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hat a series of chemical
compounds should
determine so much about
who we are, both physicallyand
mentally, is a strange thought -
though the DNA double helix is far
from being a simple structure. That’s part of the reason
why it has taken scientists until the middle of the 2oth
century to successfully extract and define it. In this
issue of How It Works, we explore the history of the
scientific discovery of DNA, the chemical structure that
allows it to store instructions on every facet of human
anatomy, how we use our knowledge of DNA today and
what we might be able to do with
DNA science in the future.
Enjoy the issue!
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All about DNA

Explore the history, chemistry
and the future technologies of
DNA science that could allow us
to master our biology

Cosmetic chemistry
Discover the science behind the
products we put on our skin

Hydrogen: the
unifying element

How to get to the ISS
These are the steps that
astronauts take to travel to the
International Space Station

The Solar System’s
outer limits

Animal superpowers
Regenerating amphibians,
mind-controlling wasps and
more: all these creatures have

super abilities %

Inside Mount Etna

Deep-sea blobfish

Goto
page 24
for great
deals

Andy Extance
Andy is a freelance
science writer based in
Exeter, UK. He previously
worked in early stage
drug discovery research,
followed by a brief stint in
silicone adhesive and
rubber manufacturing.
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Ninja vs Samurai

What were these two specialised
combatants, who rose out of
ancient Japan?

Birth of the Euros

The origin of origami
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Life-saving vehicles
Peek inside these land, sea and
air emergency vehicles to see
the kit required to save lives

How cars keep you safe

AR

How are FONE]

houses built?
From laying the foundations to
tiling the roof, here’s how our
homes are put together

What's inside a fridge?

42 How to get to the ISS

MEET THIS ISSUE'S EXPERTS...

Dr Andrew
May
Andrew has a PhD in
astrophysics and 30
years in public and
private industry. He
enjoys space writing
and is the author of
several books.
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Jo Elphick

Jo is an academic
lawyer and lecturer
specialising in
criminal law and
forensics. She is
also the author of a
number of true
crime books.

Lauren Eyles
Marine biologist and PADI
divemaster Lauren has
been leading the fight
against plastic pollution
for over ten years. She’s
appeared on BBC Coast,
Springwatch and other
wildlife programmes.

Mike Jennings
Mike is a freelance
technology journalist
who is fascinated
with gaming,
futuristic technology
and motorsport. He
dreams of becoming
a rally driver.

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

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
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Cosmetic
chemistry

Inside
Mount Etna

When you see the
RARZANE logo at
the top of a page, use
your phone to scan
the QR code, which
looks like this

Life-

saving vehicles

The

origin of
origami

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

REGULARS

Global eye
Science and tech news from
around the world

Wish list

The latest gadgets and apps for

Father's Day
76 How are

houses built? eBooks and posters

Free How It Works digital
specials and posters

Brain dump
Your questions answered

Book reviews

Brain gym
Give your brain a workout
with our puzzle pages

How to...
Extract banana DNA

Letters
Write to us and have your say!

Fast facts

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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PLANT
SKIN

Speckled throughout each of these plant
cells are flecks of green organelles called
chloroplasts. These subcellular structures give
plants the ability to make their own food, such as
sugars. Autotrophs like plants, algae and
cyanobacteria can convert a mixture of sunlight,
water and carbon dioxide into sugar and oxygen.
This process is called photosynthesis. All
organelles are contained within cell walls,
iluminated here as vibrant-orange borders, and
all of their activities are controlled by the
cells’ nuclei, seen in this image as
reddish-brown circles.



FISH
ABOVE WATER

Zipping across the waves, flying fish have
evolved a handy pair of wings to avoid being
eaten. While swimming, these fish appear
largely indistinct from many other torpedo-shaped
fish. However, their pectoral fins spread like wings,
allowing them to glide above the surface. Ramping
up the speed underwater, when these fish reach
around 37 miles per hour they can breach the
surface, open their fins and glide around a metre
above the waves. Flying fish, of which there are
around 40 species, can sustain a single ‘flight’
for up to 200 metres. It's thought that they
evolved their wing-like fins as a way to
escape their many marine
predators.
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DEVIL'S
BRIDGE

All across Europe are eerie bridges known
as Devil’s Bridges, with many said to have
sprung up after being built by the devil himself.
There are 49 of these in France alone. In this image
is the German Rakotzbriicke, found in Saxony. The
construction of this semi-circular bridge creates the
appearance of a full circle in the water’s reflection
below. Its portal-like appearance and gravity-defying
design have placed this bridge in fiendish fairy tales
and folklore about devils and demons. It remains
unclear who built the Rakotzbriicke, but it is
believed to have been built by hand around
1860, including the spiky spires at
either end.



NEBULOUS
NEIGHBOURS

Just outside the Milky Way in one of its
satellite galaxies, the Large Magellanic Cloud,
are these two nebulae. Floating around 163,000
light years away from Earth, the larger red nebula
is called NGC 2014, and its smaller blue sidekick is
called NGC 2020. These nebulae are the birthplace of
massive stars, including rare Wolf-Rayet stars, which
are around 15 times the size of our Sun. Near the
centre of NGC 2020 you'll notice the bright
Wolf-Rayet star HD 269748, which generates this
blue bubble. This image, which has been given
the name ‘Cosmic Reef’ because of
NGC 2014’s coral reef-like appearance,
was taken by the Hubble Space
Telescope.
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Scientists
discovered a new
species of
dinosaur called
Tlatolophus
galorum

© Luis V. Rey

HISTORY

New species of dinosaur
talked to each other

Words by Yasemin Saplakoglu

alaeontologists have discovered fossils of a
Pplant—eating dinosaur that belonged toa

previously unknown species, one that was
likely ‘talkative’ based on the ear structure,
which would've been adept at picking up
low-frequency sounds.

The tail of the dinosaur, which lived about 73
million years ago, was first discovered in 2005 in
the Cerro del Pueblo formation near Presa de San
Antonio in Coahuila, northern Mexico. About
eightyears later, palaeontologists from the
National Institute of Anthropology and History
(INAH) in Mexico and the National Autonomous
University of Mexico (UNAM) worked together to
recover the tail and any other remains. They
needed to quickly rescue the tail, which was
protruding from the surface of the Earth and
exposed torain and erosion.

“Although we had lost hope of finding the
upper part of the specimen, once we recovered
the tail we continued digging under where it was
located,” said Angel Alejandro Ramirez Velasco
from UNAM'’s Institute of Geology. "The surprise
was that we began to find bones such as the
femur, the scapula and other elements.”

The dinosaur remains were well preserved,
suggesting the individual had died ina
sediment-rich body of water that would have
been quick to blanket and protect the remains.
Palaeontologists were able to recover 34 bone

fragments, making up 8o per cent of the
dinosaur’s skull, including its crest, its lower and
upper jaws, palate and neurocranium, the part
of the skull that would have housed the brain.

Because the researchers could recover so
much of the dinosaur’s skull, they were able to
compare this individual with other known
species. At first, based on its tail alone, the
researchers knew the dinosaur belonged to a
family of duck-billed dinosaurs called
hadrosaurs. But they quickly realised that the
crest and nose differed from those of any known
hadrosaurs, and what they had in their hands
represented a new genus and species.

The researchers named the species
Tlatolophus galorum. They named the genus after
the Nahua indigenous group’s word tlahtolli,
which means ‘word’, and the Greek word lophus,
which means ‘crest’. The name is fitting, as the
dinosaur’s crest is shaped like a ‘virgula’, “a
symbol used by Mesoamerican peoples to
represent communicative action and knowledge
initselfin codices,” said researchers.

By examining the structure of the ear bones,
the researchers were even able to geta glimpse
at how the dinosaurs may have communicated.
“We know that they had ears with the ability to
receive low-frequency sounds, so they must have
been peaceful but talkative dinosaurs,” said
Ramirez Velasco.
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“Maodified mosquitoes
and surviving male
offspring can't pass
diseases to humans”



ANIMALS

Deep-dwelling
‘Emperor Dumbo’
octopus discovered

Words by Cameron Duke

new species of Dumbo octopus, equipped

with the telltale fins on its head, has been

dredged from the deep. Nicknamed the
Emperor Dumbo, the adorable creature was
discovered in 2016. Alexander Ziegler of
Friedrich Wilhelms Universitat in Bonn,
Germany, was aboard the German survey ship
RV Sonne as the resident biologist when a
strange creature was caught in one of its nets
near the Aleutian Islands.

“It was areally lucky find,” said Ziegler,
“because we weren't really looking for it. Plus
the whole animal came to the surface intact.”
Such nets typically damage animals made
predominantly of soft tissue, like octopuses.
This one, however, was inimmaculate
condition, an impressive feat
considering it was fished from
the crushing depth of
roughly 4,500 metres.

On board the ship,

Ziegler quickly

determined that thiswas
anadult male Dumbo
octopus, a group of small,
deep-sea octopuses. Dumbo
octopus species can be
identified by the
umbrella-like

webbing joining

their tentacles and

their cartoonishly

ear-like fins that

resemble the oversized

ears on Disney’s Dumbo, the
flying elephant.

Finding an intact Dumbo
octopusisrare. Theyare
the deepest-living
octopuses known to
science, and they are
usually dredged
from the deep as
fishing bycatch,
often too damaged to
be identified. To
identify an octopus
to the specieslevel or
to characteriseitasa

www.howitworksdaily.com

new species typically requires destructive
techniques. “You have to look at the internal
structure, which would mean disassembling the
specimen in order to describe it,” Ziegler said.

Instead, Ziegler and Christina Sagorny,
currently a doctoral student in Ziegler’s lab, used
magnetic resonance imaging (MRI) and
micro-computed tomography (micro-CT) scans
to non-invasively examine the internal organs
and structure of the octopus without making a
single cut, except to extracta DNA sample.

By using these techniques, Sagorny and
Ziegler found that their endearing deep-sea
dweller didn't match any known species. The
number of suckers on its tentacles, along with
the shape of the gills and beak, suggested
something totally new. “Christina was

calculating these values and counting the

suckers when we realised it didn't compare
to other species,” Ziegler said. “That
moment when we realised we were
describinga
new
species,
obviously
thatwasa
pretty good
moment.”
The duo
named the species
Grimpoteuthis
imperator, with
Emperor Dumbo or
Kaiser Dumbo asa
proposed common
name, because the
specimen was
discovered along the
slopes of the
Emperor seamount
chaininthe
Pacific Ocean.

The new species of
Dumbo octopus has
been nicknamed the

Emperor Dumbo
© Alexander Ziegler
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Decapitated worms ‘see’
with headless bhodies

Words by Mindy Weisberger

iny worms can ‘see’ light without their
I eyes, or their heads. Planarians are a type

of flatworm, soft-bodied creatures that
lack complex organs. They have two eyes that
connect to a centralised bundle of ganglia in
their heads that acts as a brain, and those eyes
are sensitive to ultraviolet (UV) light. In the
presence of UV light, the worms use their cilia,
tiny hairlike structures on their bodies, to
wriggle away. However, it turns out the worms,
measuring just a few millimetreslong, don't

need their eyes or their brains for light detection.

When researcherslopped off planarians’ heads,
the worms were still capable of
sensing UV light.

Removing ananimal’s head
might seem like an odd way to
conduct behaviour experiments.

But planarians are known for not

only surviving decapitation, but

also for easily regenerating missing

body parts. Amputation is no big

deal for a planarian; cut one into multiple pieces
and each piece will regenerate into a new worm.
Decapitated planarians easily grow new heads,
and scientists can even tweak the worms’
geneticinstructions to coax them into growing
the heads of different species.

Researchers found planarian bodies contain
cells that produce a type of light-sensitive
protein called an opsin. Arrays of these cells
found around the periphery of the planarians’
bodies expressed two opsins: NC R-opn1and

NC R-opn 2, while the more centrally located cell
populations only expressed NC R-opn 1.

The cells producing just one opsin were
pigment cells. In the peripherally located cells,
the two opsins first detected UV light and then
triggered movement in the headless worm,
which wriggled away in response to that light.
Only mature worms possessed this light-sensing
superpower; newly hatched worms couldn’t
detect UV light after their heads were snipped
off, hinting that light-sensing cells in the worms’
bodies develop after hatching.

The scientists also found that when whole
planarians were resting inan
inactive sleep-like state, they
would perk up in the presence of
UV light, even when they didn't
respond to other visual stimuli.
This suggests that whole-body
light sensing helps to protect
snoozing worms from harmful UV
rays by activating movement

when the worm is at rest and its vision is
temporarily offline.

“Such a mechanism may be distinctly
advantageous to a water-dwelling, light-aversive
organism thatis likely nocturnal and would rest
during the day,” the researchers wrote. The
discovery of a whole-body light-sensing
infrastructure in planarians that doesn’t require
a central brain or eyes represents “a major
advance spanning virtually all facets of
photosensory biology”.

www.howitworksdaily.com
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The Necklace Nebula shines like jewellery,
but it’s just a load of star farts

SPACE

‘Necklace
Nebula’
formed by
drowning star

Words by Brandon Specktor

o stars, bound together in orbital

I matrimony, are slowly ripping each other
apart, and like many relationship

squabbles, this stellar spat ends with jewellery.

Meet the Necklace Nebula, also known as
PN G054.203.4. This planetary nebula is located
about 15,000 light years from Earth, inside the
Sagitta constellation. To telescopes like Hubble,
the nebula looks like an emerald oval ringed
with sparkling clusters of jewel-like gas. A
binary star forms a bright speck at the centre.

That speck looks like a single star, but it’s no
bachelor; about 10,000 years ago, the star grew
so large that its outermost layer of gas actually
swallowed up a smaller companion star. That
smaller companion star is still orbiting inside its
larger partner’s gassy sheath, knownasa
common envelope. As the smaller star orbits
through its larger partner, the gas surrounding
the duo begins to rotate faster and faster. At
some point the gas surrounding this stellar
couple started swirling so fast that huge swaths
of it started spilling out into space.

