amphibian and reptile conservation
there’s lots to try your hand at.
WHERE: Potters Field Park and the
Riverside Walkway between City Hall
and Tower Bridge, London

WHEN: 11and 12 September

PRICE: Free

The Secret Life
Of Seals

WHAT: Join the Cornwall Wildlife
Trust for an exciting illustrated talk
from renowned seal expert Sue Sayer
from the Cornwall Seal Group. Learn
allabout these beautiful creatures
with which we share the Cornish
coastline. Discover how you can help
protect these remarkable animals. For
more information, call 01872 552 428.
WHERE: Meet at Driftwood Spars,
Trevaunance Cove, St Agnes

WHEN: 14 September

PRICE: Free
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lou
Danielle Street
M At dawn, the air is calm and other
noises, such as traffic, are low. Birdsong
travels further and has more

impact. Studies suggest a song sung at
dawn is around 20 times more effective
than one at midday. Females tend to lay
eggs in the morning so it makes sense

for males to attempt to attract mates
just before. The chorus of song also

200

do birds sing so
y at dawn?

reveals which birds are perching where
and whether any territories have
become vacant overnight.

The best time to hear a dawn chorus
is the first hour before sunrise - which
means getting up early or staying up
really, really late! The Wildlife Trusts
usually have special events happening
up and down the UK on the first Sunday
in May to celebrate International Dawn
Chorus Day. You can contact your local
Wildlife Trust to find out more.
Paul Wilkinson, head of living
landscape, The Wildlife Trusts

©KevinKingog
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The Bengal tiger
(pictured)isamongthe
most endangered
species

What's the most
at-risk species in
the world?

Hayley Parsons

M According to the World Wildlife Fund,
the tiger is among the most at-risk
species on the planet. Studies suggest
that there may be just 3,200 wild tigers
left in the world.

Tigers are the largest of Asia’s big cats,
and they're hunted and traded illegally for
their pelts, bones and even their heads. In
several countries, such as Indonesia,
tigers are protected by law in an effort to
prevent such illegal trade, and yet still
more needs to be done to protect this
majestic creature and its habitat.

By the end of the 20th Century, the
Bali, Javan and Caspian tigers were all
extinct, and the six remaining sub species
- Amur, Bengal, Indochinese, Malayan,
South China, and Sumatran - are all at risk
of the same fate through poaching, illegal
trading and loss of habitat.

How It Works

How come some animals .2

can change colours?

Rob King

M There are two answers to this - a ‘why’
and a ‘how’. Flatfish take only a few
seconds to change colour to blend with
their background. Many other animals
change colour to communicate.
Chameleons are very good at this. They
change to express sexual interest,
readiness for a fight, etc. Some
chameleons also change colour to help
them maintain their body temperature.
Cuttlefish are masters of rapid colour

and texture change, which means they

an ‘disappear’ against their background,
as well as communicate complex )
messages. Their skin can change colour
so rapidly they produce waves of colour
controlled both on speed and in detail of
the patterns that they can produce.

Frogs generally don’t change colour
like this, though a few tropical species

change colour as chameleons do to
maintain a constant temperature.

As for the how: some animals change
very slowly to match a seasonal change
in surroundings, simply by moulting and

then growing different coloured hair. The

rapid changes, however, are achieved

with ‘chromatophores’ in the skin. In the

cuttlefish, there are tiny pockets of

pigment such as melanin. These pockets

are like pixels on an LCD screen. Simply

by expanding or contracting these ‘pixels
they can create almost endless blends of

colours and patterns at will.

Simon Garrett, head of learning,

Bristol Zoo Gardens
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Georgina Foster

M It's a big question because different
species use different tactics. Fish-eating
birds of prey, like the osprey, plunge feet-
first into the water to catch live fish
from the surface with their talons. Other
birds such as the heron, stand
motionless at the water’s edge, wait
until a fish comes close and then use
their bill as a spear. Mergansers

and auks dive for fish from the water’s
surface using their wings to ‘fly’
underwater. Kingfishers sometimes
hover and dive, and at other times will
dart from a perch to catch fish
unawares. These birds and others have

WWW .HOWITWORKSDAILY.COM

How do birds catcl-;‘sh?

