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This is ane of five sperm whales stranded on the

beach of Texel, a Dutch island, in 2016, Locals were T
unable to return them to the water and they died. 7 ik -
But why did this pod end up here in the first - 1\
place? Scientists still don't know exactly, but e,
they™ve been daing it in greater numbers, Sea
paollution could affect mental development, e

while ship and submarine sanar could
interfere with the whales’
echolocation.
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Fireworks Galaxy flare-up
baffles scientists

Wiits by Brandon Specktor

on't be alarmed, but the Firewarls

Galaxy iz exploding. Admittedly, it's

been exploding for a while - at least
sinee 1gay {give or take the 25 million years
that light takes to travel from that galaxy to
Earth), when astronomers first glimpaed &
large slar erupling into a supernova there,
Since then, scientists have detected neary a
dozen stellar explosions in the galaxy, but
none quite Hke a mysterious green hlotch of
x-ray light recently observed,

Whint maloes that blotch special? For
starters, it's not a supernova. The x-ray
signature detected by NASA's Nuclear
Spectroscopic Telescope Array (NUSTAR) is far
maore energetic than a typical supernova. But
more importantly, the enerpetic x-ray blast
also appeared and dizappeared from the
galaxy in aboul ten days =a briefer
appearance than a supernowva, which can
brighten and fade over hundreds of days.

%0, the greenish blast of invisible energy 15
probably nol a supermova, Whal is il, then? A&

012 Howe It Wiorks

recent study published in The Astrophysical
Jouvrnal provides a few goesses. The authors of
the study, who glimpsed the mysterious blast
of energy by chance while studying
supernovas in the Fireworls Galaxy, said the
niystery explosion likely involves one of the
mgsh powerful objects in fhe universe -
possibly a black hole or neutron star - tearing
apart one of its stellar neighbours. While
black holes are black, thelr outer edges glose
with intense radiation when nearby objects
it pulled into the black hole's orbit,

It's possible, according to a statement
accompanying the study, that the sonrce of the
green blastis a black hole that devoured a
nearby star, As the black hole's overwhelming
eravity rips that star to shreds, stellar debris
could start splnning around the hole. The
debris closest to the hole's event horizon could
orhit so quickly that it gets hundreds of times
hotter than the Son in our Solar System. The
debris could then radiate x-rays as it gets
suched into oblivion.

The Frreworks Galaxy is

krimaen for rts suporravas

. imeaen in bue), but a2

# F mystericus xeray explosion
{ogreen) has so eur.i:'g =

' 5 “zoralihing Lheir fisgids

A neutron star, the ultra-dense corpse ofa
ance-mighty star, could also be the culprit
here, Neutron stars exerta gravitational pull
billions of times stronger than Earth’s.
However, these stellar corpses spin so
blazingly fast that it can be impossible for
nearby debris io reach the object's surface,

Spmetimes, however, a wobble in a neutron
star's magnetic field can slow the object's
rotation enough for debris to get pulled into
the star's glowing halo of destruction, a
teature similar to what might swirl around a
black hole. The pulling in of debris conld
result in the sudden appearance and
disappearance of an x-ray blast, like the one
seen here, Ifthat's the case, another flash of
radiation is lilkely to appear in the same spot,
Fallowdng a future magnetic feld wobhle.

Scientists will continume moniloring the
Fireworks Galaxy bor possible repeat
performances of this unusunal x-ray event,
walting for another unhecky star to go oot
witha bang.

wiwrw hnwitworksdnily, com
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'Chemical exposure’ linked to
mysterious vaping disease

Worcks by Rachoe| Bettner

hie rumnber of Americans struclosith

fapsteriows, vaping-related lung ilnesses

izrising. The fenters for Diseasa Control
and Preventon iC0C) has announosd thatitia
awvare of o pessible cases of severe lung
illmvesses inlked tovaping thatare woncder
investipation in gy U5 states. Three desths have
heen confirmed in conmectinn with these
llmesses, Many of the patkents are (eens o young
Az, ALl pallenls peporbed using e-cizareuies,
and many usad the devices mvape marijuana.

Sin far, tha rause af the 1lnese s unknosm; nn
:_~.'i|'|;.:'|:-'.'."l|:|:|'|_|.',|_|lj"."|:|,'__ |_‘;'|,||,| et or substance has
been tied toallof the cases, said Dr Dana Meaney-
Delman, the manager of the CDC's imeestigation.
Officials heliswve “rhemical exposure’ 15 Hkely to
bbbt these (nesses, Tt mouack more
indormmiation is needed, Meaney-Delomansaid.

The CTC announcement coincided with the
Telzase nf seweral news repnrts on vaping-relared

illmesses, O, published in The Ve Snglamd

ANIMALS

Journal Of Medicins, descrlhies 53 patients from

WWisoonesin and Himois weho developed respiratory
symptomes after vaping. Maost of these patients
werayoung, male and healthy prior o rhedr
illmess, Patlents had sympboms such @5 shortness
af breath, coughing and chest pain, nausea,
vammiting, bevar and waight loas, Al of the patients
had wvaped within the prior three months, and B4
Pt ek TepoTied vap g ATl uana products

Thie peporlseems Lo suggesl Lhial vapdng-relaled
lungillnesses are a new phenomenon, and ot
sornething that stmplywent undetersad inche
past The rate sl roonthily PINETEETICY FOOM Visiis
for sewere lung illness inoyoung adulls wias twice
ashighin June toAugust 2009 45 the same months
im zmid, the study found,

The C0E recomend s that people considet not
i e-cigarelies wiile e iovesUgalbon s
angoing, and should nat be used by children or
adolescants, yoing adules, pregnant womnen or
adulig whn :“|,|r||_'r'l,||,- daom'tuse fehacoo procinets,

GLUBAL EYE
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Woman

pecked to
death by
rooster

Weids by Rachael Rettner

winman inAustralia whaowas atracled by
aronster died after the bind's pecking

caused her leg to hagmorchage profusely,

according to a neve report of the case.

The26-year-old woman was collerting
chicloen eggs on her rural properiywhen an
aggressive rocstor began pecling al beer
loweer-left leg, according o the repart, published
imthe journal Frensic Sclence, Wedicineand
Palthodogy The pecling led toa "significant
haemorrhages " which cmused the worman to
collapse, the report said, An autopay revesled
mwio small lacerations on her leg, one afwhich
WESOVET A 1-:1.'[":' Coarioese b, DoCinrs
corweluded tat tee wornan died [rom
"exspnpuination” due ta bleeding from a
= waTirnseveln following the rooster artack, the
eport said,

01 Heew 11 nrks,

say althars
of & neres
repart

Vartrnzsvelna are vsually not harmmifol. Butin
Fare L ceomplications,
including blesding that is difficult to swp,
aroording tothe NHS. Ina zowa report published
in rthejourmal BUWC Research Vokes, resrarchers
fromn Greeoe described the case of & sé-vear-old
ozl who died [roam bleeding due toa
ruptured varicosevein. Underlying conditions,
auch as heart disesse, may inrteass the risk of
death from varicoze vein bleeding,

Attacks by roosters are "very rare,” Or Roger
Byard, a proteasor of patholosy at the University
nf Adelaide and cn-author af the new report, fnld
the ausiralian Broadoasting Corporation (A0,
"This case demonstrate: Lhal even small donesti
animals may be able to inflict lathal injurieain
indivicuals ifrhere are speciAcvascular
vidlneratilitios present,” the report said,

STRA&MGE NEWS

Underwater
thieves steal
research
station

Wiords by Rafli Letzter

research stalion the size of a small

car has completely vanished from

the bottom of the Baltic Sea. And it
leoks lilke the statlon's been stalen. The
observatory, which was run by the
GEOMAR Helmholtz Centre for Ocean
Research, consisted of about 740 kilograms
of equipment. Itz job was to collect
environmental data from the ocean logr
and transmit that information to
researchers on land. But on 21 August, the
station stopped sending data.

Al first, researchers suspected something
had gone wrong with the transmission, But
divers went to checl on the site and found
that the entire Bolmis Eclk Observatory had
disappeared, with just a "shredded ™ power
cable left behind.,

The missing observatory had been ina
restricted area 1.8 kilometres off the coast
of Kiel in northern Germany, not far from
the Danish border, the BBC reported, No
storm, tide or large animal could have
micred the statlon, GEOMAR said ina
statement, Police are investigaling, and
GEOMAR asked that any members of the
public who might hawe seen something
report it.

The station had been carrying
instruments for an environmental data-
collection project that's been poing on since
1957. The project has maintained &
conbinwous record of key ocean variables,
incloding tempemmture, salinity and levels
of nutrients, oxygen and chlorophyll.

The ardy remnant of
Llse shsgrvalory was
8 fraved power calile

ot AL

e

EiFurdn



Flrst left-handed genetic
markers found

Words by Rachael Rettner

chenliste bave discovered Uue st gene lic

marlars tied to being left-handed,

acrording to & new study, Tn eddifinn,
these genetic markers may play roles o brain
cleveloprent and cornmunication between
differant brainareas, the authors said. The
findings, published in the joumal Bredn, “Shed
conslderably more Hght on the [2iclogical]
processes leading Lo el Fhanded ness,” study
lead author Dr Akira Wiberg, a research felloswr at
the Unmeersity of Oxford, 2aid 1na staterment.

About ane n fen |_||:'l_‘:|||-:_'-'.-'|.'|,|r'||,|n-.-i|_f|_' are
lett-handed. Scientists bave knovwn that penes
contribute o being leh-handed, but they didn't
knasrwhich genes are insmlvad. In the nevs
study, the researchers analysed the genomes of
abpoul goo,ooo people in U UK whwse health
records and genomic data are part of a database
knoiam a5 the UK Bichank, Ofthese, ahour 38,000
wpre [ef-handed,
T.".l.' researehers l-;:-ulcl_'dJ-.l:-'JiJu.-rf'l|LT_':.-:]'J thus

STRAMGE NEWS

Led -Daanaded. Thees of Livese muarloors were
located in penes that provide instroctions for
making proteins imealved in brain development
and structure, For example, some of these genes
wiere invobvad Do bhe setep ol microtuboles,
which male up the seatolding inside calls,
kmown as the cyioskelaton.

The researchers alsoanalysed brain scans of
aboul o, eoo par licipants and lowed U Uese
peneticmarkers are linked with differences in
the hrain's white matter - Inng neree fihres that
alloes areas of the brain o commusicate, [0
pacticular, thve difberences veere most
pronounced intracts connecting language-
related regionain the hrain. “We disroversd
Chat, inleft-handed partichpants, the language
areas ol e ledlond righl sides of Qe brado
communicate with each ather ina more
rivardingted way" Dr'Wihetgaald.

This fnding sugeests that *lefi-handers might
bavver s acdvantage wheen it comes o perlorming
varbal tasls,” but much more research would be
neegded toshow thizs, hesald.

wa—— ¢ B
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Left-handied garstiz
rmarkers may play a role
in krain develapment

This phota of Messie

from 1934 wirned out

tabe a hoax created

witha toy submarne
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Luch Ness contains no 'monster' DNA

1y Tam Metcalfe

e Loch Ness monster has haunted a
deep Scottish lake for more than 1,000
years im ira |.r|r|.L|l ion, al leasi. Bul a
srientific survey of the waters of Loch Ness
found it containe no traces of "monster” DMNA
at all, adding welght to the already likely
prospect thal "Nessie” doesn't really exist,

Geneticist Neil Gemmell of Otago
Uniwversity in Mew Zealand said an
environmental DNA survey of Loch Ness saw
(B LF] si;:;rlzs il wias homee Lo any ;g.i:_lrl.l_ repliles or
wiitwnrksonilig

W e o

aquatic dinosaurs - a theory sometimes used
to explain the mysterions monster, which has

FEpEar li=cl I:,,' Been seen several Dmes simes Che

w3os. Gemmell said the survey revealed DNA
traces of more than 3,000 species living
heszide orin Loch Ness - including fish, deer,
pigs, birds, humans and bacteria, But "we
did not find any piant reptiles; we didn't find
any reptiles at all," Gemmell told Live
Sclence, “We tested a variety of ideas ahout
;:lli:_lrll_ :g:1_||1';_|;|:_'|_:|||rji_:|r callish thal nli;glllt e hiere

from time to time, butwe did not find those
elither," he explained.

One thing the resea rehers did lind iz thal
Loch Ness contains a lot of eels, And the
researchers say it is possible, although
unlikely, that sightings of Nessie may
actually be sightings of overgrown ecls. "Out
of the 250-odd water samples that we took,
pretty much every single sample has pot eels
im it," he zaid. “But are they glant eels? 1 don't

kemoa,” e said.
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Salt saved
ancient
scrolls from
destruction

Wwiorls by Brandon Specktor

T I D Sea Scrolls are a marvel, Biried
for roughily 2,000 vears under piles of
debris and bat puanoin a cheinof caves
in the Judsan Desert, the collecton of nearly
1,000 [ragmented manuscripls includes biblical
texts, ancient ralendars and early astronomical
nheervationa. Amang these mysterious artefacts
—rmany nfsilch are nom i
parchement - one impeccably pros
docurnent stands out

The Temple Scrall, named for its description of
a [ewelsh temnple that was never bl 15 one of the
Iongest jeight metres long), Lhinnestand casiest
scrolls to read, Why, out of thousands of faded
fragrnents found inthe Judesn crves, has the
Ternple Serall fared sowell after tan millennia?

Ina mew study published inothe journal
Science Advances, researchers atternpted tofind
mut by sorutinising & plece of parchment using

J E-TEY AN SPeCiTns: 1] &t their
il They Touned Chal the scroed] did ndeesd

hawve something its ancient siblings did not -
traces of a salty minersl sphation not prassntin

1ded 140
theast af

ﬂrw kazgan
4 Bnnny

BAE-1

016 "I.'!ﬂ:l‘l'l'f.‘ﬁ

The Termgle Jl‘rllll - e

any other previously studied scroll, nor in any of
the cavas orinthe Dead Sea itself. "Understending

critical for the development ol suitable
conservation methods for the preservation of
thesainvaluable historicel documents," the
researchers wrotein the study,

Prior studies revealed thal the Temple Sceall
vwals unliks maost other Dead Sea frapments, in
thatit was compoaed of several distinet leyers;
anarganic laver rmade of the antmal sldin that
served as e parchment's base, and an ingrganic
Layreer of minerals that may bieve beenrubbed on
duringa perchment ‘finishing’ process.

T flgure outwhat this inorganie laver was
made of, and whether itwas rubbed thene
intenticnally, the team studied a fragment of the
Templs Scrolluzing =rey scens &nd Raman

':-‘:un'_

spectroscopy - a technigue thit reveals the
chemiral compaosition af a substance by
wvatrhing haower laser light scarfers nff
variouns chemical elements, The researchers
found that thee scroll wis coated ina mixture of
galta made from sulphur, sodium, calcium and
other elements, However, these salts did not
match elements fowmd natucally on the cavie Door
orinthe Dead Sea, ruling outa natural orizin.

[t's pozsiblechat chizsalt cpating hes
contritted to the Templ nll'sun IF!|LIF1'q’
well-preserved appearance, the
- but it could also bean ingredient inthe ..:..n.-J.l ]
aventual destruction. Az the zalts detertad on
the serall are knoswm to suck motsture aut of the
air, Uhelr presence could ™ ~
depradation” it not stored properly, the authors
alsn=aid.

Unpiloted capsule retums
to Earth with humanoid

Winrrs by Tarhyg Malik

n & September an uncrewed Russlian

Sovuz spacecralt returned bo Earth,

bringing a humanoid robot home and
wrapping up a first-of-its-kind test lipht to
the International Space Station. The Soyuz
MS-14space capsule landed on the steppes of
HKazalhstan, but sitting inside the spacecraft
was no human crew. Instead, the Soyuz
carried the humanaold robot Sloybot P-Bro and
other Russian spacellight gear,

Soyuz MS-14is the first uncrewed Soyuz
spacecraft ever to visit the International
Space $tation, The three-person vehicles have
typically been used to ferry human crews (o

and from the laboratory over the years.
Russia's space agency Roscosmos launched
Soyuz M5-14 uncrewed on zz August to test
the vehicle's compatibility with an upgraded
Soyuz z.1a rocket. Roscosmos officlals also
uged thae Might to test other upgrades o Che
Soyuz capsule, designed to allow huture
robotic versions to return cargo back to Earth.

Im additlon to 657 lkllograms of supplies, the
spacecraft carried the 1.8-metre Slogbal F=Bgo,
a space version of the country’s FEDOR robots.
The robot was equipped with sensors to
record what a human might feel during a
Soyuz launch on the 2.0 rocket,

wwrw hnwitwaorksdnilu. com



A
SPACE

A solar visitor is seen in the aurora

‘Werds by Stephanie Pappas

strong solar storm hias brought the

narthern lights further south than

usual, and it may have included
something different than the aurora: a solar
visitor dubbed STEVE, Researchers discovered
STEVE, short for the strong thermal emission
velocity enhancement, in 2o16.

What makes it strange is that its light comes
trom across the spectrom, without the pealos
in particular wavelengths that characterise
regular auroras. "The big thing is we can
clearly say now, 'Tt's nol regular aurora,™
University of Alaska Fairbanks researcher
Don Hampton, who recently analysed a STEVE
event from 2018, saild in a statement. “1E's a
new phenomenon = that's pretty exciting.”

The northern liphts ocour when charped
particles from the sun excite electrons in
Earth's atmosphere, As a result, these
electrons first move Lo a higher energy state,

W Bowitwnrksonily cnm

then settle down to their original, loveer
energy state. As they do so, each one releases a
phaton, & particle of light. The colour of the
auroral light depends on the molecules the
charged solar particles hit. If they hit oxygen,
green and yellow result, for example, while
nitrogen tends to male red and violet, STEVE,
though, consists of light from across the
electromagnetic specinum, with aslight boost
inthe red range, explaining the phenomenon's
mauve colour.

The new lindings confirm that the particles
that produce STEVE are quite toasty. "When
you turn your eleciric stowve on, those coils get
red hat, right? 1fyou lool: at it swith a
spectrograph, you would see broadband
emizsions,” Hampton said in the statement.
Similarly, STEVE's broad range of wawelengths
indicate heat. "So, this is Hlee very, verywarm
atmosphere cmissions of some sorl.”

- -

E _ - - - ' -

The researchers made their measurements
using a new piece of Earthbound equipment
called the Transition Region Explorer [TREx}
spectrograph, which measures light
wiavelenpths, Using this instrument,
investigators captured a views of STEVE on 1o
April 2018, near Lucloy Lalee, Saskatchewan.

As has often happened, STEVE was
accompanied by a green "picket tence'
phenomenon, which consists of vertical, green
bands of Hght that cross STEVE's usual plnk
bands, By looking al the wavelengihs, the
researchers confirmed that the picket fence is
awariation on the nsual aurora.

