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No glue!
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Just build!
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In o frend that storted on the Californio cost, Comper Vans wstomized with vinys, Another frend that began on the coast of Califomia, second hand VW's beetles (Bugs!)
bumpesstickers of fraehand painting have become the number ane iconic mode of become extremely popular with the emerging counter cuture of the 1960°< Ino
tronsport for the world-wide surfing community. The origins of this vehicle storted movement that promoted freedom of expression, the chaming, litle VW Bug become
with the Type 2', affectionately known as the ‘Campet’ in the UK, and wos the everyones’ favourite mvas. The Valkswogen Beetle remained in production throughout
second car model o be introduced by Volkswagen in 1950. The first prototype of the  the whele period ond entered the record books a5 the best seling singlemodel car of
Camper was revealed to the world in November 1949 and the very same prototype ol fime on February 17th 1972 when producion reached 15,007 034 units, beating
can still be seen today af the Volkswagen AutoMuseur in Wolfsburg, Geemany. the previous record of the Ford Model T. When produdion finally ceased on July 30th
VW's first release, the Beetle, wos named ‘Type 1" resuling in the Comper being 2003, Volkswagen hod produced o total 21,529,464 and i's unlikely this record will be
predictobly nomed ‘Type 2." Depending on body style the Type 2 was officially known  broken again as cors now rovely remain in producion longes than 10 yeass.

as the Transporter, Kombi or Microbus.

Both of these vehicles have become true Icons on roads all over the world! You can create your own versions at home with these Alrfix
QuickBulld kits. Both models come with an array of colourful stickers to help you customise your own design. You can recreate brillant scale
models of a wide variety of iconic aircraft, tanks ond cors with QuickBuild kits. No paint or glue is required, the push together brick system
results in a realistic, scale model that is compatible with other plastic brick brands.
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rom the comfort of our

homes, behind a television

set, most of us are awestruck
and thrilled to watch the power of a
hurricane as it unfurls. For some
people though, it's their job to fly
high above the swirling storm clouds and actually drop
into the eye of the storm to monitor the activity inside.
In thisissue of How It Works magazine, see how a few
scattered rain clouds on one side of

the world can turninto araging

maelstrom on the other, tearing | @

up trees and flooding cities. Hiw' 2" exclusiy
Learn how pilots and planes Sign D b Sand Offerg
are equipped to monitor h0w- ailing /i’s ¢

these wild forces of nature

and discover the biggest, most
powerful hurricanes of all time.
Enjoy the issue!

Ben Editor FOLLOW US..

@ How It Works magazine ©@HowltWorksmag
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Discover how these forces of From sheet windows to green
! nature carve a massive path of bottles, discover the chemistry of
@ destruction - and how we can fly this versatile wonder material
right into them

How anaesthesia works
Rise of the
marsupials
What makes Australia’s

mammials so different, and how
did they get like that?

High-tech roads

of the future

The days of simple tarmac are
behind us: here’s how our streets
are getting a futuristic upgrade
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Battle of the dangerous debris that

g - next-gen consoles circles Earth?

1 Take a look inside the powerful . Tr

% new PlayStation 5 and Xbox NASAS Vlkmg program

Series X .

How is chocolate made?

Mummies
unwrapped
Unravel the secrets of the ancient

Egyptian art of mummification

Tudor houses
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Scan the QR code with your device’s camera or download a free QR
code reader app. Many iPhone and Android devices include a QR reader

@ When you see the [{RZ48[\[a] logo at the top of a page, SE%E
[E]

use your phone to scan the QR code, which looks like this

50 How glass
is made

NASA’s Viking
program

o
Hold your mobile device over the image and watch it come to life! Your
device needs to be connected to the internet for this to work

HOW THE AUGMENTED REALITY WORKS

After being launched by the QR code, the app reads anything you point your device's
camera at 30 times a second, searching for distinctive shapes we've trained it to
recognise. When it sees a familiar picture, it overlays the augmented-reality 3D image
we've previously uploaded on your screen.
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MARINE HIDE
AND SEEK

This isn’t the first place you would look for
a fish, but this jack has found an unusual

hiding place in the body of a jellyfish. It might

appear as though the jellyfish (Thysanostoma
thysanura) is devouring the unsuspecting fish, but

the fish is actually exploiting the jellyfish for
protection against predators. This game of aquatic
hide and seek is not uncommon between these two
species, with members across the carangid family
seeking refuge in the domes of many different
jellyfish species. Small yellowtail kingfish also
gather in groups under the bell of the
tentacle-less Versuriga anadyomene
jellyfish for protection.
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© X-ray: NASA/CXC/SAO; Optical: NASA/STScl; Infrared: NASA-JPL-Caltech

INSIDE A
DEAD STAR

Around 6,500 light years away in the
constellation of Taurus are the cosmic
remains of an exploded star known as the Crab
Nebula. Back in 2018 NASA created this image
from a data collaboration between the Chandra
X-Ray Observatory (blue and white), the Hubble
Space Telescope (purple) and the Spitzer Space
Telescope (pink). It shows that at the heart of the
nebula lies a highly magnetised, spinning neutron

star known as a pulsar, emitting powerful
electromagnetic radiation from its magnetic
poles. The Crab Pulsar is just 19 kilometres
wide, spins 30 times a second and can
produce 10 quadrillion
electron volts.

008 How It Works

www.howitworksdaily.com



‘.*

www.howitworksdaily.com : How It Works 009



GLOBAL EYE

Showcasing the incredible world we live in

burst’ '

0,000 years ago a dead staron the other

side of the Milky Way belched out a

powerful mixture of radio and X-ray
energy. On 28 April 2020 that belch swept
over Earth, triggering alarms at observatories
around the world. The signal was there and
gone in half a second, but that’s all scientists
needed to confirm they had detected
something remarkable: the first-ever ‘fast
radio burst’ (FRB) to emanate from a known
star within the Milky Way.

Since their discovery in 2007, FRBs have
puzzled scientists. The bursts of powerful
radio waves last only a few milliseconds at
most, but generate more energy in that time
than our Sun does in a century. Scientists
have yet to pin down what causes these

- blasts, but they've proposed everything from
gcolliding black holes to the pulse of alien

010 How It Works
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starships as pﬁésible e)hqplanations. So far " \
every knownFRB has originated from ' "¢
another galaxy, hundreds of millions of light
years away. ' '

This FRB is different. Telescope
observations suggest that the burst came
from a known neutron star - the fast-
spinning, compact core of a dead star which
packs a Sun’s worth of mass into a city-sized
ball - about 30,000 light years from Earth in
the constellation Vulpecula. The stellar
remnant fits into an even stranger class of
star called a magnetar, named for its
incredibly powerful magnetic field, which is
capable of spitting out intense amounts of
energy long after the star itself has died. It
now seems that magnetars are almost
certainly the source of at least some of the
universe’s many mysterious FRBs.

IN ASSOCIATION WITH

LIVE

With over 14 million global monthly users, Live Science makes every day a little more interesting
by illuminating the fascinating world around us. For the science geek in everyone, Live Science
breaks down the stories behind the most interesting news and photos on the internet.

/ 11

“We've. he’l__ er seen a burst of radio waves, | I'. .
resemblinga fast radio burst, from a |
magnetar before,” said Sandro Mereghetti of
the National Institute for Astrophysics in
Milan. “This is the first-ever observational
connection between magnetars and fast
radio bursts.”

The magnetar, named SGR 1935+2154, was
discovered in 2014 when scientists saw it
emitting powerful bursts of gamma rays and
X-rays at random intervals. After quieting
down for a while, the dead star woke up with
a powerful X-ray blast in late April.
Mereghetti and his colleagues detected this
burst with the European Space Agency'’s (ESA)
Integral satellite, designed to capture the
most energetic phenomena in the universe. At
the same time a radio telescope in the
mountains of British Columbia, Canada,

www.howitworksdaily.com



' Artist’s impression of a magnetar launching a burst

of X-ray and radio waves across the galaxy

detected.a blast of radio waves coming
from the same source. Radio telescopes in
California and Utah confirmed the FRB
detection the next day. A simultaneous
blast of radio waves and X-rays has never
been detected from a magnetar before,
strongly pointing to these stellar
remnants as plausible sources of FRBs.

Crucially, ESA scientist Erik Kuulkers
added, this finding was only possible
because multiple telescopes on Earth and
in orbit were able to catch the burst
simultaneously, and in many wavelengths
across the electromagnetic spectrum.
Further collaboration between
institutions is necessary to further “bring
the origin of these mysterious phenomena
into focus,” Kuulkers said.

www.howitworksdaily.com
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Pentadiamonds would be made up of
carbon chains that are ultrahard,
ultralightland conduct electricity

‘Pentadiamonds’ could
reshape material

| |
engineering
Words by Adam Mann

hat’s harder than a diamond, a third

lighter and could zip with electricity?

Apentadiamond. A crystalline
arrangement of carbon atoms that is made up
mostly of pentagons. These don't exist yet -
they’'ve only been created in computer
simulations - but if one can be made, it could
have a number of useful properties.

Carbon is one of the most versatile elements on
the periodic table. Since each carbon atom can
bond with up to four others, it is able to form
intricate assemblies with different properties,
such as ultra-hard diamond, semiconducting
graphene and rope-like nanotubes.

Novel arrangements, or allotropes of carbon
are being discovered all the time. Asmany as
1,000 different types are currently known. The
search for additional allotropes is like “playing
[with] LEGO blocks to create materials with
fascinating shapes and structures,” said Susumu
Okada, a condensed matter physicist at the
University of Tsukuba in Japan.

Using state-of-the-art computer modelling,
Okada and his colleagues decided to bring
together two molecules - spiro[4.4]nona-2,7-
diene and [5.5.5.5]fenestratetraene - each of
which contained a pentagonal ring of carbon
atoms, to see if they might generate a potentially

useful material. The simulations produced a
carbon arrangement looking a bit like a typical
football with several smaller footballs glued all
around its exterior. The computer model was
able to show that this pentadiamond, if it were
synthesised inreal life, would have some
interesting properties.

Along with being stiffer than a standard
diamond, which is one of the hardest substances
known, pentadiamond would be slightly porous
and could conduct electricity like the
semiconductors used in electronic devices if
chemical impurities were added.

Ifyou held a pentadiamond in your hand it
would likely feel lighter than a similar-sized
diamond, though it wouldn't be clear - rather a
greyish colour like graphite. Because of its
porous nature pentadiamond might be useful
for storing gas, Okada said. Itslightness and
hardness could make it useful for building the
bodies of race cars, he added.

Purusottam Jena, a physicist at Virginia
Commonwealth University, who was not
involved in the work but has discovered other
carbon allotropes, said the material is
potentially quite exciting. “However, it needs to
be experimentally synthesised,” he added, and
until then remains strictly theoretical.

How It Works 011
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Fungus turns cicadas into zombie slaves

Words by Mindy Weisberger

ale cicadas infected by a particularly
gruesome parasitic fungus become
zombies with an undercover mission:
they broadcast a female’s mate-seeking
message to other male cicadas, luring their
unsuspecting victims to join the zombie
cicada horde.

Researchers recently discovered this
unusual twist to the cicada’s already horrific
zombification story. As the parasitic fungus,
called Massospora cicadina, eats away at a
cicada’s abdomen, replacing it with a mass of
yellow spores, the fungus also compels males
to flick their wings in movements that are
typically performed by females to attract
mates. Healthy males that hurry over for
female company then try to mate with the
infected male, which passes along the
Massospora infection. This and other new
discoveries are helping scientists to piece
together how Massospora turns cicadas into
mind-controlled zombies.

This zombie-host relationship can be
challenging to observe. Though the fungus
can affect cicadas that emerge annually,
many of its cicada hosts are in the Magicicada
genus, also known as periodical cicadas.
These black-bodied, red-eyed cicadas spend
13 to 17 years - depending on the species
-underground as immature nymphs. Luckily

A parasitic fungus
manipulates male cicadas
into flicking their wings
like females to tempt and
infect other males

for the scientists who study periodical
cicadas, local populations known as broods
that follow this cycle emerge during different
years in different locations.

Once the cicadas emerge and moult their
exoskeletons they enjoy just a few weeks of
life on the surface as adults, mating and
laying eggs before dying. However, for
cicadas infected by Massospora, life takes an
ugly turn. About a week after being infected,
fungal spores devour the cicada’s abdomen
and its body disintegrates, but the insect
doesn’t die. It continues to fly around and
disperse the zombifying spores far and wide
in a process known as active host
transmission (AHT), in which a parasite
manipulates its living host.

One form of this manipulation compels
infected males to imitate female behaviours,
moving their wings to lure and infect even
more cicadas. This is the only known
example of AHT in which the pathogen
behaves at least in part as a sexually
transmitted disease, as transmission
sometimes happens when males attempt to
copulate with infected males.

At least some of the chemical cues
responsible for the cicadas’ unnatural
behaviour are psychoactive; one of these is
psilocybin, which is also found in
hallucinogenic mushrooms. But though
scientists have identified some of the
chemicals in Massospora fungus, the spores’
mechanisms for controlling their cicada host
have yet to be explained.

“These discoveries are not only super cool,
but also have a lot of potential in helping us
understand insects better, and perhaps learn
better ways to control pest species using fungi
that manipulate host behaviours,” said Angie
Macias, a West Virginia University doctoral
candidate. “Itis almost certain that there are
undiscovered Massospora species, never
mind the other AHT fungi, and each of these
will have developed its own intimate
connection with its host’s biology.”

www.howitworksdaily.c
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The site of the
methane leak was
stained with a
white mat of
hungry microbes

STRANGE NEWS

Sly fox steals
100 shoes

Words by Mindy Weisberger

n Berlin a local fox was exposed as the

culprit behind a string of shoe thefts.

Last month Christian Meyer, a resident
of Berlin's Zehlendorf neighbourhood,
noticed that one of his new running shoes
had disappeared from his porch, and he
decided to investigate the theft.

Meyer quickly learned that he was not
the thief’s only victim, and a tip helped
him catch the fox bandit red-handed with
two blue flip-flops in its mouth. Days later
Meyer spotted the fox again; he followed it
into a thicket, where he crawled around
for close to an hour. There he discovered
the fox’s secret stash of more than 100
shoes: trainers, clogs, sandals and
slippers in a range of colours and sizes.

This isn’t the first time that an urban fox
has demonstrated an apparent shoe
fetish. In August 2019 a fox in Melbourne,
Australia, repeatedly visited a woman’s
porch and stole three boots over the
course of a week.

A pair of foxes in Kyoto, Japan, pilfered
more than 40 pairs of sandals in 2018
before the duo was apprehended in a
stakeout involving five police officers. In
2009 in the small town of Féhren in
western Germany, a female fox stole about
110 to 120 shoes in just one night. In 2013 a
writer described waking up one morning
in his London home to find that a fox had
placed seven shoes in the middle of his
lawn, “ranging in size from that of a
toddler to an adult trainer.”

Meanwhile, in Berlin, most of the fox’s
victims have been reunited with their
shoes - except for Meyer, whose stolen
trainer is still missing.

© Andrew Thurber, Oregon State Un vers ty

PLANET EARTH

First underwater methane
leak discovered near
Antarctica

Words by Brandon Specktor

white ‘mats’ of microorganisms that existina
symbioticrelationship with methane-
consuming microbes stretched out in a 70-metre
line along the seabed.

Asediment analysis confirmed the obvious:
methane was escaping from below the seabed.
Five years later more microbes had appeared,
but the methane continued to flow. Scientist
Andrew Thurber called the discovery “incredibly
concerning,” as most climate models count on
methane-eating bacteria to remove this
underwater threat almost immediately. This
slow microbial response, coupled with the leak’s
shallow depth, suggests that significant amounts

ust below the freezing Antarctic ice shelves,

researchers have discovered a gas leak that

could change the region’s climate destiny.
For the first time scientists have detected an
active leak of methane gas, a greenhouse gas
with 25-times more climate-warming potential
than carbon dioxide, in Antarctic waters. While
underwater methane leaks have been detected
previously all over the world, hungry microbes
help keep that leakage in check by gobbling up
the gas before too much can escape into the
atmosphere. But that doesn't seem to be the case
in Antarctica.

The researchers found that methane-eating

microbes took roughly five years to respond to
the Antarcticleak, and even then they did not
consume the gas completely. The underwater

of methane have been pouring into the
atmosphere above the Ross Sea for years.
In big-picture terms, this is just one small leak,

leak almost certainly sent methane gas seeping
into the atmosphere in those five years, a

and it probably won't tip the climate scales in
any significant way. But the waters around the

phenomenon that current climate modelsdonot  southern continent may contain as much as 25 If you're " . Vo=

account for when predicting the extent of future ~ per cent of Earth’s marine methane, and more missing a . . - %‘5% ——

atmospheric warming. leaks could be occurring right now without fﬁé;or;fgh&es’ e :_:‘ %
The recent leak, located about ten metresdeep anyone knowing. Understanding how have been - : s

inthe Ross Sea, near Southern Antarctica’sRoss  Antarctica’s submarine greenhouse gas stores taken by a . —— _";?'.’&

Ice Shelf, was discovered by chance when interact with the ocean and the atmosphere ;ﬁ:je: alee i -

civilian divers happened to swim by in2011. The  above could have huge implications for the ooy

seabed showed telltale signs of a methane leak:

accuracy of climate models.
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Two Canadian
ice caps have
completely
vanished from
the Arctic

Words by Brandon Specktor

n frosty Ellesmere Island, where

Arctic Canada butts up against the

northwestern edge of Greenland,
two once-enormous ice caps have
completely vanished, new NASA imagery
shows. However, it's no mystery where
the caps, known as the St Patrick Bay ice
caps, went.

Like many glacial features in the Arctic,
which is warming at roughly twice the rate
of the rest of the world, the caps were
destroyed by climate change. Still,
glaciologists who have studied these and
other ice formations for decades are
unnerved by just how quickly the caps
disappeared from our warming planet.

The St Patrick Bay ice caps sat about 800
metres above Ellesmere Island’s Hazen
Plateau in Nunavut, Canada, where they
existed for hundreds of years. Researchers
aren’t sure how large the caps were at their
maximum extent, but when a team
investigated back in 1959 the caps covered
about 7.5 square kilometres and three
square kilometres respectively.

When researchers studied the caps
again in 2017, the formations had shrunk
to just five per cent of their former sizes.
Researchers predicted that the caps would
vanish completely within five years. Now
here we are, with the caps gone two years
ahead of schedule.

A \

f

This satellite image, captured in 2017, shows the
rapid depletion of two ice caps in the Canadian
Arctic. As of July 2020, both are gone
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Except for the skull, the

Y 55-million-year-old

' skeleton of the newly

» described owl species
' ' ¢ has been preserved
‘ almost in its entirety

Ancient owl with ‘murder
feet’ unearthed

Words by Mindy Weisberger

55-million-year-old owl fossil with
Aso—called ‘murder feet’ has recently been

described. Based on its preserved foot
bones, this ancient avian predator likely hunted
like a hawk, killing its prey with piercing talons,
unlike its modern-day relatives that use their
beaks to kill. The newfound skeleton, which
represents a previously unknown owl genus and
species, is the oldest near-complete owl fossil.

Though the fossil is missing its skull, nearly all
the other bonesin its body are intactand
preserved in three dimensions. And this owl was
a big one; at nearly 60 centimetres long it would
have been about the size of a modern snowy owl
(Nyctea scandiaca).

The fossil was discovered in1990 in the
Willwood Formation in northern Wyoming, in
sediments deposited about 55 million years ago.
Researchers named the newly described owl
Primoptynx poliotauros, Primoptynx meaning
‘first owl’ in Latin.

