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Energyisdefined as the ability to do hosw they have adapted to survive

I ]
worl, but what does that really mean? despite - or because of = thelr immense What S In Sture 1T

We lnow energyis a really useful thing: size. These behemoths of the natural The huge amount of information in each issue of
it turns food into fuel for cur bodies, it world are gquite remarkable in their How [t Works Is organised into these key sections:
turns sunlight into power for plant specialisations and abilities, and we're . Seilence
growth, it releases arrows from bows, sure yvou'll thoroughly enjoy reading wll Unocover the world's
moves the compass needle when you're about their supersized biology. FRcEt amazing physics,

, chemistry and biology
lost and o much morve. 5o thisissue, Enjoy the issue.
we've got down all the essential energy Technology

Diiscover the inner
workings of cool gadgets
and enginesring marveks

baslcsyou need to better underzstand life,
the universe... and, well, everything!
Once you've grasped a few simple rules
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Thex main star in the HD -
189733 system has a smaller
companion star, detected for
the Tirst tirme through Chandra

A rendered image of how the
Chandra :“:'Ft:lj-' Obsarvatory
looks today. Chandra has been
imaging space slince 1999

Far the first lime ever NASA has
imaped an exoplanet passingin
front of its parent star with X-rays
{zee main image]. The feal - which was
achieved by NASAs Chandra X-ray
Observatory - has been celebrated within
the astronomical caommunity as, up until
now, exaplanels such as this ane have only
been captured using optical light.
Speaking on the breakthrough, Kalja
Poppenhaeger of the Harvard-Smithsonian
Center far Astrophysics said: "Thousands of
planet candidales have been seen Lo transit
inanly optical light. Finally beingable la
study one in X-rays is important because it
reveals new information aboul 1he
properties ofan exoplanet.”
Interestingly, closer analysis of the results

An artist’s impression of HD
1849733k, a blue, Juplter-sized
exoplanet arbiting its Sun-like star s revealed that the planet, which currently
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Alien ‘Jupiter’
discovered

A Jupiter-like planet orbiting a star at
close range is snapped with X-rays

has the rather lechnical name of HD18g733h,
igakintoa hot version ol our Salar System’s
Jupiter - but 30 times closer 1o ils star than
Earth to the Sun. This proximity means that
the planet orbits its star once every 2.2 days
and has a surface lemperature of over 1,000
degrees Celsius h, 832 degrees Fahrenheit),

Further, studies of the exoplanet have
shown that its blue colour isthe result of a
high presence of silicate particles in ils
atmosphere. NASA scientists believe this is
because the planel's atmosphere raing
silicate glass sideways within winds of owver
7,000 lilometres {4,350 miles) per hour,

Moving forward, NASA intends Lo continue
investigaling the new planel and its system™s
main and companion stars, determining
miare aboul the relationship between them
and how they influence one another,

GLUBAL EYE
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“In answering why
primordial soup IS Wrong
you quickn'# get to the
guestion ‘What is life?""

Creation: The Origin
o' =

ursday at
BBC Radio 4.
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The man inside science

Star of the BBC's Inside Science, Adam Rutherford talks about the origins of life,
what we can learn from a paper cut and the importance of non-stick frying pans

Tell us about your new book Creation.

The idea for the book spawned about ten years
agowhen I'was still worling in the lakb. My beat
has always been genetics and evolution in
terms of being a journalist and two advances
happened in malecular biology that T found
extraordinarily interesting, The firstis the
origin of life. We have now got to a stage where,
because of our understanding of the cell - of the
mechanics of metabolism and how DNA worls
-we've got a pretty robust model of how life
iteelf originated. So we can begin to testall of
the basic principles of cells, what they do and
how they could have come about,

The [second thing] is our ability to
manipulate DNA in what we now call synthetic
biology. That field has really blossomed over the
last ten years, Now both those things are
inherently related. The science of the origin of
life iz about reconstructing cells in the way we
think itmight have happened 4 billion yvears
apo. And synthetic biology iz essentially doing
the same but just for specific purposes, So it
produces cells that have a function that is
useful to us. The modern era of molecular
genetics has given birth to these two fields and
Twanted to put them back-to-back:.

Do you approach the origins of life ina
chronological order?

Yes, kind of. 1 start off with a paper cut actually,
as [ want to get readers thinking about the
monumental significance of the mundanity of
living. Thatifyou cut yvour finger, after a couple
of daysitis patched up and that, after a month
or g0, it iz fully healed and, after a few months,
itwill beindistinguishable to how it had been
before. That process, which is incredibly
sophisticated and has taken researchers

Ancient art
Whell-proserved
cave paintings
dating from the
Falasalithic period
are discowered in

Lascauy, France
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decades to fully understand, involves the birth
of new cells. Those cells are not born from
nothing - they are born from existing cells. And
those cells were born from exizsting cells and so
on until you get back to your first cell, which
was a fertilised egg. And yvou can traclk that
exact same process back invour parents and
their parents and every member of our species,
and on to every arganism that has ever existed.
So that cell whichis patching up a little hole on
your finger has a lineage, a direct ancestry
which we can trace baclk 4 billion years to the
first cell that ever existed. We call that cell
LUCA (Last Universal Common Ancestor) - the
maother of everything that has ever lived.

Do you subscribe to a specific theory as to
how LUCA was generated?
There are a few different models as to how LUCA
came to be and [ end up pinning my colours to a
specificand [unorthodox] view. And that is not
the culturally pervasive idea of the primordial
soup. The reason that won't worls is because of
physics. When yvou prime that soup so that
interesting reactions will talee place, they may
well occur, but the problem is they won't
happen again. That is not what life does.
Inanswering why primordial soup iswrong
you very quickly get to the question “What is
lite?” —and interestingly there isn't a definition.
[ have gone through the various ideas of what
life is about, but theres a fundamental
underlying process that enables everything life
does; life captures energy from the
environment and usesit. [think thatis the mos
bazic test of what living things do. What Tam
tallcing about is how you get metabolism first,
S0 then you begin to loolk for a place where
you might see naturally occurring chemistry

First chip Grand
engineer Jack Kilby -
demonstrates
the workd's tirst
integrated circuit.

Uitah is granted
afficial national
park status.

LIS azhizct rical canyons —

Canyanlands in F

that resembles the most fundamental energy-
generating process that cells do, and theze are
deep-sea hydrothermal vents. Itsareally
interesting model of how life might have begun.

What is your new radio show, Inside
Science, all about?

[tz a new slofon Radio g where wewanted to
reflect how science has changed over the past
ten years. We wanted to be more reflective of
how science works &s a process. o in general
we wanted to move away from merely looking
at what studies had come outand instead look
at how experiments develop, how scientists
thinlk and what the enwvironment is lile during
the scientificmethod. We aim to detail the truth
about the scientific process warts and all.

If there were one piece of technology you
couldn't live without what would it he?
I'm tempted tosay the thing I'm holding right
niow - my smartphone —although that is so
obvious, 50 [would say something lile the
toaster. Or the oven, What would we do if we
couldn’t cook anything? In fact, that is a good
answer, We evalved out of being able to digest
raw food about 4oo,000 years ago, so without an
aven ar a toaster or a frying panwe would be
absolutely shafted. I'm going to go for the
non-stick frying pant

What projects are you looking forward to?
Nextweek I'm filming a slot for BBC's The One
Show on genetically modified foods, where |
shall be arguing Britain should be adopting GM
crops. Following that I will be working on my
second book, which I have just started writing.
Howewer, that's going to have a two-year
gestation period, so don’t hold your breath!

Disney Lest we
- in China forget
- The Hang Thae B¢ 11 Memarial
Kiong branch = opened to the

of Disneyland pulbslic, ten years
apens for the atter the terrarist
firsd tirrus, altack took place.
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Earth waved
§ at Cassini

Last issue we revealed a rare phato
of Earth, the Moon and Saturn
captured by Cassini L5 billion

kilornetres (900 million miles) away.

This lasue we reveal the reverse
picture, This mosaic is a collage of
the photos shared by inhabitants of
Earth on Twitter, Facebook, Flickr,
Instagram, Googlet+ and email a5

part of the Wave al Saturn’ mission,

For the first time, we had advanced
notice that an extraterrestrial photo
wolld be taken so we could veave.

Sleepless

, Talking while
driving is
dangerous

Although driving and using a
hand-held device has been illegal
in the UK since 2003, hands-fres
kils are legal. Bul nowr scienlists
researching the subject of
distracted driving have suggested
hands-free devices can be just as
risky. Studies into ‘cognitive losd'
indicate that when talking to
somene we can't see, we
subconsclously produce a mental
picture of them, which demands
extra brainpower and as a result
deprives our other faculties.

‘LEGO’ holds the key to

future manufacturing

A team at MIT has used the concept of a popular
children's construction set to revolutionise the
compasite manufacturing proce clipping
together 20 shapes (such as ¢ro rmade out of
a super-lighl material, fulure material engineering
could include the production of giant single units,
Each piece = made up of milkons of interlocking
Bulkding blocks — wiould be tougher than current
compostes but much lighter, with huge potential
far aircraft and spacecraft design, for instance.

Kepler is on hiatus

wss Superfast mternet
" is coming to cars

Audi has become the first car mamnufacturer Lo
include a 4G data connection in a production
vehicke. The first model to debut this tech will be
the Audl 53 Sportback (pletured here) and from
MNowermber 2013 the full A3 rangs w alure
superfast 4G/LTE data tramsfer. This development
will enable high-guality in-car connectivity for
lag-fres web surfing while on the go,

.

Tree frogs use
umbrellas

Frogs are ectotherms, which means they use their
external environment to maintain a constant body
temperalure because Lhey do not have an inlernal
thermostat like humans and other endotherms.,
Amphibians bask in the Sun to warm up or Fird
shade or water to coal off. While its not unuswal
to find bree frogs hopping around when it"s damp,
during tropécal downpours they seek out shelter
as they're not the best swimmers - they lack
wiehbed feat and are often amall enowgh to be
weaskhwed Ay 1L lurng oul they can be resourcalul
though, as this individual from Indonesia proves
The tiny frog pratected itself durng one
particularly heawy shower by gripplng a leaf and
holdg it like an umbrella angled into the rain

The world's most successful planet-hunting lelescope,
Kepler, has been deemed ‘beyond repair’ after the
mialfunction of two of its four reaction wheels. HASA
did its best to remotely fix the faulty parts but, despite
feeting success, the telescops: is row unlit for its
ariginal purpose. NASS must now determine whether
the spacecraft can be used for another mission.

mghts increase
temptatmn

oW PSR
- |L|nL Ir.h.n.'l ll'lr_ r|r..-1 clany, A '-.~|r.r.|: -_.I_u_u_-l_,-
| shonered that activity in the area of the brain
| associated with the desire to eat was
boosted in people wha haven't had enough

‘Unicorn of the sea’
has been shapped

Divers off Tasmania have captured rare photos
of a 30-metre (98-foot) sea creature that
glows |n the dark. The giant pyrosome
{Pyrostremma spinosum), which is simflar Lo
the more common salp, is so rare it has been
dubbed the ‘unkcom of the sea’. Like plankton,
pyrosomes are free-swdmming tunicates found
in the upper lavers of the apen ooean, All
pyrosomes (Pyrosoma atlanticum is pictured)
comprise a tube-shaped colomy of tiny filter
feedeors called zookds endosed ina kind of jelly.

Birds know the
speed limit

Birds that spend a lot of time on reads looking for
food ete develop an understanding of the local
speed limit based on the average car speed, This

; iy LALIZ R enables them to judge when they need to fly out
kip. In the area associated with judging and - a . . . 3 ¢ L af harm's way, OF course, birds can't predict

Clouds can
create eddies

This remarkable MASA image shows
a phenomenan called Von Kdrmdn
wortices, The Yo Karmdan vorlex
seen here was captured over the
Horth Pacific Ocean. When clouds
driven by the wind encountered

\

.!_’-_'*. ;

whin a car will exceed the average speed and o
occasionally are caught out. Birds similarhy hawve
away of judging the approach distance of a
hurman or predator before they make a swift exit,

evaluating whether or not to eat, meameshile,
activity was reduced. This means that we
fimd it harder ta turm dovmn the affer of
indulgent snacks and treals alter a bad
e o e Socorra lsland - a volcanic mount of f
i he anpauurll_ “nh hEt.""'-EE" . I ) ¥  the west coast of Mexico whose
sleeples: L™ \ height peaks at 1.0 kilometres (0.65
s | mikes) - they were forced to flow
around it, crealing chaing of spiralling
eddies. Spectacles like this can occur
in amy fluid flosw that is disturbed by
an object, and since the atmosphere
acts like a flusd this is why we soe
vartices im the clouds.

& NASA IS ch st LEANTEENG SR '\-|.-||;|,;£—-Ji-\.-:r|;.ﬁl."l|u 1'!;-'.'.![;':5, REnmelhCEowmg . =
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' High-energy physics

0 Sunlight - Muclear energy All in the mind - Solar diet
:-E The solar radobion besming 25p-ltti'|-q Lt one kilsgram (2.2 The braim & the body's moss Fusion i the Sun's core A protan whizzing around the
Oc gl chvan on ol planiet from tha - pncts) of Lranium-235 nuckai erergy-gresdy organ, taking oS Mass into anangy, Large Hadron Colider has a
Eiﬁ =] K] H = SR e ST Gid holir &0t et i & Tigdian ragctor reho s ik Lig 200 e £ o the eieigly 0 s T T ks it 4.3 cormparalile st of Kivetic
1'_._‘5_ o E gl e T mare thamanouoh encrgy to miuich erergy a5 over 2 million fram your food. This energy billion Klograms (9.5 bilkon enery bo & masguin - bt

= i E ‘@' 5 rreat e global population™ kilograrra {448 i lion pounds) funels nok anly Beain function poLrels) esspry second - stila this erergy i corcenirated in
E al o ﬁ E a reads o o whole yearn al caal in & poaser plant. Bl alss ils madinbenanoe. lirgr Traction ol its odal mass. a much, muh e baody.
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Energy in a rollercoaster 4. At the top 8. Back up

=ENERGY

EXPLAINED

Get back to basics and find out how energy
underpins every process in the universe

Onan intuitive level, we all know that
energy is whal makes things happen,
canging the Sun to shine, allowing
plants o grow, cooking food ona stave ar
making a basketball bounce, Whenever
something heals up, cools down, moves, grows,
malkes a sound ar changas inany way, il uses
energy. And from taming fire to powering
smartphanes, human civilisation relies anour
ahility Lo manipulate energy. Bul pinning down
exactly what energy is can be tricky.

Grab a textbook and you'll find energy
degeribed as "the ability Lo doworl’. Waork in
this context is defined as exerting a force anan
abject overa distance. Lifting a cardboard box
off the ground constitutes wark, however

012 | How It Works

continuing to hald it there - although requiring
efforl onyour part - is nol work.

When wark is done Lo an object, it gaing
energy. Thisenergy is called kinelic energy if
it's asgociated with the abject’s motion, aswith
a football speeding through the air after you
lefel it When you pick up the box il issaid to
have gained polential energy, stored by virtue
of ils elevation above the ground., If vou lel go
{mind your toes!), the bax will fall, losing
potential enargy ag il loses heighl, and gaining
einetic energy as il picks up speed.

One of energy's fundamental properties is
thal it cannol be created nor destroved, only
transformed from ane type lo anolther,
Potential enargy can turn into kinetic energy

and vice versa limitless times, Further,
mechanical, sound, heal, electromagnelic,
light, chemical and nuclear energy canall be
converled from one into the other,

But while you can't destroy energy, you can
cerfainly waste il through inefficiency. When
you drive a car, for example, chemical energy
stored in the fuel is converted into first thermal
energy and then kinetic energy which turns the
car's wheels, Bul nol all of the chemical energy
released from the fuel goes into making the
vehicle move, Some is canverted to heal and
sound, and some is used Lo displace airaround
the car —ie air resistance. Once Lhis has
occurred it's very hard to turn this wasted
energy back into samething useful.

A HNACT TIWVTTRE S A T Y E DA

Find out how a rollercoaster takes potential
and kinetic energy for a ride

3. Climbing

&5 the cart is pulled up
the shope, the energy
prowided by the modor
is stored away as
potential energy.

2. Setting off
Approaching the first
slope, the rollercoaster
camage has very litthe
kinatic ar gravitational
potential energy.

1. Mass

Thae rallercoaster carl's
mass determmes hoar much
energy is required to moyve
it, as well a5 how masch

pedential emergy it can stare.

