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WELCEME

The magazine that feeds minds!

id you know you can virtual simulations of their patients; engineers can
climb to the summit of  test products without building expensive
Everest, tour the prototypes; and architects can walk you through
International Space Station your new home before it's been built.
and even explore the wreckage Also inside, discover why viruses defy our i
N exp ge  Alsoinside g Y Travellers along the
of the Titanic all from the de nitions of life, learn how drones can re-plant . 7
comfort of your own home? And that's just the tip of  entire forests, and nd out how a network of trade road Cal’rled W|th
the virtual reality iceberg. Beyond the fun and routes changed the world. Enjoy the issue! 1
games, virtual, augmented and mixed reality . . them Ideas and”
technologies can improve many other aspects of 20'(_‘/‘1-2/ \I]E%i(t:oﬁle Snowden ph'lOSOph'ES -

our lives. Surgeons can practise procedures on .
9 P P The Silk Road, page 72

Meet the team...

Charlie G Baljeet Charlie E Scott Duncan
Production Editor Research Editor Staff Writer Staff Writer Senior Art Editor
This issue’s virus feature Experts believe the Summer is here, so why not What makes the perfect The blue pill or the red pill?
inspired me to read up on the Amazon Rainforest could sit back in the sunshine with spacesuit? Discover the With VR set to take over our
subject. Did you know there are disappear in 40 years. your favourite frozen treat life-sustaining designs that lives, could it ever become as
more viruses on Earth than Could reforestation save and read about the science could one day strut their realistic an experience as The
stars in the known universe? it? Find out on page 44. of ice cream on page 43? stuff on Mars on page 56. Matrix ? Find out on page 20.
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The future of Monorails
virtual reality Could these gliding trains be the
Find out where the wonders future of urban travel?

f VR could taks i iSi
of VR could take us Driverless car decisions

Go-karts
Daisy the iPhone eater

Xbox Adaptive Controller [ I SAECIEAT

y The Silk Road
e/ Discover the trade route that
changed the world

Real-time translators

Viruses

How these strange infective Trajan’s Market
agents spread disease The Walls of Benin
Memory and smell Heroes of:

Food waste Gertrude Bell

The science of steroids Giant ground sloths

Ice cream chemistry

\
7
Reforestation

Could planting more trees help
us combat climate change?

Glasswing butterflies
Kata Tjuta
How gorillas build nests

(ji SPACE

Designing the

ultimate spacesuit

How astronaut gear has evolved
alongside our space ambitions

NASA's Marscopter
The TSIS solar sensor

Sleep in space

MEET THIS ISSUE'S EXPERTS...

Ella Carter
With a marine
science degree, Ella
is fascinated by our
oceans. She writes
about all aspects of
the natural world,
from blue whales
to barnacles.

James Horton
FormerHIW
member James is a
biochemist and
biotechnologist. He
is currently doing a
PhD in machine
learning and
evolutionary theory.

Jo Stass

Jo has been a
writer and editor
for over six years.
She is particularly
interested in the
natural world and

technological

innovations.

Jodie Tyley
The former Editor of
HIW andAll About
History has tackled

many topics in her
career, from science

fiction to science
fact and Henry VIII
to honey badgers.
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Jonathan
O’Callaghan
With a background in
astrophysics, former
HIW and All About
Space journalist
Jonathan enjoys
delving into the
wonders of space.

Laura Mears
Biomedical scientist
Laura escaped the
lab to write about
science and is now
working towards
her PhD in
computational
evolution.

Stephen
Ashby
Stephen has been a
writer and editor
for over seven

Lee
Cavendish
Avid stargazer Lee
writes for our sister
magazine All

About Space, and years. He is
has a degree in endlessly intrigued
observational by technology and
astronomy. Earth science.
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Go-karts

Steve Wright Tim
Steve has worked as ~ Williamson
an editor on many History Of War
publications. He Editor Tim has a
enjoys looking to the passion for all
past, having also things military but
written for All studies and writes
About History and about a range of
History Of War . historical eras.
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Tom Lean
Tom is a historian of
science at the British

Library working on
oral history projects.

His first book,

Electronic Dreams
was published
in 2016.
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Global eye
Science and tech news stories
from around the world

Wish list
The virtual reality gear & games
we've got our eye on

Brain dump
Your questions answered

Book reviews

Brain gym
Give your brain a workout
with our puzzle pages

How to...
Grow some geode crystals and
hold a lightsaber duel

Letters
Our readers have their say

Fast facts
Amazing trivia that will blow
your mind

GO TO PAGB0O FOR GREAT DEALS
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Cotton
wool bats

With their small size and fluffy fur,
Honduran white bats look like balls of
cotton wool. They roost in small groups

under leaf ‘tents’ made by nibbling the
rib of a leaf to make the sides collapse
and hang down. Like other members
of the leaf-nosed bat family, their
triangular noses stick out
from their faces like a
little horn.
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Anechoic
chamber

A CV-22 Osprey aircraft undergoes
testing in the anechoic chamber at Elgin
Air Force Base in Florida, US. These rooms
are covered in cone-shaped devices
specifically designed to stop reflections
of electromagnetic waves and insulate
against external signals. The chamber
allows electronic systems to be
tested in controlled conditions
without electromagnetic
interference.
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GIEBAL EYE

Showtcasing the incredible world we live in

# ENVIRONMENT

ootball team
rapped In cave

The dramatic operation to free the Wild Boars
de ed the odds and captured the world’s attention

n 23 June, a young Thai football team

and their coach went to explore the

Tham Luang cave in northern
Thailand, but a sudden downpour of heavy
rain caused ooding and blocked their way
back out. They survived there for nine days
with barely any food or light before being
found by divers from a search team. With the
threat of more monsoon rains to come, the
military and civilian rescue team faced a race
against time to nd a way to bring the boys
and their coach to safety.

The ledge where the boys and their coach
were found was around 2,950 metres from the
cave entrance and was only accessible by
diving due to the ooding. A return journey
could take up to 11 hours to complete and

010 How It Works

every trip was dangerous, even for the most
experienced divers. Former Thai Navy Seal
diver Saman Gunan sadly died on his way out
of the cave after taking in air tanks for the
trapped group.