Forgeta fishingline,
thisway’s much
more productive!

clever adaptations to help them catch
their food. The osprey, for example, has
areversible outer toe, allowing it to
grasp its fishy prey while a pelican
scoops up fish in its expandable throat
pouch. There is even speculation that
deep-diving cormorants wintering north
of the polar circle in West Greenland can
switch from using their eyes to feeling,
or even using acoustics, to catch fish
underwater in the very low light during
the winter months.

Nigel Jarrett, head of
conservation breeding, Wildfowl
& Wetlands Trust (WWT)

www.biodiversityislife.net

Which
ollination
echniqueis best:

abiotic or biotic?
Pete Morris

If a flower pollinates without the help of
an organism it's an abiotic pollinator, but if
it pollinates with their help it’s a biotic
pollinator. Of all of Earth’s flowers, only 20
per cent are abiotic - 98 per cent of which
use wind to achieve pollination.
Statistically it’s harder to reproduce in this
way due to increased points of failure and
dependence on weather, proximity etc.

The other 80 per cent of plants are
biotic pollinators, relying mainly on insects
and birds to carry their pollen from one
plant to another. This system is
statistically more successful, with plants
and birds/insects often co-evolving to -
unconsciously - get the best for each
other. The plants get pollinated, while the
organisms get energy from their nectar.
How It Works

g2 Bioticpollinator heliconias
'r | has co-evelved with
‘.1 hummingbirds to maximise
"l pollination rates

Cuttlefish can quickly
change their colour

"
Lo
ame . -
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Galapagos Day
WHAT: Galapagos Day isan annual
event organised by the Galapagos
Conservation Trust, the UK's only
charity dedicated to raising fundsand
awareness of these incredible islands.

Speakersinclude travel writer and
conservationist Stanley Johnson
(father of the London mayor); HE the
Ambassador of Ecuador, Mrs Ana
Alban Mora; the great great
granddaughter of Charles Darwin, Dr
Sarah Darwin; and executive director
ofthe Charles Darwin Foundation in
Galapagos, Dr ] Gabriel Lopez. They
will discuss their experiences of one of
the world’s most iconic natural
wonders. Call 0207629 5049 to book.
WHERE: Royal Geographical
Society, London
WHEN: 15 September
PRICE: £30

Priorwood Garden
Apple Day

WHAT: 21 October marks Apple Day
across the UK. Events are being held at
National Trust properties in England
and Scotland. The Priorwood Garden
event offersvisitors the chance to buy
fruit from the orchard, which hasa
growingselection ofapples since it re-
planted 25 new varieties. Call 0844
4932257 to book.

WHERE: Priorwood Garden and Dried
Flower Shop, Melrose, Scotland
WHEN: g Oct

PRICE: Entryisincludedinthe
admission price

Visit the website

For more information on these
events and more across the UK
visit www.biodiversityislife.net
This website is the UK partnership
supporting IYB. It's a great source of
news and events concerning
biodiversity and the environment.

IYB-UK is made up of over 400
major organisations, charities,
universities, businesses, schools,
museums and arts practitioners. Dx
Robert Bloomfield, the director of
International Year of Biodiversity
inthe UK, will be marshallinga
range of experts from across the
partnership to answer your
questions.

2010 has been declared the
International Year of Biodiversity
(IYB) by the United Nations.
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Know It All

Price: £16.99 / $25.99
ISBN: 978-1-4053-5533-9

A sort of compendium of random, albeit
awesome science trivia from DK. Know [t
Alltakes its reader one step closer to true
omniscience with lists of the weirdest
beetles, the fastest jet aircraft and
stupidest dinosaurs, as well as presenting
pictorial galleries, timelines and ‘how to’
boxes instructing you how to land on a
comet and drink from a cactus.