[ ] ] , [ ]
Einstein’s big idea
In 19405, Einstein revolutionised physics with a
jaee-dropping revelation: matter and energy are
ane and the same. This fact s immortallsed o tha
world's most Famous equation: E=me?, Under the
right conditions, energy can be comnverted into
matber and vice versa. This energy comes fram the
ultra-strong bonds holding protons and neutrons
tagether in atomic nucled, The & in the egquation
represents the speed of light = abowt 1.13 billion
kilometres (700 million miles) per howr = s0 even
an object with tiny mass contalns a huge amount
of enengy, I vou could Burn every atom of a
paperclip imto energy, you would release as much
energy as the atomic bomb that obliterated
Hiroshima n 1945, Dolng so would, oesever,

riquire extreme lemperalure and pressure
conditions that are impossible on Earth.

Throughout history we have relied on
different means lo get hold ol usable energy,
from early windmills to coal-burning steam
engines. Today, we consume energy mainly as
petroleum, natural gas and electricity. We lap
into the energy stored in the chemical bonds of
petrol or natural gas by burning these fuels,
whether inside a boiler oran engine, elc.

Electricity, on the other hand, isa handy way
ol transporling energy converted from various
more cumbersome sources into our homes or
work places. A wind turbine, for instance,
comverls kinelic energy, while a nuclear reaclor
exploils the energy locked inatomic nuclef,
generating first thermal and then electrical
energy. Once inside our home, electricity can be

WA HOW I TWORKSOAILY. COM

Edging slowly past

the highest paoint, the
ralbercaaster tram has
high potential energy

but ko kinetic erergy.

5. On arall
Az the car whizzes down
the slopae, its polentzal
energy rapidly transforms
into kinetic energy.

The redlsreoasier carmage shnws
a5 it chmbs the next peak,
gradually comverting kinetic
energy back into potential,

6. Wasted energy
&1 each stage, somie al
the car's kinetic energy is
last ta aw resistance of
dissipated as heat {through

Trction) and sownd,

7. Low point

Al Ehae Bt torm of the slogas,
the car's potential energy is
at its mminmum while its
kinetle energy peaks.

Conservation
of energy

One of our universe's most basle princliples, the
b of conservation of erengy states that energy
can be neither created nor destroyed, That is, the
amaount of energy in a closed system is fiked. It
can, however, be transferred from one object into
analher, and comverted fram one focm Lo another,
Although we discwss energy production, you
can't create new energy = anly convert existing
energy to a different usable form, & photoveltale:
panel, for instance, taps into the Sun's radiant
energy, comverting it to usable electrical energy.
Likewise, the energy that we use doesn't
disappear - |t just changes inbo other forms.
Swilch an vour belevigion and Lhe heal, sound
and light energy emanating from the set
gradually leak back nto the environment.
Throughouwt history, nurerous imentors have
attempted to design and build perpetual motion
rmachines that would give out more enengy than
was put in, but conservation of energy has made
such imventions Impossible - at least thus fard

The speed of Nght in a vacuum:
i around 300,000,008 0m %
(983,600,000 ),

L m
M represents mass,
measured in kksgrams.

E s energy, which is

mesasured in joulss,

uzed for heating, cooking, lighting and running
all of our appliances and gadgets.

Energy is measured in joules (]}, with one
joule being the energy needed Lo apply a force
of one newlon (N) over one metre {3.2 leel).

In practice, a variety of different units are
commaonly used lo measure energyinils
multitude of different forme, The chemical
energy in food is measured in calories - the
amount it takes to raise the lemperature of one
gram of water by one degree Celsiug, Your
electricity bill, in comparison, measures the
electrical energy you have used in kilowall-
hours (kKWh), For some contexi, one kilowali-
hour iz enough to run one washing machine
cyele or watch seven hours of TV, &
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"Potential energy has its roots in the
force acting between two objects
and the distance between them”

POTENTIAL VS
KINETIC ENERGY

The simplest way to classify energy is by
dividing it into kinetic energy and potential
energy. This distinction 15, however, not
enough to fully describe the different ways in
which an object or a system can possess energy.
Hence we have nine major forms of energy.

Kinetic energy is associated with motion.
From an oxyvegen molecule through to a planet,
the more mase an object has and the faster it
moves, the greater its kinetlc energy. The
motion of different types of objects gives rise (o
different forms of kinetic energy.

Potential energy has its roots in the force
acting between two objects and the distance
between them. For example, the potential
energy of a rock on top of a hill comes from the
gravitational force between Earth and the rock.
The more massive the rock, and the greater its
height, the bigger its potential energy. Differemnt
forces give rise to potential energy under
different names, as we see here.

Sound energy is all about vibrations.

This motion propagates theauwgh Ehe
air, oacillating the molecules back
and forth. When the wave reaches
wiouar e, your eardrum vibrates in
burn and your brain intarprets the
sound. We rarely use sound wawves
to do work but rather as a means to
communicate or entertaln.

Thermal

Thermal energy 15 a
combination of the kinelic
and potential energy of its
constituent partickes. As
the water inyour kettle
heals up, its molecules
vibrate faster and faster
until it reaches boiling
point. In 3 steam engine,
heal is converted Lo
mechanical energy from
the expansion when water
ks turreesd bt wapaour,

g — :ﬂi!' e

£ il
S =
- Kinetic

While sound, light and heat are all

a ; g. Whe a plece of wire, for

- example, is heated Lo a high
- a8

temperature, its atoms vibrate
so violenthy that some are

forms of kinetic energy, the term kinetic | - Nk excited to a high-2nergy
energy can also refer Lo the motion e o —— . electronic slate, As they fall
energy of objects on the macro scale £ 1 back to a kower-energy state
= as opposed to invisible vibrations of s e —— the excess is emitted as
tiry particles. We therefore use kinetic - light {plus heat). The

radiation's lrequency
all depends on the
wire's temperature.

L energy Lo talk aboul molion ensngy that E
we can see - for examiple, associated =
with a moving car or person. E

3 — =
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Nuclear

Muckear energy is stored in the
nucled of atoms, where
protons and neutrons are
bound together by the strong
force. Splitting or combining
nucled can release vast
amaounts of energy. Nuclear
flasion reactors split uranium
ar plulonium nucle by
bombarding them with
neutrans, sparking a chain
reaction which gives off heat,
Our Sun, meanwhile, creates
heat and light thanks to the
nuclear fusion in its core.

?‘r

Strum a gultar string and it vibrates, ..-f

r

OTENTIAL|

. Chemical

Chermical energy i5 stored in the chermical bonds which bind
atoms into molecules and other structures, In other words, it
takes energy to hodd atoms together, but the total amount of
energy requlred varles depending an their conflguration. Ina
chemical reaction where the binding energy of the reaclants is
greater than the binding energy of the products, the excess
energy is released as heat and sometimes light. Burning coal in
a fireplace or food in your body releases this chemical energy,

i - e ————

&

H

%Y

J-f:'.hl.

=
o

7

POTENTIAL © %
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a 1 ‘r-l ,‘l

The Itaipu hydroelectric dam between Brazil and Paraguay generates
more energy than any other facility: over g8TWh. Water flows through
itat up to 62,000 cubic metres (2.2 million cubic feet) per second.

Gravitational

Grawvitatlonal energy stems from the gravitational field aroumnd
our planet (and other bodies), It anses, for example, when a
skier rides a ski Bft up a mountain skope. The higher the skier
trawvels, the more potential energy is stored up. Once they set
aff deven the slope, this stored energy s transformed into
kinetic energy as they speed up down the slope

POTENTIAL

Elastic

Elastic energy is the
patential energy stored
wehen an abject™s shaps or
volume is distorled - Tor
example, when you jump
on a trampadine. As the
trampoline retums to jts
original shape, it propels
you into the air, comverting
patential energy into
kinetic energy. Mot all
materals have the same
capacity to store elastic
energy; a rubber band, for
Instance, can store more
than a picce of strang

Electrical potentlal energy |5 stored when electrical charges of
generated is experienced as a voltage. Similarky, a rotating zl
can be reconverted into heat, light or mechanical motion

F ! - ﬁ' *
apposile sSqng are wrenched aparl, or when charges of the
ragnet ina coll mduces 3 voltage In the codl, When the voltage H|
|
P

romagnetic
=
same sign are forced together. The electrical potential
i& used o generate a current, the electrical potential energy LT
So0h B Bhae

-
i

Pt/
- .
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“The simple act of making a piece of
toast requires mastery of a large

number of energy transformations” A human sneeze : A hurricane © An atom bomb

HOW IS ENERGY
TRANSFERRED?

Next time you take a hot shower, drive towork or
plug in a laptop, spare a thought for the science
that brings energy on demand into your home,

Energy transfers from one form to another
occur around us all the time, but manipulating
‘ energy efficiently into useful forms is

tundamental to modem life. Different uses
1 require different forms of energy - a fan, for
instance, requires motion energy, while
thermal energy is essential for frying eggs.

The simple act of making a piece of toast
requires mastery of a large number of energy
transformations. Inall likelihood, the energy
that powers your toaster started off its journey
x‘ as coal or gas. First, these fuels are burned,

releasing the energy stored in their chemical
bonds as heat (thermal energy), used to boil
water. The resulting high-pressured steam
spins a turbine, connected to a generatorwhich
comverts the motion energy into electric energy.
When you switch on your toaster, an electric
current runs through the toaster’s filaments
and the electrical emergy is converted into
thermal energy once again.

Energy transfers alzo allow us to store energy
tor future use - for example, when charging a
laptop battery orwinding up a clock.,

=

[

016 | How It Works

Rocket energy explained Orbit

Launching the Space Shuttle reguired a
lot of energy, but where did it all go?

r_
Smake -

Heat energy is released
into the atmosphereas |

= =
cslp el steam train : nta the atmosph
How a tracitional steam (cain G ke escapes from
rw ‘ i » - H

Rocket boosters : Whistle

Most all the energy When high-pressure steam

required for Bftaff comes vibrates the zr as it passes
fram the shutthe's two throwgh the whistle, sound
solid fuel rocket boosters, ' Ji eneray I ':'"’d””"‘d'
Heavyweight : . -
At GFEcd T the shut te 5
wieighs a hefty 2mn kg
{4.5mn Ib) = the magority

af this weight is fuel. r % Lamp
— s ;ﬂ' -

To enter Into arbit, the
ds 1o reach

External tank

The extemal tank contains

lepuid cevgen and Bguid
hydrogen propellant to power
the three main engines.

= A dynamo generates :
clectncity o power iy
d the lamp, which Engine
produces light energy. The potential energy

J ; 3 in the coal in the
Combustion ; bailer becomes heat

The boosters bum over energy when bumed.

A50,000kg (1rnn |k of salid
fuel in just twe mimites, - Brakes
oafare Daing discarded, ' Sﬂlll_:l fuel Frictlon turns motkon into
' | | As this fuel burms, it '
s 3 e N expels nas at hgh hizat and sound wbemeser B
" prisssune fram a nozeke o the brakes are applied.
create thrust, propelling - :
the shuttle upwards,

' Heat Total energy Sound
& lot of energy is very second the shuttle Exhaust leaving the shutile
transformed into heat and = 5 creates wibrations and
light, with ternperatures A irnatedy 10 poudes, sound volumes ug to a
inside the engines rising : ovided by the chemical dealening 220dB8.
to 3,315°C [5,000°F) L energy stored in its fuel, . =

i?‘."ﬁ il

Equator

Rockets launch eastwards
and usiually near the
guator, taking advantsoe
of the extra boost obtained
fram Earth's rotation.
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Bl o biachae] Foracdig'™s  The firsh ickerr oil well iz Tha LIS detanates the first

“Nuclear fusion - the process that
powers the Sun - could one day be

Thie Kyielo Pratocod cofres

im provermeerits on the work on electromagretsn, drilled in Azerbajan By the niclear bomb, creating ablast o force, with 192 porties
. ' 1] shazm anging, Lisher ing electric genesabors and carty 100 it acomntsfor poual to about 20 kiletans of cormmiEtad to limiting or
a sogurce Df un”mthd CIED” Eﬂergg ENERGY OVER TIME in the Sbesm Age. motors are iverled hall af global produttion. THT for Bl berajoubes) redcing OO, emissions.

Renewables showdown

See how four major renewable energy sources square up

GOING GREEN

given mament, mankind is using roughdy
af powver - ersough to run around
ads, Humans across the globe
consume a total of arownd 500 exajoules e 10°
joules; i) year, and are expected to
y t rmore by 2040, But our
» ig shockingly inel licient: in the LIS
alone, an estimated 58 per cent of anergy is
wasted, mastly as unwanted

Hydroelectric

energy |5 on the rise, Renswable sources
currently meel around 16 per cend of the world's
energy neads, =ssing energy from the Sun,
wind, tides, biomass or geothermal heat.

collected by
F dnd, tidal or hwdroslectrle powser this : :

photovoltai yhich transform
llght energ o electricity or
lhermal en -f|l|_l'|n:_'||_||:.||'| IR 5

d turbimes capture the kinetic
v of the wind and comvert it

] 5 lim |
ey locations, eg leeland.

dam, its kinetic anerg
turbines. In turn the

Fuelling the future

Mueeting our planel’s growing energy
needs in a sustainable way is a tough
challenge. Muclear fusion - the process
that powers the Sun - could one day be a
sowarce ol praclically unlirmited, cheap,
clean enargy on Earth, The challenges,
howewver, is creating the intense pressure
and temperature conditions eeded to
coax hydrogen aloms into Tusing and
releasing some of their nuclear enengy.

Cars of the future may fill up on
blodiesel, ethanol or vegetable ofl, or use
electricity Trom a new source! ydrogen
fuel cells. These combine hydrogen and
axygen to form water, exploiting the
chamical ensrgy released

Iceland’s renewable
energy jackpot

A gecdogical stroke of luck allows lceland to produce
over B0 per cent of its energy (and 100 per cent of its
electricity) from renswable sources. Straddiing the
Mid-Atlantic Ridage, a hub of tectonic plate activily,
Iceland is dotted with over 200 volcanoe s and some
G000 hot springs, many of which spew out water at
scalding temperatures of 250 degrees Celslus (452
degrees Fahrenheit), Exploiting this heat, geothermal
anergy meets 60 per cent of the country's energy
neds, The hot water is used to warm houses,
swimming pools and greenhouses directly, while
geothermal plants also convert heat into

== Energy input of 100
:  joules or 100%

Visualising
efficiency &,

Ma encrgy bransler can be

103 per cent efficient. This
flow diagram illustrates the
energy transfers at work
inside an eleclric molor, With
an ensrgy input of 100 joules,
the motor tums 56 joules
inte usahle kinstic snergy - In
other waords, it has an
efficiency of 56 per cent. The
remaining energy is wasted
as sound and heat. This
information alkows engineoers

to pinpoint which parts of a
process can be improved to
rmuake afficiency gains,

Waste sound energy (%) -~

018 | How It Works

Output of useful
kinetic energy (%)

- Waste heat energy (%)

WA HOW I TWIITRKSOA LY LM

electricity. Hydropower = made possible by
the country's abundant rivers and
waterfalls — makes up for a further 25

per cent of lceland’s energy

requirement. This leaves 15 per cent

of nan-renawable energy, mastly

used by oll-guzzling transport.
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“The electric fields build up

and electrons hurtle from the E R H\/E n

adhesive towards the tape” ,
PLAY YOUR MUSIC. CHARGE YOUR PHONE. TAKE YOUR CALLS.

<

R < -
Correcting heart rhythms ;o o 1 ¥ "~'- £

How can a little electricity be used to fix a heart that’s beating off-kilter? £

— 8. Low energy 3. Timing the shock
Unlike defibrillation, The heart is vulnerabla
which uses high valtages whon il is betweon boal s,
to restart a heart that has 50 to prevent a cardiac

L . stopped, resetting an arrest, the shock ks timed to
& Hi?ltl.ll"?‘ FHEE‘I’I‘IEI{EI" = abnormal heart uses caincede with the pumping
The heart has its awe intamal -‘I r Fairky kvwe-energy shocks al the ventricles.
pacemaker known as the of just 50-200 joules.

sincatrial node, Delhearing a
small electric shock to this
resynchronses the argan’s
natural elecirical activity.

| !
5. Electric shocks

Low-energy electric shocks
are delwered to the heart
through the elecirodes.

&

i .
'l

v

4. Arrhythmia
If the beart beats too
fast, or at an Fregular

. '
pace, il becomes unable = e ; “t .
A toeffectively pump & !h‘
blood around the body, » ;
B AL
- '-'l-
£ 8

1. Electrode pads
 Two metallic plates are Atrial fibrillation
placed an the patient’s
chest across the heart,

f

2. Conductive gel
A saltweater-based gel is
usierd 5o thie current can

7. Cardioversion b - _ . ; _ .
ke : s, IPX-5 water-resistant; shockproof f ]

travel from the elecirodes s = { .
and through the skin The machine records the - v { ® 1Zhr battery can also charge phones | . :ﬁ
- electrical activity of the £ - $ ¥y " Bluetooth music and honds-fres calls
4 heari and caloulates Thie = -

alectric shacks required
1o restore the organ to
its mormal rhythm.