The rescue mission was treacherous. To
prepare for the journey out of the cave the
boys were sedated so that they wouldn’t
panic in the dark and narrow underwater
passages. They were tted with full-face
diving masks before being carefully guided
through the ooded sections by two rescue
divers. Each boy was strapped to one of the
divers, with the second diver following to
help shepherd them through safely. For the
narrowest sections — just 40 centimetres wide
— the boys had to be unstrapped from the lead

diver and travel through with their air tanks
in front. In the drained or un ooded sections
of the caves a system of stretchers and ropes
with pulleys were used to carry the boys
along to safety.

The extraordinary e orts took several
days, with the boys being brought out in
small groups. On 10 July, the last remaining
boys and their coach were rescued and taken
to hospital to recover from their terrifying
ordeal. At the time of writing, all of the boys
and their coach are in good health and have
been discharged from hospital to return
home to their families. The unforgettable
bravery of the rescue teams and the Wild
Boars themselves has been an inspiration to
people all over the world.

www.howitworksdaily.com
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Hundreds of military personnel, diving
experts and other volunteers from
around the world took part in the rescue
efforts and supported the operation

A high-risk
operation

After the Wild Boars were first found, it
was hoped that the floodwater could be
pumped out of the cave so they could
walk or be carried out much more easily.
However, water continued to pour in from
the streams and sinkholes in the hills
above, and the forecast of monsoon rains
meant the pumping systems simply could
not compete. Drilling down into the cave
was also considered, but this could have
risked destabilising the rock above the
boys or trigger even more flooding.
Another option was to keep the Wild
Boars in the cave — stocked with plenty of
food, oxygen and supplies — until the
monsoon season ended and the floods
receded, which would mean waiting
several months.
As oxygen levels in the cavern started
Rescue teams worked to drop and heavy rains threatened to
tirelessly to keep the exacerbate flooding, the Thai authorities

boys and their coach : .
alive and eventually decided to take action and began the

bring them to safety rescue operation.

Footage from the hospital was released during a press conference.
The boys are said to be in good physical health despite their ordeal

www.howitworksdaily.com How It Works 011
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The

benefits
of going
barefoot

A new study shows that
footwear can in uence
motor skill development

esearchers have found that children

and teenagers tend to be better at

jumping and balancing if they spend
more time barefoot, compared to those who
habitually wear shoes.

There is growing evidence to suggest that
footwear a ects our natural movements, but
this is the rst study to investigate whether
these biomechanical changes have an impact
on motor skill development. 810 South
African and German children between six
and 18 years old took part in the study. The

J
Vehicle vibrations
make you sleepy

A driving simulator set to vibrate at low
frequencies, mimicking a car’s natural
vibrations, was found to make people drowsy
after just 15 minutes. The researchers from
RMIT University in Melbourne, Australia, hope
car manufacturers use these ndings to design
vibration-suppressing seats.

012 How It Works

Spending time playing barefoot is beneficial
for children’s physical development

South African children, who were from rural
Western Cape, often go barefoot, whereas the
German children were from urban areas and
wear shoes most of the time.

Teams in both regions tested the children’s
balance, sprinting abilities and how far they
could jump from standing. Children who
went without shoes scored much higher in
the balance and jumping tests in all the age
groups, but the di erence was most evident
in the younger children aged six to ten. In the
sprint test, however, children performed

A
Savoury foods can
change your brain

Researchers from the Beth Israel Deaconess
Medical Center, US, found that drinking an
umami-rich broth before facing a bu et

increased activity in the area of the brain
associated with better discipline when choosing
foods. Umami is one of the ve basic tastes and is
used to describe a savoury or meaty avour.

better while wearing shoes. It is thought that
the location (such as an indoor gymnasium)
or the types of shoes used for the tests could
explain these di erences.

Professor Astrid Zech from the University of
Jena in Germany explained the impact of
these ndings. “Physical education classes,
exercise and sport programmes, and
reactional activities that aim to improve basic
motor skills, could bene t from including
barefoot activities. Parents could also
encourage regular barefoot time at home.”

Diamond quantum
breakthrough

Scientists have created a synthetic diamond that
is capable of both storing and sending quantum
information. Previous attempts to make
diamonds for quantum memory resulted in
diamonds that could only do one or the other.
The discovery could be key to developing a
quantum internet in the near future.

www.howitworksdaily.com
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Interstellar visitor
gets a speed boost

'‘Oumuamua is unexpectedly accelerating
on its way out of our Solar System

he more we learn about 'Oumuamua — the mysterious interstellar object

that has been travelling through our cosmic neighbourhood for the past

few months — the stranger it seems. It is currently heading out of our Solar
System after sweeping past the Sun in September 2017, but it has strayed from its
predicted path. It has travelled around 40,000 kilometres further tha  n it should
have if a ected by gravitational forces alone.

‘Oumuamua was originally thought to be a comet before being classed as an
asteroid. However, the recent speed boost has led to it being reclassieda sa
comet once more. Itis thought that its acceleration is the result of outgass ing (the
ejection of gas and dust when warmed by the Sun), a behaviour that has been
observed in other comets.

® TECHNOLOGY

g

‘Blind’ robot defies obstacles

The upgraded Cheetah 3 can navigate without visual sensors

IT's 40-kilogram mechanical sensors. It e ectively feels its way through its The Cheetah 3 can recover its balance

Cheetah 3 can gallop across rough environment using what the MIT engineers quickly, for example after being pushed,

terrain, avoid or leap over obstacles call ‘blind locomotion’, just like how you thanks to two new algorithms that control
and even climb up stairs littered with debris would navigate your way through a pitch- whether the robot should commit to a step

— all without cameras or environmental black room. and how much force each leg should apply.
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IVF could save
rhinos from
extinction

Scientists hope that a new
northern white rhino could
be born in the next few years

nly two northern white rhinos are left alive

today, making them the most endangered

mammals in the world. After the last male
died earlier in 2018, the subspecies became
functionally extinct. However, scientists have
recently shown that in-vitro fertilisation (IVF)
technigues can successfully generate rhino embryos
by combining sperm previously saved from now-
dead northern white males with eggs extracted from
females of the closely related southern white
subspecies. It is hoped that this technique can be
repeated using eggs from the two remaining
northern white females, with the less endangered
southern whites acting as surrogate mothers.

