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The magazine that feeds minds!

he sheer scale ofthe
machines that humans
have been able to build
since the late-zoth century is
astonishing. The Bagger 293,
which spearheadsa by no
means exhaustive list of vehicles in our cover
feature seems impossibly massive - so big it makes
me question not just how they built it, but why. I
like to think that part of the reason that all 14,200
tons of this giant bucket-wheel excavator was

L .

Charlie G
Production Editor
Napoleon's defeat at

Waterloo was a critical
moment in history. Turn to
page 74 to find out how
close he came to victory.

Baljeet
Research Editor
From destroying space
junk to monitoring Earth,
space lasers have many
functions. Learn more aver
on page 66.
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assembled was because its manufacturer simply
loved big machines|

Also thisissue, we delve into the world of
airborne predators and what makes raptors the
perfect hunters, find out how closeweare to
realising the technology of the android theme park
in HBO's Westworld, learn how Napoleon lost the
Battle of Waterloo and explore the science of the
electromagnetic spectrum . Enjoyl

Ben Biggs
Editor

Meet the team...

Charlie E
Staff Writer
Are you getting ready to
start spring cleaning the
house? Find out ahout the
science behind the products
you will be using on page 40,

Birds of prey are prolific
predators. Discover how
these feathered hunters are
perfectly adapted to take
down their prey on page 44.

O @HowltWorksmag

For exclusive
HIW news and offers,
sign up to our mailing list

howitworksdaily.
com/newsletter

"It extracts enough
coal to power severdl

million homes”
Mega Machines, page 22
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Scott Duncan
Staff Writer Senior Art Editor

As a Westworld fan | was
fascinated to read about the
technology that could make it
possible to build a real-life
Westwaorld park one day.
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Al-Khalili about the future of Al

. Brain dump

Your questions answered
Book reviews

Brain gym
Give your brain a workout
with our puzzle pages

How to...
Put a candle out with CO2

Letters

Our readers have their say

i o

Tl:lm LE:“ "Ittﬂm ; i 1 TIALF F g - ARy, 5-1';'HE ;Er'r;“ 1 : I 'm-.-:.,._m
Tom is a historian of Williams - : e
science at the British Evolutionary ‘
Library waorking on biologist and former '
oral history projects. World of Animals
His first book, writer Vicky is s -
Electranic Dreams, fascinated by
was published  nature and happiest GO TO PAGE 32 FOR GREAT DEALS
in 2016. wihen outdoors.
| r |

How It Works 005



- BlueHole e —

~ Found 70 kilometres off the coast of = e ——
- Belize, the bottom of the Great Blue ——__——
2 Hole, the world's second deepest — =
g underwater sinkhole, was long |~ - -
;‘_ unexplored. In December 2018, billionaire = L
entrepreneur Sir Richard Branson and a g .

© crew took a mini-sub down into its -
124-metre depths and discovered .
evidence that the hole hadn't - - ~
always been underwater. :

cawww hawitworksdailu.com
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‘Tunnelbot’ could seek

out life on Europa

Words by Rafi Letzter

group of scientists want to send a

nuclear-powered ‘tunnelbot’ to

Europa to blaze a path through the
Jovian moon's thick shell of ice and search for
evidence of life below.

Europa, the fourth largest of Jupiter's 53
named moons, is one of the best candidates
in the Solar System for hosting alien life.
Researchers believe that its icy crust hides a
liquid-water ocean and that vents through
that crust might deliver the necessary heat
and chemical ingredients for life into that
ocean. To peek beneath that thick veil of ice
researchers on the NASA Glenn Research
COMPASS team think they have come up with
the solution: the tunnelbot.

At the 14 December 2018 meeting of the
American Geophysical Union, the researchers
presented a proposal for a tunnelbot that
would use nuclear power to melt a path
through Europa's shell, “carrying a payload
that can search for [...] evidence for extant/
extinct life.”

The tunnelbot, the researchers reported,
could use either an advanced nuclear reactor
or some of NASA's radioactive ‘general-

purpose heat bricks’ to generate heat and
power, though the radiation would present
some design challenges.

Once on the frozen moon - located 628
million kilometres from Earth - the
tunnelbot would move through the ice
hunting for smaller lakes inside the shell or
any evidence that the ice itself might contain
life. As it burrowed deeper it would spit out a
long fibre-optic cable behind itself leading up
to the surface and deploy communications
relays at depths of five, ten and 15 kilometres.

Once it reached the liquid ocean, to keep
from ‘falling through’ it would deploy cables
or a floatation device to lock itselfin place,
the researchers wrote.

At this stage this is just a rough theoretical
proposal. The researchers haven't actually
designed the payload for sampling Europa’s
water and ice or figured out how to get the
tunnelbot onto the moon.

Still, the proposal provides a fascinating
window into what a future robotic mission to
Europa might look like and how we might
eventually begin to explore whether the
distant moon harbours life.

Europa's thick shell
of ice conceals a
mysterious ocean,
that is potentially
home to alien life
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Weighing up to 60 tons, the megalodon
is the largest predator every to have
roamed the Earth

Giant prehistoric shark was

too hot to avoid extinction

Words by Mindy Weisberger

N

ew research suggests the megalodon's
body temperature may have played a
partinits demise. A giant prehistoric
predator that still fuels nightmares and
fascinates scientists today, this massive fish
could grow to up to 21 metres long, and it took
down prey with a terrifying mouthful of teeth
measuring up to 18 centimetres.

Fearsome though this giant hunter was, it
disappeared [rom the oceans about 2.6 million
yearsago. Scientists have now turned to the
body temperature of Otodus megalodon to offer
an explanation as to why it died out.

The megalodon is thought to have been able to
thermoregulate (adjust) its body temperature in
response to cooler or warmer water, enabling it
to hunt in a broad range of habitats. But was
megalodon’s body temperature similar to that of
modern sharles? To find out, scientists used

i r il

geochemistry to examine rare carbonand
oxygenisotopes in megalodon teeth and in the
teeth of modern sharks. These isotopes form
different bonds depending on the animal’s
temperature when teeth form, researcher
Michael Griffiths, an associate professor inthe
Department of Environmental Science at
William Paterson University in New Jersey, told
Live Science.

With this method, scientists could estimate
what the ancient beast’s average body

"It could grow up to
21 metres long and
took down prey with
18-centimetre teeth”

ternperature may have been and thereby find
clues that might explain how megalodon’s
biology or habits doomed it to extinction.
Preliminary results suggested that megalodon
was “quite warm"” for a shark, Griffiths said.
Ancestors of today’'s makos and great white
sharles that swam alongside megalodons
millions of yearsago likely had body
temperatures of about 20 to 30 degrees Celsius.
By comparison, megalodons may have been
running a body temperature as high as35to 40
degrees Celsius, the body temperature of whales.
This means the megalodon must have had a
very active metabolism that required frequent
teeding. When the climate warmed the
megalodon’s prey moved to cooler waters at
higher latitudes. Food scarcity and competition
from new predators may have combined to drive
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the megalodon to extinction, Griffiths explained. =
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Saturn is losing its rings

Words by Meghan Bartels

hancesare, you wouldn’t recognise
Saturn without its trademark thick band
of rings. Butif you could travel 300
million years into the future, you would need to,
because by then it's likely those rings would be
gone —and they could disappear even faster.
That'sthe conclusion of a recent
investigation into a phenomenon called ring
rain’, which pulls water out of Saturn’s rings and
into the planet's midlatitude regions. Combined
with research from last year using Cassini
data to look at a different type of inflow from the
rings to the planet, that find means the stunning

HEALTH

structures could be gone in as little as 100 million
yvears, a brief time in universal terms.

The new research relies on ground-based
observations gathered over a couple of hoursin
2011 from Hawaii of a special form of hydrogen
that glows in infrared light. That specific form of
hydrogen makesup the ring rain phenomenon.

The results were stark. If the sheer volume of
ring rain the scientists spotted during those few
hours is typical for Saturn’s weather forecast
then that rain would eat up a huge amount of the
icy rings, between 420 to 2,800 kilograms every
second! That incredible rate, combined with the

The Cassini spacecraft
captured this stunning
view of Saturn and its
rings on 25 April 2016

current mass of Saturn’s rings, iswhat lets
scientists calculate that 300-million-year life
expectancy, although the large range on the
infall calculation means there's quite a bit of
uncertainty about the rings’ lifetime,

The fate of the rings looks even grimmer
considering research published last year using

data from Cassini, which looked at a different,
more voluminous type of infall from Saturn’s
rings that is descending onto the planet.
Together the two phenomena could gorge
through the ringsin around the estimated 100
million years.
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World’s
biggest
natural
jigsaw
puzzle

Words by Brandon Specktor
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hilling between the Arctic

Ocean and Siberia’s frigid

northern seas lies the
cluster of rocks known as the New
Siberian Islands. Viewed on foot,
the islands are a near-uninhabited
canvas of tundra covered in snow
roughly three-quarters of the year.
However, satellite images posted by
the NASA Earth Observatory have
shown the bleak islands looking
entirely different.

Ina photo snapped by
the Landsat 8 satellite in june 2016,
the Anzhu Islands (a subset of the
New Siberian Islands) meet the sea
inagiant jigsaw puzzle of cracking
ice. According to NASA, it's not
unusual for ice to cling to these
frosty islands year-round, though,
“The appearance of thisice can
change on a daily basis, altered by
currents, winds, and seasonal
cycles of freezing and melting.”

When above-freezing
summertime temperatures briefly
free the islands from theirregular
SNOW COVer, gorgeous ice mosaics
like this one emerge for anyone
quiclk enough (and airborne
enough) to see them.

Afew weelis earlier, NASA wrote,
and thissame landscape would be
completely white, A few months
later and the snow would return
again for another long Arctic winter.
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For a small period of time the remote
MNew Siberian Islands turn into a
jigsaw puzzle of fractured ice, as
seen in this NASA image captured by
the Landsat 8 satellite
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With over 27 million global monthly users, TechRadar is packed with
breaking news, expert in-depth reviews, fantastic features and easy-to-
follow how to guides for anyone unashamedly obsassed with tach.
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Ford fights fireworks with
noise-cancelling kennel

Words by Cat Ellis

ar manufacturer Ford has created a

noise-cancelling kennel to keep man's

best friend safe and happy from outside
sounds, such as fireworks.

Research by the Royal Society [or the
Prevention of Cruelty to Animals (RSPCA} has
revealed that 43 per cent of dogs in the UK show
signs of fear when exposed to the sound of
fireworks. Ford's kennel uses the same
technology found in vehicles and noise-
cancelling headphones to protect pups’ sensitive
earsand help stop them panicking.

The dog house, which is only a prototy pe for
now, is insulated with high-density corkand a
sound system that emits opposing frequencies to
cancel loud noises (or at least dramatically
reduce them). The idea was inspired by the
noise-damping technology used in the Ford Edge
SUV, which uses the car's audio systemn to cancel
noise while driving.,

Sound-proofing is one way to protect pets [rom
loud noises, but technology is providing other
options. Fireworks are a long-standing tradition
for marking special occasions such as New Year
in spectacular fashion, but drone light shows are
gaining popularity as a bang-free alternative.

Intel’s Shooting Star Drones are specifically
designed for the purpose and can be
programmed using regular 3D modelling
software to create three-dimensional

www howitworksdoily. com

animationsin the night sky that won't start your
tour-legeed friend.

Such displays are gaining popularity, but for
now experts say that pet owners should take
care and make sure their pets feel safe and
comfortable during celebrations.

“While softer-sounding alternatives could be a
step in the right direction, it's important for pet
owners to take necessary steps now to keep their
pets safe if their community is puttingon a
traditional firework display,” says Dr Pamela
Reid, vice president of the anti-cruelty behaviour
team at the American Society [or the Prevention
of Cruelty to Animals |ASPCA). “Pet owners can

visit www.aspca,org for tips on how to keep pets
safeand calm.”

If you're a dog owner you'll know just how stressful
New Year's Eve or Bonfire Night can be for a canine

GLOBAL EYE
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" MekaMon V2

M Price: £249.99 / $249.99

Meet MekaMon, the world’'s first gaming robot, now available to fight the virtual fight
in your living room. The accompanying app will act as your interface into the virtual
world, where you can face off with opponents through augmented reality. MekaMon

isn't just about bringing robot wars to your home but also a lively and interactive
personality. With the use of several smartphone controls, MekaMon can crawl around
and explore, but even without direct control this robot will let you know how it's feeling
and can even be woken with a simple tap on the head.

Kano
computer kit

B Price: £149.99 / $149.99 kano.me

Building a computer is hard work - it
involves learning how to make a circuit
board and connect all the pieces together.
This build-your-own computer set makes
learning these new skills easy. Follow the
book to build your own computer {(and code
it) step-by-step. When yvou're finished use
your new computer to code pictures, build

animations or create musical masterpieces. .

016 Howy It Works

Roli
Songmaker kit

M Price: £549.95 / $649.95 www.roli.com

Whether you're a future music producer or just an
enthusiast, the Roli Songmaker Kit could be this year's
must-have gadget for you. Roli has created several
individual interchangeable blocks to act as a portal
studio, allowing musicians to replicate sounds on their
touchscreen-style design. These blocks are now available
as kits, such as the Songmaker. This compact studio
includes the super-powered keyboard, an LED-
illuminated lightpad block and a loop block for further
control. With the accompanying app and producing
software, the Songmaker Kit is a great way to make your
musical inspirations a reality.

www bhowitworksdoily. com




Light L16
camera

B Price: £1,850 (approx. $2,365)
www.light.co

Though the Light L16 may appear
to be a simple cross between a
spider and a camera, this
high-tech gadget is using its
many eyes to produce stunning M Price: Free / Google Play / The App Store
photography. Equipped with 16 This puzzle game forces
A lenses, this 52-megapixel camera \  you to read between the
e pnapas - has a 5x optical zoom ability. These 16 lenses work together, taking multiple y  lines to form the hidden
images to produce the final combined image. Built-in auto-sensing shape within. As the name
technology means the L16 also adjusts its settings in response to light and suggests, you can create
camera stability automatically. Though it's bigger and heavier than a an endless range of
smartphone, the L16 is a much more compact piece of technology than different designs to unlock
traditional professional DSLR cameras. the next challenge.

Infinity
QO Loop
B Developer: InfinityGames.io

- N W N N OED N WM EE W

w.7 Leps by

John Lewis w Fieldguide

e i M Price: Free / Google Play / The App Store
& Part“ers : As the social media TR
- - ! platform to sh ' '-
125 scientific | 00N e
| th photographs, o
challenge set o™ 57403
L -

suggest the identity @ st :

W Price: £30 (approx. $40) of the species in
www.jchnlewis.com i : o
: your Images. b g _.3_ ;.

Are you up for a serious challenge? Then - ) ol marimrrna =
put your skills to the test with this

fantastic STEM kit. Ideal for ages eight and : ‘
i Bkl
{ T \ BioBlox

]

up, this kit of 125 scientific challenges
includes a buzz wire and an aim-and-shoot
game to test your coordination. There's
even some bubble science challenges and
a moving dinosaur included.

M Developer: Goldsmiths / Imperial College London

M Price: Free / Google Play / The App Store

Play and explore the world
of protein docking using
this Tetris-style game to
learn how molecules of
medicine and vitamins bind
onto complex proteins of
the body.

REDS 14-in-1
build-your-own
solar robot

M Price: £19.99 (approx. $25) www.johnlewis.com
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B Developer: Cockeroft Institute /

What's better than one robot? 14 University of Liverpool
robots. With this robot building set you
can build up to 14 different types of
robot, ones that can walk, roll, swim or
float. The solar panel can be attached
to a combination of plastic parts so
you can be as creative as you want to
be with your design. This introduction
to solar technology is great for any

budding scientist or engineer.

B Price: Free / Play Store

Build your virtual
particle accelerator

v Using some paper
cubes and your
smartphone and bring
to life these amazing
pieces of technology in
yvour living room.
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The vast surface area of the caterpillar tracks mean the trail the Bagger 293 leaves is no deeper than a footprint

“The highly efficient
machine alone extracts
enough coal to power
the homes of several
million people”

How this giant excavator
leaves mountains of
rubble in its wake

BAGGER 293

Dimensions

720m long Rotating wheel

5‘4.1?m tall . A 2lm-diameter wheel rotates the 18 buckets
WEIE!“ \_ ! buckets to pick up rock and drop it Each of the 18 buckets
14.19'-‘5:t_rl " b onto the convevor belt below. on the machine has a
Capacity cunmnr belt system ' o volume of 6,600L,
21_5-35'3 tons of ~ Kilometres of conveyor belts feed : mowing 240,000m of
soil per day through the machine to gather earth in a single day.

the coal and transport it from the
site to be loaded onto trains.

i L
i A |

!

.

Crew
A crew of five are required (o
operate Lhe Bagaer 293, They
8 can fingd themsalves walking
as far as 9.7km a day in the
process of crewing this mega
rrining machine.