X-ray tape unravelled

Peeling sticky tape off the roll in a vacuum chamber releases
X-rays powerful enough to image a human finger o i SO

—_— , i for just 1 billanth of a
Cecagional ly when Dwo surfaces mowve
. : Polyethylene tape
apainsgl aneanolher, an elacirica

Electrons
The difference in charge
causes ebectrons from - W

1650 : 6255 600

second and release 100
As the tape is unralled, it

rmillivatis ol energy.
“ charge isgeneraled and aairg A negalive charge,

electromagnetic radiation - in the form of light, the adhesiva to fly
toswards the roll of tape.

- 570

ar X-rays - ig released, This phenamenon is

e ag Eribalamnescemoa : ® Superior-quality opt-x Blustooth oudio - ® Rugned casing, dry bog ond LED toech £ @ Stylish red or dork prey oluminium £ ® White hat borain Broven
e o 2 ® 20hr botery life con okso chorge phanes - ® | ghir battery life con oho charge phones = ® | 2he bunery life con olso chorge phones : ® 10 ksatrery e can olso chamgea phones
peeled from theroll, the acryli € = ® Bluetooth music ond honds-free ks - ® Blustooth music ond honds-free mlks ¢ ® Blugtooth music ond hongs-free enlls : ® Blustooth music ond hands-fee alls

becnmes slight ly posilively chargad, while Lhe

Collision
&= the electrons collide

with the positively charged
tape, X-rays are released.

polvel hylene lape becomesalighl 1y

f negalively

The adhesive that halds
the tape together gains
& pasitive charge.

WIRELESS MUSIC & POWER IN ONE GO-ANYWHERE BOX
the tape, releastng ¥-rays on mpact, @ DISCOVER MORE AT BRAVEN.EU
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charged. The electric fields build up and

alectrong hurtle fram the adhesive towards




“They maoke mistakes and mutate
often, developing new genes as
they adapt to their environment”

acteria

an food poisoning and s

Micro worid o

There’s much more to these tiny organism

W Bacteria arethe most numerous
I living things on the planet, and were
“ among the first forms of life to have
evolved here, nearly 3.5 billion years ago.
These simple single-celled organisms are
just fractions of a millimetre but theyare :
: , : like & propeler to
incredibly adaptable and have cg ed most move thraugh fluids,
environments, A single teaspoon of sol
containg 1 billion bacteria, the human gut s
colonised by s00-1,000 species and some - 1ike
Thermus aquaticus - can even live in water at
8o degrees Celsius 175 degrees Fahrenheit)!
Bacterial colonisation of almost the entire
planet is a result of several characteristics.
Firstly, they reproduce incredibly fast.
Secondly, they are able to share genetic
code by exchanging small fragments of
DNA called plasmids - if one bacterium
develops resistance to an antibiotic, it
can share the genetic knowledge with
its neighbours. Finally, bacteria have
far fewer mechanisms to prevent
errors being made in their DNA
sequence, 50 they make mistakes and
mutate often, developing new genesas
they adapt to their enviFonment.
Even though bacteria@are single
cells, they rarely live in 8olation. They
often attach to surfaces, @nd to one
another, held together bya mucus-like
carbohydrate matrix to form a biofilm,
Within these bacterial colonies,
individual cells make connections to one
another to share nutrients. They also
communicate with one another by quorum
sensing; bacteria produce signalling
molecules, which build up in the local
environment, allowing them to detect the
presence of other bacteria around them and
change their behaviour accordingly.
Bacteria are not only thought to have been
responsible for generating the oxygen that
allowed the development of complex life forms
on Earth, but scientists also believe that
symbiotic bacteria gave rise to more complex
organisms. Mitochondria - the powerhouses
that generate energy inside our own cells -
contain bacterial DNA, and it is thought that
they originated as bacteria that were engulfed
by their symbiotic companions, &

Flagellum

Some bacteria have
wehip-lloe protein
tails, which they use

Fimbria

Short progections from
the bactesiurn allow it te
slick o surfaces and Lo
ather cells, preventing it
fram being swept away.

022 | How It Works
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Cell wall

Most bacteria are
protected by & cell
wall made up of
sugars and proteins.

Glycocalyx

bdany bacteria are also
surrourndsd by 3 sugar
coal, which hlps them

1 i-';(- W T TWAOR S AT Y TR

y J | /

0.75mm

Plasma membrane
The cell is surrounded by
a double layer of lipeds,
which acts as a Barrier
bt wiren the bactermem

/‘\\":'-d its emaronment
=

Nucleoid
Bacteria do not have 3

D nucleus - imstaad thair
DA i stored ona
circular chromosome |
in an irreqular body in
i -2'|'r.ﬂ-rll-i1='.l‘l"l.

Thiomargarita namiblensis can grow to nearly a millimetre in
length and s visible to the naleed eye. It contains granules of
sulphur, which scatter light, giving it a pearlescent glow.

How to identify bacteria

Antibiotics affect bacteria in different  wiosren into a mesh many layers thick,
Wi and kr 12 weaknesses yhich sits on the outside of the
rembrane, In contrast, the
cell walls of Gram-negative bacteria
contain less than ten per cent
peptidoghyean, sandwiched betweaen
Iraim r_:h.:lrrgr_"-_. in gEmalic pr , L pl.;l‘_-irrl.;l Ir E
Bacteria can be broadly d The purple stain, Gentian YVialet,
into two large groups based on t sticks to the peplidoglycan in
type of ¢ at th Gram-pos a, but cannot
Gram and Gram e, bind to th herd lanyer in
The ce of Gram-positive Gram-negative bacteria. This alkows
bacteria contain 50-90 per cent the two cell wall types to be easiky
peptidoghean - a polymer madse of distinguished, and is often the first
sugars and proleins, This polymer is stage in bacterial identification

-

Ribosome
Ribosormaes ane
responsizke for
protein proouction
in the bacterial cell.

—
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"If the tracheal opening is going
to be a permanent feature then a
piece D]E cartiloge may be removed”

Tracheotomy surgery

Discover the science and tech behind this life-saving procedure
Anatomy of a tracheotomy = =

If the upper alrway becomes blacled,
elther by facial trauma, cancer or . . . I
¥ The trachea is surrounded by a minefield of major ; i I'J
inflammation, analternative route blood vessels, nerves, glands and muscles T
must be found for alr to enter the lungs. [
Planmned tracheotomies are performed under } ' | - P
general anaesthesla or sedation. The neck is f
extended baclowards to allow the surgeon to A‘fr u/)
Thyroid cartilage
| The surgean uses the
/i prominent Adam’s
apple a5 a marker to
locate the best inelsikon

easlly identify the structures in the throat and
site: on the neck.

o malee an accurate incislon (gee diagram).
First, avertical cut is made in the skin, below
the tracheal cartilape, and the underlying
muscle and blood vessels are carefully moved
ot of the way to expose the trachea.

The trachea is normally held open by
C-shaped rings of cartilage, which prevent the
airway from collapsing. & hole 15 made between
the third and fourth rings, allowing the surgeon
access to the alrway without disrupting the
cartilage supports. A tracheotomy tube is then
inserted into the airway and secured to the
necl:. If the tracheal openingis going tobe a
permanent feature rather than temporary then
a plece of cartilage may be remaoved to allow the
tube to slt more comfortably.

The vocal cords sit just behind the tracheal
cartilage, above the trachectomy inclslon site,
bt in arder ta talle, air most be able to pass
through thevocal cords to make them vibrate,
Some tracheotomy tubes contain unidirectional
valves, enabling the patient to breathe in
through the tube and out thirough their mouth,
which provides pood alr supply to the lungs,

Larynx

The vocal cords sit
Behind the thyrald
cartilage, abowe the

point of the incision,

ar

Oesophagus
The oesophsous ks
behind the trachea, so the
surgeon must take care
not to puneture through
Traarm aaruz Lo Bhae othsier.

Cartilage ring
The trachea is held J
apen by stiff C-shaped by, WL,
rings made of cartilage. ]

Trachea
The trachea connects the
lundgs to the mouth and
nos A tracheobommy
bypasses them to grant
direct access to the lungs.

Carotid artery

Large arteries supplying blood
ta the brain and face run up
either side of the trachea.

Stoma
& fermporary or

ttube i =
without hampering speech. !: :mnmme:mﬂ"thi = Thyroid
[f the patient s unable to breathe unaided, a trachea threugh an The thyraid gland,
incision belween the responsible for making

ventilator may be attached to mechanically
move alr in and out of the lungs. @

numeraus harmones,
sits just beneath the
tracheatomy sife.

rings of cartilage,

Flanges

The outer partion af
the tube has flanged
edges, which means
it can be securely
Laped fo thie fmsck,

Have you got a pen?
A tracheotomy is a complex procedure, 5o in
life-threatening, emergency situations a faster
procedure - known &5 a crieothyrotomy (alao
called cricalhyraidatomy) - may be performed,
A higher incision is made just below the thyroid
cartilage (Adam's apple) and then through the
cricothyroid membeane, directly into the trachea,
It is possible to perfonm this procedure with a
sharp instrument and any hollow tube, such asa
straw or a ballpoint pen case. However, finding
the correct location to make the inclsion |s
challenging, and without medscal training there
is great risk of damaging major blood wessels,
the oesophagus or the vocal cords.
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Sure to ignite
bright sparks!

AQUILA children's magazine is
perfect for lively 8-12 year olds who
are always asking questions.

’.
Using a fun mix of science, arts and =,
general knowledge, AQUILA will .
capture children's interest as they
learn about the world.

The magazine will also nudge their
awareness in the right direction
with thought-provoking articles that
include philosophy and health,

“No adverts or posters. . . a single
page had more text than 9 pages of
his reguiar magazine”

v Exciting new topic every month
v Feeds bright minds
¢ Inspires achievement

Coming up next in AQUILA: Predators, The Planets,
Masks & Castumes, Giants, Scandinavia,

www.aquila.co.uk

01323 431313

THE BOOGIE BOARD SYNC 9.7
LCD EWRITER

The new Boogie Board Sync 9.7 LCD eWriter takes paperless note-taking to
a whole new level Saves hundreds of pages to internal memory in vector
pdf format. Transfer files to computer, tablet, smartphone or other mobile
devices instantly and wirelessly via Bluetooth. The large, pressure-sensitive
writing surface captures every stroke - ideal for artists and illustrators.
Free optional software includes virtual whiteboard mode for conference and
classroom use. Compalible with Windows, Mac, Android, i0S, Evernote, OCR,
and Adobe |llustrator. Available Christmas 2013.

www.improvelectronics.com

oogiﬁ BO(I((I

LCD eWriters
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1946 1947 1977

1949 1960

used to age remains:

Learn how science and technology are working hand in hand to
pinpoint the age of ancient organisms, including humans
that worles by studying the decay of

E nitrogen in radiccarbon [carbon-14),

with this substance presentin every organic
being. Carbon-14is an intrinsic part of the
biological carbon cycle on Earth, entering via
green plants from the atmosphere and then
passing up the food chainvia animals. As such,
while an organism is alive itwill have a
comsistent level of carbon-14stored inits cells.
Once an organism dies, however, that level of
carbon-14 begins to decrease - something that
occurs very slowly as carbon-14 has a half-life of
5. 7310 Vears, give or talee goyears, Asa result, by
measuring the radiocarbon, we can determine

2. Magnetic deflector
This B the lirsi separation of ions, where
mast of the umwvanted isotopes, such as
carbon-12 and carbon-13, are deflected to
the sides of the accelerator. Carban-14 kng
and carbon hydrogen mabecubes (g
methane and methylene) are undeflected
and trawvel on towards the accelerator.

Carbondatingisan ageing process

lenses
when the lifeform died (ie when the level of i (e oo s - 5
carbon-14 in its tissue stopped being topped the ion beam,

up), though only to around 60,000 years ago, @

lon preaccelerator

Thiis helps o diresct th
1. lonisation e 3

The sample s onised, which s
achireid by eliscinon
bombardment, For this, caesium
{25 is used, which donates its
electrons to the sample and
creates negatively changed
carbon kons, The result of such
physical phenomenon is plasma
that is |rrHLH:E|:[D'5rtFrE comduit.

i

i !

"

-
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This generates a high waltage, forcing the
negatively charged carbon ions to accelerate
towards the positive terminal, where

4 dating concluded it was a medieval
fﬁ:tms okl ol by o ons with a lower pasitive charge. forgery. The sample consisted of a
R PSRV lor ara Then repe ¥ the Carbon atoms with higher ot g
seven-centimetre {2.8-inch) cut,

peositive terminal, acoelerating towards the
electrostatic deflector.

RS

. Argon gas ‘stipper’

"The radiocarbon dating process is a ——3 : : ; .
dependable method of measuring UATES o | momelTn I o T L
the age of organic remains” CARBONDATING e it Aot g e s it o aroyn
M YEEGEN Corbon hos two non-radicactive isotopes [carbon-12/13] ond one radiooctive isotope [corbon-14]
| L -
The Turin Shroud
ow Is ca r o n a I n 3. Accelerator 4. Electrostatic Three universities were chosen to date

the ancient linen Turin Shrowd in 1988,
believed by some to have covered Jesus
after he was crucified, but carbon

deflector

This dewvice creales an

electrostatic field that deflects

positive charge, meanwhibe,

divided into three parts. (This i
continue through tl'te- conduit. pax image

shows the scale of the sample, but
doasn'l indicate the area ol exltraction,)

E & neutrons & protons '
i & T newtrons mare recent research by the
i 2 o i University of Padua, Italy, has put the
: ol g shraud much alder at around 33 BCE.
‘ , - Hydrogen
i ‘C o ]
f CH- Meabon

i

Efff::

¢

e 8 e e e e kB b

5. Magnetic ana
lons with positiee electrons {37
enter the magnetised field of
the magnet s analyser, The

t'ﬁﬁﬁinl-ll amEEN

Argon gas interacts with carban carbon isclopes ane dellected 'LEE

ions that move through the at different angles because of . :
conduit, causing them to lose their varying masses. The ions Electromadgnet
electrons and become positvely of M€ continue to the detector. 23

charged - that i, BC*,

= G, Detector
Carbon malecules generate a pulse
wehen they collide against the silicon
plates of the detector; ths is
prapartional to the energy of the ion,
The mumber and energy of the ions
are processed by a computer and
displayed in & spectrograph,

hhhhh

Trewing 2 charge proportional
tx the energy of the kon,

Five alternative methods used to date artefacts

1. Dendrochronology 2. Rehydroxylation 3. Potassium-argon 4. Uranium-238 5. Thermoluminescence
The technical name for Commonly used to date Like carbon-14, it is based This form of radicactive This method measures the
dating tree rings. Every ceramic wares, this on radisactive decay, butin - dating depends on the radiation emitted by the

tree produces aring per technigue enables us to decay of uraniom-z38, crystalline structure of

vear, with the thickness measure the amount of Materials that are billions  inorganic matter, like
varyingaccording to water that the clay of yearsoldcanbedated  pottery, in atimerange
climatic conditions, This elements have reabsorbed with this technique, gimilar to that of carbon-14.
method is very accurate, since they were fired to offering the chance for One of the main drawhacks
but is only useful for ageing  reveal fairly accarately speculation about the of thermoluminescence is
up 010,000 years bacl:, when they were made, very ariging of Earth, its high error margin.

the potassinm-4o0 isotope,
It can date rocks that are
billions of years old, but
due to the long half-life of
potassium-40, it's not
generally used for samples
under 100,000 years old.

& S i s
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Extreme vehicles

The firepower on the latest battlEShipS is mind-boggling - we

B.0:0:08:8

The British Type 45 has
a displacemeant of 8,(H)
tns and can carry 3
crew of around 150

explore the technology transforming 21st-century naval warfare

Ay ITyou thought that the golden age of

. naval combat came toan end 200
years ago, then clearly somebaody

forgot to tell the national navies of today, asa
wave of slate-ol-the-arl, armed-lo-the-leeth
battleshipsare currently emerging rom
shipbuilding vards with a singular aim in
mind: total domination of the seas.

From the brand-new and brutal Type 45
destroyers being pushed out of British
dockyards, through to the almaost sci-fi
Zumwall-class battleships emerging in the
USA, and on o the cruising carrier vessels
sitting like small islands in Earth’s oceans,
battleships are being produced en masse and o
a more advanced spec than ever before.