The next step, Hampton sald, 15 to fgure out
how or il STEVE affects hiumanity, Solar
storms that cause the aurora can also disrupt
satellite communications, and it's not yet clear
whether STEVE does the same thing or 1£1ta
impact diflers.
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0

out in the wild,
Blaclk-Throated Fir
main threat to the specie:
ﬂmh."thmh Eld " hl _I 4 ,_“_ _'..I'-'! ¥
ﬂ.mr- "mﬂt!_ﬂtlm r 1 some, mo : y
recently, is loss of the woodland: 15 to live in and
degradation of those woadlands in varlous ways,” Gr
said, Breeding birds in captivity won't provide that ha

+

“In the breeding program,
the team now cares for
120 finches”

l}lﬂ Hrew It "i'l'i'.'lﬂ"i‘.i



Parenls paniched sl

Llvck layer al har

HEALTH

Spanish babies develop
‘werewolf syndrome’

Wiords by Isabel Whitcomb

arents in Spain staried panicking this wiere all taldng the same medicabed lormula thai
P summer when 17 children and babies supposedly contained omeprazole, a drug used to
mysteriously came doven with treat acid reflux disorders.
hypertrichosia, or ‘werswol f syndrome’, a Earlyin July, the drugwas identifled asa
cotdition whete their bodies and faces became sinsprected culprit for the condition and pulled
covered in a dense layer of hair, according to from the shelves. A later investigation by Spain’s
news reports. Agency for Medicines and Health Products
At frst, doctors couldn®t figure out whatwas {AEMPS) revealed that instead of omeprazale, the
wrong, Was il genelic? & mielabolic disordoer? Al formula the babies were drinliing contained
the end of Aupust the Spanish Health Ministry minoxidil, a drug used to stimulate hair growth,
finally announced that it had discovered theroot  The mix-up happened when, at some point in the
af the problem. Ina pharmacentical mix-up, packaging pracess, the medication was
babies across Spain had been mislabwelled as omeprazole.
inadvertently dosed witha Unlilee people with genetic
medication for alopecia, or hair ngr more hypertrichosis, the babies affected
loss. All the affected children Cl'f thE |Elt'l':'-"5t won't stay halry - the excess hatr
had ane thing incommon: Uhey stm_ies head t‘D should Gl ol altera lew monlhs,

livescience.com
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WISH LIST

The latest WEARABLE tech

K Ring

B Price: £95.99 (approx $125)
mxkrina.com

With contactless payment quickly becoming the
norm, wearable technology like the K Ring is
making it easier to make a purchase, Enabling you
to wear your card on your fimger, the K Ring can
rmake payments to anywhere that accepts
Mastercard contactless payments. With no need for
charging or pairing with a smartphone, the K Ring
makes sure you've ahways got a way to pay,

“Vue

M Price; Fmrl_'n 249 (approx £205)
RO ECOT]

S far 2009 has seen an increasimg number of
launches for smart glasses, each with their
own approach to streamlining the way we
recelve infarmation from our phones., Yue is
na exception. Designed with style in mind,
these sleek glasses use bone-conduction
tchnodogy to play music and phone calls in
vour ear, Onee Bluetooth-paired with a
smartphona, the wearer can change songs,
answer calls or request the time with just a
swipe or tap of the frame.

Chakra

M Frice: £129.909 £ 1139
bellabuat pon
Bellabeat has become one of the leading companies
fior combining women®s fashion and technology.
With an entire range of wellness trackers, the Leaf
Chakra is a great addition to your arsenal of
wearable technology. Worn as cither a pendant ar
clip, this piece of high-tech jewallery can keep track
of your sleep, meditation, fitness and reproductive
health. Set reminders. alarms and follow in real
tlme how yvour body [s performing threughout the
day with the accompanying app. jam-packed with
your daily stats.

& (Sl
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APPS &

Move ECG watch |

W Frice: £129.95 (approx $245)

warw st hindes . coonm

GAMES

Combining the style of analogue with the
high-tech function of a smartwatch, the Mowve

medical-grade electrocardicgram. At the
touch of its face, this BlueTooth smartwatch ' .
will measure vour heart rate and its electrical : : £y [ee B Ceveloper: LLC WANNABY
pattern, then record the results on the . - — B Prica: Free f Google Play 7 App Store
accompanying Withings Health Mate App. - = “Try before vou buy’ T
The Move ECG is a great way to monitor your | ] Fuas gone virtual
heart's health and help discover early signs with this augmented
of irregularities. I reality app. Simply
select the shoes you
want to try and see
them agpear an
your feet threugh
Matte the prhone's camsra.

Parliament )| Smart Closet -
B Price: $89 (approx £75) Fashion Style

ECG is the first wristwatch equipped with a - E Wa
LI [ “'I:lI{IE““

shaloruu B Develaper: Rabhbit Tech Inc.
If you aoften find yourself stumbling through B Price: Free / Google Play / &pp Store
your wallet for the right credit card, 1D or Srarch through P
gym membership, then Ekster's smart clothes from .
weallet is for you, Coming in a range of thousards of brancds '"
styles and colours, this trigger-contraolled and upload pictures E ﬁ l& »
wallet reveals your cards at the touch of a of your wardrobe to e ' ur -
hutten. Making sure you're never without a this smart style 2pp, o
way to pay, Ekster's range of wallets come whith will oot fer oasthil B .n
with a pouch te house Ekster’s tracker card. suggestions based on e
it can track wvour wallet around the world: your styke, .

by using the accompanying app these s e
EBlugtoath-paired wallets can b easily

s
lpcated when lost. :| Ilid'lll“tﬂl'
W Do opeer: INKHUMTER, b, £ Kalerying Kholkewyeh
B Price: Free / Google Play £ App Store
Cetting a tattoo s a
lifielong commitment,
bt with this
magmented rality app
yiru can search through
different designs ar
upload your own and
virtually try tham out
o your skin.

-
Sizer

W Deedioper: Simer Technoligies © Body-Pass Ind,
B Price: Free J Google Play £ App Slore
Shopping for the right
size online can be
rather challenging.
but this body-scan

My Skin
Track UV

M Price; £54,95 / 550,95
laroche-prsavus
Basking in sunlight an a tropical beach can be
griaat for the mind, but terrible for the body if
you don't protect yourself from harmful UW
radiation. My Skin Track UY wearable sensor
wiorks to keep you protected in real time,
Personalised to yvour skin type, tone and
concerns, this compact sensor can alert you
whien you've spesnt teen long in Ehe sun and
wwhen it"s timae to bop up your protection.
Using the app you can maonitor your daily
progress and also receive in real timea
humidity, pollution and pollen updates.

app can record your
hody measurements,
enabling you to buy
the clothes that fit
vou best,

M L':”.t: u[!I,_uu” L Com Honee It Wnrks ﬂzl







The fully integroted heodset for the F-35 oilows the pilot o 360-dearee view while in the cockpit

the first tims in the S
tacility on this F-35

wea . nwibwnrksdnoify con

uslashorldeive away [rom Dallas, Texasis

the town of Fort Worth, home to the massive

and supsrsecure facilitywhere one ofthe
wst advanced fghter jais is budlr,

Loclkheed Martin has thousands of people
wiorleing here around the clock onthe F-35:.In

coemploeeeswartlin the

g2 0 Fort Wiorth, 1E's foo any
Lo [0 oy thee Ooor al o Lme, so people worlk in
shifte. There are engineers, technicianz and
machiniats. Then there are the many people that
support thern as they build the plane: the
cleaners, the cafeteria workers, the security
persanneal and 2o many more.

Visitars zip doven the misles in carts, carefully
stopping at pedestrlan crossings on the way, On
either side ol eoch aisle is o marvel of
enginearing - the F-35 coming topather, plecs by
peca: wings, cockpdta, tail fins, fuse
Electron eens mounied above each 5
shoneswehat country its destined for, and how
wiell the workers are meeting their deadlines.

It's anawe-inaplring sight to see something so

with the delicate worl, The figt
cloaked in lowe-vizibility grey, and atter a tew
rmnrecherlsantna flight line, whers they ars

“Lockheed Martin has
thousaonds of peaple
warking around the

clock on the F-35"

Heiee | Works 023



tested in flight. Each F-35 must pass a series of
Mlghe rests hefore bring shipped to thedr
cistomers, which include the LK, Turley,
Balgivm, Denmarl:, fustralia, [srasl and others,
Soim a gense, this toern-sized facility is s
gateweay to the entire woorld.,

Thie Jargest building in the Tactory was once
the Biggest air-conditioned room in the world.,
Airconditicningwas rare duringthe years of
Warld War 1, when Prazidene Franldin 0,
Roosevell chiose Forl Wierlh as a location (o build
USbomber planes. Butit's a necessary thing. It
sthpsplans parts from warping, which would
male ronstructinn diffleult - and of conrse 65 a
[ar more comlorlabbe environimenl for worloers,

hany aircratt companies wiorleed here over
the decades, inally ending upwith Lockheed

“Lockheed Martin was il
producing the popular e G )
F-16 aond later the y (edis

F-=2z fighters”

sartimin the 1ons, Lockheed Martinwas
producing the popular Faband later the Faz
fighters at the time. Butwhile the company hada
reputation for reliable fightars, militaries
wenrldwide were itching for something ness,

Whal they needed was o Tilth-generation
fighter - a plane thiat only bad & small signatuce’
inradar, merning that ibwould be difficult to
detect, They wanted an elactronic cockplt that
(he pidof could change, o thal (e wiould have
the information needed for any mizsion. And
theywantad a fighter thet wasa gond bet forthe
future - something that cowld Interface with
dromes and cowld carry Uhe latest weaponry.

Lockiweed Martin's proposal to build the F-35
weovee] thie nilitary, and in Geioher zoom,

Rise of the modem fighter jets

McDonnell GH‘IW Boeing F/A- Dassault Rafale
Douglas F-15 Eagle | F-16 g 1BE/F Super This iz a French
A Toemidable and Falcon THis leeeg-range Homet I rradlb-raake Faghibar - Thiz fighler carnes
Tearr LT Eble B= 7he 16 multirole irleroeator i the f— Oawsd onancrall willn P lalest svivnics, itis ™ advarcosd rrissiles
wiarplare, iL's ameg e fighter i= awersatibe  backoore of RBussigs miilay,. === cariers, il's corertly able lo rachup be 40 wilh macerr aviarics. ard
el suecersslul Mighlers ol angd ellfaclive searplars, Uy arroney e [azlas) Lhe ot capabha el -nie Lasguals &L & Lirme, and is s rpalli-roie glililies a= arn
[he Cold 'War, atle Lo atkack air and arerall, wilh aredision shrize Figfiber, abba toallack ar avd capeble al firig et faur it and groang-
graund Largets, and Cefanos alilties, surface Largets Largals simultareously altbass ‘ightern

024 Hoew it Wiorks oo howwitworkedaily cgm




Lockheed Mortin is the prime controctor for the F-35 progrom, with hondreds of UK component supoliers

L,
- 1

— The F-15 iz a versatile jet, capable of
fullfillng multiple functors and ke

} &‘ I based on lard or on ships

gl %ﬁ

or a golf ball?

The F-35 is covered in something special:
a composite skin machined so accurately
> the pieces are virtually seamless an the
z it This completely eliminates any small
! Jaining flaws that are detectable by radar.
== v ﬁ n Im the past, stealth aircraft relied on
= - epoxy resin between exterior pieces.
Radar is adept at detecting sharp edges,
This means it will see any small, sharp
. adges hetween panels. Even an expert
layer of epoxy will eventually dry, harden
and crack, requiring frequent inspections
and replacement.

With new technology the panels match
so closely there’s no sharp edges or
epoxy to maintain. 4s a result the F-35
has very low visibility. if radar catches it

« 2020 - a 5 5 g & 5 = 2030 at all, what it sees is something more like
TR e e e e e e et e e e v e v the slze of a golf ball.

TR e e e e e v e
R AR TR AT

riaslirvizble L

Thie flexible auertiead gardey (@ar FOME) mashing
pefarms pracisicn machining of tha jat's skin

Hover It Warks 0256
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Stealth fibre coating

= Ihe et iz coated wek ragar
I“EIdE ﬂ"E' F-BEB abeortirg n'.;l:er. a5, making ih=eern
This short Lake-ol[Avertical landing stealth iU Slem ot i bl e
fighter is designed to operate from ship or land

Pratt & Whitney

F135 engines

& rentae-staalily aftelur e Jet size
Aergie b can reach
zpaads ot Mack L6, o
Amiang # l':'l':'l::l-lrl 1,

Coeriils gie is consoeredd
we Ll slag U i omired: L's
precticaly radar rreisiak:

Unmanned air
support
Tha ot e onie us sith
ancreessd orones, alosng
the: piles ba cantral the Al
wergmer ard find taegets.

Internal bomb bay

Tha F-3% hae an intemal bamb

bay 1o eep the weansn padosd

saife frosm pesirg rackar bsarrs,

EOQTS - Electro-Dptical
Targeting System

Irvfransd zearch ard trackirg prodes
precisor dr-ba-ar ang girlo-sorfaos
Largelrgg o Lhe T35,

026 Hotes 1T ¥ilmss




Eaoch high-tech F-35 pilot helmet costs oround %400,000

Areraft vninn

The plee zan giva the

Loclouee o wins aveardec a ooniracl o develop
and build the F-5.After a development and
resting period, F-isswers first opsrational in
agng, and today there are hundreds of these
aircraft dying all over the world inwartioe
operations, and also inairshoes.,

Called the Lightning 11, or just the Lightning for

the RAF, there are three tvpes: the Fasathatcan © 1

Laevd avpnd vaaker ff on o conventional runway: Ui
F-35B "huneer” jet; and the F-35C that can be bazed
amaireraft rarmers, The F-3515 50 flexible andd
capable that it can be used in justabout any
ervvirorment imapinabbe,

While the F-i5 program is hassd in the TS,
mare funding comes from allies that work weich
Che DS under the North Ammerican Treaty

life of the programre. 5o far, the DK hag a8
alrcralt - all Che P-asB  hover variery - stattoned

pilots must po through o test and traicing facility
in Cramwell. The pilots learn how to operate in
high g-forees — when forces aeveral fimes
atronger than Earth's gravity pull wpon them,
State-of-the- Crgianization, or NATO, These allbes inclede e Yo con leel Uals kind of ‘push’ al Chee Bolton end
art glass L. . i
cockpit UE. which plans to buy 138 F-35 aircrait aver the of a raller coaster, and it's the same for & pilot

when thay dive trweards the ground arturn
quickly, AL Cransell, the facility can take a pilot

camimands and use
ther foocisoreen s
sorzll through mienes
e saleclione.

at RAF Martuan i Norkolk,

British companies area big part ot the F-s
produstiom, including a repair bab nan by
Sealand Support Services Lid, in North Wales,
WiLkyso many F-yss projected o operate [rom the
UE, havinga repair hub in the countryia
eszental. Otherwize, every maintenance ok
weontld require shipping the P95 across the ocean
and back to Lockheed Martin's facility.

British pilots aven get their own training,
berause all Roval Alr Force and Roval Nawvy F-35

up to nine ps-nine tmes Earth's gravity - inonly
nrie second.

Sowhat is the F-35 knoamn for, ammnng all the
othet fghter jets available? The Fas 18 bl fer
stealuls The machinists must be carelully
trained because even small gaps in between
parts of the fuselags nrwdngs shiows up cleariy on
radar, In the past, machinists used toputinan
epoxy -d sortofa glue —to keep everyihing
together, Howevar, the epoxy cracks over time
andnesds o ke repalired. The newr pracess

"The F-35 is so flexible and capable
that it con be used in just about any
environment imaginable”

Pilot helmets

The Pernel Sonrests b gt
A jat. ard aploT can mars &
tarneT s iy by keoking 27 it

AESA radar
Tha mast advancad anc
largast racar antanra on
an gircraft, it can scann
ary ciresion.

Heves 1+ Warks OZF
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Building the F-35

Howw the rmagor compaonents of the F-35 come

together at the factory

Forward fuselage assembly

e ria 32 ared Sackpit sectin ane assemzlad i the
foireand fusalage section using precision rebatcs and
autamation, Farts ara =-raged for imparfectiars,

Wing build section

Anthe largast pat of the F-25 the wirgis Quilin ore
gieze. S pake bns s used, and assembly statiores ans
verticaly adustable for faster gszembly 3t ssch =katon.

Putting it together

= eesranis mate and algniment sestem’ =

alninGg L1

aranskan tanls, lae lases and aligrrmen sompoters, oo
assamkble stealty componants wick hich precison.

Ready to go
o L Tingl azzembly, Lthe coriral 2ervices, ergine ang
liral louches are sdded, befors Uy beead Lo final checks

ar Pael 2ysberre, Night bests and radar o

ﬂEﬂ Hones 1 Workss

s s lion Lasls,

T

+ 890+ 12

Tha ramber of F-354 e laciory Pas l.l-\."'".-'.ll'llﬂ""ﬁ nann The F-2% I 7 srgkee-saTt
producesd and delbwered Lo tha weoiid= miblitasy traired rh'l- 'I‘l""||'|'l|'|'lll'll'|ll' il

"While it feels simple to the pilot, this
technology is some of the maost challenging
engineering undertaken in a stealth fighter”

III. Cockpil assembly and
L preparations ane made
% Toer the F-35%=

7 le-wisibilily paint job

(L N U ST T X =re KR Y



Pilots receive extensive troining in simulotors thot mimic extreme occelerotions and high g-forces

8.6 miiiion 8

F-Ah camantar systenns haes as mary bnas Ik rmizier af heses werkdwioe Cheze 215G LCC Flight haurs
of saffean: codn as modzm wdea games thatare Aomeba F365s bt been ingged in F-3Gs
=] !
=

i g

! . i Y
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Beast mode

The F-35 can carry 2,600 kilograms of
inbernal weapons in stealth mode,
penetrating into enemy territory virtually
unnoticed. Dnee air dominance is
established and the skies belong to the
F-35, it can head back Tor restocking.
There, it is converted to ‘beast mode' =
without the need for stealth - patralling
with up to 10,00 kilegrams of internal
and external weaponry. Combining these
stealth/beast weapon capabilities with
the polential to control drones and
robotic wingmen, you can see why the
F-35 rules the sky.

means the F-35 is built to last and shouldn't need
movigitthe hangar for repairs quite 2o nfran.

v oee wden games, the Faas cockplt s a
g s deean The design is so secrotive Lhal
very lew people know wwhat it Jooks like, But from
what pilots 3ay, it's lile playing with the hast
1Pad evar, Long gone are the dags whers there
wiere i hupe nwoker of diads and nothing cowld
bechanged without taking apart the coclopit.
The F-35's cackpit is fully electranic, and pilats
can call up data they seant tosee, Ignoring the
olher stull thal isn't necessgary [or the moission al
that time.