Caterpillar tracks
The mmighty machine
maves along on caterpillar
tracks with a top speed of
around 0.53km/h.
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The Bagger 293 is
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: ! : - currently being
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near Hambach,
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The Bagger 293 excavator is the world’s largest land vehicle

ts incredible size and jagged-edged wheel machinery,such as conveyor belts and crushing  metres in just one day. The highly efficient
makes the Bagger 293 look like something systems, they act as some of the most efficient machine alone extracts enough coal to power
looming on the horizon of a post-apocalyptic  earth-moving machines in operation in the the homes of several million people.
nightmare. But what looks like an intimidating  world today. They're mostly commonly used in brown coal
circular saw is actually composed of giant The Bagger 293 is the biggest of these monster  (a softer type of coal made of naturally 5
buckets designed to scoop earth as the wheel machines. Based in Germany, it holds the record compressed peat) mining as an alternative to t
revolves and digs. for the largest and heaviest land vehicle in the blasting. Instead, they scrape away at the soft 'ff:
Baggers are a series of bucket-wheel world. It weighs as much as 2,000 adult rock to expose the harder rock that lies beneath 3
excavators that operate in large, open mining elephants and is as tall as aso-storey building. before getting to work on extracting the coal. h
pits. They are able to move thousands of tons of Astonishingly, it can dig a hole the length and When they're in action the result is literally r

material every day, and when used with other width of a football field to a depth of over 25 earth-shaking.

| r il How It Works 023



A crawler takes a test
drive along the
crawlerway
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The BelAZ 75710 is the world’s
largest and highest-payload-

capacity dump truck

BELAZ 75710 Designed and built by Belarusian
automobile engineering company

Dimensions _ .
e W BelAZ to transport rocks in mines and

' #.165m high tackle tough terrain in challenging CRAWLER
S LI weather, the BelAz 75710 is a far cry Dimensions

Weight ) e
A0 from the usual dumptrucks you see on 40 x 35m

Sl (he roads. The vehicle even earned a "Ij'“f:”t Ihi.f-]"'
radiustable)
spot in the Guinness Book of Records for its giant size. Weight
Although the basic design sticks with the conventional § 2721

two-axle setup, the wheels are doubled. The BelAz 75710

boasts eight 59/80R63 tyres as well as four-wheel drive and
four-wheel hydraulic steering. These features give the Operator cabs

mega machine an incredible turning radius of about 20 How NASA's CI'HWIEI'—H&HSPUI' ters T Gtz arle it E4ch

end of the vehicle, are
metres. The 8.165-metre-high and 9.87-metre-wide 75710

¥ used to controf all of the
can carry about 450 metric tons in one go, but it isn't just INove tﬂWEﬂﬂg rockets from the Chwers ST,
this mega machine’s size that gives it monster dumptruck han_gef to thE ]aunﬂ' hpad

status. It's also powerful, hosting not one but two MTU

b5-litre, 16-cylinder, four-stroke diesel engines that drives

the vehicle at an impressive maximum speed of 64

kilometres per hour. Giant tracks

The crawlers mosve on
eight treads, two per
corner, with each tread
containing 57 shoes,
each of which is 2.3m
long and 0.5m wide.

- Crawler- | Ml
| transporter .4 ¢
\ technology =

Benovation and redesign has
sparked new life into old

crawlertransporters ‘
‘ . y
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The crawler-transporters consume 350 litres of fuel per kilometre ond its tonks hold 19,000 litres

There are many challenges when launching a
rocket, many of which happen long before
reaching the stratosphere. One of these is
moving the rocket from the assembly point to
its launch pad. This mammoth task is carried
out by twin mega machines - the NASA
crawler-transporters, It is their job to move
rockets from NASA's Vehicle Assembly
Building along the Crawlerway to Launch
Complex 39, and they have been used for
Apollo and Space Shuttle missions.

The transporters were designed and built
in 1965 by the Marion Power Shovel Company
using componenis developed by Roclkkwell
International. 50 years later, rockets are
being designed that are much bigger and
heavier than the original Saturn V moon

NN
e,

RN >

Laser docking

In 1985 a laser docking system

first to an asteroid and then on to the surface
of Mars.
The upgrades have seen the crawlers’
lift-load capacity increase from 5.4 million
kilograms to 8.2 million kilograms,

ensuring the crawler-

transporters still have a
future supporting NASA

rockets the crawlers were crafted to shift. As
aresult, although they remain the largest
self-powered land vehicles in the world, the
crawlers are in need of an upgrade. Both
machines have already received =
modifications, including o
replacing the existing
bearings of CT2 with

redesigned traction missions and will
roller assemblies continue to push the
ready to support SLS boundaries of space
and Orion. Using exploration for
these modified another 20 years.
crawlers NASA The full, awesome scale
plans to send of a crawler in action as
astronauts further it delivers a rocket to its

launchpad for take off
than ever before -

Top deck

The top deck that carries

sopuare and about the size

ot a baseball infield.

While the teams working on the ;
crawler-transporters get to :
work on the upgrades, rockets
themselves are getting much
bigger. A bigger size means a
greater supply of fuel (enabling
longer and faster journeys) and
more capacity to transport

goods into space. SpaceX

currently has the biggest and

most powerful rocket - the

Falcon Heavy. This partially
reusable heavy-lift rocket

towers at 70 metres and has

twice the payload capacity of its
nearest competitor. The Falcon
Heavy made its maiden flight in
February 2018, and there are

more planned this year.

Megawatt power

Both crawlers have 16 traction

and are driven by twao

2020W diesel engines,

Jacking, equalising
and levelling (JEL)
system

hMonitored and controlled from

ineicde the craw

prasibon at the launch [rach,

arksdoily.com

The Falcon Heavy weighs almost as
much as three Falcon 9s together




The OOCL Hong Kong has a gross
tonnage of 210,890 tons
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These ocean-going mammoths
can transport incredible loads

00CL
HONG
KONG

Dimensions
399.9m
Weight
151.317tn

MADRID
MAERSK

Dimensions
39%9%m
Weight
21001540

MOL
TRIUMPH

Dimensions
ATHm

Weight

192,672t

Passenger ships may have become a thing of
luxury and leisure rather than necessity, but
cargo vessels remain a vital lifeline
transporting more and more goods around
the world as our population booms. The
largest of these cargo ships has heen
constructed by South Korean shipbuilder
Samsung Heavy Industries, which has
started to build six G-class container ships for
Hong Kong-based shipping company Orient
Overseas Container Line (OOCL). The first of
these ships, stacked with brightly coloured
containers, will now be undertaking a 77-day
round trip to north Europe from Shanghai via
the Suez, stopping at ports from Rotterdam to
Singapore before returning to Shanghai.

In May 2017 the Hong Kong OOCL was the
first to be delivered of the new ships. At

BARZAN

Dimensions
400m
Weight
1949 74440

MSC
OSCAR

Dimensions
395.4m
W&lght
197 362tn

CSCL
GLOBE

Dimensions
A99.7m
Weight

184,320t

MAERSK
‘EEE’

Di |mErts|unE
'Welght
194 153tn
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WORLD'S BIGGEST
CONTAINER SHIP

The awe-inspiring OOCL Hong Kong is the
first of a new breed of container ship

The Hong Kong™s sister
ships are called Japan,
”;g Indonesia, Germany,
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0O0CL
HONG KONG
almost half a kilometre Dimensions
long, the ship would 359.9m long
) Weight
tower over London’s 191,317tn
skyline if it was stood

upright and would stand taller than the
Shard and Canary Wharf. It has been built
with a two-strolee, in-line, 11-cylinder MAN
Diesel & Turbo (MDT) G-type engines to
power the ship at a maximum speed of 21
knots. While this speed is only about four
times as fast as a swimming crocodile, it's an
impressive feat considering the shipis
hauling over 20,000 containers.

Equipment installed onboard Hong Kong
00CL includes a pair of combined electrically
driven mooring winches to keep the ship
safely docked and high-tech real-time
propeller analytics.

“The ship will undertake a 77-day round trip to

northern Europe from Shanghai via the Suez”

www. howitworksdaoilu,.com



SYMPHONY
OF THE SEAS

Dimensions
362m long

72.5m high

The Ghan is one of the world's longest passenger trains. Consisting of 44 carriages and
two locomotives, the titanic train is over one kilometre long. Hosting the Ghan is an
impressive 2,979 kilometres railway that bisects Australia. Running from Adelaide in
the south to Darwin in the north, the route connects both sides of the country for the
first time and travels at an average speed of 85 kilometres per hour. It took nearly
three years to complete and the Ghan embarked on its first journey in February 2004,

The Symphony of the Seas
cost $1.35 billion to build

The Ghan's journey takes 54 hours,
including a four-hour stop in Alice Springs



The impressively winged Stratolaunch is designed to take space rockets into the skies

Mega machines have
conquered land and
the sea, but it will

STRATOLAUNCH

Dimensions

L7m wingspan
Weight

RED ETEN (max [aunch)

still be some time
before we see them
in our skies. The first
planned mega-plane will be the
Stratolaunch. Designed to overcome the
challenges of flying through the dense lower
atmosphere, the Stratolaunch will launch
rockets from runways rather than pads.

Prior to his death in October 2018,
billionaire founder of Stratolaunch Paul

= . —_.;-’

Dual fuselage

A dual fuselage provides
enough ro

plane to carry multiple

giant pavloads into space.

The largest plane you
will see in the sky at
the moment will be
the Airbus A3BO

028 How It Warks

Allen had ambitious dreams of making
launching rockets into space as easy as
catching a commercial plane to go on holiday.
The idea is that a rocket will be carried by the
Stratolaunch to altitude, where the rocket
will ignite its own engines, blasting it into
space. This would mean that launches could
happen on any giant runway, rather than
having to carefully time a launch in
accordance to the Earth’s rotation and the
desired position in space.

When the Stratolaunch is completed it will
be the largest airplane by wingspan ever

Stratolaunch

technology

How the Stratolaunch will transport three
air launch vehicles, each carrying a
453-kilogram satellite into low Earth orbit

High wing design

Ihe giant high wing design

released from the air
centreline for safe deployment.

created. The twin-fuselage catamaran-
shaped aircraft will have six Pratt & Whitney
turbofan jet engines, which are used by
Boeing 747s. The right-hand fuselage is the
one with a cockpit, and the other is so far
away that from the window it looks like a
separate plane parked in the hanger. At the
moment the plane is going through testing
both on and off ground.

It is expected that the Stratolaunch will
malke its first flight in 2019, and it will soon
be working alongside other companies to aid
in launches and deliveries.

The biggest commercial plane is the Airbus A380. So far, 232 of these impressive,
double-deck, wide-body, four-engine jet airliners have been built. Until the
Stratolaunch is completed, the Airbus A380 sets the record of having the largest
wingspan - approximately 15 per cent larger than the Boeing 747. The plane can seat
up to 853 people, and has a cruising speed of about 1,050 kilometres per hour. The
Airbus is the first commercial airliner to have a central wing box made of carbon
fibre reinforced plastic and a smoothly contoured wing cross section to reduce

aerodynamic drag.




In the 1ggos, Orbital Sciences Corp dropped rockets from a converted L-1om airliner to put satellites into orbit

Airbus A380
9.8 metres
Stratolaunch wingspan
117 metres

Centre wing

The reinforced centre wing
provides lift and stability to
support the weight of tho

launch vehicles. -
Z Wingspan

The wingspan is the

largest of any plans, with
a width longer than an

American foothall Fiald.

1 AT OLAUNCH
SYSTEMS

L e Bl e 1 T

Launch
e Unce it reaches
v nuiiLni the correct altitude
~. 2YSTEMS B the Stratolaunch wall

i, : release the rocket,

Cockpit

The cockpit features the same =

pedals, steering and altitude- and Up and away

speed-monitoring systems used The Stratolaunch will §

on commercial planes. Lake the rocke! Lo an .
: | altitude of 35,000ft,

T =

Return flight

With its load mnow on
its way into space,; the
stratolaunch will returm
o base.

Take off

The Stratolaunch will use |
iguid cxvagen and hydrogen
as fuel o generate a thrust
of 90,7 kg-force.




doors of its new €15.5-million {around

£14-million / S17-million) testing facility in
Cologne, Germany. This facility has the
capacity to carry out up to four crash tests per
day, and the new sled-test system is by far one
of the most impressive pieces of technology
Ford is using to test car passenger safety.

Sled tests are a way to reproduce a high-
speed collision in a controlled environment.
The car compartment that typically holds
passengers is mounted on a trackway, thena
connected hydraulically powered propulsion
system launches the compartment backwards
along the track. In the case of Ford's new
system, that's a propulsion force equivalent to
250 tons, 8o times the force of gravity
experienced in typical road collisions.

Within the compartment are high-tech
dummies equipped with around 70 sensors
including accelerometers, each recording
impact data for engineers to later analyse.
Accelerometers record the speed and direction
the various sites on the dummies’ bodies
travel during a crash. This information is then
used to develop the interior features of the car,
such as seat belts and airbags. At different

I n 2018, car manufacturer Ford opened the

Primed to crash
A replica passenger

Compartment 1s at E_.:|I_|'|l'-_'"_'!

030 How It Works

How they
crash-test cars

Welcome to Ford's state-of-the-art car safety testing facility

points of the dummies’ faces strips of paint are
applied, which during the simulated crash
transfer onto deployed airbags. This provides
an imprint on the deployed bag and
information about their effectiveness,

“Full-scale crash tests give us a wealth of
information but they talee longer to set up,”
explained Stephan Knack, head of the Ford
Crash Test facility. “Virtual crash tests are fast
but [they are] not yet as reliable as the real
thing. Our new sled test bridges the gap
between the real and the virtual worlds, so
that we can deliver improvements faster,
resulting in safer vehicles.”

Test dummies come in all 5ﬁap35 and
sizes, simulating different body
tvpes and ages of passengers

— W WROWTLWOrksdoilu, com
_--—III'H

N



In the early years of crash testing cadavers, pigs and chimpanzees [ond other animals] were used!

The dummies
that save lives

Sled tests are used to test the physical
effects of a high-speed collision on
passengers’ bodies using high-tech dummies

Big impact
Experiencin 1 an acceleration of
e Lights, camera
High |_.-'-'-|-|||:I'|- Mis sumound
! pters (o record their the & the
micvaments JIJ ing the test, -"Il’r
high-speed carmeras

airbag and seat +|TT|||||-
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Philadelphia, Benjamin Franklin went

outside with a silk kite. He tied a length of -
wire to the top point and two strings to the
bottom, one hemp and one silk. Sheltering
from the storm as he worked, Franklin
attached a metal key to the hemp string, now
wet with rain. He kept a tight hold of the dry
silk string and, as the kite struggled into the
air, his Experimént began.

Soaring between the lightning strilkes, the
wet kite started to conduct electricity from the
atmosphere. Electric fire, as Franklin called
it, passed down the wet hemp and into the
key, sending sparks to his fingers. He
gathered the charge inside a ‘battery’ called a
Leyden jar, catching electricity from the air.

This wasn't the first time people had played
with sparks. In 1663, Otto von Guericke had
rubbed spheres of sulphur to produce a static
charge, and in the early-18th century Stephen

I n 1752, as the sky darkened across

034 How It Works

Gray had sent electricity co : sing along hemp

threads and metal wires by rubbing glass

tubes, Even so, Franklin's kite was a catalyst
for science that would cha .-;;; world.

Spurred on by the sparking kite,
experimenters set about turning
observations into equations. The first
mathematical explanations of electricity
emerged later that century. Charles-Augustin
de Coulomb realised that electrical and
magnetic forces worked a bit like gravity - the
closer you got to the source, the stronger they
were. Later, Alessandro Volta invented a
chemical battery by layering copper, zinc and
brine-soaked cardboard. This allowed Georg
Simon Ohm to start testing which materials
could conduct a current. He used his

observations to develop a law that explains
how the length and diameter of a material
affect its resistance to the flow of electricity.

Advances were coming thick and fast, but
something was missing. No one had realised
that electricity and magnetism were linked.
Then, in 1820, Danish physicist Hans

-Christian @rsted accidentally filled in the

missing piece. He noticed that a flowing
current could move the needle of a compass -
it made a magnetic field. Michael Faraday
then observed the reverse - a moving
magnetic field made electrical currents flow.

Armed with these facts, James Clerk
Maxwell went on to explain
electromagnetism to the world, paving the
way for the electronic revolution.

"Spurred on by the sparking Kite, experimenters
set about turning observations into equations”

www, howitworksdaoilu.com



Nomed after Jomes Clerk Maxwell, the world's largest submillimetre telescope sits atop Mouna Kea volcano

When 'entists ste
vith ‘electric f
the world fo

© Words I:Iy Laura Mears \ j

e’ it
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Anatomyofan

Magnetic field
electromagnetlc wave O
There are two parts to every wave- RN ety
an electric field and a magnetic fi eld

Wavelength
|| | Ance DeElwaar vawveas
-an be smalle ||.| an the width ot
an atom or wider tha

Electric field

[he electric field
o=cillates in phase with
the magnetic
go up and down tgether,

Direction of propagation
The two parts of the electromagnetic

pee travel in the zame direction.
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In the early-19th century a British physicist made a breakthrough motors work

An alternating current turns a coil

Michael Faraday discovered that magnetic electricity. All that remained was to show of wiré inside a static magnet
fields could induce electric currents, that this could happen in reverse.
Scientists already knew that the opposite was Todo this, Faraday wrapped two coils of =
true - electric currents produce magnetic wire around a ring of iron, one on each side. Current 2 & o
fields. In 1820, physicist Hans Christian To the first he connected a battery, to the This et ravhs
@rsted had been setting up a lecture second a compass. The two coils were through the wires to
demonstration when he accidentally puta independent - the current from the battery the electric terminals
live wire near a compass. To his surprise, the couldn’t reach the compass needle and ',//!
magnetic needle moved. Soon after, France’s neither could the magnetic field induced in /"’“ :
Andreé-Marie Ampeére explained why. the first wire, but, when he switched the
With a set of parallel wires, Ampére battery on, the compass needle moved
showed that live currents could attract and anyway. Rather than moving the compass
repel. When the currents ran in the same needle directly, as in Orsted’s experiments,
direction, the wires pulled together. When the magnetic field from the first wire was
they ran in opposite directions, they pushed inducing a current in the second wire. The
apart. Using these observations he worked induced current was moving the compass.

out that the attraction between the wires was  This was the first demonstration of
proportional to the current they carried and electromagnetic induction.,
the length of the wires (Ampeére’s Law). Later experiments confirmed that any
With Ampére’s observations in hand, changes to a magnetic field can generate a
people realised they could amplify magnetic voltage. You could move or rotate a magnet
fields by wrapping coils of wire together, This inside a coil, move or rotate a ::nﬂmsld!a
led to the invention of the electromagnet by magnetic field, or vary the strength of the
William Sturgeon in 1825. We could now magnetic field itself. If the coil is part of a
generate powerful magnetic fields using complete circuit the voltage sets off a current.

creating Cl.ll'l'ents The science behind electromagnetism

Battery

HIL battery provides

ane |:|II eCtion.