CQ,
shortages
hit Europe

Food and drink supply
chains are being disrupted
as gas supplies run low

arbon dioxide is widely used in

the food and drink industry. It

adds the zz to drinks like cola
and beer, and in the form of dry ice it
helps preserve products by keeping
them cool. In Western Europe, CO, is
typically produced as a by-product in
factories that make ammonia
fertilisers. Several of these factories
have closed for the summer or are
running reduced operations, leading to
a shortage of the valuable gas.

Many food and drink manufacturers
are adapting their production
processes to try and cope with reduced
CQ and still meet demand, while some
stores have taken measures to ration
sales of soft drinks.

www.howitworksdaily.com
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22 Typhoon aircraft
flew in the formation
of a 100 to celebrate

>
alrcraft
soar over

London for
RAF100

The monumental ypast event
set out to commemorate,
celebrate and inspire

he UK’s Royal Air Force was

formed in 1918 when the

existing Royal Flying Corps and
the Royal Naval Air Service were
combined into the world’s rst independent
air force. On 10 July — 100 days after its o icial
birthday — the RAF celebrated its centenary in
London with a parade along The Mall involving
over 1,000 RAF servicemen and women and a
ypast over Buckingham Palace with more than
100 aircraft. As part of the events the Queen also
presented the RAF with a new Queen’s Colour.

The carefully choreographed ypast

. showcased 25 di erent types of helicopter and

&

%o

% - o

L -

plane passing in 19 waves over Buckingham
Palace at 30-second intervals. Iconic Second
World War Spit res, Hurricanes and a Lancaster
bomber were joined by the force’s state-of-the-
art helicopters and jets, including the brand-
new Lightning stealth ghters. No aerial display
in the UK is complete without an appearance of
crowd favourites the Red Arrows, who
brought the ypast to a close in a stream of
red, white and blue.

Around 70,000 people gathered in The
Mall to watch the celebrations, while the
royal family watched from the balcony of
Buckingham Palace. In a speech at the
parade the Queen said, “I remember the
Battle of Britain fought over the skies
above us, and we shall never forget the
courage and sacri ce of that time. The
Royal Air Force has won a place in the
heart of our nation, and | wish all ranks,
past and present, together with your
families, every good fortune for your
second century of service.”

Thousands of spectators filled The Mall
to watch the day’s events

016 How It Works



Six Chinooks (pictured) and three
Puma helicopters led the flypast



WISH LIST

The latest musthave technology

Google Cardboard

QPrice: $15 (approx. £11.50) / vr.google.com

If you're looking for an affordable way to get into the world of virtual realit
then Google Cardboard is the perfect product for you. It is a simple cardboar
viewer that you mount your smartphone into to create the screen. If you're a bi
crafty you can order the kit to make your own, or for the less creative among us
there are the pre-manufactured viewers available.

You can download a variety of accompanying apps to play games on your
Apple or Android phone. The Cardboard’s lenses create a 3D effect when
mounted at a specific distance from your eyes when using the compatible app

H I ‘ Vlve VR Syste m As you move your head the video on screen will respond just like any of the

more expensive headsets on the market. It may be basic, but it's a fantastic

QPrice: From £599 / $599 / vive.com way to make VR more accessible.

HTC Vive products provide some of the most realistic virtual reality
experiences on the market. Their Vive Starter kit comes complete with a
high-resolution headset, a pair of controllers, which provide realist ic
haptic feedback, and two 360-degree headset-tracking base station S.
The kit allows you to walk around in a four-by-three-metre space in the
real world to explore the virtual environment.

A few unique features of the Vive system are the Chaperone systems,
which warn you about obstacles in the real world to keep you from
tripping over or walking into things, and a front-facing camera that
means you can reach for your drink or talk to your friends without taking
off your headset. You need quite a powerful computer to run the
software, but it's worth the upgrade for premium virtual reality gaming

018 How It Works www.howitworksdaily.com




Virtuix Omni

QPrice: N/A / virtuix.com

Originally a Kickstarter invention, the Omni treadmill
could one day be the next must-have accessory for
virtual reality gaming. On this motion platform players
can walk freely, turn 360 degrees and run at full speed
without fear of crashing into a wall. Compatible with
other VR headset models, the Virtuix Omni allows
players to fully immerse themselves the virtual world.
With the use of tracking pods attached to the Omni
shoes, this treadmill-style gadget can track your
movements with excellent precision.

The accompanying Omniverse™ arcade system has
a great selection of exclusive games, including ~ Omni
Arena, where multiple players can fight against each
other or together in a virtual battleground. The Omni is
currently only sold for commercial use, but hopefully
we will see it in homes someday soon.

Manus VR gloves

QPrice: From €1,990 (approx. £1,770 / $2,325) / manus-vr.com

This accessory is an incredible
addition to the VR experience. Using a
gyroscope, accelerometer and
magnetometer, the high-tech gloves
track your hands in real time. Not only
does this mean you can see your
hands within the game, but you can
also use your fingers to grasp onto
objects in the virtual world, and a
haptic feedback system enables you
to ‘feel’ what you're interacting with

in the virtual environment.

Powered with state-of-the-art
power cells, the Manus VR gloves will
work for between three and six hours
of extensive use at a time.

www.howitworksdaily.com

Marvel Powers

United VR
QDeveloper: Sanzaru Games
QPrice: £29.99/ $39.99 / oculus.com
If you've ever wanted to be a superhero, the
time has come to grab your cape. This
Oculus exclusive puts you in the shoes of
some of the most iconic heroes from the
Marvel universe, including Captain Marvel.

Hold the

World

QDeveloper: Sky VR / Factory 42
QPrice: Sky VIP exclusive / Via the Sky VR app
There aren't many

people who can say

they've sat in the

Natural History

Museum and learnt

about fossils with Sir

David Attenborough.
However, now with Sky

VR'’s Hold the World
experience, you can!

QDeveloper: Immersive VR Education Ltd
QPrice: From £7.50 / $9.69 / Steam /

PS Store / Oculus

This virtual reality game lets you explore an
environment that is (literally) out of this
world. Using original archive audio and video,
you can follow the footsteps of the Apollo 11
mission as you

pilot your own

lunar lander and

conduct

experiments.