Virtuel reality fens will also love the helmet,
wehick 1z astimilarhy secretme fachnoloay,

Which
countries
have F-35s?
1. Japan

2. Israel

3. Australia

4, Italy

5. Norway

6. South Korea

7. United Kingdom
8., United States

030 Heww I Wharks

Loclkheed says that pilots wearing this headsat
can not onlywiew things in front of them, bat
thewcan even look at the Foor and - thanles fo
special cameras mowolsd woder e plane - see
the terrain whizzing by underneath. Mo enemy
fighters can smealiup on an F-33'3 belly, that's for
ayre, Ifthereare frlends fying nearby, each
pilot’s helmed can include Lhe vice Uic olher
pilots see as well. 50 F-35 pilots can help their
buddies in combat, or se=any ohstacles that
nthes plames taight miss, This enables a whole
e e of Leamwoel,

And speaking of teanweork, an F-35 pilot can
alsownrk closely withunmeanned ‘drone’ planes
rhar may e assisting in the milssion, Drone

e Ty o
-1 .._-..'":||_.|E:

190t dak.
Sapah

planes are an excellent choive to getup close to a
target, because itthey re shat down, the F-5
piloe iz sl =afe, Using the cocloplt and halmet,
Lhve pilolwalches whal the decoe is doing and
can provide guidance as needed, [ 4 neat setup
that will berome maore commaon a3 drone
techmolngy ITnpTowes,

This means thal the P jel nolonly weorks for
today butisalso a ighter jet of the future. The UK
and nther military forces around cheworld hope
touse this fighter jet for the next generation
prerhaps evon b Lo 2090,

So i vow haven't seen one vet, go toyour
nearast aitshows and see this futuristic Aghter
race through the sky for voursalf,

weieer hoyeiterorkedaily com




The F-35 has the most odvonced combined sensor suite of ony fighter or stealth fighter in histony

F-35 senior
experimental
test pilot

We ask Billie Flynn what it's
like to be the first to try out
Loclcheed Martin's new tech

How is Alying the F-35 diferent to other
jets you've lown? —
Being inthe F-35is lile flying in the most

sophisticated virtual reality and video

game that ever existed, wearing a helmet

like Tony Starlk wore in the fron Mamand

Avenger movies. Everything about the F-3s5

teels like a science fction fiphter jet. Planes

hefore thiz felt lilke an old movie. Nowe, it is

lke living in a Star Warsreality,

What new slkills do pilots need to develop
to fly the F-357

I thinl the most interesting transition for
everyonse in the F-35 is to understand that
those video game 5liills — and it terrifies
every mother and father when their kids
spend more time on video games - are
directly applicable to understanding how
an F-35 is supposed to be used. We see
around our aircraft for hundreds and
hundreds af kilometres [in all directions).
Dur touchscreen iPad displays are filled
with the most sophisticated information,
Someone who iz skilled at video cames will
adapt to that level of sophistication and
complexity far better than an older
generation of pilots.

How adaptable is the F-35 to the
technologies of the foture?
We are at the bepinning of a lifetime that
will last 40 to 50 years. We're going to
expect our F-35 to evolve, to do so many
things dilferently in the air and on the
ground - and for our troops — than we ever
thought imaginable at the beginning of itz
lifetime. We have an extraord inary cockpit,
with an aircraft powered by B.6 million
lines of software code, just in the beginning
af itz lifetime. We can adapt over the coming
generations to do things we never thought

| possible when we first,,, designed the plane,
!
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SPECIAL 10™ '
ANNIVERSARY OFFER

FREE DK

of Science book
when you subscribe to

How It Works

osF

EYE-POPPING 1,
IMAGERY /\ “)517,?
Amazing photography

that shows and
explains how
chemistry, physics
and biclogy work.

ULTIMATE GUIDE

With 320 pages packed
full of astounding
close-up images,
Explanatorium of

Science is the ultimate
guide to how the world

works, explaining every /
aspect of science from -
gigantic galaxies to e

tiny cells and miniscule

ILLUSTRATION-
PACKED
Whaether it's elements,
evolution or energy,
the world of science

atoms, } :
is brought to life by
stunning photographic
explanations that answer
EEILEI%T\!'EE’B the biggest and smallest
guestions about our
Foreward by Robert universe.
Winston.
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WHY SUBSCRIBE?

® Brilliant value — save money

on the cover price
@ You'll never miss an issue
® It's delivered direct to your door
@ NEW! Exclusive Augumented
Reality (AR) experience
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HOW.THE
TITANIC /ORI peem

SANK PLUS MAPPING THE MILKY WAY 50 PHONE TEARDCWH |

Subscribe now

www.mvfavouritemaaazines.co.uk/hiw/130m
or call 0344 848 2852 & quote HIW130M

PRINT &
= DIGITAL

Three-month

i subscription to How
B It Works in print &
digital, plus a free
Explanatorium =

PRINT

= * Three-month
subscription to How It
W Works in print, plus a
- % free Explanatorium of
&~ Science book
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THE MAGIC OF

CARBON -
CHEMISTRY

Discover how this protean wonder-element can make more
than g million different chemigal compounds

‘Words by Laura Mears

C arbon 12 20 wersatile and a0 important
that the Boval Socicly of Chemistry
call it the 'King of the elements". It's
everywhere, and we use it for everything.

Carbon sits at pasition six aon the periodic
table, It has six protons, six neutrons and six
electrons, Two of those electrons fill up an
electron shell elose to the nuclens, while the
ather four sit in a half empty shell avound the
outside. These outer electrons, known as the
valence electrons, are the ey to carbon’s
incredible properties.

The electrans in an abom’s outer shell are
the ones that take part in chemical bonds,
How many bonds depends on how much
room there iz in the shell, and the amazing
thing about carbon is that it's got space for

four. This means that it aces e a plumbing
cross-piccoe, becoming a fowr-way connector
that links different atoms together. It can
bumild straight chains, chains with branches,
and chains joined end to end to malke leaps,
And it doesn't just bond to itsell, The edges
of carbon chains can terminate in tny
hydrogen atoms, making them slippery like
oils, Or they can connect to other groups of
elements, called ‘Tunctional groups’, each
of which has different chemical properties.
Carbon works like elemental scaffolding,
and the shapes, sizes and chem istry of the
mclecules it creates vary enormously,
Another important feature of carbon is
that, although the bonds it males are strong,
theyre not unbreakable, Carbon-hased

wiwrws hnwitwarksdniln




Corbron forms the bockbone of the lorgest stable synthetic molecule ever mode, the 1o-nanometre wide PGg
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Stronger than steel

4 stretched carbon fibre is twice as
strong as steel but only a guarter of the
density. Wowven into mats and embedded
in epoxy resin, this tough, flexible
material is stiff, strong under tension and
resistant to chemicals. It's regilient
encugh to build lightweight bikes, boats,
cars, planes and artificial imbs, and it's
all dowen to the way the layers of carbon
slot together.

Individual layers of graphite are some
of the stromgest structures n the known
universe, bat they're slippery. Each
haneycomb sheet of carbon atoms ks
strong on its own, but the stacks slide
around on top of each other forming
flakes and faults, Im carbon fibres, the
arrangement s different. The sheets of
graphene aren't smooth, They form lomg,
thin ribbkons that Intertwine in random
folds, locking together to form tough,
lightweight fibres that don't tear apart.

Carban Thre is five times stronger than stes|,
and it's alsa lightes and more flexible than steal

Kinds of carbon

This wersatile element comes in
a variety of forms callad allotropes

Diamond

Prehistoric

The earkenis ie 2 ciamard
form four bards cack, makrg
ictranadrors that link together
ioormake 30 rngs of swatams

- o
O
O
#E&g 0 ?é
:rgﬁ f{ 30
o

mlecules are

stable enough

rhat theywon't

fall apart, but,

given the right
amaunt of eneray,
they ran be
reveorked nto
sommelhing new, This
makes carbon the
perfect barkbone forrhe
malecules of life. Fats,
carbobpsdrates, proteins aod nucleic
acids (ONA and RMA) are all built around
carhan.

"
There are 1o millien billien Eﬂl’bﬂﬂ
e leic bons of carbon on Eaclh loday, 1 _
and it’s all been around longer than 15d fDL"_
rhe Snlar Syatem, OurSun s the Wﬂg
grandchild of the very first stars in con ”E‘Etﬂf

Lhe wniverse, 10 wias bornabout 4.6
Billicn vears ago out ofa cloud of
dust and gas created by a supernnve
cxplosion, That dust and gas
contained every olatom carbon on

atoms
our planet, and mare. "
rﬂpl’hﬂﬂ tr'F'.HrIF: wirh axygen tn thEthEF

make the infrared-trapping gas, carbon dioxide.
Too much can cawse a runawsay greenhowse
effect that makes plansts impossible to inhabit,
Juat lonls &F Venus - its surfere tempertatare i3
g6 degrees Celsius

Luckily, Eartby diciey'l becomee o greenbouse, il

that inks
different

Buckminstarfullarana
1985

Thearigre buckyaal b 80 carban
abams ared B orourd skepe Thay iz
sl agch cliver and mell egsiy,

becarme an lnewbalor
tor carbon-based
life. Andin astrange
way, life and Earth
have beer working
topsther to keap it
thatway ever since.
Carlon is Earths
Lieriestal,
Earth hasaslow carban
oyele on B ang-million-wear
rotation, Carbon diogide in the

atrnosphere reacts with water o make
carhonicacid, which eats sway atthe rocks.

Thiz releazes trapped caleium.
shell-making organisms in Earth's
acearns cornbine Ul calcium

with rarbon-containing ons to
make ralcum cathnnars. When
they digand drop to the sea Aoor,
theeir remaing become limestons,
lecking carbon away undsrground.
Sloawlyy, this carbon returns o the
almosphere as Carth's crusl shills
and shalees. Volcanic activity melts
the rocks and releases carhan back
Into the &1t ata rate of aroumnd 1300

0 million melric ons every year,

Layeraed over the slow cycle is & bast carbon
ryele, povernad by plents. They take in carbon
dicxlde and use energy from sunlighe o trap
carbon inorganic molecules. These moleculos
then pass throuph the food chain, becoming

Graphita
Prehistoric

Granhite cortairs sippeny layers
af carbon atores ameareges in fat
whizeny of howsgors, Cheetrons
e (el besiwseny theen




Otz the Iceman hod tottoos mode using corbon pigments thot ore still visible 5,300 yeors later

Er CHEMICAL
e i COMPOSITION

Thex husman Boey is mads up

of these vital elements

Radiccarbon dating uses
the decay of carbon-14 %
o asseys Lhe age of [

» e O w
organic roalerial -5 i ! i Ly T ¥ .
™
e e oQ
I':tJ L= & Amorphous
) [ i ﬂ .
- r n & diznrdarly arengamant af carkaon
ﬁ | {'_" b mes 15 enrrenoe moeod . Eoabares
J & ) ﬂ reckets of craphien and dampond,
f"q_j y L 13 weith prapertics in bosweon,
. |
. /

® s O
- - g 0

) e ‘l‘*lt 3]

Nanotube b O

e Perloe cylridars kxok Tha rolled up
fFaphane sheats, They sesizs sfretching
and creeT Ak

Graphene

Atk wors' s thirness matenal 0 s |
Tillen himes thirnar shan the damekar of
3 human hair, | is strang, Iightvazight anc
Aexiaks - pragertes that rmake it useful n
areras af irdusirios
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Radioactive decay

Stop the clock
Ta exark ot wnzr samathing dizd,
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Eorth is oround o8+ corbon, the Sun is around 0.3% covbon, ond the universe is oround 0.5+ corbon

Carbon-14

Wit @ reulroo Bils nilrogen-14,
il puses aul a pialon, This
rakes Carbon-1 which Gonlais:
s pronndes and eght realrons.

Photosynthesis
_-_-_-_-———-_______ Plarts take un carban ciokine

eenry nlion molecdes carkains
carkon- 14 mssnan of carboreLd.

Wou are LE.5% carbon

Alrmost all of your bady s made
up of just four slements, Yo'
5% ceygen. 18.5% carbon, alrmast
109 hydrogen and ¥4 nitragen.

Pencils beat diamond=

Graphensa [g 20 strong that wou
can stretch it by arcund 25 per cent
bafora it snaps, making It stronger
Lhaar Barth stesel sned disemoed.

Carbon kills small stars

Helivm fusion makes carbon,
Bl the Sun i loo small e burenil,
=3 when tha Sun runs oot of haliom,
it weill gradually grow cold and die

Sool causes cancer

In 1775, doctors naticed a
strange kind af skin cancer that
anly affected chimnay swesaps,
Conlaminaled sool Troen
incomplete combustion was
triggering the disease.

Carbon strengthens Lyres

Car tyras get thair colaur from
carbon, bul it's nod st there Tar
shaow, It makes tha tyres strong and
pratecls haem fram tha Son.

wrwewe Towsitwen s oy con

aes turn racks ima carbar
omphkiting the carbon cycla

foliape and flesh before returning to the aires
carbnm dimeide.

Carbon has been so fundamental to life on
our planet Chal Is very e dslenoe 15 now
inextricably linked to living things. Around
Ao percent nf Earth's roclky rarhon is
ltmestone, made from the shells and skeletons
of sea creatures, Most of the rest exists os lossil
fuels, coals, oils and gazes, made from the
compresaed remains of plants and animals.

The story of carkon 15 written It the very

fabric of our planet, butit's not finished yet. .
Weare rurrently releasing around oo times
moTe carbon into the atmosphers than
voleanoes, pnd iU messing with Eartlss
thermostat. Carbon dicsids levelswers 280
pares per million 5o years agn, and now
I_I||j'}"r'|'_' 412 DAFLS eT T illican,

This incredible element mads our planst
what it istoday. Now, the race ison to find
innnvative ways fowork with carbon to enzsure
our future
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Inside a bionic heart

Swapping muscle for metal, how does this
artificial organ keep blood flowing?

ardicvasculardissaze iz oneaofthe the hinod around the body's arteries and vains
weotld's biggest ldllers, accounting for 91 Maglew prevents phiveical weear and tear through
percentolall deaths globally. Al wougha

eroroal eietion, and iU is thoug bl Lo reduce (he
lot of cagss are treatable with a heart transplant,

findinga donoris becoming

increasingly difficule: only around “Th'E" rDtDr
o000 brzarts are availatale plobally .
each year. 5;:””5,

The rrestion of a total artificial
heart (TaH)could be resalutionary
Tor saving lives, Several ileralions

the blood
have bean trisd over the past few
decades, burnone have had the Urﬂu”d .
ability to completely copy the hearts th E hﬂdy 5

propelling

function for more thana few vears. DItEHE"S
The latest and arguakly most s -
promiging development af a
ising develop fa TAH and veins

cames I the form of the BIVACOR, a
30-printed lilaniom pump ol uilites an
autonomous magnetic rotor oo circulate Rloocd.
Cime of the rommon zsues found tn previous
TAl technology has been Che physical wear and
tear of a device's moving parts, Using magnetic
levitation{maglav). the BIVACOR's central
spnming rofor s magnetically suspended inside
an electromagnet bearing, As electriclly passes
Lherongzl Ulae g el Lhee rotor s pine, propelling

How important
is your pulse?

The way cur bloeod moves around the
by can play a rode nowr health. Apart
from being an indicator of a beating
heart. pulsating blocd flow |5 thought to
assist in washing out small Bloed clots in
our arteries, for example.

Using the BiVACOR, the maglev rotor
continuwoushy clrculates Mood and
remaves the presence of a pulse.
Howewer, the internal electromagnet can
be programmed to mimic each heartheat
wilth an external device.

The FLG of RIMALDR arimal tast suajects fallowed

similar pattarns 1o a typical heartbaat

OA0 Hoves 11 Warks

complications that weould normally follow.

Hoveover, Live device jsslillinile
develppment stages. and no human trials have
been carried o sa fRr.

Inside an
artificial heart

Discover baner BIVACOR uses magnets to
ferry blood cells around the body

Magnetic
bearing
BAogppaz of
eeclically
Charged nagnels
syl raund e rodo,
Carsing it o spEr

Smallerthanacanof ke, thia
compact device is constructed
wsiog @ form of metal 40
printing called salective
lager sintering |5L5). This
Process involves repeated
Layvers of T tanionm dust
being melted by alaser to
alenatypramt the final form.

The BIVACOH has shown
prommising reswlts during its
animal trials. with bovine
|eos ) subjects surviving the
FLull goe-day test period.

s

The
BiVACOR vees
mearelic levilalion
o miimic the atian
ol the hurmman heart

‘Aorta’

Dypenated bilosd 15 pamiped out
af the desice ta sunply asegen b
the rest af the bady.

‘Right atrium’

Dzt prgesniatesd shood erilers
Lraraugh e BivACOR S righ. inlal
ard pazt Uhe spmmning ralae,

Sensors

Zereors manibar the volurme of blaed
sanibesrireg @ eaiing e desaee ged ads:
L roslior pusilorn o preser), Blockage,
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OI0 YOU KNow= Each year 1779 million people die from cordiovosculor diseose worldwide

A change of heart

The concept of implanting an artificial
heart isn't a new one. In the ecarly 159805
American physician Robert larvik
desighned the first artificial heart, later
called the larvik-7. Made from aluminium
and polyurethane, the Jarvik-T housed
two rubber diaphragms to act as the
artilicial heart™s ventricles. With the help
of an external compressor, each
diaphragm contracted and inflated 1o
mimic the heart’s matural pumping action.

Jarvik-T first saw the inside of a human
chest in 1932, lowered in by the hamds of
American surgeon Dr William DeVries.
The first recipient of the human-made
heart, a Gl-year-old dentist Trom Soeattle,
survived for 112 days following the
surgery belore the device ultimately
caused irreversible complications,
resulting in his death. Two years later a
second attempt was made, with the
S2-year-ald patient surviving 620 days
before a series of strokes brought on by
blood clots ended his life.

By 1954 the Jarvik-T had been removed
as an approved form of treatment, but
the device gave scientists a valuahle
insbght for future developiments.

Oor W&Sam Devrics
implantad the first
pETTEnEend
arlilicial baart

Rotor .
Leparatirg danuygerated and F':JWE'IEIA'."FI'.I:-E the 'nuh:.l'
cwymenated hiaar, Hhis vid & paeroulareoes dresedine

Lhimauaghn e ko Trooem an
exlaral conibrollan aed
Leatlsg s i n by U palienil

rartrabsed rabaris the daving
farce baqind Hood creulaton.

‘Pulmonary artery’

Demepgeratnr blioad fowes oot of

thi derw e ard hieads to the lungs ‘Pulma :
o et wital axegar, ﬁP“ nary vein' =
Truymenated biand rabarming fraorn k
thiz ungs anters tas 05 ket ,'_

oy ot rksiniiy com Howw It Wiorss 041




SCAN HERE [

HOW THE ‘UNSINKABLFE
SHIP SANK N
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It took 27 seconds to see the iceberg, poss
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Thousands of people cheered
as the world's largest ship was
launched, but nobody
anticipated its tragic end

Winrds by Allsa Harvey
he air was buzzing with excitement
ahead of the launch of Titanic in 1912,
Measuring 264 metres in length, it was
the larpest and most extravapant ship anyone W T

on the information ond decide whot oction to toke

N

had ever inown. Departing for itz maiden = LIt £y

vovage, arcund 2,200 people boarded Titanic
along its route from Southampton, England,
to Mew York City, USA. For over 1,500 of them
itwaonld be the last trip they ever made.