No flow Sparking to life
When both the bar magnetand the coil of wire Pushing the magnet into the coil moves the
are still no current flows. magnetic field, inducing a current in the wire,

Coils of copper wire generate magnetic
fields that make this electric motor spin

0. A
%ﬁﬁ._%\*

."-' _.-"'r""’

Stopping the current A new direction
When the magnet stops moving the induced Removing the magnet from the coil induces
current goes away again. a current in the opposite direction.

036 How It Works www. howitworksdaoilu, com



In 1834, Thomas Davenport used o battery-powered electric motor to power a small electric car

Magnet

A static magnet sits around the

Tagnetic field,

The electromagnetic revolution illuminated
Brushes ' Earth, changing the world forever
Brushes connect the wires T i [ *

tea 1 structure . & r . co e e
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Magnetic field
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This simple hand
trick shows which
Way a wire will
mowve in a
magnetic field
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It wasn’t until the 18o0s that
we started to look beyond

the light we can see
The discovery of the electromagnetic Fascinated by this finding, Johann Wilhelm the effect continued when the rainbow ran
spectrum began with William Herschel, who  Ritter tested the other end of the rainbow. out. Ritter had discovered ultraviolet light.
used prisms to breal light into rainbows.Ina The wavelengths at the blue end of the Inspired by this work, James Clerk Maxwell
bid to understand each colour’s temperature spectrum are cooler, so instead of usinga predicted there would be more wavelengths
he measured each ray with a thermometer thermometer he chose a chemical called beyond the rainbow. Heinrich Hertz designed
and noticed something sirange. Moving the silver chloride. He knew it turned black in the a piece of equipment called a spark-gap
thermometer into the darkness beyond the light and that the effects were faster as the transmitter to find them. He wrapped two _
red edge of the rainbow increased the light became more purple, and, just as insulated coils of wire around some irqp'; one

temperature. He'd discovered infrared light. = Herschel had noticed with his thermometer, loose and one tight. When a current passed

1012 : _ ~ I N, 10
1 picometre 1 nanor aa‘ \> ALAL 1 micrometre

i
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When matter collapses into a black hole it releases a bright flash of high-energy light called o gomma ray burst

through the loose coil it magnetised the iron.

Then he stopped the current and the

magnetic field faded, inducing a large voltage
in the second coil. Hertz attached the second
coil to copper wires separated by a small gap,
and whenever the large voltage came a spark
would jump from one side to the other. A
metre and a half away he set up a rectangle of
copper wire with another spark gap. He
noticed that when the first gap sparked, the
‘second gap sparked too - the current created
radio waves that travelled across the room.
Hert z also experimented with microwaves.
Wilhelm Conrad Rbntgen was the next to
male a breakthrough. He was experimenting
with a piece of kit called a vacuum tube,

ﬁﬁ'a i o~
.milimetre =

—— .

MICROWAVE

-

www, howitworksdoily.com

which has an anode and a cathode inside an
enclosed container. He happened to have a
screen in his lab coated in a fluorescent
chemical called barium platinocyanide. He
noticed that even if he covered the vacuum
tubes and worked in the dark the screen
would glow when he switched the current on,
When he asked his wife to put her hand
between the tube and the screen it created a
perfect image of her bones - the first X-ray.
Soon after, while investigating the
radiation emanating from radium, Paul
Villard discovered gamma rays, completing
the electromagnetic spectrum.

Wilhelm Réntgen's
wife, Anna Bertha
Ludwig, was the
first person ever
to have an X-ray

Industrial
electromagnets
use Grsted’s
science Lo lift
scrap metal with
electricity

1 kilometre
P f /!

-
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The chemistry of cleani

How we use simple science to clean items in our homes and wurkplaces
Most mm sm]samﬁentmmd@t L

become frustrated with the stubborn oily

residue left behind or seen mould growing
in the cracks of the kitchen tap, you know
that cleaning is far more complex than giving
things a lazy wipe with a cloth. The trick to
cleaning effectively usually requiresa
combination of chemical degradation of
molecules, mechanical force and rinsing to
remove the dirt from the item.

Dirt comes in three broad categories:
organic, inorganic and combination. Organic
soils include everything from a biological
source, such as grease, mould and food
products. Inorganic soils include rust (which
builds wwhﬂnﬂhnﬂmm l:ng'Eﬂlﬂj;
and miner .ﬂnﬂﬂﬂf

I fyou've ever washed a frying pan and

- Ecnurer
Usually

Drganil: stain remover ared "-"'E-i‘.“"'f'j t"-"- ESSIE .3” > damaged ina:
Thesa chemicals, IJ:':-_Ell':.-' hydrogen remave dirt using friction to : , m __'_||__I'||r.| or dryer.
r-Causing D
when the
re mgner
> needs

straacetylet h | snediarmine

o enrk -|I lowver temperatures,

L]
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The ancient Babylonians invented soap around 28oo BCE using animal fats, wood ash ond water

Soap and
water is always
the best way
to wash your
hands, but if
you don't have
access to
water then
antibacterial
gel can be
helpful

"The trick

to cleaning

effectively
usually requires Y Dish detergent

letergents use chemicals called

a combination
of chemical
~degradation
| of molecules,
= mechanical
force and rinsing
to remove
the dirt from
the itemn”

Bleach

This cleanar is greal at tackling colourful
ctainsg, The chemicals in bleach release
oy mole e55 Called

oxidation, which break up the chromophores

respansible tor the colouring.
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ADVERTISE
HERE TODAY

techcamp
.0rg.uk

Inspiring Tomorrow’s Inventors

d

EXCLUSIVE NEW COURSES ...

Build your own 3D printer to take Build & programme advanced robots
home and learn 3D design in with flippers & optical cannons in

3D Printing Robowars

Build & race FPV drones & build a Create a sophisticated 3D
programmable LED race hoop in game with the ‘Unity’ Game Engine in

Drone Racing 3D Game Design
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Want to advertise in our

fact- i '
paCkEd aClence and Learn about codes, build spy gadgets Build a number of 2D games, and

tEEhﬂDngy magazine? and explore cybersecurity in learn graphic and sound design in
Cyberspy Academy 2D Game Design
Call now on
012 Come as a day camper at one of our three venues in the South of England,
25 537368 or join hundreds of other young people from around the UK and overseas
or Ol 225 637 37 4. at our flagship residential camps where you also spend evenings playing

laser tag, leaming extreme soldering and disassembling electronics.
Find out more about adverti sing ¢ % 8 €

with Future on www.futurepic.com,

Want to Know More?

Tech Camp is the UK's original camp of its kind and remains the only one
specialising in teaching coding through advanced take-home projects.
It's perfect for creative youngsters who like making things (or taking
them apart!) or show those who are forever playing games how to start

designing their own.

We have tutors from institutions like Cambridge & Imperial, maximum
groups of eight, and exdusive courses not available anywhere else.

www.techcamp.org.uk info@techcamp.org.uk 0118 380 5678
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D10 you KNow? The world's largest raptor is the Andean condor, with o wingspan of 3.2 metres

What makes these raptors some of the
planet’s most prolific predators?

Words by Scott Dutfield

: ircling the skies, the wings of a raptor the Strigiformes. The former includes the
- gently ride thewind, eves lockedonthe  majority of predatory birds that hunt in the day,
Vet ground below. When the opportunity such as hawlks and eagles, whereas Strigiformes
presentsitself, agraceful display turnstoa are mostly nocturnal predators, such as owls,
dramaticdive to the ground. Talons extended, What unites them istheirability to utilise their

— thetapror reaches forits meal, deliveringafatal  defining physiology to hunt from the skies. But
hlow as it lands. As predators go, theyaresome of  what actually makes these birds such
the most efficient and well adapted our world formidable predators?
has to offer, Currently, there are 557 species that
are classed as a bird of prey. From the mighty TALENTED TALONS
golden eagle to the humble barn owl, these birds  One of the most qualifying features of a bird of

are perfectly equipped to form a taxonomical prey are a set of intimidating toenails. Asa
group of deadly hunters. resourceful predator, raptors come equipped
Thecommonly used name of ‘raptor’ covers with razor-sharp talons to hook into their prey,

two types of birds of prey: the Falconiformesand  tearing flesh as they go. However, they are more

www, howitworksdoilu.cam How It Works 045
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than just a simple set of knives; eagles, for
example, have impressively tailored talons to
suit their feeding habits. Typically, eaglesand
many other raptors have three forward-facing
toes and one facing back, perfect for gripping
prey such as mice or rabbits. The grey-headed
eagle, however, feeds on fish and therefore has
evolved two toes facing forward and backward.
This enables them to snatch at the scales ofa
slippery fish. Not all birds of prey need talons
with a vice-like grip. When prey isalready dead
there is no need to have feet capable of holding
them still, something the vulture has become
accustomed to. Their feet are more suited to
standing for long periods of time, enabling them
to scavenge on the remains of a previous kill. as hawlks, however, sport 20/5 vision, allowing All this requires clean and healthy eyes, and in
them to see something at 20 feet that a human order to maintain a sharp, moist set of
HAWK-EYED would typically see at five feet (1.5 metres). Being  binoculars these birds have a nictitating
Soaring high in the sky, raptors use their able to spot prey at this distance putsraptorsata  membrane that wipestheir eyeballs, similar to
excellent vision in order to spot their next meal. huge advantage while hunting. Though we the wipersonacar.
It's believed that some can spy medium-sized typically recognise a circling raptor as beingon
prey [rom up to 1.6 kilometres away. This the hunt, this impressive eyesight allows some PILOTS OF PRECISION
impressive sight is the result of binocular vision.  birds to target their prey from the comfort ofa The wings of a raptor act as their natural engine,
The eyes of most other species of birdsare on treetop, a method called 'still hunting’, Buzzards  driving them through the skies and allowing
either side of their head, but raptors have have perfected this technique and will perch in them to navigate wind currents. The feathers
torward-facing vision. This allows them to focus  wait, silently anticipating the slightest that malke up theirwings consist of a fibrous
in on their prey while retaining a 340-degree movement of asmall mammal below. protein called keratin, the same material found
field of view. [t's not only movement raptors can spot in human hair and nails. Layered like feathery
Humans typically have 2o/20vision, meaning  though. Thanks to their ability tosee ultraviolet  scales, they vary in size and shape, carrying out
they can see clearly at zo feet (6.1 metres) what light, these birds can also track their next meal different roles to ensure a smooth flight. Larger
should normally be seen at 2o feet. Raptorssuch  via the UV components in the urine of their prey.  primary and secondary flight feathers at the

e

--._‘.. i s

The eyesight of a raptor is around eight times better than that of a human
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D10 YOU KNOW? Raptors can been found on six of the seven continents, with the exception of Antarctica

Rarest of them all

Birds of prey have been the focus of
human persecution for many years. From
the historic fall of red kites in the UK to
the current downfall of the forest owlet in
central India, the decline of raptors is a
widespread problem. The biggest threats
raptors face is habitat loss and
fragmentation, a threat that currently
puts the existence of the rarest raptor of
them all, the Philippine eagle, at risk. Itis
estimated that only 250 pairs survive in
the wild today as a direct result of
legging and In55 uf furest hahltat

Found only in the Philippines, these eagles face
the possibility of extinction

ends of the wings propel the bird through the air
and keepitairborne. The tail feathers, however,
actasboth a brake and steering rudder fora
raptor, in a similar way to the rudder of a boat.
Even so, different behaviours in raptors demand
different shapes and sizes of wing.

Ospreys spend a great deal of time soaring
over the seas and so have long, rounded wings,
whereas hawl¢s, which are more agile and rapid
flyers, have shorter, narrower wings. Yet despite
their impressive engineering, neither of these

How does a
feather grow?

Building a bird's greatest assets
is a delicate process

Protection

As a follicle develops
Bumpy start 15 ai.rm'wtﬁ P
Small, raised bumps on the produce keratin,

surface of a chick's skin known
as placodes begin to form.
These placodes then elongate
1o form 2 tubular structure
known as the feather germ,

wehich forms the

sheath of the feather.

Raptors typically have
three toes pointing
forward and one
pointing backwards

birds (nor any other for that matter) can rival the
kings of speed: the falcons. These incredible
hunters are some of the fastest animals on the
planet, and top of the pile is the peregrine falcon,
which can nosedive at a speed of over 321.9
kilometres per hour. This speed and agility
allows falcons to hunt other birds while still in
mid-air, Diving to strike a pigeon, a peregrine
falcon grabs onto its flying food in a manoeuvre
described as ‘binding to it’ before bringing it
back toits lofty nest to feast upon.

BIRDS WITH BITE

At the beginning of their lives raptors are born
with an ‘egg tooth’ at the top of their beaks with
which to break through their egg. As chicks grow
they develop a characteristic hooked raptor beak

Life blood
Each feather has a
blood supply until
the feather is fully
formed, hence wiy
newborn chicks
have biue quills.

Sheathed
Within the sheath
a feather 15

developing from
components
called barbs.

that they will soon begin to use to tear flesh, its
sharp edges cutting away each bite, Though all
raptors are fierce hunters they each have
different palate preferences. Some enjoy the
meat of mammals while others prefer fish, and
like their talons, their beals are adapted to suit
their prey. There are even those that enjoy eating
the entire animal, bones and all.

The bearded vulture has a diet consisting of
around Bo per cent bone, and their beaks have to
be particularly strong to break them apart. This
might not seem lilke a nutritious diet, but the
nutrients lie in the rich marrow within the bones
of the animals they scavenge upon. Though their
beaksare tough enough for the job, these birds
also employ another method for bone breaking:
they gather up bones then drop them while in

New plumes
The protective
shaath splits as the
new feather emerges
froarm the skin.
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flight to break them apart. Once fragmented the
bones are easy to peck apart, the vultures
swallowing bits of the bone whole before their
highly acidic stomach acid completely breals
them down.

RULING THE ROOST
Raptors are among some of the largest flying
birds on our planet and need equally sizeable
nests to raise their young. Known asan eyrie,
these imposing wooden constructions are built
high up in treetops, cliff tops and even on
telephone poles. As a monogamous pairing,
ospreys rear their yearly clutches together in the
same nest for some 20 years. These creations can
span between 1.2 and 1.5 metres, soasthe years
pass more and more material isadded to the
nest, sometimes extending its reach to some two
metres in length.

smaller species of raptor tend to incubate their
young for around 28 days, whereas larger birds
such as the golden eagle will sit on their eggs for
around 45 days. Similar to gestation, the time
until a chick fledges the nest varies depending
on their size. Small raptors can leave the nest in
around 28 days, whereas larger birds can take up
to two and a half months.

Peregrine falcons have evolved air sacs
that keep them oxygenated at speed

048 How It Works

Neck
Ohwls can rotate ther heads
up to 270° and they hawve 14

vertebrae in their neck '
which helps them to achigve
a wide range of movement.

. Ears _
b £ ; An owl's ears are able to |8
detect the slightest
rmovermnents of its pray,

Feathered feet

Unlike most raptors, the
teathers of many owls reach
all the way cown to their
toes. These feathers can be
beneficial during hunting.

If an osprey fails to mate
they may build a
frustration nest’ for the
following breeding season



D10 YOU KNOW? InLatin ‘raptor’ means ‘plunderer’ or ‘abductor’

Anatomy of an owl

One of the world's most deadly predators is
perfectly adapted for nocturnal hunting

Lungs

An owl’s lungs do not expand and

contract like a mammal's would. . i « {nd
Gas exchange oocurs instead in : '_! '

the owl's air capillaries.

Bearded vultures are the
largest birds in the Alps
and number between
2,000 and 10,000 globally

Incredible
wingspans

These raptors dominate the skies
in which they hunt

! gt

"'.' .,.IE:.‘ :3. -

o Andean condor California condor
Gizzard Wingspan up to 3.2m Wingspan up to 3.0m
Here, inedible parts of prey (such

as bones and fur) are held while
this muscular organ breaks down
| the rest of the meal, These are
then cormpressed into pellets and
regurgitated later. White-backed vulture Bateleur eagle
Wingspan up to 2. 18m Wingspan up to 1.9m

oy

Bonelli's eagle :
Wingspan up ta LBm Marsh harrier

Wingspan ugto 1.3m

Swallow-tailed kite
Wingspan up to 1L.35m

'3 T &ThE angs Df a rﬂptﬂr ﬂct Wingspan ug to 1L.28m

Buzzard

Proventricul : : :
TSRk the Bgesme as their engine, driving *
enzymes are secreted to

oreak down food n the frst them through the skies and

stage of digestion.