QDeveloper: Sélfar Studios, RVX
QPrice: From £10.99 / $14.99 / Steam / PS
Store / Oculus

The cinematic experience Everest VR is
created from thousands of real photographs
of the iconic mountain and allows the player
to experience the

magnificence of

the world’s tallest

mountain as if

they were there.

How It Works 019






DID YOU KNOWWorldwide spending on virtual reality and augmented reality is expected to reach $27bn in 2018

VRvs AR ’
vs M3

They all sound similar, but how

do these three actually differ? The Dexmo

glove helps users
to ‘feel’ objects
in virtual reality

A N\ /

Backpack
Wearable computers, like
the HP Z VR Backpack

) PC, are compatible with
A headset, such as the Ocult ; many VR headsets and

. . Rift, contains a screen and provide users with more
) _\/_|rtual reallty . _headphones o t_ransport you freedom of movement.
Virtual reality involves using a headset to view into another environment.
a virtual world, perhaps a computer-generated
one or a 360-degree video. Using visuals
and sound, VR transports you to
another environment.

Headset

Haptic
gloves
Haptic gloves
like the VRgluv
give you
feedback when
holding objects
in the virtual
world, making
them feel real.

Endless
possibilities

From games to concerts
to distant lands, virtual
reality can take players
or viewers to fantastical

Augmented reality

While VR is a virtual world, augmented reality Haptic suit

overlays digital information on the real world Haptic clothing, such as the
with a smartphone or other device. This can be Teslasuit and Disney’s Force destinations. as well as
used for entertainment or practical purposes. Jacket, can provide real-time assist with e,ducation
feedback to simulate physical and work projects.
effects such as getting ‘shot’ or
‘punched’ in a game, or even
changing your temperature.

Treadmill

The Virtuix Omni is an
omnidirectional
treadmill that allows you
to move freely in a 360
virtual environment.

Mixed reality
Mixed reality mixes both the virtual and real
world. It allows you to hold and touch physical
objects, but they are digitally changed to
appear as something entirely different
through a headset.

www.howitworksdaily.com
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SOCIHL
MEDIH

~ Can our online
interactions be made
even more sociable?

One criticism of virtual reality is that,

at times, it can be somewhat lonely,

but combining it with social media

could bring a rather unique spin. With

a headset, you can join friends in a

shared room in any locale you can
/ imagine, show them your next holiday
f destination, or even just give them a
tour of your new house. Technology
like this already exists in the form of
programmes like Facebook Spaces,
which lets you create shared social
chatrooms with friends.

Another exciting step is the plan to
introduce virtual reality venues,
letting you enjoy concerts, sports and
other events even if you aren’t able to
get a ticket to attend in person. VR is
also opening up a potential way to
help people with social anxiety,
introducing them to safe chatrooms
with other people where they can have
a social experience without the
pressure of being there in person.

OO0

Hang out with  Attend events Help with
distant friends virtually social anxiety

ADVANTAGES FOR EDUCATION

Facebook Spaces allows users to create
an avatar and interact with others in VR




DID YOU KNOWEast Renfrewshire in Scotland became the first UK county to start offering virtual reality lessons in 2018

ADVANTAGES FOR INDUSTRY

®

“With AR you can see where
different components go or

how a machine fits together”
|

www.howitworksdaily.com
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TRHVEL

While nothing beats the
real thing, you can start
getting pretty close in VR

You've probably already used a type of
VR travel, and you might not have
known it. Google Street View has been
around since 2007 and enables people to
explore towns, cities and even whole
countries virtually. But as VR headsets
become more available we're moving on
to entirely new capabilities.

For example, some hotels are giving
headsets out to guests to let them see the
sights before heading out. Museums
have also started o ering virtual tours
in case you aren't able to visit in person.
And some planes and trains have
introduced a type of mixed reality so
that you can ‘see’ outside of the vehicle
while remaining inside.

For more extreme environments, VR
0 ers an attractive way to experience
sights few have witnessed, such as
Everest VR, which allows you to see
what it’s like to climb Mount Everest.
Augmented reality, meanwhile, can
bring historic destinations to life,
letting you wander ancient streets and
ruins. And with mixed reality you can
even bring distant locations into your
living room, complete with exotic
animals jumping on your furniture!

OO

Visit distant  Bring historic
locations ruins to life

OO

Tour a Interact
museum with wildlife

Can't get a ticket to see your
favourite band? No problem,
with VR you can get a
front-row experience

ADVANTAGES FOR ENTERTAINMENT




DID YOU KNOWn 2016, the Royal London Hospital performed the world's first virtual reality operation, filmed in 360 ° video

d

ADVANTAGES FOR HEALTHCARE
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Transmitted i

The received dialogue S peakl ng
is transmitted via Bluetoott d
from the earbud to the a Iffe re nt
user's smartphone. I an g u ag e

How does real-time translator
technology work?

"He"O" /
Words spoken in one

language are received b
the microphone in the

« . " listener’s earbud.
Bonjour

The spoken translation is
transmitted back to the earbud
and played back to the listener
in their native language.

Translate
The speech is quickly translater —

into the desired language by the
smartphone app’s software.

Real-time
translators

. The MARS earbuds
Could new technologies help us won the Best of
. Innovation award
break down language barriers? at 2018's CES
nveiled at CES 2018, the MARS wireless areas, MARS also features noise-blocking
earbuds (developed in a joint e ort by the technology to focus on individual conversations.
NAVER Corporation and LINE The current MARS can translate between ten
Corporation) showcased the future of real-time di erent languages, including English, Japanese
language translation. Powered by Clova Al, the and French, but 40 languages may be supported
MARS wireless Bluetooth earbuds can translate in the near future.
speech from another language into the wearer’s MARS isn’t the only product breaking the
native tongue almost instantly. language barrier. Waverly Labs have created The
Clova works as a voice-controlled virtual Pilot, which works in a similar fashion to the

assistant — similar to Alexa or Siri — that listens to MARS. However, translations are consecutive, so
your conversation and transmits the data to your you have to wait for a person to stop talking

smartphone via Bluetooth. The accompanying before the translation is then played back

app then translates the speech and transmits a through the earbuds.

recording of the translation back to the earbuds, Google has put its eponymous Translate

which play it back for you to hear. All this technology to use in their Google Pixel Buds.

happens within a fraction of a second, so the However, in this system only one person wears

translations are relayed in almost real time. the earbuds. Their side of the conversation is

Each pair of earbuds can work as a single translated and then played to the non-wearer The Pilot earbuds have noise-blocking
translator for two people. For use in crowded via the app instead. capabilities to minimise surrounding sounds

026 How It Works www.howitworksdaily.com



DID YOU KNOWDaisy is an updated version of Apple’s old disassembly robot, Liam, which could only take apart the iPhone 6

Daisy. The IPhone eater

Meet the machine that rips up iPhones for recycling

ou might be surprised to learn that Apple

has a machine designed speci cally to

tear iPhones apart, but it's true. At
Apple’s factory in Austin, Texas, and the
company’s European distribution centre, you'll
nd a robot called Daisy.