Palaeontologists identify ancient owls by
looking at the shapes of certain bones, among
them the shoulder bone, the humerus in the
wings and leg bones such as the tibiotarsus-a

bone between the knee and the heel -and the
tarsometatarsus - the bone between the heel
and the toes - which are important for catching
prey or perching. In the case of Primoptynx,
however, the bones that captured the scientists’
attention were in the owl’s toes. The toes of
modern owls are all about the same size.
Primoptynx’s first and second toes were bigger
than the others, so its feet most closely resemble
those of predatory raptors such as hawks and
eagles. This suggests that the extinct owl hunted
as hawks do, targeting larger or more difficult-to-
capture prey and then clutching and piercing
their bodiesin a lethal death grip with its feet. By
comparison, owls typically stab prey to death
with their sharp beaks.

When Primoptynx soared across Wyoming
skies 55 million years ago, North America was
populated by mammals such as primates,
rodents and early relatives of deer and horses.
The owl’s impressive feet could likely grip
something the size of a rabbit, but rabbits had yet
to appear in the region. Prior to this discovery,
the oldest owl fossils were bone fragmentsand a
leg bone dating to around 60 million years ago.

www.howitworksdaily.com
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Space travel

could be made from
skin pigments

Words by Adam Mann

xplorers on the Moon or Mars may one
day shield themselves using creams

containing a new bioengineered
material called selenomelanin, created by
enriching the natural pigment melanin with
the metal selenium. Outside Earth'’s
protective magnetic field, humans are
exposed to many types of dangerous
radiation. This includes damaging
ultraviolet radiation, X-rays and gamma rays
from the Sun, as well as superfast subatomic
particles called galactic cosmic rays that
originate outside our Solar System.

The invisible accumulation of DNA
breakage caused by these space rays can lead
to cancer, and in high doses radiation
poisoning and death. Traditional
countermeasures, such as lead or water
shielding, tend to be heavy and greatly
increase the cost of a space mission.

Enter melanin, a broad class of naturally
occurring pigments found in animals,
plants, fungi and bacteria. Some types of
melanin provide humans with their wide
range of skin, hair and eye hues and help
protect us against the Sun’s ultraviolet light.

Animal melanins are divided into two
main forms, eumelanin and pheomelanin.
Eumelanin is responsible for conferring
black or dark brown colours like that of skin
and hair, while pheomelanin contains the
element sulphur and tends to be reddish or
yellowish, and is found in red or auburn hair
and in human lips. Pheomelanin also
absorbs X-rays much more efficiently than

www.howitworksdaily.com
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Skin pigments could assist in
the development of spacesuits
for future missions to Mars

© NASA/JPL-Caltech

sunblock

eumelanin. Knowing this, researchers took
some pheomelanin derived from red rooster
feathers and tried to see if they could make it
even more protective.

Instead of sulphur the researchers
swapped in the element selenium, which sits
just below sulphur on the periodic table of
elements and is known to play a role in
cancer prevention in organisms. By doing so
they created selenomelanin, which has
never before been seen in nature.

During lab experiments, skin cells treated
with selenomelanin were able to shrug off
doses of X-ray radiation that would be lethal
to a human being. The selenomelanin was
absorbed into the cells and formed tiny
shields around the cells’ nuclei, where DNA
is stored. The cells took on a naturally brown
or tanned colour when they absorbed
selenomelanin. Additional tests
demonstrated that engineered bacteria fed
selenium could produce selenomelanin,
meaning the substance could be
manufactured in space. The material will
need to be tested on human beings and in
space to see if it confers the same protection.

The fact thatitis lightweight and can be
created from basic organic chemicals during
a space mission makes it quite attractive.
Selenomelanin could even be incorporated
into clothing, such as the

lining of a spacesuit,

to confer For more
continuous of the latest
protection.

stories, head to
livescience.com
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The latest university gadgets

Gocycle GX

Price: £2,899 / $3,299

With a 65-kilometre range on a seven-hour charge, the Gocycle GX is a
great way to get around campus or between lecture buildings. This
lithium-ion-battery-powered bike comes with three speed settings and can
reach up to 25 kilometres per hour. The hydroformed aluminium frame
also folds for easy storage on public transport or in a classroom. With a
streamlined LED dashboard, you can monitor fuel levels, speed and gear

levels to keep you in complete control of your ride.

1)

Chipolo ONE

Price: From £21 (approx. $27.50)

It's happened to us all at one time or another...
you reach into your pocket or bag and quickly
realise that your house or dorm keys aren’t there.
With the Chipolo ONE you can keep track of
where you last left them. With the user-friendly
app, Chiopolo can detect your keys from up to 60
metres away and can sound an alarm to alert you
to their whereabouts. Similarly, if you’ve lost your
phone, press the Chipolo and your phone will
ring. The app’s map feature will also let you know
when you were last with your keys if you're out of
range so you can retrace your steps.
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© LaCie

LaCie Mobile Drive

Price: From £94.99 / $94.99

We’re always reminded to back up our assignments for an
inevitable problem with our computers, usually the day before
submission. But using an external hard drive is a sure-fire way

to keep your work safe from any technological mishaps. The

LaCie Mobile Drive is one such hard drive that can store a
colossal amount of information, with storage capacities of up

to five terabytes of data - that’s around 500,000 high-
resolution images or 165 hours of video.

www.howitworksdaily.com



© Puro Sound Labs

JBL Link
Portable

Price: £129.99 / $179.95

With built-in 360-degree sound,

the JBL Link Portable is a great
addition to any student

household. This compact speaker

is WiFi or Bluetooth connected,
so you can stream music from
Spotify, Apple Music or
YouTube Music with
ease. This portable
speaker also doubles
as a smart-home
device with voice
recognition, great

for selecting songs

or your favourite
audiobook. With

eight hours of

portable playtime,

this is gadget for

long study nights.

www.howitworksdaily.com

PuroPro™

Price: £152.60 / $199.99
noise-cancelling headphones from Puro
active noise cancellation (ANC), you can
equipped with five microphones - four for

listener to adjust the maximum volume to
help protect your hearing.

The New

Original Briefcase

Price: €425 (approx. £385 / $505)

Sleek and stylish, this briefcase is smart in more
ways than one. Not only a good-looking
accessory, the New Original Briefcase by

Travelteq has an integrated power pack with
wireless charging capabilities. Great for keeping
your smartphone juiced up while carrying your
laptop and notes between classes, this briefcase
also boasts an optional tracker so you don’t have
to worry about losing an assignment.

Block out background noise, enjoy music and
keep your hearing safe with these Bluetooth

Sound Labs. With 28 hours of playtime with

listen to your favourite tunes all day, perfect
for a long day of studying. PuroPro™ is also

ANC and one for taking calls - and allows the

o
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APPS &
TOOLS

0l Otter Voice
Meeting Notes

Developer: Otter.ai

Price: Free / Google Play / App store
Record and take
notes with ease
using this dictation
app. Simply record
your interviews,
lectures or meetings
and it will transcribe

audio to text.

—

7" Monthly Budget Planner &
= Daily Expense Tracker

Developer: DigitLeaf, lic
Price: Free / Google Play
Take control of your [T

budget with this

organisational app. |ﬂ L

Track your income |= e e

and expenses with RN
the built-in calculator |= o

and budget | —
forecast feature. I

@ Grammarly
Keyboard

Developer: Grammarly, Inc.

Price: Free / Google Play / App Store
This grammar T
assistant helps you
keep on top of your

spelling, punctuation [“ “I“

Adjust keyboard loak

B 7§

and sentence

structure, a great

tool for proofing s o
your assignments.

Anti-Social:
phone addiction
Developer: Bugbean Pty Ltd
Price: Free / Google Play
Remove smartphone
distractions with this
temporary app
locker so you can
stay focused on
tomorrow’s deadline,
and track your social

media habits.

How It Works 017



UL |Subscription offer

SUBSCRIBE

TODAY AND RECEIVE
3 FREE POCKET
MANUALS

Deadly Creatures
This book is filled with
information, facts and
figures on some of the

most dangerous
predators in the animal
kingdom, from fearsome
big cats and bears to
small-but-toxic scorpions
and spiders.

| rucm MANUAL

Dinosaurs
45 species of dinosaur,
from favourites such as
the Stegosaurus and
Triceratops to the unusual
Therizinosaurus — and
of course the notorious
Tyrannosaurus rex — are
all covered in this
pocket manual.

S S R |
POCKET MANUAL

EKTBEME BMIS

Extreme Cars
Fast-and-furious facts for
each entry include highest
speeds, engine capacity,
power-to-weight ratios,
dimensions and
fuel consumption, all
accompanied by
awe-inspiring photos of
these extreme autos.
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' on the cover price
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www.myfavouritemagazines.co.uk/hiw/hiw142
or call 0344 848 2852 and quote HIW142

PRINT e e PRINT AND
Six-month subscription 4 DIGITAL

cmsass to How It Works : Six-month subscription
: - in print, plus three o to How It Works
o pocket manuals 8 in print and digital, plus
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have witnessed their destruction ﬁrs&:rnt((i), it
can't be denied that they have the po
inlives. .
mgclet we still lookat this power1n awe(; (':Ftkgzsf(; -
enormous, whirling systemsare c:onctameouSly
tural forces alone. They oc.cur spon e
an intain their astonishing peak force 10
e m?ita\ satatime. Asif armed for an‘attz?c'k on
rtrkllzrllan?,they move with the wind while firing

ing rain
their weapons:. wipeout waves, flooding

WS
and gusts of wind that put human-made sho

fstrength toshame. - i
’ Nature holds the ultimate power, whethe

1 ast
i rto create. Lookingp
tisused to destroy 0 .
ttklllz ruinous aftermath that follovx;)s a hlfligltcoa:;l ”
' display some bene
their path can also ' - -
i ine in a rotating pa
nvironment. MoOvINg
zround a calm centre, these storms help to

maintaina global heat balance across the

planet without which the poles and tropics

1d have much m :
W?Fuhere isalreadya stark difference between

these areas, and with almost all hulrrticagil:':ez1
i from the equator, tro
moving outwards '
storms channel heat energy effectively to
older waters. .
) Ahurricane’s jobasan aggnt of disp eriaél
doesn't end atsea. If their winds canma

uprooting the thickest trees look effortless,

imagine how easy itis for them to carry tiny,

i thav
iohtweight seeds tha .
?I%e wind. With speeds and power unhkci (’)che
usts and breezes that many plants usde °
%isperse seeds, hurricanes canspreadp

inincreased knowledge, but in warning
communities and saving lives. So how cana

ore extreme temp eratures.

e evolved to harness

further than the wind would. In

H BB B EEEE
| What’'sinaname? §

Each hurricane has unique qualities,

forges its own path and carries .
varying levels of destruction, so a

method to differentiate between them .
is needed. The US began using short,

hurricane be spotted in advance? memorable names in 1953 to avoid

The National Hurricane Center (NHC) is confusion between storms and to .
responsible for overseeing tropical storm communicate their danger quickly.
escalation, aiming to spot hurricanes 48 hours The World Meteorological .

Organization controls the naming

before they reach land. This might sound like using the following procedure.

something of a guessing game, but with the There are six lists of names. They .
evolution of more advanced technology this alternate between male and female
process is made easier. and contain all the letters of the .

English alphabet minus Q, U, X, Y and
Z. This removes any difficulty in name
pronunciation. Each list from A to W is .
followed each year, and if there

||

Satellites have become a main source for
obtaining this information. Being further
away from the storm allows the technology to
analyse the activity more closely with a
variety of sensors. Radars are used to track
rain and wind speeds, while infrared

sensors can monitor temperature differences
within growing storms and help to locate
their centres.

Once the whereabouts of volatile
atmospheres are determined, aircraft can
take a closer look, equipped with the tools
to measure the intensity and direction of

increasing winds. Down on Earth, ground

stations, sea buoys and ships analyse areas

where hurricanesare born. .

Ocean buoys float at the surface of the
water at common hurricane-forming sites.
Moving with the waves and currents, they

happen to be more hurricanes than
letters in a season, the names move
on to the Greek alphabet.

Before the World Meteorological Organization
. was founded, hurricanes were given numbers

| : can measure wave height, swell direction and
species much ht distantareas A hurricane is more than‘capable of ) . 6 .
* me cases they have even broug ] ¥ il Gouse tomisces the surrounding wind, air and water
: sdo stroyed by fires and other environmenta Al am X e = temperatures and pressures. When changes in
" d(iasasters pack tolife. - anesthan £ " - these conditions begin to turn towards those
Today we know more sbout(glclgggao ftheir Y.OUIKN O/ 2t ideal for a hurricane birth, meteorological
s’ ing the pre “n centres can be alerted
¥ d their potential pa & . o o . .
- emergence an £ this lies not only y Being given this wide array of information,

easier. Theimp ortance

i 1

’*“ :

; deaths .
. — ’ %A The deadliest hurricane S ey

forecasters need to put together a likely picture
by feeding all this data into a superfast
computer. But although scientists know what
conditions are needed to form a hurricane, they
don’t know why one doesn’t occur every time the
conditions are right. For this reason the activity
within the ocean and atmosphere has to be
closely monitored. As soon as tropical storms
begin to accelerate towards Category 1speeds,
they use global wind patterns to plot the
potentially impacted land mass. Drawing out
multiple path possibilities, populations which
could be affected can be warned in advance.
These awesome forces of nature can usually
be observed between June and November, with
hurricane season peaking between August and
October. It isimpossible to put up a fight against
these power-accumulating wind towers, so the
best thing to do is give them right of way and stay
clear of their predicted paths. Evidence shows
that recent hurricanes are intensifying more
quickly in the last few years, so watch out the
next time nature kicks up a storm.

il
%

. took place in 1900 &4’%’

© Getty
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[l Yl RN[oY® Hurricanes release heat equivalent to a ten-megatonne nuclear bomb exploding every 20 minutes
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== |NGREDIENTS
%‘ ~ These components
§_ fo?:ﬁa\gifnar! oTt%heese
—— intense storms

— ‘Weather
— disturbance
— Hurricanes develop from
= previous weather disturbances.
— A tropical storm begins
— as an area of low
_-Hi' atmospheric pressure.
_-—

e

B—

—

|--—._-E Warm water
e

——— The ocean needs to be at least
= 26.5degrees Celsius, coverirg

% depths of 50 metres.

Thunderstorm
Thunderstorms are built into
omething larger, stronger and
more explosive.

Wind

% Air needs to travel vertically
from the ocean, creating a

lifting mechanism.

(oA L

movement of air particle
line where tropical storms

_Hurricanes, cyclones an
this line, but what makes
other? The answer is not
three titles for the same

CATEGORY 1

119 to 153kph

Although it’s the lowest category, danger can be displayed in falling
debris and the destruction of older mobile homes. Protected glass
windows are likely to survive intact, but snapped power lines can

_ -~ leave impacted areas in darkness.

I “ storms

CATEGORY 2

154 to 177kph

This category puts all
mabile homes under
threat and the
in-reased strength
birings higher likelihood
of injury and death.
Power losses should

be ~xpected. v
L1

RA
NATUR
POWER

-

e

-

i
-

CATEGORY 5

252kph+
These are the
deadliest of
hurricanes, claiming
the most lives and
leaving areas
completely
demolished. Metal
buildings are brought
. to the floor, the sky is |
filled with flying debris ‘ ' !
and long-term water A )
shortages are caused.

————

178 to 208kph

Risk of injury and death becomes high. Many
houses and flats are subjected to significant
damage and the storm tears trees from the
ground. Affected areas can have to live without
water and electricity for weeks.

B CATEGORY 4

209 to 251kph

The risk to life is now very high. Hurricanes in this category will
break most windows in high-rise buildings and blow the roofs off
houses. Power damage and water shortages mean areas can
become impossible to live in, sometimes for months.

%

This is an aeﬁiafshot of Hurricane

variation in nam
they form.

Once in action th
» the route taken b
bur§ts and the time the storms las
Their paths are steered by global
Span depends on strength and ac

resources along their path. While an average

hurricane will |ast fi
: : or several days, Hurrj
Sustained its power for 31 days ix l’gglj{l‘ Icane John

e depending on the region where

S, it is close to this central
usually brew,

d typhoons al| form along
t.hem different from each
hing. These are simply
weather pattern, given a

Yy these violent
t_can be diverse,
winds and their life
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This was the most active
Atlantic hurricane season on
record, with 27 named
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9 Dorian
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"'f | The aftermath of Dorian is
= ! shown here after its route
- CANADA through Marsh Harbour in the
= Bahamas, 10 September 2019.
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- 7 Haiyan
This is what the
~ houses in the city of
lloilo looked like after
I Typhoon Haiyan.
'-'.:_-:' --_---
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' 8 Harvey L
Hurricane Harvey
: had a massive

in Texas.
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A pile of debris shows
the strength of Hurricane |
Katrina in Mississippi.

URRIGANES THROUGH HISTORY

Okeechobee
Date: 6-21 September 1928
Category: 899899
Deaths: 4,000+
— | — w — L]
Okeechobee made landfall near West
Palm Beach, Florida, late on 16
September, tearing up the land and
homes and taking lives. Days before the
hurricane had already claimed the lives
of about 1,500 people in the Caribbean.
e worst impacted area on the
mainland was Lake Okeechobee, which
gives the hurricane its name. This
region was used primarily for farming,
and although a small dyke had been
built to protect the land, it was no
match for Okeechobee’s 225-kilometre-
per-hour winds. Many workers were
drowned in the flooded fields, caused
by a storm surge.

D22 How It Warks

Labor Day Hurricane

Date: 29 August - 10 September 1935
Category: 99899

Deaths: 485

— — ] — E— L]

One reason why this hurricane cost the

lives of hundreds is due to the
underestimation of its scale. Hitting
Florida Keys on 2 September, the
hurricane obliterated the coast, where
World War | veterans had been sent to
build roads and bridges. 250 of them
died doing this work because the
organisers were unaware of the
intensity of the incoming storm.
Slamming into a 64-kilometre section of
the coast, almost all human-made
structures were ripped apart and the
workers stood no chance in the fight for
their lives. At the time it was the most
intense hurricane to hit the US.

Bhola cyclone
Date: 3-13 November 1970
Category: Cyclone
Deaths: 500,000+
— e || — —_—
This tropical storm is a cyclone,
which forms over the South
Pacific and Indian Oceans. Bhola
was one which caused severe
havoc in both India and
Bangladesh, then named East
Pakistan. Those living on the coast
had no idea of what was to come
as meteorologists had no way of
communicating with most living in
the area. As they slept the cyclone
crossed the land, carrying a wave
of water six metres high and
winds of over 225 kilometres per
hour. Bhola is one of the deadliest
natural disasters in recent history.

Katrina
Date: 23-31 August 2005
Category: 89999
Deaths: 1,800+
E — ] — —
When Katrina reached land in
Louisiana, it was at Category 3,
but it grew to a width which
could reach across the entire
Gulf of Mexico. Impacting great
stretches of land, signs of
Katrina's presence remained for
over a decade. Criticising the
preparation in place for such a
storm, the search and rescue
response and following action,
Barack Obama said: “What
started out as a natural disaster
became a man-made disaster...
a failure of government to look
out for its own citizens.”

www| howitworksdagily, -| ]
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Wilma
Date: 15-27 October 2005
Category: 99 9@9@®
Deaths: 87
== == === e
Within 24 hours of
becoming a hurricane near
‘Jamaica, Wilma developed
into a rapid Category 5,
Crossing two peninsulas,
These were Mexico’s
Yucatan Peninsula, Where
some towns were flooded
by rainfall of over one-and-a-
half metres, and Florida,
which it crossed in just
four-and-a-half hours. In this
limited time 6 million
residents in Florida lost
electricity for two weeks,
while damage to sugar cane
and other crops due to
flooding made the hurricane
one of the most expensive,



)Yl RNoYR Hurricanes that form north of the equator spin anti-clockwise, while southern ones spin clockwise
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6 Sandy

Hurricane Sandy
put this restaurant
underwater on 30
October 2012.