Far from the basic heavyweighls of bygone
centuries, required simply to go toe-lo-loe with

028 | How It Works

each other ina deadly pame of broadsides,
loday’s warships need o Lake down a variety of
hreats, whelher al sea, onland orin the air,
and they nead to doso al extreme range. As
such, slep onto a battleship today -beita
fripate, destroyer or corvette - and you'll find an
arsenal ol insane weapons syslems,

There are cannans Lhal can fire over
distances of g5 kilometres (6o miles) and deliver
a puided smart munition to a target with
pinpoint accuracy, as well as Gatling guns that
can automaltically track a largel moving al
hundreds of miles per hour and then fire
explosive bullets at up to 1,000 metres (3,600 feet)
persecond (o take it down.

Miszsile launch systems not only increase the
vessels stealth but are capable of launching a
wide variety of city block-levelling missiles

directlyinto the heart of enemy encampments
inminutes from a sale distance, while naval
guns are capable af subjecting a target Lo
cantinuous bombardment with high-explosive
shells with controlled abandon. All thisisbula
taste of the weaponry being fitled ta the most
advanced msi-century warships.

The heavy armament of vessels currently
fenowes nio bounds, with even coastguard fleets,
canvoy vehicles and civilian support ships
being outfitted with some form of military-
grade offensive weaponry. Clearly, contralling
the world's walers is nol ag old-faghioned as the
history books would have us believe, In this
feature we talee a loolk at the various types of
battleship taking to the seas and Lhe weapon
syslems that are revalutionising not just naval
cambal bul warlare in general . @

WA HOW T TW TR SOATLY DO

73,000

Rules of engagement

The key stages and technology that decide
the outcome of a modern naval battle

Detection

Tor engage any of these
targets first they nesd to
be detected = something
achiesed via orblting GPS
satellites, radar and sonar
COMIMUNICAton systems.

Threats

Elodern battleships are
designed te engage a

munm ber of threats,
inchuding high-speed jot
aircraft, rival battleships
and deep-sea submarines.

Offensive

When an the affensive, a

battleship can engage

these targets with guided
" aor unguided missiles,

explosive shells and

deadly torpedoes.

Defensive

If attacked, a battleship can deploy
decoy systems like flares and
eountering anti-missike munitions,
or direc iy engage incoming
threats with smart autccannons.

Maore traditional #lem o

(15im) naval guns ur\‘:dq.l

the USS North Car

& high-explosive guided &
®torpeda is projected d i, T -
fram a s battleshi " S B
.9 P eyl

US55 lowa unboads a volbey
of explosive shells fram
its Mark ¥ naval guns

WAMAL R T TIWNOR S OATE Y T

When fully laden the Yamato-class battleship, which was used
by Japan during World War I, welghed in at 73,000 tons -
making it by far the heaviest warship ever constructed.

Battleship types

Corvette

One of the smallest types, the corvette
1z a lightly armed and manoeuvrable
vessel used for coastal operations. Stealth
corvettes are now becoming popular too.

Frigate

Lightlyarmed, medium-sized ships
generally used to protect other military or
civilian vessels, Recently, frigates have
been re-focused to take out submarines,

Destroyer

Large and heavily armed, destroyers
are typlcally outfitted for anti-submarine,
anti-aircraft and anti-surface warfare, and
can remain at sea for months on end.

Cruiser

The cruizer is an armed-to-the-teeth
multi-role vessel alkin toa modern
destroyer. While cruisers are still in use,
they have largely been superseded mow,

Carrier

Deean-going leviathans, carriers are
the largest battleship. Their primary role
15 as a seapoing airbase, launching combat
aircraft, but they also come heavily armed.
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“The Advanced Gun system can fire

ten of these LRLAPs per minute

U

from its stealth-designed turret

Weapons in focus

We train our sights on four of the most advanced
armaments aboard the latest battleships

Mk 110 naval gun

Capable of delivering automatic salvos

of 220 57%-millimsetre (2 2-Inch) Mk 295

Mtod O ammunilion = read; Tragmenting

high-explosive shells = each and every

muimte, the bk 110 naval gun is guite simphy

a shell-slinging colossus, Stemming fram ane af the most
lang-lasting nawal gun series ol the last 1040 years, the
Mk 110 comes with a selection of hot features. These
include the ability to fire both standard and smart
munithons, & gun bareel-mownted radar for refined
rrzasuring al muzzhe velocity, an instanlaneous abilily Lo
switch batween ammunition types, a stealth-oriented
ballistic shield that protects the gun while allowing a Full
I60-degres traverse, plus a fully diglital fire contral
syslem thal enables the ME 110 to respond o exact
pointing orders and ammunition fuse selection
miilliseconds prior to firng. Indeed, the only thing that
stops the bk 110 from bombarding its target
conlinuoushy i% iLs shell capacily, which rests al 120
rounds with a three-minute reload process,

Turret .
The KECTITs i we iy S The MK 110 has a single
capable of & full-c firing barrel with a

.'.'I.“":I"I’.'l.ﬂrld conlains tha progressive, Eﬂ--grl:rl:l'.f&
gun’s firing systems, The parabolic teist. The

turret allo harrel's bore length is

Advanced
Gun System

The Advanced Gun System (AGS)

i= a new naval gun from BAE

Systems capable of firing precision

runilions super-last and al over-the-horizon
ranges. What makes it special is that far from
firing traditional unguided shells = a5 most
maval guns have been deslgned for - it fires the
Larg Rarge Land Altack Projectibe (LRLAFP), a
155-millimetre (5.1-inch} precision guided
artillery shell that, thanks to base bleed rocket
asslgtance and an extended range fin glids
trajectory, can ravel over 105 Kilometres (65
muilas) to a target. What's mare, it then has a
circular error prabable (e accuracy) of anlby 50
reetres {164 feet), making it incredibly preciss
owien al great distance, Throw in the Facl that
the AGS can fire ten of these LRELAPs per
muinute from its stealth-designed turret and
that it can fire traditional wnoulded munitions
as weell and il becomes clear why il's being
imncorporated imto many of today's warships

Vertical

1% a slate-ol-the-art rmull-rmssile

launching systern, Undike previous

systemns, which could only fire one specific type of
rmisslle, the YILS is rmodular 50 a varety of projectiles
can be fired from the same enclosures, The missiles,
which on the Zumwalt-class destroyers include the
RiIk-162 Evolved Seasparrow missile, Anti-Submarine
Rocket (ASROC) and Tactical Tomahawk subsanic
cruise rmassibe, are enclosed ina senes of launch colls
within the ship's hull and, when launched, are fired
out of the top of the deck. By concealing the missiles
weithin the ship until neadaed, the VLS improves, the
ship's overall radar cross-section, making it harder Lo
detect. Each missile fired from a VLS cell is of the
guided variety, with a selection of high-explosive
wearheads directed to the target by radar or GPS,

\j Radar

# bulbous tubular radome
ercases the Phalanxs Ku-band
search and gun-laying radar,
The zearch antenna sweeps for
threats, and once a target s
canlirrmsd as hostile, The
gun-laying antenna kcks on,

—
—
Launch System @i
The Vertical Launch System (WLS) " el L

Phalanx CIWS |

Every battleship buillt today
comes with a close-in weapon
syslemm, or CIWS, and oul of these
systems the Phalamx CRWVS is the
leader of the pack. It is a point-defence
wieapon deslgned to attack any target - be that
ehermy ighber jets or missiles = which has
mamnaged to evade the battleship's longer
range of fensive weapons with its massive
20mmm (0, 8m) ME1 Vulcan Gatlng gun. What
rmakes il really special thowgh is its advanced
targeting system, which consists of twao
independa=nt antennas that work tagether
to engage a target. The first antenna is
weed lor searching Tor the incoming Largel
and delivers bearing, velocity, range and
altitude information. The second antenna
| 5 then wsed to track the target on its
_ approach wntil it 15 in finng rangs, 4%
soon as an incoming target is close
enaugh, the Phalans can then
autormatically fire, using a selection of
sansors o guide spent rounds at the
unfortunate target in a split second

elevate from 10" thegl 3,990mm (157in), with the

to +/7%and i protectsd aun capable of firing 5Tmm : _

with a ballistic shield to (2. &) conventional and S r ; s [ Drum

disguise it from radars smart munitions, - ' Ammunition for the Gatling

| L 1 CANMHE-COTes SOt of a large
- l rmagazine drum. This dispenses

[ o can Tedd The cannon al a rale al

) - R hw - Gun

! Damage is dealt with a

over 4,000 rownds per minuta,
20mm {0,&in) MEL Vulcan

autocannon, The cannon

has a muzzhe ity of

over 11000, BOOTLS %)

aned an effective range of e
up to 36km (22mik 3

RAL Sprirme

Hoist

The MK 11

{2.21m) bk 295 Mod O
amrrunifi o chrdiverred

to the turret emplacement -
via a mechanical loading

hst. Ammuanition =

slacked 120 rounds disep

and automatically Fed imto
the firing chamber,

an Mo himphios Cersl g Celly

L
030 | H-::-wlthi-:s.

l
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“A typical car today can run for Areatior SENPIR {yrirbrrorrn B y-orrsieer DN, Yy e v el v e RO

Uiz air conditioning
approximately 480 kilometres Scuttas B aloef | el i | Sdmacdbesaebiin | | mmeeiedta  © | deneddulmmefe
:l' k I i funl a second. Gn a tan-hour frue per canit athanal in petrol diesal cars hacausa tiey e enoine winrk harder. To hirve nockmted by naarky 70
Thahe it v fe s up s t héove fles per galiee ke Tued go further, tem ol t i the Lnst sl .
(300 miles] on one tank of fue B e | e e T = m =
Over 3o bilion Iitres | 7.9 billon gollons | of fuel are sold on UK forecourts each year

Car fuel systems

Fuel is a vital component in getting a vehicle to move,
but what happens after you've filled up your tank?

For decades now, vehicles have been
powered by combustion engines that
rely on a conslant feed ol both air and
fuel combining together to essentially explode,
Aswith a narmal fire, oxvgen is the catalyst
for amy explogion or ignition. The principle is
the same ingide a car's engine, where oxygen is
mixedwilth fuel while simultaneously being fed
inte the cylinder heads where these controlled
explosions force a series of pistons down,
turning the crankshaft and helping to prapel
the vehicle alang the road. Without these vital
ingradients, the engine simply couldn't warle,
When yvou fill up, luel jeither pelrol or diesel)
flowrs along a fuel line and down into a tank.
The fuelisstored here in excess, bul gradually
emplies aga pump provides a constant feed to
the engine as so0n as the car i3 fired up.

Onece fuel leaves the tank, it is deposiled viaa
rail inta either a manifold on alder systems, or
- mare likely loday - straight into a cylinder
head using direct fuel injection,

On alder vehicles, a carburettor is used lo
adjust and measure the levels of air and fuel
entering an engine, ensuring the right amaunt
of both ingredients is supplied so that the
vehicle runs efficiently. The job of carburetlors
is now also performed by fuel injectorsin :
tandem with an engine contral unit [ECU)L o

Fuel isburned inthe engine, bul some excess  Throttle plate - e —
may be leflt over, which is simply talken baclk to The throtile plate is opened

, . by pressing the acceleratr
the lank via a return line ready o be used nedal, which then lets air
again. A typical car loday can run far into the engine.
appraximately 480 kilomelres (300 miles)on
one lank af fuel - depending, of course, on
conditions and the behaviour of the driver, @

J— Air filter

This TElter ensunes anky
pure, debris-free air
enters the engine.

Fuel filter
The inline fuel filler rids the
Tweel ol any impuritios that

colld cause damage,

FUEI Eﬂp a“d fi“Er pip’E p— Pt 1
Thie cap ensures no mare air i
can get inta the fuel line, while
the filler pipe also features an
exit tar any alr in the tank ta
esoap when refuelling.

>
'/

Fuel pumgp -~
This drawes fuel from the
tank to a3 fuel inpection
systerm at high pressure,
Mloschisrn purmps an
electrical, while older
anes are mechanical,

Fh_at.-.-.-.-.uuu O eI L L L G I L L L I L L L e L Ll L L L e
& float is attached toan
arm in the fuel tank, which

exlEnds as Tuel is used and

Return rail the float makes its way to

carh“rattﬂr up clm Deedivers army fue the Bottam. The lewvel gaugse
Although now superseded by fuel deamed excessive by sender lats the diver know
injection systems carburettors still play the: pressure regulator hieves rrwch Tued remaing.

a vital role in classic cars as well as

| | = 4. Venturi Fuel rail L N back to the fuel tank,
tools like chainsaws and lawnmowers i .

This narrowing chamber is The fuel rail deposits

where air meets fuel in the Sl bt

carburettor. The ratio of air to | and sends any

Tuel and The guantities of it : ack 1_'] the tank . .

passing into the engine can be Vi A e : EE L. Tl s
adjusted via an idle mixture . Fuel is stored here until
serew and an sdle speed screw, it is sent to the enging

by the fuel punmg.

The jet allows a fine amount
of fuel 10 be sprayed into the
marrow Wertur, whers it can
min with air bixfare trawelling
to the inlet manifold,

== 1, Choke plate
When apened, this
lets clean air enter
the carburedlor o
be mixed with fuel
before being fed to
thie engne.

Inside the tank

Even the fuel tank [tself is a great plece of
engineening, and nol jusl a holding box as it might
first appear. Fuel tanks vary in size, ranging from
around 60 litres in capacity on smaller vehicles to
flgures in the hundreds of ltres on trucks and
heavy-goods vehicles (HGV ). Traditionally made
from steel, modern tanks found on cars are
moulded froon Bghter plastic and contain several
‘baffle tanks” rather than being [ust one blg open
space o stop sloshing which could upset the
vizhicle’s balance when rounding cornars.

A fued tank is sealed, which is why it"s possible

\J

5. Throttle plate -

Dictates when the petrol

and air mixture enters an s T T R o
engines in & car the throtte Erlgll'!E control urﬂt Fuel injector - far Fuel_ tosltina tan!: for WEArs withaout z
late -D;}EHS. Surdmiyind 2. Float An engine mntrrullunlhtE't[E:tU} : Thete are used an modem cars to lt.‘?:E:ESI_"ﬂ..‘ly' wammilrdr;. I-'rl.l.rcl;s- drarm Fn:ln;ll the 3
. ensures more fuel is ket into the . . . . ank using a pump, and a float on anarm allowsa 3
accalerator s pressed, Stops fuel from freely flowing into & engine relative to the amount of air :f:;;ﬁ;uﬂr?;z:: :E;Tr;;take meas.urergnen?t to EE taken of how much is left. ::E_'
carburedior, which can cause flooding, b=t irn by thee Thred tle vahee, This s Exnlmlnr; takes place, With mo fuel, the float sits at the bottom of the ¥
When up, no fuel flows, but during use monitored by a vanaty of sensors, tank, fully extending the float arm, which sendsa =
the float is pushed down ta alkow fuel message to the dashboard to notify the drver =
inta the carburettar in spurts. that a visit to the petrol station is nperative. t,"
o
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“"A watertight door will have PURISIS.  Tohmpintre | TheTyme45Destoyes | The Npediaeathe | It Eaassed et SRS
strategically located locking points 4 IS A D Seianio | Toa oty | looumagm ™ ; foa oo s kines iy ot
to provide compression of the seal”

=
What’s inside a high- ; ‘_

ﬂ‘ Get to grips with how tyres keep a vehicle on the road

: onl Fabruary 2006 : Being 1524 min length, : neutral iving spaces. @ track, engage and destroy : £1,050mM
¢ and commissionsd ¢ withabeamof212m ¢ more tarpets than five Typa 42 per ship,
s oon 23 Juby 2009, . and adraught of F.4m. . Destroyers operating togather

©  Alr defence Is the
ships primary role, with

_ _ powerful radar assisting

The ships primnany this task.

conventional weapon

is a BAE systems 4.5

imzh mark 8.

Tread
The rubber tread is where tyres, like
this high-perfarmance track tyre
frarm Falken, come into contact with
thee road. The mane surface area it
has, the more grip a car will hawa.
However 3 'tread' & needed ta
disperse water from the tyre in wet
conditions Each tyre company has
its own specificatons to balance
these elernents to varying degrees.,

Two Rolls-Royce L
WR-21 gas turbinea

|--":

altermators and two
Textile cap ply Wartsild 12V200 diesel
The textile cap ply, or casing ply, & a Made from the same rubber as the generators provide

S glectrical power at
4,160 volts to a high
voltage system. The
Y high voltage supply

is then used to
provide power to two
Converteam advanced
induction motors with &5
outputs of 20 MW

parceled Fabric cord ol many layers
that forms a part of the substructure.
This also helps reinfarce the structure
af the tyre and, along with the steel
cord balt ply, pratects against impacts,

tread, a tyre's siee is printed here. IF it
reads, say, 20565415, the first numbar
is the tread width i millimetres, the
second number indicates the hesght of
the sidewall 2% a percentage of the
width, and the last is the inner fim
diameter n inches, Sidewalls are made
tough to protect against side impacts.