At rst glance, Daisy looks like a machine that
would put together an iPhone on the assembly
line. Instead, it sorts through nine di erent
iPhone models and separates all of their
valuable parts for recycling. It's all automated,
and Daisy can strip 200 iPhones in just an hour.

Based on years of research and design, Daisy
removes and sorts useful components so that

Apple can recover materials that normal
recycling practices leave behind.

Typically, electronic devices are ‘shredded’,
which can contaminate each metal and mean
more smelting, re ning and other expensive
(and polluting) processes have to be completed.
With Daisy, Apple can remove the most valuable
components quickly and without damaging
them so they can be melted down and used
again more easily.

This is particularly important for recovering
the rare earth magnets that drive the iPhone’s
speaker system. If an iPhone is shredded, these
neodymium, praseodymium and dysprosium

Making the trip through Daisy

How Daisy recovers the precious materials inside your old iPhone

Hopper

A hopper pulls the
iPhones out of a bin
and puts them onto
a conveyor belt,
where a robotic arm
grabs each one.

Wedge tool
Daisy peels the screen away fror
the rest of the casing with a

wedge device. Its predecessor,
Liam, used suction which didn’t
work well on damaged screens.

www.howitworksdaily.com

Component
removal

A punching machine
pushes screws out of
the iPhone, then a
pre-programmed augel
removes the main
components, like the
camera, speaker and
logic board.

magnets cling to other metals and have to be
discarded in the re ning process.

All of this is particularly important because
mining these materials — as well as tin and
cobalt that are used in the solder and batteries
respectively —is incredibly damaging to the
environment. Mining produces huge amounts of
carbon dioxide, so the more of these materials
that can be recovered from old devices, the less
environmental impact each new iPhone has.

The ultimate goal is to create a ‘closed-loop’
system, where new iPhones are made entirely
from the recycled materials of old devices. With
Daisy’s help, Apple are a step closer to their goal.

Pins

Three prongs are pushe
between the screen and
the case, then the
screen is levered away
by the wedge tool.

How It Works 027



r TECHNOLOGY

The Xbox  &ess=e.  Anadaptable
gaming accessories like powerful Controller

headsets, so every player car

u
have a great experience. How to customise your Xbox experience
ap Ive with extra accessories
Mounting
O | l ro e r On the underside of
the Adaptive Controlle

is a mounting bracket, \

Microsoft’s innovation will s players can raise
the contrql]er or fix it
help more people play the at a specific angle.

games they love

odern game controllers, even
from di erent companies, all
look very similar. The design

has been re ned based on the Ports

L. On the back are 19 3.5mm ports
majority of gamers to o er the most That's one for every button on
precision, comfort and simplicity the standard controller. Players
possible. But not every player is the can plug in an input for each one

same, so a team at Microsoft started
working on a controller that would let
more people enjoy the games they
want, and the result is the Xbox

Adaptive Controller. Design
The device has a unigue design that The controller is tilted forward to
makes it easier to press buttons, but make it easier to rest a hand on,
) . ' and the buttons are all much large
more |mportantly, it adds the option to than on a traditional controller, so \
connect external devices that can they're easier to press.

trigger inputs for the system. For
example, if you're playing Fortnite, you
might be pulling the right trigger to
re, but for gamers with limited
mobility in their right hand, or players
without ngers on that hand, pulling a
trigger is harder than it sounds.

With the Xbox Adaptive Controller,
players can plug in external buttons,
switches, pedals and joysticks that

_ ' _ Copilot
can activate that trigger instead — or The Xbox One features a
any other input on the controller. Copilot mode that means two
T
Along the back are ports for every controllers can control the
same character on-screen, or
button on the standard Xbox pad, split control between them.

meaning players can add as many or
as few external buttons as they need
in the right setup for them. The
controller sits comfortably on a lap but
can also be mounted if the userisin a
wheelchair or is more comfortable
using a raised controller.

The team at Microsoft worked “M ICI’OSOf[ Started

along_sidg gamers with !imited WOI'kIng on aco ntrO"er
mobility in the community, as well as
charities and foundations, to create that WOUld Iet mOI’e

the best, most adaptable controller peOple enjoy the

possible. With it they’ve made gaming "
more accessible to more people, and gameS they Want

it's due to be released in September.
Let’s see how it works.
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DID YOU KNOW7The controller has space around each button so players can rest their hands without accidental inputs

Switches

There are plenty of
different kinds of input
you can use with the
controller, such as
these feather-touch
switches that activate
with a light press.

T~

www.howitworksdaily.com

Buttons

The two large buttons
on the top of the
controller are slightly
convex to make them
easier to press as yot
move your hand over
the controller.

Pedals

If gamers don't have full
finger or arm mobility, they
can use foot pedals to
activate certain buttons.

The team worked hard to create a product that would be suitable for
every kind of gamer, no matter what game they wanted to play

Air input

For quadriplegics, these assistive devices
can offer a lot of control by simply blowing
into a tube. They can be attached to a
mount that sits near the gamer’s head.

Joysticks

There is also a USB port on eacl
side of the Adaptive Controller,
and users can plug in any joystic
that suits them to take control.

With so much adaptability, gamers can create
their own custom setups with switches and

buttons that suit their individual needs
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The first virus ever discovered was the plant-infecting ‘tobacco mosaic virus', identified in 1892

iruses are the tiniest biological

replicators on the planet, roughly

100-times smaller than bacteria. Made
from a small strand of genetic code and covered
with a tiny protein shell, they can't ‘live’ on their
own. In fact, scientists aren’'t sure whether
they’re even alive at all.