That runaway gas escaped in an oval shape,
gushing outwards for trillions of miles in every
direction, thus creating the necklace shape. As
for the sparkling jewels running along the
outside of the ring? These are areas where the
stellar gas bunched up into dense clusters.

For now the two stars at the centre of the
nebula will continue their mad ballroom dance
around each other, completing a full orbitina

little more than an Earth day. But their
end isuncertain. Many binary

For more couples end their relationships
of the latest withimmense
stories. head to supernova explosions.
’
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Voyager 1 records
mysterious ‘hum’ in
interstellar space

Words by Stephanie Pappas

4years after it rocketed off from Earth,
4Voyager 1is detecting the background

‘hum’ of interstellar space for the first
time. Voyager 1, launched in 1977, left the bounds
of the Solar System, known as the heliosphere,
in 2012. The heliosphere is the bubble of space
influenced by the solar wind, the stream of
charged particles that emanates from the Sun.

Since popping out of this bubble, Voyager 1 has
been periodically sending back measurements
of the interstellar medium. The Sun sends off
bursts of energy known as coronal mass
ejections that disturb this medium, causing the
plasma, or ionised gas, of interstellar space to
vibrate. These vibrations are quite useful, as they
allow astronomers to measure the density of the
plasma. The frequency of the waves through the
plasma can reveal how close together the
ionised gas molecules are.

Now, however, researchers have realised that
Voyager 1is also sending back a far more subtle
signal: the constant ‘hum’ of the interstellar
plasma. This low-level vibration is fainter, but
much longer lasting than the oscillations that
occur after coronal mass ejections. The hum
lasts at least three years. “Now we don’'t have to
wait for a fortuitous event to get a density

www.howitworksdaily.com

measurement,” said Stella Ocker, a doctoral
student in astronomy at Cornell University.

Voyager 1is currently over 152 astronomical
units from the Sun. An astronomical unit is the
distance between the Sun and Earth, so that
means that the antennae-studded spacecraft is
now 152 times as far away as Earth is from the
Sun. The far-flung craft is one of a pair originally
designed to fly by Jupiter, Saturn, Uranus and
Neptune, taking advantage of a rare planetary
alignment that would allow Voyager 1and 2 to
use the gravity of each planet to propel
themselves to the next.

Both Voyager 1and 2 are still transmitting
from interstellar space. Voyager 2 made it past
the heliosphere in 2018. Ocker and her
colleagues combed through data from the last
five years of Voyager 1's transmissions to find the
subtle hum of interstellar space. They were
surprised to find that the vibrations occur on a
narrow set of frequencies, unlike the vibrations
from the coronal mass events, which tend to
show up more broadly. The researchers don't yet
know exactly what causes the low-key plasma
vibration, but it probably has to do with the
‘jitter’ of electrons in the medium due to their
basicthermal properties.



WISH LIST

The ultimate Father's Day gift guide

Galaxy Watch3

Price: £349 / $399.99

© Samsung

This is a great gift for tech-savvy dads that want to
control their day from their wrist. The Galaxy Watch3
by Samsung lets the wearer control their schedule,
messages, contacts, make contactless payments and
much more. It also provides a convenient and
sophisticated health analysis with its built-in sensors.
An ECG can monitor your heart rate to track your
daily rates, as well as monitoring the amount of
oxygen in the bloodstream. It can also watch you
while you sleep, scoring your REM cycle and offering
tips for a better night’s sleep.

The Smart Garden 3

Price: €99.95 (approx. £86 / $120)

The Smart Garden 3 is the perfect present for a keen cook or a
budding gardener. From kitchen herbs, fruits and vegetables to vibrant
flowers, this indoor garden can grow a wide range of plants with
minimal effort. Simply place the plant pods in the smart garden, add a
little water to the tank, switch on the LED lights and you’re good to go.
The smart garden will automatically water the seedlings until they
become lush plants, and the pods contain all the
nutrients and root oxygen they need to thrive.

Philips Shaver
Series 7000

Price: £259.99 / $179.99

Designed with sensitive skin
in mind, the Series 7000
shaver by Philips is a great
gift for dads looking to give
their morning routine an
upgrade. This shaver isn’t like
other typical shavers - it’s
been built to include an array
of high-tech features. For
example, the Series 7000 can
connect with a smartphone,
and using the companion app
allows the user to track their
shave time and any skin
issues related to shaving,
such as razor burn or ingrown
hairs. The built-in sensors
will also auto-adjust the
speed of the shaver blade to
tackle the full range of beard
densities it faces.

© Philips
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SoundLink
Revolve i

Price: £179.95 / $199

This smart speaker by Bose
offers 360 degrees of sound and
much more. It’s a compact and
portable speaker that’s durable
and water resistant, perfect for
outdoor use. The impressive
rechargeable battery boasts a
playtime of up to 13 hours. The
Revolve Il is also much more
than just a speaker, and
through voice activation acts
as an assistant so you can

send messages and make calls
using it.

GoCube

Price: $99.95 / £79.95

The humble Rubik’s Cube has been
given a high-tech makeover with
the GoCube. This smart-connected
cube wirelessly pairs with your
phone or tablet for a whole host of
fun and interactive games. From
timing your ability to solve the cube
to battling your buddies, the
GoCube offers the same challenge
and fun of a regular Rubik’s Cube
with a modern twist. The cubes can
also transform into a controller for
mini-games and missions on the
companion app.

© Goc
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Turntable with
Bluetooth
connectivity

Price: £230 / $199.99

Give the gift of the authentic sound of vinyl,
completely cable-free, with this Bluetooth-enabled
turntable by Sony. This wireless creation allows you
to take music from any vinyl collection and play it
through any paired device, such as headphones,
speakers and

soundbars. Sleek

and stylish, this

vinyl player

features a

sturdy

aluminium arm

for a clear

sound and

powerful

bass.

© Sony

APPS &
TOOLS

MasterClass

Developer: MasterClass Inc.
Price: £14.17 a month / Google Play /
App Store
Learn new skills
from some of the
greatest minds,
including the likes of
Neil deGrasse Tyson,
Gordon Ramsey and
Serena Williams.

Audible

Developer: Audible, Inc
Price: £7.99 per month / Google Play /
App Store
The perfect app for
keen readers, get
access to thousands
of audiobooks and
podcasts on your
mobile device
with Audible.

Peloton - at
home fitness

Developer: Peloton Interactive, Inc
Price: £12.99 a month / Google Play /

App Store

This fitness app

offers workouts for a

range of activities,

including outdoor

running, cycling,

yoga, meditation and

much more.

Slumber

Developer: Slumber
Price: $39.99 a year / Google Play /
App Store
Relaxing sounds to
aid sleep, the library
includes ASMR
soundscapes,
meditation guides,
background sounds
and over 350 stories.

How It Works 023



UNLOCKING THE SECRETS OF OUR
GENETIC CODE WILL MAKE US
MASTERS OF OUR OWN BIOLOGY



DID YOU KNOW? Researchers have found over 1 million hypothetical alternatives to DNA, but no living creature uses them



DNA is the most famous molecule in the world,
but what goes on inside that double helix? At the
heart of it are four chemicals called nucleotides.
Each contains a pentagon-shaped sugar
molecule, a structure called a phosphate group
and a protein fragment called a base.

The sugar and the phosphate group are the
same for every nucleotide. They join together
side by side to form the backbone of each DNA
strand. Like LEGO bricks, they only connect one
way round; the phosphate of one nucleotide slots
into the sugar of the next. This means that DNA
strands have a definite ‘up’ and ‘down’. The top is
called the five prime (5°) end, and the bottom the
three prime (3') end.

The two strands of a DNA helix face in opposite
directions, one running five prime to three
prime, and the other three prime to five prime.
They twist together in a right-handed helix. If

© Alamy

028 How It Works

you look closely you'll notice that the alternating
twists are uneven: one big (the major groove) and
one small (the minor groove).

The bases connect the two DNA strands
together like the rungs of a ladder. They form
pairs, known as base pairs, linked by strong
interactions called hydrogen bonds. There are
four bases - adenine (A), cytosine (C), guanine (G)
and thymine (T) - and they are extremely picky
about the bonds they will form. Adenine will
only pair with thymine, and guanine will only

How it replicates

It takes an hour to turn one DNA double
helix into two identical copies

2 Stabilise the
strands

Helper proteins cling to both
strands to stop them from

pair with cytosine. This means that if one strand
carries the sequence ATGC, the other has to have
the sequence TACG.

This strictness allows a cell to easily make
copies of its genetic code. It simply unzips the
two strands and uses them both as templates to
assemble two new strands, copying the
matching nucleotides into the empty slots.

The most important role for DNA is to carry
information from one generation to the next.
This information is written in code, using the

1 Unzip the helix
The two strands of the DNA
helix unzip to expose the
bases inside.

sticking back together.

3 Copy the forward strand
A protein called a DNA polymerase reads the first
strand and starts building a copy on top of it.

5 Join the fragments
Proteins called DNA ligases heal
the gaps between the copied
pieces on the second strand.

© lllustration by Ed Crooks

WHAT IS RNA?

DNA is not the only genetic molecule in nature;
organisms also make strands of genetic material

4 Copy the
backward strand
DNA polymerases can
only move in one
direction, so they have to
copy the second strand in
small chunks.

called RNA. Chemically the two molecules are quite

similar, but they have very different roles to play.
DNA forms stable double strands that carry the
entire genome safely from one generation to the

next. RNA forms unstable single strands that carry

smaller amounts of genetic data for shorter

amounts of time. Cells use RNA to make temporary
copies of their genes. These copies act as templates
for the molecular machines that make proteins. The

machines read through the code three bases at a
time, adding the corresponding amino acid to a

growing protein string.



DID YOU KNOW? You can extract DNA by mixing strawberries with washing up liquid, salt, water and rubbing alcohol

8 Chromosomes
Humans have 46 chromosomes:
23 inherited from the mother
and 23 from the father.

1 Bases

The four bases carry the
genetic code and link the two
strands of DNA together.

2 Double helix
DNA has two strands,
twisted together to

form a distinctive spiral.

© Getty

7 Nucleus

The chromosomes are found in
the centre of the cell, protected
by two layers of membrane.

6 Chromosome
Each strand of chromatin forms a
structure called a chromosome.

Twisted
structure

How does two metres of DNA
fit into a cell smaller than a
grain of sand?

5 Chromatin

DNA, together with histones,
forms a compressed
substance called chromatin.

3 Backbone

Alternating sugar and
phosphate molecules
make up the outer
ribbon of the DNA helix.

four bases as chemical letters. Scientists have
yet to decode the meaning of the entire human
genome, but they have cracked the code that
makes up our genes.

Genes are the parts of DNA that carry the
instructions for making proteins: the molecules
that build our bodies and do the hard
biochemical work that keeps us alive.

The building blocks of proteins are amino
acids, and there are 20 different types of amino
acid to choose from. The order of amino acidsin
a protein dictates how the protein folds up to
form a 3D structure and how it behaves inside
the body.

The instructions for building proteins are
written into our genes as strings of three-letter
words called codons. It is possible to make 64

4 Histones
These bead-shaped
proteins wind the
DNA into neat fibres.

© Alamy

three-letter words using the four DNA bases. This
means that, just like in English, some genetic
words have the same meaning.

The codon ATG means ‘start’, signalling that
the instructions to build a protein begin here.
The codons TAA, TAG and TGA mean ‘stop’,
signalling that the protein ends here. The rest
correspond to different amino acids. Cells copy
the genes they want to use and read through the
codons one by one, selecting the matching
amino acid and connecting it to a growing string.
When they reach a stop codon, they know that
the string is complete, and the protein is ready to
fold into its 3D shape.
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“They base their
breakthrough on the work
of dozens of other scientists”

MENDEL'S PEAS

5 Interphase

The chromosomes unfurl,
allowing the cell to use
and copy its genes.

4 Telophase

A new nucleus forms
around each set of
chromosomes, and the
cell splits in two.

© Getty



DID YOU KNOW? The organism with the smallest genome is a bacterium called Carsonella ruddii, with just 182 genes

2 Metaphase
Scaffolding called the
mitotic spindle grabs
hold of the
chromosomes,
forming a line across
the centre of the cell.

1 Prophase
The chromosomes
become dense and
compacted, forming
distinctive X shapes.

3 Anaphase

The mitotic spindle wrenches the
chromosomes apart, carrying a
complete copy of the genetic
code to each side of the cell.

HOW X-RAY
GRYSTALLOGRAPHY
WORKS

X-ray beam
A slit focuses the X-rays
into a narrow beam that
strikes the crystal.

X-ray tube

High-speed electrons

collide with a metal plate,

generating X-rays.

DNA crystal
The crystal contains
thousands of DNA
molecules, packed
together with all their
helix shapes aligned.

Photographic
plate

The crystal diffracts
the X-ray beam,
scattering it onto a
photographic plate in
a pattern that reveals
its structure.

ARATNE
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Taking samples



DID YOU KNOW? The plant Paris japonica has the longest genome ever sequenced: a whopping 149 billion base pairs

REBUILDING HISTORY

Skeletal remains can contain traces of
ancient DNA for thousands of years.
Extracting and sequencing this genetic
material can reveal not only the sex of
the individual - whether they had a Y
chromosome or not - but also their
ethnicity. This can help to retrace the
steps taken by our ancestors as they
spread across the world.

SOLVING GRIMES

Forensic scientists identify DNA by
examining sequences called ‘short
tandem repeats’. These sequences
occur in the gaps between genes and
contain three or four DNA letters,
repeated a different number of times
in different people. Scientists count
the number of repeats and compare
them to repeats in a suspect’s DNA.

IDENTIFYING FATHERS

Children inherit half of their genes
from their mother and half from their
father. In a paternity test, scientists
compare around 15 genes from the
mother, child and potential father to
see how similar they are. Statistical
analysis gives a score called a
‘combined paternity index’ - the
likelihood of the person tested being
the father.