Verdict: S8

Seasons Of Life

Price: £9.99 / $14.99

ISBN: 978-1-8619-7969-8

A new title exploring the upcoming field
of chronobiology, Seasons Of Life
explains why the seasons occur, the
impact of seasonal change and how
organisms have evolved to anticipate
these changes. Exploring questions such
as "how does the season in which we are
born affect our subsequent life
chances?”, this is an intriguing book.
Verdict: &84
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Princely underwater propulsion

Bladefish
Seajet 3000

Price: £399.99 / $620.00

Get it from: www.bladefish.net
WITH THE SUMMER holidays coming
to an end, and the decent weather
gradually slipping away, some of you may
be looking for a last-minute holiday, or
simply a trip to the coast to enjoy the
September sun. Regardless of where you
live, where you go or what you decide to
do, if it involves any underwater-based
activity then you should do well to
consider the new Seajet 3000 from

Bladefish, a steering-wheel-sized
handheld device that propels you through
the water at up to 4.25kph with zero
physical exertion.

Aimed firmly at snorkellers and scuba
divers (there are different models that
cater to the different activities, the Seajet
1000 being the most basic model while
the Seajet 5000 the most advanced), the
Bladefish range is designed to take a lot of
the effort out of fish hunting/coral reef
viewing, with the units easily controlled

© Imagine Publishing Ltd
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while drifting through the water. This, the
3000 and more heavy-duty variant,
allows for underwater action down to a
maximum depth of 30 metres and will
last roughly 40 minutes powered by its
18V Li-ion battery.

In addition, this model will recharge
back up to 80 per cent capacity in only
one hour, making reuse easy and fast, and
it weighs only 4.7kg, making its
transportation easy in its carry case.
Verdict: 48484

WWW . HOWITWORKSDAILY.COM



Blobo

Disappointingly, it’s
not a wind-up clown

Price: £69.99 / $109.99

Get it from: www.blobo.co.uk
JUMPING IN LATE to the whole Wii Fit,
peripheral-based, casual videogame
market is the Blobo for PC, a golfball-sized
six-axis wireless game controller. The
Blobo works by measuring the users’
motion, rotation, squeeze force, air
pressure and magnetic field when it is
held in the hand, before decoding that
data and transferring the information into
a range of virtual games including:

archery, skiing, running, basketball and
baseball among others.

Overall, the Blobo does what it says on
the tin well and is a neat product. At a
penny shy of £70, however, it is pretty
expensive, and with the device only
compatible with PC it is important to
weigh-up its practicality and accessibility
- is your PC connected to your big screen
TV for example? - for the younger users it
is aimed at.

Verdict: 408

h— LI A

Paper Jamz
Instant
Rockstar

No talent? No matter!

Price: £21.49 / $34.99

Get it from: www.amazon.co.uk
WANT TO ROCK out like Jon Bon Jovi? No, we didn't either. But if
you do want to rock out to other good rock music but don't want to
go through that troublesome process of learning to play the guitar,
then Paper Jamz is for you. Each Paper Jamz guitar is a
lightweight plastic and card construction that is powered
by three AAA batteries and uses touch sensors to play
songs or chords.

The guitars (there are different variants) come
preloaded with different songs and allow their user to air
guitar along to the music. In addition to merely miming and
strutting along while the guitar does all the work for you,
users can also opt to switch the guitar off the ‘Perfect
Play’ setting and onto either ‘Rhythm Play’ - allowing
for the music’s rhythm to be either sped up or slowed
down - or ‘Freestyle Play’ where real chords can
actually be played to form your own music. Luckily for
parents, each guitar comes with a headphone jack.
Verdict: SO0
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SAVE 25% NOW!
{E4ESUBS OFFER

Game reviews

Halo: Reach

M Price: £37.99 / $59.99
M Format: X360

Halo: Reach returns the franchise to form after Halo:
ODST received mixed reviews critically. Cherry-picking
the best parts from the entire Halo canon to form the
new single-player campaign mode and retuning the
great multiplayer experience users are
familiar with already, Reach delivers on
both fronts and makes this the
definitive, and maybe last, Halo game.
To be compared in certain respects to
a band’s ‘best of” album.

Verdict: 4834864

Dead Rising 2

M Price: £36.99 / $55.99

M Format: PS3

Dead Rising 2 sees the user play as protagonist Chuck
Greene as he brutally fights off waves of the undead
in Fortune City. Raising the amount of zombies that
can be on screen at any one time and providing a
cavalcade of new weapons to ensure their
destruction, Dead Rising 2 does little to change its
core gameplay. This all means that if you like beating
zombies back to death with nothing other than a
plastic toy Lightsaber, this is the game for you.