= rr"‘l

|0y

Sandy
Date: 22 October - 2 November 2012
Category: @9@9 8
Deaths: 285
— E— E— ] e |
As it raged into mainland America, the
hurricane became trapped by another
storm. Having another nearby
high-pressure storm meant that Sandy
was unable to leave New Jersey and
Delaware. As the two storms merged
and became trapped along
the coast, the
increased scale of
the affected area
and persistence of
the brutal winds
rendered many
people homeless
- if they managed
to survive.
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Hurricane John travelled a
distance greater than the
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Flooding in Texas can be
seen in this aerial shot.

Typhoon Haiyan
Date: 3 - 11 November 2013
Category: Super typhoon
Deaths: 7,000+
— — — | E— E— L
Targeting the islands of the Philippines, Haiyan is
one of the strongest typhoons ever recorded.
Subjecting the islands to seven-metre-high
waves and relentless rainfall, the storm had a
severe impact on the country’s economy and
killed people in devastating numbers. Of those
who were lucky enough to walk away from
the event, 1.9 million were left
homeless. Not only does this storm
highlight the impact on people’s
lives, it also shows how they can
tear apart the environment. The
uprooting of thousands of trees
meant there was a significant loss
in habitat for wildlife, creating a
decline in biodiversity.

diameter of Earth

rve
Da’!::aﬂ August - 2 September 2017
Category: @0 0@©
Deaths: 68
— .
l:Jl:/.ing made a pit stop in the Gulf of Mexico,
Hurricane Harvey was ready to attapk Tex;s
with its power. It had just refuelled in the eep,
warm water and would soon shoyv off its
newfound strength. While it wgs in the ey
second-strongest category as it ma.de 'lan all,
the hurricane soon weakened, staying in (;ne
place fora prolonged period. As a result the
total death toll is much lowe.r than some
of the other Category 4 hurrlcvane’es
that came before it. What it didn't
take in lives, however, it made up
for in land. The mass ﬂoodir.\g
which came with the hovering
hurricane destroyed the homes
of 135,000 people in the area.

split in half by Sandy. -

INDONBSIA '):.__ '\

- 3 Bhola cyclone
Villagers search for salvageable
rice and grains following the

cyclone in East Pakistan.

YOUIKNGOW?2

30%

of hurricane deaths are

Dorian
Date: 24 August - 10 September 2019
Category: 80 99®
Deaths: 84
— | ] — | — —
Although classed as the slowest maving
major hurricane on record, Dorian was one of
the most catastrophic. Spending much of its
progression above water, it was able to
sustain a relatively long life span.
Unfortunately for those in the Bahamas at the
time, the route it took
happened te trace the
islands. Mot only was
this a lingering storm
but it is the stronges
hurricane ta ha
the Bahamas and
one of the strongest
across the
entire Atlantic,

due to flooding
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Pilot

Hurricane hunter pilots are in control.

- They undergo extensive training
Co-pilot beforehand to enter the world’s
The co-pilot is in continuous worst storms over and over again.
communication with the

. . pilot throughout the flight.
Flight director These details are also

At one of the closest relayed to a flight engineer.
stations to the cockpit,

the chief meteorologist

directs the flight path

H “ n n I c A N E USing incoming radar
information. Their role is
to ensure the mission
objectives are met while
the crew remains safe.

Discover the planes
collecting storm statistics
and the people who risk

their lives to get them

Navigator

The navigator tracks the
storm’s movements and
determines the best
route and approach.

Rain radars

Radars on the tail and belly of
| the plane provide information

about rainfall density and

turbulence. Multiple radars

around the plane give a 3D

perspective of conditions.

—

Engine power

Four powerful turbine engines

ensure safe flying into extreme

wind. There are two on each

wing, but only two need to be : . H
running for safe flying. When 1
needed, the extras can be used

to keep the aircraft in control. 2 Probe dropping
I These devices are sent outside

the plane to further explore
external conditions. Hurricane
hunters carry two varieties; one
drops straight to the ocean to

o measure water temperatures,
mm .rﬂf"-'l While others provi.d.e datg about

air pressure, humidity, wind

SCAN HERE S speed and (Jiirection.

Probe parachute GPS antenna Microprocessor ET T Into the eye First crossing
Parachutes allow for a Data from GPS This tiny device takes the transmitter The plane makes its first flight After crossing through
slower fall, giving time for satellites is collected to data from the sensors and Every 0.5 seconds, this through the centre of the the entire hurricane,
the probe to collect data. It calculate wind speed digitises them. sends temperature, hurricane. Passing through the researchers on board
takes seven minutes for the and direction. humidity, pressure and walls of the eye is the windiest have a good
probe to fall from six wind data back to the and bumpiest section. It is here understanding of the
kilometres. plane’s computers. that the probes are dropped. conditions throughout.
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eI YU MNoYYR The fastest wind ever measured on €arth’s surface came from Cyclone Olivia, at 4o07kph

Y OUKNOW2

Hurricane Katrina made
landfall in 2005 and
remains the costliest

“hurricane in US history,

Radar system
Doppler radars bounce

® microwaves off the inside of the
hurricane. The data returned
can show the speed of the wind.

JARYZONE | S

SCAN HERE ®

End of route
The more the plane
journeys into the storm,
the more data will be
collected. This route can
sometimes be endured
several times.

Crisscross
The plane takes its position to
cross through the storm for a
second time. Hurricanes can
evolve so quickly that it may
seem like an entirely different
storm upon second entry.

www.howitworksdaily.com

HOW
HURRIGANES
FORM

A combination of
forces create these
mighty spectacles

1 Moist air
Hurricanes only form over
warm waters. As the moist air
is heated by the ocean it rises
away from the water and
pressure builds just above the
surface. This warm air is the
storm’s fuel.

2 Begin to spin
To replace the rising air,
surrounding particles move into
the gap left behind. These then
warm and rise, creating a cycle
of particle movement. This
ongoing displacement of air
moves in a spinning motion.

3 Whirling winds
As wind increases, moving air
particles in the centre push into
the spiralling wind. With
nowhere else to travel, this
forces the air to move upwards
at the centre.

4 Creating clouds
Having risen, the air is cooled
and begins to form clouds
where thunderstorms can
take place.

5 Growing system
As air continues to rise and
cool, the cloud and wind
system continues to expand
and spin.

6 Descending air
The storm gains speed and an
eye forms at its centre. This
clear section has a low pressure
and forces high-pressure air
from above it down into the
massive central space.

7 Classification
Speeds progressively increase.
When they reach 119 kilometres
per hour, a hurricane is born.

8 Land limit

When travelling across land,
the moisture and heat fuelling
g“. the hurricane stop the upward

flow. The hurricane will
continue to move over land until
it loses energy.

YOUIKNOW2

The most powerful hurricanes
have winds with speeds the
same as a free-falling

skydiver

© lllustration by Nicho as Forder

Storm chasers

While most people warned of a
hurricane’s approach plan their
escape, some people don’t run. It is
their job to put themselves at the
centre of these storms. One of the
essential methods used to collect
hurricane data is to fly straight into a
storm. Unsurprisingly, being at the
centre of a Category 5 hurricane isn’t
the safest place to find yourself.
However, the planes used are specially
designed for smooth flying under the
stress of one of Earth’s most
unforgiving forces.

You might expect the strongest
hurricanes to present the most
challenges, but crews on these planes
have said otherwise. It’s actually the
unpredictability of the ever-changing
conditions that create sudden danger.

This photo was taken from inside the eye of
Hurricane Floyd

Surfing the storms

While most adhere to precautionary
measures and prioritise their safety,
some people travel towards the shore,
ready to take on what the storm has to
offer. In this case the offering is big
waves, and for many surfers this is the
ultimate challenge.

Hurricane-generated swells are rare,
more dangerous and everything these
thrill-seekers crave. The towering
waves are generated at the centre of
storms. As water rises from the eye of
the storm, it mixes with the high
winds and currents, creating a surge
of water. The closer the hurricane gets
to land, the wilder the waves.

A surfer rides waves caused by
Hurricane Rosa in 2018
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ustralia is no stranger to the weirder side
A of evolution, with the likes of patchwork

platypuses and egg-laying, hedgehog-
like echidnas roaming the land. However, it has
also become the home of one particular group of
mamimals: marsupials.
d hidden beneath the ground, hopping
gh grasslands or hanging among treetops,
ralia hosts a majority of Earth's marsupials.
Around 250 species of these pouch-bearing
parents live throughout the southern continent
- that's more than anywhere else in the world.
There are 120 speciesin South America and only
one species, the Virginia opossum, is found in
North America. This abundance has led some to

028 How It Works

hy are Australia’s indigenous maumg}s'tb'ﬁl fer

Words byScott Dutfi

believe that marsupials first evolved in
Australia. However, that is not the case. It took
millions upon millions of years for marsupials to
malke their way over to what would become the
world’s smallest continent.

“This created an
opportunity for early
marsupials to use land
bridges between what
later became separate
continents”

What does it mean to be a marsupial? How
have the different species adapted as parents
and what was their evolutionary journey across
half the world to build the current kingdom of
the marsupialslike? Home to the springing
kangaroo, tree-clinging koala and burrowing
wombat, Australia is well known for the
diversity in its species and for being home to
mammals that are rarely found around the rest
of the world. The kangaroo, koala and wombat
are native Australian species—and are all
marsupials, of course. This means that the way
they give birth and support their young is
different from other placental mammals such as
humans, elephants and bears.

Allimages © Getty unless otherwise stated
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There are more than 100 species of opossum in South America

Inside a koala’s pouch . 1 AARE A ')j
Discover how these tree-hugging mammals grow - i \ b; ’::.;*-

Gestation Birth The climb

After conception the developing Blind and yet to develop Driven only by a sense of smell, the
embryo will gestate for 35 days, ears, the joey will emerge joey climbs to its mother's nipple,
growing into a pink baby, called a from the birth canal and f where it attaches. It drinks only
joey, around two centimetres long. climb into the pouch. | milk for six to seven months.

Many marsupial babies are
born without the ability to
see or hear

Motherhood
Over their 12-year life span,
female koalas will only
have five or six offspring.

#

. Independence
. After a year the fully developed
| juvenile koala will stop drinking
¥ 2 milk and forage for itself.

New food
= Before the young koala is ready to
. leave the pouch it leans out to feed
- on a type of faeces produced by the
mother called pap before delving into
a diet of eucalyptus leaves.



& ENVIRONMENT

Travelling to
Australia

How marsupials migrated to the other
side of the world

The journey begins
Around 66 million years ago marsupials
made their way down from North America to
South America. Although at the time the two
land masses were not connected, it's
thought land bridges or islands may have
allowed them to migrate.

Heading south

Once in South America the number of different

marsupial species increased, and although
today most of those species are extinct, South
America still has the second-highest diversity
of marsupials.

Crossing Antarctica

While South America was still attached to
Antarctica and Australia - before splitting 40
to 35 million years ago - some marsupial
species hot-footed across the land masses to
populate Australia. During the time of their
evolutionary migration, Antarctica, like many
other parts of the world, would have been
filled with tropical rainforests.

New home

Placental mammals carry their
offspring internally, where they are
nourished by a specialised organ
called the placenta until the
developing fetusis fully grown and
ready to be born. Marsupial babies,
however, are born at a stage when
they are still developing.

Rather than facing the outside
world immediately as human
babies do, a marsupial joey will
climb its way into a protective
pouch on the mother where it will
continue to develop until it's fully
formed. This also means gestation
time can be surprisingly shorter in
some species compared to their
placental cousins. For example, the
mouse-like stripe-faced dunnart
has a gestation period of only 11
days before the fetus is birthed into
its parent's poach.

But why is Australia inhabited by
so many of these marsupial
mammals compared to the rest of
the world?It’s easy to assume that
marsupials must have evolved on
the Australian continent because
it'sanisland without a geographical
bridge over which they could
venture outside its borders and
form new populations. But that’s
not strictly true. The first
marsupials appeared in what is
now North America 160 million
yearsago, when Earth’s
supercontinent Pangea connected
the world’s land masses as one. This
created an opportunity for early
marsupials to use land bridges
between what later became
separate continents, allowing them
to move around to form new
populations. Over millions of years
the ancestors of modern-day
marsupials found themselves on
the Australian continent without
strong competition from the
placental mammals evolving
elsewhere around the world.

Allimages © Getty unless otherwise stated

Quokka

Often seen with what appears to be a smile on their faces,

Modern-day
marsupials

Meet just a handful of the 250
marsupial species alive in Australia
today

Wombat

Weighing up to 36 kilograms, these robust
mammals begin life gestating for 21 to 30
days before they climb into their mother’s
pouch for another five months. Finally
they emerge, frequently revisiting the
pouch for another two months

whenever they feel threatened.

Dwelling in forests and

grasslands, these

vegetarians dig deep

burrows, forming complex

tunnels and chambers.

Honey possum

These marsupials are some of the
smallest of the bunch, weighing up to
just ten grams and fitting easily in the

5 B8 palm of your hand. As extremely small
adults, their young only weigh 0.005
grams, the smallest of any mammal
born in the world. Honey
possums spend their
lives predominantly
feasting on the a y
nectar of plants, =
consuming ' “
around 1.5

~ teaspoons
of nectar
per day.

The first fossil evidence of marsupials in Quokkas are one of Australia’s eternally pregnant ! f“ 0

marsupials. With the ability to give birth to a fetus after . i
27 days, while the new offspring is suckling in the . s 2
mother’s pouch, another fetus can begin to grow . L
internally. This baby conveyor belt is believed to be a -
good defence mechanism for the Quokka. When : !*
threatened it can evict the suckling young as a ;
distraction to escape, reassured that another baby is

growing inside.

Australia dates back 55 million years. Since
the continents broke apart Australia could not
be reached by the placental mammals
dominating the rest of the world, leaving
marsupials to thrive.
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A wombat's poop is cube-shaped

Greater bilby
They might look like rabbits, but they
are far from it. This endangered marsupial
lives in semi-arid shrubland and has large
ears to compensate for its poor eyesight. The
. | greater bilby is capable of giving birth up to four times a
year, producing eight offspring at a time. By only five months old, these

% marsupials are fully grown and ready to reproduce.

=T, ~
. Around 50 centimetres in
length including their bushy
51. tails, these small marsupials
- gestate for 14 days then carry their
_'+ pouch-bound fetus for nine months
™% before it is able to forage for insects itself.
~ Numbats have a long, slender tongue that
- scoops up termites from leaf litter and
‘ deadwood - up to 20,000 of them a day!
. There's enough water in these termites
! that numbats don't have to drink any.

“Often seen with
what appears to be a
smile on their faces, o % q :255&2“22?52;3rﬁfjn?fn‘;‘fi?i';i;”n‘i;yrngSfj'E?Stﬁi?i'”ai grow 30
Quokkas are one of SRR AR ™ . i in e pouches i ormony attios Ater
Australia’s eternally | J o alowing the mether 1o hunt nd remve oot
pregnant marsupials”

Source: Wiki / PD/ CC / Reto Stockl / NASA Goddard Space Flight Center
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What is a petnfied forest?

How a forest of green trees turns to stone and rubble

aking ip the Arizona sgnshine isaforest Prehistoric forests
frozen in stone. Spanning 896 square Conifer trees that once stood as
kilometres, the Petrified Forest National lush, green forests in prehistoric
Park is a vast, arid site filled with undulating AL S e
around 60 metres, concentrated
hills and rocky outcrops all staying dry in the hot N
weather. But it wasn't always this way.

Travelling back more than 225 million years,
the almost-barren land today once flourished
with towering conifers and trickling rivers.
However, during Earth’s evolutionary journey to
the modern day, the land was stripped of its
once-luscious green foliage. Instead it has been
left with the petrified shadow of a forest that
once was. As if having stared into the eyes of _
Medusa, solid stone tree trunks litter the ground. )
They are the same trees that once stood tallina
living forest, but over time have undergone a
type of preservation known as petrification.

Unlike the creation of tree fossils, where the _
carbon-rich wood is compacted by mounting \
mud and rocks, petrification is a process
whereby minerals are displaced from one source
and incorporated into the remains of a once-
living organism. This form of natural
preservation occurs not only in ancient trees, but
across the spectrum of life on Earth. For
example, the bodies of migrating birds that have
fallen into Lake Natron in northern Tanzania
have undergone a calcification whereby their
remains are chemically preserved with calcium
from the alkaline lake water - albeit in a much
shorter time frame than the stone wood in the
Petrified Forest. It's taken millions of years for

the types of preserved wood found in Arizona to Tu rn i ng tree

form, and it’s not the only place in the world to

showcase forests of the past. Throughout tl‘unks ||1t0 Stone
America and as far as Greece, these stone forests How volcanoes play their part in

offer a glimpse into a world long forgotten. preserving wood over millions of years

! i “Timber!”
df;& When these
; trees died or
were damaged
they would
_aniwin naturally fall into
the surrounding
water systems.

Volcanic eruptions
Over time volcanic explosions
caused tonnes of ash to enter
into the atmosphere, settling into
water that trees had fallen into.

Absorption

The minerals that make up
volcanic ash, such as silica,
are then soaked up by the
submerged wood.
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010 You KNOW? Hundreds of plant and animal species still live in the Petrified Forest National Park

The National Park is a
beautifully haunting sight

Colour of petrification - -
These elements give petrified wood its
beautiful, glassy and colourful appearance

Carbon, manganese

Copper, chromium, iron

Iron

Natural quartz

Copper, iron

Global shift

During this petrification process, the world’s once-joined
continents separated, changing the landscape and
ultimately draining this area of water to reveal the
now-stony remains of forests long forgotten.

Transformation
Over millennia the silica and
other trace minerals, such as
iron, crystallise into an array
of coloured hard quartz.
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Class: Cephalopod
Diet: Carnivore

The statistics

I

Octopus

Average life span in the wild:
Six months to five years

Discover the incredible abilities of these Weight: 0.1 to 200 kilograms

eight-limbed wonders of the natural world

ctopuses are sort of like the

superheroes of the animal

kingdom, with so many
amazing abilities and adaptations that
they begin to look greedy. They can
solve mazes, open screw-top jarsand
use tools. They can walk, they can swim
and they can even propel themselves at
high speed. They can change colour,
imitate other animals, squirt ink, inject
poison and jettison their own arms.
When you can do all of that, who cares if
you can predict the future or not?

Although they are molluscs,
octopuses don’t have a shell or bones.
The only hard part of their bodyisa
small beak, made of keratin. This
allows them to squeeze through
extremely small gaps - an octopus a
metre across can pass through a tube
the size of a 50 pence coin. Octopuses
mainly eat crabs and small fish that
they pull out of crevicesin rocks and
coral reefs, but they can also tackle
small sharks by enveloping the sharks’
gill openings and suffocating them.
Octopus blood uses a greenish-blue

copper pigment called haemocyanin
instead of the iron-based haemoglobin
in our own blood. Haemocyanin can’t
carry as much oxygen as haemoglobin,
butis actually more efficient at low
oxygen concentrations and in cold
water. Despite this octopuses have poor
circulation and quickly run out of

034 How It Works

Size: Up to nine metres

Eye

This looks much like our own,
with a lens and an iris, but it
evolved in a different way.
Octopuses don't have a blind
spot where the optic nerve
passes through because the
retina is positioned differently.

energy. This may be one of the reasons
for their intelligence - they don’t have
the stamina for a prolonged chase and
must rely on their cunning.