ESTIMATING ETHNIGITY

Ancestry is written into DNA like a
fingerprint. Different populations of
humans, separated by geography,
develop their own unique mutations.

These pass along from one generation

to the next, leaving traces in genetic
code. Comparing a genome against
thousands of others can reveal where
a person’s ancestors came from.

REPAIRING GENES

A handful of gene therapies are now
licensed for use in human patients.
These cutting-edge treatments use
harmless viruses to carry healthy
human genes into cells with genetic
faults. The viruses paste these
healthy genes into human DNA,
fixing rare genetic disorders or killing
cancer cells.

MEDIGINE FOR YOU

Tiny differences in our genes change
the way illnesses affect us. A tumour
might shrink in response to
chemotherapy in one patient and not
respond at all in another. Genetic
testing can reveal which drugs might
work best for which person, allowing
doctors to match treatments to
patients based on their unique
genetic make-up.

DNA testing can help to
reveal the identity of
unknown human
remains

© Getty

© Getty

Genetic engineering can make plants
resistant to pests and climate change

© Getty

Gently swabbing the cheek dislodges
enough cells for a DNA sample

THE FUTURE
OF DNA
SGIENGE

Over the next century,
advances in DNA science
are set to change the world
forever. Armed with
hundreds of thousands of
unigue human genome
sequences, scientists are
now working on the
painstaking task of
deciphering our genetic
code. Understanding how
each section of sequence
controls the traits we inherit
could lead to breakthroughs
across dozens of different
fields. It will tell us how we
evolved, why we get sick
and what happens as we
age. As genetic engineering
improves, we will gain the
power to repair, edit and
even rewrite our genes.
Research scientists can
already change the genes of
laboratory animals, editing
the letters to erase
dangerous mutations and to
enhance the traits that
nature evolved on its own.
As these techniques
become safer, and as our
understanding of our own
genetics grows, we will
gradually gain the power to
change the genetic destiny
of our species.






DID YOU KNOW? Your DNA could stretch from &arth to the Sun and back around 450 times

NOT SO UNIQUE AFTER ALL

WHAT'SIN A
HUMAN GENOME?



Cosmetic
chemistry

The science behind the products you put on your skin

Words by Scott Dutfield

t'swell documented that the people of ancient

Egypt were pioneers in cosmetics some 5,000

years ago. Cleopatra is often depicted sporting
the original smokey eye, using a blue-and-green
powder made of malachite or ground-up lazuli
stone. However, the purpose of this glamour was
much more divine than in modern-day
applications: the ancient Egyptians believed
that it offered protection from illnesses by
appeasing the gods Horus and Ra.

In the time since the pharaohs ruled, people
all over the world have undergone countless
cosmetic makeovers. From the painted faces of
the ancient Greeks, the dyed hair during the
Byzantine period or battling blemishes in the

036 How It Works

Middle Ages, cosmetics have always played a
roleinsociety.
However, only in the last couple of centuries

have cosmetics become a commercial product.

Previously cosmetics remained firmly a
homemade affair, often including ingredients
toxic to the wearer. For example, the ancient
Romans applied toxic mercury ore as rouge,

while Queen Elizabeth I famously wore ceruse, a
toxic white lead foundation.

It wasn't until 1920 that the term ‘makeup’ was
even used. The word was coined by cosmetic
mogul Max Factor when the brand launched a
cosmeticrange called Society Makeup. Since
then makeup has continued to diversify, and its
use has grow exponentially. In the modern era,
the cosmetics industry is one of the largestin the
world, and by 2025 the global cosmetics market
is projected to be valued at around $758.4 billion
(£548 billion).

As makeup has evolved, so too have its
ingredients. As a result, countless new products
are being created, and some old ones are being

www.howitworksdaily.com



The first 'nail polishes’ originated in China around 3000 BCE

Inside lipstick

What makes up one of the most used
cosmetic products in the world

oil

Castor oil is typically
used in lipsticks as a

method of moisturising the lips, and
even offers antibacterial properties.

Wax

Several types of wax
can be used in

lipsticks, including beeswax and
carnauba, also known as palm
wax, derived from the Brazilian
Copernicia prunifera palm tree.

Lanolin

This is
wax

derived from

sheep-sheared
wool. The wool is
spun to separate
the wax from the
wool fibres. For
sheep this wax
works like the
lubricating sebum
oil on human skin.
Lanolinis used in

lipstick to

moisturise, and
also has adhesive

properties.

reinvented. One of the most long-standing
cosmetic products is lipstick. Over the years
lipstick has undergone arguably the most
transformation in terms of its range of colours,
styles and applications.

Some brands have even incorporated some
science ‘magic’ into their products. Several years
ago, clear lipsticks appeared on shop shelves.
When applied, these lipsticks magically
changed colour on the lips thanks to a clever
ingredient called Red 27. This colour-changing
chemical works in the same way as litmus paper.
Red 27 reacts with the moisture and pH of your
lipsand will change shades depending on the
composition of your skin.

www.howitworksdaily.com

Pigments such a¢
'ron oxide are yseq
to change the skin
tone of foundation

Dyes

There are

a myriad
of dyes used to
make the array of
lipstick shades on
the market. If your
lipstick is scarlet red
there’s a chance that
it may contain
carmine red, which
is made from
crushed-up insects.

Capsaicin

Not found in all lipstick,
capsaicin has been
known to be included
on the ingredients list
of lipstick for its
plumping ability. This
chemical gives chillies
their spicy heat, and
can cause lips to swell.

Lipstick

The first commercial lipstick to
be sold was created by a French
cosmetic brand called Guerlain. It
was made from deer tallow
(rendered fat), beeswax and castor
oil and wrapped in silk paper.

Mascara

Lash-Brow-Ine, a tinted
petroleum-based mascara, is said
to have been created by Maybelline
founder Thomas Lyle Williams
after he watched his sister Mabel
mix burnt cork with petroleum jelly
and apply it to her eyelashes
and eyebrows.

Nail polish

The first opaque coloured nail
enamel commercially sold was
created by Charles and Joseph
Revson, who founded cosmetics
company Revlon. The pair worked
with Michelle Menard, who
adapted the enamel formula used
in car paint to create nail polish.

Foundation

Although theatrical
‘greasepaint’ was available for
actors to blend their wigs into their
skin, commercial foundation didn’t
hit the shops until Max Factor
created a pressed powder talc
called ‘Pan-Cake’.

Concealer

Max Factor once again made
history with the creation of the first
commercially sold concealer stick,
called Erace. The white skin-
coloured concealer offered the
ability to cover blemishes and lines.

Allimages © Gett,
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Creating
cosmetics

The ingredients that make up makeup

Adhesives

Lash extensions continue to

grow in popularity. There are

three types on the market:
synthetic lashes are made of plastic fibres,
such as polybutylene terephthalate. Some
extensions are made from human hair, and
there are some products still made from
mink fur. For shop-bought lashes, tacky
glue is applied along the eyelid and easily
removed with water and soap. However,
professionals use a glue adhesive also
found in superglue, called cyanoacrylate,
for long-lasting extensions. Although these
might contain similar ingredients, never

use superglue or other glues on your
own false eyelashes at home.

Preservatives

Cosmetics come with a sell-by

date. To prevent the growth of any

fungi and bacteria, antimicrobial

ingredients are used. These include
alcohols and acids, including parabens. These
are chemical compounds extracted from
para-hydroxybenzoic acid found in fruits and
vegetables. In recent years these compounds
have been studied for their potential role in
causing some cancers. Although studies haven't
shown a direct link, experts are concerned about
a link between the cumulative use of paraben-
based products and developing certain cancers.

Thickeners
To control the viscosity of
some cosmetic products,
thickeners are added to the
list of ingredients. However,
there isn’t one universal
thickener on the market - brands
have several options to choose from.
Natural thickeners such as gelatine,
xanthan gum or plant-derived
cellulose can create very thick
products, but are easily diluted by
water or alcohol to become thinner.
Mineral thickeners, such as clay-rich
bentonite, can absorb water and oils
to create a thicker consistency. It's
also used in cat litter for the same
reason. Similarly, long-molecular
polymer synthetic thickeners, such
as acrylic acids, can be used to
create thicker gels.
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Shellac resin comes from a secretion of the female lac bug, found on trees

Pigments
Many ingredients can give a cosmetic product its
colour. Pigments can typically be split into either
organic or inorganic compounds. Organic pigments
can come from botanicals, mineral oxides such as
iron or zinc or from something called a lake pigment. These are
made using a natural dye from a plant precipitated with a metal
compound such as aluminium hydroxide. This process makes
them more water resistant and long-lasting. Inorganic pigments,
on the other hand, are synthetically produced and lack the carbon
molecules found in the organic alternatives. Their molecules are
often larger than organic pigments for better coverage on the skin,
and some can even offer UV protection.

How mica shines
in a rainbow of
different colours

INCOMING

LIGHT TITANIUM
DIOXOIDE
COATING

Adding shine
Products such as
highlighters use a
mineral called
mica, naturally

found in rocks such as schist

and granite. What's special
about these minerals is their
layered crystalline structure,

giving products a shiny lustre.

A mica such as muscovite,
the most common form, can
be easily ground up and used
in the production of cosmetic
highlighters. This is coated
with transparent titanium
dioxide to increase its ability
to refract light.

Emollients

COLOUR COATING
SEEN THICKNESS

Very thin oxide coating

Thin oxide coating

Moderate oxide coating
Moderately thick oxide coating
Thick oxide coating

Reflection and refraction

The wavelength of incoming light is refracted
and reflected differently depending on the
thickness of the titanium dioxide coating,
ultimately changing the colour.

To prevent makeup from sucking water from the skin, a variety of
compounds called emollients can be added to a product to lock in
moisture. These typically consist of waxes and oils, including coconut
oil, beeswax and glycerine. These oils create a protective layer of wax
over the skin to prevent initial moisture loss. Should moisture have already been
drawn out from skin cells, they will dry out and shrivel. To plump them back up,
emollients fill the thirsty cells with fat lipids, making them appear smoother.

www.howitworksdaily.com
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The most common element in the
universe is actually quite rare here

on Earth

Words by Andy Extance

ydrogen is the most important element

thereis. It isboth dangerous and

essential at the same time - just two of its
amazing qualities. Hydrogen can be found in
our bodies and many things around us. Also,
hydrogen connectsusall to the start of the
universe —and all other things!

The special qualities of hydrogen start from its
building blocks. In its most familiar form,
hydrogen is the simplest element. Its atoms have
just one proton and one electron. Like most
other elements, it hasisotopes with extra
neutrons. But hydrogen is the only element with
named isotopes. It’s called deuterium when it
has one neutron and tritium when it has two.
This is more than just a curious fact - our
lives rely on hydrogen’s isotopes.

That’s because at the heart of the Sun,
hydrogen atoms fuse together to make
deuterium. One proton becomes a neutron
in the process, releasing energy that becomes
the heat and light we rely on. Thisisa similar
process to the one that happened following the
Big Bang, making hydrogen and leading to all
the other elements. Most of the hydrogen in our
bodies and everything else was made then,
tying usto the start of the universe.

This simple atomic structure makes hydrogen
much lighter than air. It enabled human flight in
airships until another of hydrogen's key
properties had its say: it combines so well with
oxygen that it burns easily, infamously
destroying an airship called the Hindenburgin
1937. Yet as they burn, hydrogen and oxygen
make water, which we need to stay alive.

Hydrogen reacts similarly well with many
elements, making important substances. The
materials hydrogen makes with carbon are the
building blocks of living things like us. With so
many important roles, hydrogen is truly the first
among the elements.

040 How It Works
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Hydrogen came first in the universe, and does in the periodic table too

© Alamy
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People are trying to use hydrogen for power instead of oil and gas, because it doesn't release pollutants

ARANE

SCAN HERE

© Getty

Rocket fuel

When burned together with
oxygen, hydrogen is the
most efficient rocket fuel
there is. It has powered
many space launches,
including NASA's Space
Shuttles. It's used as a
liquid, meaning it must be
kept very cold, which is
difficult to do.

How we use hydrogen

© Alamy

Oil refining

The UK alone uses 100,000
tonnes of hydrogen a year
to turn natural gas and oil
into useful products. When
they come out of the
ground, gas and oil contain
sulphur, which creates
pollution when it’s burned.
Hydrogen helps remove
the sulphur.

www.howitworksdaily.com
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Making fertiliser
Farmers can produce much
more food than in the past
thanks to fertiliser. This
gives plants the nitrogen
they need to grow in the
form of ammonia. Large
factories make ammonia
from hydrogen and
nitrogen from the air using
the Haber-Bosch process.

© Alamy
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Mining metals

A lot of the metals we use
come out of the ground
locked up together with
oxygen in rocks. Because
hydrogen reacts so well with
oxygen, it can pull it away
from the rock. This leaves
pure metal in a usable form,
and the only by-product of
this is water.

Henry
Cavendish
was the
first to
realise
hydrogen
was an
element

© Getty
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DID YOU KNOW? Measuring 109 metres, the ISS is about the same length as an American football field

Payload section
Before launch, stairs are placed
next to the rocket. Astronauts
climb up to their capsule, which

sits at the top of the rocket. Emergency escape SVStem

If there is an emergency during launch,
this system is automatically or manually
triggered. It separates the capsule from
the main rocket and launches this rocket

at the top.
Launch mount
The rocket is held steady
and straight by this
structure. It releases its Boosters
hold shortly before liftoff. Stage 1is responsible for

powering the rocket off the
ground. As the rocket fuel is
burned, it creates momentum,
launching the rocket upwards.

Stage 3 engine Launch pad

When the propellant runs out Launch sites have slightly

during launch, the first stage different procedures before liftoff.
of the rocket is removed. This Some spacecraft are carried
rocket has three stages, each horizontally to the launch pad
with its own engine. before being placed vertically,

while others are constructed and
transported vertically.