*

helping them navigate” frobicmativy ing i exhicolinnion
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#9 ENVIRONMENT

ildlife of Canada’s
oreal peatlands

Canada’s northern wetlands are more than just a breeding
ground for mosquitos - they provide resources for some of
the planet’s most impressive animals

ccupying a vast swathe of

Canada’s northern

wilderness, the boreal
zone is often described as a forest.
Large parts of this region,
however, are covered not by - _
trees but by swamps, fens = g alif
and bogs. Thanks to the 3
high water table, many of
these wetlands are
underlain by peat, partially
decomposed plant material
thatis great for the garden
but provides poor growing
conditions for trees. Boreal
peatlands, or ‘muskeg’ as
they are called in Canada,
areinstead dominated by
masses, lichens, low-
growing shrubs and
emergent aguatic plants
such assedgesand
cattails. Despite the cold
winters, these features
supportasurprising
variety of wildlife
species, including

White-tailed deer

i

Black bea

r B
T *E’*"#M '

o TR, e

-

some of Canada’s
maost iconic fauna.,
Beaver

MHESHEEII*HH / 5 o8 Beavers are called ‘ecosystem engineers’
snakes aren't widespread in peatlands due to the cold 3 % because the dams they build can
winters, but this rare rattlesnake survives freezing significantly impact the landscape. In
conditions by using one of this ecosysterm’s dafining peatiands beaver dams affect the direction ¥
features. Sphagnum moss hurmmacks can be relatively of water flow and the height of the water
warm and dry inside when ternparatures outsice table. These changes can dry out or
plummet, 50 thesea rattlesnakes huddle together within saturate the soil, altering the types of plant
them to hibernate until the spring thaw. that can grow nearby.

050 How It Works



010 You KNOW? The boreal forest is named after Boreas, the Greek god of the North Wind

& Swamp sparrow
At home In Unlike the cormmaon house sparrow, the swamp sparrow is hard La“d of moss
the muskeg to spot as it hndes among the leaves of reeds, sedges and o -

shrubs. Thanks (o its call = a high-pitched, repetitious trill = it .
From caribou to caterpillars, the animals of tends to be heard more often than it is seen. Boreal bogs are ol

Canada's boreal peatlands are well adapted ameng its preferred nesting habitats,
to take advantage of this ecosystem

Woodland caribou
Symbuolic of remote boreal and tundra
regions, woodland caribou wander in
ferds through peat bogs eating shoots in
surmmer and lichens in winter, When they
find a lichen patch they clear away the
snowy using specially adapted hoowves.
tMales and fermales both produce antlers,
but these are smaller in the females.

-
ot

Sphagnum peat moss
Different species of
sphagnum grow in mats,
hummocks or hollows. As it
grows sphagnum releases
acidifying hydrogen ions.
Senescent stems, meanwhile,
take decades to break down,
causing an accumulation of
partly decomposed material
that feels spongy underfoot.

- i

Carnivorous plants
Peatlands offer poor growing
conditions for plants,
therefore some get their
nutrients from sources other
than the soil. Invertebrates
are the alternative “food'’
supply for pitcher plants,
which digest those that fall
into their cup-shaped traps,
and sundews that snare
unsuspecting bugs with their
sticky leaves.

", Moose
A, ! Moose are instantly recogrisable from their
long faces and the male's broad antlers. In

R the summer individual males, or females

= with calves, move around peatlands eating
N water plants and fresh leaves. In winter they
shelter among trees, and their barking call
may be the only sign that a moose is nearby.

= _

With so little exposed soil in
peatiands, plants need to find
other things to grow on.
Splachnum mosses colonise
moose droppings. Their
spores are spread from one
dung pile to another by flies.
Different mosses grow on the
dung of other animals, such
as coyotes.

Fathead minnow

This iz one of the faw fish that thrive in
“ the acidic water of peat bogs. They
m accur in small pools, feeding on organic
- rmatter and aguatic insects, such as

rmosquite larvae, Most pools freeze in Northern bng IEI‘IlI'I'-IiIlg
winter, however, 5o it is unlikely that fish

survive frorm one year 10 the nexl. Arctic shrew

ot
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D10 YOU KNOW? The tallest tsunomi wave ever recorded reached a run-up height of s2o metres!

Rapid river waves

What exactly are tidal bores and how do they form?

T idal bores occur when previously calm
river water is suddenly impacted by
fast-travelling waves some few metres
high. Flowing from the opposite direction as the
river current, water from the river's mouth is
sent back as waves known as bores.

There are thousands of rivers that deposit
millions of tons of water into the world's oceans,
but not every one experiences the ocean
throwing water back into themin the form ofa
bore. That's because there are several conditions
a river must meet in order for a tidal bore to form.
The mouth of the river that empties into the
ocean must be wide enough to filter the water

Making waves

What is needed to form
these giant ripples?

Incoming tide

Wide mouth

In arder for a tidal bore to form
the mouth of a river emptying
into the ocean must be fairky
wide, allowing it to act like the
broad end of a funnel,

Ocean
Incoming waves from
the ocean trigger the
ripple effect upstream.

Waves

into the narrower inland part of the river, and
the bed of the river must be relatively shallow.

Each year the Severn River in the UK has
around 250 bores that travel atop its water. The
most frequent and almost daily bore occursin
the Batang River in Malaysia and has been
named Benak. These ocean tides aren't sending
saltwater upstream though; rather the ripple
effect of their tides pushes river water at the
mouth backward along the river. A full
understanding of these impromptu waves is yet
to beachieved, but like any tide, the
gravitational pull and phases of the Moon play a
vital role in their formation.

River

The water flowing into the
ocean will be flowing in the
opposite direction to which
the tidal bore will travel,

Tidal bore

Wall of water

Upward of 100,000 people gather each
year to witness the ‘Silver Dragon’, a tidal
bore that can reach up to nine metres
high to create a wall of water that
cascades down the Qiantang River in
China. The Qiantang bore is the world's
tallest bore recorded to date, with its
ferocious waves travelling 40 kilometres
per hour down the 494 -kilometre-long
river. As a result of this bore’s sheer
power, 42.5 billion cubic metres of sand
has been deposited in the river.

Records of the bore's occurrence in the
river date back almost 3,000 years, and
the colossal waves occur during every
eighth month of the Chinese calendar, a
regularity that has encouraged a viewing
festival to be held on the 18th day of that
maonth so that people can witness the
watery wonder.,

anicyd Mick Saeliars

oty The Arl Ag

Thousands gather along the Qiantang River bank
to witness the world's largest tidal bore

i Alarry: lustran

Riverbed

For a particularly intense
bore, the riverbed must be
relatively flat and shallow,

Wawves typically reach a height of
araund a few metras and travel
about two or three times the
speed of a normal tidal current,

Surfers can often be
seen hitching a ride
on the fast-flowing
current of a tidal bore

www howitworksdoily. com



ARTHIN A YEAR

Compress Earth’s unimaginably vast history into 12 months
and humans saunter in just in time for the New Year's party

FEB

1.2 BILLION
4.51 BILLION YEARS AGO

At some paoint around a billion years ago

YE A RS AGO a few organisms stopped reproducing by
T - T ) Bk e

simply splitting in half and started to

4.54 BILLION 7o e AR
- -'".v'm’dlrbg to 'Z|'IL most '.--.-I"'I'_"|'§.- ELEEI:ItLd theory it was L g "Efu'ﬂ ¥ *‘_ﬂ m‘_]"' Fda i

af their species,

YE A RS AGO created when Earth coilided with another planet ina g
‘giant impact’, sending debois into orbt, s

Earth is estimated to be sbout a third of the age of .
the universe. The Sun and planets formed from the :
claud of dust and gas that comprised the yaung 0 C‘ ? s

Salar System when gravity caused material to
clump together,

400 M I LLION Dinosaurs evolved from other reptiles and
began to roam the Earth, When the
YE ARS AGO planet’s history |s compressed Into a year,
thesy survived for just two weeks,
Insects appeared at least 200 million years ago - possibly .
as early as £80' million years ago. Early species were

restricted to crawling over land and plants, but one line
et ¥ went on to evalve wings and take to the air,

.
W
"
b " »
-

M, e
The first plants to emerge on land 1 0 6 6 Feligwing e 2560 Bc E

resembled mosses and lverworts, They :
lacked rools and transport systerms, ﬁfatg ?_:f Edwfm Ancient Egyptians picked up ther tools and
Fim BRSO started building the pyramids. These

relyihg on fungl to provide Lhem with : 3 s tEd
some of the organic compounds the ifles, -
b i ¢ ‘tacoverad Battie of Hastings and ﬁl:ilmnd the throne phereiony snd ﬂ-!E“ il s

produced during photosynthesis. _ )
the Americas. He landed on an island a5 the first Norman king of England,
in the Bahamas aftera two-maonth sea

A surge n _ _
1 ; 60 ohnoiogesl  YovasefomSpan.
Innmﬂt"]ﬁ .-l"‘-"l-."i ""‘.‘Iill"r*-lll-.-.-'n

kick-started the Industrial Revalution. « = !
This was a period of unprecedented
growth in industry, manufacturing,
econamy and population,

The Grest Fire of Landon
1 bregar in the middle of
the rught irra srmall

bakery, It raged through the city for nearly fve =,
days, Litimately destroying over 13,600 houses. ""--.r.,“__"_ rveesanett

L L L
w

Roman leader Julius:
MBCE%%
assassnated - stabbed

by & aroup of senators who had conspired against him.
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' The minimum oge of the Earth is estimated by measuring radioactive decay in the oldest known rocks

Some scientists believe
that high-speed crashes
in space created celestial
bodies like the Moon

APR, e

2.4 BILLION

YEARS AGO
r.1+" ¥ I N 2
ta 3 5 BII LI 0 N Certain bacteria began to use sunlight to convert carbon
o - 1 — = - H - e

dioxide and water into sugar - the same process used
by green plants. Oxygen was released as a waste
YEARS AGO product, creating an oxygen-rich atmosphera that would
Arpind 3.5 billion years ago, after asterasids had stopped later support animals with lungs.
raining dowen on the planet, Earth became less barran as lite

evolved, These organisms, each made up of a single cell,
are thie ancient ancestors of every spacies dilve today

SEF

175 MILLION

200 MILLION < "YEARS AGO
YEARS AGO

apart. C:.rrlu:l In different directions b:.r
tectonic activity, the pieces would
Early mammals evolved - these were small, nocturnal eventually become the modern continents,
shrew-like animals that hunted insects. Mammals stayed
in the background until the extinction of the dinosaurs,
: after which they ramdly diversdfied and grew.
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130 MILLION
YEARS AGO

Plants first burst into bloom at least 130

AROUND 315,000 o s 0 e e e

but because they were o delicate faw

YE ARS AGO ancient flowers were fossilised.

Homo sapiens = modern humans - evolved from another
hurman-lke ape. They hived alongside Neanderthals for thousznds
af years but eventually becams the only remmaining Homo species

O

ulf
5 ¥

L]
)
& :
e pagaans®

L]

68 MILLION ...~
YEARS AGO
Tyrannosaurus rex first appeared, measunng over 12 metres fram head
to tall, Inthis :geatagl-; year, the mﬂst‘fﬂmu-sdf“all' thadinnsaurgw&d

www howitworksdolly com

Insects wereg
flving around
long before
dinosaurs
came onto
the scene
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ENVIRONMENT
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Spacious home

The thrashing limbs of several
enthusiastic frogs allow a mother
to build a foam nest many times
bigger than herself.

Complex building
materials

Proteins within tha
female’s secretion have
antimicrobial properties
and act as surfactants to
stabilise the foam.

Many legs make light work of these frothy egg holders

hiromantis is a genus of frog found in

Southeast Asia and the sub-Saharan

tropics of Africa. These frogs are known
asthe foam-nest tree frogs because of the
impressive frothy structures they create when
rainsignalsthe start of the breeding season.

While the foam nests may appear simple in

comparison to other feats of animal
architecture, they have some peculiar
properties, and, in the case of the grey foam-nest

056 How It Works

tree frog, are the work of many determined legs.
Their nests are created when a female attracts
multiple males, who will compete for access to
her. The successful individual will then climb
onto her back before she secretes a fluid that she
will beat into a foam along with her mate, both
frogs using their back legs to whip it up.

When a large nest of bubbles has formed the
female begins to lay her eggs, which the male
then fertilises. The process of frothing and egg

Air supply

The bubbly foam contains all the
oxygen the developing tadpoles
need while they're in the nest.

The foam-nest frog

foam-nest
ree frog
Chiromantis xerampeling
Class Amphibia
Territory Central, Eastern
and Southern Africa

Diet Inzacts
Lifespan Linknown
Adult weight Lnknown

laying can talee hours, so the female will have
breaks to rehydrate. Other males will by now
have arrived to contribute to the fertilisation
process. When all her eggs are laid and fertilised
the frogs part waysand the foam is left to
develop a protective crust.

After four to six days the tadpoles are ready to
hatch. The bottom of the nest becomes soft, so
the tadpoles are able to wiggle out of their eggs
and drop straight into the water below.

" il



' The tungora frog's Spanish name [sapito de pustulos] means ‘pustulated frog'

In-built meals
Developing within the nest,
embryos rely on the
nutrients in their eggs to
help them survive and grow,

o - 'F,:,f 3

o o

:"'_l. = s

” Big family Safe shelter

Under the hard cuter laver
the embryos are protected
from microbes, predators
and the harsh sunlight.

The foam nest needs to ba
roomy, because a fermale
frog can lay thousands of
eags each breeding season,

“The process can
toke hours, so the
female will have
breaks to rehydrate”

Waterfront property
The nest is carefully positioned
over waler s the ladpoles can
drop safely when they hatch,
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TECHNOLOGY

The hit HBO series Westworld takes
place in the not-so-distant future,

where citizens can visit a theme
park built around the aesthetic of
the old American western frontier.
The park is home to thousands of
‘hosts' whose sole purpose is to
create the most immersive
experience for their guests. But
these hosts aren't actors - they're
machines. How It Works
investigates how close we are to
stepping into the future so that we
can jump back into the past.

058 How It Works



DID YOU KNOW? Disney's Magic Kingdom was the most popular theme park in 2017, attrocting over 2o million visitors

- /\
COULD WE BUILD A REAL-LIFE...

\W/ESTWORLD?

Terraforming, quantum computers and synthetic
life - welcome to the theme park of tomorrow

T W W,

outskirts ofa dusty town, The streets are filled

with life: the vendors are bartering, the
sheriff's deputies are patrolling, the drunks are
gambling. With a six-shooter strapped to your
side and a Stetson hat keeping the Sun from your
eyes, you swerve past a set of Wanted posters
and through two swinging doors. Inside the
saloon an old bandit catches your eye and makes
you an offer. There's a wagon of treasure under
guard just out of town, and if you help him tale it
by force you'll get half the loot. Even though
you're stood in an amusement park that's
modelled on the Old American West, you're
surprised to see that the bandit
believes every word they've just
told you - because for them its
reality. Thisis the only story, the
only world, the bandit has ever
lknown, and there, in that moment,
you get to playyour partin it,
Welcome to Westworld.

When the first episode of
Westworld aired in October 2016 it
revealed an exciting world of
wonder, but one tantalisingly out of reach. Many
of the technologies in the programme were
familiar to us and have already been the subject
of much study. Artificial intelligence,
bioengineering and robotics form the centre of
this science-fiction universe and have been at
the forefront of academic research for decades.
Today's scientists harbour many dreams for
their work, but Westworld is centred around the
ultimate culmination of these technologies —the

I magine that you step offa train and into the

Words by James Horton

creation of synthetic sentient life. The show
challenges usto ask whether we could create
consciousness and what the consequences could
be if we were to do so. The sceptic reader may
scoff at this notion, but we may be closer to
achieving this than you might think.

The aforementioned bandit, like all of the
other hosts inhabiting Westworld, would be
these synthetic creations, constructed from and
designed to mimic humans so closely that they
are all but human, only they are hybrids of our
organic cellsand the inorganic computers we've
created. For the vision of Westworld to be
realised so to would the goal of building sentient

I |ife, and we shift closer to
“We may
be closer

to creating

cans Ej OUSIlesS nhumansinahost of games,
than you

might think”

I o nd trivia). In the broader world

realising this ambition each day.
Science and technology news
is often dominated by reports of
reaching new milestones in Al
Computers now dominate

including chess {a game of logic),
Go {a game of intuitionjand
Jeopardy {a game of wordplay

advanced algorithms known as neural networks
[inspired by the human brain) have learned to
read our voices and respond to our commands.
They're also learning to drive vehicles, are
integrated into the software on our phones and
wiork behind the scenes on our favourite
websites. We often tallc of the impending age of
Al but intruth it's already here.

Alongside advancesinalgorithm design,
Moore’s Law is currently keeping pace. For over

- - -
3D-bioprinting
Since its conception in 1986, 3D-printing
has been propelled to success by the
coevolution of computer software design
and machinery engineering. With the
basic premise of assembling thin and
accurately placed sheets of material layer
by layer, 3D printers promised to build
impressively complex three-dimensional
shapes. This inspired many people to
ponder on its applications; for engineers
the use was apparent, but many in the
field of medicine grew curious if they too
could print structures. These scientists
considered whether they could build
structures from living cells.

With the help of X-ray, MRl and CT
scans, some scientists have become
invested in employing biomimicry -
copying structures seen in nature - to
build a human body. By arranging lab-
grown human cells and encouraging their
growth with supportive matrices and
nutrients, we could eventually build
working organs. The hosts of a
real-world Westworld, then,
would be largely human in
terms of their cellular
structure, but rather
than growing
organically from
an embryo to
adulthood
they'd be
assembled
and
emerge
into the
world
fully
formed.