E m For more information on
. the HMS Daring Type 454
Destrover, please scan
this OR Code with your

There are & ships in

Steel bead wire

Steel cord belt ply A high-resistant steel wire hoop (bead the Type 45 class. j (27,000 hp) each.

Fiine but durabile steal belt plies help wirg) is embedded in the rubber lip on Inner liner - 3 — —
add to the textile cap ply on top by each side to ensure the tyre s held The inner limer af a tyre, often made .- _.-lf:- s
improwing the tyre's resistance and firmily to the sebed rirm, Thie bead Traam Butyl rubber, acts & a modem s = o 4

reinforcement against the weight of a
car. These plies are lakd horzontally,

ensuring a greater surface area is
reinforced lor directional stabilsy.

wires are profected by a hard mubber
apex and an abrasion-resistant rubber
rim strip, which sits flush with the
dge al the wwheel when fitted.

Watertight doors

How do these special ship doors manage to hold
their own against a flood of oncoming water?

mner tube and ensures the air stays
nside when put on a wheel, Fairly

thick, the lining acoounts for around
ten per cent af the fyre's weight.

& Falkom Bainrsporis

Britain's six Type 45 ‘Daring Class’ . — HMS Daring
- g PEIRET
izl Destroyers are the most advanced . Bisi e
o frarme musl ) d
be reinforced to escorts the nation has ever built. T
weakening caused = X =
task force from air attack by using the

b b doorway.
=ea Viper missile system. Their Aster

wanw, poutube.com’ wwaLwittar.com/! www, facebook, com/ www humbrol .com For schools and all visitor centre
afficialairfis airlix atfisalalrt s vauth arganisations

== Locking clip missiles can knock targets out of the
tmmple in deslen and yet vital ent any form of defarmal Four, sk or eight clips  over 70 miles away if required. Tt
simpleindesign andvelvital in - prevent any [orm of delarmalion or heln Sock’ the doar to 5'{}: over 70 miles away r.&quned_ e
"-'-': their role as anaccess solution warping from the heavy loads brought by the: ship's structune Type 45 destroyers are also capable of - ||
= — : . . . . o and tighten the seal nET i
: in marine industries, a head .r:-f water, To aid this, a walerlight and tighten the sea a range of other roles and will spend =
“_dl?.rlmh' EOxrasreatie i e i Irm_':. e d.lm_hﬂw o ff"”’*_";}"}" located - Locking bar their commissions switching between . \ ".
passing even under hugs pressure, acking pointsto provide sufficient Quick-acting tuming them. often at short notice. - st 4 5 —
Ezzential lo their operation isa seal compression of the seal all over, These ersures the door is ' : : -
around the perimeter of the entrance lacking pointsare traditionally activated saaled wia lockimg clips - - T
. ; ; ; with minimal effort = pu
being fully compressed and in contact via a single central wheel/bar found in y
with the knifle edpge’ of the frame Lo Lhe middle of tha doar Tar ease ol uge. - Seal www alr Ix com “ II n 'I II t llsts
" ; " . 5 ; . o ; Lisually rulsber, this is n n an a nn re a s “c ".{‘ A
prevent leakage. Equally, these doors Watertighl doors can either be hinged i ally b tlh |:| AIRFIX 4
. . . . . epressed by the door
must be incredibly strong and stiff (hence  orsliding, square or radial, and they ;- Join the AIRFIX Club Yuum ' n ﬂ Humbrol W
why theyre usually made from steel) to came in a number of different sizes. leaking through. @Eguﬂ . oy
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Aerial transfer bridges

Learn how transporter bridges carry cargo and passengers across water

One of the biggest challenges in bridge
E building across busy rivers is allowing

boats to navigate them freely.
Solutions have beeninvented in the form of a
variety of movable bridges, with sections that
retract, lift up or even sinl to make room.

M rare example is the transporter bridge, or
aerial transter bridge, which uses a movable
platform, or gondola, to carry loads from one
banl to the other. There arevery few examples
worldwide - indeed, less than 25 of these
bridges have ever been constructed - and only
a few remain inuse today.

The construction of transporter bridges
varies. The Vizcaya Bridge in Spain has two
pillars connected by a crossbeam and
supported suspension cables, while the Tees
Transporter Bridge (pictured) in the UKizsa
cantilevered design with two halves, each
supported entirely by two towers at either end.

Despite the differences in their overall
structure, transporter bridges all work using
the same fundamental mechanics. The gondola
iz suspended below the bridge by a series of
steel cables, which attach to an overhead
trolley. The trolley sits on a track, which runs
the length of the bridge, and a winch system is
used to draw the platform and its cargo back
and forth across the waterway.

The gondolas have a large carrying capacity
and can often transport several hundred people
or several vehicles at once. They also provide an
advantage over traditional bridges in that they
can tale passengers directly from ground level.
Ifthe riverbanks are very low, a long approach
road iz required to get vehicles to the correct
altitude to cross a normal bridge. *

Engine room

An engine room supplies
peer To the winch usad
1o move thae gondala,
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Anchor arm
The bridge is
counterbalanced by
Lwo anchor armes that
extend away from the
cantiever anms.

Y The bridoe & supported
by strong graniie

| foundations buried deep
~ beneath the ground.

“Less than 25 of these bridges
have ever been constructed - and
only a few remain in use today”

Track

A track betwesn the Bwao
tonwars allows. the trolley
to move back and forth
along the beidge.

Cantilever arm
The brichoge is made
from two cantilevers,
each supported by a
pair of toswers.
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Anemometer

The gondola has equipment to
detect wind speeds; if the wind
reaches S6kmyh (35mph) the
bridge is closed Tar salefy.

el [

ral b e G G I I
Passisnogers travel
across the bridge using
S a large maving platform. |

The Widnes-Runcorn Transporter Bridge over the River Mersey, UK, was
the largest ever bullt. It had a main span of 300 metres (o84 feet) and two
towers each 58 metres (1o feet) high. However it was demaolished im 1061.

Trolley

The platform is
suspended below a
tralley, which moses the
gondola across in fwo
and a half minutes,

At 259m (B51R) long, the
Tees Transporter Bridge in
Middlesbrough is one of the

" longest of its kind still in wse

The science
of cantilevers

The Tees Transporter Bridge in
Middlesbrough is built using two
cantibevers, The beams of a cantilever
bBrdge are supported al anly ane end,
and the entire load s transferred to
support toveers, Cantilever bridges
are often made out of structural stesl
far its ability Lo resist slress, and
crossbeams may also be included to
distribute the load. The cantilever is
supported by a steal or concrete
towser, and is balanced by a second
arm knowwn as the anchor arm. The
anchor arm is connected to the
cantibever arm and extends in the
opposile directon, providing a
counterbalance to the unsupported
end of the structure. The anchor arm
is firmby linked to the grownd by either
a second lower or - 10 the case af thae
Tees Transporter Bridge - steal cables
{see ¥-shaped structure on far left).

Cables

The gondala |s attached
to overhead raiks by a
netwaork of steel cables,

E. ] e
- g .

Carrying capacity s
This gondala can carry a
few bundred passengers
oF up ta mine wehicles.
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ENVIRONMENT

Bigger is better, That's not justan
exprassion, it'san evalulionary

phenomenaon called Cope’s rule:
animals tend (o evalve inla bigger animals.
Over millions of vears dinosaurs wenl from
small reptiles into ground-shaking giants. After
theyweant extinct, mammals became the
daminant land animals and they lao inexarably
evalved from mouse-like critters inlo oversized
behemaoths such asa six-metre (zo-lool) slath
Megatherium and the 1z-lon-plus, horse-like
Paraceratherium. When the ice ages came, the
largest species were wiped out and smaller
anes ook over and started growing once again,
The giant animals that exist today are just the
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RECORD
BREAKERS

HERCULEAN FELINE

latest swing ofa pendulum that has been
marking lime over gealogical Limeseales,
Natural selection drives species to evalve
larger bodies for several reasons. Being huge
obviously makes it harder far you to be ealen by
predators, but this is only part of it, The fiercest
rivals most animals face are other members of
their own species. The bipgest males will be the
ones to control the largest territaries and have
access Lo breeding females, Darwin thought the
giraffe's long nack evalved so that it could reach
the leaves on the lallest branches, bul recent
research hassuggested that it may actually be
becauge winning ‘necking’ contests is how
males establish dominance over each other,

Eventually every species will reach alimit to
its gize, During the Carboniferous period
around 300 million years ago, insects and other
inverlebrales grew Lo enormous sizes, There
were dragonflies with 75-centimetre (30-inch)
wingspans and a millipede-like creature called
Arthropleura over twa metres (6.6 feet) lang,

But this was at a time when the oxygen
concentration in the almosphere was above 35
percent, rather than the @1 per cent il is taday.
Eventually the oxygen level was so high thal
farests - and even swamps - caught fire with
every lightningstrilee. As they burned, the
oxygen in the air fell to much lower levels,
Without saphisticated lungs and circulatory

410 kg

WORLD'’S BIGGEST BIG CAT

Hercules the liger (a cross between a lion and a tiger) welghs 410
kilograms {904 pounds) and stands 1.4 metres (4.6 feet) at the
shoulder. He is 30 per cent bigger than the largest tiger.

[ YEUEGTN A single molor tooth from on elephant is the size of o house brick

Dizzy spells

How do giraffes avoid the blood rushing to their head?

' Elastic skin

k Thie kewar legs alsa meed
extra thick, stretchy skin
to pREVENL Varicose weins
farmimg when blood
poals in the calves,

gystems, Lhese arthropod monsters simply
couldn’t gel enough oxvgen to sustain their
massive bodies so they died oul.

Even wilhout such drastic environmenial
ghifts, there are very real challenges for giant
animals. Most predators generally eatanimals
smaller than themselves, Thisallows them (o
hunt abundant prey and achieve an easy kill
with minimum risk to themselves, Bul
carnivores heavier than aboul 2 kilograms (46
pounds) can't catch small animals fast enough
to meel their food requirements. Instead they
have to hunt quarry much larger than
themselves. This is more dangerous and
requires a radical shiflt in tactics. A large

WA HOTAT TR SOATL Y. EOM, MO HEW I TWORKSOALLY. T

Uphill climb
Giraffes must pump

Blood at Lwace human t‘k l
blood pressure to 3
ensure it reaches all
the way to the head.

Mon-return valve
Around seven valves in
the jugular vein stop
Blood from floweg
bBackwards on the return
trip to the heart,

Safety net

& branched network
called the rete mirabile
acls & ashock
absorber to prevent
bwrst blood vesseds,

Stooping
When the giralfe
bendds o drink, the
heart has to push
blood dowrnswands,

carnivore also has to cope with irregular
meallimes, with long periods of starvalion
followed by a stomach-stretching blowoul.
Herbivores, meanwhile, face challenges of
their own. Planls are relalively poor in
nutrients, so they nead to eal a lot of them, Giant
herbivores like elephantsand rhinoscan
quickly overgraze an area il they don'l
constantly move on, and their large weight can
compact the ground to the point where
rai nwalter doesn’l soak in properly and seeds
find it difficult to becomes established.
Elephants will uprool trees (o gel at the lopmast
leavas, lurning savanna into grassland,
Elephants can't survive on just grass though, so

ol

A7

Big-hearted beasts

An elephant's heart is the size of a sack of
potatoes, but keeping up with the axygen

dermands of a massive body needs mare than
just a bigger pump. Elephant blood uses a form
of haermaoglobin that binds more tightly to
exygen than ours and their red blood cells are
larger too, To stop blood vessels from squeezing
shut, the blood pressure needs to be higher. This
mieans that large animals have slower, more
powerful heartbeats than smaller creatures. The
Alrican elephant has the slowest pulse of any
land animal at just 30 beats per minute. Large
lungs also bring their own problems. An elephant
needs a framewark of stretehy dividing wealls
within its lungs to prevent them collapsing and,
when they e down, their breathing actually gets
faster as they fight to keep the lings inflated.

LY

N
_ All heart
|-. . \ A heart more than
; .‘ alcm (24in} tall and
weghing 1lkg {(241b),
pumps at argund 150
beats par minute,

¥

¥
\8

.
)
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ndl
large populations of elephants can become the
agents of their own destruction,

A massive body also creales problems lor
reproduction. If the voung are born too small,
they are vulnerable to predators; born loo large
and the extended gestation period places too
much strain on the mother, Elephants spend
almaost two years pregnant and giraffes must be
bornwith much shorter necks inorder (o
prevent complications during birth.

But il nature has shown us one thing, it"s that
obstacles are there o be overcome. Around the
world invirtually everyanimal group, colossal
creatures have risen to the challenge and
stomped onit. Let’s meet nature’s giants.., @
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' Giant Pacific

A octopus

Ly 1o e et et {16 Tl
acrrss and wasgherg B0

B Eakaqrarms CLICE pou ksl
thes ocean monster oy
s s b fve s,

Ocean sunfish | ' Blue whale

fveraging a ben, this is the Mt ust the krgest anmal
lzergpeest By Hish o o At b oy, Dyt thae Grgest
planet. Females Ly 300 arrnal b barve syver v,
milion eggs at a time - a blue whake is pouivalent
el o Pioee harn By L e sl ol ahaut 30
obfier weriebrate elephards, e 200 ans

“Within a given species or genus,
the larger variants are normally
found in the coldest climates’
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The perfect
temperature

Large animals have intrinsic protection against
the cold. The blggervou are, the more heat 18
penerated by your metabalism. Kodiak brown
bears don't hibernate in the winter to avold the
freezing temperatures = they do it bacause
there lsn't encugh food to support thelr
voracious appetite. Within a given species or
genug, the largervariants are normally found in
thie coldest climates = the Siberian tiger is the
largest tiger subspecles, for example.

But in hot climates, being large presents the
opposite problem: how o get rid of that excess
heat? Hippos spend the day in rivers or lakes
and only venture gut at night (o graze. The
southern white rhing spends the hottest part of
the day wallowing ina mudhole and even tigers
will take a dip in the river to cool off = one of the
only large cats that does this. Elephants swim
too, but when they are on the open savanna
thelr ears act as natural radlators, pumping hot
blood thirough thin skin to shed heat.

WA HOW I TWIITRKSOA LY LM

Big game hunting

One of the biggest advantages of being large is that it
protects wou from predators. But if wou are a predator
vourself, extreme size can often be a deadvantage.
The: larger you are, the harder it is to sneak up on prey
and the less manoewvrable you are in comparison
Apax predators normally nesed huge hunting ranges to
find enough food; golden eagles, for Instance, patrol
over 200 sguare kilometres (7T square miles) of
moartand looking for carrion, fish and rodents, ete.

To owercome this, large predators need to be
stealthy. Often they prefer to ambush their victims,
rather than run them down Anacondas lie in wait at
watering holes, while brown bears will sit patienthy in
the riveer at the top of a salmaon leap. Others rely on
team tactics, Lions are Famnows for their group hunting
techniques, but Philppine caghes also hunt in pairs,
with one bird perching to distract a troop of monkeys,
while the other swoops in from behind.

‘N
_ - o
Liker 21l ursgqulate-anirmals (ol doern,

gaoats, cows, etc) giraffes ae
digitigrade {ie they walk an tiptoes)
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Don’t ever race
a giraffe!

The legs of a giralle are two metres (6.6 feet) long
but almost hallof this isactually the fool. The
joint that functions as a knee isanatomically
equivalent loawrist orankle, The giralfe
balances on the Lips of its Loenails, but Lo
supporl its weight these toenail hools are 30
centimetres 1z inches) across, Giralfes can
pallop at 6o kilometres (37 miles) per hour for
shorl periods, while elephants hit the red line
al just 25 kilometres (16 miles) per hour.

Because of the way thal their legs must be
positioned to support the body weight,
elephants have very poor leverage and use a
single running gait. Long-distance runningisa
problem for many very large animals. Tigers, for
example, can cover as much as 32 kilometres (2o
miles)inasingle night's hunting, but they doil
al an easy walk. To calch prey they must sneals
towithin1o-zo metres (33-66 feet) of the viclim
before they are in pouncing range.
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"Giant 55"“”1'3”5'5&5}(55” live for HEIGHT 3.DIM PLITRES) s 3.8cm
over 30 years and keep growing i
throughout their lifetime” R Hecrr 6 tONS Tusk weick 65kg BRAIN WEIGHT 5kg

An atomy nf a gi a nt Wrinkles Ribcage Powerful shoulders
Wrinkled skin increases Elephants must lie on Massive shoulderblades

When you weigh between six and seven tons, just the surface area ta aid their sides or the weight provide wide attachment

standing up is an incredible feat of engineering... cooling in a hot elimate, of the body would cause points far the powerful muscles

thsm ta slowdy suffocato, ol the neck and Toarehegs.