SCAN

The launch window HERE



JARFZONE!

Docking precision

Orbit activation

The second stage of the rocket
powers the capsule into orbit
before detaching. The spacecraft
is now orbiting Earth.

Phasing burns

The spacecraft uses thrusters to
increase its velocity, rising to a
higher orbit to catch up with the
space station.

Liftoff

Astronauts often enter the
space capsule a couple of hours
before liftoff. The spacecraft
trajectory is programmed into
the vehicle beforehand.



DID YOU KNOW? The record for the most people on board the ISS at one time is 13, set in 2009
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Arrival S C A N H E R E Keep-out sphere

Upon arrival the astronauts This imaginary boundary
unfasten themselves from their extends 200 metres
capsule and move through the outside the ISS. For safety,
hatch, where they are only prearranged arrivals
welcomed by the ISS crew. are allowed to travel
beyond this boundary. Building the base

It took around 40 missions to
assemble the ISS over the course of
three decades. The first segment
was launched into space in 1998.

Quickest journey

In October 2020 a Soyuz
capsule docked with the ISS just
three hours and three minutes
after liftoff.

First residents

In November 2000, Yuri
Gidzenko, Sergei Krikalev and Bill
Shepherd became the first people
to travel to and stay on the ISS.

Varied visitors

As of April 2021, 244 people
from 19 countries have flown to the
International Space Station.

Most watched

The launch of the first crewed
SpaceX mission to the ISS had the
most online views of all launches,
with 10.3 million people watching.

Proximity operation

Operators on board the ISS give

the go ahead for the spacecraft
Docking to approach the 200-metre mark.
From this proximity, the
spacecraft moves slowly to align
with the station.

In constant communication, the
final step of the rendezvous is to
make contact. When the two
vehicles are connected, the
spacecraft hatch can open.

Approach initiation
Firing its thrusters again, the
spacecraft is brought within
2.5 miles of the ISS and begins
communication with those on
board the space station.
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Kuiper Belt
Stretching from around 30
to 50 AU, this is home to
hundreds of thousands of
small icy bodies.

Eris

Another dwarf planet and
similar in size to Pluto, Eris
is the largest known object
in the scattered disc.



DID YOU KNOW? Trans-Neptunian objects now have to be named after mythological figures associated with creation

Pluto and Charon

The best-known dwarf planet in
the Kuiper Belt, Pluto actually
forms a binary system with its
largest moon Charon.

New

Horizons

Sedna

Also in the scattered disc,
Sednais currently 85 AU
away, but its orbit extends
to almost 1,000 AU.

Haumea

Part of the Kuiper Belt,
dwarf planet Haumea has a
distinctive oval shape,

caused by its rapid rotation.

Total mass

Although there are hundreds of
thousands of Kuiper Belt objects,
NASA estimates their total mass
to be no more than a tenth that
of Earth’s.

Planet 9?

Peculiarities in the orbits of
some KBOs have led to speculation
that there is another large planet
way out beyond Neptune - but it
isn’t likely, and there are other
explanations for this.

Seven light hours

At its current distance of 50
AU, it takes radio signals seven
hours to reach New Horizons - and
another seven for the answer to
come back.

Farfarout

The most distant object
discovered in the Solar System is a
dwarf planet 132 AU from the Sun.
First observed in 2018, it’s been
given the nickname Farfarout.

Oort Cloud

Hypothesised to exist far
beyond the Kuiper Belt, the Oort
Cloud is a roughly spherical shell of
comet-like objects extending from
around 2,000 to 100,000 AU from
the Sun.

Scattered disc

Extending hundreds of AU beyond
the Kuiper Belt, objects in this
region generally move on more
eccentric, highly inclined orbits.






A freshwater organism called hydra can form two new bodies after it's been cut in half

New limb

Cells continue to grow
and divide until they have
created an exact copy of
the limb that was lost.

Growing
an arm

The journey from
severed limb to a
perfect replica

Growing
begins
Blastema cells
rapidly begin to
multiply and go
back to their
original functions,
rebuilding the
tissue that has
been lost.

Differentiation

Much like stem cells’ ability to
transform into another type of
cell, blastemas can also
transform, but only into the cell
type they used to be. For
example, blastema cells that
were once skin cells can only
revert back to being skin cells.

Limb loss

To prevent rapid bleeding at the
site where the limb is severed,
blood clots form and a layer
called a wound epidermis caps

off the amputation. EPIDERMIS

NERVES

BONES

MUSCLES

BLOOD CELLS

Cell collection

Cells beneath the wound
epidermis begin to divide and
multiply, collecting and
forming a cone-shaped mass
of cells called a blastema.

Recycled tissue

The cells within the blastema were
once different cells from areas such as
bone, cartilage and muscle that have
transformed into a stem cell-like state.

© lllustration by The Art Agency / Nick Sellers

The power of regeneration

eadpool and Wolverine aren’t the only ones

with the ability to regrow their bodies: axolotls

arereal-life regenerators. Cellular regeneration
occurs daily for most organisms, such as replenishing
blood or skin cells. However, few can regenerate whole
limbs, and it's rare to find an animal like the axolotl,
which can go as far as regenerating its spinal cord and
vital organs. After these salamanders lose limbs, in the
days that follow their bodies have the ability to
reorganise the cells at the site of the wound, beginning
to regrow what'’s been lost.

The process involves cells called blastemas, which
work in a similar way to pluripotent stem cells that can
transform into different cell types. These cells are able
to transform back into the building blocks of the
axolotl’s missing piece, including muscle tissue, bone,
blood vessels and nerves.

Asone of the few vertebrate species that can
regenerate much more than lost limbs, axolotls have
been the key focus for researchers exploring limb
regeneration and even the ageing processin humans.

www.howitworksdaily.com

Looking at the axolot]l genome - which is made up of 32
billion DNA base pairs compared to the mere 3 billion
in humans - researchers are exploring the possibility
of inducing regeneration in cells for tissue growth or
cellular anti-ageing.
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Starfish
Starfish are
renowned for
their ability to
regenerate, and
some species
can regrow
almost their entire
body from a single
severed limb. They can
do this because their vital
organs are located in their arms,
but it can take around a year to
regrow completely.

Tadpoles
During their
metamorphosis
from spawn to
frog, at the
tadpole stage of
development
these amphibians
are able to regrow
limbs, although they
lose this ability when they
transform into adult frogs.

Mexican tetra
These tiny fish
have been found
to possess the
ability to
regenerate their
heart tissue.
Researchers have
discovered that this
is because of a gene
called LRRC10, which when
turned off prevents the fish
from regenerating.

Crabs
Crabs are
known for
throwing away
their limbs in a
fight or to evade
predators. During
their next
exoskeleton
moulting, crabs will
regrow the limb within
their existing shell until it is shed
and the new limb is free for use.

Flatworm
Flatworms
have evolved
regenerative
powers. These
worms can
reform their
entire body from
just 1/300th of their
original body size.
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Shocking superpowers

JoLRuy

Allliving creatures produce a small amount of
electricity - at rest humans produce around 100 watts
of power through our nervous system. Electric eels
don't just generate electrical energy, but can emit

shocks. Running along around 8o per cent of their body

are a group of cells called electrocytes that transform
eels’ skininto a battery. The opposing sides of these
cells are negatively and positively charged. When a
burst of a neurotransmitter called acetylcholine is

Generating
electricity

How these eels create an electric
shock when the signal is given

A

Z

Q

)
J10L19150d

Insulating
tissue
Electrocytes are
bound by
connective
tissue that
assists in their
function by
allowing ions to
pass in and out
of them.

Electrocytes
These cells are the
site of the electrical
charge generation
during changes in the
positively charged
jons within them.

released within the cells, it connects the positive and
negative charges of the opposing sides, collectively
generating an electrical current. The entire body of an
eel can generate the equivalent of up to 600 volts.

A quickzap from an electric eel is enough to deter
most potential predators. But these eels also use their
electricabilities to hunt. When in the vicinity of prey
these eels emit an electrical pulse to immobilise them
by activating the nerves in their muscles.

Voltage
When nerve cells
have sent the
signal to open the
gates, sodium
ions flood the
electrocytes and
potassium ions
leave, resulting in
the generation of
around 65
millivolts per cell.

Neurons

Nerve cells are
responsible for
releasing a
neurotransmitter
that opens gates in
the membranes of
the electrocytes to
allow ions to move in
and out, creating an
electrical charge.

Electric
organ

Running along the
body length of the
eel, the electric
organ is composed
of muscle-like cells
called electrocytes.

© lllustration by The Art Agency / Sandra Doyle
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Electric eels aren't actudlly true eels, but are instead a type of knifefish

Reflector cells

Almost like mirrors bouncing off
sunbeams, these cells reflect the
bioluminescent light produced in
the photocytes.

Light cells
Colour Photocytes are where the
The photons emitted can glow is generated through the
create differing colours chemical reactions between
in fireflies: yellow, green, oxygen and luciferin.

orange and even blue.

Transparent exoskeleton
There would be no point in being able to
glow if the exoskeleton at the rear of the

Bioluminescence firefly was opaque. It is transparent to
Reactions convert chemical allow the light to emit beyond the body.

energy into photons, which
we see as light.



Meet
the mind-
controllers

Mind control might sound like it'sa
talent reserved solely for the world of
science fiction. However, long before
Professor X broke into the minds of
others, several species of parasites
perfected the ability to remotely
control their victims. One species of
parasiticwasp in particular has
become very talented in alternating
the behaviour of ants.

During the life cycle of the
Ichneumon eumerus wasp, females
will inject larvae into the caterpillars
of the mountain Alcon blue butterfly.
The larvae then develop inside the
caterpillar, internally feeding on it

until they eventually leave their host.

So where does mind control come in?
Mountain Alcon blue butterfly
caterpillars attract red ants, which
carry them to their nest and care for
them. This is because these
caterpillars emit a chemical that
mimics that of ant larvae. In order for
a parasiticwasp to injectits larvae
into the caterpillar, it must tackle the
problem of the protective ants, and
does so by emitting a cocktail of
chemicals that turns the ants on one
another. These chemicals mimicthe
ants’alarm pheromones, making
them hostile to one another so they
begin fighting. While the ants are
busy battling among themselves, the
wasp can quickly enter the nest,
parasitise the caterpillars and leave.
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Emerald

cockroach wasp
These vibrant insects inject a
neurotoxic venom that places
their cockroach prey into a
zombie-like state. The wasps
then lead the brainwashed
cockroach, with a firm grip on its
antennae, back to their nest to
devour it.

© Alamy

Glyptapanteles
This genus of parasitic wasps not only
inject their eggs into the bodies of

caterpillars, but use them as bodyguards.

Once the larvae have developed in the

caterpillars, most of them will emerge
through the body without killing it. Others

stay behind, which seems to cause the

caterpillar to protect the external wasp
larvae while they spin protective cocoons.

Not all species of dung
beetle roll dung -
some simply live in jt
where it's laid

Source: Wiki/José Lino-Neto

Spiny-headed worms
These sinister parasites have
evolved a technique that alters the
likelihood of survival for their host.
Although it’s not clear how, these
parasites cause their hosts - which
can be a range of different species
- to move into vulnerable locations,
near water or in the sunlight, where
the worm'’s next host can spot the
creature and eat them.

© Getty
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The smallest species of geckao is the Jaragua dwarf gecko at only 16 millimetres in length

Toepad

Each one of the gecko’s toepads
consists of around half a million
hair-like structures called setae,
which are made from keratin.

Spatulae

At the ends of each of
the setae are hundreds
of further protrusions
called spatulae.

Strong step

The combined force of the
millions of spatulae on one foot
can adhere to a surface with a
force of around one kilogram.
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Inside
Etha

Italy is home to Europe’s
tallest active volcano, but

what lies beneath the rock?
Words by Ailsa Harvey

n the east coast of Sicily liesan

impressive 3,326-metre active volcano

called Mount Etna. This volatile
mountain has a reputation for spouting out
scaldingliquid rock on a regular basis. But even
after decades of observation, Etna’s actions can't
be accurately predicted or controlled.

The first known eruption was recorded in
475 BCE, and it has sporadically been launching
lava and ash onto the Italian island for
thousands of years since. It'simpossible to
prevent Earth’s natural movements that lead to
these eruptions, but we have learned much
about Etna’s geology, which has helped the local
population avoid disaster.

Ancient Greek legends say that a giant monster
livesinside the volcano, trapped there by Zeus.
It's said that every time he turns over, an
eruption occurs. However, through the
advancement of scientific research we know that
these violent outbursts are caused by a build-up
of pressure causing magma in the planet’s
mantle to spill onto the surface. Dormant
volcanoes allow volcanologists to explore inside
these once-volatile places and carry out in-depth
studies that can help us predict volcanic
eruptions. Despite transforming into a death
trap multiple times a year, Mount Etna continues
to draw in tourists, while the Sicilians who live
in its shadow refuse to fear it.

056 How It Works

Multiple vents
Mount Etna has a main
summit vent and multiple
flank vents, where lava can
flow out from the sides.

Sedimentary rock
A thick layer of sedimentary
rock lies beneath the volcano.
This reaches up to 1,000
metres above sea level.

Trifoglietto
As the stratovolcanoes continued
to grow, they eventually
overlapped to form one large
volcano called Trifoglietto.

Ancient shield volcano
The early shield volcano began erupting
around 500,000 years ago. Shield
volcanoes are relatively flat with gently
sloping sides.

Magma chamber

The magma in Etna has a high
silica content, making the lava
flows more viscous and slow.
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Mount Etna currently erupts 200 times per year on average

Mongibello

Today’s summit is locally named Mongibello.

After the collapse of Ellittico, eruptions filled
the caldera, and the volcano continued to
grow to over 3,000 metres tall.

Ellittico
Until 15,000 years ago the

First stratovolcanoes
As the volcano erupted multiple times,
it formed alternate layers of lava and
ash. These rising mounds formed
around 35,000 years ago.