Male octopuses die almost
immediately after mating. The females
are even bigger martyrs. They guard
their eggs for months, or sometimes
years, and rather than leaving the nest
to hunt they will eat some of their own

Poison glands
These evolved from salivary
glands. As well as paralysing

arms. After that the female dies, and 65 ]E’lrei’; theyk?'s‘?tso‘cte_” Lép thi l
. . "/ A " flesh, making it easier to eat. 1
the eggs hatch into babies around the .‘{ W % _J‘-..-_"*r o -
size ofa walnut. R el “;3 N
&7 e :-f"', ﬁ“*»"‘
5 SN/ 7 e
i e @8
K PR, 7] %‘f
Chromatophores WS t@ (W
The colour-changing cells in ~EERASS )
the skin are funnel-shaped. By h = !_:_i‘ /
squeezing ink into the funnel ~ Lgl &
from a bulb at the base, the ;"' - |i "T
octopus can control the size = I "=
of the coloured dot. 1 'IIJf- "i
i- Qgh’
Tl el it
i III:IIlI , " ‘a

e
@ N
' ~\ - '- £
e

- . _1.'_ . .
Colouration T Suckers
This blue-ringed octopus can Twin rows run the length 3
change colour to match the sea of the arms to allow the ; Y& =
bed or suddenly flash its bright, octopus to grip and to '
blue rings to startle predators. taste anything it touches.

The way forward when the octopus _ Great for
needs a quick burst of speed . gripping

© Science photo library
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D10 YOU KNOW? Octopuses have three hearts: two pump blood through the gills, the third serves the rest of the body

OCtOpuS a“atOmy LR Defences

front of the stomach. -
Food gets broken up by All octopuses inject a

the external muscle paralysing poison through their
contractions of the body. beak to subdue prey. The
smaller the octopus, the more
deadly the poison. The
ten-centimetre blue-ringed
octopus can kill a human.
Octopuses have a lot of
predators of their own though,
and most of their adaptations
are to evade capture. Colour-
changing skin cells, called
chromatophores, can be used
for camouflage or to flash
alarming colours to scare
predators. Many species also
have tiny muscles under the
skin to change their texture to
resemble spiky coral or fringed
seaweed. The mimic octopus
will even hold its arms and
swim in such a way as to look
like a flounder, sea snake or a
o e poisonous lionfish.
s - If that doesn’t work the
Gonad octopus can squirt a cloud of
Octopuses don't have a separate melanin dye. This provides a
penis; they deposit sperm in the smoke screen and also
female using one of the arms. In interferes with the sense of
some species the third arm on smell that most sharks use to
the right is specialised for this job locate prey.
and is called a hectocotylus. ] 2

Brain

Only one-third of the
octopus’ neurons are in
the brain. The rest are in
the arms, which have
some independence.

The ‘exhaust pipe’ for
the gills and also a

means of jet propulsion.

’ o R & T

i

Gill
The mollusc gill is called a
1 ctenidium. Water is drawn
U through mantle flaps on
" “__=':j£ either side of the body.

Intelligent
arms

With the ability to twist in
every direction and suckers
that can grip and release
individually, octopus arms are
much too complicated to be
controlled from a central
brain. Instead they operate
semi-autonomously. An
octopus issues instructions
and trusts that they will be
carried out, and occasionally it
has a look to make sure. This
means that an octopus doesn’t
have a very good idea of
where its arms actually are at
any moment and can’t work
out the shape of something by
feeling it, like we can.

Octopuses can taste
through their suckers and can
detach an arm and regenerate
a new one if they need to give
you the slip. One species, the
paper nautilus, uses an arm to
deliver sperm. It detaches and
swims across to the female all
by itself.

"\" ON THE MAP

Where can you find an octopus?
1 Coralreefs: The myriad of crevicesin areefare
home to lots of tasty creatures, but the octopusis very
good at prying them out.

2 Sandy floor: This is more dangerous for an octopus.
Some dig burrows in the sand, while others use
discarded bivalve shells, like a hermit crab.

3 Rocky abyss: The North Pacific giant octopuslives in
the deep, chilly depths on the Pacific seabed.
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NEXT-GEN ¢
GONSOLES

Going head to head for a holiday 2020 release, we
take a look inside the PlayStation 5 and Xbox Series X

Words by Scott Dutfield

ver the past 25 years Sony and Microsoft have

pushed the boundaries in the latest gaming

technology. From the launch of the first
PlayStation in 1994 and the first Xbox in 2001, both
market-leading companies have driven the narrative
when it comes to the future of game design. This winter
will see the release of both their latest technological
endeavours: the PS5 and Xbox Series X.

With every new console generation that graces the
market, new hardware developments are to be
expected, and the way these consoles store data is
just one of them. Both the Xbox Series X and
PlayStation 5 are making huge strides in storage
with the introduction of fast solid-state drives
(SSD) to replace each of their previous models’
hard disk drives (HDD). The SSD stores data,
including entire games, which is loaded into the
console’s random-access memory (RAM) and
eventually displayed on your screen when you
play. This data transfer is quicker because there
are none of the mechanical moving parts seenina e A
HDD - the data stored on an SSD doesn’t become N p— and a
fragmented, which slows read times. For the PS5, data Xb dedicated hard drive.

ox and

will be read 100-times faster than the PS4. This will _
2000 b—w
The PlayStation =

mean faster loading times and will transform the way 0Ol
game developers create worlds, allowing ways that = i, _
were not previously possible. eVOI lltl0|1 ""‘

© Shutterstock

2001

= ) |aunches, offering * : —
high-definition 3
As Sony and Microsoft prepare to drop the next How the two graph;%?lﬁtDVD ’ \.
. . . . compatioiity an
generation of gaming consoles, we take a look inside consoles have 1994 or?”n il a};

h hi d h h d h Sony’s PlayStation hits the market.
the machines and uncover what you may expect to see changed over the Within ten years this console sold over

from both the PS5 and Xbox Series X. last 25 years 100 million units worldwide.
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DID YOU KNOW? The PSe ranks as the best-selling console of all time, with over 157 million units sold worldwide

“Both consoles are

making huge strides PS5 Xbox Series X
. n
INn storage .
: tral :
Elzght—core AMD procezgs;ailng Eight-core AMD
> en 2 CPU at nit (CPU) Zen 2 CPU at
e 3.5GHz . 3.8GHz
_ - 10.28 teraflops, LGS 12 teraflops,

; processing :
36 control units unit (GPU) 52 control units

16 gigabytes Memory 16 gigabytes
(RAM)
: Internal
825 gigabytes storage 1 terabyte
(usable) (SSD)
4K ultra-high- Optical 4K ultra-high-
definition Blu-ray drive definition Blu-ray
drive drive

© M rcosoft
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Microsoft has revealed that
the Xbox Series X will support
an external one-terabyte
removable storage card
2004 2013
Taking the PS2 and making it The PS4 hits the shelves with
pocket-sized, Sony creates the PSP: a advanced features for online gaming,
handheld console that could play games, including integrated streaming and
movies, music and surf the web. social media functionality.
z ,7 2011 / - _. 2020
" SN e Upgrading from #& \ The Xbox Series
—_—— ‘ R, ' == < the PSP the PS Vita = =izt " g s e J 1% = Xand PlayStation 5
- .\ = features a five-inch ' , , areslatedtolaunch
= /. 2 touch screen, 4 intime for
- 2005 2006 analogue sticks and 2013 = Christmas this
ear.
The Xbox 360 is released as the  The next console from Sony rear touchpad. Presenting the possibility of cross- L
latest in high-definition gaming comes in the form of the PS3, with platform PC and console gaming, the
and online connectivity. the addition of Blu-ray compatibility. Xbox One hits the market.
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GONSOLES

Discover the cutting-edge

technology that brings
video games to life

Xbox Series

Power supply
To keep all of this
hardware going, the

console will need a
power supply unit rated
for at least 315 watts.

[ARYZONE!

Exhaust fan and
heat sink
A large fan pulls air
through the console. High
temperatures can cause
the system to stall and
shut down, so adequate
cooling is vital.

Split motherboard
Found at the heart of the
console’s components, the
motherboard is split in two
to help keep it cool.

Graphical evolution

How the visuals of perennial classic Tomb Raider have improved with new graphics technology

2006 PS2/Xbox

Tomb Raider:
Legend

038 How It Works

i2008 PS3/ Xbox 360
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SSD

The Series X is packed
with one terabyte of SSD
storage, enough to hold
500 hours of HD video
or 20 triple-A games.

“*’L :

AT ETY L

2018 Ps4/ng;< One

RAM (memory)
A total of 16 gigabytes of

memory split across 10
individual modules allow the
GPU and the rest of the
system to store temporary
files for quick access.

© Microsoft

Vapour
chamber

To prevent overheating,
the vapour chamber
works by channelling
the heat from the top
of the hot CPU and
GPU via a heat sink to a
fan that disperses the
hot air.

CPU

As the ‘brain of the console,
the Xbox Serties X is equipped
with the latest Zen 2
processor, vw/hich has eight
computing cores to help run
high-definition games.

GPU

If the CPU is the analytical ‘brain’
of the console, then the graphics
processing unit (GPU) is the
creative brain. It translates the
data into the beautiful visuals
seen on screen and is built into
the same space (the die) as the
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DID YOU KNOW? The Xbox One Live platform runs off more than 300,000 servers

PlayStation

Heat sink

Placed above the CPU and
GPU, heat is drawn away
from the vital components
of the console.

Motherboard

This will be a single circuit
board connecting all the
PS5's internals as opposed
to the split motherboard

al
ABOUT

PLAYSTATION
AND XBOX

Fans seen on the Series X.
Cooling fans are positioned

at either end of the console

to vent heat from the

internal components.

Nintendo almost

owned PlayStation
Originally the PlayStation was
developed as a CD-ROM add-on for
Nintendo’s Super Famicom, the
Japanese name for the SNES.
Nintendo pulled out of the deal with
Sony, who decided to release its
own disc-based console.

Green was the only option

It's been reported that the
reason that Xbox’s iconic X logo is
green is because the designer,
Horace Luke, only had a green-
coloured marker after all his other
markers were stolen.

Towers of data

If you remember the loading
screen of the PS2, you might recall
a series of towers shooting up and
down. This wasn’t just a fun
graphic - they represented the
saved game data. More towers
meant more data was stored.

Overseas slump

The first Xbox only sold
123,000 units in its first week of
release in Japan in 2002. Microsoft
slashed the price of the Xbox from
$299 to $199 only two months
after release to boost sales, barely
making a profit in the process.

PlayStation played CDs
Not only was it a revolutionary
SSD console for the 1990s, but the first

CPU The PS5's 825 PlayStation was also a music CD
The PS5 will use a Zen 2 o player. Some PS} games w0_uld
processor with eight represents the amount double as a music disc, playing
computing cores - the of usable space, the tracks from the games on
same as the Xbox Series remainder will be used conventional CD players.

X, though operating a for system files.
fraction slower.

RRIZONE

SCAN HERE ®©

© lllustration by Adrian Mann

A new virtual worid

One rapidly growing avenue in gaming has been virtual reality (VR). PlayStation gave
gamers the option to enter new worlds with its own PSVR headset back in 2016,
whereas Microsoft cancelled its VR hardware for the Xbox One. There were rumours
that the Xbox Series X might change that, though Xbox head Phil Spencer put those
rumours to rest when he spoke on a Gamertag Radio podcast, saying there were no
plans for any sort of VR on the Xbox Series X. Sony, on the other hand, likely has new
PSVR technology in development, thought to work exclusively with the PS5.
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@ TECHNOLQOGY

Achieving the liquid
chocolate’s smooth
consistency is a
lengthy process

From the tree to your mouth, we reveal
the secrets of the chocolate factory

hocolate production begins at the
‘ cocoa tree, where cocoa pods

containing cocoa beansina cotton
wool-like pulp are harvested between the
months of October and December. The beans
are placed between layers of banana leaves
for six days to drain the pulp away -a
method known as ‘heap’ - before being dried
insunlight, packaged and sent to a factory for
chocolate making.

Inside a chocolate factory the beans are
heated inside a continuous roaster as they
travel along a conveyor belt. The timing of
this process varies depending on the flavour
required. Once suitably roasted they are
broken down into small pieces and their
brittle shells are removed, leaving only their
meaty centres, the ‘nibs’, which contain the
cocoa butter essential for chocolate
production. Amill grinds these nibs into a
thick, brown liquid known as ‘cocoa liquor’,
the basis of all chocolate products, which is
then mixed with varying amounts of sugar
and milk depending on the required type of
chocolate. Typically dark chocolate consists
of 70 per cent cocoa liquor, while milk and
white chocolate have 30 per cent.

Vacuum ovens then dry this mixture into
what is known as a chocolate ‘crumb’ before
giant rollers squash the liquor together. It is
then ground between rollers to improve the

040 How It Works

© Cadbury
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silky texture before being smoothed even
further in a process known as ‘conching'’.
This involves kneading the mixture in giant
tanks heated to about 46 degrees Celsius,
with the very best chocolate being conched
for more than a week. The final process is
tempering, where the liquid is continuously
cooled and heated in a cycle until it is a stable
chocolatey consistency.

After this final stage of the chocolate-
making process the liquid can be poured
into moulds, cooled and wrapped at high
speeds to make products like bars of
chocolate. To make chocolate with a
particular filling, such as caramel, the
insides of the bars pass along a conveyor belt
and are ‘enrobed’ by the liquid chocolate
before being cooled and wrapped.

© Cadbury

- .
ﬂia ttamks store liquid
'choColate at A68Cu,,. . w

The custom of giving an egg at
mms its origins in paganism
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DID YOU KNOW? It takes a whaole year's crop from one tree to make 450 grams of cocoa

It’s craft¥ at the chocolate factory

From bean to bar, how does chocolate make its way to your mouth?

oY

I

Harvesting Roasting Winnowing
Cocoa beans are harvested in countries around the To bring out flavour the cocoa beans are roasted, This machine takes away the shell of the beans
equator, taken to the factory and cleaned. with longer roasting allowing more subtle flavours. and just leaves the meaty interior: the nibs.

} |

: | _ |
I _8 . - | il
Conching Refining Pressing Milling

The paste is kneaded for up to seven After flavourings have been added, Pressing produces a hard layoff that can Nibs are ground into chocolate liquor, a
days between heavy rollers. rollers flatten the mix into a paste. be used as cocoa powder elsewhere. solid cocoa and cocoa butter liquid.

A

Tempering Moulding Cooling
The chocolate mixture is heated, cooled and reheated again, a process The chocolate paste can now be moulded into almost The chocolate is cooled,
that makes the chocolate breakable and glossy when it is moulded. any shape. Any filling is also added here. packaged and sent on its way.

George
Cadbury

R > A | at ’ In the 1830s John Cadbury
Top six cocoa i \ started a small but not
bean growers _ . especially successful
Only areaswithin 20 ~ 4 chocolate factory. Later his
degrees of the equator ' ' ! sons were to revitalise their
can grow cocoa beans: Y i father’s failing empire.

1 Ghana \ : _. 'YK George built the factory

2 lc\hgerla ® : town of Bournville - also the
3 “-ameroon name of a dark chocolate

4 Indonesia :

5 Brazil Cadbury product - for its

employees in the process.

6 Ivory Coast
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A PAIR OF
HEADPHONES

This month we are giving you the chance to win a pair of PuroPro™ headphones by Puro Sound
Labs. These noise-cancelling headphones boast up to 32 hours of playtime for listening to your
favourite music, catching up on the latest podcasts or immersing yourself in a film.

|

For your chance to win, answer the following question:

Which of the following Australian mammals lays eggs?
a) Kangaroo b) Duck-billed platypus c) Koala

Enter online at howitworksdaily.com and one lucky winner will win!

Terms and Conditions: Competition closes at 00:00 BST on 24 September 2020. By taking part in this competition you agree to be bound by these terms and conditions and the
Competition Rules: www.futuretcs.com. Entries must be received by 00:00 BST on 24/09/2020. Open to all UK residents aged 18 years or over. The winner will be drawn at random from all
valid entries received, and shall be notified by email or telephone. The prize is non-transferable and non-refundable. There is no cash alternative.

042 How It Works
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Special offer for readers in North America ::::=

4 FREE issues

when you subscribe”

AWl The action-packed
science and

technology magazine
that fe?d/s mﬁ'lds
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*Terms and conditions This is a US subscription offer. Four free issues refers to the US newsstand price of $9.99 for 13 issues being $129.87,

compared with $87 for a subscription. You will receive 13 issues in a year. You can write to us or call us to cancel your subscription within 14 days
of purchase. Payment is non-refundable after the 14-day cancellation period unless exceptional circumstances apply. Your statutory rights are not
affected. Prices are correct at point of print and subject to change. Full details of the Direct Debit guarantee are available upon request. UK calls will 2020
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phone tariff). For full terms and conditions please visit: bit.ly/magtandc. Offer ends 31 October 2020.



Rl HISTORY

Discover the
wonder of
Egyptian
mummification
as we unravel
the secrets of
these carefully
preserved
corpses

© Bjgrn Christian Terrissen

ummification was an embalming
M process undertaken by the ancient
Egyptians. They believed that by
preserving a body, its soul could live on in the
afterlife. Embalmers offered various packages,
which included a basic, standard and luxury
version. Even so, it was only the rich that could
afford to mummify their dead and thereafter
place them in an elaborate tomb. Ordinary
civilians were buried in pit graves, and some of
these bodies were naturally dried.

Mummification was an elaborate and lengthy
process that took 70 days. Violation of the body
was abhorred, however, so the first incision
performed on the corpse was made by a
‘scapegoat’, who was thenritually stoned and
chased from the embalming chamber.
Afterwards the intestines, lungs, stomach and

liver were removed - these were mummified
and placed in special containers called canopic
jars. The brain was pulverised with along,

044 How It Works

narrow instrument and drained through the
nose or the back of the skull. The heart, which
was then known as the seat of learning, was left
inside the body. During the mummification
process the priests would venerate the dead;
they would light incense, recite prayers and
invoke aid and protection from ancient Egyptian
gods. Once cleansed, the body was then ready to
be dried.

The ancient Egyptians placed the body in
natron salts, which absorbed all its moisture.
After a period of 40 days it was removed and
packed with herbs, oils and spices, which were
known to cleanse and preserve the cavities. If
extra body parts were needed the corpse was
equipped with false wooden limbs, or eyes
made of obsidian. It was then ready for
bandaging. Each limb was carefully tended to.
Fingers and toes were treated individually, and
golden caps were placed on the nails. In order to
protect it, alarge number of amulets were left on

specific parts of the body. Often garlands of
leaves or berries, which were thought to have
rejuvenating properties, were placed around the
neck. The hair was dressed with oilsand
jewellery. Due to heat and lice the ancient
Egyptians shaved their heads, so elaborate wigs
-which were made of human hair - were placed
on the deceased. Make-up was applied, and the
body was dressed in fine clothes and
adornments. While women were buried with
combs and pottery, men were armed with
daggers or swords. These were placed either on
the body or within the wrappings.