The cells of living organisms have their own
molecular production lines. They make
temporary copies of their genes and pump them
through molecular machines called ribosomes.
These read the genetic code and use it as a
template to assemble proteins. The simplest
living organisms need between 150 and 300
genes to make all the proteins they need to
survive, but viruses get by on as few as four. They
simply hijack other cells and turn them into
virus factories.

Viruses are clever; they make up for their
genetic shortfall by borrowing from the cells
they infect. Viruses don'’t have their own
ribosomes, so they feed their code into the
machines of other organisms, taking over the
production line. The infected cell stops making
its own proteins and starts reading virus code
and assembling virus proteins.

The core of a virus is its genetic code, which is
stored in the same strings of biological letters
used by living organisms. Some viruses have
two strands of DNA like us, others get by with
“1st one strand, and some carry their genes as

JA. This molecule is like DNA but with a

arent chemical letter, and it’s used by living

2lls to make temporary copies of genes. Some
viruses also carry the code to make an enzyme
called reverse transcriptase, which allows them
to convert RNA into DNA inside a living cell.

Genetic information is fragile, so to move from
one cell to the next viruses need a way to protect
their code. Some of their most important genes
provide the instructions to build proteins that

&£ Vviruses use the
same molecular
building blocks as
other living
organisms: RNA,
DNA and protein. »

££ Viruses evolve and
have made complex
changes to their
genetics to adapt to
their unique
environments. »

Virologists use
protective
equipment to
study human
viruses in the lab

All shapes
and sizes

Viruses may be small and
simple, but they're very effective

Polyhedral
The outside of these viruses is a regula
3D structure, most often a 20-sided ball

Spherical

These viruses borrow
membrane from the cells
they infect, covering
themselves in a fatty sphere

\

Helical

The genetic code of these
viruses is covered in a
twisted tube-shaped coat.

Complex

These viruses have irregular
shapes and do not fit neatly
into the other categories.

“Viruses simply hijack other cells
and turn them into virus factories”

é viruses don't use
any energy when
they're floating
between cells.
They simply

exist. »y

L€ Viruses have a
protective
protein coat, but
they do not have
a membrane and

are not cells. »

ké Lots of other parasitic organisms
depend on others for survival and

cannot exist on their own.

www.howitworksdaily.com

ékVviruses cannot copy their own
genetic code — they need living
cells to do it for them. gy
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make a protective coat called a capsid. The
capsid proteins form repeating structures that
lock together to make a 3D shape. This crystal-
like patterning means that viruses only need a
few genes to make a complete shield.
Icosahedral capsids, for example, often contain
small triangles made from just three proteins.
These triangles slot together to make a 20-sided
ball that covers the viral genome.

The infectious packages of capsid and genetic
code can survive outside of cells, but they can't
replicate on their own. Known as virions, these
virus particles need to get back into cells to
continue their lifecycle. They do this by
attaching to molecules on the cell surface.

Proteins on the outside of the capsid interact
with proteins on the outside of the cell. This
attachment may change the shape of the virion
itself, allowing the particle to fuse with the cell
membrane. Alternatively, it might trick the cell
into pulling the virus into a membrane-covered
sphere known as an endosome. Once inside,
enzymes carried by the virion — or from the cell
itself — break down what's left of the capsid,
releasing the genetic code into the cell. The viral
genome then enters the cell’s production line
and quickly begins manufacturing three main
types of protein.

The rst are enzymes that enable the virus to
construct more copies of its own genes. The
second are proteins that interfere with the cell's
normal manufacturing processes. The third type
are the structural proteins that work to build
new virus particles.

When the new virus particles are complete,
the virus needs a way to release them to infect
more cells. ‘Lytic’ viruses simply burst out,
releasing all their virions in one huge pop and
killing the cell in the process. ‘Lysogenic’ viruses
release new virions one by one, allowing the
host cell to survive and reproduce. Some viruses
even stitch their genetic code into the code of
their host, so that every time the cell divides the
new cells also get a copy of the viral genes. This
allows viruses to remain inside cells for a long
time, staying dormant and then reactivating
later, a property known as latency.

Cells do attempt to defend themselves from
this type of attack. They destroy loose genetic
code and send signals to the immune system to
let it know about the infection. But, viruses have

“Lytic viruses
simply burst out,
releasing all their

virions in one jon

huge pop”

Lipid
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envelope

channel \

Attachment
Proteins on the outside
of the virus particle stick
to molecules on the
outside of the cell.

Virus
production

These pathogens turn cells into
miniature virus factories

Hijack

The virus hijacks the
cell’'s molecular
machinery, forcing it to
copy viral genes and
make viral proteins.

Below: the
structure of an
influenza virion

\

RNA

/.

Capsid
Hemagglutinin

Neuraminidase
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Scientists estimate that there are at least 320,000 viruses capable of infecting mammals

Entry

The virus particle fuses with
the cell membrane, injecting
its contents into the cell.

\ UnWrapping
The outside of the virus

breaks apart, releasing
the viral genetic code
into the cell.

Construction

Viral proteins assemble
into protective cages
around copies of the
viral genome.

Release
Virions leave via a

process called ‘budding
taking part of the cell
membrane with them.

www.howitworksdaily.com

Ebola

Ebola causes haemorrhagic
fever, killing an average of 50 per
cent of people infected. The
outbreak between 2014 and 2016
was the largest ever recorded.

Marburg

Carried by fruit bats, Marburg
virus is fatal in around 50 per cent
of cases. It's part of the same virus
family as Ebola, both of which
damage the blood vessels.

Crimean-Congo
haemorrhagic fever
This virus kills up to 40 per cent of
people infected, usually within two
weeks. It's transmitted by ticks in
Africa, the Middle East and Asia.

Coronaviruses

MERS and SARS are types of
coronaviruses that cause a cough,
fever and breathlessness. MERS
kills up to 35 per cent of patients.

Nipah

Nipah virus first appeared in
1998. It's carried by fruit bats and
causes fever, headaches,
drowsiness and sometimes fatal
brain swelling.
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evolved ways to evade these defences. In the
process, some have gained characteristics that
harm their hosts, a property known as virulence.