Ellittico volcano released acidic

trachyte rock, adding material

that was 400 metres higher than
today’s peak. It then collapsed,
forming a two-mile-wide hollow.

www.howitworksdaily.com
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No one has documented a living blobfish in their natural environment as they live so deep

200m
1,000m

4,000m

6,000m

7,000m

Blobfish anatomy

Let’s take a look at how this fish

can live at such great depths

Eyes

Blobfish have large,
black eyes to help them
see in full darkness.

Mouth

Small prey passing by fit into
their mouth, such as
molluscs, crabs and shellfish.

Soft body

A jelly-like body helps
them to survive under
extreme pressures.

Muscle

The little muscle they have
helps them to breathe and
open their large mouth.

Fins

Small fins are used to
very slowly navigate just
above the ocean floor.

Flexible bones

The few bones that blobfish have
can compress under the extreme
pressure without breaking.

© Alamy

More than one blobfish

Three types of blobfish can be
found in the waters of Western
Australia, Southern Australia,
around the waters of Tasmania and
north of New Zealand.

Energy saving

Very little energy is used in
moving and eating, as they don't
have the muscle to help them do
this and need to save as much
energy as possible.

Could there be more?

The smooth-head blobfish was
only discovered 18 years ago off
New Zealand. There could be even
more blobfish around the world
that haven't been found yet.

No teeth

Blobfish don’t have any teeth,
so they can’t crush the crabs and
molluscs that they eat. Instead
these prey are just sucked up into
the blobfish’s mouth as they
float along.

Not a tasty dish

We are their biggest threat, but
not intentionally, as there is no
value in catching them to eat - they
would taste disgusting!



n 646, the Taika Reforms united Japan into a

state ruled by an imperial government under

an emperor. Land was redistributed, and
heavy taxes were imposed. These taxes meant
that many farmers had to sell their land and
work under others, and as a result wealthy
landowners gained more power, becoming lords
who answered only to the emperor. To protect
their wealth, they began to hire mercenaries and
employ family members as guards, triggering
the age of the samurai.

These early samurai - meaning ‘one who
serves’-would collect taxes, threaten those who
wouldn’t pay up and defend their lord from
rivals who might look to expand and take over

060 How It Works

their assets. However, their importance in
society didn’t really take shape until the Heian
period, between 794 and 1185, when imperial
power began to decline. The emperor’s influence
was lost outside of the capital, and civil wars
began to break out across the county. The
warrior class now played a huge role in society,
and local lords began to amass personal armies
in the struggle for power.

While the two sons of Emperor Toba fought
over what little imperial power remained in the
latter half of the 12th century, two powerful
samuraiand their clans were fighting their own
battles. Though Taira Kiyomori's clan would be
victorious at first, seizing control of Japan and

establishing the first samurai-led government,
after his death the Minamoto clan would strike
backin the Genpei War of 1180. After their
victory, the head of the clan Minamoto Yoritomo
established the Kamakura shogunate, turning
Japan into a military dictatorship, but allowing
the emperor to remain a figurehead.

Under military rule, samurai had more power
than ever before, though they were still in
service to their lords, who became known as
daimyo. The new enemy became the Mongol
Empire, a horde of nomadic tribes who had
already conquered China. With the weather and
seas onitsside and samurai from all over the
country fighting to repel the foreign forces, Japan

www.howitworksdaily.com



The Portuguese introduced firearms to Japan after landing there in 1543

kept the invaders at bay.

However, the Kamakura shogunate was
unable to offer much reward to the samurai
leaders who had come to the country’s defence,
and soon its grip would begin to loosen.

In the 1400s the entire country was plunged
into civil war once again, with the daimyo all
vying for power using the strength of the
samurai in their service. This 100-year conflict
would be dubbed the Warring States period, and
would see the status of the most powerful
samurai equal that of nobles, with their
standing able to pass down to their children.

During this brutal period, powerful daimyo
would also employ more clandestine tactics,

www.howitworksdaily.com
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hiring shinobi warriors - better
known as ninjas - for sneak
attacks and sabotage. In stark contrast to the
samuraiand their newfound nobility and code
of honour, ninjas were low-class citizens trained
in specialised skills and stealth, making them
the perfect spies. Because of their secretive
nature, it's hard to say when exactly the art of
ninjutsu began to develop and when ninjas were
active in warfare, but many of them can be
traced to the Iga and Koga regions of Japan.

The eventual reunification of Japan would
start with the powerful daimyo Oda Nobunaga,
whose army defeated other influential warlords
and overthrew the Ashikaga shogunate. Seeing

ninjas as a huge threat, he first defeated and
scattered the Koga shinobi, then launched a
massive offensive on the Iga clan. Decimating
them in open combat, many remaining ninjas
would end up in the service of Tokugawa Ieyasu,
who would rule Japan as shogun from 1603.

Afteryears of turmoil, Tokugawa ushered ina
new era of peace and stability, and suddenly
there was no place for the samurai or ninjas
outside of the shogunate’s service. Some samurai
remained loyal to their lords, but rarely saw
combat, while others were forced to hang up
their swords and become farmers. Ninjas
became more of a myth, with their exaggerated
‘magical’ abilities becoming legend.
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Menpo

Serving as protection for the face,
the intricate and often demonic
designs of these masks were also
an intimidation tactic.

Kabuto

Protecting the head, helmets way Of the

also showed off wealth and ]
warrior

status. As samurai rose to
Samurai lived by a moral

power they became more
elaborate, with maedate
code called bushido

(front ornaments) becoming
complex and ornate.

Kote

Before the 12th century,
only the left arm was
covered to aid with
archery. The style of
these armoured sleeves
varied greatly, as did
their level of protection.

Katana

The iconic weapon of a
samurai, a katana is a curved,
single-edged blade with a long
grip - they could be wielded
with one or both hands.

Suneate

Made in the same style,

colour and materials to
Waraii match the kote, these
were usually vertical
armour plates with a

Though the rest of their body was
heavily guarded, samurai wore
simple straw sandals on their feet
over split-toe socks called tabi.

cloth backing.

Do

Samurai armour was
both sturdy and
flexible. Made of
metal, wood or
leather plates
stitched together,
the wearer could
move freely in battle.

Kusazuri

A four-piece,
armour-plated
skirt was
attracted to a belt
and laced to the
do. This covered
the thigh armour,
called haidate.

Justice (gi)
Sometimes called
righteousness, the
core of this virtue
was doing the right
thing, even when no
one was watching,
and treating all
people fairly.

Compassion
jin)

A samurai used their
strength to help
others, using their
power for the greater
good rather than
selfishness.

Honesty
(makoto)

A samurai wouldn’t
lie, and needed to
fulfil promises made.
They were supposed
to be sincere and
dependable, and
were therefore taken
at their word.

Loyalty
(chugi)
Samurai needed to
be counted on by the
lords that they
served and not
betray them. They
were also loyal to
their families.

Courage (yu)
A true warrior should
be heroic, not only in
combat when facing
death, but in all
aspects of life. A
samurai would never
run from battle or
responsibilities.

Respect (rei)
Samurai showed
respect by being

polite and
well-mannered to all
people, including
those beneath them
in status.

Honour
(meiyo)
Dishonour was
worse than death for
many samurai, who
feared disgracing
themselves and their
families with actions
that went against
their virtues.

Self-control
(jisei)

A samurai was in
control of what they
said or did, always
upholding their code
of honour despite
temptations and
impulses.

1568

After unifying Japan and

646 1192 1274

The Taika Reforms change Minamoto Yoritomo Kublai Khan sends 600 ships

1467-1615

The Sengoku or Warring States

the country to mimic becomes the first carrying Mongol warriors to Japan. period. Japan is split into small ending many conflicts,
Chinese culture and rule, shogun of Japan, They are hit by typhoons and about regions. Daimyo fight each other Oda Nobunaga instills
allowing some landowners establishing the 10,000 samurai called into service, for power and samurai and ninjas Rokkaku Yoshikata as the
to become powerful lords. Kamakura shogunate. who send the warriors packing. are active in their service. new shogun.

Source: Wiki/Fujiwara no
Takanobu
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Darth Vader's helmet design was influenced by samurai Date Masamune's armour

Cunning and deception gave ninjas
an advantage over their enemies

Assassination
Stealth allowed ninjas to get close to their
targets without raising suspicion, and many
daimyo feared a surprise attack. Castles
used uguisu-bari flooring that would make a
bird-like sound when stepped on.

Espionage
Blending in behind enemy lines, a ninja could
learn about an enemy’s plans or a castle’s
defences. Monks and priests were popular
disguises for ninjas, though many simply
dressed as commoners.

Arson
Gunpowder stores, armouries, warehouses
and palaces were all prime targets
- sometimes from afar by firing flaming
arrows, or bo-hiya. Setting multiple fires
would cause more chaos and confusion.

Deception and sabotage
A ninja hidden among the enemy could
spread misinformation and pass on
incorrect orders. They could also destroy
or steal supplies, poison wells or ambush
enemy soldiers.

Escape
Ninjas were so good at slipping away that it
was said they could disappear through walls.
They made use of nature, hiding high in trees
or underwater, as well as using smoke
bombs to obscure an enemy’s vision while
they ran or hid.

1591

Samurai are no longer

allowed to farm their own
land, and rice is provided

by their daimyo as

payment for their service.

Wiki/Utagawa Kuniyoshi
www.howitworksdaily.com
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Kaginawa

Rope grappling hooks were used to scale
walls, for example during castle sieges. Some
ninjas used hooked rope ladders instead.

Kusarigama

The weighted chain could be
used a bit like a lasso, wrapping
around an enemy’s weapon or

tying them up. The kama (sickle)

could then be used to attack an
incapacitated enemy.

Shinobi shozoku

A stereotypical ninja is shrouded in black
robes. With most of their work done under
cover of darkness, dark blue would actually
have helped hide them more effectively.

ARANE
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1676

Fujibayashi Yasutake
releases the Bansenshukai,
a book on the ways and
training of the Iga and Koga
ninja clans.

Shuko and ashiko

With shuko worn on the hands
and ashiko on the feet, spikes

were driven into walls or trees to
help climb them. They could also
be used in hand-to-hand combat.

1701-1702

The 47 ronin infamously avenge
the death of their master Asano
Naganori, after which they
disband and commit seppuku,
an honourable ritual death.

© Getty

Masked
identity
Allowing an
assassin to remain
anonymous, the
head was wrapped
in a zukin, while the
face was covered
by a piece of cloth
called a fukumen.

Tanto

A short sword was easier to
conceal, though some ninjas
carried full swords, often
choosing a disguise that
would allow them to carry
one without suspicion.

Tetsubishi
These small, spiked
metal objects could be
dropped to slow down
pursuers and aid in
escape. These would
easily pierce straw
waraji sandals.

Shuriken

Designed in many shapes, the
most commonly depicted is a
star. These could be used as
throwing weapons or as a
small dagger in a pinch.

1876

Samurai are banned from carrying
daisho and are only permitted to
carry short swords. With no real
place for them in society, many
enter military service.
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Birth of
the Euros

The 16th European Football

A 60-year championship

Take a look at how the tournament has evolved

1960 1964

The Euros are born Garnering interest

At the very first European Cup, originally The number of countries participating in
] ] 1 called the European Nations Cup, only the qualification matches grows from 17 to 29.
ChamplonShlp tal(es place mn Soviet Union, Yugoslavia, Czechoslovakia More than 79,000 people turn up to watch
: and France compete in the finals. The the final between the tournament’s first
2‘02‘11 bUt hOW does lt Compare competition needs 16 teams to enter forthe ~ champions, the Soviet Union, and Spain. The
. qualifying tournament in order to go ahead: score is 1-1 in just eight minutes, but the
to the ﬁrSt? 17 sign up. Italy, England and World Cup second and final goal that wins the match
Words by Ailsa Harvey winners West Germany show no interest. doesn't take place until the closing minutes.
Hosts: France Hosts: Spain
ootball has existed for thousands of years, Number of teams: 4 Number of teams: 4
Winners: Soviet Union Winners: Spain
but the modern game we know today can
be traced back to English playgrounds in
the 1800s. As the sport grew in popularity,
organisations such as The Football Association
helped to create official rules, transforming the
sport from an ancient pastime of kicking objects
with our feet to a highly skilled and regulated
game. By 1900, football had become Britain’s
national sport, and developments in transport
and media meant that its popularity was
spreading rapidly across the world.
In1927, the administrator of the French %
Football Federation, Henri =

Delaunay, suggested that
countries across Europe bring
their passion for the sport
together for an intracontinental
competition. This vision would
eventually become reality
when it was organised in
1960 - unfortunately thiswas
five years after Delaunay had
passed away. To celebrate the
man who first envisaged the
Euros, the trophy awarded
to the winning country was
named after him.

Since its inception the
tournament has been run by
the Union of European
Football Associations (UEFA)
every four years, with the
exception of 2020. As the
COVID-19 pandemic prevented
the tournament from going
ahead, the matches were
scheduled for June 2021 instead.
However, in order to honour the
60-year anniversary of the European
Football Championship, Euro 2020 will
keep its original name. Other elements
will also buck tradition: for the first
time, instead of being held at one
location, Euro 2020 willbe hosted &
by 11 cities across Europe. o

064 How It Works

2000

Co-hosting

Belgium and the Netherlands become the
first countries to co-host the Euros. The two
nations provide four stadiums each for the
games to take place in. As part of the
tournament rules, host countries
automatically qualify for the tournament.
Aside from the two hosts, 49 countries take
part in qualification, and the final 16 teams
compete in four groups.