Thee passengers were a diverse mix;
wealthy holiday-makers and working-class
immigrants searching for new opportunities
inthe land promizsing the ‘American dream’.
Due bo less space being allocated per person
in lower classes, there was a third-class
majority on board. Classes were strictly
confined to specific areas of the ship.

Titanic was designed to priorilise com forl
rather than speed, but was comfort also
prioritised over safety? Carrying some of the
richest people in the world at that time, it was
a huge leap forward in luxury travel,
Conditions in second-¢lass cabins were
eimilar to other croise ships' fivst class, and
Titanic's passengers were provided with
pyms, pools, libraries and huge restauranis.

Problems with the vessel occurred from the
outset, with & series of acridents and near-
mizses. While the deaths of thase aboard
Titanic when it sank are well-documented,
the first victims were in tact its builders, It
tool: around 3, 000 men to build Titanic owver
twen years. During conatroction, before the
ship had even touched walter, eight worliers
lost their lives, and there were 2B serious
accidents recorded.

Further accidents nearly sceurred when
thie ship left Southampton ahead of its
maiden voyage, When pulling away trom the
port, it came within a couple of metres of
crashing into another vessel. Many of the
passengers were alarmed by this bumpy start
to the journey but were unaware of how this
event would soon pale into insignificance.

{n the whole, passengers were confldent
that they werne sale while confined to this
ship. isolated in the ocean, The luxury liner
was branded ‘unsinkable’ by ship designers,

the iceberg

1,600KM

The distarce Lranelbad by the
iceherg betore it hit Titanic

30

METRES

15 estimaled height abose
wiater = a fraction of what
lay beneath

1.5

MILLION
JLONN

Thir iceherg displaced nearly 30
times Trtanic™s weeight in water
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“I connot imogine any
condition which would

couse a ship to founder”

becauszeitwas built to stay aloat even with
major flending. But this unsinkable ship wonld
ao down - both into the ocean and history,

Cowrbong Ll evening ol 12 April o oo Lk
morning of 15 April in gz, just four days after
setring off, Titanic sank, Two houts and 4o
minutesafter hitbing an iceberg, the ship lay in
pieces below the surface of the Atlantic,

Spme pazssenpgers had always doobed ity
safety, but other people died becauss they
refused oo deave on lifeboats, clinging to the
Iy pe ol Lhe worl's salestship Toer, Wiy would
you valuntarily enter treacherous waters when
virn're on a ship yon‘ve heen assuraed cold
neeer sinl?

The captainalso showeed the misplaced
confidence held by mostin shipbuilding at the
time. Rafore hos final voyvage he said, 1 canmnne
imagine any condition which would cause a
ship o lownder, Doannol conceive of any vilal
disaster happening... madern shipbuilding has
anne hevond that”

Lnsurprisingly, the disaster ralsed many
guestions about wehat wis and wasn't done at
the time. Every action taken that fatetul night
has heen analysed and scratinised during
inguiries, The wreckage, which still les belosw
e wviaber, Bt boen inspected inorder W
pinppintwhere exactly the design failad. How
could rhis tragedy have been prevented?

desck was nearly 20 melres
Fromry Lhes weater Ene

Titanic's captain,
Fowad kahn Smifta, a
vary axperienced salng
retiras o Ais caiin far
the ruaning.

O Hoee | Wiorks

Titanic™s spacious basl

\
p )

Fighting the flood

While engine rooms were thrown intc

Tursmnil, Ak,

ice-hhp rermnants, ohlivicus to the damage

deck passengers kicked

Darkness under deck
Fuan when water comace causes
the mnoine rooms b qo cark uss

kefare rradnghit. some workors

adrar hinting the izanerg, tha first
affizar, Wilkam Murdoch imresdistedy
ardarz the chsare o tan waberhghe

doorm nthe cnigine racms

The first cracks

[t port sloe of the ship saarar
sugdenhy sUrgEs inhn HBoilar Heam S
bemra thie daors ames fully cleeed

il i
|

£
Ei.

10:55pm

& nearks brees weres that it's
stoaped due b =surrzunding
icee, oty BI rescoc e 2 2ty
reparg e for interupling
weine =g aperalars.

1L:00pm

EllLap anjogivg 4 ben-oourse
1ieal, vl sl Dis Lhein
last sudper”, st
Firet-Glss Dertsengers

PREUIT T Thes i rodees

11:30pm
Thie kaskauts revics nae-ving . Lookeut Fredarck Fheaot
st reor wshene the ceborg sanes the iceborg straoht
w5, Fthey had Bincevlars werk abesd. e deos the Bell
e, this o e they sy Lhiress dirmes s cals o
v saotbed it Lie Brichge.

11:35pim
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Titanic hod o corrying copocity of 46,328 tons, ond ended up displocing more than 52,000 tons

N Dy

I‘|l|"lu |r|
ern Py,

Evacuation
Wi she '-.'.“'rrq'lr-'l WS AN

I anoInn
thiz ....-'.|nq-:i:| -|...|rr ks Lsing
orrergency lacdars,

How the water spread

After colliding with the iceberg, the front of
the ocean liner suffered damage and five af
its 16 compartments ruptured. The ship was
designied to stay afloat with 12 aof its
compartments intact, but with only 11
hadding the ship together, it wasn't lomng
before the flooded front began to pull the
boaww af the ship downwards.

The design included a series of emergency
daaars that would eloge to prevent water
spreading. However, the bulkheads, which
wiere watertight walls separating the
compartments, weren't tall enough, and the
wiater swiftly spilled over the top.

Scientists later discoverad that a series of
thin gashes inllicted on the hull by the
iceberg allowed water to stream into the
ship, rather than one large slash ag was
originally believed. It is speculated that
the poor quality of the steel used in

rivets holding the hull together
contributed to Titanic's rapid demise. g 9

Stop
Criderad 1o szp the enginas,
ANITHET 5 UREHly races] T8 50l
ottt =tear, Wikin 1t

secords all angines ana still

s e

11: 40 pin 11:50pm 12:00am 12:05am 12:20am 12:20am

First Cff i William Winkar quicddy sumges inks T captar s tald the SAn prder s givern to the Camathia receives Tranic's The ship's

Fdur ot andorrs ergmes b the frors sectons of tha na coaple af crese ba enooser the distrens sl It goes ta muskzars rees friom frst -
bez reczr=ed, turning the ship, floncireg it veith -ours bedors it sines, He lifeb=aats and alloe: Azmist but is LOT kikimabes claz= ta thes deck, ircerding ;
sz, The right sice of the gronand four mietres of ey e orde Lo call far only wamen and Ay, The oy Wil Lake b caln passergens, Mone aof

o scTEpEs Lhe osterg. cald Alartic waler Fasdp oeerer Lz rad i chikdrer ar Lz biurs Lhis mesiciars veil surs e
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Tipping point
s e front of the ship snks
bialores thes weatar, hunoreds of

FEICIPMER AN W irtlen L coean

Blackout
Titanic™ ligals rail, kavireg e
=hiz intotal darsress

Split in two
WItH the Doss Tiled witt 16, L0
tons of water, the ship toers aoart

Brief hope
Fr el .'r..ll.l He
watighl of L
Eezisg, tha sheim
kapins b risg,
areirng frope Lo
Ehase bl yars

stil aim B

12:45am
Tha first of sighs distress

risckel= are frexl inlo he

Sky by the orew, hopirg o

draw tha atterntion of

L:00am
Tha watar apzears at the
basge ol the Graret

ponple cortinues b Inad

2:00am
Fropallers o ths
slern are visibile
Boave 5ed |evel as
thre frant continuas




010 YOU KNOW? Some reports suggest thot the entire wreck of the Titonic mow disoppeor in less thon 2o years

Standing wvertical

crrilers il e coean,

Z:1Tam

The caplan reivews tha
lasl cres rreriers fron:
Lhveir dulies, be a0

2:20am

TiLariic, besvang brosen
i (rnaly sips
anierwaler L cEms

arrcunces thal itis e i o 1,500
“eepy man 1o himaelr FASTECArs g Ty,

Shzrthy @fber, the =torn ol the ship rses ap
e e, poanreg J0 dvalarches of Tlarics

Lacking lifeboats ‘i
Titanic had 20 lifeboats to »
carry 1178 of the 2,200 ¥
people. A ifeboat drill due = e
that day was cancellod, el
and in a disorderhy
process boats left
half-ermpty. Ondy 705
escaped in theso boats,
KEY
_ L J
Takerr Swertiowy  Crrplys
Lifehoat 7 Lifeboat 5
LZ:43aim L2350
Lifehaat 3 Lifaboat 8
L:ESam 1:0{1am
Vanishing beneath fatadis
Onece varteal, the remaincer of Tikanic I1T31ey
dsappoars bedoesy the surface. The rodder s
wreingre o ore side, causirg the buge sqp to Llehlilﬂt 1 LH"Ehlﬂilt E
wpdral Uhes whiake 3.7 kilomeles b e bollom. Lram hlam
Lifehoat O Lifeboat 13
L20am Lo
Lifaboat 16 Lifehoat 12
Laid to rest L20am L-2%m
Tl Ladvee caahed mibo Tl cdean »* ™
e T miruies felares the stan L
claaite beginming its Cesoent just L
. . L 2 -
srnlngte aadlar . .
Lifeboat 11 Lifehoat 13
Aham I iam
L ] .
- m
L ] -
Lifeboat 15 Lifeboat 2
1ACam T<5am
Lifeboat 4 Lifeboat 10
2A5am LS50

Collapsible C

2am
3:30am
The Cargathis
arrives Lo colecl

Ll = vz anred
Lake [hen 1
Iy o ity

Collapsible A

Zlham

Collapsible B

21%am

- n
E .
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Il ADVERTORIAL

Meet
Stephenson’s
Rocket

Discover the single most important
object in the modern age and meet the
humble malkers who built the modern
world from their kitchen tables in
Brass, Steel and Fire at the National
Railway Museum

uilt in 1829 by English Incomotive
B manufarnarers Bobert Stephenson and

Company, Bocker has hecome nme of the

UEs mosl historically signilicanl objects. 1
achisved a then-remarkiabde top speod of 48
kilometres per hoar, winning the contact for the
company to produce locomatives for the rallway
andsecuring the copines place in listory, The
engine operated on the world's ficst inter-city
pasaeneer railwey in1dyo, ushering in the
railway age,

This bold prowdy pe changed Uie cowese of
history with its experimental engineering.
Throughaut the Brass, St2el and Fire exhibition
v will meet the ordinary peoplesawhn,
Tascipated by innovalions like Roclel,
transtormed thelr kitchens into makeshitt
workshops and crefed extraordinary machines
entirely from soratek, Wicars, lacs malkers aned

iminers breathed Lile inlo hissing, steaming AL PRGN )

e . . . of Robert
miniatwre locomotives inmakeshiit workshops Pr———
built imside their homes. Disoowver their taken AT years
heanti fully tntrlcate homemnads o ns aftar his

eantimlly tntrlicaie hormemnacs creatons, Rkt o

incheding some of the oldest

ot their kind. Learn how their
emall-scrle expariments
nushed the boundaries of
cngineering, inluencing the
cowrse of the Induwstrial
Rewnlurion. &nd for the first
thme in aovears, youll have a
chamce losee the warld
changing locomotive that
kirkatarted & palden era of
inmovation inacton, as Boclket
Leavviels Lo ¥orls Lo coanplete e
Enal leg ot & naticnal tour of UK
mmsems, crpamisad by the
Selence Musaum Groip,

048 Heew it Wharks
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How Rocket worked

Stephenson's maost famous irvertion
brought together several existing
lncormative innevations

s o
T

i 0l I'.ll:lﬁ

Blastpipe

This fed she exbouet foem che
olinders b the battam of the
chirrresy, pullreg ar thraooh the
_ Tire. This wes murs effuclive
"y comibined wilh Rocke!'s
rralli-lobes mps ey

soeow howicworkedoily com




010 YOU KNOW? Soime Victorions beiieved hurmans would suffocote on o troin troveliing over 48kph from the rushing wind

Arthur Par=ey's idea for g locermotive that This guirky LE20= rmodel
ram o Air veas ghead of ils lime. Instesd [ wlaam engine was
al slearm, this demomsiralion redal was ¥ radesigned again and

poveered by compressad air From Ui | AGain by epdiness Simon
copper tanks : ' ' Gogdrich as he
9 el [ i axparimented with tha
Litast loasmative
dealapments

- e

Multi-tube boilar

Learn more
Tkl e 25 srealbe cogiper lirse

b6 it Baier thal earriad hot Seethe anginal Rockert in all its restored glory in
cabygust from e finsoos, L maceil a Bras=, Steal and Fire at the Mationa! Raheay

T e elicent machine. Musewn, from now until 13 Agril 2020,

"It achieved a then remarkable top
speed of 48kpn, winning the contract
for the company”

Horizontal eylinders

Taar eylnders meady L5 metres Iorg e
sct from a honizoota, b than o varbeal
nosaar. Thar positon alossed the pstars
1o i the wneels diroctsy, impresing
efierey erdd redacing breakdosrs,

Saparate
firehox
Rarriseing the Frobos
Fraer e bBaier

incra gz el oy
ared reduazad Lhe
aroanl al ssaks
Rackal produced

Hio 16 |'T5 M-B




@ HISTORY

Water mill
power houses

This simple mechanism uses flowing water
to reduce the need for manual labour

onking at the man-made objects that Differant countries developed the system for
L:=.'1]I'I'm]|'|-!'] v, hinwe tnaty heve heenmade  different purpnsss, While Greel: mills weere naed 'I'I-'e EKII'I.'Ei‘H"E
completely by hand v The ansver Is tagrind grain, many SyTian millswere used for
probably not many. Before water rills were converting cotton into cloth, For these textile FDWEI' Uf ﬂﬂlll!'
invented, every stap in prodoction invoelved milly, whirhappeared in France during thech There is a dark history associabed with
manual labnur. Water mills provided the Arst century, thewater's motion wasz used to l1ift water mills - particularly thﬂE'EFhi't
poveet for man that dide't require animals or wooden hammers that beat the cloth. m“mfﬁmimﬁm
brumins Lo produce, These sitnple energy uses cime belore Uhe resulting in the bess of life, In 1878 at the
Uzing awaterwheel placed in lmering watsr, arrival of steam power or electricity. In the early largest fhour milll in the LS, Washbuam A
liineric energyiz able ta sustain consiatent anth rentury, similar principles veeta used ro Mill, an explosion killed 18 workers.
mechanical energy. The combination of the produce sustalnable electrical energy, The Jﬁﬂgﬁﬁ&fﬁﬂ%m
wiheel aorved thee sl it attaches to is aowater mill, inventicn of the water turbine means thit in rich in flammable carbolhydrates and are
The mechanical output trom these structures develaped countries, water mills were no lonpgsr said to be more explosive than coal dust.
greatly benefitted commmumities By carrying out azusaful. However, thera are still nvar zn,000 When alrborne, the dust carries far more
Johe such as driving saw mills, grinding com operating in Nepal and approgimately 260,000 10 ﬁmrﬁ:"n::'nf: E:ﬁg:ﬂm"l::
ared Oowr, moving pumps, makiog vegeloble oils Lo, where Usey are olten relied oo Jor masses of partickes, remaining close
and poveering textile mills. For centuries four processing grain. together In the air. it only takes one particle
waza staple food and in fogh demand, so this to ignite in order to zet off a chain reaction

of e i rticles, creating an infero.
production method has helped o feed sociely Gaialy Lo S

from Rorman times into the modern period.

The wheel
at work

How did this early hydropower
SOUFCE operate?

Directing water
Rreer vaalar is chanmellad
Lhraughn a chule towares
Lhe wakar szl

. J - ol o . Bofare the imeention of mills, peeale smashed
Fl.-lﬂl'lll'l'g the - e g : - e " grams between stanes to prodece flour
wheel L ; - - \ :
Toe veglar drogas anm a
Pyt &2 it rFils s
i ls o thea wenesl, The
rova-side st
reismas the sl o
raLsing IF o rem

—— = Constant rotation
o "7 The rroverrent of e wheed
ey wnabdey e rolbiore] 2nergy

‘.-"* Lo b e Tm e v eal
T Ui Ciiculer mslion,

-l.:-"r' gl

gL

i Far ol
e

Turning the cogs
Sogs and oears atbaches:d
1 thaz il LrarisTer dhes
olebicral anergy Irom Lhe
eetree] Lo e rrachivesy.

Water release
Oner usan far che rataton, the water
drops off the wheel ang back 1mta ths
riwce far a sestanaaks syshom

. o
-‘:‘M :I-h'?u-_ ;2
>
. Moving the machinery :
w 7# Thirse rotatans can ba used for grincing § = S o0
| ard pumping aetiars, twkino this 'E:-q‘ g
latorizus choes e fram humars.
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L~ As seen in Hﬂl’l’}' Potter and
the Prisdner of Azkaban

“T'he iconic lotomotive from

the H;arl"_t-' Potter sertes” 'E.“'*.
7y | el el iyl e e o iy L g RO A g inroduced in Harry Potter and
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? TECHNOLOGY

Water jet-powered flight

How do these jet ski accessories use water to keep you airborne?

up large amounts of water from the body of
witer the PWC sits on, and pumps it out the
other side. The expulsion of water penerates
enough force to move the jet sli forward.
When that expelled water iz pumped Into a
hose rather than back into the ecean, that
penerated borce flows through the hose,
leaving the jet ski stationary. By placinga
jetpack at the end of the hoze and directing

ree conld be somme Hme to walt before
I we are commuting towork by jetpack
or hopping on a hoverboard to go
shopping, but hydroflight iz givingusa
glimpae into the utore of Aying transpaork,
Ditching the concept of the combustion
engine for water power, hydroflight jetpacks
and flyboards are firing people up in the air,
albeit while tethered to a motor, The
principle of hydroflight involves using a jet
sl or personal veatercralt (FWC) to generate
enough force through a connecting pipe to
1 Ft & persan out of the water.
When the operalor turns on the jel sld's
throttle it causes the motorised blades
beneath to accelerate. This ‘impeller’ aucks

“Oirecting the release
of water downwards,
a pilot can utilise the

Farticipants of Fybaard Racord
mtemational extreme water sgorks
festreal in Bussia, 2007

Impeller
The i skisucks ud vealer
Lesing animigelks [300mineg
b ackez) and wiakantly
expes T Ehraugh anarzle
« e Foac s =
ll_ﬁllb._]'"r_l: Bl 1}

of the waker b0 prOPSl 3

- lll yhern upsards ”

052 Hoee I Warks

generated force to fly”

L g —
= . —— a ‘
e T ae W

Connection

wizrar purped from ths or sa's
miakar e 5 up the bose ard aut
tarauoh the attached flyoearm,

the release of water downwards, a pllot can
utilise the generated force to fly in the air,

The first hydroflight jetpack, JetLev, came
from inventor Raymond Liin 2oo0q. He
initially attempted to house a motor capable
of generaling enough thrust on his back, but
it wasnt until he cutsourced that task to a
PWC that his invention really took off. Li and
his JetLew rose from the waber's surface,
starting a whole new industry that has
expanded enormously since then,

Now a commaon sight at many popalar
holiday destinations around the world,
hydroflight has diversified from the jetpack
design into flyboards and even into flying
jet slds.