Verdict: 454

Spider-Man:

Shattered Dimensions

M Price: £39.99 / $59.99

M Format: PS3

Throwing together four different Spider-Man universes
from the Marvel Comics multiverse, including:
Amazing, Noir, 2099 and Ultimate, Spider-Man:
Shattered Dimensions delivers an action-adventure
platformer in which the gameplay varies from
dimension to dimension. Noir, for example, relies on
stealth to beat opponents, while 2099 features more
combat-heavy gameplay. Fans of the franchise are
duly served.

Verdict: &4

Tom Clancy’s HAW.X 2

M Price: £36.99 / $49.96

M Format: X360

H.A.W.X returns for a second outing with this follow-
up to the 2009 original. HA.W.X 2 sees the player re-
adopt their role in the famous squadron as it is sent to
the Middle East to investigate the mysterious
disappearance of Russian nuclear weapons. Gameplay
remains arcade-focused in the flight style, favouring
intense dog-fighting action over realism. Benefits this
time round include a more accurate damage model,
better graphics and improved Al.

Verdict: &8
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The Complete
Human Body

Price: £30.00 / $45.99

ISBN: 978-1-4053-4749-5

Using the latest data from medical and
microscopic imaging, The Complete
Human Body covers the development,
form, function and disorders of the human
body, all brought to life by state-of-the-art
3D computer-generated artworks.
Detailing everything from respiratory
systems to how over 200 diseases afflict
the human body, this title is ideal for
students, families and even professionals.
Verdict: 483484

A Brief
Guide To Cloud
Computing

Price: £8.99 / $13.99

ISBN: 978-1-84901-406-9

A glance into the future of the IT industry,
this book explains how more and more
computing applications will be accessed
online, with the web rather than
individual hard disc drives at the heart of
everything we do. This is a handy,

progressive and knowledgeable guide.
Verdict: &&&
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Plantronics
Explorer 395

A simple, effective
headset

Price: £30.00 / $46.71

Get it from:
www.plantronics.com

THE EXPLORER 395 is a Bluetooth
headset aimed at first-time users. As a
result it is simple to set up and stripped
back in functionality, but this does not
compromise on quality. The device is
lightweight and conservative in design -
it is not as discreet or stylish as some
headsets, but is reasonably comfortable
to wear. It is a superior entry-level
headset, and though you'll get more if
your budget stretches further, for its
target market it does its job well.
Verdict: 4008

oind

PK201

A powerful pocket projector

Price: £299.00 / $464.99
Get it from: www.optoma.com
THE PK201 IS the latest in Optoma'’s line
of Pico Pocket Projectors. The pocket-
sized device - measuring roughly the
same size as a mobile phone - can be
connected to an external device in order to
project images, movies or presentations
onto the nearest wall, wherever you are.
The PK201 comes with several input
methods, including Composite, VGA and
Mini HDMI, enabling you to use content
from products ranging from an iPhone
(with a non-supplied adapter) toa TV or
games system. In addition you can simply
pop in a microSD card and use it as a

Massive and

stylish portable power

W

Price: £150.00 / $234.99

Get it from:
www.powertraveller.com
FOLLOWING ON FROM the Solargorilla
last month we have the Powergorilla from
Powertraveller, a lightweight, hardback
book-sized battery that specialises in
delivering huge amounts of juice while on
the move. Capable of powering any device
that requires up to 24 volts to work -
pretty much any modern portable device
- the Powergorilla charger specialises in
extending your device’s running time no
matter where you are and for lengthy

standalone device. Being able
to use the system free from
any external device is perhaps the
most welcome new feature.

The number of file formats supported is
vast too. You can show full PowerPoint
presentations, watch videos in 14 formats
including AVl and MP4, and view ten
different types of image file. The device is
controlled via a series of buttons on the
top of the unit that navigate you through
the Ul projected onto a wall and the
display stretches to a massive 70-inches
with WVGA resolution, which theoretically
enables the device to be used as a
portable cinema system.

© Imagine Publishing Ltd
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periods of time. Indeed, with a touted two-
to-five extra hours of laptop power and
over 20 hours for other smaller
electronics, it's easy to see this device
powering weekends away from home.