Hosts: Belgium and the Netherlands
Number of teams: 16

Winners: France

1996

The golden goal

A ‘golden goal’ refers to a rule whereby the
first goal scored during extra time decides
the winners of the match. In 1996 the first
golden goal of the European Championships
occurs. German striker Oliver Bierhoff is
brought on during the second half, and is the
one to match the Czech Republic's
59th-minute goal. As extra time gets called,
Bierhoff goes on to score the golden goal.
Hosts: England

Number of teams: 16

Winners: Germany

2004

Zero to hero

When Greece are declared the
winners, some of the team’s players
fall to the ground in tears. This is the
first European Championship for the
entire team, and they were crowned
the winners in their second
participation of the tournament after
a 24-year absence.

Hosts: Portugal

Number of teams: 16

Winners: Greece

www.howitworksdaily.com



DID YOU KNOW? Michel Platini and Cristiano Ronaldo have scored the most goals in a single championship, each with nine

1968

Coin-toss win

In the process of becoming the 1968
champions, Italy kick the Soviet Union out of
the competition during the semi-finals, but
neither side scores any goals. In the early
years of the Euros, every team has a good
chance of winning. After a 0-O draw and
extra time adding no numbers to the
scoreboard, Italy are taken through to the
final by a coin toss. In the final they draw
again against Yugoslavia before winning 2-0
during the replay match.

Hosts: Italy

Number of teams: 4

Winners: ltaly

1992

Step-in win

Denmark initially don’t even qualify for the
1992 Euros, but when they are called to say
that Yugoslavia are no longer competing, the
team rallies together. Despite their
last-minute preparation, Denmark beat the
reigning champions and make it to the final.
There they secure a 2-0 win over Germany.
Hosts: Sweden

Number of teams: 8

Winners: Denmark

2008

All-round winners

Spain becomes the second country to
win all group-stage matches as well
as the overall championship. While
France achieved this first in 1984,
there were half as many teams. Spain
is also only the second team -

since Germany'’s title in 1996 - to win
the tournament undefeated.

Hosts: Austria and Switzerland
Number of teams: 16

Winners: Spain

www.howitworksdaily.com
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1972

Fallen favourites

After their win in Rome in 1968, Italy remain
a strong team and the favourites to win at
the 1972 championship. Unfortunately they
don’'t make it past qualification, and
Belgium, Hungary, the Soviet Union and
West Germany are left to play for the cup.
West Germany win their first-ever title in
front of a crowd of over 43,000 people.
Hosts: Belgium

Number of teams: 4

Winners: West Germany

“Since its
inception the
tournament
has been run
by UEFA every
four years”

1988

Spectacular strike

Regardless of being the favourites to win
this championship, hosts West Germany are
kicked out of the tournament during the
semi-finals by the Dutch team. Marco van
Basten of the Netherlands takes a risk to
become a football hero. He is passed the ball
while caught at an extremely tight angle to
the goal. Instead of allowing the ball to leave
the pitch for the corner, his spontaneous
strike catches the inside of the net to
become a famous winning goal.

Hosts: West Germany

Number of teams: 8

Winners: Netherlands

2012

Host dedication

Poland and Ukraine are elected as hosts for
the first time, and they plan to impress. With
half the stadiums in each country, five of
them are built especially for the event.

One of UEFA’s conditions for hosting Euro
2012 is that new roads be built for the
global visitors.

Hosts: Poland and Ukraine

Number of teams: 16

Winners: Spain

1976

New technique

Czech midfielder Antonin Panenka scores during a penalty shoot-out, not only
setting up a win for his country, but also inventing an expression. Panenka stands
before West German goalkeeper Sepp Maier as tensions rise. Will he shoot left or
right? Instead the midfielder chooses to lightly touch the ball, causing it to loop
over the goalkeeper’s head. This technique is named the ‘Panenka’ and is
successful when the keeper commits to a dive to either side of the net.

Hosts: Yugoslavia
Number of teams: 4
Winners: Czechoslovakia

1984

Top scorer

Michel Platini, one of the most prominent
football players of the early 1980s, becomes
the top goal scorer of the 1984 tournament.
This is the first official trophy that France
wins for a team sport, and it is achieved
within home stadiums.

Hosts: France

Number of teams: 8

Winners: France

2016

Continuing
popularity

In 2016 the number of
teams that can qualify for
the Euro finals increases to
24. 53 teams compete
during the qualifiers to join
France, who host for the
third time. The country has
ten stadiums in ten different
cities for the championship.
More qualifying spaces
mean that more teams
debut, including Iceland,
Northern Ireland, Wales,
Albania and Slovakia.
Hosts: France

Number of teams: 24
Winners: Portugal

1980

Double up

In the sixth championship, the
tournament size increases to eight
teams. This involves having a group
stage. The winners in the two groups
compete against each other for the
overall title, while the second-placed
teams of each group play for third place.
Hosts: Italy

Number of teams: 8

Winners: West Germany
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The origin
of origami

What events shaped this
ancient papercraft?

ust as the process of creating an origami

masterpiece comes with a series of subtle

steps, the art form itself was a gradual
evolution. The term ‘origami’ comes from the
Japanese words ‘ori’, meaning ‘folding’, and
‘kami’, meaning ‘paper’. This literal translation
defines the art, which involves creating
sculptures from single sheets of paper. No cuts
are made, and no attachments are added. The
shapes are made purely by folding.

Paper was firstinvented in China around

105 CE. Japan later adopted this material in the
sixth century when Buddhist monks brought it
over from China. Because paper deteriorates
quickly over time, evidence to prove the earliest
existence of origami haslong decomposed. It’s
thought that the Japanese began using origami
decorations shortly after paper reached the

How to fold a fox

Make your own creature creation

First folds

Take one corner of your paper square and fold it in half to

the opposite corner, making a crease. Unfold it back into a

square, then fold it in half again using the other two corners.

Making a face

Fold the corner, lifting only the top layer, at the angle
shown by the dotted line. Lift the next layer from the same
corner, open it up and flatten the top to make a diamond.

066 How It Works

K
o

country, butitisn’t known whether the idea
came from art in China.

Today paper is cheaply available, but for the
first thousand years that origami was crafted in
Japan, the expense of the new product limited it
to special occasions and formal ceremonies. It
wasn't until the 1600s that the art form became a
more common pastime.

Originally, origami artists were known to cut
their creations to create more realistic features,
but Japanese paper folding soon added styles
from Europe. The European version of paper
folding began with the use of napkins, which
meant designs couldn’t be cut. New techniques
have also evolved during recent years. Origami
artist Akira Yoshizawa is considered the master
of modern origami. Before his death in 2005, he
invented new techniques, such as wet-folding.
This involves dampening the paper to allow
curved shapesto be created.

Folding in

With the crease horizontal, fold the top and bottom
corners of the triangle into the centre. Use the crease to
align the two folds in the middle.

Bend the tail

Take the opposite corner and fold it forwards across the
front of your design. This should make this corner look like
the fox’s tail.

Small square

Now you have a small square, split into two triangles.
Fold the corner of one triangle backwards to line up with the
corner of the other.

Draw some features

Finish it off by drawing a fox’s face onto the area you
flattened out. Now you can stand your fox up straight to
admire, using its tail to balance it.

www.howitworksdaily.com



ON SALE NOW!

Take control of your mind
for a happier, healthier life

Understanding human behaviour and mental processes can be invigorating.
Why do we feel certain emotions in specific situations? Why do we behave in
particular ways? And what can we do to overcome the things that hold us back?
Delve into the world of psychology and build a better relationship with your mind.

WWW.MAGAZINESDIRECT.COM

Or get it from selected supermarkets & newsagents
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When the London Ambulance Service was founded in 1965, it comprised nearly 1,000 vehicles and 2,500 staff
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Patient transport
service (PTS)

PTSvehicles are used solely for transport, and
do not carry medicine or life-supporting
equipment. They are only deployed for non-
emergency transport of sickand injured
patients. The vehicles’ main priority is to bring
patients to the hospital for an appointment.

Paramedics usually
attend a scene before
ambulances arrive.

Paramedic
intercept

Sometimes a patient’s condition can
worsen, and the ambulance sent can
no longer cover their needs. This is
where paramedics can intervene.
Upon a request for more supplies,
paramedics can attend the scene,
bringing equipment and expertise.

Multiple-victim
assistance
unit (MVU)

Most ambulances can only cater for a
couple of injured or ill patients. However,
in some emergencies a larger group of
people can become injured. At big
gatherings or in the aftermath ofa
natural disaster, these larger vehicles
can care for more victims. Often these
vehicles will be sent to organised events
asaprecautionary measure.

© Alamy

Mobile ICUs
provide critical care

MObiIe Icu during transit.

These ambulances contain some of the
life-support machinery that can be found in
the Intensive Care Unit at the hospital.
Patients carried in these vehicles are at the
highest risk and are supplied with life-saving
drugs and hooked up to monitors and
stabilisers during their transition to hospital.

Larrey’s mobile carriage of the late 1700s was dubbed a
‘flying ambulance’

© Alamy



© lllustration by Adrian Mann

There are 1,398 fire stations in England

1Gh!
BLAL

These trucks are

well equipped
to put out fires

ARANE

SCAN HERE
Inside a fire engine

What tools are used by firefighters?

Hose reel

For relatively small fires, these
hoses are unravelled to the
required length and used to
direct water onto the flames.

Ventilation fan
These are placed in confined
areas to suck out smoke.
Fresh air is drawn in through
gaps such as windows.

Breathing apparatus
Oxygen tanks are used for
breathing when there is smoke
or chemical fumes. These
usually last for half an hour.

Hose jets

These are used instead of the
hose reel for more power and
volume. Two firefighters are
needed to control one.

Pike poles

This hooked tool can break
walls to uncover fires. It
can also be used to fetch
items engulfed in flames.

Jaws of life

This hydraulic tool can cut
through cars to free trapped
people. It can pull two pieces
apart or cut sections out.

Upon arrival at the
hospital, critical
patients are taken
straight to the
emergency room.



ARANE

Reaching safety
After being winched up to
the helicopter, the rescue
team will pull the saved
individual into the aircraft.

Choice of approach
When the helicopter arrives at
the scene, it will analyse the

boat type, size and position.

Lifted
from danger

How people are airlifted
to safety from the sea

When the seas become ferocious,
being caught in the waves can be
life-threatening. For thisreason,
when people get into difficulties at
sea, sending out more boats to
save them isn’t always the answer.
Thisiswhen the rescue helicopters
are sent in. Air-sea rescue is a vital
way to evacuate people from the
ocean while remaining in the air
and away from the danger.

Adaptable equipment
Depending on the condition of
the casualties being lifted, air lifts
can be carried out in harnesses,

stretchers or baskets.

Rescue from water
If the person being airlifted is
in the sea rather than on a
boat, they are likely to be put
into a metal basket.

Preparing for rescue
When radioing for help, the boat’s
crew will be briefed on what will
happen. Loose items will need to
be secured, as the helicopter will
produce a downdraft.

The first
lifeboats Steam-powered
Designed to be No longer relying on

human strength to row,
the Duke of
Northumberland is the
first lifeboat to use steam
power. Burning coal on
board is not easy,
however, and this method
is soon replaced.

1890

‘unsinkable’; the first
purpose-built lifeboat is
invented by Lionel Lukin.

He uses lightweight
materials such as cork,
with built-in pockets of
air to keep it afloat and

watertight compartments.

1785

This depicts men bringing
an early lifeboat to sea
Source: Wiki/Unknown Author

Motor lifeboats

Petrol engines are fitted
to existing lifeboats and
trialled in 1904 before
they enter service the
following year. They give
the boats more power
and makes them easier
to control.

1905



William Hillary founded the RNLI in 1824 after witnessing increasing numbers of shipwrecks

Onboard care
Stretchers are fitted onto
the helicopter on a rail.
These are locked into place
to secure the casualty.

Manoeuvrable
equipment

Chairs can slide on the
rails that stretch along the
length of the helicopter.
They also rotate to
provide the medic with
optimal patient access.

ARANE

SCAN HERE

Inflatables on beaches

allow a fast response
© Getty

Inflatable design
Smaller, inflatable lifeboats are
designed to rescue people
closer to land. Easier to
navigate in small spaces, this
alternative is still used today.

1963

Constant monitoring

Serving as a portable ICU, medics
on board can provide oxygen and
various medicines to the patients.

First rescue

If someone on the boat is
injured, they will be the first
to be rescued. One member
of the rescue team will
secure them to the winch.

Tamar class
This class manages the
same high speeds as the
Severn class, but improves
on safety inside the boat.
With added springs and
suspension to the seats,
the crew sustain fewer
back injuries when being
thrown around by
the waves.

2005

Mersey class
These lifeboats are
designed to enter the ocean
from the beach. Being
lightweight with an
aluminium hull, they can be
transported on a carriage
and launched from any
point along the beaches.

1988

The Severn class is the

largest RNLI lifeboat
© Getty

Severn class
These are the result of
rigorous testing to make
lifeboats faster. Lifeguards aim
to reach farther out at sea
while retaining optimum
safety. The Severn class can
travel at 29 miles per hour.

1996

Shannon class
These modern, all-weather
lifeboats are powered by
water jets rather than
propellers. The boat is
designed to last ten hours
in extreme stormy
conditions. If necessary,
the crew can use its speed
to beach the boat to be
recovered later.

2013

© DeepTrekker

Deep Trekker’s
vehicles can capture
footage in depths of
up to 200 metres.

Shannon class boats are

over 13 metres long
© Alamy
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How cars
keep you safe

Delve beneath the bonnet to discover the impact
manufacturers are making on car safety systems
Words by Mike Jennings

t's easy to forget when cars are integral to our

everyday lives, but think about this for a

second: they're metal boxes that can drive at
excessive speeds to transport human bodies
made of fragile flesh and bone. Safety is crucial.
That means every part of a modern car is
designed with protection in mind, from the
engine to the bumpersand everythingin
between. And with safety so important, some
parts of a car get more attention than you might
initially expect. Let’s look at the doors and side
panels asan example.

These parts of a car are often closest to the
driver and passengers, so they've got to be
sturdy. To that end, car manufacturers have
developed side-impact designs that include
incredibly strong steel panels, extra metal inside
the doors to brace against impacts and columns
to help cars keep their shape during collisions.