=N,
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(g TECHNOLOGY

five decades the observance that computers With artificial intelligence, computing power
grow twice as powerful every two years has and a humanoid shell all in the works, are the
mostly held true, and we've beenable to harness  hosts of Westworld just over the horizon? Alas,
these ever-more-powerful computers to power not quite. There is a brick wall ahead that we can

Bioreactor-
grown organs

In tandem with developing biomimicry-

our newest and greatest Al all see, and we must tear it down before we can based bioprinting, biologists have been

On the robotics side, institutions including continue. Moore’s Law will inevitably begin to attempting to grow organs in the lab
Boston Dynamics and NASA have made amazing  crack, and without an exponential increasein starting from their ‘'embryonic state’. One
progress into the mechanics of synthetic computer power we've little hope of capturing L“ET;ﬂ?i:; L‘;‘;t;‘r’;;::ﬁ:;hﬁgntzg roduce
humanoids. Whereas we humans relyona human-level intelligence and sentienceina Bansnianted in placs of the donated
complex, interwoven network of muscles for machine. This brick wall, however, isno organs that are used today. Donated
balance, strength and dexterity, a bi-pedal robot  immovable object, and we're developing the organs are often recognised as foreign by
achieves these attributes using hundreds, ifnot  bulldozer for its destruction. The saviour the recipient’s immune system and

_ . = _ attacked, meaning that the patient must
thousands, of carefully placed actuators (tiny technology’s name? Quantum computing, rely on immunosuppressants to keep the
motors). But if the goal is to faith fully emulate the Moore's Law will fail because there’s only so organ in working order. Organs grown
human form, the best way would be to use the small a single transistor can go. For computers to from the patient’s own cells would bypass
same material - living tissue. Scientists have become more powerful and efficient, the i SR IRREVEt, B o WE". RS pelnga
) promising future treatment, this

also been hard at work making progress here, processing units must get smaller. At the tiniest technology would serve ably as a method
and we can expect more to come as we advance of scales, lundamental particles such as for creating biological hosts.
our ability to manipulate human cells. electrons begin to act a little spooky. Bizarrely, The ability to grow human organs in

the lab relies on three primary criteria:
stem cells, ‘scaffolds' and bioreactors.

Building a bIMd VESSEI Fusion Stem cells form the basis for all our cells.

They begin life as unspecialised but later

. P [ he cells now mature and develop using . L ghete y
Using Dioink bEISEd.tEEhI‘I ology the extracellular matrix's support, fusing differentiate and specialise depending on
to create a host's circulatory b e i S their environment. The ‘scaffold’, which
system in the lab Printer head can be organic or synthetic, forms a

matrix that the stem cells can bind to and
receive cues from, informing them on
which cells to specialise as. The final step
is a bioreactor, which nurtures the
growing cells until they reach maturity.

The bioink is deposited
accurately and in small

Computer-aided design VORIFTIER LB Brn)
Scans of human tisswes will act as
instructicns for the computer software
that will guide the prirting process.

BNergy or acoustic
forces to forcibly eject
ink fram the nozzle.

Working tissue

The synthetically created

blood vessal is complete Pluripotent stem cells, the ‘master cells’ of our
and ready to be body, can specialise into any cell type

combined with other
fissues using a similar
fusion-based technigue,

“I think the
best bet for
achieving
conscious
machines is
via DNA-based
systems”

Bioink
Living cells suspended in a
liquid culture form a
‘binink”. The nutrients in the
liquid medium will support
cell growth after printing.

Extracellular matrix
Cells are placed layer by layer
atop an extracellular matrix,
which acts as bath a binding
curface and structural support.
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DID YOU KNOW? In 2016, Harvard scientists used bioprinting to create a ‘heart-on-a-chip’, which behaves like living tissue

we can't be entirely sure where they are when
we're looking ina tiny space. Imagine a
computer as funnelling a chain of electrons
down a series of tunnels separated by thin walls.
Quantum theory tellsusifa tunnel were to
become too narrow the electrons may well
‘jump’ to the other side of the wall. This aspect of
the universe means we're limited in how far
traditional computing can take us, but quantum
computers aim to turn these funky features into
assets for superfast computing speeds.

Aswell as a particle being uncertain where it
isinspace at small scales, it'salso uncertain as
to what it is. Particles can orient themselvesina
variety of 'states’, but before they've committed
to one they can be in a state of 'superposition’,
meaning they're in every state at once. If you
think this is weird then you're not alone - many
physicists feel the same way! But we can utilise
this guirk in computing. A traditional computer
bit switches between a 1and o when processing,
but a quantum-bit, or qubit, can be both at the
same time, unlocking exponentially increased
processing power for every new qubit you add.

The processing power granted by quantum
computing may not be the only reasonit’san
essential ingredient. Superposition, as it turns
out, may also be what underlies human
consciousness. This may sound complicated, but
it essentially boils down to many versions of our
synapses (the chemical '
communications in our brain
leading to our decisions) all

occurring at once. The reality we live inis the
one that encompasses our consciousness. This is
a little mind-boggling, but suffice it to say that if
we need quantum effects for human-level
consciousness, then a computer may need it too.
Fortunately, by the time we've cracked
synthetic life the other elements that make
Westworld such an immersive experience will

surely have been mastered. When you're
strolling around as a revolver-wielding
gunslinger and you're faced with a group of
similarly equipped hosts who'd rather you were
dead, for example, you need to know the park’s
owners will keep you safe. In the show, a host
cannot cause severe physical harm to a guest,

iy &

s Jra ey
Uil
I(mﬁf""-'

and their bullets, although capable of killing
other hosts, will only bruise a human.
Alternative Ballistics has already created an
‘air-bag’ for a bullet that slows it to 20 per cent of
its speed. The park’s creators could incorporate
an optional internal membrane that achieves a
similar effect. Coupled with host-recognition
technology, a gunshot will be slowed unless the
projectile is pointed at a host.

Ultimately, the main sticking point to realising
the world's most daring theme park is creating
its inhabitants. But we can be certain that when
they finally get here, everything else will be
ready for them. Will you be ready to play? If so,
pick up your black hat, and I'll see you there.

The EDRS will allow for
up to 1.8 gigabits to be

The European Data
Relay System

Swiftly transferring large amounts of
data would be an essential feature for a
real-life Westworld theme park. Hosts
would be constantly relaying data to the
central hub and receiving regular updates
in return, plus, there may be a need for an
immediate shut down if an uprising were
imminent. Fortunately, a technology such
as the ESA's SpaceDataHighway would
allow for such ultra-speedy data relays
using strategically positioned laser-
equipped satellites.

The problem with transferring data via
satellites positioned in low Earth orbit
(about 180 to 2,000 kilometres above us)
is that they zip around the planet very
quickly and so are not able to directly
communicate with relays on the ground
very often. The EDRS, however, gets
around this by placing an additional
satellite in geostationary orbit (roughly
35,500 kilometres away). At this distance
the satellite will orbit the Earth at the
same rate as the planet rotates, so as a
result the satellite remains in the same
position relative to those on the ground.

Thanks to this addition data can be
transferred from a low Earth-orbiting
satellite to the geostationary satellite via
lasers, which can then be transferred to
the ground unit using radio waves. The
result is an incredibly fast and high-
throughput communication stream fit for
a Westworld.
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the tartihv's
but arid, m

ramain unoccupred

Desalination
facilities

If the park's boundary meets a
seq, then desalination plants

Developing quantum
computers may be
essential before
we're able to create
synthetic life

Flanting river red gum, Jos
and palo werde trees that arow

ert neat will help

establish a biosphere for other

plant life to follow.

Location, location, location
A desert area with California-esque
temperatures v

island, a segrmer

Tracking guests

With hosts and guests sprawling all over a massive expanse of
park, an accurate tracking system becomes a must-have for any
Westworld designer. Of all the technologies needed for the park,
however, this one is by far the easiest to obtain. We already have
GPS trackers inbuilt into our mobile phones, which are accurate to
about 4.9 metres. But to take it one step further the founders of

Westworld would likely want to use a similar system to the US

military. They use two GPS frequencies in place of one to reduce

the location error caused by our atmosphere, meaning all who
enter the park could be followed with pin-point accuracy.

062 How It Works

Creating the park

How we could use terraforming

to construct an artificial world —

Afforestation

Current research into COMWErNTING Qese

forested

235 a5 a method of tackling climate

ovide important foundational

knowledge for Westworld designers.,

Excavation

The park's terrain could be swilthy Lrar

L

Underground
network
Tunnal-boring machines would

carve tunnels for stafl to travel

AFTTIE

with the help of mammoth excavators. Today's

largest can move 9,000 ¢

Using a military-style
system of two GPS
frequencies would
allow for accurate
tracking of guests

st one hourl

Scale
A full-scale park would need
to stretch for ov

and-to-end, oc

1,300km?,
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DID YOU KNOW? The Turing Test - designed to see if o machine can think os a human - was passed by a piece of software in 2014

“There may
be a need for
an immediate

shut down
If an uprising

were
imminent”

Mood-reading
Pianolas

Player-pianos, otherwise known as
Pianolas, play their music autonomously.
As air floods through punctured holes in
the Pianola's score the change in
pressure forces the desired key to be
struck. To an unsuspecting observer, it
may look as if a ghost is operating the
instrument, and in the park of Westworld
this creates a haunting and intriguing
atmosphere. But we need not stop there.

With the aid of mood-sensing
algorithms capable of judging tonal
quality - which have already been
developed - the Pianola may sense our
mood and adjust its playing accordingly.
So when you're exploring inside
Westworld you can rest assured that
you'll always have a fitting soundtrack
punctuating your journey.

Pianolas rely aon a series of valves and membranes
to strike keys when triggered by an influx of air

www, howitworksdoily.com

Can we create
consciousness?

How It Works talks with Protessor Subhash Kak

on the challenges of creating synthetic sentience

Professor Kak is based
at Oklahoma State
University, Stillwater,
US. Aswell as beinga

renowned expertin
gquantum computing
and neural networks,
Subhash Kak he has authored 20
Regents Professorof boolks, includin 5 The
Elect n-:..al and Compiter @ al- [:rlf Memorya nd
Logineerg Mind and Self.

One barrier to an artificial intelligence
achieving consciousness is Alan Turing's
“halting problem’, which explains that no
human-designed algorithm can halt its
processing at a random point like the human
brain is able to do. Although popular
algorithms such as neural networks (used by
Google's DeepMind and Amazon's Alexa, for
example) are inspired by their biological
counterparts, it may be that we are losing
some crucial details as we simplify our
organic pathways into computational ones,
With this in mind, do you feel our current
approaches to algorithms are complex
enough to facilitate consciousness?

“Idon’t think there is currently any serious
attempt to create machines that are conscious
the way humans are. Of course, there are
projects where machines or robots can operate
autonomously in environments with
uncertainty, but the basis of their intelligence
is pattern recognition, i.e. the machine is able
to recognise the patterns it has been trained on
and also their generalisations, and then given
where it is, it chooses a response out ofa menu
of many responses. Thisisall current
‘intelligent’ machines do, and just increasing
complexity will not facilitate the emergence of
the new phenomenon of consciousness.”

Quantum computing promises to be a way
for us to unlock much faster processing
speeds, but some physicists have gone
further and suggested that quantum effects
(where particles can exist in many states at
once) may also occur in the human brainand
act as the basis for consciousness. If that is
indeed the case, will consciousness become
an inevitable outcome as a quantum
computer becomes sophisticated enough?
“The classical computer is not only inferior to

the human brain in the level of complexity, it is
alsolikely that some aspects of brain
processing are quantum mechanical. But it
doesn’t follow that currently conceived
quantum computers, which are designed to
perform digital processing, are the right
architecture for consciousness; indeed, itis
almost certain they're the wrong architecture.
Toachieve conscious behaviour, alternative
models of quantum computers that parallel
the kind ol modular and hierarchical
processing that occurs in the brain will have to
be explored, and even this might only be
necessary and yet still insufficient.”

It's hard for humans to determine if other
species are truly self-aware because we can
only appreciate consciousness from our own
narrow perspective ({take the intelligent
octopus, for example). So if a computer is one
day able to achieve a conscious-like state, do
you feel humans will be able to recognise a
form of sentience that's unlike our own?

“If computers did achieve consciousness it will
quite be like ours, and we humans will be able
to establish a connection with them just aswe
dowith other sentient animals. Still, just as
each animal sees the world in a way unique to
its species, conscious computers will be
different from us. We cannot predict the nature
of dissimilarity between their sentience and
ours, but it is certain they will exceedusin
reasoning capacity, memory and physical
agility, and they may have no use forus.”

Finally, what to your mind is the immediate
major hurdle - technological or otherwise
-that humankind will first need to overcome
before we can create a synthetic
consciousness?

“There are some who believe that if we could
emulate all the computational processes in the
brain, one would then have also emulated
consciousness as a phenomenon. But given
that the human brain has nearly 100 billion
neurons and many, many more synaptic
interconnections, and the biological neuron is
quite complex, itis virtually impossible that
such an emulation can ever be done,
Personally, I think the best bet for achieving
conscious machines is via DNA-based systems,
but it is unlikely society will ever explore this
frontier due to its inherent dangers.”
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Ins lde SubTropolis storage stadium
= Ower TO per cent of the building -
SI.I bTrBPOI IS area is used by businesses involving |

Transport network v
The business park includes e

13km of paved roads and 3km -
of railway. American

football

7 (& 11"'"!": ;
Drawn tio scale 16 A1

and tunnels revealed

SubTrapalis is manitorad 24
hours a day by CCTV and

guards to make sure the
complex is secung, »
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Caves and tunnels

¢ The underground industrial
o space is housed between 30,5 |
and 45.7m below the surface
of Kansas City. |

Excavating rooms
Rooms are carved out of the solid
store and pillars are left as L T
supparting columns to held the “::: “‘““
thick limestone roof up. \ ““'l““

Witk
FACTS
ABOUT

BUSINESSES AT
SUBTROPOLIS

Inside the

city of caves

Knapheide
Ford Transit and Ford F-150s are
taken to SubTropolis for fitting after
being assembled at the
manufacturing plant a few minutes
away from the complex.

LightEdge Solutions
This is a cloud service company

Welcome to Sﬂbﬁﬂpﬂliﬁ: the LlIldEI'gI‘DuIld — — - for businesses and a server storage

business complex of Kansas City

amed for its unrivalled barbecue cuisine and jazz

heritages, Kansas City is the largest city inthe

state of Missouri. But beneath the water
fountains and theme parlks, under the feet of the
population of almost 500,000 people, is an excavated
mine spanning an area equivalent to 140 football fields
located almost 50 metres below the surface.

Known as SubTropolis, the underground system isin
what was a limestone mine. After the mine closed it left
a network of empty tunnels. This would later become a
new business district. Development began in the 1960s.

With over 55 companies and more than 2,000
employees working there today, it is estimated that ten
per cent of business real estate in Kansas isin the
SubTropolis. You might expect this to feel cramped, but
with five-metre-high ceilings the tunnels are
surprisingly spacious.

GOING UNDERGROUND
The lower energy costs and cheap rent at SubTropolis

064 How It Works

: : s - facility that provides the power,
e e o, Securty and comctiviythy
need to run.
made the move underground attractive to businesses,
Underground vaults

and the thick walls of carved limestone offer another and storage
advantage. The temperature is always between 18 and Hundreds of thousands of
21 degrees Celsius - perfect for hosting computer Hollywaod reels are stored at
servers and storing food. From national archives to the SUhTTﬂpmﬁ 15 Kpep thvarh Sale 2

; o cool in order to prevent them from
treasured old films of Hollywood, SubTropolisis deteriarating and being ruined.
always predictably cool and safe from any natural
disasters that might hit the city. Vanguard Packaging

This company prints
supermarket displays and signs and
moved into the complex to save
money on heating and cooling bills
and to provide a consistent
temperature for their paper.

Paris Brothers

The Paris Brothers use the
caves as an underground coffee
storage facility while they wait to
be transported to a roasting facility
- the dark, cool environment is
perfect for the beans.

e Adrian Marn

=1 Fugl

SubTropolis is a hub for e-commerce and acts as both a
storage and distribution site for companies
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NI LONDON
NOW-17 MARCH 2019
MON-SAT 10AM-8PM
SUN & BANK HOLIDAYS 12PM-6PM

FREE

Meet the
prototypes

Japan House London explores the
potential of cutting-edge technology
to give us a glimpse of the future

ove over driverless cars, smart homes and the latest
Apple technology: a vision of the real future has

come to Japan House London. Prototyping in Tokyo:

Mustrating design-led innovation brings to the Kensington
High Street centre a series of innovative designs created by -_—
world-renowned design engineer and University of Tokyo " J
Professor Yamanalka Shunji. The exhibition will explore the
potential of prototypes to act as a link between cutting-edge
technology and society.

This includes Ready to Craw!, a series of robots that are
‘born’ fully formed just like a living thing, with all of their )
parts created at the same time and fully assembled. Their /
form and movement is an uncanny mirroring of that of rd
living things. Visitors have been learning the stories L /
behind the prototypes. They are able to touch and .
interact with select displays, offering a glimpse of the
structures and textures of the future, -~

There are three core themes to the exhibition. E - ._"(.f
Prosthetics offers various interpretations of the "expanded 4 = : The lifelike
human body’. Additive Manufacturing talkes prototyping to ;‘iﬂ?ﬂ};ﬁ
the next level with 3D-printing, which has allowed engineers explores the
and designers to create infinitely more complex prototypes mechanism that
with textures and the ‘feeling of the future’. Finally, Bio- Hs'r't‘xz Eﬁ;‘;’:‘iﬂ
Likeness Robots goes beyond metal and motors, with thia rehiat T
|apanese researchers exploring the adding of life-like motion impression of
and behaviourto robots, giving the impression of
intelligence. For example, the robot Apostroph examinesthe

intelligence

mechanisms that allow living organisms to stand.

From the mind of their progenitor, Yamanaka
Shunji, these robots need no prior assembly

Shunji's sophisticated running
prosthetics bring future technology
and design aesthetics together

Ly B A T Y r
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DI0 YOU KNOW? Us physicist Theodore Maiman from Hughes Research Laboratories in California invented the first laser in 1960

henyou think of lasers in space, you've
W probably got one thing on your mind

- glant battles between [antastical
spaceships, with explosions ringing out as good
fights evil over a picturesque alien planet. In
reality, we're perhaps not quite there yet
(although who knows what the future might
hold). But some of the ways we are actually using
lasers already, and planning to dosoin the
future, are still just as awesome.