Atthe beginning of the 20th century,
Egyptology was in its infancy. Many early
excavators ignored human remains. The first
archaeologists were more interested in treasure
than mummies, and even the body of
Tutankhamun was subjected to trauma.
Although Howard Carter was a brilliant
excavator, he couldn’t have imagined the

www.howitworksdaily.com

©
9
i
(@]
ie]
Q
™
o
©
o
&
)
O
w
(@)



DID YOU KNOW? Inigys an organisation known as Summum began to practise ancient Egyptian embalming techniques

wonders that the dead could reveal. Nor did he Modern technology such as CT
envisage that innovations in science would i f'oprf_ﬁa'ﬁg‘r:ide =
enable us to make important new discoveries

about ancient Egyptian mummies. Despite this,
the world was now fascinated. In Victorian
times the unwrapping of an Egyptian mummy -

TYPES OF..
MUMMIES

which often took place in affluent drawing : JS——— v po AROUND THE
rooms - would be followed by tea, cake and Wi -3 “ WORLD
polite conversation. f ]E\ ' ‘Jlm : I r-I_ —
Thankfully times have changed, and the first et : Ice mummies
& -

Dated to Pazyryk culture, the
Siberian Ice Maiden and her
contemporaries were buried in the
5th century BCE. These mummies

scientificunwrapping of a mummy took place in
Manchester when Margaret Murray examined
the two brothers, Khnum-Nakht and Nekht-

meal. Her body is

endoscopy and serological studies, X-ray covered in a series of beautiful

. . . were buried with
Ankh, in1908. Manchester continues its strong elaborate
. s . . i funerary
association with the scientific study of equipment - in
mummies. Itis here that Professor Rosalie David ::e fase of
. . q q a a = e ice
conducted many innovative investigationsinto £ Maiden there
— -
ancient diseases. In 1979 she established the g ‘I'l";’:ej:n ia
International Mummy Database, which employs Eg symbolic last
g
©

examinations and MRI scans. Perhaps the most =ee= tattoos depicting mythical animals.
important investigation into ancient mummies dental hygiene, hair dyes and make-up. When Mummies of the

was undertaken in Paris between1976 and1977,  examining mummies we are now able to study 2 %aegi‘:r}{::f!‘?&‘ﬁes were
when the mummy of Ramesses [Iwas metat Orly  textiles, jewellery, oils and even head lice - the found on the Canary Islands in the

15th century, when they were
discovered by Spanish
invaders. Little is

Airportand treated like a visiting head of state. A oldest ‘nits’ in the world were found on a
team of over 100 scientists, including botanists, Manchester mummy. From these examinations

microbiologists and anthropologists, worked on ~ we can learn a great deal about the diseases, kT‘;ﬁi"ni'i‘JSthem
his body and published startling new evidence afflictions and the general aches and pains of all ik

used as medicinal

about mummification techniques. classes of people, and we can even identify powders. Dried in

Examinations that employ DNAsamplingare  trauma wounds, arthritis and polio. With the fhesun the
now used in mummy studies. While the practice  invention of new scanning techniques, the packed with sand

and wrapped in animal

isstill limited, it can enable Egyptologists to destructive process of ‘unwrapping’a mummy is skins. They were then
identify, establish and study family groups. We now a thing of the past. What remains constant, rel?tci?\dc(a”\:::mmy R L
arenow able to shed light on the everydaylifeof = however, is that mummies continue to fascinate,

the ancient Egyptians, going on to analyse excite and inspire us. Inca mummies

Inca mummies, found in Peru and
Chile, are approximately 500 years

Thewell-preserved, olt!. The remains are those of young
children sacrificed on the

naturally mummified body - . “Dnly the r,Ch CDU’d mountains of the

of a figure known as the Andes in order to

TR W Offord to mummify their e

gods. Other

dead and place them in e e
an elaborate tomb” chachapogs,

King Tutankhamun, / *

discovered by Howard the jungle.
Carter in 1922 -
4 Mummies of the
Capuchin Catacombs

Dated between the late 16th and
20th centuries, the mummies of
the Capuchin Catacombs of
Palermo are magnificent examples
of the art of embalming.
Thousands of bodies were dried
here in ‘strainers’ - cells
that are situated in the
passageways of the
catacombs. After
eight months
they were
removed and
soaked in
vinegar. Adults
" and children are
placed on display
in coffins, niches and
on the walls.

How It Works 045
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w72 Death chamber -~

it el We open the doors to the eerie and mysterious
world of the embalming chamber to explain

Bog bodies exactly how the process was performed
Waterlogged peat holds very little

‘;ﬁfj:r::::::z heans that the Although the House of the Dead heat could make the work difficult.
decomposition cannot survive. The was occupied by priests and their The embalming process was an
acidity in the bog, along with . ..
R e s s servants, itwas alsoregarded asa urgent and bloody activity - when
preserve the body. While the skin, place of dread. The sight orsmellof ~ rushed the embalmers often lost or
hair and internal organs are

remarkably well preserved, the the embalming chamber was a severed limbs.

bones are softened. The body

also begins to take on a dark, source of fear and repulsion. The morality of the morticians
leathery appearance. Inside the House of the Dead was also regarded with suspicion;
there would often be a long queue they were often associated with
of bodies waiting to be embalmed; robbery and corruption. However,
they would be placed on sloping morticians were also viewed as _
bedsso that bodily fluidsand blood  mystics and magicians, and a sense
would drain into vats. Insects, of secrecy surrounded their art of T O i
) ) - utankhamun’s tomb remained
inexperienced workers and the preparing the dead. sealed for more than 3,200 years
Coffins

Large, rectangular coffins were decorated with
magical texts and painted eyes - believed to enable
the dead to look out and survey their surroundings.

Carrion birds
.II The Egyptians both revered and feared

Self-mummification
Self-mummification was practised
by the Sokushinbutsu, a group of
Japanese Buddhist monks. For Prepa ration

several years the monks would live

birds of prey. They were often depicted in
funerary contexts and were associated
~ == with death on the battlefield.

on a diet of seeds and nuts and Before a corpse could be ; )3

would drink the sap of the urushi embalmed, it was placed . | _:\';
tree, which would cause vomiting on a sloping table so bodily g, L b

and loss of body mass. They would fluids could drain away. S ’

seal themselves in a tomb and die
- if the body had mummified, it was
regarded as a holy vessel.

Desiccation
When left in the open, water,
insects and heat will rapidly
destroy the body. If the body is
buried in sand or salt,
moisture in the flesh
is absorbed and
the corpseis
preserved. More

importantly, in

the case of

Egyptian -

mummies the 3 ‘, J A - Receptlon area

removal of internal L 483 The body was received in this small,
organs aids this & _—

holy vestibule. Here priests conducted
prayers and spells to aid the deceased’s
journey into the next life.

process, preventing
internal bloating and decay. Mourners and PI‘IEStS
- A group of mourners and priests accompanied the body to
Ice mummies the mortuary. After death, the body was quickly removed.
Ice prevents decomposition of the
body and inhibits the growth of
bacteria. It also preserves pollen
and dust grains. Ice is an excellent
and effective agent, so ice
mummies seem very lifelike. Their
hair, eyelashes and body
decorations are often astounding.
Ice mummies have even been
discovered with votive offerings
and grave goods.

Otzi the

Iceman is
El a famous
Sl natural ice : :
- 1. The death scene 2. Embalmers 3. Bandaglng and 4. Placement :
£ This bed isa traditional at work <o anointing - incoffin ...
3 funeral bier, or stand, which Several priests attended the Metres oflinen bandages wereused  Coffinsdiffered over theyears,
= can be found amongancient body of the deceased; while on mummies, where even each bothin style and decoration. The
= Egyptian funerary some worked on the body, finger and toe waswrapped coffinwas made of wood and
% equipment. Itwas designed to otherswould recite prayersand individually. Thebodywasanointed  gilded with precious metals. It
= represent the body of alion. perform magical incantations. in protective oils and resins. was inscribed with magical texts.
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DID YOU KNOW? Plastination and cryogenics are two more modern methods of preserving the body

- . -8 .
Priest with Anubis mask SCIen - '5 '

Anubis, the patron god of embalmers, was . |
often depicted as a jackal. The Egyptians embal ' U !
associated these animals with cemeteries. oy ——

Funerary mask . : A priest would wear the Anubis mask when E

The funerary mask was the conducting funeral rites.

last item placed on the

mummy. It was often made of

precious metal, preferably

gold, in order to symbolise the

regenerative force of the Sun. . ¥ ; : . E

Priests with shaved heads ,
Priests shaved their heads as a symbol of Y
cleanliness. They wore fine white linen

kilts and simple reed sandals.

Table with

embalming equipment /
The priests used bronze tools inthe |
mortuary. They employed tweezers,

needles, hooks and knives during

the mummification process.

Jars and ointments
Oils and salves were extremely
valuable to the ancient Egyptians.
They were used during
mummification both to preserve

Incense burner £ 1 1 f Bandages and amulets the flesh and please the gOdS.
’ As each bandage was applied, the priest

would pray and apply amulets to the

body. Several hundred magical amulets

)

Incense was very important
to the ancient Egyptians. It
enhanced ritual purity and
was thought to ward off evil.

© ScienceRhoto Library

F

Jewellery

Jewellery had both decorative and religious .

importance. Necklaces, bracelets, earrings Funeral bier

and rings were placed on the mummies of The Egyptians associated the rising and setting Sun with
both males and females. This practice two lion-headed deities. The funeral bier, with its
encouraged tomb robbery, however. lion-headed carvings, represented regeneration and rebirth.

N L 'II T
[ N

RAARAN AR AN

5. Mourners 5 6. Opening : : 7. Placing goods 8. Priest leaving 9. Weighing

The coffin was placed of the mouth inthetomb ... thetomb ... of the heart

ona bierand dragged Apriest, dressed inleopard skin, The ancient Egyptians believed Atthe culmination of the The heartisweighed before
by oxen to the tomb. It would ‘open the mouth’ of the thatyou could indeed ‘takeit funeraryrituals, the priestwould  Osiris, god of the dead. If found
wasaccompanied by deceased with aninstrument withyou'. Their tombswere leave the tomb. Asheretreated, wanting, the deceased
priests, mourners called anadze. Thisallowed the filled with goods that were hewould sweep away his would be devoured bya
andrelatives. spirit to fly free from the body. needed in the nextworld. footsteps from the dust. crocodile-headed monster.
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Tudor houses

Despite retaining the medieval taste for
a Gothic style, the Tudors drove change
in how houses were constructed
through the late 15th and 16th centuries.
How It Works finds out how this

process worked

1 Foundations
Tudor houses were
built upon stone
foundations that were
inlaid into the ground
and encircled by a
raised step. The legs
of the house’s frame
would rest on the
step, often slotting
into preset holes.

udor houses were built following a
I half-timbered design. First stone
foundations were laid and encircled with
araised, hole-filled step, into which timber
frames were slotted. The original frame was
hoisted into place by manpower alone and then
used as a lifting platform to pull up the next
frame with ropes.

The frames were typically made out of oak, as
the wood was common in Britain at the time and
strong considering how easy it was to cut by
hand. Due to the beams being cut by the hands
of carpenters, they were often rather uneven
and - as can be seen today - this led to a slightly
bumpy, off-kilter finish.

048 How It Works

2 Frame

Frames in Tudor houses were
built out of wood in what is now
referred to as a half-frame design.
Oak tended to be the wood of
choice due to its prolificacy in
Britain and its good strength.

Next the chimney was installed, which for the
time was revolutionary. Before Tudor
architecture became standard in the 16th
century, buildings tended to be heated using the
‘great hall’ design, where a single large room
would house an open fire and disperse smoke
through holes in the upper walls and roofing.

Thisled to a heated but smoky main room and
was impractical. The enclosed fireplace and
chimney structure allowed Tudor houses to
disperse smoke efficiently, allowing for smaller
rooms to be heated. During this stage the first
floor was boarded and stairs were installed,
both made from wood, and the jetty support
beams were prepared.

“Daub is a primitive
form of plaster made
from a mix of wet sall,
sand, clay, straw and
animal dung”

AR

Once the building’s frame, chimney and
floorboards were fitted, the gapsin the timber
frames were filled with wattle panelling and
then wind and waterproofed with daub -a
sticky binder substance. Wattle panelling is
characterised by a latticework of thick wooden
sticks interwoven to create a flat surface. Daub is
arather primitive form of plaster which is made
from a mix of wet soil, sand, clay, straw and
animal dung.

When combined these completed the walls of
a Tudor house. The building was then roofed,
either in thatch - which was common for secular
buildings at the time - or crudely tiled, as well as
having its windows installed. Glass creation in

www.howitworksdaily.com



DID YOU KNOW? The Victorians coated Tudor houses' wooden beams with tar to make them waterproof

Building a
Tudor house

— 3 Chimney

Replacing the medieval great hall system of dispersing
smoke, Tudor houses introduced enclosed fireplaces and
chimneys to channel the fire's smoke out of the building.

5 Daub

=¥ Daub s a sticky binder substance made from

i ﬁ‘ﬁ- wet soil, sand, clay, straw and animal dung,

which Tudors used in conjunction with wattle
panelling. The daub helped fix the wattle in
place and provided a paste-like material to
create wind and waterproof walls from.

the Tudor period was primitive compared to
today’s modern standards, and craftsmen were
unable to create the necessary large single
panes. Tudor windows were therefore
constructed from numerous smaller panes
which were held together in place by an iron
latticework in a tall, thin frame. Due to the
combined weight of the iron lattice and thick
glass, the wooden window frames needed to be
supported by a dedicated wooden beam which
was positioned underneath.

Finally the external trim and decorations
were completed, which due to the influence of
the renaissance on 16th-century Britain led to
big changesin artwork, carvings, doors and also

www.howitworksdaily.com

Due to space considerations in cities,
many Tudor houses were built with a
jetty, which allowed the first floor to

overhang the street below.

—— 6 Windows
As glass was still in its infancy
as a material, large panes could
not be created for Tudor houses.
To create windows, multiple
smaller pieces were held
together with lead lattices and
supported by dedicated wooden
beams. Window frames were
also made from wood.

A
L Y

4 Wattle

Wattle is a woven lattice of
thin wooden branches.
Tudor houses used wattle to
fill the holes between the
timber frames. To affix it in
place it was used with daub.

window frames. A good example of these
changes can be seen in the oriel; thisisan
overhung, multi-sided window cantilevered out
from either the building’s first or second floor.
Daub tended to be coated in an ochre-coloured
pigment, while the wooden beams of the
building remained exposed.

The archetypal tar-black beams and
whitewashed daub were not actually
widespread during the Tudor period itself, but
more a product of a movement of Victorian
romanticisation of the Tudor period later in the
19th century, with many traditional and mock
houses being repainted to give them the effect
we often see on those that remain today.
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,“ L - Agood example of
* " how daub was used on

top of a wattle lattice

to create wind and

~ waterproof walls

©lmmanue Ge

A sheet of wattle
under construction

© R chard New Forest
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/} modern-day technology,

From its ancient origins to

~ from bottles to double
glazing, what makes this
material so versatile?

Words by Ailsa Harvey

www.howitworksdaily.com




The first known manufactured gloss was black volcanic glass, which was used to make weapons

A variet
Y of speciayj
used in glass-maﬁﬁ'gs;ed tools are

t'susually encountered as a transparent
pane, so it is easy to look past - or right
through - glass. But have you ever stopped to
think not about the view beyond your window,
but of the window itself? This impressively clear,
firm material before you is just one of many
variations of glass. Glass can be transparent or
opaque, coloured or clear, bullet-stoppingly
thick or wafer thin. Every day we use it, whether
we drink from a bottle made out of it, decorate
our homes with it or tap the touchscreens on our
mobile phones and tablets. Glass is everywhere.
It can be dangerous. When broken it can form
shardsthat can inflict nasty injuries, while in its
ornamental form it’s so delicate that an accident
can mean a priceless artefact is shattered into
thousands of pieces. Either way, glass is usually
approached with an element of
caution. But how did it come to
hold these properties?

Before being manipulated,
the components of this handy
material are nothing but a pile
of sand, rockand minerals. An
unlikely combination of

Safety equipment is necessary when

working with molten glass
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When molten,+
glass acts like'a
viscous liquid

Silica sand

This is the primary
ingredient, and the most
common type of sand found

naturally occurring ingredients, when exposed
to extreme heat they produce a fascinating
reaction. Molten glass is the product’s middle
stage, between sand grains and window panes.
Bakingina fiery furnace, the red-hot liquid is
unrecognisable compared to its final state.

Atan atomiclevel, glass
behaves in surprising ways at
room temperature. Although
it feels solid and isa hard
substance to touch, scientists
have discovered that glass
never reaches a fully solid
stage. The reason glass
appears to be neither fully
liquid nor solid is because it is structured more
like a gel.

When glass cools from being a searing, orange
inferno, rather than crystallising and its atoms
forming a lattice structure, it takes on a more
random arrangement instead, creating a tight
jam of particles. This makes the glass sturdy
enough to appear solid without carryingall the
properties of a solid.

Asitis, glassislight, transparent and ideal for
masses of applications. However, once turned
from solid sand and rock to glass, it can’t be
converted back. This makes glass difficult to
recycle. To reuse glass, it can be melted back into
its molten form, added to a new batch and
reshaped for a different glass product.

Recycling glassisvital to limit the natural

resources humans use over time. If everybody
put their glass bottles into the recycling bin, the
glassalready in circulation could be
continuously reused without the need to make
more. Theoretically this would mean having an
eternal supply of glass, without having to use
more of Earth’s raw materials.
Over 5,000 years have
passed since people first
explored a new substance that
we now know as glass. The
21st century hasn’t failed to
bring new uses for this flexible
and widespread resource.
New inventions bring new
physical needs, while our expanding knowledge
of science only widens the possibilities for a
simple and ancient base material. As we evolve
to develop technology further, who knows what
is possible in the future of glass?

Raw material!!poured

into a glass f“"e

Making windows

in deserts. Consisting almost 1 LJ L

entirely of silica, the chemical
purity of this material helps
in making glass transparent.

Soda ash

Also known as
sodium
carbonate, this
essential
component
reduces the
melting
temperature of
the mixture.

[

7
/1

Limestone

Found within rock,
limestone adds some
desirable physical
properties to the finished
product, such as durability
and chemical resistance.

052 How It Works

O o o D 1
Eeelerrleeleeelel®

Sodium sulphate
This compound is added to the glass
mixture to keep the quality
consistently high. It acts to remove air
bubbles from the liquid glass and
keeps the substance smooth.

From sand to sheet glass, these materials bear extreme
temperatures and treatment before you can look through them

Melting

Once mixed, the raw materials
enter a furnace. Faced with
temperatures up to 1,500 degrees
Celsius, the mixture melts.
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D10 You KNOW? sand is the second most consumed natural resource after water

History of glass-making

Metallic tinting ™+

In the early days of glass-making,

650 BCE 100 CE nobody knew how to change or
The first manual is 1CE After glass’ rapid remove the natural colour of
written explaining Glassblowing is invented in growth in glass. Materials were
different glass-making Babylon. This technique popularity, it now experimented with and their
methods. This writing is thrives across ancient holds much less outcomes explored. It was
3500 BCE later discovered inthe  Rome, allowing the creation worth, becoming discovered by accident that
The earliest glass library of the last of a huge range of glass available beyond certain substances gave the
artefacts that have been Assyrian king, shapes quickly and cheaply. the wealthy. glass vibrant colours and
discovered are made in Ashurbanipal. - others removed the colour.
Egypt and Mesopotamia. 0 It is now known that metal
With higher demands for oxides can create specific
glass spreading tints. Some of these
' worldwide, some cities, combinations have become
Glass for telescopes and such as Alexandria in more widely known than
microscopes is developed in Egypt, become glass- others. ‘Cobalt blue’, for

the Netherlands.

manufacturing centres. example, is the colour

produced by adding small
volumes of cobalt to
molten glass.