On test this claim was ratified fully, with
the Powergorilla adding an extra one hour
35 minutes onto How It Works’ Rock
Xtreme CTX Pro laptop - which famously
has a shocking stock battery life and is
extremely power hungry - taking its total
idle running time from 35 minutes to two
hours ten minutes.

Verdict: SOG%

The technology in the PK201 is
undeniably impressive, although it does
inevitably come at quite a price. While
the addition of a memory card slot is also
welcome, the drive to make the Pico
Pocket Projector a portable system has
not quite come off. Movies will be a
secondary feature on this device, whose
primary place will still be firmly rooted in
the office.

Verdict: S50
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Standing out from the rest...

Price: £28.99 / $45.14

Get it from:

www.luxa2.com

If you're in the market for a stand that can hold a

number of products then we urge you to take a look

at this cool effort from Luxa2. The stand takes

obvious design cues from the iMac, which we're a big o

fan of - but rather than using a fixed system to hold

an iPhone or iPod, like some other cases, the H1 has a

flexible system that will allow you to use not only an

iPhone or iPod touch, but also most other iPods and

any other small computing device that will fit. It uses

a swinging arm system that lets you fit the protruding

rubber points to the outside of the device and then

close them in around it in a spider-like grip. The arms

are connected to a flat metal plate, and that plate is

then attached to the aluminium stand.
Construction of the Hl is very rugged and

the arm system feels safe and secure. The

rubber points keep the stand from causing any

scratches on the devices you put in there, and

you can tilt the screen back and forth as well

as rotating it 90-degrees should you wish to

watch a video on the iPhone. Despite being

useable for other devices, the H1 has obviously

been designed with the iPhone in mind and it's

even suitable for iPhone 4. When the iPhone is

in the cradle you still have access to all the

buttons and controls, as well as having the space to

connect the cable too. This is not only a very suitable

and practical stand, but it also looks cool with your

iPhone sat in it.

Verdict: SO0

Jivo Elements

Eco-inspired earbuds

Price: £25.00 / $38.99

Get it from: www.jivo.co.uk

We are fans of any tech product doing its bit for the
environment, and can understand when the result
has an adverse effect on the product. Luckily Jivo
needn’t worry about this in the slightest, as its eco-
inspired earbuds are nothing short of exceptional.
Crafted using rosewood because of its traditional
use in instrument building, these Element buds
seriously rock. Hang on, we're not sure that does
them justice - they seriously rock! The wooden
enclosure must do some kind of magic because the
sound these beauties deliver is on a par with the
majority of £80-£100 earphones we've tested. For
the price point these are without a shadow of a
doubt the best earphones we've ever tested.

Verdict: S84
© Imagine Publishing Ltd
No unauthorised copying or distribution

SAVE 25% NOW!

W SUBS OFFER

What Goes On
In My Head?

Price: £11.99 / $18.49

ISBN: 978-1-40535-373-1

Professor Robert Winston takes younger
readers on a tour of their own brain,
covering its different parts, how it
evolves, and why it is the most powerful
computer network on Earth. The title is
well illustrated and easily approachable -
taking complex subjects and simplifying
them - and is filled with entertaining
brainteasers to test its readers’ memory,
perception and reactions.

Verdict: &%

s i M

L

Backshall’s
Deadly 60

Price: £9.99 / $11.99

ISBN: 978-1-8477-3430-3

Six months, six continents and 60 of the
world’s deadliest creatures sums up this
title from naturalist and TV presenter
Steve Backshall. A tie-in title to his BBC
series where he traverses the globe in
order to hunt down the world’s most
deadly creatures, it brings those
creatures into your own home thanks to
an array of facts and glossy pictures.
Verdict: 808
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A personal Starbucks in maCh I nes
your very own home...

Krups Nescafé
Dolce Gusto

Price: £80.99 / $139.95

Get it from: www.amazon.co.uk

This stylish coffee maker from Krups delivers a decent
selection of coffees (latte macchiato, cappuccino, espresso,
caffé lungo, cappuccino ice and mocha) and does so at a
fast speed. Further, the unit is very simple to use with just a
couple of button presses needed for any action and it
doesn't need to be cleaned after every use. However, its
build quality is mainly plastic - making us question its
durability - and the packs of coffee pods are pretty
expensive unless you shop around. For the price it is retailing
for, though, it offers a decent price to performance ratio.