Lasers have been used in space since almost
the dawn of the space age decades ago, when
engineers on the ground used them to precisely
measure the distance to orbiting satellites. This
told them how high and how fast a satellite was
moving; invaluable data that could createa
global map of all the satellites orbiting Earth.
Lasers can also be used by two spacecraft that
are docking together, such as when a cargo
spacecraft arrives at the International Space
Station (155). This lets them knowin rapid time
how far the two vehicles are from each other.

Maore recently, lasers have found an entirely
new use in space in the form of communications.
Traditionally, spacecraft have communicated
with Earth - or each other - using radio waves or
microwaves. But these aren’t great; they spread
out over vast distances, making data-transfer
rates frustratingly slow. They need a lot of power
too, something that isn't readily available when
you're heading deep into the Solar System.,

Laser communication, onthe other hand, can
send much more data in a shorter amount of

How a laser works

How do these seemingly simple devices
create beams of light?

Excited

The atoms are excited by
adding energy into the
system using a high-
voltage electric supply.

Together

When thess photons
pass other atoms, those

time. In October 2013, NASA conducted a key test
known as the Lunar Laser Communication
Demonstration (LLCD) to prove just how useful it
could be. It sent data back from lunar orbit to
Earth at a rate of 622 Megabits per second (Mbps),
which is over six times faster than comparable
radio systems. Flown aboard a Moon-orbiting
spacecraft called the Lunar Atmosphere and
Dust Environment Explorer (LADEE), the
experiment showed that laser communication
could indeed be the gold standard [or the future
of spaceflight.

It's not just communications where lasers are
making waves in space, either. Scientists use
lasers on satellites to fire them onto Earth,
letting them track extremely tiny changesin
elevation on the surface, such as melting ice at
the poles. In September 2018, NASA launched a
satellite to do just that called the Ice, Cloud and
land Elevation Satellite-2 (ICESat-2). Taking
60,000 measurements every second, it's able to
track the changesinice over Greenland and
Antarctica down to just the width of a pencil.
This gives us a key insight into how climate
change is warming the planet and how much of
our planet’s ice we are losing.

Sure, you're saying, that's interesting, but it's
not quite galactic space battles. Well, fear not,
because some of the future uses oflasersin
space could really blow your socks off. One in
particular is gaining a lot of attention, and that’s
using lasers to push advanced spacecratt to huge
distances, possibly to other stars, on interstellar

Atoms

A group of atoms are
gatherad together
between bwo
reflective surfaces.

Photons

When the atoms get
excited they release
photons of light in a
particular direction.

atoms also release their i
own photons, -

Laser beacon 5

In November 2018, scientists from the
Massachusetts Institute of Technology
{MIT) proposed a novel way we could use
to make contact with aliens. They
suggested we could use a laser to create
a giant ‘porch light' on Earth, forming a
beacon that could be seen from up to
20,000 lightyears away. To make the
light, they proposed using a powerful
laser and firing it through a huge
telescope out into space.

The beam of infrared energy produced
by the telescope would be bright enough
that a distant alien race could tell that it
was an artificial light and was not coming
from our Sun. Aliens in nearby star
systems a few tens of lightyears away
could even enter into a conversation with
us whereby these powerful beacons
could be used to send Morse code-like
messages. Interestingly, the researchers
said we could do this with modern or
near-future laser technology.

.
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A laser beacon could be seen by aliens up to
20,000 lightyears away

Opening

Directing these photons
out of an opening can
produce a beam of
ntense light - a laser.
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(\; SPACE

voyagers. Known asa light sail, these spacecraft
would be super-thin, with a large sheet of
material just 100 atoms thick. At their centre
would be asmall device weighing just a few
grams containingall the instrumentation.

Firing a laser at these giant sails (which would
span a football pitch or more), it could be
possible to accelerate them to extreme speeds
approaching the speed of light. This could make
the travel time to nearby stars - such as Proxima
Centauri at 4.2 lightyears away - more
manageable. Conventional spacecraft using
chemical propulsion would take several
thousands of years to get there, but a light sail
could make it to the starina generation. This has
inspired projects like Breakthrough Starshot,
funded by Israeli-Russian billionaire Yuri
Milner, which hopes to launch such a spacecraflt
in the coming decades.

Lasers could also provide away forus to
protect Earth rather than leaving it. For example,
it might be possible to use a laser to heat the side
of an asteroid that was headed our way. This
effect would be tiny, but it done long enough in
advance it could give the asteroid enough of a
push that its path would change to miss our
planet. In zo13, scientists from the University of
California, Santa Barbara, US, even suggested it
might be possible to use such a powerful laser to
destroy an asteroid completely. They said a laser
could be used to evaporate an asteroid’s
material, and even if it wasn't destroyed it could
still be pushed out of our way. In one year, their
idea - ralled DE-STAR - could obliterate an entire
asteroid measuring 500 metres (1,640 feet) across.

Closer to home, scientists have also proposed
thatlasers could be used to get rid of some of the
space junk orbiting our planet. By firing a laser at
debris in orbit it would cause one side of the
debris to heat up, changingits orbitand bringing
it back into our atmosphere. With thousands of
pieces of space junk orbiting our planet, thisis
thought to be a great way to start cleaning up
some of the mess we've made.

[f science is more your thing, check out the
European Space Agency's ([ESA) Laser
Interferometer Space Antenna (LISA} idea. They
wantto launch three spacecraft in 2034 that
waould fire lasers between them. Monitoring tiny
fluctuations in the lasers, they hope to find
evidence for gravitational waves - ripples in
space-time caused by huge events like colliding
black holes - passing over the lasers,

So while we're not setting off to fight an evil
alien civilisation with laser weapons just yet, we
are finding some pretty amazing ways that
lasers can be used in space. It might be that in
the future our first visit to another star —or the
first aliens from another star to see us - could be
thanksto lasers in space.

068 How It Works

The Breakthrough
Starshot project
would use a light sail
to reach another star

The Very Large
Telescope (VLT ) in
Chile uses lasers as
‘artificial guide stars’

" )  LASER

“APPLICATIONS

What are some of the different uses
of these powerful beams of light?

Communication
Laser comminic: Henws
data to be sent in space
Tuicker than using
traditional radio waves.

Space propulsion

& powWer rcould push

emely thin spacecraft
d a light =ail to incredibly
igh speeds.




DI0 YOU KNOW? The word 'laser’ is an acronym for ‘light amplification by the stimulated emission of rodiation’

Getting rid of
space junk

Biks of [1-1-1-'|1r|-r|'r ould be

sphiere by using a laser
to heat them up,

Finding
grawtatlunal waves

svidence of gravitational waves,

oy 1|r|| !_l_ a I.J:-..E:-r'
e oft course.

¥ Laser beacon
A giant laser beacon on Earth
could be used tr

melting at the

Seeing the universe
Firing a laser into the sky

.Jt|||- -""I'u ric interference.
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What is string theory?

Could this strange idea explain how the entire universe works?
tﬁng theory, or more a-':r.*llréltgrelj,.'r : ‘Asthe ;strings move through timlle they really measure these strings, so’how will we
superstring theory, is the idea that : vibrate in one dimension in different - everknowthat they exist? Nonetheless,
elementary particleslike elecironsare  patterns, or ‘modes’. Each one of these can string theory continues to be debated by the

made up of vibrating strings of energy. While make the string appear like an electron, a scientific community. i :

‘we once thought elementary particles were . photon, and so on. At bigger scales these
the smallest things possible, string theory ~  strings éimp_l}r look like particles to us. Some
suggests that there is something evensmaller ' suggeststring theory could be the much-
that makes up the universe aroundus. '~ - _ éuught-'aftﬂ ‘theory of everything”. Itcan .
The theory is also known as M-‘themj.y; and . - also.explain how two particles of gravity,
it'sintended asa way to E-xplaili someofthe .- known as gravitons, can interact on large
limitations of the Standard Model of physics.  scales, when other theories cannot. .

' Thisis the model we use to explainhow Not everyone beliéves in string theory,
. everythingin the universe works, butit -+ however. One notable problem is that it
breaks down when we look at thingsata _requires space-time to have at least ten
quantum level - the level at which weird . dimensions, six more than our standard

effects take place, like particles appearingin - four: three for space and one for time, It's .
two positions at once (called superposition) - suggested that these Eﬂtri_i six dimensions are
or being able to share information over gréat s0 compact that we don't even know they're
distances (called entanglement).. '

| ] -y T8 In string theory, everything is composed’
there. Plus, it's very hard to prove. We can't of vibrating strings of energy |
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The graviton
. 5tring theory' coutd help
explain how grawvity is able
“to take place at vast
distances using particles.
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i | ~Quantum world

3 = = Qur current madels cannot

: -?I'l?fﬂ'_lrlg $t""g .theu.rr . ‘explain both the large-ctale
. It's dirticult or perhaps impgssible :

. : niverse and small-scale
Torws o test stning theory. making d 2

i : gquanturm world, But string
its existence controversial. : )
: ! . _theory can.
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' The late Stephen Howking thought a type of string theory could be the universal theory he was looking for

Ten dimensions -

W2 geterally regard the universe -
- a8 having four dihmrmif:-ns._itr-ing '
theory woutld require six additional
dimensions 1o work.

"Str’in_rj theurg
_: £ -_-muld'be the

_'Supe:ﬁl:rim_:i

) . . H . = ; i h
Theury of E\\'E!T'thi“g A e . T‘nE sbiper’ in m:pemr!ng thEIE]f‘y' e t EDryUf :
Siring thear could be stEpmet - o - * refersto bzur.-ersym.merry. arealm.a CEEA e | _ :
everything, helping us understand F"h“"'::_:.' __:""':'“":! the: Standard Modlel. | ol : A IR

hioww the entire universe works.

. - Good vibrations
-~ docordingto string theory, all
particles can be broken dowin
into vibrating strings of energy.

Bad vibrations

A But under string theory, these.  «
: Seiloe o Uvibrations are sp small that we”
' ) ’ CAN never acmal'l'y see tham..

ol Mitheory
.. Modern string theoryis generally’ - ey
regarded as M-theory, which 3 55 3

imvolves 11 dimensions. .
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DID YOU KNOW? NASA's OSIRIS-REx completed its 2-billion-kilometre journey and arrived at asteroid Bennu in December 2018

Exploring the
Trojan asteroids

Discover Jupiter’s massive asteroid neighbours,
orbiting 750 million kilometres from Earth

» erfectly placed between Mars and
" Jupiter is a hurtling ring of rocks
commonly called the main asteroid
belt. As the leftovers from our Solar System's
creation, these rocks are held in constant
momentum by the Sun's gravitational force.
However, around two astronomical units

asteroids trapped in the two most stable,
which hold them in constant orbit, 60 degrees
either side of Jupiter.

Asteroids are difficult to spot due to their
small size and proximity to Earth and there is
still a debate in the science community as to
the origins of these Trojans. There may even
be more asteroid swarms lurking in the Solar
System that we just haven't spotted yet.

away from the belt {equal to a round trip from
the Earth to the Sun) are swarms of rogue
rocks called Trojan asteroids. They're named
not after interstellar infiltrators into the ]
Solar System but after the legendary Trojan - e
Wars of Greek mythology. '
First spotted in 1906 by German
astronomer Max Wolf, these asteroids were
discovered and named individually. Since
then some 7,039 have been recorded and split
into two groups: the Trojan camp and the
Greek camp. The two groups occupy two of
Jupiter's Lagrangian points. These are an
area where the gravitational forces of two of
the largest bodies in the Solar System meet,
Jupiter and the Sun. Each planet or star has

Two swarms of asteroids have been found orbiting
the Sun either side of Jupiter

Jupiter

five of these special points, with the Trojan

Lucy’s journey
through space

Follow Lucy's course through the V4 Pit stop
cosmos in search of asteroids j Oin returning from the firss
™ o S5 II a
Greek camp =
At the Greak camp there o
e .

Individual targets

These are the locations of

indivicual astercid 1z
Lucy will be aiming for.

www howitworksdoilu.caom

understand
______ s and potentially shed some lig
on the early Solar System, NASAis
developing a satellite to infiltrate each
camp and find some answers. Named
after the skeletal remains of a human
ancestor, Lucy is set to be propelled into
space in 2021. Lucy's mission will be to
make a 12-year journey to several Trojans
and offer a close-up view of all three
major types of bodies in the swarms. Two
of these types resemble icy asteroids
also seen in the Kuiper Belt, while the
others are similar to the dark carbon

steroids in the main asteroid belt.

Luc the first space mission to study.
Jupiter's Trojan asteroids

Lucy will be

Trojan camp
At the Trojan camp

=S e ]

Lucy
Ihis is the trajectory Lucy will make
arcund the Sun to reach both

asteroid camps. After launch from

ucy will orbit the Sun twice

before heading to the firs

Troan asteroids in the Greek camp
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DI0 YOoU KNOW? Teeth stolen from deod soldiers were used to monufocture dentures, nicknamed "Waterloo teeth’
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When Napoleon Bonaparte
returned from exile to
reclaim his empire, standing
in his way were two
determined coalition armies

n 1814, Napoleon Bonaparte, Emperor of
I France and conqueror of Europe, was finally

defeated and exiled to Elba in the
Mediterranean Sea. However, just over ten
months later, he escaped his island prison and
landed on the south coast of France on 1 March
1815 to reclaim his lost empire. He quickly
gathered supporters, and armies sent by King
Louis XVIII to challenge him quickly changed
sides, declaring their loyalty to the returned
emperor. The news of Napoleon's return shocked
the continent and before long, a new coalition of
European nations was lined up against him.
Both the Duke of Wellington, commandingan
Anglo-Allied force, and Gebhard Leberecht von
Bliicher, leadinga Prussian army, moved to
intercept the French, who were mounting an
invasion of Belgium.

Wellington knew he could not defeat
Napoleon's army alone. The French slightly
outnumbered his Anglo-Allied force, which was
made up of British, Dutch, German and Belgian
troops, plus a number of men from other nations.
Further to the east, Bliicher commanded roughly
115,000 men, which would be enough to tip the
balance against Napoleon - if only the two
armies could reach each other in time. Realising
this, Napoleon was determined to drive a wedge
between his enemies, using his superior
numbers to defeat each in turn.

Oni6 June, this strategy almost worked. At
around zpm, French Field Marshal Michel Ney
attacked Wellington at Quatre Bras, the location
of a vital crossroads along the road to Brussels.
Further east at Ligny, Blicher was attacked by
Napoleon and forced to retreat north. Napoleon
ordered one of his generals, Marshal Emmanuel
de Grouchy, to pursue the Prussian force closely,
while he returned to Ney at Quatre Bras, who
had allowed Wellington to escape.

Withdrawing north, the Duke halted on the
night of 17 June and headquartered in the village
of Waterloo. Not far behind, Napoleon and his
army made camp further south, and the
Emperor rested at a farm called La Caillou.
Heavy rainfall all through the night soaked both
armiesand turned much of the ground between
them into a muddy quagmire. This would prove
critical the following morning.

Walking with full confidence, Napoleon
declared to his generals that defeating
Wellington would be “as easy as having
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Emperor Napoleon
Bonaparte

Born on the Mediterranean island of
Corsica in 1769, Napoleon travelled to
France during the revolution, serving as
an artillery officer. His tactical awareness
and leadership were soon apparent, and
by 1796 he was in command of an army
and leading a campaign in Italy. In 1799,
after returning from campaigning in
Egypt, Napoleon seized control of the
disorganised government in Paris and
later in 1804 crowned himself Emperor of
the French. As Emperor, he established
the Bank of France and passed
widespread law reform,
much of which has survived
centuries. He also gave
powerful positions to many
of his close family,
including crowning his
brother Jerome King of
italy. He married
his second wife,
Marie-Louise, in
1810, and his
son, Napoleon
Il, was born in
1811. After his
final defeat at
the Battle of
Waterloo the
Emperor
abdicated and
was later
exiled to the
South Atlantic
island of 5t
Helena, where
5} he died in 1821.
-

Jf' Wapaoleon, painted in

S

military uniform, in
his study at the
Tuileries Palace

-

i '-Q;:ﬁﬁﬁ'ﬁﬁ Forgver' —an 1881 painting by
; Cady Butlerdepicting the charge of the
TR “SeatsiGreydidiining the battle
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brealcfast”, Wellington, meanwhile, had been
surveying his battle lines with his staff,
identifying the key positions {three farmhouses)
that his troops would have to hold. He deployed a
majority of his men and cannons behind the
raised ridgeline of Mont-Saint-Jean, which was
anadvantageous position to defend.

At1i1am he ordered Marshal
Honorée Charles Reille’s [l Corps to
occupy the woods close to the
farmhouse of Hougoumont. Men
of the Coldstream Guards and
Nassau regiments were
garrisoned in this building and
its adjoining orchard and garden.
The defenders had created holes
in the walls of the courtyard through which they
could fire on the enemy.

Although Napoleon only intended this attack
asa diversion to distract Wellington from the
main French offensive, it soon became a costly
bloodbath as the attack turned into an all-out
assault to take Hougoumont. At one critical point
anumber of French soldiers broke into the
building's courtyard through the north gate.
Lieutenant colonel James Macdonell, the

At one
point French
soldiers broke
I:” thr Dugh thE’ Division commander General

north gate”

garrison commander, rallied his men and
managed to shut the gate on the enemy.

Thestruggle for Hougoumont would last for
the rest of the day. Perhaps due to fierce artillery
bombardment, parts of the compound were set
on fire. Seeing this, Wellington ordered his men
to occupy and defend the ruins - he knew
Hougoumont had to be held at all costs.