1450 1226 Early glass makers

Clear and colourless Broad sheet glass begins production in found that red was a
glalss, ngnjed ctrlztillo Susze;; Lo]rglgt?allozns o1°(jg|a§s atr; bfllovzn particularly difficult
glass, is invented by and then flattened, producing the firs colour to make, as it faded

Angelo Barovier. window glass in Britain. quickly. The successful
After Caspar Lehmann'’s metal was discovered to
method for cutting rock be small amounts of gold,
crystal into glass in and today you will notice
1600, crystal glass An automatic glassblowing that red glass can still be
production begins machine is invented by more expensive than
en masse. Michael Owens. other hues.

827

The glass-pressing machine is
invented, providing a step forward
in mass-produced glassware.

Float glass is invented, Chrome oxide is used to
produce the green glass often
found in beer bottles

enabling more control
over product thickness.

Glass js 3

lat o .
bed to cyt S 2 Cutting

Into panes

Floating
This section is a float .
bath. When poured onto InsPeCtlng
a bath of molten tin, the In between each stage, workers inspect
glass floats, keeping it the production line, ensuring the glass
flat at the surface. . produced is of the highest quality. This
Turning gears keep the Anneal!ng inspection can also be automated, with
layer moving along the In th_'s C.OO“”Q phase, machines scanning for missed bubbles
bath and can control the the liquid shrinks and and other inconsistencies. .
. begins to crystallise. Cuttlng
speed and thickness of =4 ) )
This is usually a slow A machine at the end of the line
the glass created.
process to ease cuts the glass to order. The edges
pressures gradually. of the glass sheets are trimmed
for an even sheet and are sold by
square metre.
- f i o ]
] ) ; . Bt
1
| :
Y MYy ()Y N
I l/ ,
/s L
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From molten
gob to bottle

How do moulding machines produce
millions of identical bottles?

Drop the gob

Equal measures of
the hot molten glass,
called gobs, are fired
into blank moulds
through funnels.
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Neck
formation
Sinking to the bottom,
the molten glass fills
the shape of the bottle
neck, but needs to
be hollowed.

<

First blow
Into the neck,
which is facing down,

air is blown upwards. . . . .
This pushes the glass Creating some of the most fragile and intricate

ornaments, glassblowing is no subtle affair. When
blowing glass there is a space of around 1.2 metres
between the blower and the glass. A hollow metal
tube uses the power of the lungs to transport bursts
of air into the liquid glass at its base. There is
incredible skill and technique in mastering this art. In
fact, there are so many challenging elements that the
process usually requires a team for each item.

First the pipe is dipped into a furnace of molten
glass. Due to the extreme heat, the mouthpiece needs
to be submerged in cold water until the blower takes
position. As air travels into the ball of molten glass at
the bottom of the pipe, it expands from the middle,
creating a growing bubble. While blowing, the glass is
rolled and shaped depending on the desired design.
Timing can make or break these glass artworks, but if
the glass’ temperature drops to the point where it is

er's workshop is

E lled a*‘hot shop’

away from the centre,
forming a gap.

A glassblow
often ca

e
Ir

Blank shape

This is a standard
bottle shape after the
first stage. It can now
be placed into further
moulds with differing
shapes and designs.

New mould
A mould with the
final bottle shape
surrounds the
blown blank.

unworkable, it can always be reheated. 4 - & ) My
Second Multiple molten dips can create a layered . \ \--
blow effect, while other apparatus such ‘“5., -
Air enters from the top, as tweezers can be used to .
pushing the glass manipulate the setting o
further outwards. glass for more Different utensils and techniques

© Getty

As it takes shape the create elaborate designs

glass becomes thinner
and cooler.

minute details.

Finished
bottle
When fully cooled the
bottle is clear and solid.

= ) ) =

Bottles from identical
o
mo__u\ds stand fo co rl:‘

AL

,I( . . The long blowpipes allow _
i . glass blowers to keep their £
distance from furnaces g
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010 You Know? 0ver 4o billion glass containers are produced annually in the US alone

; Smartphone

Glass and technology .
/ N strength

I“SIde Smal‘t glaSS ) How thin glass on mobile devices

How is glass gaining intelligence? : 2 resists shattering

If there’s one quality that is recognised most when it comes to glass A Phones are much more advanced than
windows, it’s transparency. This being said, modern glass suppliers i | 4 the chunky devices they used to be,
have introduced technology that changes this core quality. Have you ) required only for texting or calling.
ever wanted privacy from inside your home, but also wanted to keep /4 Smartphones store so much data and

natural lighting? Smart glass is able to do just that. At the touch of ' sentimental photos and are used for
a switch, Polymer Dispersed Liquid Crystal (PDLC) smart glass A multiple jobs, from navigation to
uses electricity to alter the chemical properties within the glass ' o ) research. They help to connect us, and so
and change between transparent and opaque. ; L many of us take them everywhere.
Rl Smart devices have reduced in size,
with slimmer models becoming the most
. . desirable. But does slimming down also
Blocked light - 5 mean increased fragility? Dropping your
new mobile phone may be a frequent
fear, but specialised glass helps to give
Liquid-crystal these devices the best protection.

layer

Between the glass
sheets is a layer filled
with liquid-crystal
molecules. When there
is no electric current,
these face in different
directions, acting as a
barrier to block light.

When the glass’
power is turned
off, light cannot

travel fully through _
the window.

Submerge in solution
The thin sheet of glass is first
submerged into a potassium
nitrate solution. The potassium
ions have a positive charge and
move towards the glass.

Opaque panel
Light hits the other side
of the glass and is
reflected back from the

. glass by its middle layer.
Conductive

coating
This layer is essential ( f (:.;
for carrying D Nz

electricity around the Sodium separation

liquid crystal. It is the @ @ Transparent Sodium ions from the glass’

low voltage travelling light natural materials are also

through this coating Gaps in the centre positively charged and move Mixed ions
which chgrges the of the glass allow to the surface to swap places Most of the
surrounding light to travel fully with the potassium. potassium ions have
molecules. through the pane, left the solution and

creating a
see-through sheet.

have been replaced
with the smaller
sodium ions.

!

Light passage
When the molecules
are aligned, light is able
to pass through the
gaps, creating

Molecule transparency.

alignment
When manipulated
by the electrical
field, liquid-crystal
molecules are
positioned
horizontally. This
formation creates
more space
between them.

Control switch
This switch determines
whether the molecules
are charged or not, and
therefore whether the
window is transparent
or not.

Stronger in size
The glass now has the potassium ions at its
surface. As these are larger, they compress
the glass together as it cools. These form a
tougher surface, ideal for touchscreens.
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@ SCIENCE

How anaesthesia works

By interfering with nerve transmission, these special drugs
stop pain signals from reaching the brain during operations

naesthetics are a form of drug widely
used to prevent pain associated with The bOdy undel"
. . u

surgery. They fall into two main general anaesthetlc

categories: local and general. Local anaesthetics i
. . . . What happens to various parts of the
can be either applied directly to the skin-asa ,
. body when we're put under?
cream, for example - or injected. They are used
tonumb small areas without affecting - —
consciousness, so the patient will remain awake Brain activity
Electroencephalograms (EEGs)
throughout a procedure. show that the electrical activity in __________————-——'
Local anaesthetics provide a short-term the brain drops to a state deeper

blockade of nerve transmission, preventing Syt s eletus
sensory neurons from sending pain signals to
the brain. Information is transmitted along
nerves by the movement of sodium ions down a

Memory

General anaesthetics
affect the ability to form
memories; the patient
doesn’'t remember the
operation and often won't
recall coming to either.

Airway

Loss of consciousness
and muscle relaxation
suppress breathing
and prevent coughing,
so a tube and
ventilator are used to
maintain the airway.

General anaesthetics

No snacking r / .
carefully maintained electrochemical gradient. suppress the gag reflex /8

Local anaesthetics cut off sodium channels, and can cause vomiting, \\‘l_‘ '
so to prevent choking e 'l

preventing the ions from travelling through the :
patients must not eat

membrane and stopping electrical signals before an operation. .

travelling along the nerve. Local anaesthesia 3 |
isn't specific to pain nerves, so it will also stop

information passing from the brain to the Heart rate P

muscles, causing temporary paralysis. The circulatory

General anaesthetics, meanwhile, areinhaled =~ Systemis slowed
. .. h h 1 by anaesthetic, so
and injected medications that act on the centra [
nervous system - the brain and spinal cord - to pressure and
induce a temporary coma, causing blood oxygen are
. 1 1 . . lief all continuously
unconsciousness, muscle relaxation, pain relie monitored.
and amnesia. It's not known for sure how
general anaesthetics ‘shut down’ the brain, but
there are several proposed mechanisms. Many Pain
general anaesthetics dissolve in fatsand are neurons
. . .. Unlike with local
thought to interfere with the lipid membrane g
that surrounds nerve cellsin the brain. Theyalso  neurons still fire

disrupt neurotransmitter receptors, altering USR]

.. . ) anaesthesia, but
transmission of the chemical signals that let the brain does y
nerve cells communicate with one another. not process the Nausea

Many anaesthetics
cause nausea.

~ Often anti-emetic
drugs that prevent ,

signals properly.

Comfortably numb |

If large areas need to be anaesthetised
while the patient is still awake, local
anaesthetics can be injected around nerve
bundles. By preventing transmission
through a large nerve, the signals from all
the smaller nerves that feed into it can’t
reach the brain. Injecting anaesthetic
around the maxillary nerve will not only
generate numbness in the roof of the
mouth and the teeth on that side, but will
stop transmission from the nose and , Lok !

sinuses too. Local anaesthetics can also be Muscle relaxation |
injected into the epidural space in the A muscle relaxant is often

spinal canal. This prevents transmission administered with the -
through the spinal roots, blocking the anaesthetic; this causes

transmission of information to the brain. paralysis and enables lower
doses of anaesthetic to be used.

vomiting are given
after surgery.
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FOR EVERY READER!

Grab yourself three fascinating, fact-packed How It Works specials for your 5OO'I~

digital device. Scan the QR code or type the link into your browser to download A
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“DISCOVER.
DINOiAI.I RS

Discover the
Dinosaurs

Journey back to the age of dinosaurs
and uncover the secrets of some of the
prehistoric world’'s most remarkable
beasts. From the Tyrannosaurus rex
and Diplodocus to the Triceratops and
Stegosaurus, get up close and discover
how these fascinating creatures lived,
hunted, evolved and ultimately died out.
Why did Stegosaurus travel in herds?
Could the dinosaurs have survived the
asteroid that wiped them out? Is it
possible to clone a dinosaur? Find the

answers to all these questions and more.
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Book of
the Brain

The brain is the most complex organ
in the human body and is central to
our nervous system. In the How It
Works Book of the Brain we delve

into the deepest parts of the human

mind by looking at how our brain
develops throughout our lives, the
effects that drugs and other substances
have on it and what altered states of
consciousness are. For every question
you have, this book will prompt ten
more. Prepare to have your mind - or
brain - blown.

Deadly
Predators

One of Africa’s most voracious hunters,
the lion, has adapted itself to the
environment, but it’s not the only animal
that has done so. In World of Animals
Deadly Predators, come face to face
with some of the world’s greatest
hunters. Uncover the birds of prey that
use their speed to their advantage,
and meet the sharks that stalk their
prey in the ocean. Explore the vicious
marsupials of Australia, and take a look
at how wild cats and dogs have forged a
fearsome reputation.

Claim yours here: bit.ly/2XOYVzK %
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In Great Britain there are around 31.7 million cars in use

hatisasmartroad? As our cars

become more and more

technologically advanced, it seems
that the logical progression would be for our
roads to follow suit. In the UK stretches of ‘smart
motorways’ have already been installed up and
down the countryin order to help manage
congestion on especially busy highways such as
the M1. These roads work using one of two types
of sensor. The first is a series of copper loops
installed below the surface in regular intervals
of a few hundred metres. Connected to a
computer for processing, these loops create an
electric current whenever metal -such asa car
or lorry - passes over them. Collating this
information, computer software can calculate
the volume of traffic and its speed.

Alternatively, some smart roads are equipped
with side-fire sensors, which are placed on posts
on either side of the road and casta beam
bilaterally. As cars pass through the beam,
information such as speed, quantity and the size
of the gap between vehicles can be monitored.
Using either method of data collection, a
computer can autonomously alter speed limits
to ease congestion and open or close lanes along
the motorway through overhanging signs.
However, since these smart roads

began spreading along the UK’s
motorways back in 2014 there
hasbeenariseinaccidents
occurring on the hard shoulder.
Sensing an increased level of

traffic, these signs might o

3
AtoB
As of October 2019
these are the smart
roads currently in

operation up and down
England’s motorways.

www.howitworksdaily.com

To ease congestion,
smart roads can alter
speed limits on both road
signs and speed cameras

automatically signal a vehicle to drive on the
hard shoulder to free up congestion. However, if
a car has broken down on the hard shoulder and
isawaiting assistance, they are vulnerable to a
collision with an unsuspecting driver who has
been using the lane as instructed. As a potential
solution it’s been reported that the UK
government plans to stop the hard shoulder
being opened asa driving lane.

There are currently around 400 miles of smart
roadsinuseinthe UK alone, with many more
miles under construction. But is changing the
speed limit and filtering lanes the best
developers can do when it comes to upgrading
our daily commute? It appears not. Across the
world there has been a wash of developments in
advancing the intelligence of our highways.
From roads that glow to vehicle touchpad
technology, our highways as well as transport as
we know it, could soon be getting an upgrade.

Smart motorway
network

There are hundreds of miles of smart
motorways in England

OPERATIONAL

IN CONSTRUCTION

[ M1 |
(M4 z
& 5
M3 | IM 210
QI )
Future paths

There are many more smart
roads currently under
construction in the UK as part of
the £15 billion investment by the
government from 2015.
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Roads that recharge

As the threat of global warming forces us
to search for alternative energy sources,
why not look to the roads? With the right
advancements, cars around the world
could be producing energy as they go.
Piezoelectric roads mix traditional
asphalt with piezoelectric crystals, using
vibrations from passing cars to generate
electricity. What makes these crystals
unique is their atomic structure. Typically
the atoms that build a crystal are
symmetrically aligned and harmoniously
bound. However, in piezoelectric crystals
this atomic foundation isn’t as
symmetrical. As the crystals are forced
under pressure and relaxed again their
atoms are pushed closer together,
producing an electrical charge. Under the
weight of constantly flowing traffic,

Built-in brain

What if the future of smart roads meant
that they could know how many people are
on the roads and send them updates on
weather conditions, collisions or even
charge cars as they drive? It’s an ambitious
feat in engineering, but one American
company, Integrated Roadways, is
developing a road to do those things.

Using built-in fibre-optic technology and
integrated software, these factory-made
and site-assembled modular pavements
can detect and collect traffic data by
recording the pressure applied to the
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crystals embedded in the road have the
potential to generate a new source of
electrical power.
Piezoelectricity is no
modern-day revelation, but
one first demonstrated back
in 1880. However, putting the
power production into
practice on a large scale,
such as entire stretches of
roads, has yet to be achieved.
Lancaster University is one
institution that seeks to
change that. Last year the
university was awarded £4.5

million to develop the Quartz crystals are piezoelectric,
technology and solve issues generating a small electrical charge V. -"g
of energy efficiency and when exposed to pressure changes A <‘S

storage in roadside batteries.

Sensing the weight of a vehicle, these
smart road slabs can track the speed

. - of each wheel
roads. “We’'re basically making the road Kansas, as part of a development project.
into a giant touchpad, but instead of Having proved the technology works,
looking for fingers, we’re looking for Sylvester sees unlimited potential for this
tyres,” says CEO and chief technology technology, with wireless charging for
officer Tim Sylvester. smart cars the next step.

Thanks to built-in internet connectivity,

these smart roads could keep you updated y WE ' RE B ASICALLY
on driving conditions in real-time, but

could also be used as a marketing tool to MAKING THE RDAD
alert drivers of approaching businesses

and amenities. INTD A GIANT

The team at Integrated Roadways has [}
installed 0.5 miles of smart road in Lenexa, TUUCHPAD \



As of 2019 there are around 31,800 miles of major roads in Great Britain
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Fibre-optics
Distributed throughout the
pavement, fibre-optic sensing

u
cables measure the way the I“SIde a
pavement deforms as cars pass
Sharing information over it. This deformation smaﬂ road

o registers the presence of a car. .
Within each slab are four Discover the technology that

routers that share information
with their neighbours that
continue along the road.

makes these roads so clever

Connectivity
A local Ethernet network is built
into the pavement system for

Modular Identification connections to communication
Almost like LEGO, each slab of The slab distinguishes between modules such as WiFi access, or
pavement is assembled piece by vehicles by identifying the four multi-sensor units for temperature
piece to create a stretch of road. wheels on a car that are a fixed and weather detection.

If one piece is damaged or
utilities such as pipes underneath
need maintenance, a panel can

be easily removed and replaced.

distance apart, travelling at
exactly the same speed.
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" Shooting footage

How wingsuits work

These special suits enable us to glide through the sky at hundreds of kilometres per hour

he human body is built to match our

physical needs, but as a species we have

the drive to push our physical limits even
further. Taking inspiration from the majestic
flying squirrel, wingsuits are designed to
provide extreme sportspeople with a new body
shape: one that allows them to maximise their
flying potential.

The ability to jump from a cliff edge or plane
and soar through the sky was once deemed to be
a possibility only for winged creatures and
fantasy superheroes, but these specially
designed outfits give those who are brave
enough the chance to join native sky-dwellers.

-

Flight design

How is the human body transformed
from faller to flyer?

The speed and angles of
skydiving and BASE jumping
provide such unique views that
many want to capture the
experience. Mounted on the
helmet, videos can provide
footage of the experience from
the skydiver’s point of view.

Parachute

Some daredevils have perfected
landing in a wingsuit without a
parachute, but to ensure a soft

landing, this is usually deployed
towards the end of descent or
in an emergency. Wingsuits
don't provide enough lift to
guarantee a safe landing.

062 How It Works

risk their lives for this boost in speed, the feeling
of excitement and a lengthier flight. While the
average wingsuiter will fall at 160 kilometres per
hour, manipulating the fall by adjusting their

Wingsuits are designed for BASE - building,
antenna, span and earth - jumpers and
skydivers. Skydivers leap from helicopters
and planes, while BASE jumpers take off from
fixed objects, such as cliffs or tall buildings.It  body position can create a terrifyingly rapid
was Finnish BASE jumper Jari Kuosma who descent at speeds of 250 kilometres per hour.
invented today’s modernwingsuit as he stood. Inglobal competitions these jumpers are
over a clifftop in Italy. What-could he do to judged on a variety of elements, from speed and
improve his sport and make the adrenaline- distance competitions to acrobatics. The mental
fuelled act of succumbing to gravity even and physical skills demonstrated by these
more exhilarating? freefallers taking to the sky, controlling their

His answer has proven popular with stunt falland concentrating on their synchronisation,
performers around the world. Since the first is made even more impressive by the
wingsuit jump in 1930, people have continuedto  underlying element of peril.

“What could he ©
do toimprove his™ -
sport and make the
adrenaline-fuelled act of

succumbing to gravity
even more exhilarating?"

Helmet

Designed to cover the head and
face, these helmets shield the
face and eyes as wind hits
them at extreme speeds.

Wing types

The arm wings can attach to the suit at the
waist, near the knee or at the feet. The
latter is known as a mono-wing as it creates
one large wing across the entire body.

Tail wing

Catching air between the legs
is what gives these suits their
forward drive. When the legs
are spread out straight, more
forward speed is created.