Dualit
Espressivo

Price: £149.95 / $229.99

Get it from: www.amazon.co.uk
Retailing for almost twice the price of
the Dolce Gusto, the Espressivo from
Dualit offers slightly better coffee, but
considerably better features and build
quality. The unit is constructed out of
stainless steel and is finished in either
shiny chrome or a cream matte, with
the front adorned with a series of
chunky, easy-to-use buttons and dials,
and the top covered with a warming

Verdict: S04 plate. Further, the Espressivo is fitted
with a 15 BAR pump and Thermobloc
water heating system, the latter
enabling the unit to deliver hot water
and steam instantly on demand. Bad
points centre on the weak taste of the
crema and average espresso strength.

Verdict: &84

e Classic design
e Sturdy and well-built
e Good price to performance

e Overly aerated crema
e Average strength espresso
e Weak warming plate

e Stylish design
® Decent drink range
¢ Fast cycle

¢ Plastic build materials
¢ Expensive coffee pods

Bosch Tassimo T40

Price: £99.99 / $146.99

Get it from: www.amazon.co.uk —
Slotting in snugly between the other two, the T40 provides a rock-solid, ——
sub-£100 coffee machine. The range of coffee is excellent and includes ¢ Wide coffee range
espresso, cappuccino, decaffeinated and crema intenso among others, ¢ 60-second cycle
with Tassimo’s website allowing you to purchase the ‘discs’ easily. The build ;““:7; e Good drink quality
quality is above average and it comes fitted with a flow heater that speeds e
up its cycle time. The main minus point here, though, is how the T40 is
locked-down to just one expensive brand of disc/pod, which it ensures is
used by reading a barcode on each one before making the drink.

Verdict: &&&

¢ Locked down
¢ High pod cost
* Noisy

| © Imagine PUb“Shlng Ltd WWW . HOWITWORKSDAILY.COM
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A tumbl

Humanity’s quest to defy
gravity sans power source
hasnever ended well. In
Greek mythology Icarus
attempted to escape Crete

with a pair of wings made for

him by his father, only to fly
too close to the Sun, burn
them and fall back to Earth
and his death. The historian
Eilmer of Malmesbury,
jumped from the top of
Malmesbury Abbey with
fixed wings attached to his
feetand hands made from
bird feathers, only to fall to

earth breaking both his legs.

However, while How It
Works cannot grant the
human body independence
from gravity’s all-
encompassing reach, it can
grant it for the ingenious
tumblewing, a paper
construction that by simply
harnessing the power of
aerodynamics, can defy
gravity. Simple to make,
even the most junior
scientist can quickly be
drifting the tumblewing
around the house with justa
little practise.

/

Construction
materials:

[ x A4 paper

| x Scwsors

[x Fen

[ x Phone book. /
newspapeyr

I x Selotape

| x Cardboad dheet

All construction materials can
be acquired from Hobbycraft.

N\

/

ewl

Defy gravity with this simple-

B

to-make paper plaything

1. Cut out the template (right)
and stick it with some
Sellotape to a piece of phone
book paper at each of its ends
(A). Then cut around the
template to replicate its shape
on the phone book paper. At
this point keep the two pieces
of paper taped together (B).

" 2. Now take the tumblewing outline and

Step 02
A

o

S8

score along each of its fold lines with a
ballpoint pen (A). In doing this you will make
folding the tumblewing much easier, as the
paper fibre will have been compressed along
the fold lines, making it more malleable to

alteration of position (B).

Step 03

094 | How It Works

3. Once thisisachieved you can fold both the angled
sides of the tumblewing. One must be folded
upwards, the other downwards. It isimportant that
you do not fold the creases to the end tips of the
tumblewing but follow the curved dotted line
faithfully (A). Once complete you should have
something that looks like this (B).