While Wellington's right flank endured wave
after wave of attacks, the centre-left of his battle
line was soon under pressure, At around 2pm the
French 1 Corps, commanded by the Comte
d'Erlon, began its advance against the farms of
La Haye Sainte and Papelotte, advancing up the
ridgeline toward the waiting defenders.

Approximately 17-20,000 French infantrymen
advanced in huge columns, beating drums and
cheering "Vive I'Empereur!’ {'Long live the
emperor!’). Once they reached the brow of the
ridge they were met with horrific volley fire from
the British and German battalions.

The Duke had stretched his infantry holding
the ridge - approximately 3,500 men - into three
ranks of up to 150 soldiers wide. This gave the
defenders as much firepower as possible to halt
the French advance. Most soldiers were armed
with a ‘Brown Bess' flintlock musket, which had
an effective range of just 40 to 50 metres (131 {0 164
feet), As these firearms were very
inaccurate, a massed volley of
shots was the most effective way
of inflicting casualties.

Once the distance between the
two forces had closed, the sth

Thomas Picton ordered his men
to fix bayonets and charge the
French, crying, “Charge! Charge! Hurrah!
Hurrah!” The general was killed instantly, but
his counterattack drove the French back.
Watching these events unfold was Lord
Uxbridge, commander of the British cavalry.
Seeing an opportunity, he ordered a massive
cavalry charge, which successfully destroyed
d’Erlon's advance. Hundreds of men were cut
down or sent fleeing by the cavalry, which
gained momentum as the horses galloped down

How the battle unfolded

- Blow-by-blow, from the first shots until the final victory
) GI:DG;DE:GU 09:00 11:20-11:30 12:00-13:20
Night deployment Delayed Grande Batterie All-out assault
The two armies make attack opens fire French infantry continue

With heawy rain
owvernight, Napoleon
decides to wait for the

camp - Napoleon sets up
his headquarters at La
Caillou farm in the south

and Wellington finds battleground to dry
quarters in the village of out before beginning
Waterloo to the north. his attack.

The French cannons begin
firing on the Anglo-Allied
positions, who promptly

return fire. French infantny

begin advancing on

to attack Hougounont
on Welington's right
flank. while around
17-20,000 men of
d'Erlon's Corps march

Hougoumont. against the left flank.
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010 YOU KNOW? After the battle, hundreds of tourists travelled to Waterloo, prompting a market for battlefield souvenirs

the slope, where the French infantry had only
recently marched.

Although a decisive moment, this charge came
at a huge cost. Many cavalrymen continued to
gallop across the field toward the French
cannons, where fresh French cavalry quickly
counter-attacked and inflicted heavy casualties
on the tired British.

With the British cavalry all but eliminated, the
French cuirassiers, or heavy cavalry, were
ordered to attack the Anglo-Allied infantry over
the ridge. Ordinarily, cavalry held a huge
advantage over foot soldiers, especially when
attacking thin lines of men, who would often
panic, break ranks and be easily chased down.
However, what Napoleon and his generals could
not see over the ridgeline of Mont-Saint-Jean was
that Wellington had arranged his infantry
battalions into 24-by-30 square formations. Each
square presented bayonets and muskets pointed
outward at every side, posing an impossible
obstacle for cavalry to break, Nonetheless, the
French horses swept over the ridge and poured
inamong the formations, seekingany gap inthe
lines. Far two hours the French charged baclk
and forth over the ridge to try and destroy the

Lo W
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British formations, which held, the horsemen
caught in deadly crossfire.

From around 430pm Napoleon had even more
troubling news to contend with. Through his
telescope he could now see the Prussian army
approaching on hisright and to hisrear. Around
30,000 men of the Prussian IV Corps,
commanded by Friedrich Wilhelm Freiherr von
Billow, were advancing on the village of
Plancenoit. If they could take this position it
would spell disaster for the French.

Spotting the threat, Napoleon committed ten
battalions {around 6,000 men) of his Imperial
Guard to help defend Plancenoit. These elite
infantry reserves were a formidable opponent,
and the fight for the village turned into a bloody
struggle that lasted into the evening.

With the Prussian army outflanking him and
Wellington's battered infantry seemingly
holding firm, the battle was all but lost for the
emperor. Determined, and perhaps desperate,
he nonetheless made one last bid for victory,
ordering his remaining elite Imperial Guard to
advance on Mont-Saint-Jean.

By 6pm the French had finally captured La
Haye Sainte, a huge blow to Wellington. Despite

An illustration of the
farmhouse of Hougoumont,
which was defended by men
of the Coldstream Guards
and Nassau regiments

the arrival of hisally on the battlefield, the Duke
knew his men were close to breaking. Low on
ammunition and with scores of casualties, the
Anglo-Allied lines nonetheless formed ranks one
last time to defend against the Imperial Guard.
Dutch, Belgian and British volley fire at close
range devastated the French, who advancedin
square formation to protect against cavalry. Acry

of ‘La garde reculel’ ('The guard retreats!’) went up

as the guardsmen hastily withdrew.
By the late evening the French were in full

retreat, and before the end of the month Napoleon

had abdicated. Wellington and Bliicher greeted
one another on the battlefield that evening.
Wellington would later refer to the battle as “the
nearest run thing you ever saw in your life.”

Arthur Wellesley,
Duke of Wellington

The third son of an Irish nobleman from
County Meath, Arthur Wellesley was born
in Ireland in 1769. After moving to
England, Wellesley attended school in
London then went to Eton College. In 1787
his elder brother, the Earl of Mornington,
bought him an officer's commission in
the British Army, and he departed to
serve in India. Largely through his
family's influence, Wellesley purchased
several quick promotions through the
ranks and by 1793 was lieutenant-colonel
of his own regiment. After service in
Holland and India he was given command
of the British expeditionary force to
Portugal and Spain. It was during this
period that Wellesley achieved many of
his greatest victories, and for his success
he was made Duke of Wellington. After
Waterloo he served twice as Prime
Minister before his death in 1852,

The Duke, painted 1815-16 by Thomas Lawrence
(1I769-1830), wearing his Field Marshai's uniform

A =
14:00-14:45 16:00-18:00 16:00-21:00 18:30 20:00
British cavalry French cavaliry Prussians attack The French capture Napoleon is defeated
charges charges Plancenoit La Haye Sainte A final desperate attack by the

Seeing an opportunity, the British
Jnion and Househald Brigades
charge the French line, capturing
two regimental eagles in the
assault as their horses smash
into French infantry.

After repulsing the charge, over
4 500 French heavy cavalry
gather to counter-attack. They
charge over the ridgeline and
into British infantry arrange in
square formation.

Arriving to the rear and right of
the French formation, Prussian
infantry assault the French
garrison in the village of
Plancenoit - horrific close-
quarters combat ensues.

After hours of brutal fighting, the
farmhouse of La Haye Sainte in
the centre of Wellington's line is

finally captured by French
infantry, dealing a serious blow to
the Duke's hopes of victory.

French Imperial Guard is repulsed
by merciless British volley fire.
The elite troops withdraw and
soon Napoleon's amrmy is infull

retreat, the Emperor's dreams of

triumph crushed.
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. French cavalry charge
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Wellington’s deployment
[he Anglo-Allied army holds three farm
houses: Hougourmant, La Haye Sainte and
Fapelotte. & magority of the infantry are
situated atop an elevated ridge

‘ Infal'ltl‘}' squares
When facing French cavalry
charges, 'I---n-IIruql"nn' i'lFarutr'_-,'




010 YoU KNOW? Marengo, Nopoleon's horse, was captured and taken bock to England after the bottle

The Hougoumont
farmhouse

MNapoleon's first objec

to take the small cc

at Hougoumont, Lightly
detended by only a few allied
companies, a mass infantry
attack is repulsed just as the
men in the courtyard near
breaking point.

The diversion
hecomes a mass
battle

The French anmy is
deterrminad

Hao

They
will be drawmn towards it and
leave his centre axposed.
Mapoleon's eager brother
Jerome commands the attack
on the farmhouse.
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Coalition cavalry
response

Resolute coalition defence
The Zm wall that surrounds the compound
15 stubbornly defended by the British, whao
fire their muskets and rifles through any

s i the vey can find, They hold
out despite waves of French attacks,
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Mow lowr on reinforcements

cavalry charge rescues them,

D’Erlon’s
advance
Aftar the artillery
barrage, Mapoleon
1ds in his infantey,

20000 Frenchmen
led by d'Erlon rush
into La Haye Sainte as
the defenders,
ncluding members of
the 95th Rifles and
King's German Legion,

are forced back,

The main assault

The Grande Batterie lines up in the
middle of the field and fires countless
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The Prussians arrive |
With the arrival of the Prussian \
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Wellington's line - they fail and o -__)L :

the battle is lost. A J
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Approximately 40%
of the Lincoln Memorial is
located underground
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feally happening at th]S mystendﬁs"alr hase?

location for Project AQUATONE. This project was
developing Lockheed U-2, a strategic reconnaissance
plane. The new aircraft would allow the military to fly
at much higher altitudes and enable them to fly over
the USSR without the risk of being shot down. Keeping
this secret was a matter of national security, but people
noticed the unusually high-flying craft that civilians
couldn’t explain, so when the test flights started it
wasn't long before UFO sightings were reported.,

While the U-z operations stopped in the 1960s the
base continued to test experimental planes. The base’s
primary purpose today is not publicly known, but we
cansay that almost certainly there are no aliens at
Area s51. Almost.

solated in the Nevada Desert, a dusty path leads to
the heavily guarded Area 51 - an area marked only
by orange poles. Covered with blinking surveillance
cameras and sensors, the warning signs threaten that
deadly force will be used on those who trespass. Has
Area 51 been used asa landing spot designated for
extraterrestrial passengers ona comet? Perhapsit is
the home to aliens held captive by the government or
the site of a reconstructed Moon to fake the landing
footage? These imaginative stories from conspiracy
theorists are very unlikely. Instead, Area 51 seems to be
where secret military planes and weapons are tested.
The airfield first began service in WWIl as an aerial
gun range before the CIA established the site as the

-
Top security
Whatever is happening in Area 51, the US Government has gone to a lot of
trouble to make it difficult for anyone to find out. Historically, the site has
been hidden from maps and not recorded on official documents. The land is
patrolled by private security guards; they are kitted out with long-range
viewing devices, night-vision equipment and 4x4 vehicles with monitors fed
by movement sensors around the border of the base. If you are found to be
trespassing on the grounds the guards are authorised to shoot to kill. Even if
you were to gain top security clearance, you would still be kept in the dark
about the true nature of Area 51. Staff arrive on unmarked planes, there are

no windows at the facility and teams are not informed about anything
outside their own duties.

Trespassing into Area 51 could
prove fatal

082 How It Works

OECLASSIFIED
PROJECTS

Tacit Blue and Have Blue

{1975)
These two planes were the first
developed with stealth technology
and carried an active radar system
to scan ground forces, Have Blue
was a prototype for the F-117
Nighthawk stealth fighter and
arrived at Area 51 in 1977.

The Bird of Prey (1992)

This single-seat, gull-wing
experimental aircraft with a
radar-evading shape and is
rumoured to have also tested
active camouflage - the changing
of its surface’s colour or luminosity
to match the surroundings.

The Suntan {1960)

This plane was developed as
the successor of the LU-2 after one
was shot down by the USSR. The
Suntan used liquid hydrogen fuel
and could fly at a much faster
3,200 kilometres per hour,

TR-3A Black Manta (1993)

A rumoured project that is
described by the website of the
Federation of American Scientists
as a “subsonic stealthy
reconnaissance aircraft”, little is
known about this aircraft.

Aurora (1985)

This code name was
accidentally leaked in a budget
document and described a
recannaissance and strike plane
capable of flying at least 6,100
kilometres per hour and was able
to reach anywhere in the world in a
matter of hours.
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To match the brightness of the Sun
you would need 398,100 {u’-?_Muwﬁ

Because enquiring migf =~ . - ®2
need to know... Fe Fie ot

MEET THE
EXPERTS

Whao's answering
your questions
this month?
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e Sun:
Robin Cleary
From Earth, the second brightest objectin the Solar System is

the Moon. Although it does not produce its own light, whenit'sin
certain positions in orbit it reflects the Sun’s light back to us. IS

Why aren’t there many naturally blue foods?

Edgar Malone
JAMES HORTOM B There are good reasons why most natural foods aren't blue, Partlyit's ,

h — ; ——_— bles. f o likel - h Blueberries are one of
chemistry - many lealy vegetables, for instance, like lettuce and spinach, the few naturally
are green because they contain green-coloured chlorophyll, which is used . occurring blue foods
in photosynthesis. Meat is often red because it contains blood and proteins £
that are partly made of iron, which is red-tinted and needed to carry
oxygen around animals’ bodies. Evolution also plays a part - fruit tends
to be brightly coloured to attract animals to eat it
and scatter the seeds inside, so there are few
blue fruits because they wouldn't stand out as
well asthose coloured red or orange. TL

v

Send your guestions to...

f How It Works magazine
W @HowltWorksmag

@howitworks@
futurenet.com
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What
causes coffee
breath?

Tim Marshall

M Coffeeisacidic, the caffeine it
contains dries out the mouth,
and milk contains a type of sugar
called lactose. Bacteria love
these three things, and they’re
the cause of coffee breath. LM

Why are cats scared

of cucumbers?
Sophie Oxbridge e N .
B You may have seen videos online of cats appearing to be ‘4

spooked by cucumbers, but it's not cucumbers in particular
that theyre scared of. Cats are naturally very aware of their
surroundings, as in the wild they would have to be on the
lookout for predators, so ifanything suddenly appears
behind them they will likely find it threatening. It could be
that cucumbers involke such a strong reaction because cats
initially mistake them for snakes. Regardless, it's best to
avoid spooking your cat as it causes them stress. JS

Cats will be spooked by any unexpected
object appearing behind them

Do any A female |sraeli soldier is
mul‘ltl“i es still taught the art of camouflage
have military
conscription?
Francis Lang

B There are many countries
that still require able-bodied
men - and sometimes women
- to complete military service.
North Korea has the longest
conscription period, with 11
years for men and seven for
womern. Other countries with
mandatory service include
Israel, Brazil, Greece,
sSwitzerland and Syria, to name
a few. Some have recently
reintroduced it, such as
Sweden, which voted to
reinstate conscription in 2017
after abolishing it in 2010 after
1o years. JT
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invented

roller
skates?

Natasha Summers

1760s England may be remembered for
many things, but the invention of the roller
skates is certainly not chiefamongthem. Ata
masnuerade party in London, Belgium-born
inventor john Joseph Merlin arrived wearing
a set of skates that allowed him to zip around
the room. Although his evening ended in
disaster after he crashed into a mirror, the

roller skate idea would persevereand Belgian inventor John
; . : loseph Merlin first
remains a popular sporting and recreational aaTe e

activity over 250 years later. JH at a party in 1760

What was
the Boston
Tea Party?

Amos Bramley

B By 1773, colonists living in America
were growing impatient with the rule
of King George 111 and the British
Parliament. The British were steeped
in debt and hoped to recoup their
losses by taxing their colonies across
the Atlantic more heavily. The
colonists protested this taxation and
eventually the British relented, but
they retained their heavy taxation on

HOW Iong does it take : : tea. Inretaliation to this, an anti-
the Mﬂﬂn to Grhlit Earth? : &% PBritish group of merchants known as

the Sons of Liberty organised the

Rupert Fenwick g e A e & ‘Boston Tea Party’, where they snuck
B The Moon only takes about 27.3 days to orbit : A 5 T e S~ aboard shipsand threw 342 precious
the Earth, Early astronomers used thisrepetitive SN SER R e ; ' chests of tea into the harbour, Within

occurrence to calculate time, measuring dates arty acted as a catalyst for the the next two years the British and the
from one full moon to the next. JH American Revolutionary War of 1775-1783 colonists would be at war. JH
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Is fasting good
for your health?

Ryan Butcher

M It may be, but scientific testing is still underway. The
original idea came from lab rats - when they eat less, they
tend to live longer and have fewer health problems. Their
insulin levels drop and their bodies start burning through
any excess calories they've stored. Scientists are testing the
idea on humans by cutting out snacls, eating earlierin the
day and not eating for whole days at a time. But we are
notoriously bad at sticking to diets, so research is ongoing. In
the meantime, it's always good to check with a doctor before
trying something like this yourself. LM

Why does yawning help
your ears ‘pop’?

Gareth Pocock

B When there isanimbalance of pressure either side of the
ear, our eardrum can bulge inward or outward in response.
‘Popping’ our ears helps restore the eardrum to its normal
position. As we yawn we open the Eustachian tube, which

Wity il

We owe our 24-hour days to the ancient ;
supplies air to the middle ear and equalises the pressure. JH Egyptians and their sundials system (counting in 60s). LM

The English
Refaormation began
during the reign of King
Henry VIl (1509-1547)

What was the English
Reformation?

Lucinda Sears
After Henry VIII's demand foran annulment of his marriage to Katherine of Aragon
was refused by Pope Clement VII, the king and his ministers set about breaking ties
with the Roman Catholic Church. This sparked the creation of The Church of England
in 1534, with the king as its supreme head. However, there was little change to church
practices or ceremony until the reign of his son, Edward V1. Henry’s daughter Mary 1,
who was a staunch Roman Catholic, reversed these Protestant reforms after her
accession. It was Elizabeth [ who more successfully reconciled the country’s need far
both Catholic traditions and Protestant reforms. JT

How did we
decide how long a
second/minute/
hour is?

Amanda Howells

B The ancient Egyptians used the
duodecimal system, which means they
counted up in12s(instead of 10s, like we
do now). So, when they invented sundials
to track daylight and star charts to track
the night, they split the day and night
into 12 parts each, forming the basis of
modern hours. It was the ancient Greelcs
who then invented minutes and "second
minutes’, and they used the sexagesimal

iy
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How many
Worid

Heritage sites

Are cars more likely to
be in an accident if they
are a dark colour?