Huge ears

The ears have one-sikth the
area ol the entire body and
are used as the primary
coaling mechanism.

Hollow skull

The skull Baomes have
honeycomb cavities to
reduce wekght weithout
sacrificing strength.

Tusk

Males and females Bath
hawve tusks, but the males'
are larger. The top third |s
anchorned in the upper jma,

Trunk

The trunk is & Tusian al
the nose and upper lip
It contains 10000
muscles and tendons.

Big brain
Elephant brains are three times the size
of ours. & newborn elephant's brain is

abeady 30-40 per cant of ts adult size, The trunk & used for

siphoning water, digglng,
=ignalling, grabbing food

Strong leg

Thae kg boares have
a dense bony core
instezd of bane
FIAFT, MMaking
Lhisry L mourgisr.

Cushion pad
The feet rest an an
angbed pad of fat and
gristle ta absorh the
impact al each step,

a
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The Eye of the Saha

What is the Richat Structure and how did it form? | S WA T

' It might look like the site wherea
massive ancient meteorite ..;' ;
struck the side of the Eﬂl'ﬂl_;- ut th

ie no impact crater. The Richat St 1158
lknown as the Eye of the Sahara -ls, :
dramatic geological formation that apps
lilee a giant bull's eye in the otherwise Bar
deszert landscape. Located in the northé fri

expose the underlying layers of sedimentary r.f
rock and minerals. 3
All sedimentary rock layers stavtout s ==
horizontal, but due to underground stresses '
they can get folded - either upwardsina
convex shape (anticline) or downwards and
concave (syncline). Mo one knows exactly why,
but millions of years ago a circle of rock strata
almost 50 kilometres (30 miles) across was
uplifted causing an anticline dome to bulge up __
out of the Earth's surface. We now know this as . _
the Richat Structure. If it helps, try thinking of y ’ R
the dome as the top half of an onion where f A
each layer reprezents a different strata of rock. _r!
Extremely slowly, the dome was eroded by
the elements to expose a ring of concentric
circles on the ground that are now clearly J
visible from space. Like the onion layers, these JI
circles indicate the different bands of rock
radiating out from the central limestone- e
dolomite shelf. Richat's most visible bands of
rock jor cuestas) are tilted ridges of resistant
palaeozoic quartzite that slope away from the
centre and gave it the misleadingly crater-lilee
appearance that long confused scientists. %
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S

We know the Eye of the Sahargawdsn't the result

of an impact becau _,N‘iﬁc- evidence of

? . = rock shock, wksel ocours when the pressure

# 4 pil and temperature of an impact delorms the crust
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" Fjord system

| Dther smaller glaciars
wiould Fave Tleneed indda
the main channel of ice,
creating long, sprawling
netwiorks of flords.

"Such is the power of glaciers that the
bottoms of fjords are often deeper
than the ocean they open into”

ow fjords form

As a product of the epic clash between ice and rock,
find out how these amazing valleys are created

Fjords are long, steep-sided coastal

valleys that are flooded by the sea. The

majority of fjords developed during
the last ice age, pealding approximately 20,000
vears ago, Glaciers dominated the landscape,
enalcing thelr way (o the ocean and tearing
through anything that stood in their path.
These massive valleys are typically found in
mountainous, coastal areas of the Atlantic and
Pacific oceans, and are commaon in Morway,
sweden, Greenland, Canada, Chile, New
Zealand and the US state of Alaska.

Az a glacier carved its way through the rocl, it
cuta distinctive U-shaped valley. The floor was
flat and the sides were steep and high. As the
massive river of ice = which could reach up to
three liilometres 1.9 miles) thicl = bare through
the valley floor, it picked up rocky debrisand
carried it along for the ride, adding to the
glacier’s rocl-ghattering abrasive power. This
rubble eventually made ite way to the head of
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the glacier and was pushed in front of it as the
glacier travelled = known as a terminal
maoraine. Such is the sheer power of the glacier
to pouge out rock that the bottoms of fords are
aften deeper than the ocean that they open
into. For example, the deepest point of the
Sognefford in Norway is approsd mately 1,300
metres {4,265 feet) below sea level whereas the
gill iz just 100 metres (328 feet) below sea level.

Asthe ice age came to a cloge, the oceans

flonded into these extra-deep glaciated valleys,

forming what we now know as flords.

It*s the rock formations of a glaciated
landscape that are left for us to see today. The
glacial moraine will still be present at the
entrance of a fjord -a large sillactingas a
barrier between fjord and open ocean. There
are also other features such as skerries, which
are rockyislands within a fjord that can be
both large and mountainous or small and
treacherous to navigate ina boat.

Terminal moraine
The debris once pushed
ahead of the glacier
ricn lees at the fjord
apening. It can affect
water circulation

throwug hout the systemn.

Life in a fjord

The watar in a fjord is distincthy stratified,
which affects the animals and pla

call it home, Dense seawater flows ower
Lhue sill at the Tjor nirance and sinks Lo
the bottom. Hardy deep-water animals
such as sea cucumbers live down here in
the thick mud, deposited over thousands
al years, Deep-walber coral reels can alsa
be found, providing valuable habitats for
ather species of algae, deep-water fish,
crustacesns and molluscs,

Highier upe in the waler codurmn, algas
can thrive on the steep rocky sides of the
fiords, providing food for hundreds of fish
apecias. Oxygen-rich fresh water feam

& and rmelbwater sbreams rns inlo
the fjord too, which combined with swnlit
canditions can serve as the perfect
amdlroniment for phytoplankton blooms,

The sheltered nature of a ford can also
affer a safe haven for larger marine-
rnarmimal visitors such as seals and
whales, which often go there to mate.

WA H AT TN RS T Y D1

Skerries

Some flord systems have
islands scattered near
the opening of the ford
ta the open acean, which
are known as skerries,

WA R T T DR KSOATL Y. LT

Scoreshy Sun

Y The Tlooded walliesy

carved out by the glacier
has a classic U-sshape,
with a flat bottom and
high, sleep sides.

Fiordo Baker

This fjordl i Chile boosts

Nzerpgyfjord |

Brarechung off Mo

Hanging valleys
Fjords often have
weaterfalls powring into
therm, caused by
‘tributary’ glaciers
flowing into the main
channel higher up than
Thee current weater b,

Deep channels
The deepest parts of the
fiord's channel are lilkehy
to be slighthy farther
inland, sehe=rx the glacial
force was strongest,
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Hees da beve ons secret wespon. They can swanm
arvi el he soouh sl sibrate bo benn o the haat
Dees can vwillhaLarwl A8 chesgrees Cel s (115 diesg reses
Fahrerher), but homeis can ondy stanol 48 degrees
Crdsi s (115 degrees Fahreniwil] ardd s& mast

Hornets vs honeybees

How 30 giant hornets can exterminate a colony of 30,000 honeybees in mere hours

Compound eyes
Hormets have extremely
good evesight enabling
them taspot potential
victims Tram alar.

5 larvae: ;
H}rfwbﬂ REVRS fnd pupae, A consummate killer, the hornet is built for mass murder
which they feed Lo their own

young, Once a hornet scoul locales a
honeybee nest il releases a polent
pheramaone tosignal the location o other
hornels. Upon their arrival, as few as 3o
giant hornels canwipe outan entire bee
colany a thousand times larger, The
hornels are four Lo five times the size of
the honeyvhees and, with every minute
thal passes, one hornet will massacre al
least live bees, Strong larsal claws and -
powerful mandibles mean the invaders
are capable of ripping bee heads fram
bodies and simply casting them aside.
The bees do everything they can o
protect their hive -attempling tosting
thraugh the hornels’ impenetrable

.‘ Gianthornels havea tastelor— Japanase giant hormet biology

Armour plating
Wings Multiphe layers of chitin farm an
A Temn I;E.le'l] WINGSoaEn anables impenetrable armoured CASEMN that
thix homed to Ty S6km {EDmi) per can defend against most stingers.
day at up to 0kmh (25mph],

Tarsal claws
These vica-lie claws grp the

armaour —bul within three hours the Mandibles privy wehihe the hornet makes
calany iswiped oul. The harnets now Stinger Pawerful faws are short work of rending multiple
capabe of beheading victims in seconds.

have access o enough honey to gorge This pumps out a large dose of excruciating
venom that cantains an erzyme patent

themselves, and all the beelarvae and enough to dissalve human skin, lapanese giant
pupas o lalea baclk o theair ﬂl’[spri rig, & bzt s kil 40 Japarese peophe svery wear,

The smell of rain

Find out why precipitation creates a distinctive
aroma that's the same all over the world

bees with a sangle shea,

‘s posgible to smell rain before it has even fallen.

ﬂ L11:,h tning has the power to split atmospheric

nitrogen and oxygen molecules into individual
atoms, These atoms then react to form nitric oxide, whichin
turn can interact with other chemicals to form ozone — the
aroma of which is a bit like chlorine and a specific smell
we've grown to a ciate with rain, When the scent carries
on the wind, we can predict the rain before it falls.

Another smell associated with rain is petrichor - a term
coined by a couple of Australian scientists in the mid-
Sixties, After a dry spell of weather, the first rain that falls
bringswith it avery particular aroma that is the same no
matter where you are. Two chemicals are responsible for the
production of this indescribable odour called petrichor. One
of the two chemicals is released by a specific bacteria found IR WERET

B

in the earth; the other is an oil secreted by thirsty plants.
These compounds combine on the ground and, when it

rains, the smell of petrichor will fill your nostrils, &
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. The life cycle of a
sockeye salmon

Discover the epic journey a salmon undertakes from birth to death

Thelile aquatic issomething of an fishermen's hooks, up treacherous bear-lined  generalion of salmon thatl will embark on

adventurous existence if you're a rapids and an to the gravel beds of the stream  precisely the same cycle of life.

migratory Pacificsalmon such asthe  where it was born, For some varieties of Argund six Lo nine weeks alter the eggs
sockeye, While most ofitslife isspent outin salmon rung can cover staggering distances of  have been laid and fertilised in the gravel, the
the ocean, such seasonal changes as the up to 3,200 kilometres (2,000 miles) up the young will begin to hatch in the freshwaler
gshortening afthe length of a day trigger the Yuleon River, It's unknown quite how the where they will remain developing for up ta
once-in-its-lifetime migration back to the salmon knows where il's heading, but it's threeyears. First hatching as aleving they
freshwaler rivers of ils youth. thaught it could be following its nose and develop from defenceless small fry through (o

n The annual salmon run performed by the tracking a certain familiar scent. well-camouflaged parrs, then smalls and

summer. Thisinstinelive behaviour, wrillen the adull salman and, once itarrives al the migrate to the acean for their first taste of

-

~  adult fish takes place usually in late-spring to The death-delying voyage isexhausting far  eventually o adults. After that they will

ﬂ-’ in the genes, sees the salmon battle its way spawning ground and lays/Tertilises its egps,  sallwater where they will continue their

rom the ocean back along estuaries, past itwill die. The new eggs develop into Lhe next  growth into maturity. &

—
. .- o p
ol

When salmean make their way back upstream to

spawn, they can encounter a numbser of

manmade barriers, such as dams and locks, To

ensure the fish can progress, humans hawe built

stepped channels that go over or around the
obstructions. Known as fish ladders these help

& the salmon overcorme othoreise impassabla

ohstacles and carry an the rest of their perilous

2 Ten Mile River, ISR
take this route every year so the addition of the " 3 rl;;!ttl I[-Iluhllr:::lqt japan

Bonnewille fizh ladder means these squatic 4 Bathurstinlket Canada

commuters can get where they need Lo go. 5 Anadyr Rivor

£

' Life stages
of a salmon

A sockeye goes through a The tiny translucent egys spawned

number of dramatic physical = in the gravel beds of freshwater
not to mention geagraphical - rivers and streams are a pinkish-
changes in its lifetime... orange colour. Each male salmaon
fertillses over 2,000 eggs, which

hatch after a few weeks.

050 | How i Works
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Ladders for fish Where do sockeye salmon live?

journey. The most commaon type of fish ladder b
laoks Hke a long stalrcase of minl watarfalls up ;
which the fish can keap, bul other varietios ¢ e
include elevators, pools-and-weirs and baffles,

The Bonneville Dam on the Columbia Riveris a
e salmon thoroughfare From the Pacific to
Freshwaler spawning areas between Oregon and T T Wy
Washington. Hundreds of thousands of salmon sk e

*"."— —

Alevin

An alevin hatches out of the soft The salmon ks now starting to ook
eggshell but remains hidden in the like & fish. At five to ten weeks old,
gravel for another month, £ will it leaves the gravel nest and learns
fead an a nutrient-rich yolk sac that to swim and feed on minuscule
remains attached to the small apuatic Insects. At this paint the
alevin's body, until it is absorbed, salmean are very vulnerable,

WA HOTA T TW TR SEA LY LD

Gill cover

Al=o calbed the operculum, this
hard but flexible suter lning
shields the gills. When the Tish
gulps in water, it seals off its
mauth and throat to allow the
wiater to pass over its gllls,
wrhich absarb oxygen.

|

Pectoral fin
& pair of pectoral Ting below
the gill cowvers helps with
balance and manoeuvrability,
Fin= are embedded into
rausche, nal other bones as
weith human limbs, so they're
highly flexible. Pectoralks help
to rmaintaln the correct
depth in strong currents.

After a few months, when the fish is
about 15em (Gin), the fry becomes a
parr. It"s still vulnerahle and so
develops dark vertical stripes on its
sldes for camouflage. 1t will remain
at this stage for up to three years.

WA HOW I TWORKSOATLY. T

i ! H Arctic termns Monarch butterflies Wildebeest Red land crabs Sperm whales

For some varieties of salmon runs TR IR | b e Rty R | etk Hre R L e ST M) ey ey BT

i - froarm the Arctic Clrcke dosn hbutterthy also waldabsest He L nt t Chetstras Island while bachelors ambark
cCan cover StﬂggE'r n d!StﬂnEEE 0 ,Up Inithe Antareilc Crcl b the peblt g 2900 Heemelne (L800-ike) crsin ot of thes toresta before i i e

. . h his itte seabind sgrati li i lri 1 rcreEsnon Sessnn arud them dioecki thousards:
! :::LI?:E.—;#?::III}:IE :;:Tﬂﬁ:iﬂ: ﬁl:ﬁﬂwﬁm march shleveys foruptoa afrmilas hﬂfln;-'mpuhzhg reLnEad
0 3,200 Klometres | 2,000 mies
] ] kilorretres SO0 miles] kilomstres (3000 miles)l rains that replensh the grass. wieek Lweards the shore. wilth e femnale whales,
A Tish nas I.: SOme "!l_"'|"_.:','_,.' SColes il 1Es Ife; s Lihe Mish Qriovwws =0 tog -.II_:;' EOCN 5L '.I':‘
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Lateral line
This is a series of flusd-fillad
canals (similar to what we
have inoar ears), which sense SEEIEE
vibrations through the water These overlapping plates
and help the fish hear, ar provide flexitle protective body
distinguish movernents in the anmaur sgEnst predators., wm
wiater and the direction in Scales grow in at the Iry stage
wihich it is flowing, of life. As they develop, they Dorsal fin Binomial: Oncorfymchus nerka

farm rings like you see in tree Like the salman's ather Typa: Fish

trunks. if a seale falls out a new fin=, the large dorsal fin Diek: Ormntvare feg kril,

4 4 one grosss bud without the leatunes a FTan of bomy zooplankton]
00 R inner growth rings, spines covered with a thick Average life span in the wild:
et "‘.i_, skin, Acting as a rudder, 35 yedrs
e, this fin keeps the fish

Pelvic fin

Like the pectoral lins, the
paired pehic fins assist the
salman with kalance, steering,
stopplng and howering.

By the time the salmon ks one to
three years ald, it no longer bears
any stripes but appears silver.
Smalts head for the sea, and in the
estuary undergo smaoltification as
they adjust to the salbwater.

Anal fin
Thu balancing anal fin
halps to keep the fish
upeight in the water,

Caudal fin
Thet largiest and mast powerul
fin is the caadal fin, or tailfin.

This weawes water from side to
side to propel the fish forward,

often against strong currents,

Once it gets ta the ocean, the adult
gquickly reaches maturity. The skin is
silvery hlue with black speckles
while it lives at sea, but when it
returns to freshwaber to spaw it
turns red with a greenish head.

steady and travedling )
upright through the water, Lengthe £4cm (33in)

Wieight: 2-7kg (51500

Adipose fin
This has seemingly
na functian.

The adults then make the perilous
trek from ocean to stream. The
spawning female digs a nest called
a redd into which she lays her eggs
far a male to fertilise. Within abouwt
o wieeks the fish will have died.