——




OI0 YOU KNOW? The world record for the most flips using o woter jetpock in o minute is 29

Pilot

Wharilziring Wi alanics,
e il conileslz e
bzl s directicr Ly wsing
i By, Sl B Picdef 5
srEre boEcke s

Remote control
Wik ol re vsuslbe conilrodled
Les griivalogsbo seal=d ar g jel

sk, pridessiaral ylaandars ool
& ramerha corvtred B ater the
pe=sar Than's qaneraend

Flying
w‘ftlh water

Howe thesse wiater-driven
kBoards launch into the air

Up, up and away

Fhying high im the sky, French imsentor
Franky Zapata has taken the concept of
vdroflight flvboards and created the
warld's first jet-powered hoverboand.
Having previously excelled im hydroflight,
Zapata set his sights on the sky,
untethered by water propulsion.

With the aid of two compact jet
engines, the Flyboard Air™ drinks
paraffin fuel held in the pilot's backpack,
which holds enough to sustain a ten=-
milnute flight. Crossing the 35 kilometres
of the English Channel earlier this year,
Zapata reached speeds of up to 1T Tkph.

His demonstrations have also revealed
the potential for the technalogy's military
applications, from flying soldiers to
hoverboard stretchers.

MNozzle

Im orohes b geresrate an upassarcs
roetize e GFL ke et b dhe i,
weeker s direcled doverseeres thiouagh
L rreslas, posiioresd aoroes e
wednhl of e pilol Lo provide Lalance,

Flyboard
Julizirag the force of the porepss:d
waaler. @ Mhebaand pravides a

sur face Toe Lhe pilol Lo sbane as
e ranalizr jals cirareands

PWC

The persaral weatercraft 15 the
rmain drier foree b
Fredreflghil, acting
hrabreg angire for & e,

The Flyboard Air™ s capable of &
mairtain it= altitude without The

. g

e
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ﬂ? TECHNOLDGY [RATE scAN HERE

Magnifying
eyeplece

A curvad irorrar burees
Turil ravs 1o e eyapiada,
walmre Dye Ghaoboe g aahe
san yiga aclean sistune
abwenat thewTa cantanng

How a Polaroid
camera works

Talee a look inside the instant camera that inspired
generations of photographers

he invention of Folaroid cameras marload
I the beginning nf a new era for
photography, Today, we may take for
preinted thee ki lity to frnstantly analyse our

photos - zooming inon details ona digital
arreen before derlaring the result wnanitable

The camera’s
mechanics

The Polaraid Land S3-70
irstantly produced clean
photographs automatically

Viewing mirrors

These Hat mirsrs are mede of
Aurrirised glass. Wicer at tha
mirtam, the framnaid mernar reflots
ighs b thiz mack of thie camizea

and taking another,

Bul prior Lo Lbve o, phrolog rapdaecs hac Lo
wiait betyeeen 30 minutes and tven hours for their
phntos oo be devsloped., [Fan images turned oot
badly, your subject could be gone, along with
vour opportunity for the perfect shot, This was
until one man sosught to change all that.

Instant photopraphy swas brought about by
Edweln Land, although his three-year-old
davghiler alse gels sume of the credil, Wheo
apendinga day at the beach, she didn't
understand wehy she conldm't see the picture her
father hag takeon of her, This made Land ask
himself the same question, sparking the ideas
that circulated in his mind. The outcome mean:
hizdaughterwould grow up never neading to
wialt for a photograph again,

“Polaroid's Land Camera
gained instant popularity,
selling out ina day”

The firat inatant camera appeared in 1947,
Maroed after (s nventor, it was called the Land
Carmerd, Consisting ola roll of posilive paperand
developing chemicals, the camera worked by
hringing the sxposed negative and the posite
paper iogether through rollers,

[r1the click of w button, the camera’s shutter
aopened, allowing light to enter. This hit the
axtremely photosenaities film, and the light
recrieated the seene before the camera,

Lizhl ervergy bonvised Uhe s siver halide
coebings, converting them to metallicsibeer
atoms. The number of siteer gtoma on each part
of the film was proportional 1o the light exposed
o the image. After arownd Go seconds, the
negative paperwas pealed from the positive
image i reweal the Amshed phatograpkh,

Polarolds Land Camera gained ims tant
popularity, selling out on the st diy. The
product made %5 million inits firstyvear, and at
Polarpld's peak 1 hillion shors were heing
snapped avear,

054 Heoaw 1 Warks

Maotor
The msbar e @xpoeed
T Laweanrds e processng
ridbars Lo apsctil

%

6V flat battery
Thnis cornpect, batlury poveers
L camrprd’s & eirarics,
P ang Tlasly syeslems,

Instant colourisation

In 1963 Polaroid launched its instant colowr
filrm after the invention of dye-developer
malecules. Whereas black and white instant
cameras use one film covered in silver
halides, coloured Polaroids have three, with
each coating representing a different part
of the light spectrum: blue, green and red.

Colour photography wasn't new, but there
was something striking about holding a
picture identical o what stood before you
just seconds before. As well as amateurs
using it to create lasting memorlaes,
renowned photographers also praised this
new addition. Andy Warhol used these
cameras to create early selfies, and his
photographs of himself and others acted as
a sketchbook, inspirimg his colourful work.,

warhol took his Polarold camera
everywhere with him, continuwously shooting
and docurmenting his surroundings. When
he died he left over 60,000 Polaroids and
snapshots behind.

Lo hogeitworkednily cgm




OI0 YOU KNOW? Poloroids brought smiles to photogrophs. Before, long exposure times meant most subjects didn't smile

Lighten/darken Life magazire’ caver
control lraim 1572 degicts
Li=ing dara froen the phatocal, ths Lhe Tascinatian

_ § Closing the
el sona s tha shotber b apen shri Tavwands Gl :
3 PR Carneet ApeTLIE. Winenng Lardts ireentian - 3 A Shl.ltt'ErE ﬂn |
thie sauttar incroases pupasLIe. f= ey 0 - H 1
\ Polaroid

Polaroid continued in
business Tor 50 years,
retaining sales aven
when the technology
became outdated. COnly
at the end ol 2008 did
the company stop
making this product.

The shift of photography from film to
digital reduced consumer demand. As
techmology was advancing, Polaroid
decided ta stop manufacburing Lamnd
Cameras = thera were simply not enough
people buying them.

2 However, Land's legacy lives om,

Polaroid feabures are mow considerad
Photocell fashionable, and nostalgic photographers
light hevels in Lhe erwiranmant 5o continue o enjoy the fegling of a ‘real’
that he expasuie can be photograph in their hand. Pelaroid
balanced for sash shat Orlglnals recently released the Polarold

Pop, an instant digital camera that

embraces old and new techmnologies.

Thie ultrasans tive odll debecls= Lhe

Four-glement lens
Ligh: eréors the camera
chrough thz ke Beasarng
oriby Ood rechyes, ibs siee kosas
thaz carmera thor erhen fokdec,

Ciza grassed, Lhe

shulhar lels ight i,
Light initiat=z Che

- . preduction of & pctura
whan it reaches the
garmera’s ilm
]
L ]

Fresnel surface

e same size a5 The tiniched
pcture, the aluminiam glastic
shieet hias AL grooses par
Inch, gistritusing Hg kRt arvenily
ot the Fimn Far batter focs

Processing rollers Developing picture

Thee ralers Teed 1he fine oot of I pethane 15 milaased aens

the camera b presers the ard the:image begns ba Land Gameras wera

prstzsraphar with their image appea” on the Sfim. Contrar o reramed Palaraics
poaular babef, shakng thea film after thei b af
=r't oo for deveopment. palarisivg discs
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ﬂ? TECHNOLOGY

Inside the Huawei Mate 20 X 5G

Take a look under the bonnet of one of the new 5G smartphones

uavwel iz leeding theway in sG, not just
H berause the Chinese company has Hﬂw d EG E;ﬂm“:'rf:ﬂ"ﬂ ﬁ_'m"ll" hﬂ'ﬁ"}ﬂ
P IS5 M walere I
created rouch of the technology used In phnne works T Loy 2P sell e al Lrese ol e resar-facing
the inilial UE roddoal, The lecky E'J.iJ]lLtl.-'d.E also A surnklsinaly small number of carmerais e eason o cavergs - aong witha
started putting 56 phones into the hands of surprisingly < ) L . Lhe Lree rebich 22 Lhe tag firy Fash mizduke
cormponenls oo inlo this suporlast device o tha screen,

custnmers grrnss the country - and this s nne of
the first, The Huswed Mate 2o X G maode] is
almuost identical to the standard Mate zo X, but

. . The screen
with one unpareant difference. It can take This F.2-mch depiey bas a resslutan of
advantage of the neve, faster 90 network. 100 220 - tral s oz pisel
The phone 15 powered by the Balong seoo, density of 4 whopging 345 puels per inch

Huawel's [irst seven-punomelee sG chipsel [
supports both the non-standalone K54 and
standalone |54) g6 architermre, which means=ic
can get better speeds today, and will go
ever faster in the future as the UK
network improwves.

That, of roursa, 15 the big news here
But the phone has plenty of other tricks
wpr il sleeve, The pz-inch OLED screen
goes from edge to edpe, with only the
smallest notrh at the top ofthe srreen
fior the camera, Inside, you'll find a 4200
muhh battery that vow can power wpin
just a few minuoes using one of Huawei's
special high-speed chargeTs.

O the back voull And a three-lens
Ledoa carmera, Thie main camera is 4ol P
allowing vou to capturs incredible
details, whilean SWP camera with a
telephote zoom lens will help vouw capliore
clistant shots, Finally, the 2o0MP cimera
pives you an ultra-wide-angle lens, soyou
can talee incradible landscape photos and
awesnme maces shots,

Hilawes 503 madal
will being faster
Inteimat speads to
ynur smartphons

Thes By B 15 te2 v ain kickspsaakoei Tor
e oo - Al yaur muse and
speakarpaene calls will oo oot of Fers

Lewews hogeitworkednily cgm




OI0 YOU KNOW? Huowei's gkm® compus in Dongguon, Chino, hos its own university ond o vintoge trom to get you oround

The cptiaral
b-Pen pd Tery

105 et of 4L ﬂﬂmpﬂtitiﬂn

presaure
sansilivily Tar sams““g

natural weriting |
and draaring Eala‘xy 510 5G |

The big hame [

Samsung's first foray
i
o

into the 5G world uses
its best-selling Galaxy |
brand, and adds a

camera cut right out of i
’

|

™

||

X
the screen te avoid a , =
distracting notch. This is  BEE
sure to be a big hit. ]
LG V50

ThinQ 5G
Motherboard Dual-screen fighter
This oers bogses allol e LG has a different tactic
ohork’s shigs 20l maman to stand apart in the 56
Frpartantly, s i Lhe board wonrld. This smarkphons
that Feakds the phyare's 55 chip, supports a seconid seresn
add-on that gives yau
twice the space. It's not a - k|
feldlable phone, but it's -
the next-best thing.

OnePlus 7

Pro 5G

The photo pro

This ane™s all abaul
visuals, Aswell as a
ABMF camera, wide-
angle and 3x optical
zosnim lens, it also ol lers
a QHD+ screen with a
90Hz refresh rate for
smoath viewing.

i
'

4
i
4

MNFC and antenna
I iz piece of plaelis
enahies youto usa teatiras
|l cormactlass paymarts,
If & ak=n b ta phona
cernincts b the nekvenrk.

Rear casing
The ack af the
paneisthe rirst
[ e AT T St
I o weant 1o gat
insicks - althedigh
s shuck ovesn
with adbesiva

“The phone is powered

I

Batte
SIM tray The ='zn3?.r-..u- Letbary should ke he t“—'" thE ,BDI.D”Q EDDD'
This 51k tray has taa sloks - abcre running 1o a Tull day, bt 56 HLID VWEIS ]cl I_St SEVETNl-

ane for @ 55 S card, avd ore “epdires 3ol of gowwer. Tharklulls it can

that onby zecepes 445 cards, tast-charge hor & posear boost! ”D”D mEtrE SE Eh prEt”
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rart. Thi

erad tn hathe
et

|[h::||_|r_ being

sprnt thiat aircratt used in

gel-driving”

e Companies like Lexus,
BMW and Mercedes
ore developing this
innovative technology” -

Yerday s testing oear
100 of = driveriess oo 5
N Bussia, tracked with

i
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Mizsar aims Lo rekease il d

wdr in EII_I'E.[I. It Tt i ehoaSs i

e s—
e

e ¢ s

This is an axg

bty i) 0 Ll o

1pie OF the it

could expact inside new 4

Driving automation levels

Fromn hands-on to hands-fres, these different levsls measure hovw miuch the car takes control

Fully manual
Line the rraor oy ol ciars
Lhal ara curmanlly ar e

g this kvl reuines

EEra ey o ol eveiy
. asgecT of driving

Driver assistance
I Linis Dewesl jusl ovie gspacl
o drsding is gulameled
Exgrnpdes v hede ha
shesring, speedl o
cornraling the hrekes

Steering amd speed
Farlial auiorralian imeans
LAl e Car an Crive sl
Hiemozwer, al s ke

o e 5 SEI g died 1
rerritar dhiving

Environment
detection

Trre wericle slar = resnilsnrg
Line Crivieg @nviicrrreal, bul
P averyide = jagioiiad it
the swsrem tails

High automation
Bble Lo golibsall il Chings guo
TR, o egal A patiche Can
e al frivieg) Lasks
Hersaaias [imian spairice

can skl be usad

Driverless cors con be summoned remotely, so yow moy never need to find o nearby porking spoce ogoin

Full automation
Huariars grer’L neeced Tor
2y aspecl ol driving, as e
waliche can de il dl Highly
resgorEive it ot e usad in

all congit ok
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S Tha kst iy

Crucial components Video cameras

isaalinfurmabon gicked ug

Each part of the car plays a vital roda in steering and safety by carrara i sarrt bt
- tasks that are usually carried out by Bumans perveerlul prooassor. whichi
e cunbiraceahy soars L anages ':'El'ltl'ﬂ mmputer
- 2 S Lo identily the senaundigs he brai of the car. this

receives all the irfarmaticn
St athar sersors and
cortrrds the car's mesEmants.

Lidar (light detection
and ranging)

Ihis helps tha car sae datals
=271 Ak lare mark ng s ard
ravTmiRAEs, b keap e st e
mrivng safehe on the nght track

GPS (glohal
positioning system)
This systerr bals the oo ils

arsiion, guourals to L9 rrelres

Accident-prevention
systams

Alarts ara triggered whan thz
radar detects samathng i the
car's blred sock.

Ultrasonic sensors
Clasa o the oo, thase
sand oot sk ulbrasoni:
purses that cetect nearky
phracles and can track howy

How adriverless ="~ *"

Radar sensors
Radardetact= the kzeabon af
onpsts nearky, presnrting be
car from crashing ar stopong
too closs to othees objects,

car sees

Mot only can cars now 522, but manufacturers
claim they can see better than us

Radar
Camara Hereatk tar car's metal snzl, radar !jdl T TR T
Cebezbreg e lines ane phzerves surnundings for buncroes sereding . milizre < ligh. -
reading moan sans. cameras o mitres, Bario weses anunss aff ELIHEE_R_LI:_?E_I_H . Lu_rer e '
can erly viesy wahat the phccts, relaying infomraetir onctke S ESTE eliects, e fetees

surlighl ar beadligals light up speed and dinsction shages evenninLhe derk,
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The estimated impoct on lives soved by driverless cors is on por with thot of modern vocooines

lomg flip he= were abde oy withowt pilots
continuously heving o control the plane. Sparry
Gyroscope Co, was the company that designed
hee firstautopilon prodolype, and gyroscopes sill
play & hupge partin drivardess vehicle technology.

Animpartant first step in developing the
sa fety of driverless cars arose In 1g#7, when
German engineer Brost Dickmanns installed
carmeras and Go micro-processing moedules cnto
a3aloon to enahle it to detect othet nbjects on
roads, Using them at the front and back ofthe
viehiche, e sysbom wias programmmed i only
focus an relevant objects. Driverless cars use this
wx ensure that, when on the road, they can spot
hazards and prevent crashes.

Honwever, afler a pedestrion was killed by a
criverless Dber car in2mB, questions wers
reisad intowhather this neswtechnology will
aver e safe enough, Whilas they hold the
podentiad Lo proven accidenls cawsed By buman

“Gyroscopes
still ploy o huge
part in driverless

vehicle technology”

errar, i both manual and aulonomeus carsare
using the road at the same time, thers i=a higher
chanee nfone acting inaway the other doesn't
expect, Increasing the chances of collisians.

Currently, the closest most have gol Lo lesting
the transport of tomaormesy isusing autopilot-a
featurs that Tesla intraoduced toits wehiclesin
25, sommeshers between manual and
driverless, iz hands-Teee wol for molorway
tranve] wias provided asa sinele software update
for drivers. Overnight, customers were able to
experience [usta taste of the freadom thar
driverless cars will provide,

Continuously rotatirg lidar systems
i providing @
iy iof tho road

The driverless
future is near

39.5.

The global increase
in the driverless car

intdustry each year

The number of
driverless cars
expected to be
solld annually
by 2030

million

4

Google oamns a large
numkber of self-driving
cars currently on the road

90..

Fenwer traffic Fatalities
are estimated to ooccur
in the: drivesrless Puburs

+

Car and car parts manufacturers
hawe announced they are working
towards self-driving cars

control of some

: current self-

seconds riving vehicles

257 Kph

The speed reached by a self-driving
sports car in testimg

The time it takes

fior a driver to
take back full

The most common accidemt
involving self-driving cars is being
kit Froem behind

& driverless car's Al could decide

o risk its passengers’ safety to
save others outside
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Power source

Erjaipaped Wtk b hattery packs capabla
of A e of 3050 wnies, che vehick s
rorrpecely fraa of carbon amssnns b
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Why Animals
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There ore oround 2oo.oo0 different species of onimal thot oct as pollinotors

Mile-dhweelling cracodiles
use [eatheres] denliels o
cean their teath

- L
howitwnrksdnife r |||1H,

Fallination is the perfoct EXAMHe af
makualism betwean fan ArgAnETE

urkingin the muddy waters of the Rivar
Mile, a cracodile carefally halances its eves
and snoul above Uhe surfoce. Goodie
riverbarl, a plover bird pecksat the growod.