WWW . HOWITWORKSDAILY.COM




HOW TO MAKE

A TUMBLEWING
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TUMBLEWING TEMPLATE
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4. You will now notice that the tumblewing has
rigidity when held, instead of drooping under its
own weight. Now take the two end tips and fold
them vertically, ensuring that neither is out of
Kkilter, as this will effect how straight and true the
tumblewing will fly (A). You can now cut the
Sellotaped ends of the paper and separate the A4
from the phone book paper (B).

6. Lastly, once released, follow your tumblewing
around with your piece of cardboard, holding the
board on a near vertical trajectory. By doing this
you will produce a controlled updraft and ensure
your tumblewing remains airborne. For more help
on attaining perpetual, fuel-less flight, see the
“Tumblewing tips and tricks” boxout.

WWW.HOWITWORKSDAILY.COM

5. Your tumblewing is now ready to fly, however, to get it
towork properly you need to release it in a certain way.
Gripping the centre of its main body like this (A), ensure
that the flap facing upwards is pointed towards you (B).
Now flick your hand gently forward and down, releasing
the tumblewing and setting it on a backwards 360
rotation. This is perhaps the most crucial part to
achieving perpetual flight, so practise the release until
you get a straight and true flight.

7. Congratulations! You have created and flown
your very own tumblewing.

N
Tumblewing tips
and tricks:

Turn from a schoolboy to

professional tumbler
with a few helpful hints:

1. Sheepdog - If your
tumblewing begins to
veer off a straight flight
path, do not follow it
directly with your board
asthiswill justincrease
itsrate of turn and soon
youwill end up like a dog
chasingitstail. Instead,
actlike a sheepdog would
and, while continuing to
push forward, nudge the
tumblewing back
inwards with the outer
edge of the board. By
doing this youwill guide
it back onto a nice,
straight course.

2. Angles -Ifyour
tumblewing begins to
dip while flying, do not
raise the angle of the
cardboard paddle
towards the horizontal.
This is because, contrary
towhat appearstobea
way of raising the
tumblewing’s altitude,
thiswill only serve to
increase its descent. To
increase altitude,
maintain the cardboard
atanear vertical position
butincrease the speed at
which you move forward.
This will generate more
of anupdraft running

up the outside of the
card and lift the
tumblewing higher
inthe air.
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1,000omph here
we come!

Letter Of The Month

Bloodhound gang

I've been following the progress of
the Bloodhound SCC since reading
about it inissue 9 of How It Works and
the news story in the last issue
prompted me to write this letter. While
some may query the government
funding of this project in these times of
public sector cutbacks, | think such
criticism is short sighted and counter-
productive in the long term. In my
opinion the Bloodhound project is the
perfect vehicle (pun intended) to
inspire young people to get involved
with engineering and will prove far
more effective in encouraging them
into apprenticeships and degree-level
courses than 100 career officers could
ever be. So while it might seem an
expensive folly to some, “glamorous”
engineering projects like these are the
best way to ensure the engineering
and manufacturing industry survives in

096 | How It Works

the UK by attracting the brightest
young minds to key positions. Really
love the magazine by the way, so keep
feeding those minds.

Alex MacDonald

HIW: Fine sentiments well
expressed Alex, hence you
occupy the letter of the month
slot this issue. The Bloodhound’s
quest to top 1,000mph is
exciting enough and the
educational side adds a whole
extra level of opportunity to
boot. Inspiration and excitement
through technology and
engineering is close to our
hearts and we’d suggest that
anyone who wants to learn more
about the Bloodhound heads to
www.bloodhoundssc.com for all
the info they need.

Get in touch! ﬁa@r

Ifyou've enjoyed this issue of How It Works, or have any
comments or ideas you'd like to see ina future edition, why E""‘
not get involved and let us know what you think. There are E .ﬂ."‘"'-

several easy ways to getin touch...

Found what she’s
been looking for

M | am a middle-aged lady who is not into
fashion or celebrity but who loves
learning new things and finding out how
things work. Up until your magazine,
finding something worthwhile to read
was extremely difficult. Now | have
discovered How It Works | can't wait for
each issue. Thanks for producing
something that really does feed the mind.
Sally Adams

Early-edition
How It Works
articles available
soon

B Will you do a rerun of the first few
issues for those of us who missed them
as | believe there could be quite a few
people like myself who never knew this
existed until later issues came out? |
would rather pay you a bit more for the
past issues if you did a reprint than pay
the stupid prices they are asking on eBay.
Garry Murphy

HIW: Garry, many people missed our
early issues, which then went out of
stock with readers keen to obtain the
full back catalogue. Although it’s
simply not feasible to reprint entire
issues at this stage, we have

launched our range of How It Works
PixelMags available for iPads and
iPhones, which enables you to buy
every single issue so far.