& A laimg; Corlica
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Bionics experts attempt to build

mechanical and electronic devices to

mimic biological functions. With the
exception of the brain, the human body can
essentially be broken down and rebuilt using a
combination of mechanical, electronic and
biological technologies.

A bionic limb strips human biology back to

its constituent parts. Tough materials like
aluminium and carbon fibre replace the

skeleton, motors and hydraulics move the limb,

while springs replace the tendons that store
and release elastic energy. A computer controls
motion and wires relay electrical signals, as
nerves would have done in a real limb, Users
are now even able to control these limbs with
their minds (see "The power of thought’).
Technology is also in development to replace
individual muscles and tendons following

052 | How It Works
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injury. The synthetic muscles are made from a
polymer gel, which expands and contractsin
response to electrical currents, much like
human muscle, The tendons are made from
fine synthetic fibres designed to imitate the
behaviour of connective tigsue,

The mechanical nature of limbs makes them
excellent candidates for building robotic
counterparts, and the same applies to the
human heart. The two ventricles, which supply
blood to the body and lungs, are replaced with
hydraulically powered chambers. However, it's
not just the mechanical components of the
human body that can be replaced; as time goes
on, even parts of the complex sensory system
can be re-created with technology.

Cochlear implants, for example, use a
microphone to replace the ear, while retinal
implants use a video camera to stand in for the

'_ iogy that really
faster, stronger...

Engineering
Entertainment

NS

human eye. The data that they capture is then
processed and transformed into electrical
impulses, which are delivered to the auditory
or optic nerve, respectively, and then on to the
brain. Bionic touch sensors are also in
development. For example, the University of
California, Berkeley, is developing "eSkin'-a
network of pressure sensors in a plastic web.
This could even allow people to sense touch
through their bionic limbs.

Replacing entire organs is one of the ongoing
goals of bionic research. However, breaking
each organ down and re-creating all of its
specialised biological functions is challenging.

Ifonly part of an organ is damaged, it's
simpler to replace the loss of function using
bionics. In type1 diabetes, the insulin-
producing beta cells of the pancreas are
destroyed by the immune system. Some

AW S A T T T RRCSEA T Y D1

STRANGE
BUT TRUE

LIME LOSS CULPRIT

The power of
thought explained

Culting-edge bionic limbs currenthy in developrmient
allow the user to control movernents with their
own thoughts. Technicalky called “targeted muscle
relnnervation’ it's a groundbreaking surgical
technigue thal rewires the nerses in an ampulaled
limkb. The ramaining nerves that would have fed the
miissing arm and hand are rerouted into existing
muscdes, When the user thinks abowt rmoving their
fingers, the muscles contract, and these
contractions generate tiny electrical signals that
can be picked up by the prosthetic.

The prosthetic 15 then programmed to respond
Lo these muscle movements, Laking each
combination of signals and translating it into
mechanical movement of the arm. Some of the
minst sophsticated kave 100 sensors, 26 movable
joints and 1T motors, all co-ordinated by a
computer built inta the prosthetic hand

& 'a:ilﬁst controls 1 -
a whaglchair usih a, "y I | atee
braintihachine

interlace

Computer

A computer in the hand of the
prostsetic arm oo-ardinates
all the ather components.

patients are now fitted with an artificial
pancreas: a computer worn externally, which
monitors blood sugar and administers the
correct dose of insulin as required.

Entire organ replacements are much more
complicated, and scientists are turning back to
biology to manufacture artificial organs. By
combining 3D printing with stem cell research,
we are now able to print cells layer by layer and
build up tissues. In the future, this could lead
to customised organ transplants made from
the recipient’s very own cells,

Advances in bionics mean that already limbs
are emerging that exceed human capabilities
for weight bearing and speed. That said, the
sheer complexity of our internal organs and
how they interact means that it is not yet
possible to fully replace man with machine,
But maybe it’s just a matter of time... @
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What is the number one
cause of limb amputation?
A Car accident B Diabetes C Lightning

Motor cortex

Thies region of the brain is
responsible for planning and
Cle=0l ljll'la1ll'|l.'| IMEment.

The right materials

Ome of the maost important factors in biomedical
engmeering 15 blocompatibllity - the interaction of
dil ferent materals wilh binlogical lissues,

Impdanted materials are often chosen because
they are ‘biologically imert' and as a reswlt they
don't provoke an immune response. These can
include titanium, silicone and plastics like PTFE,
Artificial heart walves are often coated in a layer of
miesh-Ehke fabric made from the same plastic used
for aoft deink bottles - Dacron, Ina biological
contexl, Uhe plastic mesh serves as an nerl
scaffold, allowing the tissue to grow over the valee,
securing it in place. Same scaffolds used in
implants are even blodegradable, providing
temporary support Lo the growing lissue, before
harmlesshy dissobing imto the body.

Bionic limbs are worm externally, so their
materlals are chosen for strength and flexdbdity as
opposed to biocompalibility, Aluminium, carbaon
fibre and titanium are all used a5 structural
camponents, providing huege mechanical strength.

Rerouted nerves
The nerves that used
ey feed the missang
lemiks are rewired inlo

existing muscles

Sensors

SEASOrS pCK Up Ty
clectrical signals when the
user thinks about moang,

Motors

8 series ol modors
replace the bickegical
function of muscles

Joints

Joints are designed to
match the natural range
al hurman mation.

1 Leorm more

If this blomics feature phoues
wour inferest, why nat vsit
London's FutureFest {28-29
Septernber 2013) where you
can witne armpelling talks,
cut ling-edge shows,

| technology displays and

interactive performances,

| hearing from such speakers as
“bionic man’ Berfolt Meyer, For
mare information wisat;
futurefest, ora,

Artificial heart
valves are ofte
made from metal,
suUch as Litaniurm or
stainless steel



"Some of the newest technologies

ECHNOLOGY

Building a ﬁﬂgﬂt
bionic human

Argus I, Second Sight
A camvera mounted on a palr
Advances in technology make it possible to build of glasses captures real-time
limbs with components that mimic the function of images and transmits them
witrelessly to an implant on the
the skeleton, musculature, tendons and nerves of reting. The implant contains
the human body. Meanwhile, the sensory system 60 electrodes and, depending
can be replicated with microphoneg, cameras, an the image, will generate
different patterns of electrical
pressure sensors and electrodes. Even that most 1
vital organ, the heart, can be replaced with a
hydraulic pump. Some of the newest technologies
are g0 advanced that the components actually
outperform their biological counterparts.

algnals, which asre th
to the remaining healthy
retinal cells. These cells are
activated by the signals, and
carry the visual information to
the brain for processing,

Interface

Merve cells respond
to electrical signaks

A by thae iinn

Wireless
technology

are so advanced they outperform
their biological counterparts”

Rods and
cones

Light detection by
nlanl.

Wideo signals are

sent wirelesshy
to the smglant.

Implant

The implant

\

Ganglion cells

The bang axons ol

transmils signals

via 50 electry

up the apiic nerse,

#

Cochlear
implant

Mucleus &, Cochlear

A cochlear implant has
four main components, A
ol Crop RN, Waarn resar
the ear, detects audio and
transmits a signal to a
sound processor, The
processor then arranges
the signal and sends it to
a built-im transmitter. The
tranamitter passes the
signal Lo an implanbed
receiver/stimulator, which
transforms it into
electrical stimull for the
eclectirodes, Finally these
sigmals are relayed to

the auditory nerve.

Cochlea
hamy thousands of

from the cochlea to
the auditory nerse.

Electrodes
Batwaren 4 and 22
electrodes interact
with the nerves of
the cochbea.

Receiver,

stimula

tor

Signals from the

extermal tr
ArdE e

the skin by this device,

il - —

ansmitier

= throwgh

Microphone
and processor
The eguiprnent for
detecting and
processing the sound
s wioen over the ear,

Electrical wires
The ssgnals ane funmed
into a series of electrical
impulses sent via wires

Aorta

The right-hand
artificial ventricle
sends oxynenated
Blood to the bady.

Pneumatic
tubing

Pulses of ar Irom
an external pump
push blood ot
of the heart.
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Artificial

Pulmonary

artery heart

The: lelt-hand artilscial

ventricle sends blood Total Artificial Heart,

ta the lungs to pick SynCardia Systems

A ——— F’Ias.tm hearts can be
irmpdanted to replace tha

two ventrickes of the
hveart. Plastic tubing is
inserted to replace the
valves, and Lwa artificial
chambers are also
attached. The heart is
then conmected to a
preumalic pump warn in
a backpack, which sends
bursts of air to the
chambsers, gensrating
the pressure thal™s
required to pump blood
around the body.

Synthetic
ventricles
Plastic ventricles
- replace both of the
lovweer chambers.
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KEY
DATES

BIONICS FIRSTS

The Tirad ki riasidian af &
wiooden prosthetic imb
win by a prisoner atter his
Fool wirs ampUilated.

The Tiral edeldanr imglsint
is created. Sounds are
unprccessed, bt it does
Rl wwith lip reading

T firgt Stecsesghil
artrficial beart innplant
aperation & performed
al the Unreersily of ah

Joints

Joints replicate the
range of mation ina
sz arrm and hand.

Electrodes
Electrodes plok up
signals Tram nerwes
rerouted inta
nearby muscles.

Computer

A COMPUTEr procasses
infarmation coming in
from the ebectrodes,

Beneath the casings
are malbors to provide
movement in the arm.

Bionic limbs
Prosthetic Bmbs have come on
leaps and bounds in the past
couple of decades, They still
retain characterstic features,
such as anintermal skelbeton for
structural support and a socket to
attach to the amputation site,
howewer the most Inmovative
models are now able o
reproduce, or even exceed,
biokogical movemnents. Mobors are
uged In place of muscles, springs
instead ol tendons and wires
instead of nerves.

The movemeant of mamy
prosthetics (s controlled
extemally, using cabdes attached
to other parts of the body, or
using a series of butbons and
swdtches New techmology is
ermerging Lo allow Lhe wer 1o
move tha limb wsing their mind
{see The poweer of thought™). The
mext loglcal step in this process is
diveloping lechnology thal
enables the prosthetic limb to
sense touch, and relay the
] information back to the user
DARPA-Tunded researchers have
developed FINE, a flat interface
nerve glectrode (see below left)
which brings nerves into close
contact with electrodes, allowing
sensory data to pass to the brain,

Touch-sensitive
prosthetics

Touch sensarp -

Sensors on the prosthetic

Electrodes

B panel of ebcirodies
sits across the
flattened nerve,

Signalling
The electrodes semnd
A =mall electrical

signal to the neree,
causing it to fire.

uch and send a

* Sheath
The merwe & eRcased
and Tlattened o
maximis Act area
with the electrodes,
~ Nerve

SLMSOrY Neras

transmil incaming

signals to the brain,
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Bionic reg

A spring replaces
b Achilles’ tendan,
providing elastc
energy storage.
Powered ankle
M medorizsed ankle
weorks in place of
the calf muscle.

IM'”'.,'.. PP b

Computer
bicroprocissors
analyse the user's

1

The joints are all

programmed to move
in co-ordination with
ane anather,

Thez Firat aetificinl rachas
trarspdant tabes ploce 0
Seseclon, 15ing a mynthetic
aralTold coaled in slem oalls

The future
of bionics

3D-printed organs

3D printing is the future
of manufacturing and
biologists are adapting the
technology in order to print
using living human cells.
The cells are laid down in
alternating layers alongside a
transparent gel-like scaffold
material. As the cells fuse,
the scaffold disappears,

Ekso skeleton

Ekso Bionics has made
bionic exoskeletons to allow
people with lower limb
paralysis towalk. Ekso
supports their body and uses
motion sensors to monitor
gestures and then translate
them into movement.

Artificial kidney

The University of
California, 3an Francisco, is
developing a bionic kidney. At
about the size of a baseball, it
contains silicone screens with
nano-drilled holes to filter
blood as it passes, It will also
contain a population of
engineered kidney cells.

Man-made immunity
Leuko-polymersomes are
plastic ‘smart particles” that
mimic cells of the immune
system. They are being
designed to stick to
inflammatory markers in the
body and could be used to
target drug delivery to
infections and cancer.
Robotic blood cells
The Institute for
Molecular Manufacturing is
developing nanotechnology
that could increase the
OXYEen-carrying capacity of
blood. Known as respirocytes,
the cells are made atom by
atom - mostly from carbon,
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Face mask

Masks are usualy used by
~ children and the elderly, but
L | amouthpiece is more

'}

efficient and less wastaful,

inw;l?:rwdﬂ

This infia ke delwers

5, B0 PET CEMn of the medicotion atomise

§ 2. BETTER

A fime mist accumulates in
this section ready Tor Thix
patient o breathe in,

Baffle
Partich= ol dilferont

sires are saried by the
baffle allowing droplets
betveesn one and five
micromelres o pass to
the inhalation chambaer,

Larger drops
Droglets larger than
frve micrometres are
deflected to the
reseryioar Baloas Tor
renebulisation,

Feeder tubes
Liguid medication is
sucked up thosae
tubes towards the

. area of low pressure,

s within the firs

Inhalation chamber ‘ ’

five minutes

Aerosol inhaled

<« Venturi gap

Air fram the
compressor is lorced
tthrough a small gap
creating an area of
ko pressure and
rapédly afamising the
Bouid medication.

Medication

solution

Ajir from
I compressor

Nebulisers demystified

How do these devices vaporise medication to treat respiratory problems?

For some treatments swallowing a pill
ar having an injection won't get to the

root of the problem. Nebulisers affer
an effeclive way toadminister drugs directly Lo
the lungs by vapaorising a liquid salution of the

drugintoa fine mist of airborne liquid particles

ane Lo five micrometres in diameter. Primarily
used to treat lung conditions such as chronic
obstructive pulmonary disease, asthmaand
cystic fibrogis, the mist is inhaled allowing the
drugs easier targeting of problem areas.

i T, s

Jet nebulisers use an electric pump Lo farce
compressed air through a tiny gap - the
Venturi. Here anarea of low pressure forms due
o the Bernoulli principle, which states Lhat a
stream of faster moving air will always have a
lower pressure, A liquid solution of medicine is
sucked up into small feeding tubes by this
pressure difference where it mests the fast
stream of airand alomises inlo an aerosol
mixture aftiny liquid drops and air. The patient
inhales this mixture through a mouthpiece or

mask, holding their breath for a few seconds,
which depaosits the fine particles in the lungs
instead of them being immediately exhaled.

Baffles inside the medicine container control
particle size, lrappingany droplels that are loo
big and directing them back lowards Lhe
reservair for renebulisalion. Particles larger
than five micrometres are unlileely to get as far
as the lungs before depositing, while those
finer than one micrometre tend not to deposit
at all, asthey'resa light, and are exhaled, ®
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iPad mini

With 3 1,024 « TEEpx,
e irestre (LS
dplany, & FiHz dusl-sone
{PU and S120E of BAM,
Apgle'e pan -2 g iPad
delssrs decent spece,

New Nexus 7
With & 1500w 1, W00
IPS gorean, & 1.55H

du bd-oore TR aand 208
af R, the ladest Mewus
T o fhe rrael bi-dief
seysEn-ine b bablet e

Galaxy Note 8.0
Orffmning a L2820 « 8000y,
SO0 F=canti meire Geghdinch
TFT g reery, & LEGEHZ
muad-core CPU ard 258 of
RA R, the Cualicy Mote B.O
Fexs mabd al-round hardvns.