Inlets

There are four of these pockets on both
sides of the suit. Air rushes into them,
pressurising the suit and making it more
rigid. This makes the uplift more effective.

www.howitworksdaily.com




For every 30 centimetres fallen vertically in a wingsuit, about 2.4 metres are travelled horizontally

Arm wings & 3
Like an ::rlopgne wing these are flat X 4 Uplifting thSics

on the bottom and have a curved top. 5 o . . .
As air has to travel faster over the top . Gliding animals make it look simple, but

of the wing, a lifting effect is created. ’- - the ability to soar in the air in these

About 80 per cent of lift from a : - wingsuits has been manufactured using
wingsuit comes from the arm wings. carefully applied physics. After observing
the wings of flying animals, humans
worked out the ideal shape for flight.
This shape, called an aerofoil, has been

. . applied to the wings of planes as well as
Ribbed material wingsuits. The large, sheet-like design of
The surface of the wingsuit the suit gives the wearer an increased

is ribbed, creating passages surface area, which in turn increases the
for air toiflow through. This lift. With more material to trap the air

S EEACITE) rushing past, the fall is slowed down.

Meanwhile it is the air travelling from
the person’s head along their body that is
used in the aerofoil. When air hits the
suit, the stream splits, with some of it
moving along the curved top and some
below the flat bottom. Air travelling over
the top moves much quicker, reaching the
end of the material first.

As the air above travels down the curve
of the wing and off the edge, it continues
travelling downwards, changing the flow
of the air travelling below it. This effect
slows air and deflects it downwards,
pushing the person up and backwards
and giving a skydiver the sensation of
flight as they glide.

Birds’ wings also
act as aerofoils

Fast speed, low pressure

Slow speed, high pressure

?'!-.—; 2
1%

BASE jumping is one of the most
dangerous sports in the world

Controlling the fall

Conservative Tilt Dive

Lying relatively flat with a slightly curved back When the head is below the knees, speed The perfect angle is a fine balancing

is very limiting in forward motion. Keeping the and distance are achieved much more act. Tilting too far can result in losing
head pointed down helps the jumper to reduce easily. The arms should be kept back to altitude too quickly while plummeting
drag. The uplifting air provides an even uplift, limit drag as much as possible. Each flyer to the ground. For most this angle is too
but distance travelled is greatly reduced. will have their own ‘perfect angle’. steep and will greatly reduce air time.
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The space-age junk that
pollutes our planet

ince the launch of Sputnik 1, the first

satellite to orbit Earth in 1957, a vast

amount of space debris has accumulated
inits wake. This consists of anything from flecks
of paint to discarded rocket boosters, ‘dead’
satellites that no longer function and equipment
lost by astronauts during spacewalks.

The scale of the problem can be grasped by
the fact that there are estimated to be 128 million
pieces of space junk between one millimetre
and one centimetre, 900,000 pieces between one
and ten centimetres and more than 34,000
pieces larger than ten centimetres.

064 How It Works

In low-Earth orbit (LEO) this junk travels atan
average speed of eight kilometres per second,
which isroughly ten-times faster than a bullet.
This means that even the smallest objects can
damage the subsystems of a satellite. The
objects measuring one to ten centimetres are
part of a‘lethal population’ because they are big
enough to do considerable damage to a
spacecraft, but are too small to be tracked.
Larger debris is tracked and can be avoided; in
the case of the International Space Station (ISS),
it makes at least one manoeuvre a year to divert
it from potentially lethal collisions.

In 2010 there were 13,000 near misses per
week, and by 2059 it is predicted that there will
be asmany as 50,000. The increased need to use
rocket fuel to avoid these hazards shortens the
life of satellites and increases the cost of
launching satellites that need to carry extra fuel.

Around 2,000 large pieces of space junk were
created when the first collision between two
satellites occurred on 10 February 2009. This was
between US communications satellite Iridium 33
and a defunct Russian satellite, Kosmos-2251,
789 kilometres over Northern Siberia. Even
worse, about 150,000 pieces of junk were

www.howitworksdaily.com
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DID YOU KNOW? Villagers near Plesetsk Cosmodrome are allowed to collect, use or sell the junk metal of spent rockets

A propellélrit tank from 2
-« Delta Il launch vehicle that
-~ &7+ landed in Texas in 1997
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"In 2010 there
were 13,000 near
misses per week,
and by 2059 it is

predicted that

there will be as
many as 50,000"

deliberately created when China
destroyed an inactive Fengyun-1C
weather satellite with a missile as part
of an anti-satellite test.

Radar systems are used to track LEO
junk, and telescopes are employed to
track objects from 2,000 kilometres to
36,000 kilometres in medium-Earth
orbit (MEO) and geostationary orbit
(GEOQ) at 36,000 kilometres. Telescopes,
however, are only capable of tracking
objects that are one metre or more in
size. Radio frequency technology can
also be used to discover if satellites are
operating or not.

Tracking helps warn of possible
collisions, but measures that are more
drasticare being employed before it is
no longer possible to launch manned
flights or operate the satellites that
provide us with TV signals, weather
forecasts, mobile phone networks and
global positioning systems.

www.howitworksdaily.com

L ¢ ’ The bag contains grease guns lost by
g Heidemarie Stefanyshyn-Piper duringa
spacewalkin 2008. It re-entered the
atmosphere in August 2009
[ - .
What's floatin
around in orbit*

Lost during the Gemini1o
mission and a Space
Shuttle Discovery mission

Lost by Ed White, the first American in December 2006
astronaut to take a spacewalk, on 3
June 1965 during the Gemini 4 mission

: The extravehicular activity
Ed White's tool bag floats away from the

International Space Station
B A G 8 Leaked from inactive Soviet Radar

Ejected by Ocean Reconnaissance Satellites
cosmonauts on

the Mir space
station from
1986 t0 2001

wransyene - oOrPER NEEDLES

artificial ionosphere, the needles encircled Earth at 3,700
S P H E R | GA I_ U BJ EBTS kilometres. Some are still in orbit

Started a UFO scare when they crashed
in Western Australia in 1965, but were
identified as coming from the Gemini
spacecraft

: ® first spacewalk
i

His ashes were released in a small capsule by a Pegasus XL rocketin 1997

Gene Roddenberry and the

cast of Star Trek attending

the rollout of Space Shuttle
Enterprise in 1976

Produced when the upper stage ofa
Pegasusrocket exploded in 1996
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A GEO

Geostationary
orbit.

Spent
rocket
bodies.

48%

Fragments and debris
from the break up and
deterioration of satellites.

Debris Iin low-Earth orbit

A snapshot of the junk orbiting Earth

Objects in low-Earth orbit (LEO) are between 160
and 2,000 kilometres above Earth. Military
satellites, Earth-monitoring satellites and
communications satellites all operate at these
orbital altitudes.

LEO satellites pose a problem because they
orbit Earth at least 15 times a day along different
orbital planes to provide global coverage. This
gives them a higher chance of hitting other
satellites in contrast to those that keep to the
elliptical plane of the Sun. In addition they have
shorter battery lives and are more vulnerable to
the gravitational pull of Earth than satellites
orbiting higher up.

Kessler syndrome proposes that as
collisions multiply they create
even greater numbers of
fragments that will startan
unstoppable chain reaction
of collisions. In this process
the debris will increase
more than the amount of
debris burnt up by orbital
decay, and will make the use
of low-Earth orbits impossible.

066 How It Works

How the ISS
dodges debris

Orbiting 400 kilometres above us in
low-Earth orbit, the ISS is particularly
vulnerable to damage from space debris.
Manned modules and other vulnerable
areas have been fitted with protective
aluminium shields - both during and since
construction. The ISS also carries out
debris avoidance manoeuvres to dodge
space junk or micrometeorites. After
being warned of such dangers, the ISS is
sent a few kilometres higher or lower
using a short engine thrust from a docked
Automated Transfer Vehicle (ATV) or
Progress spacecraft. The ATV is fitted
with an automatic system that will abort
the docking procedure if it detects any
danger from debris.

If any debris comes within 0.75
kilometres above or below the space
station, or within 25 kilometres around it
that cannot be avoided, the ISS is put into
unmanned mode and the astronauts have
to seek protection in a spacecraft docked
with the station. In 2008 and 2009
astronauts had to seek refuge in a Soyuz
craft due to such warnings.

25%
Satellites still
functioning.

Rubbish and equipment
ejected by manned
spacecraft and during the
deployment of spacecraft.

Impact Risk

P :
Most objects that go beneath LEO fall back to - One line of defen

modules is aluminiu
Earth and harmlessly burnup in the i ¥
atmosphere. Larger space junk is more of a '
problem. This was emphasised by the accidental
crash of Kosmos 954 in January 1978. The Soviet
reconnaissance satellite carried an onboard
nuclear reactor, which instead of reaching a safe
orbit fell over northwest Canada. A huge
recovery operation found 12 large pieces, ten of
which were radioactive.

In 2001 the Russian Mir space station was
deliberately made to crash into the Pacific
Ocean. The re-entry of the 130,000-kilogram
station created a spectacular display, and metal
fragments from it were recovered and
sold on eBay.

So far such crashes have been
in oceans or remote parts of
the world, but there is
certainly arisk ofarogue
piece of space junk causing
serious damage to a highly
populated area.

| Soyuz crew
transfer vehicles
In debris emergencies the
Soyuz craft can transfer the
crew back to Earth.

ATV propulsion
Docked at Zvezda is an ATV
whose thrusters can move

The majority of the debris the ISS to avoid collisions.

floating in space lurks in LEO
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DID YOU KNOW? More than 178,000 kilograms of hardware has been junked on the Moon

Damages

The relative velocity of a space vehicle and a piece of junk can
be ten kilometres per second, making a collision very
damaging. In the case of manned flight it is even more
threatening. The US Space Shuttles often encountered debris,
causing NASA to regularly replace cabin crew windows and
thermal tiles damaged by flecks of paint or micrometeorites.

A more threatening incident happened to Columbia in 1995,
when an object penetrated the protective layers of its payload
bay door. Another collision between an object and Atlantis’
payload door in September 2006 created a 12-millimetre-deep
hole. To reduce such impacts the shuttles flew tail-first in orbit.
When docked to the ISS they were positioned so that the
station took the worst impacts.

Whipple shields that absorb debris impacts before they can
do any significant damage can protect manned and unmanned
spacecraft alike. Unfortunately such shields cannot protect
vital solar panels or stop the impact of larger debris. To tackle
large debris spacecraft have to manoeuvre out of the way to
avoid a collision.

The orbital debris hole
made in the panel of
NASA’s SolarMax
experiment

—_—

Shielding

| Vulnerable areas of

| the space station are :’, 4
protected by shields.

EA CF \ 3 :

. Zvezda module
Zvezda is fitted with six
service module debris
protection shields.

www.howitworksdaily.com

One idea for ridding
space of detritus is
using satellites to
destroy the litter
with lasers

The European Space Agency is
currently building a radar system to
catalogue and track hazardous objects
in Earth orbit. At the moment the US
Space Surveillance Network (SSN)
tracks 26,000 objects, and its Space
Fence radar system, becoming
operational in March 2020, will track
as many as 200,000 objects.

To mitigate the problem of space
junk the Inter-Agency Space Debris
Coordination Committee (IADC) was
formed in 1993 to produce a set of
guidelines. It advocates several
preventative measures, including
reducing the amount of hardware
ejected or rendered inoperative by a
space mission. Since accidental orbital
explosions have accounted for at least
500 incidents, it is recommended that
explosive gases or fuels be vented to
stop this happening. The deliberate
explosion of satellites should be

© Sc ence Photo L brary

stopped, and where possible satellites
should be steered clear of debris. As
LEO satellites are the biggest culprit,
they should be designed to only have
an orbital life of 25 years and carry
drag devices or a propulsion system to
send them into re-entry if their orbit is
not low enough for them to naturally
re-enter. Higher satellites should be
designed to enter a ‘graveyard’ orbit
at the end of their operating life.

Several ideas have been proposed to
dispose of existing space junk. They
range from shooting debris down
using lasers, scooping it up with
Aerogel material or netting it with
‘trawler’ satellites. For the smallest
debris, large panels of porous foam
could slow down junk that passes
through it, making it re-enter the
atmosphere. For larger debris, it could
be collected by the robotic arm of an
unmanned spacecraft.

The Hypervelocity
Ballistic Range at
NASA’s Ames
Research Center
simulates orbital
debris hitting a
spacecraft by
launching a
projectile at a solid
surface. This image
shows the resulting
energy flash
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NASA’s Viking
program

Lander

After circling the planet for
landing site selection, the
lander detached from the

Solar panel

Solar panels converted
solar energy into about 620
watts of electrical energy

The Viking

The statistics

Viking landers

Launch date:

Viking 1: 20 August 1975
Viking 2: 9 September 1975
Launch site:

Cape Canaveral

Launch vehicle:

Titan llIE/Centaur

Mission length:

Viking 1:

6 years, 3 months, 22 days
Viking 2:

3 years, 7 months, 8 days
Lander mass: 572 kilograms
Lander power: 70 watts

program of the
mid-1970swas a
triumph in space
exploration

ASA’s Viking program

was the first mission to

return numerous
images and scientific data from
Mars. It comprised two
identical spacecraft - Viking 1
and Viking 2-each withan
orbiter and a lander.

Both launched using a Titan
I[IIE/Centaur launch system.
Viking1launched on 20 August
1975, reaching Mars aftera
ten-month journey. The orbiter
tookimages and transmitted
them to NASA, who used them
to choose a site for the lander.
On 20 July 1976 the lander
separated from the orbiter and
landed in an area called Chryse
Planitia. For more than six
years the lander took images
and collected data from the
surface. The orbiter’s fuel ran
out on 7August 1980, while the
lander shut down on 13
November 1982 when a mistake
during a software update
caused its antenna to go down.

Viking 2launched on g
September 1975, reaching Mars
orbit on 7 August 1976. The
lander touched downinthe
Utopia Planitia on 3 September.
Viking 2’s mission did not last
aslongasViking1; the orbiter
shut down after a fuel leak
about two years after arrival,
while the lander had a battery
failure after three-and-a-half
years. Together Viking 1and 2
provided more than 50,000
photographs of Mars.

068 How It Works

orbiter and landed on the for use by the orbiter.

surface via parachute.

Attitude control thruster
This thruster on the Viking orbiter was
a small rocket engine that steered the

orbiter towards Mars.

Low-gain antenna
The low-gain antenna was a
secondary antenna to be used
if the high-gain antenna failed.

Star tracker
The star tracker pointed the orbiter
towards Canopus, a star in the
southern constellation of Carina.

The Vikin
space probes

A closer look at how
the probes worked

High-gain antenna
The high-gain antenna
communicated with ground
control on Earth, sending
back images and data.

Thruster engine
This engine burned a liquid
bipropellant rocket fuel
mixture to propel the orbiter.

The Viking landers’ discoveries

The Viking program was the first truly successful amounts of water. Each Viking lander also carried
mission to Mars, providing NASA with the first real four different types of experiments to test for signs
data concerning the existence of water on the Red of life on Mars, which included testing for carbon
Planet. Photographs showed large areas of erosion, and gas concentrations in the soil. The results of
channels and grooves in rocks, as well as river three of the tests proved negative, while one was
valleys. These were likely caused by massive ultimately inconclusive.

[

-

- This panorami€ image was takeh by
_Viking 1. It reveals large rocks and sand
dunes on the surface'of Mars, as 'well
as a layer of clouds below the horizon

»

A unmarked mages@NASA
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Because enquiring minds
need to know...

Proxima Centauri is a
red dwarf star and is
smallerthan our Sun

How long would it
take to get to the next
planetary system?

*Yob Fashipe it'sthe Sun’s closest neighbour, it is still 4.22 light
B Alongtime! Alpha Centauri is the closest star years away - that’s about 39.9 trillion kilometres. With
system to us, and is made up of three stars: Alpha current technology this great distance would take
Centauri Aand Band Proxima Centauri. The closestof ~ generations to traverse. However, if humans are able
these three to the Sunis Proxima Centauri, which is to develop light-speed travel in the future, we could
confirmed to host at least one exoplanet. Eventhough  reach Proxima Centauri in just over four years. NR

070 How It Works
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DID YOU
KNOW?

NASA spacecraft
Voyager 1and 2 have
both reached
interstellar space
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Why does the speed of sound differ
through different mediums?

Laila Jones travels faster through a solid than a liquid,

B Because water, for example, ismuchmore  and slower through a gas. For example,
dense than air, allowing the wave to travel through room-temperature air sound travels
quicker through it. The density of the medium ataround 343 metres per second. Through
through which sound is travelling will affect =~ water, however, sound travels much faster at
the speed of the sound wave. Sound typically  about 1,480 metres per second. NR

ﬂ""‘*---S’gund travels in waves, vibrating
through different mediums

The first antibiotic,
penicillin, was discovered P P
by Alexander Fleming R A - g o
in1928 B e
- ﬁ*'r'..{_ .
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't today’s animal i
Why aren’t today’s animals as big as
[

the dinosaurs were?
Eiliah Jane becoming taller was essential to reach higher

Bigger creatures require more food andspend trees.Anyanimal with a large neck needs a large
their days constantly eating. Large animal tail for balance. Additionally, taller animals
species today can usually be found grazing on require thicker bones for more muscles to attach
grasslands. This strategy is the most effective for ~ to, aswell as wider legs to carry the weight.
large herbivores, but when dinosaurs roamed Ultimately these factors created much bigger
Earth, grass had not yet evolved. It’s believed animals in order to meet the needs that many
that most dinosaurs were plant eaters, and animals today simply don't have. AH
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Why do we get
pins and needles?

Emily Mei

Pins and needles, also known as temporary
paresthesia, occurs when pressure is applied to
alimb, restricting blood vessels’ ability to supply
oxygenated blood to nerves and temporarily
turning them off. Upon relaxing pressure the
nerve regains its blood supply and switches back
on, creating a tingling sensation. SD

How would
electricity be
differentif it
was positively
charged?

Theo Schmidt

Although electricity is created by the
movement of negative electrons, electric
current is conventionally defined as being a
positive flow. This is due to the creation of
positive charge in the opposite direction as
electrons move away.

To switch these charges, the flowing
particles - known as charge carriers - would
need to be positive. The positive part of atoms
are the protons, and while a positive flow of
protons does exist in nature, this electrical
current is not classed as electricity. AH

© P xabay
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What’s in
interstellar
space?

Nevaeh Reed

B Practically nothing. Known as the
interstellar medium, the space
between stars is not completely empty.
It's mostly made up-of hydrogen gas,
but also contains traces of other gases
and dust. The molecules of gas and dust
in interstellar space are widely spread
out, but some areas are more
concentrated than others. NR

Should | drain my mobile
phone battery fully before
recharging it?

Monica Rowe

Only with old mobile phones, whose batteries
modified their range according to the way they were
used. To slow the rate at which the batteryina
new mobile phone declines, it's best to
maintain your battery between 9o and 20
per cent charge. The more charge
cyclesyou put the battery through,
the less charge it will hold.
Generally speaking, the less
oftenyou drainand then
recharge your phone,
the longer its
battery will
last.BB

g,

DID YOU
KNOW?

The largest living animal,
a blue whale, can grow to
be over 30 metres long

-

072 How It Works

humans evolved
to scratch
itches?

Stephen Conn

Feeling anitch is one of the ways
humans and mammals have evolved to
alert us to trauma occurring on the skin,
such as a bite or sting. Scratching that itch
would have once been a good way of
removing whatever is penetrating the skin,
long before tweezers were invented.
Scratching also sends a signal to the brain
that the bite or sting is being addressed and
the itching sensation is turned off. SD

i et
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When did guns
replace bows

and arrows
in battle?