Sophie Hemmings

B Black carsare more likely to have accidents
than cars of other colours, probably because
they are harder to see. Lighter shades, like white
or silver, have the lowest accident rates. TL

H mmpl.ltﬁl' Smartphones are getting larger because
we are using them to do more
components

keep getting
smaller, why are
phones getting
bigger again?

Faisal Khalil

B We use smartphones to do
much more today than a few
yearsago. More and more people
use them for watching videos,
playing games, running apps
and even for work. Bigger
screens are better for
entertainment, such as
watching movies, and make
using apps easier, because
touchscreen buttons can be

bigger and more information can ~ -
be shown on-screen. To increase Why are OIIFE ml
entertainment and usability, hottles dal‘k -
manufacturers have been using Janet Spears

bigger screens, which of course
means bigger phones. TL

B Exposuretoultraviolet lightand oxygen
causes a decrease inthe antioxidant contents of
olive oll, reducing its quality. Therefore, it is best
to store it in darl glass bottles or tins to protect it
from light and air. JS
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Children will usually grow out
of thumb-sucking when they
are three to four years old

Why do kids suck
their thumbs?

Benjamin Entemad

M Babies have a natural reflex to suck as thisis how they
feed, either from their mother’s breast or a bottle. Even
before they are born they will often suck on their fingers
and thumbs in the womb. However, as well asserving as
asurvival instinet, the action of sucking is also soathing
and comforting for children, which is why they will
sometimes continue to do it even after they have been
weaned onto solid foods. JS

Want
answers?

Send your questions to...
f How It Works magazine ;) md -8 1oe e, W g ¥, o 1 o3 -
W CHOWIWOTkSMAag it b e e R Ee T ) What IS
T ] W ]
fastn s white
[ |
noise?
Lisa Basset
W Just likewhitelightisa
combination of all the colours of
the rainbow, white noiseisa
combination of different
frequencies of sounds. The

patternisrandomand it makesa
characteristic hissing noise. LM

Can people be
allergic to water?

What was the first video-

Sally Dyer

M Anadult body is made up of 6o per cent water, and yet it's gﬂlﬂe mnsoIE? Onsale in 1972 for S100, the Odyssey was -
possible to be allergic to this life-giving liquid. Aquagenic Marcus Spittles primitive, yet despite having only simple i
urticariaisavery rare condition in which a skin rash develops  # The first video-game console was the black and white graphics and no sound, it
when in contact with water. It's so uncommon that the cause Magnavox Odyssey, the brainchild of played a range of fun sport, shooting, H
isstill a mystery. JT German-American inventor Ralph Baer. racing and educational games. TL 2
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BOOK REVIEWS

The latest releases for curious minds

The Ocean Book: How

Endangered are our Seas?

Discover the science behind the threat to our oceans

B Author: Esther Gonstalla
M Publisher: Oekom

M Price: £19.99 / $24.99
M Release date: Out now

he threat of global warming has never
Tb een greater. Scientists are now warning

that if we don’t do something serious to
slow the rising temperatures on Earth we could
cause irreparable damage to our planet within
the next few years. At the centre of this are our
oceans. They playanintegral role inthe
regulation of temperature — as they start to
warm more rapidly sea levels rise, temperatures
rise, and our chance of survival falls.

Thisis the clear message of The Ocean Book,
which pulls no punches as it talks you through
the science behind rising temperatures. It starts
by explaining how temperature changes
throughout the Earth’s history have altered the
way life has formed and the close relationship
between the seas and the climate. Then the bad
news begins. Rising acidity from greenhouse
gases; ocean currents in turmoil due to melting
sea ice and higher precipitation; sea levels
predicted to rise up to five metres {16
feet) in the next o0 years-it's not
alwaysan easy read. It moves onto
endangered species and explains
how overfishing is destroying
habitats and how dolphins are
hunted and killed near Japan. That’s
all before we've started talking about
drilling, plastic pollution, oil spills,
radioactivity and more.

Ifitsounds gloomy, that's because it
is, The reality of the situation is that
the oceans are being horrifically
damaged by human activity, and
without changing things it could soon

“It starts with
how life formed.
Then the bad

news begins”

090 How It Works

be beyond repair. This book won't be a pleasing
read for everyone, but it does a fantastic job of
illustrating each of the points with simple but
effective graphics that really hit home.
Annotated maps help you see how ocean
currents flow, and images help explain the
science, while the writing keeps things simple,
sticking to the facts and explaining how bad
things might be if we don't act fast,

It's not all doom and gloom - there are sections
explaining the positive changes being made to
our oceans through things like preservation
areas and fish farms that are sustainable and
environmentally friendly. These small glimpses
give us anidea of how big industries can help
protect the oceans, but theyre few and far
between in this necessarily unflinching look at
the state of our seas.

1 8. 8.8 & ¢

i ol |
oL ASTIC
.-5:315"1_
pEOVC . L WORLD!

= R
:
a1 TET

o ATt

This Book Is
Not Rubbish

We'll be the judge of that

B Author: Isabel Thomas
B Publisher: Wren & Rook
B Price: £6.99 (approx $9)
¥ Release date: Out now

As far as book titles go, this one has guite the
mission statement. Yet it's one that it seems
determined to live up to, with the bulk of its
content comprising 50 ways in which you can
reduce your carbon footprint on the planet.

Some of these are more practical than
others, such as turning off electrical
appliances when you're not in the room,
creating compost heaps and repairing things
instead of just throwing them away. On the
other hand, some of the information at hand
is a bit demoralising. For instance, this book
goes into great detail about the harm to the
environment caused by farming animals for
meat. While it's all useful information, the
defeatist in us says that there's not a huge
amount we can do about this individually,

Still, this is a very handy booklet for your
kids (who will no doubt start lecturing you
next time you put something recyclable in the
general waste), especially if they're already
hooked on the brilliant Horrible History/
Science series.

L8 .8 6 &
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Darwin’s Most
Wonderful

Plants: Darwin’s

Botany Today

The Beagle deal

B Author: Ken Thompson

M Publisher: Profile Books

M Price: £10.99 (approx $14)
M Release date: Out now

Traditionally, we remember
Charles Darwin for hisvoyage
aboard The Beagle and the
pioneering discoveries he made
during this time. As plant biologist
Ken Thompson points out,
howewver, much of his worlc was
undertaken back in the UK, and
his groundbreaking The Origin Of
Species wasn't even published
until 30 years afterthe end of his
voyage, so there'sa lot of ground
left uncovered.

It's this dearth that Thompson
seelds to explore, initially focusing
on Darwin’'s primary plant-based
interests (climbing plants and

insectivores) before moving onto
the phenomena of cross-
fertilisation and the different
forms of plants that exist. There'sa
lot of ground to cover, but cover it
Thompson does, marrying his
keeninsightinto Darwin's life
with a genuine passion for all
forms of fauna.

Useful for both plant
enthusiasts and those with justa
passing interest, thisisa perfect
entry point into the life of Darwin
and anideal way to gain a further
understanding of just how
important his legacy is.

L& 8.8 & |

“Thompson marries his

keen insight with a genuine

passion for all things fauna”

BOOK REVIEWS

The Science

of Supercars

Get your (super)
engines ready...

W Author: Martin Roach, Neil
Waterman, John Morrison

W Publisher: Mitchell Beazley

M Price: £20 / $29.95

M Release date: Out now

Around 100 years ago we weren't
that far beyond people walking in
front of cars with flags. Now we
have supercars. Obviously a lot
happened in between, which is
where this book is primarily
concerned, detailing exactly how we
got to the aerodynamic wonders we
have today.

If you're worried that the above
paragraph might ascribe the title as
a bit misleading, then don't be; every
step of the way the focus is shifted
back to the present, harking back to

NASA 1958
Onwards:
Operations
Manual

Space and beyond

B Author: Dr David Baker
B Publisher: Haynes

M Price: £22,99 / $36.95
B Release date: Out now

We're fast running out of fitting
superlatives to describe anything
that comes out of the Haynes vault,
but here we are again, and not a
moment too soon. Wherever we are
in history, NASA seems to remain a
beacon of possibility and
emblematic of the potential of
discovery, making it a fitting subject
matter for a Haynes manual.

Even though it starts in 1958, this
still serves as an effective
introduction to NASA's work and
mission statement, detailing its

I-l'l"'i"d"""""“ by Desie Coidibard
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the early origins of implements like
superchargers and direct fuel
injection and the first use of
aluminium when making cars. It all
feels like it's leading somewhere,
and you never feel in any doubt that
you're on a journey.

Inevitably this will be of more
appeal to petrolheads than anyone
else, but even so, it's difficult to do
anything other than commend the
high level of presentation and
production values on show here,

L& 8 & ¢

various accomplishments before
looking ahead to what could be on
the horizon. After this the
organisation gets deconstructed
{almost literally) brick by brick, as its
field centres and their work are put
under the microscope.

Being too technical isn't always a
great thing as far as accessibility is
concerned, but we've yet to find a
Haynes manual that hasn't fully
engrossed us, and the trick has been
repeated yet again here.

) & 6 & 6 ¢
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GIVE YOUR BRAIN A PUZZLE WORKOUT

Quickfire
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Spot the difference

FIND THE
FOLLOWING
WORDS...

ANDROID
BAGGER
BIOPRINTING
BOREAL
CLEANING
DETERGENT
FROGS
LINCOLN
NASA
PEDESTRIAN
PIANOLA
QIANTANG
RADIATION
RAPTORS
STRATOLAUNCH
TROJAN
WATERLOO

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 3x3 box contains the numbersitog

o)

=IO W OO0

N

- - ' For more brain teasers
What IS It? and to test your
' ' problem-solving abilities,

Hint: This Earth-like s | enjoy our Mensa Puzzle
substance can be found W Book, which is packed

in explosive places. R | with challenging
. B problems and puzzles

designed by experts.

Available from
mvfavouritemaagazines.co.uk

Check your
answers

Find the solutions to last
issue's puzzle pages

Quickfire guestions
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Get
in touch

Send your ideas to...
f How It Works magazine
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Put out a candle with CO2

Use science to amaze your friends by putting out a candle with a heavy gas

_ —— . S
Create some CO2 Let it settle
Before you start the experiment make sure First you should male your gas. Put a heaped Wait for the bubbles to go down and the gas to
you have everything you need. Get some vinegar teaspoon of baking soda into one of your glasses. settle before you go any further. When the baking
and baking soda to create your gas, along with Then add a tablespoon of vinegar. The reaction soda and the vinegar react together it produces
two large cups or pint glasses. You'll also need a will produce a lot of bubbles, sodon'tbetempted  carbondioxide, or COz. Because the COz is heavier
candle and some matches, to add any more to the mix. than airitstaysin the glass.

Pour it into a cup Put it ou

Now pour your COz from your first glass to Nowit's time to light your candle -askan Carefully lift your glass of COz and gently
your second. You won't be able to see the gas, so adult to help. Why not try lighting a row of tea start pouring the gas onto the flame. Because it's
yvou'll need to use your imagination. Move slowly  lights and seeing how many you can putoutwith  heavier than air, asyou tip the glass it will fall out,
and try to avoid pouring the liquid inif you can. your gas? alittle like pouring water. The flames will go out.

SUMMARY...
Bakingsodaisa base and vinegarisanacid. When
they react together they produce carbonic acid, but
it's unstable and breaks down into C02 and water.

Had a go? Let us know! [f you've tried out any of our
experiments - or conducted some of your own - let us know!

Disclaimer: MNeither Future PubSshing nor its emnployess can accept amy liability for amy adverse

pnurlng COz aver the candles you take dway the effects experenced during the course of camying out these projects or 2t amy tane after. Abways Blﬂw d bUbb[E‘
fuel they need, thereby extinguishing the flames. take- core when handiing potentially hazardouss equipement or whan working with electronics and inside a bubble

follmes the marufacturer's instrections. ; ;
inside a bubble

P

Shareyour photos or videos with us on social media.

el )]

The COz pushes the air out of the glass and stays in
there. Because flames need oxygen to burn, by

iy |
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INBOX

Speak your mind..

Letter of the Month

Escaping

Get in touch

If you have any guestions or comments for us, send them to...

In order to escape the Earth's
gravitational pull, rockets
must reach the p |5
pscape velocity

o How It Works magazine O @HowltWorksmag @ howitworks@futurenet.com

The earliest
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‘Making flames

B Dear HIW,

My class has recently done states of matter at school
“ and | was wondering, what is fire? |5 it a sclid, liquid,
gas or a chemical reaction? Thank you.

Oscar, aged 12

Though solids, liguids and gases play a key role
in the creation of fire, flames are actually a
fourth state of matter known as plasma, a

- result of a chemical reaction. Take wood, for

s | example. As a log reaches around 150 degrees

AMAZING PRIZE FOR
LETTER OF THE MOMNTH!

100 STEPS
-, FOR SCIENCE

Lisprm aboul the most fmiportant
discoeeries in science, fTrom the
wheel bo breaking the sound
barriue, and how 100 shmple
steps for seence led to'giant
leaps for humanknd,

gravity’s grasp

M Dear HIW,

The speed of gravity an something falling is around 122
miles per hour, yet to escape from gravity you need to
go around 17,000 miles per hour. Why is it not around

L30 miles per howr?
Michael Richmond

Hi, Michael, and thanks for such a great
guestion! For something as massive as a space
rocket to escape Earth's gravity, it needs to
exert a force greater than the gravitational pull
the Earth has on it. This is its escape velocity,
which is around 25,000 miles per hour to leave
the planet and enter orbit.

The reason this speed is required is because
a spacecraft does not use constant propulsion
to enter space, as this would require more fuel
than a spacecraft could carry. The spacecraft
needs to achieve this velocity to counteract
the opposing forces of gravity and air

= resistance to reach the outermost layers of our

- atmosphere without extra propulsion.

096 How It Works

Theoretically, as long as an object is
travelling at a constantly propelled speed,

you're correct in thinking it's possible to
escape the planet's gravitational force at a
much slower speed. However, the escape
velocity is the speed needed to break away
from the pull once propulsion (for example, the
thrusters of a spacecraft) has stopped.

The force of Earth’s gravity is constant and
the speed of falling objects is not the measure
of its pull as other forces are in effect, such as
air resistance, which slows down a fall.

Over a certain distance falling objects will
reach what is called terminal velocity, which is
the maximum speed an object can reach when
falling. However, this differs for different
objects due to their weight and surface area.
The terminal velocity for an average skydiver
in a free-fall position, for example, is around
122 miles per hour, but the speed of a falling
spacecraft would be considerably more due to
its far greater weight.

. Celsius the carbon stored within it will react
with the oxygen in the air. This reaction emits
light and heat as a by-product, forming the
fire's flames in a process called incandescence.
Depending on the intensity of the heat or

- additional elements in the fuel source the

.~ colour of the flames can change.

Divine differences
. M Dear HIW,

What is the difference between religion and a myth?
. Martin Green

That's a tricky one, Martin. The Oxford
Dictionary defines religion as “the belief in and
worship of a superhuman controlling power,
especially a personal God or gods."” Myth is
defined as “a traditional story, especially one

- concerning the early history of a people or
explaining a natural or social phenomenon and
typically involving supernatural beings or

. events.” Ancient Greek mythology, for
example, does not have an original text or
scripture in which it's outlined, unlike

- organised religions we see today.

www howitworksdgily. com



Fastest flight What's happening on... S e

Editorinl

=
8 Dear HIW, . . Editor Ben Bigas
| have a question for you, What is the fastest recorded Serkar Art Editor Duncan Crook

plane and what engines did it use? Research Editor Baljeet Panesar

d
’ Praduction Editor Charlie Ginger
GipHtan i mEd.la- Staff Writer Charlotte Evans

Ciaff Wirter Scott Dutfield
Editor-in-Chief Gemma Lavender

Cantribitors

fdrian anm; Sd Crooks, Edingur Einarsson, Jeanes Homon,
Joznna Stass, Jedie Tey, Jonathan D' Caflaghan, Laura Maears.
Mz Sirmpson, Michalas Forder, Stephen dshiny, Stesve Wright,

The North American X-15 achieved the fastest f '
speed reached by an aircraft with the
exception of spacecraft. During its record-

breaking flight back in 1967 the X-15 speeded This month, we asked you, Libppasnta s st
. - - Cover lma
through the skies at 7,274 kilometres per hour. gl".fEn thE D]Jpﬂl‘hjﬁlty‘, Whlﬂh iﬁ:’lﬁ HA{:_EPWJI arlbbean Intemestional, Getty, Ford
To achieve this fast feat the X-15 was equipped one of the following ‘?ﬂum by s e KARA; Seanss ot ibeery
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Dolphin snooze

M Dear HIW,
If dalphins can't breathe underwater, then how do they
sleep? Thank you very much.

Yours sincerely,
Oscar

Dolphins breathe through their blowholes. The
blowhole has a muscular flap that covers the
hole, and once the dolphin is at the surface of 50 20 2{] 10 f:r:.me e ko s ke e o e
the water it will open this flap to breathe. =] :?::E:::ﬁ:f.':':i.r:'::f::-r.'.:,h.lf::fm'e.:.:::i::'.fzH
Dolphins can take in more air with each breath, ERCENTAGE :::3.::@'Tﬂ?:.irﬂ.rﬂl:uﬁi :f-ﬁ::flf:; DA ki
and red blood cells carry more oxygen. With a T

higher tolerance for carbon dioxide, while

resting a dolphin will reduce its breathing rate
to between three and seven times a minute.
During sleep dolphins rest half their brain at a
time so they can to monitor their breathing.
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