074 How It Works

Framed glass windows
Glass used in cars is designed to
stay intact or fracture into rounded
fragments so passengers aren’t
hurt by sharp shards.

Taking the impact
Many cars include panels made
from metals like aluminium and
magnesium. These crumple on
impact to absorb energy and
protect passengers.

www.howitworksdaily.com



The safest place in a car is the middle seat in the back row - you're likely to be further away from impacts

Steered from danger safety fi I‘St

The metal that holds the steering

wheel collapses in accidents so Here are five key safety features that
that drivers aren't thrust forward you'll find in most modern cars

into a static column.

Strong steel
Side collisions can be more
dangerous because passengers

are nearer the impact, so modern
cars use the strongest steel here.

The original Side Impact Protection System
- or SIPS - was developed by Swedish car
manufacturer Volvo and started appearing in its
carsinthe early 1990s. Volvo still includes SIPS
technology inits cars, as does every other
manufacturer with equivalent safety designs,
albeit under different names.

Go beyond the sides ofa carand you'll find an
incredible array of safety features that protect
every inch of a modern motor. Designers first
started to incorporate basicimpact protection
into cars in the 1930s, and since then vehicles
have become safer and far more sophisticated.

These days car safety features are organised
into two camps: passive features like the car’s
frame, airbags and seat belts protect passengers
after a collision, while active features like
cameras, sensors and brakes work all the time to
keep the car stable.

www.howitworksdaily.com

Pump the brakes
Computer-powered brake
systems stop cars from skidding,
meaning cars stop smoothly and
safely instead.

ARANE]

SCAN HERE

© lllustration by Adrian Mann
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Words by Ailsa Harvey

he oldest known civilisations first
I cropped up over 5,000 years ago. As these

communities began settling in one area,
they gathered the materials around them to
create long-lasting shelters. Millennia have
passed, and today we use a growing abundance
of materials, including bricks and cement, to
build the best possible homes that stand the test
of time. But what processes are used today to
place a roof over our heads?

You can no longer gather the materials and
build a house wherever you please. Before you
can startany work that includes building new
houses, making significant changes to your
home or changing the primary use of a building,
planning permission needs to be obtained. This
prevents houses appearing without notice
where they could invade the privacy of other
home owners, drastically increase traffic or
reduce habitats in protected areas. Requests are
sent to local councils, often with the help of
architectsand planning consultants.

When building eventually commences,
workers on construction sites analyse small
details carefully. From the area of a plot to the
measurements of a house’s frame, greater
accuracy improves building times and makes
the environment safer for construction and
living. Each person on site has been trained in

076 How It Works

HOW ARE
HOUSES BUILT?

specificroles, and as a team their specialised
skills combine to produce the highest quality
buildings. Each successful build is not merely
another structure added to the landscape, but a
personal space for someone to call home. Around
9o per cent of our time is now spent inside, and
70 per cent of this takes place within the walls of
our own homes. Being used as areas to both
work and wind down, we need houses to be built
to the highest standards to keep us safe and
comfortable every day.

“€ach person on site
has been trained in
specific roles”

www.howitworksdaily.com



DID YOU KNOW? 123,151 new homes were built in the UK during 2020

There are still more than 60,000
thatched roofs in the UK today

www.howitworksdaily.com

IMPORTANT
ROLES

Many different people with specialised skills work
together to construct a home

© Getty

© Getty
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THE

BUILDING

ARANE]

PROCESS

How materials are manipulated and combined

to form strong, safe houses

Framing

A wooden skeleton is created to
act as a vertical building guide.
Pieces of the frame are securely
attached using metal strapping.

Waterproofing

A weather-resistant
membrane is built beneath
the bricks. This waterproof
membrane covers every
outer area of the house,
including the surfaces of
the foundations.

Building exterior
Brick walls and other chosen
materials are used to build
the presentational exterior.
This includes design features
such as balconies.

Watch a two-storey housg being
built in this two-minute video

ARANE

SCAN HERE

Bricklayin
step byystgp

Clearing space
Using bulldozers or other
machines, the area is cleared
of trees, rocks and debris.

Designing for
power lines

Holes are knocked into the
concrete for power lines to
be fed through. Pipes are
placed around the cables
to protect them.

Foundation excavation
A trench with a depth of at least
one metre is measured and dug out
in the area allocated to the house.

Start at the corners Mix the mortar Lay bedding mortar Build brick pillars

Place the first bricks at each To make the mortar, add five Place a line of mortar along the Add more mortar to the end of

corner. After laying a few, you will parts sand to one part cement string line. This base should be the placed brick and press the
be able to place down a line to see if they and mix. Then add water to the centre  around two centimetres thick. Place the next brick into contact to stick them
have been aligned straight. until smooth but still compact. first brick onto the mortar. together. Build the wall up at the pillars.

078 How It Works
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DID YOU KNOW? The Romans weren't the first to use concrete, but were the first to use it for most construction work

Steel frames can be used as a stronger
and more durable alternative to wood

Filling the space
Starting at the corners, the
bottom of the house’s walls are
built to just above ground level.
Then the remaining trench is
filled with a concrete mixture.

Cut to size

When an end requires a

smaller brick, use a bolster
chisel. Place the brick on its side
to create neat, precise cuts.

www.howitworksdaily.com

Place the centre of each brick over
the mortar bond of the bricks below.

© Getty

“We need houses to
be built to the highest
standards”

Preparing utilities
The framework for electrical
appliances, plumbing and
sewerage can be added into
the structure. This involves
positioning wiring and pipes.

Designing interior
The interior walls, flooring and
other permanent structures
such as cabinets are the last to
be fitted, and only once the
outer structure is complete.

po

Installing footings

At the very bottom of the trench,
concrete slabs are placed. These
are called footings, which follow
the floor plan to support the
house’s weight.

Add soldier course

A soldier course is when end

bricks are placed vertically
along the top edge of a wall. This can
keep the wall looking tidy.

© Alamy

Keep pillars high
Keep the pillar height at least
one level higher for stability.

Finishing touches
Use a rounded tool to scrape

© Alamy

away any excess mortar.
This will keep the sections between

bricks looking smooth.
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DID YOU KNOW? A refrigerator uses around ten per cent of the total electricity consumed in an average household
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Whatis
body odour?

Azeem Patel

The smells of different
parts of our body are
caused by many different
chemicals, often containing
the element sulphur. These
chemicals are usually made
by bacteria. In our armpits
there are roughly a million
bacteria per square
centimetre. They take
normal molecules in
sweat and turn them into
smelly ones. AE

DID YOU
KNOW?

Bacteria turn unsmelly
chemicals in sweat into
smelly ones

© Getty

Can the police commandeer any
vehicle whenever they like?

Jamie Poster

Police have the right to commandeer a private

vehicle in a number of countries, including the
US and UK. They can even insist that you stay in

© Getty

www.howitworksdaily.com

the vehicle and help apprehend a criminal.
This old law is known as ‘posse comitatus’, and
is still used today when necessary. JE

Is there a speed limit
for aircraft?

Alex Read

Absolutely. Aircraft are limited to 250 knots
when travelling below 3,050 metres above sea
level. At 915 metres or close to an airport, they
must reduce their speed to 200 knots. JE

There are many different types of plant
milk available today

How do they make milk
out of oats, almonds or
soy beans?

Sean Curtis

In each case the milk-maker puts protein
and other healthy nutrients from the plant
ingredients into water. This often means

© Getty

© Getty

soaking the ingredient for up to 12 hours. After

that they can be ground into a smooth paste.
Orinstead of soaking the ingredient, the

milk-maker just grinds it up while dry, into a

powdery flour. Either the paste or the flour

can then be mixed with water. Sometimes the

milkis strained, separating the liquid from

fine gritty bits. Usually milk-makers add other

ingredients, like gums to thicken the milk
and vitamins to make it healthier. AE
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Is there an observable object in
the universe that is a complete
mystery to science?

Sophie Mueller

When astronomers observe a new type of
object, no matter how strange, theories to
explain it usually emerge within a few years, so

the best place to look for a complete mysteryisin

a brand-new discovery. A current contender isa
class of objects dubbed ‘odd radio circles’, or

How

do we
create
sparkling
water?

Arthur Chayun

It's made from
ordinary still water by
injecting carbon dioxide
into it to create the
bubbles. Another term
foritis carbonated
water, and it can also
occur naturally. AM

086 How It Works

ORCs. These are large, highly circular objects,
seen at radio wavelengths, which are brighter at
the edge than the centre. They were discovered
by Australian astronomers in late 2019, and to
date - with at least five such objects known - no
one has a convincing explanation of what
theyare. AM

© Alamy

© CSIRO (Commonwealth Scientific and Industrial Research Organisation, Australia)

© Getty

Why does household
dust build up even
when the doors and

windows are closed?

Daniella Appleton

Household dust is made of many things,
including our dead skin, hair and threads
from our clothes. As these things fall off us,
dust piles up on furniture and floors. AE

© Getty

Why don’t they make
cars out of plastic?

Sam Humphrey

Carsbodies and engines are mostly
made of metals like steel and aluminium.
These metals are strong enough not to
breakin a crash, but most plastics aren't.
Apetrol car engine made out of steel is
powered by regular explosions. A plastic
engine would break apartand burn.
However, about half the parts used in cars
are now made of plastic. A lot of plastic parts
are inside the car, like the dashboard. AE

www.howitworksdaily.com



How does bottle mass
production work?

Alan Jones

The process still involves glassblowing, but
not with human lungs. Instead, compressed air
isused to blow molten glass into a line of moulds
ina machine such as the one seen here, which
allows dozens of bottles to be made at the
same time. AM

© Alamy

© Getty

Did Italians
invent spaghetti
before the
Chinese invented
noodles?

Louise Maxwell

The legend that explorer
Marco Polo brought noodles back
to Italy from China, instigating
the invention of spaghetti, is
almost certainly a myth. Food
historians believe that the two
foods developed in parallel from
entirely separate sources. Early
pasta was used by the Greeks in
1000 BCE, while the earliest
known noodles, discovered by
archeologists in 2005, were made
4,000 yearsago in China.
Although the two foods
developed separately, noodles
most likely came first. JE

Everyone loves spaghetti and
noodles, but which came first?



© Getty

How do they paint cars

to look so shiny?

Habib Kerr

When carslook shiny, it’s because of the
paintingredients. Metallic paints contain
shiny aluminium particles, and pearlescent
paints give cars a shimmering shine. That’s
thanks to tiny crystals of rocky ceramic
materials such as mica and titania. To stop
them fading they have a protective
see-through coat on top. AE

© Getty

What will happen to
all the face masks
that are dropped on
the ground?

Matthew Garner

Disposable face masks on the street
damage the environment and wildlife.
These surgical masks are made from
thermoplastic polypropylene, and many

DI D YOU will end up in rubbish dumps, eventually
KN ow? finding their way into oceansvia rivers or
- sewers. Once there, the plastics they

contain could remain in the water for up to

The Oort Cloud may
extend halfway to the 450 years, breaking down into harmful
next star microplastics that can be ingested by

marine life and then travelling up the food
chainto humans. LE

© Alamy
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Is the keratin
In my nails
exactly the
same as the
keratinin
rhino horns?

Wendy Key

The material keratin is actually a type
of molecule called a protein. We humans
have itin our hair and nails. The reason
these two materials are so different is
thanks to how proteins are made. They
are put together from building blocks
called amino acids. Rhino horns are made
of keratin with slightly more of some
amino acids containing the element
sulphur, so it’s not quite the same as
human keratin. Sadly people hunt and
kill rhinos because they think rhino
horns have medical benefits - but these
rhino hunters might as well chew their
own fingernails. AE

Rhino horns are made
of keratin, like human
hair and nails

What is the memory metal
in glasses made of?

Holly Watkins

There are a lot of shape-memory alloys, but a common one is nitinol,
amixture of nickel and titanium. When heated up, nitinol always
returnsto its original shape. AE

www.howitworksdaily.com
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Is recycling actually beneficial for
the environment?

Vanessa Chen

Yes! There are many ways recycling is beneficial to the environment: it
helps reduce the demand for natural materials such as wood for paper
products, so fewer trees have to be cut down to supply the paper industry.
Oilis used to create new plastics, and the less we depend on this fossil fuel,
the better. The production of both wood and oil as raw products can
negatively affect many ecosystems. Recycling also reduces the need for
other harmful waste disposal practices, such as landfill sites or
incinerators, both of which contribute to greenhouse emissions. LE
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ny botanist or green-fingered gardener

will tell you that the fruit and vegetables

readily available in the supermarket are
only a fraction of the edible plants that you can
grow inyour garden, or forage for in the wild.
Nasturtiums, for example, are a common species
of pretty flowers that come in various shades of
yellow and red, and are completely edible: root,
leaves, flower - the lot. They have a nice, peppery
flavour that works well in salads, and you'll
sometimes see celebrity chefs use them on
the television.

Ifyou're not much for growing your own food
then that fact might come as a surprise to you,
and there’s more of this kind of revelation in Alys
Fowler’s Grow, Forage and Make. It's very much a
hands-on guide to using the garden not justasa
vegetable plot, but for wildlife spotting,
cultivating eco-friendly habitats and even
making your own paper.

Each turn of the page introduces new ideas for
making use of the space that’s literally on your
doorstep, with how-to guides on foraging for
roots, making gardening implements,
encouraging beneficial insects and, of course,
growing a variety of tasty crops. There’s even a

090 How It Works

handful of art projects that use garden plants,
and not just your garden-variety flower pressing.

These projects and activities arein a similar
format to our own How To’s in the back pages of
How It Works, except the illustrations here are
even more attractive than they are functional.
Artist Heidi Griffiths has paid as much attention
to the incidental details - ivy emerging from the
corners and insects buzzing about the pages —as
she does to illustrating each step of each
project'sinstructions. It gives the whole book a
suitably organic feel and gives younger readers
something to seek out each time they dive into a
new activity. Thisis anideal home-learning tool
for any household with a garden, plot or
allotment, and there’s plenty in Grow, Forage and
Make for adults as well.