Jiao Wu

Fire lances, first used by the Chinese in
the tenth century, were the earliest
recognisable form of gun: spears were
tipped with metal tubes containing
gunpowder, that shot flames and shrapnel
at their targets when ignited. BB
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Why are bacteria easier
to kill than viruses?

Karl Sheldon human cells, whereas an antibiotic can be
Avirusisa pathogen that reproduces using designed to eliminate bacteria without this

human cells, whereas a bacteriumisa risk. We can more readily kill bacteria by

single-celled organism reproducing by itself. preventing it from forming its cell wall, made

This biological difference isthe reasonthatone  from a polymer called peptidoglycan. This
is easier to treat. Antiviral medication is made polymer isn't found in human cells, therefore
to kill the virus without harming hijacked the risk of human cell damage is reduced. SD

Antibiotics don’t
kill all bacteria: an
estimated 61,000
antibiotic-resistant
infections occurred
in the UK in 2018

© Pexels/ Trove Liu

Why do planes
have round
windows?

Jeff Jacobs

Curved shapes make the best plane windows
because they distribute stress better. Windows
used to be square-shaped in some of the first
aeroplanes, but the pointed corners —
created weak spots. Rounded :
windows were found to be DI D YOU
stronger, which isideal for the
exposure to extreme pressures KNOW?

that comes with flying at A whip was the first
high altitudes. AH human-made object to
break the sound

barrier, 2,000

yearsago If a jet made no noise, would it
. still do a supersonic ‘bang’ ?

Arthur Alaphilippe

B No, itwouldn't. Asonic boom happens when a noisy object, like a jet
plane, travels faster than the sound it produces. Sound cannot travel
through space, as it's almost a total vacuum, so spacecraft that travel many
times the speed of sound cannot create a sonic boom. Aerospace company
Lockheed Martin has a jet in development that produces a gentle sonic
‘heartbeat’ when it breaks the speed of sound, so in the future there may

baanQMat are able to pass through the

out the ear-splitting, signature sonic ‘boom’. BB

The Lockheed Martin X-59

QueSST is a supersonic

——— : ' passe t that has a

— - _ ' quiet sonic boom. It will
have its debut flight in 2021
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BOOK REVIEWS

The latest releases for curious minds

g
Book of
Mars

How obsessed are we
with the Red Planet?

Author: Marc Hartzman
Publisher: Quirk Books
Price: £19.99 / $24.99
Release: Out now

arc Hartzman'’s latest literary work

could be described as a kind of

alternative history of Mars observation.
It's not a stuffy chronology of scientific
discoveries through the eyes of Hershel, Galileo
and astronomers from antiquity - although there
is a bit of that just for context.

Instead within these pages Hartzman likes to
focus on the fun stories from Mars astronomy,
many of which are much more likely to be heard
ina university sociology lecture thana
secondary school physics class, like the 1912
theory that Marsis a vegetable with an eyeball
that watches over it, for example, published in
the Salt Lake Tribune. Or the 19th-century
proposal to communicate with Martians by
burning messages onto the surface of the planet
with a giant magnifying glass. Crazy science
today, but not so much for its time.

There’s a very apt prelude to this apparent
nonsense where Hartzman explains how he was
researching the efforts of Nikola Tesla, the
electrical engineering pioneer of Tesla coil fame,
to communicate with our planetary neighbours,
when he discovered Hugh Mansfield Robinson.
This chap snatched the author’s attention away
from Tesla with his utterly bonkers belief that he
was able to communicate, telepathically, with
the Martian race via a two-metre-tall Martian

woman called Oomaruru. Robinson’s theory
would be relegated to the crackpot fringes today,

074 How It Works
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Pocket
Einstein

10 short lessons in
artificial intelligence
and robotics

Author: Peter J. Bentley
Publisher: Micheal O'Mara
Price: £9.99 / $14.95
Release: Out now

Yet another triumph in the Pocket Einstein
series, this pocket-sized deep dive into the
world of Al offers exceptional insight into the
robotics of the past, present and future. It’s
easy to get carried away when talking about
what seems like the infinite possibilities of
artificial intelligence, but Bentley maintains
alevel head when exploring the potential of
Al illustrating not only its revolutionary
capabilities, but also some of its
shortcomings. Bentley has constructed ten
lessons that can appeal to the masses across
all age groups. Whether you're a technology
enthusiast looking for a well-written story of
Al and robotic evolution or a novice trying to
expand your knowledge on a topic that is
increasingly dominating everyday life, this
book s for you.

but in the 1920s, when it was still believed that
the network of lines criss-crossing the Red
Planet were canals dug by Martians, it held
weight with the publicimagination, if not the
scientific community.

The author links through to the modern era
with the formation of NASA's Jet Propulsion
Laboratory (JPL), when Jack Parsons, inspired
by the wildly fantastic science-fiction stories of
19th-century novelist Jules Vernes, decided to
build rockets with a few fellow students.
Between his increasing occupation with the
occultand becoming friends with Scientology
founder L. Ron Hubbard, he helped launch the
US space program.

Hartzman has clearly enjoyed researching
and writing The Big Book of Mars as much as
we've had reading it. As an extracurricular read,
you'll learn a lot of very surprising things about
our centuries-old relationship with the Red
Planet and have a lot of fun in the process.

pOCKET EINSTEIN @

alaneed and engaging tour of oire of

A Jucid. b phenomena of this century,

the most impl!rlﬂl'l[
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Flicking through this almost-encyclopedic book
of precious and semi-precious stones, it might
appear to be a catalogue of extravagant
jewellery, dripping in diamonds and inlaid with
remarkable gems. However, on closer inspection
the opulent photography isaccompanied by
insightful science about the process of the gems'
formation and how they have been carved and
cut throughout history to create works of art.
Asa collaboration between Professor Francois
Farges and French luxury jewellers Van Cleef &
Arpels, Gems puts precious gemstones into
perspective. Although admired for their
aesthetics and rarity, this book also gives the

What Cats Want

All you need to know
about your feline friends

Author: Dr Yuki Hattori

Publisher: Bloomsbury Publishing
Price: £12.99 / $20

Release: Out now

Have you ever found yourselflooking at a catand
wondering what is going through their head? If
the answer is ‘yes’, then here you will find the
information you need. From their body
language to the pitch of their meows -and
every action in between - this book is
essential for any cat lover looking to break
the animal-human barrier.

Hattoriis a specialist in feline behaviour,
and his expert knowledge - combined with
adorable illustrations - provides an invaluable
visual guide to your cat. Filled with tips, tricks
and facts, Hattori dissects the feline world for all
to understand.

Most pet owners want what is best for their
furry friends. But whether you are striving to

www.howitworksdaily.com

Gems

An in-depth look into the
historical and scientific
value of gemstones

Author: Francois Farges
Publisher: Flammarion
Price: £35 / $45
Release: 24 September

reader an appreciation of the multi-million-year
journey through extreme environmental
conditions which ultimately results in their
diverse and unique characteristics. Thisisa
good coffee table book and one to refer to if you
want to learn more about individual gems.
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provide the optimum life for your cat by knowing
when they are unwell, unhappy or content or
you just want to broaden your general
knowledge of the animal, this book will go above
and beyond your questions. Like any
relationship, a level of understanding can build
happiness and trust, and this book is a great tool
to enhance this between you and your cat.

BOOK REVIEWS

Brain on
Stereotypes

The science behind
unconscious bias

Author: Tanya Lloyd Kyi
Publisher: Kids Can Press
Price: £14.99 / $16.99
Release: Out now

The world needs diversity, but how are we
programmed to respond to these
differences? Our brains are constantly
sorting and labelling objects based on
their features, but when it comes to
people, this process is much more
complicated. Unconscious bias is instilled
inus, starting when we are young, and
this book has arrived at a vital time to
prove and prevent its damage. How can
we change the automatic perceptions we
have about ourselves and others?

Using hard-hitting lessons from past
events and scientificresearch, this book
explores how we can rewire our minds to
make humankind fairer. Appropriately
tackling sensitive issues, this is the ideal
first step for creating awareness among
young people while also explaining the
science behind how this works. The
carefully chosen illustrations brighten
each page, while the narrative iswritten
to help understand terms like ‘bias’,
‘stereotype’ and ‘prejudice’ by using
simple analogies. Drawing challenges
and other activities keep the reader
actively engaged to see how easily
stereotypes can be held and what they
might have picked up from society.
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BRAIN GYM,s

GIVE YOUR BRAIN A PUZZLE WORKOUT

guickFIRe  Spot the difference

QUESTIONS See ifyou can find all six changes between the images below

In the Western
Pacific hurricanes are
known as:

Cyclones
Typhoons
Beauforts
Gusts

How many arms do
octopuses have?

4
6
8
12

Which of these =
video game consoles
was launched first?

Microsoft Xbox
Sony PlayStation
Nintendo 64
Sega Genesis

When was the first
motorway built?

234 BCE
1896
1924
1958

Which element
turns molten glass red?

Cobalt
Selenium
Gold
Carbon

What happened to
Ariel 1, the UK’s first
satellite, in 1962?

It was hit by

an asteroid

The US nuked it

It flew into the Sun

Russia captured it
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Sudoku

Complete the grid so that each row, column and 3x3 box contains the numbersitog

71 14! |8 9/8]|5
8 2161 9
5 917163 2 4|8
6|3 27 1 8 V4 1
8 |5/3/6]7/2/4 3 8| |5 > 4
7 9| |8 4,96 | —
6171 |3 2 5121 1 Whatis it?
5 416121913817 5 This annoying bug ‘hears’ with
3(719 1 118 9l 7 these feathery antennae...
O E L E C TR | C T L V U Q | Find the solutions to last issue’s puzzle pages
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Wordsearch
HURRICANE GAMING TUDOR
TROPICAL COCOA GLASS
POUCH ELECTRIC JUNK
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LIFT THE LID ON THE MOST POWERFUL
TECHNOLOGY YOU'LL EVER USE:

THE HUMAN BRAIN

pestselling author

From the internationally

DAVID EAGLEMAN

What does drug

withdrawal have in
common with a
broken heart?

How can a blind
person learn to see
with her tongue?

What does how we
dream have to do
with the rotation of
the planet?

The Unaccountable iuw-dropp]

Observer Y of genius

‘The jolly Sherlock Holmes of neuroscience ...
His knowledge and enthusiasm are intoxicating’



HOW T0...

Practical projects to try at home

Get
in touch

Send your ideas to...

f How It Works magazine
W @HowltWorksmag

@howitworks@
futurenet.com

How to make a tea light turbine

Watch your turbine spin using the power of a single flame

ils}f;ﬁ:f | Cut a circle

Atealight | Takingyour scissorsand
Lighter or foil, carefully cut out an even
matches circle, filling the width of

the foil.

Adjust the spiral
Hold the foil spiral’s centre at the top of the
skewer and cut the bottom so itslength is roughly
the same length as the skewer.

Place a tea light next to the plasticine and
carefully light it up with a lighter or match. Watch
to see how quickly the foil begins to move. If it
doesn’t, loosen the top slightly.

Spiral out

Starting at the edge of the circle, cut the foil
into a spiral. Keep the scissors about two-and-a-
half centimetres from the outside edge as you cut
around towards the middle.

Place the centre of the spiral over the pointed
end of the skewer and pinch the foil so that it
clings onto the top.

Turbine in motion

Observe the turbine as it turns around
the skewer and glistens in the candlelight,
pushed into motion by the flame’s rising heat
ina process called convection.

Make the stand

Stick a small handful of plasticine onto a flat
surface and place your skewer vertically into it
with the pointed end facing upwards - this will
form the base for your spiral.

Final adjustments

Wrap the spiral around the skewer and
re-cutits length so that the end hangs about five
centimetres above the table.

This experiment works due to convection.
When the tea light islit, the flame heats the
surrounding air particles, causing them to lose
density and rise above the cooler air. As the
particlesrise they push against the foil, creating
the movement. When building your turbine,
make sure the foil isbalanced securely but is
still able to move freely.

Had a go?
Let us know!
Ifyou've tried out any of our
experiments - or conducted

some of your own - then let us

know! Share your photos or HOW tO
videos with us on social media. make a
cloud jn ajar

Disclaimer: Neither Future Publishing nor its employees can accept any liability for any adverse effects experienced during the course of carrying out these projects or at any
time after. Always take care when handling potentially hazardous equipment or when working with electronics and follow the manufacturer’s instructions.

© lllustrat ons by Ed Crooks
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INBOX

Speak your mind..

© Pixabay / Markus Steinacher
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This sequence and its presence in nature has

fascinated scientists for centuries

Fibonacci thistle

Dear HIW,

On a walk | passed this thistle plant and noticed this
beautiful and intricate pattern. When looking at the
photograph, it got me thinking about the Fibonacci
sequence. | don't know much about it, but wondered if
you could tell me if it's connected to this pattern?

Anne Marl

What a mesmerising picture, and a great
choice to demonstrate the Fibonacci sequence

Get in touch

howitworks@futurenet.com

Letter of the month

Seeking
Immunity

Dear HIW,

Zack

© Anne Marl

These are incredibly topical questions,
with scientists around the world currently

aiming to produce a new life-saving

>

The Fibonacci sequence is a series of numbers

where each is the sum of the two that came

beforeit: 1,1, 2, 3, 5, 8, 13, 21, 34, 55.... This

sequence can often be found in the structure

of natural things. Your photograph is a perfect k-

example of this, where you can see the

concentric spiral pattern. This is a genetically
determined pattern, and the resulting spirals
match up with the numbers in the sequence.
These spirals can be found on all thistles,
pinecones and some flower heads. Next time

you see the spiral on a snail or the number of
branches growing from a tree, see if you can

spot where these numbers hide.

Ocean currents are constantly moving
and always changing

080 How It Works

Countries are currently racing to
create a vaccine for COVID-19

If you have any questions or comments for us, send them to:
o How It Works magazine @ (@HowltWorksmag

This is a question | have been pondering for a while.
How do vaccines work? What do they put in your
body and how do they know where to put them?

vaccine. It’s the job of white blood cells to
respond to an infection when it enters the
body, recognising danger and acting quickly
to eliminate it before it does any further
damage. Before they can carry out this vital
role, your immune system needs to build
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familiarity with each infection.
Vaccinations prepare the body for a more
efficient response by exposing the immune
system to a weaker version of an infection.

If you are exposed to the same virus or
infection again, the body will recognise it and
the specific cells needed to kill it will be
created. Vaccines contain weakened or dead
germs combined with a substance which helps
to kick-start the process, called an adjuvant.
Vaccines are usually injected deep into your
muscles, where the contents can be absorbed
efficiently into the bloodstream.

When vaccines are being tested, the most
effective methods are discovered and spread
to other scientists. Once the most effective
entrance into the body is found, the
bloodstream will carry the cells throughout the
body, and you build up your defences.

\

\
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Battling the currents

Hi HIW,
| have started swimming now that the sea is warmer. As |
swam out to sea and back again, | noticed that one way
was quicker than the other, notably due to the current. The
next day this direction changed, and | assumed it was
because of the wind blowing in one direction. However,
after more swimming on calm days, the direction of the
current still changes. What causes these changes?
Erin Mcginty

The more you encounter the sea, the more you
will become aware of its ever-changing character.
Its current is one of the elements that often
changes, and the surprising strength can be very

dangerous if you are unaware of its movements.
You are right in suspecting that the wind impacts
these movements. Global winds are a major cause
as they move the water to create surface
currents. However, this is not the only factor in
the currents’ speed and direction, and the wind
alone won’t always tell you the sea’s conditions.

Temperature as well as salt fluctuations at sea
can bring on a surge in current. When the sea
water becomes more or less dense it rises and
sinks, impacting the movement of surrounding
water. Cold water or salty water is more dense,
and as it moves down, water will be pushed up
from below and stir up your swim.
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Cliff caution

Dear HIW,
After studying the geography of coastal erosion, it has
made me take closer notice of the cliffs and their

structures. Erosion at the cliff base in this picture | have

taken has caused precarious overhanging rock at the

top, and the debris at the bottom could then be used as

ammunition to erode the cliff further. | wondered how
likely it is to be caught by these falling rocks. Do they
fall regularly and is there any way of knowing when the
area is dangerous?

Simon Hartley

Thank you for sending us your picture of this
dramatic cliff face. In the UK it’s common for
cliffs to erode between one and two metres
each year. As erosion at the bottom makes the
top unstable, it is next to impossible to know
when the rock is going to give way. It is best to

COMING SOON!

ABK(USY" "1

DO YOU HAVE A
CURIOUS QUESTION
YOU NEED THE
ANSWER TO?
Maybe you always find
yourself wondering how,
what and why?

Every Thursday
we will answer as many of
your questions as possible,
live on Twitter.

To take part, simply tweet
your question on the day
using the hashtag
#HaskHIW

NEXT
ISSUE...

www.howitworksdaily.com

Issue 143
on sale

10CT
2020

At the base of the cliff,
large boulders and
crumbled rocks lie

steer clear of the bottom of these cliffs.
Different rock types can erode quicker than
others, while stormier regions can batter the
land much more violently than in other areas.
It is fascinating to watch the result of the wind
and sea’s force, but it is best not to spend a
long time near this rocky debris.

What'’s happening on...

social media?
©

This month on Instagram we
asked you what you think
the coolest natural
phenomenon is

@_rchiesw_in
Definitely the northern lights. The night
sky looks so coal full of colours.

(@scimaxfacts
Volcanic lightning because it is really cool!

(@hamid.baghernia
Sunrise and sunset, beautiful result of the
Sun, atmosphere and Earth’s rotation

(@zidaneyvt4
Undersea mountain, it's a beautiful scene
when it's explosion time

(@maia_h3

Thermal springs - natural heated poaols!

@oestheically_aj : Sun halos because
they look magical

@cameromharvey : Rogue waves!
They're so dramatic and powerful

Available in print from all good newsagents and
myfavouritemagazines.co.uk, or as a digital
edition for iOS and Android. To enjoy savings on
the RRP and to make sure you never miss an
issue, check out our subscription offers on
pages 18 (UK) and 43 (US).
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FAST FACTS

Amazing trivia to blow your mind

180kph 20,000

THERE ARE THOUSANDS OF NEAR-EARTH ASTEROIDS

THE POL A R JET STRE A M KNOWN TO ASTRONOMERS, AND MANY MORE UNKNOWN
WINDS, OVER NINE
KILOMETRES ABOVE SEA
LEVEL, CAN BLOW AT
SPEEDS GREATER THAN A
CATEGORY 3 HURRICANE

SPACEWAR!I' WAS THE WORLD'S FIRST COMPUTER GAME,

DEVELOPED AT MIT
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= ) 15 ~ CHOCOLATE,
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WINGSUIT JUMPERS CAN EASILY DOZENDIFFERENT | ANTIOXIDANTS

. ELECTRICSOCKET
SLOW THEIR DESCENT TO LESS THAN . STANDARDSARE | AND NUTRIENTS

HALF THE SPEED OF SKYDIVERS USED WORLDWIDE ’T CONTAINS

" LIBYANDESERT
ORI @@ MIES
WHEN A METEOR

EXPLODED ABOVE THE UK'S ROAD NETWORK COULD STRETCH
THEDESERT29 AROUND THE WORLD OVER TEN TIMES
MILLION YEARS AGO
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techecam

.org.uk

Online
Virtual
Courses

Meet new friends your age in a safe online classroom using video conferencing

-

Learn the latest in computing
and engineering with fun,
hands-on projects.

Web Design

Small, friendly groups
of 8 students maximum

Robotics Electronics

*+Giblings and friends join your video session free

Taught by UK’s finest young engineering and computer science experts

f Call: +44 (0) 118 380 5678 Web: www.techcamp.org.uk