Many viruses cause disease, diverting healthy
cells away from their normal activities. The type
of damage a virus does depends on the cells it
infects, the way it interferes with molecular
machines and the way it releases new virions.
Some of the most serious problems arise when
viruses infect immune cells, preventing the
body from ghting back. Ebola, Marburg and
HIV all harm the immune system.

However, viruses aren't all bad; infections
help to shape the way our bodies work. Studies
of the human genome have revealed that around
eight per cent of our genetic code actually came
from viruses. Known as ‘human endogenous
retroviruses’, or HERVSs, they are easy to spot
because they still carry the remnants of three
viral genes: gag, pol and env. These genes belong
to retroviruses, which stitch their genetic code
into the genome of their host.

Retroviruses leave a permanent mark on DNA,
and the results of ancient infections have been
passed from parent to child for thousands of
years. Evolution has gradually changed the
sequence of these leftover viral genes, making
them unable to produce new virions. Our bodies
have found new uses for the code left behind.

One HERV, HERV-W, codes for proteins that
would once have sat in the outer envelope of a
virus, helping it to fuse with cells. We have
adapted the code to make new proteins that help
to fuse cell membranes together to form the
placenta. Without the leftovers of ancient viral
infections we wouldn’t be here today.

The glan'[S Of Some examples of megaviruses pandoravirus Cenome sire
the Virus Wor|d discovered in recent years (2013) (number of base pairs)

Viruses tend to have tiny genomes with . o
only around 3,000 genetic letters. That's (Ff(;'ls;)mus Plzgg\ﬂ)u °
compared to around 3 billion in our own
genome. They strip their genetics back to Pacmanvirus
the bare essentials, and borrow (2017)
everything else from the cells they infect. i 1,500,000
Even so, there are a few unusual 2,500,000
‘megaviruses’ that buck the trend. (Cz%dlrsa)“’"us
Mimivirus has a bloated genetic code Kaurr(r;gf:)virus
containing 1.2 million letters. It's so
enormous that when researchers first

5 . : My Orpheovirus
saw it they thought it was a bacterium. ME'Z"("‘('J';’S (2018) E coli

Unlike most viruses, it carries genes for bacteria

building proteins, suggesting that it may
have evolved from an organism that could
once fend for itself. An alternative
hypothesis is that it stole the genes from
the cells it infects.
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Marseillevirus
(2009)

Mollivirus
(2015)

@ Influenza A

1,000
PARTICLE LENGTH (NM)
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Doctors halted a gene therapy trial in 2003 after some of the participants developed leukaemia

Viral vectors

These tiny packets of genetic code are the
most successful parasites in the world

Viruses specialise in getting past cellular
defences to deliver genetic information into
cells, but in nature they often contain genes
that cause disease. However, if we strip out
these damaging stretches of code we could
use the outer virus packaging as a way to
deliver useful genes to damaged cells. This is
the idea behind viral vectors.

The rst step requires scientists to delete
the parts of the viral genome that allow
viruses to make copies of themselves. Then
they add the code for di erent genes. When
the modi ed virus infects a cell it carries
these new genes with it.

R Viral DNA
Genetic code

New gene

The most commonly used viruses for vector
science are adenoviruses and retroviruses.
Adenoviruses have a DNA-based genome and
temporarily infect mammalian cells. The
cells make viral proteins for a short time and
then they go back to normal. Retroviruses are
RNA-based and insert their genetic code into
the genome of the cells they infect. This
permanently changes the DNA of the cell,
making it produce viral proteins forever.

In the lab, viral vectors allow scientists to

nd out what happens when cells gain the
ability to make di erent proteins. Outside of
the lab, viral vectors have the potential to x

Viral DNA

Scientists delete | |
the dangerous parts of
the viral genome and
insert a human gene.

Viral vector

The modified vira
genome is packed
inside the outer casing
of the virus.

Entry

The viral vector attaches
to the cell and enters via a
membrane-coated capsule
called a vesicle.

www.howitworksdaily.com

Gene release

The outer coat of the
virus breaks down, releasinc
the genetic code into the cell

Integration
The cell stitches the

genetic code into its own
DNA inside the nucleus.

broken genes by delivering fresh genetic code
to human cells. However, the technology may
be dangerous because it’s hard to control
exactly where the cell puts the new genes.
Research is ongoing to nd out if we can
safely use viruses for gene therapy.

Protein
production

The cell uses the new
gene to produce
healthy proteins.
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That smells familiar

Why do certain scents take you straight back to the past?

he nose can pick up thousands of

di erent chemical signals, allowing us to

detect millions of di erent smells. Some
of those scents trigger powerful memories, and
it's all down to the wiring in our brains.

Incoming signals from the nose arrive at the
olfactory bulbs before travelling on to the
pyriform cortex. This part of the brain acts as a
gateway, making connections to several other
brain regions. There’s the orbitofrontal cortex,
involved in decision-making; the amygdala, the
brain’s emotional centre; the hypothalamus,
which links the nervous and hormonal systems
together; the insula, involved in consciousness;
the entorhinal cortex, involved in memory and
navigation; and the hippocampus, the master of
long-term memory storage.

These connections help us to learn where
smells come from and what they mean. Then, if
we encounter the same smell again, we’ll
instantly know how to respond. For example,
the brain’s threat detection centre, the
amygdala, lights up when we smell something
that is unpleasant.

From nose to brain

Our sense of smell is wired into
the memory and emotion
centres of the brain

/\w

Cilia Receptor cell
Hair-like structures When signals hit the
on the inside of the cells they trigger
nose detect different nerve impulses that
chemical signals. travel towards the
olfactory bulb.
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A

Smells can also trigger long-forgotten
memories, often in vivid and emotional detail.
These reach back into early childhood, and
studies in rats suggest that they form during
early development. Strong odour-linked
memories may help animals to survive before
their other senses are fully developed — as their
eyes and ears improve, the need to remember
smells becomes less important. Sensing the
same scents again in adulthood can bring
forgotten memories ooding back.

Certain aromas can transport us
straight back to childhood

Olfactory bulb

Signals from different smells
converge here before moving
on to the pyriform cortex.

Pyriform

cortex

The pyriform cortex
send signals out intc
parts of the brain
involved in emotion

and memory.
Scent /
particles Amygdala

This part of the
brain handles fear
and emotion.