Eyestrained on tha featherad hody, the
crocodile paddies towards the unsuspecting
o before beaving Uhe water and mounling
the bank. With the crocodile’s mouth nower fully
npen, ravealing the razor teeth within, the
plower rushes over as ifin grest the glant reptile,
Ratler than fear for s i, i begins W pecloal
the pgaps betwesn the crocodile'’s teeth,
collecting ricks and dehris az it poes.
Undisturhed by this feathered flossing, the
crocodile patbenly wails for e plover Lo lnish.

Each benefiting from the remowval of parasitic
pests, this reptile-bird interaction is a clessio
examnle of asymhblotic relationship. Ona
‘seratch my back and Il scratch yours” basis,
oy sy mbiotic relationships in nsture can be
beneficial for hath animals concerned. Howewer,
not every partnership 1 egual,

The principle ol symbiosiswas lret oullined
to describe lichen, a plant-like organism that
consiats nf hoth & fungus end slgee. Ttwes then
later applled to diferent animals that Hved in

"Many symbiotic
relationships in nature
can be beneficial for
both animals”

mutially benaficial relationzhips, and hazssines
supanded to lnelnde three dl ferent types of
relationship: mutualistic, commensalistc and
parasitic. Each catepory describes varying levels
of beneficial beheviour and interaction.

When rwo organisms hoth benefit from a
relationship, itis koown as obealism, Benelils
af having a buddy in the animal kingdom
typicelly centre sround fond, protectionand
transport, Whers one antmal, such as the
Egvplian plover, beeliis (o a lasty meal, Uhe
wther benetits Irom the rermoval of parasites.

Examples of symhbinsisin this form aboundin
theanimal kingdaom, For example, in the
shallows of the Pacilica crustacean and sea

Hriee It Wiorks 065
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anerreones o boeether b Jorm (e sea's only
cheerleading crab. Obten called the pam-pom
crab or bowet rrah, this high-sporited crirter
; ram the seaked and
irstinging
nd a new

free ed on argan i

prineiphe applies W many dilfecent orms of
marine life, such as the relationship between
clowmnfsh and anemnones,

the oxpecker bird tackling the t
zehre earato the hunting partner:

sl roalualism cormes o plebial
partnarship between plants and animals:
pallingtinn, Hete, & aperies of bird, mammmal or
[ <0 the necta r'|;|[|'|'l-' wilhile

arushing wp against the plant®s pollen or seeds,

Microscopic mutualism

veluich e Lhen dispersed By Uae aniosal vl i
moves on. By visiting many Howers, bees
introdure pollen and fartilise plants on their

nutritional froic

Thete are, hiowen
only eneanimal g mngwith
arsoliuer, kooown s counmmenesalism. 'sa
one-sided deal, but the aperies will take
sdvanrage of anorherwirhour causing rhem amy

“Species will toke
odvantage of another
without causing
them any harm”

Sometimes twao species can work so well together that

Lhizy Rearrm i1 wehode: nieww organism

fod i
s, N,
g
{ _E_FH':-.".'I‘I"."':':I".‘.
’ - L

e

‘-'I.

e

CTa h 1i -
; '.-.-nfls-: Timg Hoiection in (e
HEMOne s tentacles 1y hik "

aveay fist

1 that wauid &t th
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i fungus

ey chasg
1] HEMone
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CI0 YOU KNOWs There are ot leost 1,ooo different species of known symbiotic boctero living in gour gut

Thiz boxar crab waars oiaves made af aremaones
tn gormhat it appanants and get foed

Cattle agfets fanst bn the insests Mshirhad by the
cattlg In'a commensalistic reltianship

Ant farmers

The process of farming may seem like a completely
human concept, but certain species of ant will create
farms of aphid llvestock. These aphids are used in a
similar way to our dairy herds, with the ants wrangling
the aphids and feasting on thelr secretions.

When aphids chomp down on plant life, they produce a
sugary julce called honeydew as a by-product - and ants
love the taste of it. Offering protection in return, Farmer
ants flercely defend thelr aphld stock, even preemptively
eating the eggs of aphid predators, such as ladyhirds.

Although this dairy farm-style deal can be considered
mastualistic, ants take extreme measures to keep aphids
in check. Aphlds are wingless, but If & colony becomes
too small or resources are limited, then individuals will
gros wings to search for greener pastures. That is,
unless an ant comes o pluck their wings first.

Observed actlvely removing aphld wings to keep them
in chick, scientists have alse found that a chemical in
ant footprints has a tranguillising effect on aphids,
miaking them walk slower and stay in line,

v

..‘ _.1

s .ﬂ.' X
ants act as farmers to kaep thalr
aphid livestock ales

g

Crab & urchin
Often called the
carrier crak, these
crustacoans have
been chserved
crawviing abang Lhe
sea floor with a spiky
sea urichin an ther
hack, The crab gains
an armoured shiek
aganst predators, and the wechin
gel= a ride la new feeding grounds.

Mangoosas &

wiarthog
Spon biting at tha
ears af warthogs,
mangiases tk
pleasure plcking
wanyy at the many
parasites Iving
within a warthog's
fur. One spacies gets
o tasty maal, while the other gets a
deep clean,

Tarantula & frog -

& group of frogs,
called rricrolylid
frogs, share thair
lealy hidiries weith a
groaip of tarardulas,
It i= thought that
thesa eight-lagoad
Boadipgquidnds of Ter Ll
frogs protection, and
the amphibians provides them with
parasite remasal servicoes.

Zebra & ostrich -
With poor
eyesight bt great
bearirsg arnd srmell
zabras saem to hate
parbrered up with
r=michas as a sensory
replacernent o deloecl
pracators, With
el vision bul
paar hearng and smell, cemichas also
Barsalit froem U stripy risighbours,

Gy Fish &

shirimp
Re=siding nm tho sea
Tloer, goby fishand
pistod shrimp waork
together o craats
themsefees a perfoct
Froime. After the
shrimp builds a
burrow In the sea
floor, thee goby scts as a bodyguard
sgainst predators.
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(#% ENVIRONMENT

“These spineless worms
grow within the bowels
of their host, feasting
on the digesting food”

thanls o aaspecially modified dorsal Anthey
can stich o larger Ash for easy trawel, Equipped
willy Loy, barmless spindles, (hissuetoncup in
creates anough iriction to adhere toascaly
surface. By alighrly changing the fin‘sshape. a
remera can quickly detach, Without any henefit
o the shark, reronoras oot cnly conseree energy,
bt gitera shark hay torn apart its prey, thay can
sepvenze the floating debria.

Golden jackals that have been expelled from
Lheir pack have also been wilnessed o lollow
anather species’ movements to benefit
rhemaelves, Hot on the heals nfa rger, thase
jackalswill stall big cats in the hepe of feasting
orn L rernains of their latest kil Undisturoed
by the shadowing jackal, the tiger neither
henebits from nor iz hindsred by its activiby,
whereas the jackal mdght geta quick and casy
mweal fromthe Uger.

In parasitism, howeever, one organism in this
symbiotic relationship benefits at the expense of
the other, The origin ef the word parasitism
s ‘one who eats at the mble ofanother -an
appropriate description &5 most parasies ara
hlond-suckers or marrient vampites. Often

stealing justenousl o leed Uiemselves,
parasites feast without completely killing their
hosts. Ticlks and figas, for example, lhve ontheir
haosts skin or nestled betwean their halrs,
drinking the warem blood of their host mamemal,
Although just a fews dropsare more than enough
tn keep these tny organisms &live, they pose an
infecrion risk from the bacteria tha

Lizey cam Lransomil

Some parasites work
from the inside ouf, such ag
Lapeworms, Onee ingested as larvae, these
spineless wiormes prow within the bowels of their
ot temsting on the digesting tood and aven the
aurronding Hasue.

HoweneT, to ensuee thelr posldonasa
peccasile, bwere are Lhose thal bave evolyed Lo
berome a physical part of their host, Hiding in
thie jawes of its Astyrrictimas, the tongne-sating
louse, a small marine
arthropod, slowly
replaces the ongue
ita host hish, whera it
remnaing ndefinitely, THES
précrasile Laloes e ploiiation Lo
ahorrifyving new level - in2ous,
it gpave one British man & fright
when he discovered a setof oyes
staring at him from inside the mowth
of a sea bazsy he'd freshly purchased
from hiz lacal supermarket,

Crustacean got your tongue?

Discover how this tongue-eating louse replaces its host's tongue

Tongue-tied
Thare are arourd 350
Langaa-aating |orse
Spegies in the soears,

Through the gills
Cymidhoe esgue anlans
thrcagh the gilz ol atish
and makes itz wey lowands
the eue,

same praterring fish,

068 Howe i Wiorks

Tight grip

Tha parazita e lalohes
i Che Lonous, Oripping
bigrrby wwith its lags

Tasting the
tongue

2.3 naemcparesite, the
aimal crustacss begins o
cirk Blood from the tongue

Lifelong friemnd

Traoughit newar deinks ancogh Blocd o kil Che el
oo emigue sartinues Do Teast uall te arigina
tongue hies witherad asay, revaring irdalinitaly &5 a
e s-tongLe




Mistletor is o porasitic plont thot con suck the life out of its host tree

KEEP CALM

AMTD

AVOID ALIEN
PARASITES

SEAN
YEAGER

Femora lieh atlach o the
Lalby of larger fish Tar a fres B

ride through Lhe vialer B8 DR THE-T- 11;":"‘-_[ LL
CONTROL
YOUR MIND!

Mind-blawingly pood.’

"WNow-stap acteon all th
).

Aw exclilarating read for
yourgsters of all ager.”

Order your copy
now from Amazon
& online stores.
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Japan's iconic Maunt Fuji
is wnisually syrmimetrical
Tor & valeano

Volcanoes:

Making mountains

from magma

aloearoes are rmounlains and galewsays Lo
Earth’s crust. These opsnings allow
and gas fn ARCATA

an resulting huge,
alding lava into the

tface
Often vodoanoes are lound whiere beclonic
plates meet. These rocks make up the Earth's
cristand are continuosly mowing, censing
il - 1athor, The
created by th nent ol thwese plates creates
a high temperature that turns the crust into
malten hat rock, called magma. Regionsseith
anoes formed during metlof
25 a e e e b )
High prassuras in the Earth's crust pushes
magma up crecks in the tecfonic plares until i

TEESa bioee grovnd level, When ma B

Earth's volcanoes connect the planet's surface to its fiery core

reaches e suclace, il is called lawva, As Lo cools
and hardens intevolcanic rock, it forms a salid
minuntatin

pouring i

Lhee form ol submaring

lava instantly comees into .

wiater, underwater eruptions often go unnaticed.
Ifrhe top of these vwaleances come closa m the

Wi [ 1 At
debaris being Larowen above L

estimated ta be owver 1 million submarine
vilcanees, Larger ones hawe the potential ro



tore than 8o per cent of Eorth's surfoce, obove ond below the seo, hos formed from voloonoes

Volcano variations Shield valcano

_ with shalioe slapes, thasa wilcardas are
Fram mega-mountains to holkoe lakes: how do frerred by o viserstte lnua Ao, The thinmee

different woleanoos forrm? e Erareeds far hefane it canls and sobdifcs,

Complex volcano
These esleances hava rulliple
cones stamimired o Lhe
seme lava Thave, MW domes
are famred when lava starks
uEirg sltamative vants

Stratovolcano Maar

Aernating between lavars of ke ard ash, Fighly Misars are shollow craters,
wanmes L haicens rese the fap of thes walzans type be surounded by eruption
ot steeq canes veprs s, Uodly ocalsd

Ll o gromang bawa, wwialay
o Ly T vl ez Cratas,
creating & lake

Tuff cone

Mace of peddlaslic

vesa, Il Cones haws
Fich iny= with a Saater n

l:illl;h:ra h; o ER L wele

Soire volgaroes collapss meatanks when magmais el

nan aniton, They fava a Groe halow 27 the tao,

A

Tuff ring

s tormiat ons sre
sl bbb cores bt
ara anky arnung Frae
riatars high, w1k
cround- el crrars

A )
Pyroclastic cone
Thessae simiall, sieep wolcaric
slruciures ool al
prracklic Tragmerts, Haol

: -
Weh '.".'l'.'.‘"'l'.' Tl B2l L

so0l guckly inithe gir, <0 3

Iragrments ars oo sl -

1= arz i

Somma volcano not veelded topsthe T

When the original cane collaases inta
2 caldera, cruabons corbros and by
=73 Cresie A nev core irside.

Crater row, fissure vent
A fove mcotes wide and reary
dlzmetres larg lava ewpts thraugn
Lava dome fissure vants withoat caasrg
Cauzed by @ shre anagtian of ceplosnne, Thes creses srrall cones
winoaus [ava thal baids up A e eal,
wridergrovrd, & mound of aarth
iz up Lo [ laea domes,




loe crystals in
cirrastratus clouds
can creats a hale
af refracted light
around the sun

How do clouds form?

A journey to the clouds: how alr carrles water into the sky

—

Heating the ground ,’, +

Sunlight qits the Earth'e sarlace ) (
Hz e graund assais solan ; ! ‘.
rackaban, T8 e pEeaTLre ises J ) b
|'-I ". 1 .
I Ly

o ! . I.

e i

. = '

Convection

T greired neats the surmard g
alf, sausreg 7R Recnrre lightars
ared risa aneaw Saclar ar
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How clouds reveal
the weather

Shaped by the landscapes they cross, clouds warn us
about incoming storms and even form on other planets

he sky 15 often abundantwith clouds. We
usualhy take little ne

hansering aboye our heads, but
sometimes we fear thaweather they may bring.
Continuemzaly appearing and fading out of sight,
what are these unigue shapes that parade
acroess Lhe shiy?

Clouds are created when rising air cools down
engh to Teleaze the water vapour it contains,
and the condensation produced in this process

makees clouds visible, Cloud masses consist of
tiny droplets of liquid, frozen crystalsand

nther suapended particles, surch as zea
salt, dustand dirt, These particles are
kmoven as cloud condensation muche,
2 Thewolume, source and
accurrence of clouds differ around
theworld according o the

k.
g
B,

s

Rearranging
Parcels of wir pash eact atoer aut af the
vty s they oroense Punmedves oo
‘thermak’, base o e lereperstore,

]

Cooling to

form clouds
Codd zir canngd, bold g2
FCh Water a5 wWarm an

h .___._____...---"'""" A5 ar poods, exira wakar

WARCLIT CondereEes our of

] FiE Al Irk sk

", Landscape impact
. Dillerart lerrain caasas gir o
riee arc Coal ot Cilherert rates.
AT i cier reicns Feals up
auickly, webile noeoiintaingis
langsgapes ai con's auickhy,

rropef s, forming chnds.

climate condidons, Near the equetor, hot air

roe With nn
¥ Bk the
desert also demonstrates tae rode clouds play in
retaining heat: at night, deserts can become
hittatly cold bacrize thera is no moiatire in the
air to hokd onto beat,

The mountainous regions of Earth act to
obstruct wind flow, which haz a fascinating
impact on resulting clouds. When air reaches
these barriers, it is pushed drastically upsards,
creating a unigue form of clowds called
lenticular clouds. In appearance, these are often
compared to & stack of plates, and they are evean
mistakenly reporied as URDS from Cime o lme,

Cumiknimibug cloucds
eyl op Trom Gleiliis
CRauds Do ecaime

tall strusturas




OI0 YOU KNOWs Despite its cotton-like oppeorance, on overage fair-weother cloud weighs mare than oo, 000 kilobgroms

Clouds that are
out of this world

Earth is not the anly planet with a
cleud-embellished atmosphere. However,
not all elowds hold the same properties.
Cen many other planets they are not
wiater-based, although those on Mars are
mast similar to Earth's as they also
contain water.

Venus is surrounded by clouds of
sulphurle acid. This s dwe to the
atmosphere an the Solar System's hottest
planet baing abouwt 96 per cent carbon
dioxide. They move at impressive speeds
of 360 kilometres per hour in an easterhy
circulation arpund the globe,

Clouds on Venus share some similarities
to Earth's, as they are capable of
producing Hghtnimeg. Flybys of the planat
detected that lightning occurs at least half
the rate that it appesrs on Earth.

Gas giant Jupiter is surrounded by a
S50-kilemetre layer of thick clouds.
Farmed in three decks, its uppermost
layer is formed of ammonla crystals,
which produce storms hundreds of times
mare powerful tham thoese on Earth.

All of the planets in the Saolar System
produce clouds, excapt for Mercury, the
closest planet to the Sun.

"4

Juprter's Great Red Spot is actually 3 storm twice
he size o Earth Lhal’s been ragirg for 300 years
-———

TN

Cirrus
Fronithe Latin weard maaning
i of nai”, thece chaude ara
b, wehite ered wispy, AcTing &5
shorm warmings, thew appear
befara tropcal sycinnas

Cirrostratus
Thesa lrarapsrerl choody e
Figh eels O iz e in e ar
Framad of e dryslals, Ciirisbialis
irchCara waar wes e

——

Cirrocumulus
Arraroed nroes of small chiudets)|
iy b o gram-like spoearance,
These rarer forratiors can be sean
duriry oz, Tair wezatber,

Reading
the clouds

There are more tham 100 cloud
variations, grouped Into ten types

Altostratus
dbscurng tha sky wibh thin
grey sNERES, albastratus
clruds ek Fetks sunicht
thrmugh. They orn usaally
scon boforn vearm waathan,

Cumulonimbus

i These quilli-evel Godds can o
s at heignts of F1000 metes
O PEEE, TRy Brmerge betars
Feasra i, nianll ared toimad s,

— -

Altocumulus
These commoen clowds apoear an
AT sLTTREr rearr s belore

coslar allareore, Al s gs
gl Lok, Ui palones reimis
sty el ly el

———

Cumulus

Thee bt roune ard MofFe-lockicg
coads ane clogaes] Lo e coads vau
arabably cress as g child, Thesy are
usaally sadn o Claan, sunng mamings.

us
Stratacumulus ook ks dishealked
ourradue chauds, Spaoed oot veith blae
sy nibelepsen, hay damzrsbrae
ok, coareecLise in U alrpoephme

Nimbostratus
Ursering tha sl in athick,
rark grew skees, these clzuds
kleck o the sun and preduce
vl ESPrTan i ar sroee
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r SPACE

pagitinm in the aloy, baries distence guway from
wy aswell, In principle this can be determined
by measuring the star's parallax - the angular
change in its position as the telesrope miees
around the Sun. The problem is, the angle
irwalved s minuscule, and it gets smaller the
furtheraway thestaris. Until the first
astromelric satellite, Hipparcos —also operated
by ESA —was leunched in i, only sbout 8,000
stars had parallases larse enowgh to be
detected by ground-based telescopos,
Hipparens multiplied chat figure by s,
iocreasing it to almost 1zo,oo0 - but that wias
anly the frststep, Galais going to measure the
parallax of1 billion stars - 8 oootimes a5 many
as Hipparcos. This huge [igure represenlsa
sample ofaround one per centof allthe stars in
the galaxy. Equally important, the sample will
b evenly distribuced across the whole galaxy,
rather than being limited to mearby stars, as

Unfolding sun shield

Gala’s optical Instruments have to
operate at a very low temperature, <110
degrees Celsius, in order to achieve the

asired measurement accuracy, At the

time, the spacecralt necds to be

located in direct sunlight, so'that its solar
panels can provide emough energy to run
all the equipment. To reconcile these two
conflicting requirements, Gaia is fitted
with a huge disc-shaped sun shield, more
than ten metres in diameter. Made up of
12 himged segments, the sun shield was
neatly folded up around the spacecraft
during launch, before apening out into its
operational eonflguration omce it was
safely in space.