HEAD

“Along with the Snapdragon 54 Pro
system-on-a-chip, [it] is also fitted
with an inductive charging coil”

WorE
TECHNOLOGY

HEAD

TABLET WARS

.
-

< if

FIYENEGENR 1He new Nexus 7 s said to offer uj

Nexus 7 teardown

Qualcomm Atheros
We identify the next-gen tech powering this hot new tab Elpida RAM -

] This chip is responsible for
_EGB'E‘f RAb comes i contralling the tablets WLAM
in the shape of four : a/big/n, Bluetoath 4.0 and

Inside the new Nexus 7

Google’s latest Nexus 7 has the most detailed screen ever created for a
tablet - and it comes with a bevy of other advanced technology too

The new Nexus 7, the second
ganeralion of the Google-made tablet,
isa17.8-centimelre {seven-inch)
device which currently can boast the highest-
resalution tablet screen of its size in the world,
This record comes courtesy ol the 323-pixel-
per-inch {ppi) panal display, which is
unsurpassed inany other tablet an the market

- and that includes Google's own larger Nexus Wi-Fi, Bluetooth, NFC and LTE are all supported sereens with high ppl counts are capable of A built-in inductive charging coil tar its wessght reduction from the
‘o ; ; i displadng rmedia with superior lidelity ie means the tablet can now be ariginal, It has a matte finish on napdragon 54 Pro i
10, which clocks inal only 300 ppi. -lhelatter broadly so wilh seven LTE dala : ! . recharaed wireles _ The Newus T's sytam-an- .
. i ] h h i . hled i h h , crispniess and detaily than those with lower a shy. the rear to help with grip. | SEYS SK Hvnix NAND Flash
I8 nol just a one-trick pony though, In requencies enabled in both North America and counts. Typically high ppi screens are therefore a-chip contains its 1.5GHz ynix as
addition to the Nexus 7's recard-breaking Europe; a leal thatl no other lablet can lay claim associated with expensive, larger panels, such as quad-core CPU and Storage comes as a single
' - - . ; . thase used in hi-defl computer monitars Adreno 320 GPU. chip of 165G eMMC
screen is a host of ather culling-edge hardware, 1o, Abroad range of lrequencies means thal the Importantly thaugh, having a physically la Scrapn el solid-state memary.
Along with the impressive specifications ane device can be used in conjunction with a screen does not in i?serf requlgilre a high ppi mrl?:t The mew tablet's screen
delivered by the lablet’s Snapdragon 54 Pro variely of netwarl suppliers, such as ATET and with mary larger (and cheaper) panels delivering is 2 1,820 x 1 200px IFS
syslem-an-a-chip, the new Nexus7isalso fitted  Verizon in the US and Vodalone and Orange in Ieve prpi counls and poor lidelity, To lind such a LCD panel with a prel
g P ! B small screen with such a high ppi count in the density of 323 ppi. Motherboard -,

with an inductive charging cail. This cail is
degigned to work with the Qi wirelass interface

standard and, partnered with a compatible
charging device, allows Lhe lablel to be Lopped
up wirelessly by electromagnetic induction,
bolstering a growing range of products doing
away with traditional wired chargers.

In terms of soltware, the new Nexus 7 comes
pre-installed with the latest Android operating
system: 4.3 Jelly Bean. Interms of connectivity

the UK, rather than requiring individual
netwaork-specific models, &

-

Why does ppi matter?

Arguably the most advanced plece of techmology
an Lhe pew Mexus 7 is the 323 ppi screen, This is
a vast improvarment on the ariginal, which
featured only 216 ppi. It's also 3 word record for
a 1T B-centimetre (seven-inch) tablet,

The greater numbser of pixels you can squeeze
into am inch of a device's panel, the higher the
panel's owverall resolution will be. As such,

Mexus 7 is something of a techrological leap.

Inductive charging coil

A, Brace ol thin,
plastic-composite
speakers are installed in
the top and bottoam of
thi Mexus 7% casae

- Casing
A purely plastic case contributes

ualmmm .............................. i

12ME DDR3L chips. |

FB radio lunctionalily.

The matherboard contamns
awaricly ol key handwane

{explored in detail above),

Cameras ... gl
There's a ShE,

autaloous rmar camiera

and a L2MP front-
facing camera.

~ Battery
The 3,950mé&h battery is rated at
.8V and 15Wh it offers an extra

haowr all usage aver the arignal.

B e Daughtﬂmrd

& secondary cirouit board
haolds the tablets capacitive
touchpad eontroller - an
EL&AM integrated cirouil.

The statistics...

Nexus 7 [second gen]

Hebghts 200 (7.91m
Widthe 119mem (4 5

Depthc B Trmm (0500
Wiesiglhtz 2000 (10 202
I Ehis uﬂ.rr:'s Group Serean slze: 174, 3mm (T
Test, we pit three of e Seresn resolution:

the latest tablets head
o head, including the
second-gen Mexus 1.
Sea which comes out
an top on page 88,
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The nenar Mexus 7 is
mat anby thinmer and lighter
than Ehe ariginal bul Taster oo

L5920 x 12000 {323 ppi)
Battery: 2.950mAL
Storage: |6,/ 2268

Rear camera: ShiP

Front camsera: 1 2P
CPU: | 5GHz quad-care Kralt
GPLE Adrorie 320

RaM: 2GR

5 Aredrcid 4.3 kally Bean

How It Works | 059

i Carig b, Samsun; Pl iLeom



GREAT PHOTOS MADE EASY

www.photoforbeginners.com
LR U Great shots with any camera

] ™
. e )
s

o =1

shots with any CaMeTa ; coote with any Camera

e aily s F

SPIdL

No. 1 for beginners Grea Nu.lfmhegim Greatsh

fm f" ¢ P |:|.:|.-~.|;-;-"5_::.5_-,|,; C— S Ny

Camer Great phogreat photos _
Skllls -!!Emwmeek‘ : "’Eiﬂnlesﬂlm - % | e

Shootng echiigues l-"ﬁ:klh!rﬂi v Macro tricks

b inclershand SEIgs 1 zoammhm
mEC-eE

& P I_||||_.i"'\-\.lll\.:-

" d . 1 1!
REDUCE NOISE  YOURIDEALKIT m S e | SUESTKITRATED o
R DT TR e ThE R T AR b o Siliry by
amri Herr i viepn. inymr oaieeape: b By

Available
from all good
newsagents and
supermarkets

Inners

ON SALE NOW:
> Landscape tricks > Master lighting > Capture stunning portraits

PERFECT SETTINGS SHOOTING TRICKS CREATIVE PROJECTS EASY EDITING TIPS SHARE WUH SHOTS
4 ” R A
E "II- J 0. I

BUY YOUR ISSUE TODAY

Print edition available at www.imagineshop.co.uk
Digital edition available at www.greatdigitalmags.com

Arvailaiba an the 1ol lesing platioms

— facehaoak .com/PhotoforBeginnars

twitter.com,/PFEMag

THE

pivensions 1/ 9X92X0.5mm cev 2.2GHzZ quad'core
STATS

XPERIAZULTRA  WEIGHT 2129 DISPLAY 1,920)(1,080[3)( BATTERY 3,000mAh

(OIONYOLIKNOW 2

Waterproof smartphones

How do these electronic devices carry on working even when underwater?

waterproofing a smartphone; physical  plasma-enhanced vapour inavacuum chamber (o the waxy feathers ona duck's back,

barriers such as port covers and sealed  at room temperature. The vapour containg a preventing water from infiltrating the top layer
seams that prevent liguid entering externally, and forcing it to rumn off the sides. Obviously, in
and nanocoatings that penetrate the device the case of a smartphone, this action would
entirely and actively repel water. While both prevent water from penetrating the delicate
technigues are used, the most effective is the internal components. However, due to the
latter, enabling devices to be water resistant vapour disposition process, even if water were
without compromising on size and aesthetics. to penetrate the mobile’s casing, each internal

There are different types of nanocoating, but component would alzo be coated with the

one of the most commonly used is that made by polymer, protecting them until the water
Pzi. Thiz company’s waterproofing process evaporated orwas dried off manually. &

i— =] Today there are two main methods for  involves subjecting any electronic gizmo to a Simply put, the coating acts ina similar way

gaseous polymer, which when brought into
contact with the device’s surfaces - both
external and internal - forme a super-strong
covalent bond and waterproof barrier 1,000
times thinner than a human hair.

Once on the phone, the ultra-thin polymer
layer then dramatically reduces its surface
energy, forcing any water that comesinto
contact with it to bead up and be repelled.

A phone worth splashing out on

We pick out the key components that keep the Xperia £ Ultra super-dry

Waterproof
phone rivals

Motorola Defy

With a single-core
BooMHz CPU, 512MB of
RAM, a1,540mAh
battery and a small
g.4-centimetre (3.7-inch)
screen, the Defy isvery
much an entry-level

water-resistant phone.
1.9GHz Snapdragon

‘I‘.l T
CPU, 2GB of RAM

and Android 4.2.2 installed,
the 54 Active is a decent-spec,
good all-round smartphone
that can take the plunge.
Sony Xperia
: / Z Ultra
With a huge
DED’“‘I i et el : 8 : g

&5 the 7 Ultra is IPSS/PSS 163-centimelre
certified, it can be submerged {6.4-Inch) screen,

in up o LSm (4,51 af a2 aGHz q nad-core CEU

frashwater withowt risk of d AMP i

damage. It is also protected and 8 camera, the

Tram kow-powered jets of water. Ztra iz by far the largest
and highest-spec waterproof
phone on the market to date.

Pﬂrt COWBES -=weimaiansia
Each parl an the £ Ll
comes with a protective
ocover, These prevent wates
enterng whike submerged.

- Tough materials
Thank® to,a hartipned
ghass front and back
covers, plus encircling
metal frame, the phone
E&n Femain undﬂn\'_all'-r
for up to 30 minutes

Samsung
Galaxy

54 Active

With a quad-core

Sarnaung Releiih

-
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KEY 1970s 1984 1991 2006 2010

“Using digital technologies with : . : : ‘
e W the internet, schoal is becoming DATES ™o Moot oo osemoe | fagell] e
TECHNOLOGY a multimedia experience’ PCsINSCHOOL  [umnsiv i e Barea I o e IR o s i pRpieabiong

BIGIERERP 1 english primary schools, there ore currentiy oround 1.8 students to every computer

Digital classrooms . #&8 z,\ l

From virtual lessons to interactive whiteboards, discover

how new technology is revolutionising the way we learn

Technology 1s now at the heart of marny thie carmer: in fact, interactive whiteboards are now i _ 1 iy - ALY \‘ 4

classrooms, providing students with access  the focal point of many classrooms. A sivius, pen or - : ' P ] L ) : . 5 A

to a whole new way of learning. Using finger iz used tointeract with awhiteboard, on 1 | e, ; AN 2 s U ] n
digital technologies, combined with the internet, which is projected an image of the computer screen. | h i ' I 35 af. ; B h o very much ;

school is becoming a multimedia experience.
Indeed, In 202 there were 1.5 million iPads inuse in
education, aswell as over 20,000 educational apps.

Of course, the Internet has brought a huge
resource o the digital classroom, granting instant
access to awealth of online information and
educational tools. Many universities are uploading
free materials to massive open aonline courses (or
MOOCs) lilke iTunes U and Coursera, providing global
access to free world-class education. Classrooms and
labs are now also often equipped with microphones,
speakers and webcams, opening up opportunities
far collaborations across the globe.

Access to these digital educational resources 15 no
longer Hmited toa single, rarely used computer in

The user's movernents are detected by the board and e | Ay e 0 i ! ; ' Bl the past

relayed back to the computer, allowing the user to
write and draw on the screen (see "Mexi-gen
whiteboards’ boxout for more detail).

The interactive whiteboard is so much more than
adigital chalkboard though. The pen-style interface
means that many models come with bespolke
software capable of handwriting recognition,
cormverting everything that iswritten on the board
into a digital archive. There are also programs
available that allow anything drawn on the screen
to be printed, recorded, shared and rewatched later.

This has opened up possibilities for remote learning,

allowing studentz unable to attend the physical
clagsroom o still participate virtually, &

& Ty
What technology makes a
whiteboard interactive? e Infrared and ultrasound
Intersctive whiteboards use a Light and sound travel at differant
Receiver speeds - by determining the time

variely of technologies Lo provide
the interface between user and
screen. Infrared whiteboards use b
infrared wavelengths directed arrival time between waves
across Lhe surlace ol the board emitted by the stylus. i
When a pen touches the board, it i
interferas with the light, allowing
thee pind of contact to be
calculated. Similarky, ullrasownd
whiteboards use the deflection of
ultrasound waves to detect a
atwlus's mowements,

Sarme whiloboards, ke The |
eBeam made by Luidia pictured i
here, do not actually needan
alectronic board at all, but use a

The recelser (on the board) delany bebween each, the distance
detects the dil lerenon in to thee source can be caloulabed,

- Stylus
The stylus generates
infrared light and
ultrasound as it
tosches the board.

g A , How do we learn digitally?

the PC's mterface

detector which is mounied to the As wi learn, connections between be adapled to individual students,
side of a traditional whiteboard, an 2 whiteboard. neurons in the brain are reinforced; One of the major advantages is that
The eBearn system actually Tracking the more they are used, the stronger technology makes keaming more fum,
cormbines both infrared and Infarmation aboul ; they become and the more aaslly we keeping pupils engaged for longer and
ultrasound. By using Lhe Lwo the position of tha [ ] are able Lo recall the information. providing mermarable experisnces Lo
together, differences in the time pen i then relayed Digital classrooms provide an really help the knowdedge stick.
taken for the waves of light and to the computer. engaging environment to reinforce Cne technigue being increasingly
sound to travel across the board rnemary. Different people find that employed to enhance learning theowgh
enabde the location and direction : Lhery learn more easily in some ways technology is ‘gamilication’ - -
af the pen to be pinpointed. This Computer oo than others = some preferring to essentially turning learning inkto a
wiorks ina similar way to Software an the computer wiatch, others preferring to interact, game. The best educational games
predicting the distance of a storm treats the receiver as il it : ete, Digltal classrooms are able to allow the student to leam withowt The amyadalae in the bealn
based an the lime delay balwoen were 3 mouse, using the alfer Lailored ways ol lzarning, evin realiging it Many of Lhese garmes
secing the ightning strike and information to interact appealing to awide range of also inchude virtual rewards and
theen heearing the thunder. with the desktop. ; preferences, and enabling classes to leaderboards for an extra incentive.
LY P
%
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Solar System

Exploration
The universe
ASLIONDITIY

Mission to Jupite
Meet the ESA's new spacecraft that will exp. ore the Solar
System’s biggest planet as well as its fascinating icy moons

B Jupiter and its moons are partofasort  saltwater ocean lurking beneath its surface, however, a new breed of spacecraftis on its way

of 'mini Solar System’, called the while Ganymede bears tantalising hints of a to study the Jovian system like never before,

“  Jovian system that we still don't fully  thinozone layer not too dissimilar to Earth's, Already en route is NASA's solar-powered Juno
understand. Jupiter itself holds the record of With all that in mind, Jupiter has been the probe, which will arrive in July 2016, and by
being the largest planet in the Solar System, focus of several exploratory missions over the 2030 the European Space Agency (ESA) will
with storms the size of Earth and a unique past few decades, from passers-by like the hopefully have its own spacecraft in orbit
atmosphere making it aworld of great interest.  Voyager spacecraft to the Galileo orbiter that around the gas giant, called the Jupiter Icy

Orbiting Jupiter are dozens of natural remained in the system from 1995 to 2003, Now,  Moons Explorer, or JUICE for short.  #

satellites that are equally intriguing, with the o ' ) ; ;

four largestbeing the Galilean moons: fo, Europa is an icy moon with a possible

Europa, Ganymedeand Callisto. Eachofthese  galtyw/gter ocean beneath its surface, while
is fascinating in its own right: Europa, for

instance, is an icy moon with a possible Eﬂﬂng’dE’ hEDIrS hIﬂtE Df O th”_' DZD”E"
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wl i NN N sk was launched on an Ariane 5

sk 11.86 Earth years &% 9.92 Earth hours
BRREEEON 741mn Km wess 317.8 Earths  §Vess 67
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ESA, CNES {the French space agency) and the private . racket fram the Guiana Space
company Aranespace eonduct many of their rmeket i [ Centre on 14 May 2009
launches from the Guana Space Centre, a spaceport

located near Kourou in French Guiana that has been :
operational since 1958, Notable launches from here §
inchade the Herschel space telescope and the Galleo - ¥
satellites used for global positioning.

The Guiana Space Centre is 3 prime launch site for two
main reasons. The first is that it is located close to the
equator, which means that rockets get an extra
speed boost froen the rotation of the Earth that
they wouldn't get at more northem or
southern latitudes. Its second advantage
is that it 15 located In a sparsely . 1

popubsted area. Rockels launch over L 1 I . e
the Atlantic Ocean, =o if forsome e o | £ -
reason ane were to fail it would o :l -* [ g
safely fall into the ocean and not . i . |
CCHNET Ty LR } arcas, : T - - e — "i':———. e e —— = =, S R Y
—— — : i . o — g e e —

rney to Jupiter

1e JUICE spacecraft will make its way to the Jlovian system 6.Jol

The Gamymede assist will
enable a Jupiler arbital
insertion () manoeunvre,

7. Orbit
: By lanuary 2030 or
10. Mission ends  August 2031 (depending
Thee rvissbon will finksh in I an the launch date),
5. Ganymede June 2033 or Decenmber ! JUECE will enter orbit
Upan approach to Juplter, 2034, again depending i around Jupilor
JLUBCE will perfarmm a granity an the launch date. i oy

assist manoeuyre around
Gammede 1o slow down.

Fr

1. Launch

JLHCE will laaanch atop an
Arane 5 ECA rocket in June
2022 or August 2023,

3. Back to Earth
JUICE weill then fly pastiEarth
again to pick up mare :-::_“'I:I
before embarking on thell
kong vovange ta Jupiter.,

J.:-I" i
# 9, Callisto B.Europa
o~ After an encounter Once inorbit, two
4, To Jup<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>