Memory boost

The link between smell and memory has
got scientists wondering whether we can
use scents to improve our capacity to
remember. Researchers at Northumbria
University conducted studies to find out
what happens to our brains when we
sense powerful smells. In one study, they
asked 180 volunteers to drink chamomile
tea, peppermint tea, or plain hot water.
Then they tested their mood and brain
function. Compared to water, chamomile
tea made volunteers less attentive, while
peppermint tea improved their alertness.

In a separate study, 150 volunteers
went into rooms that smelled of

rosemary, lavender or nothing, and they
were asked to complete a task at a
particular time. Rosemary improved
memory, but lavender made it worse,
although the volunteers did feel calmer.

Distinctive scents trigger deep memories,
affecting mood and concentration

Hippocampus
This part of the brain
sets up long-term
memory storage.

The brain stores
memories in
connections

between nerve cells






"FOOD
WASTE

Follow the food that goes
uneaten on the journey
from eld to fork

ow many times have you bought some

fresh fruit just for it to end up in the

bin just days later, or emptied your
leftovers into the bin? It happens to the best
of us — impulse buying, improper planning
and being forgetful means a large amount of
the food we buy goes uneaten. But the biggest
cause for concern when we're thinking about
food waste is what happens between the
produce growing on the eld and arriving at
your kitchen. It is estimated that between a

DEVELOPED
DEVELOPING
DEVELOPED
DEVELOPING
DEVELOPED
DEVELOPING
DEVELOPED
DEVELOPING

third and a half of all food produced never 7.5% %
makes its way onto a plate. *
THE JOURNEY OF \l
AGRICULTURAL FOOD WASTE

Losses occur at all stages of the food supply
chain, from production to consumption

INITIAL QUANTITY

%
20.5%
1%
According to a UN report from 2011,

approximately 4 billion tons of food is G R AI N S R O OTS / O I L S / F R U I T /

produced globally each year, but one-third

of this ends up going to waste. T U B E R S B E A N S V E G

AGRICULTURE

The first losses in food production occur due to infestations
of pests and microorganisms, as well as agricultural
machines that are unable to harvest an entire crop efficiently.
Diseased livestock and fish bycatch also lead to losses.

POST-HARVEST

After harvest, many items of produce can end up getting DIEVELOFED DEVELOFED DEVIELOIFED DEV LD
damaged or destroyed while in storage or being transported 0 50 5 0 O 32 50
due to temperature and humidity changes or the presence of /0 . /O A) 0 /0
TS G s OVERALL OVERALL OVERALL OVERALL
PROCESSING LOSS LOSS LOSS LOSS

Edible food can end up going to waste in factories and
processing plants. This can include the skin of ‘ready-
peeled’ veg or trimmings of meat, as well as products that
have been contaminated or don’'t conform to standards.

DISTRIBUTION

Retailers usually have strict standards for how produce
must look; items may not be put on the shelves if they have
bruising or are unusually shaped. Stores may also reject DEVELOPIN DIEVIELOPIN

food deliveries if they have surplus stock already. 2 1 5) 4 3
CONSUMPTION .0 %

DEVELOPIN

31.3%

DEVELOPIN

53.5%

Large portion sizes at home and in restaurants, as well as OVERALL OVERALL OVERALL OVERALL
misunderstanding ‘best-before’ labels, means a significant LOSS LOSS LOSS LOSS
amount of good food is thrown away at the consumer end
of the food production chain.
FOOD Better labelling Food distribution
There is often confusion around what the ‘use-by’, ‘sell-by’ and ‘best Overstocked stores can help to reduce waste by redistributing their spius
WASTE before’ dates on packaging mean, so consumers often throw away food stock. They can send any extra food they don’t need to food banks, community
that was good to eat. Using ‘spoils on’ dates rather than using a sejl-tate fridges and similar schemes. There are even apps that can help — Food Cowboy
SO LUTI O N S could mean that markets can keep produce on the shelves longer. helps connect companies donating spare food with those who need it.
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Approximately 1.3 billion tons of edible food gets lost or wasted each year — enough to feed 2 billion people

DEVELOPED
DEVELOPING

MEAT

DEVELOPED

19%

OVERALL
LOSS

DEVELOPIN

23%

OVERALL
LOSS

Improving policy

Significant amounts of fruit and vegetables are lost due to industry
standards that focus on the appearance of the item rather than its
quality. Improving policies surrounding which items are thrown out

DEVELOPED
DEVELOPING

5%

FISH

DEVELOPED

41%

OVERALL
LOSS

DEVELOPIN

30 %

OVERALL
LOSS

due to aesthetics would reduce unnecessary waste.

www.howitworksdaily.com

DEVELOPED
DEVELOPING

)
0.5%/ 8
19%

DAIRY

~y

DEVELOPED

8.5%

OVERALL
LOSS

DEVELOPIN

22.5%

OVERALL
LOSS

Consumer choices
Consumer choices impact the food supply chain. If we all Improving current food harvesting methods, storage

GRAINS

72%

Plan ahead

Making a shopping list and
planning your meals for the week
helps to make sure you only buy the

ROOTS / ingredients you will need.

TUBERS

%

Water your vegetables

You can keep vegetables in
water to help them stay fresh and
keep in your fridge for longer. Try
this with stemmed veg such as
broccoli, celery and asparagus.

A

OILS / BEANS
Freeze leftovers
Accidentally made too much
cottage pie for the family? Invest in
some freezer-safe containers and
put leftovers in the freezer to save
for another time.

75%

FRUIT / VEG Get creative

When food has already started
to get a bit past its best, check out
recipes you can still use it in. Older
bananas can be great for making
banana bread when they're too
mushy to eat on their own, and
overripe avocados can still be used
in guacamole.

57%

A

X

MEAT

79% Start composting
Rather than throw away
vegetable peels or leftovers, you
can make your own nutrient-rich
compost for the garden.

FISH

65%

B AVERAGE GLOBAL LOSSE SAVERAGE GLOBAL CONSUMPTION

DAIRY

Consumers can reduce waste by only
cooking what they need and planning
ahead for meals

85%

Building infrastructure

take steps to reduce waste as individuals — by selecting  and transport facilities and processing techniques will
‘wonky veg' or using up our leftovers instead of throwing  make a big difference to the amount of food that is lost

them away — it will make a significant difference.

at almost every stage of food production.
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