076 How 1T Works

From the outside Gaia may look
like other space telescopes, but
inside its design is uniqus

Propulsion system
& small rockoet englre o
stator-k2epineg, clus a
cidd-gas rricre-propusicn
systern for Fre adusrments
tothe spaceoraft's sriarmarion

Thermal tent
Pratatree comenring foar b
spacesraft's popnad - thetan
relescopes and associeted aptics
- end s serdcE il e

Inside Gaia

Sun shield

A lan-rmielna-
siarmeser siss that
falds cut to keep thin
SRgCecre ool

Main solar
panels

& ring of eighit fold-out
penels attasned o tha
bz of Lhe sun shied.

Scientific payload
Rataertranasicg e
taksoars anng the asis of
the spatasralt, Gaahasza
P w0 Leesoopess painking
Ut siceaas,

Service
module

This coribais e
central camputear,
eparsible forthe
spasecraft's adentation
and tharma
rmanEgEmend, a2y weell
As commbncaahnms
Aack bz ksith

Downlink antenna
Thiz serads Gaia™ ddla back
to Carth o2 up ta five
Teneaits par secard for
aigh hours per day,

Additional solar
panels

& srallar, Faed nng of
sodar panels; el the
panels wenrkirg Logelle:
cprrerate aroumd e
kilywarts of rlackricaty,
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OI0 YOU KNOW? The term parsec, used by Hon Solo in Stor Wirs,

Shifting night sky

It's hard to map the stars when they're moving

Gaja™s most important job is to establish The
_distance to a star by measuring its parallax =
the amount it appears to wobble in the sky
over the course of a vear. If stars always
remained in fixed positions in the galaxy, the
only miovement during this time would be
Gaia™s annual orbit around the Sun. S0 any
apparent change in a star's position would
have to be due o parallax and nothing else,
and Gaia's task would be easy.
In reality, stars - including our own Sun
= don't stand still; they trawel in huge orbits
around the centre of the galaxy. Unlike planets
in a solar system, these orbits aren't always
neat circles or ellipses, but can be complex
trajectories. The result, seen from Gaia"s
perspective, ks that each star has ita owm
unigue ‘proper motion' = reflecting its real
motion through space - on top of the parallax
effect Gaia is trying to pin down. This means
that Gala has to make a whole safdes of
measurements, spread over several years, in
arder to separate the star's steady drift
{proper motion) from its year-by-year Halo

This view af Gala prar to lunch

giyes an idea af s hugs s
-

oselllatory motion (parallax). star orhit ctar arbit

i5 the distonce ot which porallox eguols one orcsecond

A ETage of tha Milky
Ty Wa o
created from Gaig's ¥ ¥ and |‘-—.':.'..I'||_'

"'-\:I"-'\-":l'nl.."!‘.-_||'_'.
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What is parallax?

Parallax is the most reliable of the various
methods astronomers use bo measura
distances to ahjects outside the Solar
Sysbem. It°s based on the same principle
that if yvou leok at a raised finger alternately
wiith ane eye and then the other, it appears
to jumip back and forth against the
background. That's because sach eye sees it
from a different angle. If yvou measure the
size of the angular jump (and you know how
far apart your eyes are) you can calculate
the distance ta your linger.

Astronomers exploit the same effect by
rreasuring the angular shift in a star's
position between two opposite points of
Earth™s orbit arcund the Sun, six moanths
apart. The angles involved are tiny = less
than an arcsecond even for the nearest stars
(there are as many arcseconds in a degree
as there are seconds in an hourh Due to the
fuzziness of Earth's atmosphere, ground-
based telescopes can only measure
parallazes down te about 100th of an
arcsecond, but Gaia is working in a much
mare stable environment. It can measure
angles as small as 100,000th of an
arcsecond = like leoking at a 2p coin on the
surface of the Moan.

Apparent position
of nearby star

Earth
(January)
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Brown dwarfs
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Solar System
" s vl as stars, Gaa will lnak an
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Fundamental physics
Al Lo Zveiein, siaibgalis Denl,
slightly & it pazses atjestzin the
Sodar Systern, Gaia Can test this
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010 YOU KNOW? Itolion-French ostronomer joseph-Louis Logronge wrote obout the points thot now beor his nome in 772

A good spot for a
space telescope

In comimon with other space
observatories, Gaia's instruments need Lo
be kept at a carefully controlled
temperature. Putting it in Earth orbit, like
the Hubble, isn't ideal because it
alternately experiences bright sunlight
and deep shadow. That could be avoided
by placing it in its own orbit around the
Sun = like NASA's Kepler telescope = but
then it would end up drifting further and
further from Earth.

Fortunately there's one spot - called
L2, or the second Lagrange poimt = that
provides the best of both worlds. About
ane per cent further on from the Sun than
the Earth, the gravitational pull of the twao
bodies combine in just the right way so
that Gaia can keep pace with the Earth
without actually orbiting around it.

arww Bowitwnrksonile com
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wils Live cise with Hipparoos and Ue earlier
ground-based parallax measuremsnis.
Gata uses a rmck plonested by Hipparros
that makes It eagier to measure incredibly
tiyy parallax angles. Ratber thana single
telezcape, it has two identical telescopes
pointing in different directinns. By
comhbining the twiz images and processing
Lhvem wogether, (his means Ul only relative ©
-rather than absnlute - positions of stars

hawe o be measured, maling therasl a lot i

sitnpler, ESAsaim is o obrain parallaxes
for ewvery star that Gada looks at —whichisan
impreasive enouph poal initsali. But ontop of
that, (ais has atherimstrumenes thet will he
used on asubset of the stars observed, for
exatnple Lo measuce Doppler shills - which
indicate a stars velocity along the line of sight
—aswell azvarionz physical prapertes of strrs,
lke temperaiure and chemica) compositien,
Ofxserving 1 billion stars may sound
chiallenging enoupgh, but Caia isn't just going o
lawle &t each of them ance or fwlee, hut armmd
o bimes, That's necessary in ordet o obialn

sufficiently aecurete measurements of paralla,
aswellas the star's rue motlen throngh the
ginderay, The resulUwill be one ol Lhee biggest
ecientific databases ever created — over 100,000
gigabayetes of raw dara, increazing to perhaps tean
times that amownt alter i°s all been processed,

The result - the first two instalments of which
have already been released into the public
diomain-will e thehiggest and most completa
census of the galasy ever undertalien,

“The result will be one of the biggest scientific

databases ever created — over 100,000
gigabytes of raw dota”

Making sense of it

In the course of its mission, Gala is
expectad to transmit hundreds of
thousands of gigabytes of data back to
Earth. & mechanically steered radio
antenna would interfere with the precise
astronomical measurements, so an
electronic antenna with ne mowving parts
i% usied instead. After its picked up by
ESA's network of ground stations, the ransr
data is passed to Gaia™s Data Processing
and Analysis Consortium (DPAC) - a team
of 450 scicntists spread across Europe
and beyond. Their job = one of the biggest
and most challenging in the history of
data processing = is to make scientific
sense of all that data. Once: Ehat's done,
it's released into the public domain on a
raughly annuwal cyclo.
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Space elevators

The idea of a lift to destinations beyond Earth's atmosphere
has been dreamt of by scientists for over a century

ravelling into space, a proapect which
I once seemed an almost impossibility,

could one day be as simple as stepping,
into an elevator, The concept has been studied
for decades, proposing to transport cargo into
space. Aiming to eventually carry humans,
they wwould provide a permanent and cheaper
alternative to rockets.

Imagine petting into a lift, knowing you'll
reach your level a few days later, oreven ina
weel's time, Space elevators will consist of a
cahble that needs to be substantial enough to
cover the 35,786 kilometres between the

| Earth's surface and the edge of geostalionary
orkit - the point where satellites follow
| Earth's rotation.

In the proposed design, a cable roughly 100
million times longer than its width attaches
| toanenormous orbiting countenweight,
| Gravity working on/Earth pulls the cable

a
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downwards towards its surface, while the
opposing centrifugal force pulls the
counterweight outwards.

The concept of a space elevator was first
described by Konstantin Tsiolkowsky in
18g5, albeil much simpler, Inspired hy
the Eiffel Tower, he put forward the o
idea of building & tower high enough to o
reach Into apace. The theory made sense, hut
in practice it was flawed, as the bottom of the
tower wwould be unable to withstand the
weight abowe it. Using tension, the new cable
system 15 more mechanically viable.

Unlike iraditional elevators, space
elevators won't use moving cables to Lift a
platform. Instead they 1l use ‘climbers’, swith
peaple or objects inside, travelling along a
single stationary cable, Many of these
climbers would need to be moving at the same
time and in both directions to prevent the
vibrations disrupting their motion.

While there have been many proposed
plans for the construction of space elevators,
studies show that they are implausible until a
suitable materlal that can support the tenslon
created in such a huge contraption is fownd,

Engineering
the elevator

Space elevators may appear an the
hlocn before Earth, as less gravity
rakes thesn easier Lo install

wiwrw hnwitwarksdnilo. com
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The anchor holding down the coble of o spoce efevator will be os heovy os 170 school buses

Tether
Ihiscank = tha nad o spacs

Ellmher pnwer source
l5naa o " .

“Space elevators could

make spaoce travel 1,000
times less expensive”

= : . : o5 Articulated manned
- & s manipulator
i1, examedr of & Fanned
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WIN!s0Noie ™ <

To celebrate ten years since How It Works first hit the newsstand, we are giving
away an amazing bundle of gadgets, games, tech and toys

Together speaker
wrargthehouseofmarioy ook
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£22.99 eachy

Enter online at howitworksdailv.com
and one lucky winner will win the lot!

In what year did the Titanic sink?
2) 1792 b) 1850 c) 1912

Alternatively, you can wrre to us with your answer to this address:
How It Works, Future Publishing, 33 Richmond Hill, Bournemouth, Dorset, BH2 6EZ

Tarms and Conditions: Competition closes at 0000 GRT on 27 Novemiber 2005 Oy takirg part . this competitian sou agree o be bound by these terms and conditions and the
Cornpestition Rules: weevs Tuturete s cam. Enbries st be received by Q000 GRAT o 277012005 Coen to ol U resdents sged 18 vesrs or oser The eorner will b draeen st racdom Trem all
valil enlries receivad, angd shall be potified by omai oe Lelepbane, The price i= pon-lrapsfarabibe and ron-efurelalle, Thsmes is o cash allermalive
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Why do trains always ¥ He 000
run on tracks instead : N
of roads? -+ iy e - -'

Jonny Bombardier ‘" I 1]
B Trains ran gpmuch fasrer than cers, heceuse ' g
thersis less friction betseeen steel wheels and 5P g el 1
sioel lracks Lhan there §s belween rubber Lyres i 11
and tarmac roady. 15 i _— i

When was Britain
joined to Europe?

hdaria Carmoen Visoues

W Aboul & ooovears ago Brilakn wasa

peninsula connected tothe European

continent by a lemdmass, called Doggerland,
tsunaml flooded the atea to lsawve

Brilaiman islamd. TL

Do all animals have wisdom teeth?

Hailey McClallan

B Allother toothed mamemals have these teeth, bul we have svolved ool bo need Uweo due (o our
mopdern diat of meinly softer, cooked fooda. Wisdom teeth, also knoern s third molars, growe
rowatds the back of your mouth and are used for grinding upwery rough fonds, such asplants and

v meal, IS
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Can parasites get parasites?

Abdul Khan
B Parasites that infest ofher parasites are
cilled hyporparasites’. Taloe coy pt-keeper
wiasps, forexample. They parasitise pall wasps,
whirk pamasidse plants. Gallwasps trick trees
into bullding safe chambers for thelr larvae,
Iorming strange grow s called galls.

When the larvas mature, they usually
murrowe thetrway aut, bur crypt-kesper wasps

How do you get
bedbugs?

Dennis Pierre

B Bedbups aresmall insscts that lowve to live
inzaide firrminare, such Az aofaz or beds, and ran
Iite humans, leaving itchy marks on the skin,
Omae wwiay theesy can get inko your bocne is by
hitching a ride on you, vour clothing or
prEsessions iIF 0 Ve oome into contacswith an
infested sie {ike a clietna seat of & hotel bed)
Albernadively, they can bide inside any lurniture
or st furnishing you bring into your home, 15

086 Hrww I Works

intercept the process, They Lay thelr eggs inside
thee galls, mext to thee gall wasp larvae, Under
the influence ofa crypt-keeper larva, &
aall-weasp lamea can only chew a tiny hiole inits
gall before It gets stuck, This glvies the crvpi
bopepier larva Ui G0 eal Lhe gall wasp larva,
chewing through from tail to head and out into
the npen, LM

Why can’t |
touch my toes?

Blessia Bartolomeu

B The main factors in being able to towch your
toes are the Haxibility of your hamstrings |back
afvour thighs), the renge of motion of your hips
and the length of your arms and torso comparad
Lo o legs. Regular stretchiong can help you Lo
touch your toes. IT

How fast is the world’s fastest computer?

Xiaotong Xi

Sunumie, @ sug

wieear hoyeitwesorkedaily com
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Can being

happy help you
to live longer?

Maurice Lsper

B Experts still disapres about this, buta zog
atudy by researchers at Univeraity College
London fonrmd that feelings of satisfacrion in
alder individwals was linked withan
increased litespan. So keep smiling! JH

What does the ‘D’ In
D-Day stand for?

Clive Burchell o denote the frst day of an operation or

B The ‘D" in B-Dey actually means ‘dey’, irzasion, Every subsaquent dayin the
Although the invasion ef occupied Framce, planning stage veould therefore be dublxed
which beganond Juneggs isthe best-kowwn Dea, 23 and =0 on Military planning also
pperation to feature a D-Dey, itwasinfact a commonly wsad H-Houwr o spacity an exact

common term used during military planning hiour afthe launching of an operetion, JT

b T

I'ﬁ-"-‘ll-“

Troaps Trom 4800 Royal

Juno Baach, Harmandy, Fra =
churireg the D-Day landings 5

Thr Falean Hisany
rachet is

rts

When will our next
manned mission to the
Moon or Mars be?

Ali Puddlechurch

B MASA hopes o land people on the Moonagain
s e rly as 2024, but people visiting Mars for the
firsttime is much maore difficult. NASA suppeasts
it roald have a manned Mars mission in the
2070%, bul SpaceX ambitiously prodicts that it
cold pet poople to Mars by aocs, Sswith any
ambiticus new development, thers is & lot of
unrettainty berause the Ainancial and terhmical
challengesare huge, TL
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Which organs
canl live
without?

Ha| Hart

e haman hody s surprisingly
robuwstand rather amazingly can
still bunction even when missing a

Dﬂ I ha‘h"E tﬂ E-ﬁct I11]f multitude of organs. Some afthese
USB drives hefnre nrganaare inesaentlal but helpto
Ehlltl!i ng dnw“d? defend us against harmlul

rnicroorganismes, such s owr wosils
and appendix. Andin some cases wa
hawve a spare, such aswith dneys

i

-

ard lungs. Owerall, a person could
continue to lead a fairly normal Like
withour an appendiz, onsils, alung,
a kldney, the splesn, some Iymgph
fdis, acenodds, Sex argans, & hoap
b borees froa the ribeage (up bosix)
and the fibula in the crli JH

Dismowvered in Epyptinpgg, this broken
piece of stone slab bears an inscription about
Ptolemy v on the firstanniversary of his
coronation in o6 BCE, The same message s

weritben in thiree dilforent Ly pes ol wiriting ¥ —
{scriptsk Ancient Gresk, hisrpelyphs and £ How Iy TS magad
demnntic Egyptian, The stone is tmportant g@HDWLW:S@E
because it enabled scholars to decipher @mﬁmﬂfﬂrﬂtmm

hieroglyphs for the first time, LM

Ths humian by
15 ey rodnast ad
can cordress to
survive withaout
sewaral organs

What is the biggest
tablet device in
the world?

Febb Stones
B Fveetreincluding Spril Fools |

la

ag-

Samsu 41 Calas ;

088 Heoww InWorks



Why are there so many castles in Britain?

Lawra Torres

B Britainwas in a=state of civil wear for much of
the Middle Ages, az nohles feuded with sach
olhwer or revolled against the king, Lords and
kings built castles bor protection and to control

What is echolocation,
and which animals
have it?

il HIE::T intheair, u LU e
d aroundd r.h :=.rr

okjects T Lht
achthemandt
stheanimal th
lncation of the things aroung
[ nipale, can d |

that use echolocaric

whales and some hirds and s

el

lands. Other casthes were built by invaders to
gtemp their suthority, suwch as the motte and

hailesy castles baile afrer the Norman Conguest,

AL other limes castbes wore buill wo defend
dgainst loreign iovaders, Like Henry W

aehulosation

coastal forks, or later as homes. Castles were
alzn builtwhen Enpland, Seotland and Wales
fought wars with each nther, Az a reault of this
loowg o wwarlilee history, over 1,500 costles
vwiere built in England alene, TL

Where does the phrase
‘cold feet’ come from?

Samuel Thorm

B People have beenusing the phrase ‘oold feet’
to mean having second thoughts for &t least 1on
e s, bul noone is guite sureshy, Some people
theink the phirase comes from soldiers
complaining of frosthite bebore battle 2o that
they wenuldn't have to Aght. thers point foa
similar phrase Inan ltalian proverb from the
600, winere Lo Be vold Do the leel” means Lo iaee
no manay. TL

There are mary
[hveceias as Lo
WY e SalY
‘ciold Feat’ whien
somenne has
seEcared
thoughts
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BOOK REVIEWS

The latest releases for curious minds

Interplanetary Robots

True stories about unmanned space

missions, past and future

B gathor; Rod Pyle B Futlishern Promethewss Books
W Price: £14.99 £ 515 W Release: Out naw

1ere are plenty of stories about Earth's
I manned space migsions. From trinmph o
tragachy, the peranngl stories ofthnse

brase men and somen have been told in every
Iormal - TV shuws, inlerviews, books and llms.
But whilewe are alwiays keen to hear the stories
afthe peaplewho havewizitad the stars, the
game can't often be said for the machines that
have dorse the same.