However, we do understand that
many readers still want a hard copy
of our early articles that they can
keep, and so we'’re well on the way to
bringing you a solution, which we will
reveal very soon. Keep watching our
information channels - Twitter,
Facebook, and of course the How It
Works Daily website and forum.
We'll disclose our exciting plan of
action as soon as we're allowed.

OMNI present

M | wanted to let you know that | have
thoroughly enjoyed each issue of How It
Works that has made its way to the US.
Your magazine sparks my curiosity the
same way that OMN/ did many years ago.
If you want to get a better idea of my
opinion of How It Works, | wrote a review
of it and you can find it here: http://
purpleranger.livejournal.com. Looking
forward to the next issue.

Johnny Carruthers

Future feature
suggestions

M | love How It Works. | always like the
Global Eye part and enjoyed the issues on

Signing up to the forum couldn't be easier, just take a few
minutes to register and then start sharing your questions
and comments. The How It Works staff will be on hand to
answer your questions and initiate debate.

© Imagine Publishing Ltd
No unauthorised copying or distribution
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How to contact us

Facebook:
search for ‘How It Works’

y Twitter:
U http://twitter.com/HowlItWorksmag

the iPad and iPhone 4. Please could you
write more features on one specific
animal like when you did the pages on
elephants. Also, please could you include
some of the facts that most people
wouldn’t know about St Peter’s in Rome in
one of your future issues. | hope you
continue with the fantastic topics and
keep it enjoyable to read. Thank you.
James Wass, 13

Thank you

W Dear team. | would just like to say thank
you for making this exciting magazine.
Not only is it a good read, but it also helps
me at school, as | am in secondary school.
Well done for making this magazine so
interesting. When | am older | hope that |
can write for a magazine like this one, to
make people aware of simple objects!
Jade

Young reader
request

B My name is Adair and | am nine
years old. | love your magazine. | think it
would be great if the magazine could
write an article on how and why the
Earth’s magnetic poles swap places.
Adair

Subjects

Choose your favourite subject and
discover everything you want to know

Content

All the latest news and features,

displayed in an easy-to-read way

Forum

Got something you want to say?
Or a question you want answered?
Do it here in the forum

WWW . HOWITWORKSDAILY.COM

Email:

&= howitworks@imagine-publishing.co.uk

Web:

@

We aim to cover topics that
‘compliment school subjects

Look out for an article on Earth’s

polar reversal soon

L]
Practical help
M | am currently doing some A-level
Physics coursework on exoplanets. As a
subscriber, | was very excited when |
found your article on it in issue 9. | was
wondering if you could tell me the author
so | can put them in my sources. Thank
you very much.
Joseph Williams

HIW: It’s great to hear that How It
Works is proving useful to your own
work. Our exoplanets article was
written by one of our regular space
cadets Nigel Watson. Nigel’s a huge

www.howitworksdaily.com

fan of the cosmos and has a
particular passion for ufology. He’s
even written a number of books on
the subject.

Next month...

M In issue 8 of HIW you said that in
issue 9 there would be an article on
Google and cranes. Are they coming up
or are you not doing them? Thanks.
Sean Morris

PS: I love your magazine.

PPS: Please could you do an article on jet
boats, LCD TVs and diggers. Thank you.

HIW: Hi Sean. You're in luck. As you
can see, this issue we have Google’s
search engine, cranes and the fastest
speed boat in the world, and in issue
11 we brought you a six-page feature
on diggers (well, massive mining
machines) and jet skis.

Our next month page is always
subject to change due to unforeseen
circumstances. However, where
possible we do endeavour to get all
promised articles (and those
suggested by readers) into the
magazine at some stage.

“I'd rather pay
you more for the
past issues if you
did a reprint than
pay the stupid
prices they are
asking on eBay”

HOWIT
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