Ancient World
Magnified

Author: David Long

lllustrator: Andy Rowland
Publisher: Wide Eyed Editions
Price: £16.99 / $24.99
Release: Out now

What would a combination of a Where’s
Wallybook and a children’s encyclopedia of
ancient civilisations look like? This
brilliantly interactive book imparts
knowledge about the past without you even
realising. From early Mesopotamia to the
Aztecs, Ancient World Magnified takes the
reader on a journey through humankind's
ancient origins, exploring how civilisations
changed and evolved over thousands of
years. Along the way and at each pointin
history, the book prompts the reader to look
closely at the highly detailed illustrated
spreads to spot ten items, such as Mayan
maize, Roman sewers and Greek sails. With
more than 200 items in total, this book is not
only informative, but great fun. Make sure to
use the magnifying glass, as some items are
much harder to spot than others.

www.howitworksdaily.com



The Deep Blue

Author: Charlotte Guillain
lllustrator: Lou Baker Smith
Publisher: QED Publishing
Price: £12.99 / $18.95
Release: Out now

You can practically hear the crashing of ocean
waves and the squawks of seabirds through
author Charlotte Guillain's writing style. Her
descriptive tone makes quick work of
transporting the reader to one of the many
marine locations around the world. From
shallow coastal shores and underwater forests to
the nightmarish twilight zone of the deep ocean,
Guillain leaves no watery stone unturned in this
immersive book. Accompanied by beautiful
illustrations depicting the diverse life that
populates Earth’s oceans, it offers an insight into
how our oceans work and their importance,
giving a glimpse into some of the many
ecosystems that are sustained by them.

Video Games:
A Graphic History

Author: Sean Tulien
Publisher: Graphic Universe
Price: £20.44 / $27.99
Release: 3 August 2021

Aperfect book for any young gamer, this comic-
styleread turns a historical timeline into a
captivating story. The vibrant cartoons fit its
theme, combining colours and characters

that any gamer would appreciate. From the
first-ever console, designed by an engineer in
New Hampshire, to the complex graphics of
today’s games, discover how the risein
televisions and competitive inventors helped to
spread video game’s popularity. The story isn’'ta
predictable one: as gaming came to a standstill
in the early 1980s, this book explains how one

www.howitworksdaily.com

Thisisa great book, along with othersin the
World of Wonder series, for inspiring a younger
generation to discover more about our planet
and the life that inhabits it.

company brought it back into our lives. ‘Console
wars’ have been a regular occurrence through
the history of gaming, and the statistics of their
success are delivered in compact infographics,
allowing the reader to easily comprehend and
compare them. Asyou flick through the pages,
you watch decades of entertainment evolve
before your eyes, and can appreciate the
technology of today even more.

BOOK REVIEWS

Volcano,
Where Fire and
Water Meet

Author: Mary Cerullo
Publisher: Capstone Editions
Price: £13.67 / $19.26
Release: 1 August 2021

This book doesn't just cover the basic
science of volcanoes, but presents it
alongside the story of Kilauea. Retelling
the dramatic history of one of Hawaii’s
most active volcanoes, the author engages
the reader by incorporating the human
impactalongside the geography. With
informative diagrams, explosive imagery
and ancient tales, this book is ideal for
children between 10 and 12 years old.
Explore what lurks beneath these
mountains, the most explosive spots
around the globe, how they ended up at
their location and much more.
Distinguishing Volcano, Where Fire and
Water Meet are the diagrams that can be
used to help children understand
Hawaiian culture and folklore. Which
gods made volcanoes their home? How
did these legends arise, and how are
volcanologists learning to predict the
activity of volcanoes? While this book
combines storytelling and science, it also
revealsalink between the two, with life
thriving where fire and water meet.
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BRAIN GYM

GIVE YOUR BRAIN A PUZZLE WORKOUT

QUICKFIRE
QUESTIONS

How old was the
world’s oldest human
when they died?

145 years and 26 days
104 years and 211 days
116 years and 80 days
122 years and 164 days

Viruses aren’t affected
by antibiotics because
they:

Don't have cell walls
Move inside cells
Use cells to reproduce

All of the above

What is the name of
the huge, icy cloud that
surrounds the planets?

Cumulonimbus
Oort Cloud
Kuiper Belt
Asteroid belt

Why do octopuses
have blue blood?

It's low in oxygen
Because of the blue
crustaceans they eat
Their blood contains
copper, not iron

For camouflage in water

Which of these animal
names isn’t real?

Chicken turtle

Colon rectum beetle
Boops boops fish
Red devil deer

When was the first

turbojet aircraft made?
1929

1939
1949
1959
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Spot the difference

See if you can find all six changes between the images below
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Get in touch ’
Send your ideas to... DDOON‘g
How It Works magazine A‘-ONE
. . . howitworks@futurenet.com |F YOURE UNDER

Practical projects to try at home @HowltWorksmag e A A

howitworksmag

YOU WILL NEED:
«Aripebanana
«Isopropylalcohol
(9o per cent)

I D N u «Measuring cup

«Ateaspoon of salt
Break apart this fruit’s cells to view its genetic material

- Washingup liquid
« Coffee filter
«Narrow glass
«Spoon
«Elasticband

Cool the isopropyl Ripen to perfection
The first thing you need to do is place your bottle of isopropyl alcohol into Find the softest, ripest banana you can. The outside of the skin should be
the freezer. The alcohol won't freeze like water, but it needs to be as cold as darkyellow or brown with black spots. If you don’t want to wait for one to
possible for this experiment. ripen, you can put it in a blender to make it soft enough.
fgj Mash the banana Make a salt bath
i‘i Peel the banana and cutitin half. Seal half into your plastic bag, Carefully pour 120 millilitres of steaming-hot water into your
g removing the air from the bag before shutting it. Now thoroughly measuring cup. Add one teaspoon of salt to the water and mix it in until it
g mash the banana with your hands to remove all lumps. has completely dissolved.
©
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NEXT

ISSUE..

Add the water

Pour the salty water into the bag with the banana. When the water is
cool enough to handle, continue to mix the banana and water with your
hands for 45 seconds. You can also shake the bag to combine them.

Filter the DNA

Attach a coffee filter to the top of a tall glass using an elastic band. Slowly

pour the contents of the bag into the filter, bit by bit. Liquid should begin to
drip from the filter. It might take a few minutes for all the liquid to drain
through into the glass.

Eight-

minute wait
Leave the glass
standing for at least
eight minutes.
Duringthistime the
alcohol and salt will
work together to
make the DNA
visible. These
molecules will
clump together to
form solid, white
piecesinthe glass.
Whatyou'relooking
atisbanana DNA.

HAD A GO?
LET US KNOW!

If you've tried out any of our
experiments - or conducted
some of your own - then let
us know! Share your photos
or videos with us on
social media.

www.howitworksdaily.com

A splash of soap

Next add about half a teaspoon of washing up liquid into the bag. To mix

thisinyouwill need to move your hands gently. The aim is to spread the
soap around without creating too many bubbles.

Slowly pour in the alcohol

When all the liquid has been collected, take off the filter. Take your
isopropyl alcohol from the freezer and pour it slowly down the side of the
glasswhile holding it at a 45-degree angle. Stop when you can see a two to
five centimetre layer of alcohol on the liquid mixture.

SUMMARY

The three main events in this experiment are the dismantling of the
banana'’s cells, the solidification of the DNA molecules and the way they
combine to form larger, visible clumps. The salt has a positive electrical
charge, which combines with the negatively charged DNA, causing the
molecules to collect together. Without this the molecules would be
dispersed and would remain too small for the eye to see.

Being made of lipids, the cell membranes are broken down by the
washing up liquid. This is because soap works to separate fatsin the
membrane. At this point the DNA is dissolved into the mixture. Finally, by
adding the isopropyl alcohol, the molecules can no longer remain
dissolved. This solution solidifies the DNA, suspendingitin the glass.

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.
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INBOX

Speak your mind..

The transmission of COVID-19 is less
likely outdoors

Seasonal illness

Hi HIW,
Are illnesses like the flu more prevalent in winter
because the bug survives better in colder
temperatures? Why doesn't this apply to COVID-19,
which seems to thrive in summer?
Stephen Conn

Flu is definitely more prevalent in winter, and
scientists think this could be to do with cold
temperatures. Cold air is less able to carry
water vapour. This causes the water to fall as
rain, leaving the air drier than it is in summer.

In this dry air, the flu virus is better able to live

and spread. COVID-19 has proved to be almost

entirely dictated by human behaviour. Many of

the trends in cases have been due to when
restrictions have been in place. It’s thought
that COVID follows a similar trend to the flu
virus, and spikes in cases during winter
support this. While the weather plays some
part in reducing the virus’ spread, summer
means many of us spend more time outdoors,
so COVID is still able to survive.

© Getty
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Get in touch

If you have any questions or comments for us, send them to:

(@HowltWorksmag

howitworksmag

How It Works magazine

howitworks@futurenet.com

LETTER OF THE MONTH

Mastenng
ginger beer

Dear HIW,
Over the lockdown | have made a
ginger beer plant. | was wondering how
to stop it turning to vinegar, and which
bacteria | have picked up. Thank you for
taking the time to read this.
Ajax King

It’s very common to face these issues
when making a ginger beer plant, as
it’s notoriously difficult to perfect.
Despite its name, a ginger beer
won’t look much like a plant. It is
actually a group of small grains,
produced during the
fermentation of ginger root
and sugar water. This
produces the yeast
Saccharomyces florentinus,
giving ginger beer its
signature flavour.

Often other organisms
make their way into the mix,
and can ruin the taste. As
you rightly point out,
bacteria is what gives the
drink a more vinegary smell
and taste. The bacteria
responsible is called
acetobacter, or acetic acid
bacteria. It consumes sugars
and releases acetic acid,
which makes up vinegar.

WIN!
BREAKING

BOUNDARIES
THE SCIENCE OF OUR PLANET

World-leading planetary change
experts explain how, if we act
now, we can stabilise Earth’s life
support system.
www.dk.com

The best way to prevent
this happening is to limit
the amount of air that
comes into contact with

the contents of the
container. Keep your
container covered and work
quickly when transferring
your ginger beer plant. You
should also keep your
container away from any
open windows. Finally,
make sure all your
equipment is clean
and sterile before
beginning the
process. These

measures can make

it much less likely
that your ginger
beer will turn to
vinegar, but
unfortunately
sometimes it’s a
matter of luck! We
hope this is helpful
and that your next
try is a success.

Ginger is fermented
in lemon juice and
sugar water to make
ginger beer

Caterpillar memories

Hi HIW,
When a butterfly emerges from its cocoon, does it
remember its caterpillar life? We recently had an
experience with caterpillars that turned into
beautiful butterflies.
Arthur Alaphilippe, 12 years old

It’s impossible to know for sure exactly
what goes on inside the mind of a butterfly,
but what we do know about their memory
is pretty impressive. Some scientists
carried out an experiment in which they

trained caterpillars to dislike the smell of a
chemical called ethyl acetate. They gave
them mild electric shocks so that they
would associate discomfort with the smell.

Incredibly, when they emerged from their
cocoons, most of them continued to avoid
the chemical. This showed that the nervous
system remained intact during their
transformation. While the butterflies you
observed might not remember much from
their caterpillar lives, there are definitely
parts that will stay with them!

www.howitworksdaily.com
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Triggering
allergies

Hi HIW,

How do food allergies work?
Keith Canford

Your immune system can sometimes
become overactive, triggering an
unnecessary response to non-toxic
substances, such as specific foods.
Proteins called antibodies are sent to
attach to these cells, acting as a signal to
identify the threat. During this process,
histamine is produced. This is the chemical
responsible for the pain and discomfort

|| ||
Life-saving tech
Dear HIW,
I've recently bought a new car, and | wondered how the

brakes are so effective at slowing speed.
Sharon Henderson

To slow down the vehicle, brakes use friction.
Pressing the brakes against moving wheels,
the kinetic energy is turned into heat energy.
When all the energy from movement is
transformed into heat, the car is brought to a
standstill. As you put your foot on the brake
pedal, the force used is boosted by a vacuum
engine, which helps to stop the car more
quickly. Pistons are moved by this force along
the cylinder that contains them, which creates
an opening to the brake fluid canister. The
pressurised brake fluid is released until it hits
the brake pad, pushing it against the revolving
rotor and allowing friction to come into play.

NEXT
ISSUE...

www.howitworksdaily.com
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Peanuts are one of the most
fatal and common food allergies

you feel during an allergic reaction.
Indications that you’re suffering from a
food allergy can include having an itchy
mouth and throat, swelling in the face and
mouth, being sick, itchy ears and rashes.
The most serious food allergies cause
anaphylaxis, which involves a series of
symptoms including low pulse and shock,
and can be life-threatening.

What'’s happening on...

social media?

This month on Instagram, we
asked you: Given the
opportunity, would you go on
the next trip to space?

(@sammy.glanfield
Yes! It would be a lifetime memory. I've
always wanted to fly, and floating is
very close!

(@vanessa.___.chen
It would be extraordinary to visit space as
only around 6oo people have. It would also
be very fun to experiment with gravity - you
could float around in the rocket. The view
would also be very beautiful and a once-in-a-
lifetime chance.

(@scimaxfacts
I would visit space. This is because it would be
awesome to be in low gravity!

(@sparkellium
I'd rather see a young scientist go in my place
to help protect our unique, fragile planet.

(@caroljsheldon
No! Scared in case I wouldn't get back.
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Amagzing trivia to blow your mind

ENGLAND WAS SO COLD IN THIS
YEAR THAT WINE FROZE AND WAS
SOLD BY WEIGHT, NOT VOLUME I 40 o 0/0
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