Honwaver, inrecent years, with tunding to
agencies ke MASA cut bark, manned missions
Prawe Deen the mineriey, And, Hkely buaoyed by
clever, anthropogor plaic Twiller aocounls, Lhe
intersst inunmanned missions has risen. For
amynmeexcited ahout Coriosity's ongoing Mars
misgionorintrigued by the prospeciof the AREE
roveer landing oo Venus at some pointin the
future, this boolowill surely grab your etvention,

Farusing entitely on the unmanned spare
miszions of the pastand futures, derplanstary
Aodwistells e stories of monkind proviows
atternpts {both successtul and not) to chart the
stars and explore the planers inoonar Solar
svstem. Inalternating chapters, author Bod Pyle
Iooks back at one of the pioneering spacecraft
that helpead us glimpse new parts of our Solar

Saemtern, and fumre missions that may helpas ,." "I".I"
understand more about our universe, .

Pavle draeys on fils expeerienoe working al
NASAS [et Propulsion Laboratory {[PLL, and g
includes regular anecdates about his
experiences on the team, We also hear
abrout the moment that Mars ‘died” for
an eight-year-old Myle as Marinsr 4
heamsad the firar grainy photes of s
arren desert ack to Earth and
shatbered the dreams ol science-
fictinm writers everywhere. And

“Despite being
entirely robotic, these

miss_inns haod f_'lumun
stories at their core”

090 Heew Hwiorks

the muoroents belore thie Curiosity rover lamded
g he and atherapace journelises waited
patiently together at MASA tnape the reaulta.

What the bools does a great jolyolis
Bighlighliog oy, despile Being enlicely robodic,
thesa mizsions had human staries at their core.
He tallz rhese staries - and thoss of the mizsions
themselves - inengaging prose, And as he looks
borbhe future, be's sure to spack excitement in the
grovsing numbssr of us looking to the stars, [t
unlikely allthe missions he mantinns will reach
the lawnchpad, but as NASA and others set thelt
sighls oo the oo ooce moce, Lhis book bs o nice
WAy [ Prepare.

ook ook

Science
The Sh*t
Out Of Life

Anything Matt Damon
can do...

B suthor; Colin Stuart, Muon Kaat Looi
B Fublishar: Andre Deutsch

M Price: E12.99 f $10.05

W Release: Ourt noser

Mark Watney in The Martiansurvived being
atrendsad pn Mars by using a whaole load of
sclence, and while it unlikely that any afus
Ll ewer b Lo face Lhal partiowlar
soenario, there are stilla number ofways
thet it can be applied o everyday life.

For the mnst part, the conundeams thar
Colio Stuart and 3Mun Keal Lool attempl o
resolve are that bit more trivial: bow o cure
a hangover, how tohe a better saverand the
Tresst wray to ger kerchup ot of a hottle, Mot
allef them are especially helpul iwene
looking atyou, hanpgover solution - don't
drink really doesn’t coune, but some mighe
hiave wonl surprised.

Rolreshingly, this ism'l numbers-hcavy
either, While some books of this ik focus
purely an the igpure-crunching, this s more
forused on keeping things fun and relatable,
and appealing Lo the regular reader ratber
than the average scientist. You dowant to
Lo hiev o b ld the parferct paper
aeroplane, right?

S inshor, this isa handy manwal foer
those who need belp navigating sorme of the
more trivial decisions in life, orwhao juat
want ro see things from another dirscton,
Either wiry, there's plenty of fun bo be had,
ik




Believe It
Or Snot

Who nose what
o expect?

B suthor: Mick Caruso, Danl Rabasott]

B Fublshsar: Qe i

M Price: £9.99 7 16

BN Release; IT October (UK} £ 22 Octobar (LIS)

wwhat o Fnd, wWant to knose hosynch slime a
haglish can produce in g minete? Reckon birds
aren't especially snotty, tor lack ofa better
wiord? Wou conld haee your world roclked.

Inertably, its appealwill be more forynungar
roaders, Somme spoilsports end bo growvw ot of
this subject matter. IEyou baven't, thowph, then
thiz iz something that might weell beworth

nicldngup,
L& & & i

Wewere fans of Trie (r Poo- probablrbacanze
of U Lile, Do Do honesl - 20 00was always going
o be lilely that we would find something to
anjoy here maagain, mainly berauze of the
HAtlel Anc e weren't disappalned,

Saying thal, e tille is a bit ol a misnome:. 1L
iEntjust locused onslingy creatures; everyday
mammals like girafes and dogs have their
nostrils and their contents putunder the
microscope, and the chances are youwll Lilke

My STEM Day: Science

Your guide to everything
around us

W fthor: e Roonesy e
W Publisher: Carfton Kids '
B Price: E7.5959 (approx 5100
B Relaase; Out now

STEM (zcience, technalogy, enginearing and
mathemarics) 15 bensftring from an Increassd
Ioeus, and iUs a Bandy thing Lo have some
aptitude tor. With this in mind, it"s perhapsa
good idea o get yvour kids familiarwich it earhy,
swhich s where this ool comes in,

W alweays like science when ivs being taught
ina relatable and ralevant way, and the author
has clearly taleen the same approach hers,
talking us through the processes that happen
onoceasions like the school fun, coercising
and gardening. The diagrams that are
included are helpful, but whet caught our
eye wias the Interactee guldes which really
ke e focus oninteractive learning,

We wish our textbooles at school were more
likethis. Even so, we're glad that ds today seall
hawe the opportunity to beneht from thewealth
ol accessible knowledge Uis ool offers,

g 8.8 8

BOOK REVIEWS

Inventor Lab:
Awesome Builds
For Smart Makers

DK gets interactive

B Author: DK

B Putsdizkier: DK Children

M Price: £12.009 Eapprnxilﬂ
B Releasa; Out now

We're great fans of DK and the way the
publisher seamlessly blends excellent
photography and dlustralions with
enlightening articles and captions. This
boole, however, comes with a difference:
rather than reading about howe things wark,
oL gl o ma ke Chem work yowesell

Starting with thevery basics, such as
guides to circutt components like cepacitors,
reslators and tramsistors, and hass fo nseall
Lhe required equipnmend, iLthen lakes you
throwgh how to create various devices.
These include electromagnetic ctenes, door
alarmsand even a remote-controlled snake,
There's no shorlage of oplions here,

Even iiyoudon't have the necessary
aquiprmeant on hand to create 2anme of the
things in thizs hook, there's stll plenty o
recommend. The instructional annotations
servean educational purpose, aswellasa
refresher for those who have unlearnad

what they previonsly imew,

Inskwort, this bas all the produection values
you've coame o expect from DE, who are
probably rivalled anly by Haynes interms of
shieer trngenu by IFyonme et oo discover thelr
delights, starl by gelting Uhis one for vour

budding voung inventor. You won't repret it
e
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BRAIN GYM,-

GIVE YOUR BRAIN A PUZZLE WORKOUT

Wordsearch i
LIw[o[H W SIN[K[H[JIVIHIP E O Foironene (O
xANLGS|5ADEYGRAEﬂfﬁ; Q
B|TIA|Z J EC|Z|D|J|C|D E C W carson O
SIE[C/HC L FIR|PIG|T|T|I M p| sonc e
ICEEERG
EIR|ILIN TR GW|X|WATHOQ poaron
Q|M[O|T|K E H|R|F|Z|C|I|L N Y| ORVERLESS 0
M I|VISWV SINIEIRIA|/AA N K| sympiosis °
Y[L|FIQ/V I |E|Y/AIB|R|D|O D L] vowcano °
B|L[K[S|Y RIK[T|M[O[E|B|E[C|Z]| warrmi o
W|F|1/N NDNM|[I|BIR|C 'S X F ELEVATOR
llumMmo 1 A TIDN|A[I|O I DH %
RlO[T|A'vV EILIE|lc|B|I|O[N I C g
LIT|/G/IH T N I|N|G|H|I WS G H
EIG/IVIWU QB B|V|TIHTQ I C Q4
| |[U|G|B HV TIAID|]Y[Q/A J US °
.
°

Spot the difference

See ifyou can find all six changes we've made to the image on the right
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Sudoku

Complete the grid so that each row, column and 303 box contains the numbers1to g

3

-

o] fop

N (O

N
h|WO G| =N

—|Co L LNk

(U

What is it?

Hint: Thousands of
Liny scales cover Lhe
wings ofthis creature.

Spot the difference

s hnwitwenrksdeilo. com

DIFFICULT

9 5

-...,_J
N

N RN

For more brain teasers
and the chance to test
your problem-solving
skills, enjoy our Mensa
Puzzie Book, which is
packed with challenging
problems and puzzles
designed by experts.

Available from
mvfavouritemaaazines.co.uk

What was it?

dNSWers

Find the solutions to last
issue's puzzle pages

Quickfire questions

Hewe 11 Works 093




HOW TO...

Practical projects to try at home

&b B s

REC] T

Make a fire snake

Get

NEXT -
ISSUE Jn touch

Turn rmilk
into glue

Create a snake using sugar, baking soda and an amagzing chemical reaction

Create your insulator Prepare your mixture

Tomake your snake, rsl geta lacge bowel amd Thi lighster Muid will actas feel and helps
then fill itwith sand. &=k anadult o dousaitin maintain the heat ot the flame bor longer. Next you
lighter fluid. Sand i2 firsproofand workaverywell  need tomixten grams of baking sada (@odium
az an insulator, 01 should keap the howl birarbonate) wich 4o grams of sugar, Pour this
protected when Chings starl o heat ug. prLisLoere e L sandd,

Snake attack! Carbon snake
Aller a Jitde while, alarge black blob will The reaction also creales sodium curbonate,
appear in the mixture and start to 2row bigger. and as the carbon dioetide gas i created, the

Thiziz berauze as the baling snde and sugar pat pressure pushes thisupwards. The black
hat, they both release carbon dioxide gas, which  colouring comes fram the carb»on in the mixture,
aepins o expond, 15 geliing Big noswy!

SUMMARY...
The chemical reaction o the ol is activated by heat energy, When the
mixture gets hot, the baking soda breaks down into sedium carbonate,

carhon dicxide andwater vapour. The sugar breals dosen inbe carbon
digide and water vapour foo, adding more expanding gas and helping

m-'-'l I oy t-llll'u'l':fkﬂ

Light it up

To light the migiure, viou'll needa long
necked match ora long-necked lighter, Askan
adulzto help, and bawery careful - the lighter flid
willlgmbtewery quicldy, o don't get oo close in
Lbwe Qanme

The snake's tail

Allor awhile - probably arcumnd 20 minules -
Lbre Eliammes will start to po oot and the snaloe will
atop getting bigeer. All of the baking sads and
sugar have been nsed up at thisstage, so there's
b el o B,

Had a go? Let us know!

Db i = il wr Fodurw Fubsbdmg nor s snphnses cansccept arg baleliip Noe o indesrma
propel the carbon spale upsards, oo s o onood e ing Do 00w of Sy ing ol These MoRecls o o 206 Time of1or. M oys
e care when hard g ootz By hazano s cou prre o sher working with chectronics and
Fod lera e oo P hime r | redm cions

o boweitwiprkedaily ~gm
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Book of the
Elements

Since ancient times, scientists and
philosophers have attempted to
discover, classify and synthesise the
Eartlv's elements. Now, thanks to the
hard work of dedicated individuals,
we have the periodic table: the
ultimate guide to the elements,
organised by atomic number and
electron configuration. In the How
It Works Book of the Elements
we introduce you to the basics of
elements and compounds, as well
as taking a more in-depth look at
the history of key discoveries., Every
known element on the planet is
covered in detail, from lanthanoids to
actinoids, alkali metals to transition
metals and halogens to noble gases.
You'll find everything vou need to
know about the universe's building
blocks right here.

ok o
S | CWTe LI RETLERS

Book of Combat
Machines

The introduction of the first tanks
during the Great War marked the start
of an arms race that has continued
to this day, and as we get our first
glimpse at the next generation of
military machines, it's incredible
to think how far technology has
come. In this new edition of Book
of Combaf Machines, we chart the
history and development of these
awesome military vehicles, from the
fearsome German Tiger tanks of the
Second Waorld War, to the rise of the
nuclear-powered submarine, to the
hi-tech fighter jets that now rule the
skies, We'll show you all the facts and
figures you need to become a combat
machine expert, as well as breaking
down each vehicle for an inside look
at the technology that makes these
tanks, choppers and battleships tick.

Book of Amazing
Technology

Today's world has been shaped by
innovation in technology, 50 much
so that modemn life is incomparable
to that of mere decades ago; how
we communicate, travel and explore
our world is almost unrecognisable,
Smart gadgets and domestic
inventions like mobile phones and
drones have revamped our daily
lives, but we often forget how the
world has gradually evolved around
us thanks to pioneering minds
and engineering genius. 5o take a
ook around you and imagine what
your life would be like without the
amazing technology featured in this
bookazine. It's time to celebrate the
coolest concepts that have come to
fruition, including robots, electric
vehicles, interstellar travel, virtual-
reality headsets and superdrones.

Claim yours now: tinvurl.com/vxpzovhg
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Speak your mind...

Wl iz e brawes wisclorm teedh and whiy are they
colled wisdom teeth™?
Willow Collinwood

Thank you for your gquestion, Willow. It Seeims
strangs: that as adults fowr new teeth should
erupt at the back of mouths, especially as we'va
managed to eat food perfectly well without
them. However, ance wpon a lime, our ape
ancestors needed these dental late bloomers to
survive, Around 100 millon years ago early
humans choweed down using only their bare
hands and teath, until around 2.6 million years
ago when they began using teals to cut up food.
Wisdom teeth, or our third set of molars as they
are also known, are flat and wide teeth tasked
with grinding down Tood - culting il is the job of
orr incisors. The reason these molars sprout up
later on in life is down the size of our jaws.
Typlcally erupting between the ages of 17 to 25,
these aften painful protrusions can only break
through our gums once our jaws are big enoegh.

096 Hrww Ir Wiorks

Get in touch

If you have ary questions or comments for us, pleasa send tham to;
G Howw [t Works magazine O EHowltWorksmag @ howitworksiZfudurenet.com

L's B reporbed Lal on average
iillian Arnse :

fae-t L
ey F1

Althowgh our ‘adult’ teeth uswally emerge at
around the age of six, our jaws are not yet big
encugh to support four extra molars in our
rrugaithes. Burt by the tine we reach our mid-
twenties they should be big enough to support
them. However, unlike our ancestors, whose

jaws wwere blg enowgh to house all 32 adult teeth,

evalution has made our jaw shorter, This has bed
to what manmy now experience as impact teesths
grovwing wisdom teeth intruding on their
nelghbours. Wisdom teeth are commonly
remawved bo prevent them fraom causing dental
damage, As to why we call them our 'wisdom
teeth', this is a reference to the idea that we
grow wiser with age. Because these teath only
appear when you're older, you must be wiser
wihin you have them, This is thowght to hawe
begun during the 17th century, when these naw
mlars were known as ‘testh of wisdom', By
the 19th century this had been shortened to
‘wisdom teeth',

What's happening on...

social
media?
f w

This month we asked you
what you all think the biggest
technological discoveries will

pe In the next 10 years...

i Fadinha2ad
W] on pnother

planec?”

angeplsEd
“The cure for cancer and mobile
phone devices so smoll they could
be implonteg™

isopEhle_carll
= e

"Arfvonces in gene therapy specfic
o the individuml ™

aidterry 20

“shopping with no queues

st pdwene, pick up goods, wolk oot -
payment vio opplt

iEmajabed
*I'm hoping for o working, 30-grinted
kidney”

alilacsprite
“Smart roads, bindegradable owviations
outomative fuel, bindegrodoble
'plostics™
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FAST FACTS

Amazing trivia to blow your mind

520 MILLION-YEAR OLD
 FOSSIL WORMS SHOW ONE
 OF THE EARLIEST EXAMPLES
MEGATONS OF SYMBIOSIS
LR ol B A —
RELEASED BY WASHINGTON'S 1820 e E%ﬁrﬁgﬁfusm
1980 MOUNT ST. HELENS SIGHTS ANTARCTICA
ERUPTION
| ﬂ 2015, A DRIVERLESS CAR
 SUCCESSFULLY DROVE RIGHT
ACROSS THE USA
THE DISTANCE BETWEEN o EEEEE‘EEQ}"S?SDS
TITANIC'S WRECKEDBOW 6 7 / A D
AND STERN ATANY GIVEN TIME
WATERMILLS CAN BE THE SLIDE HOVERBOARD (BY CAR
USED TO GENERATE = MAKER LEXUS) RIDES ON A MAGNETIC
ELECTRICITY: AS  TRACK AND USES SUPERCONDUCTORS
HYDRGELECTR": COOLED BY LIQUID NITROGEN

2 OOOKPH woiios

THE F—35 CAN ACHIEVE SPEEDS sﬂﬁ!ﬁ_fgnc

| OF ABOUT MACH 1. 6  ~ ORGAN
g  TRANSPLANT
THE GAIA SPACE
TELESCOPEIS 363 OOOKM w}ﬁﬁﬁiﬁE
MAPPINGA = THE MINIMUM DISTANCE = 'CREATED’
FRACTION OF THE @ A SPACE ELEVATOR WOULD : FROM THE
MILKY WAY’S =  HAVETOSTRETCHTO : PATIENT’S
STARS REACH THE MOON  STEM CELLS
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Discover the human body as

you never have before...

@\
Learn how the muscles are used t{ti"xh "‘xﬁ
show emofion and understand the \;‘“ |

delicate 'I.I.I'ﬂl""i.-i.-l‘l..gﬁ of the brauwn, in the

latest book from the bestselling
Welcome to the Museum series!

- s

collection



% PEN & SWORD BOOKS LTD

25%

. DISCOUNT
v !-.‘; British Military HAWKER l THE SUPERMARINE MESSERSCHMITT .
e i HUNTER SPITFIRE Bf 109
D E i anmmﬂﬂ .-f . . g

g

L WAS: £16.99 -*‘3 f WAS: £16.99 = WAS: £16.99
ﬁ” NOW: £12.75 = - NOW: £12. 755 NOW: £12.75 NOW £12 75

w E’ ISBM: 9781526746719 __ IE:EN 9781526742490 ISBM: 9781526710499 * ISBN: 9781526710536
-xf'. B W W T I LT T - B

i GLOSTER JUNKERS ENGLISH ELECTRIC ot ' M. e L
~ METEC R' Jumm' g LIGHTN iNG™ e

el 3 ®

||||||||||
.............

WAS: £16.99 %
NOW: £12.75

ISBN: 9781526702661 . ISBMN: 9781526702623 ISBMN: 9781473890558 ISBN: 9781473823891

TO ORDER CALL AND QUOTE CODE HIW | 28 TO RECEIVE YOUR 25% DISCOUNT:

01226 734222

OR ORDER ONLINE
www.pen-and-sword.co.uk
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