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he red X-shaped objectin
theimage aboveisa
chromosome, a DNA
molecule that contains some or all
of the genetic material in your body.
The little blue caps on the ends of it
are telomeres, which protect the molecule, but also play
a hugeroleinthe ageing process. Those tiny parts of our
genetic make-up dictate an enormous part of our lives,
our quality of life and how many years we can expect to
live. In this issue of How It Works, we explore the
ageing process and what'’s happening in your body from
the moment you were born right across every stage of
your life. We also look at some of the technologies
scientists are exploring that could
extend human life in the future.
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Can we live forever?
Why do we get old? How It
Works explores the science of
ageing and ways that a natural
life can be extended
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Scan the QR code with
your device’s camera or
download a free QR code
reader app. Many iPhone
and Android devices
include a QR reader
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your phone to scan
the QR code, which
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Global eye
Science and tech news from
around the world

Wish list

Gadgets and apps to help you
get to sleep

Brain dump
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Book reviews

Brain gym
Give your brain a workout
with our puzzle pages

How to...
Make eggshell chalk

eBooks and posters
Free How It Works digital
specials and posters

Letters
Our readers have their say

Fast facts

HOW THE AUGMENTED REALITY WORKS

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

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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MILLIPEDE
UNDER THE
MICROSCOPE

This is a coloured scanning electron
microscope image of a male millipede
(Diplopoda). There are around 10,000 species of
millipede worldwide, including 50 species in Britain.
Millipedes use their antennae to navigate by tapping
the ground. They’re also coated with hair-like cells that
detect odours as part of the insects’ olfactory system.
This helps them to ‘sniff’ out food, such as
decomposing plants or fungi. Millipedes also
come equipped with a group of hairs on the
second or third pair of their legs that they
use to brush and clean
their antennae.






SEEING
SUPERSONIC

NASA captured this image of the shock
waves from two US Air Force Test Pilot School
T-38 aircraft flying around nine metres away
from one another back in 2019. Both supersonic
planes were travelling past the speed of sound and
produced deafening ‘supersonic boom’ shock waves,
shown as the dark lines. The image was originally
monochromatic - taken using the Schlieren
photography technique, which can visualise the flow
of air from the surface of an object - then
colourised. Highlighting the waves in this way
helps researchers to understand how shock
waves interact with aircraft and other
shock waves.






MADRID
SNOWSCAPE

At a glance this photo looks like it has been
taken in monochrome. However, it’s in full
colour. On 11 January 2021, Madrid, Spain’s
capital, was hit by Storm Filomena, dumping more
snow on the city than has been seen in the last 50
years. The image was captured by the Copernicus
Sentinel-2 mission, which comprises two identical
polar-orbiting satellites that cover all Earth’s land
surfaces at the equator every five days. Each of
the satellites carry high-resolution cameras that
can collect data from a strip of land 180
miles wide at one time. This helps
researchers monitor changes on
Earth’s surface.









POLLEN
PILE

Shoeblackplant (Hibiscus rosa-sinensis) - also
colloquially called the ‘Rose of China’, ‘Hawaiian
hibiscus’ and ‘rose mallow’ - produces thousands
upon thousands of pollen grains in a single pinch of
pollen powder. Pollen grains, seen here in purple, are the
male reproductive cells of a plant. They form with a
spiky, tough outer shell called the exine. This prickly
casing allows the pollen grains to easily attach to the
bodies of insect pollinators and survive the journey to
another plant. If the pollen grain is successfully
dispersed, it will fertilise the female reproductive
cells in another plant’s ovules. Each of these
grains is around 15 to 100 microns wide,
snapped using a coloured scanning
electron microscope.
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ANIMALS

Endangered ferret

Words by Rachael Rettner

esearchers have successfully cloned a
R highly endangered ferret species using

cells that were frozen more than three
decades ago. The adorable clone, named
Elizabeth Ann, is a species of black-footed ferret,
one of the most endangered mammals in North
America. Born on 10 December 2020, Elizabeth
Annwas created using cells from Willa, a wild
black-footed ferret who died and had her cells
cryopreserved in1988.

The feat marks the very first time an
endangered speciesin the US has been cloned.
Researchers hope Elizabeth Ann will help to
bring genetic diversity to the black-footed ferret
population, which today is descended from just
seven individual ferrets, makingall living
members of the species essentially half-siblings.

“It was a commitment to seeing this species
survive that hasled to the successful birth of
Elizabeth Ann,” said Ryan Phelan, executive
director of Revive & Restore, a conservation
organisation that was involved with the cloning.
“To see her now thriving ushers in a new era for
her species and for conservation-dependent
species everywhere. She is a win for biodiversity
and for geneticrescue.”

Black-footed ferrets were once thought to be
extinct, but scientists found a small population
in1981, which allowed conservationists to start

captive breeding programs for the species.
About 250 to 350 of the ferrets live in captivity,
and 300 more live in reintroduction sites in the
wild. However, the limited genetic diversity of
the species has challenged its recovery, making
the creatures prone to health disorders and
certain infections. Since Willa was not one of the
‘seven founders’ of the population, her genes,
which are now possessed by Elizabeth Ann,
could bring much-needed variation to the
population’s genetics.

The project to clone a black-footed ferret began
in 2013, the result of a partnership between the
US Fish and Wildlife Service, Revive & Restore,
the company ViaGen Pets & Equine, San Diego
Zoo Global and the Association of Zoos and
Aquariums. Several other endangered animals
have been cloned in other parts of the world,
including gaur, or wild cattle, in 2001; bucardo, or
wild goats, in 2009 and wild coyotes in 2012.
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HISTORY

Ancient deity statue wears
a mullet and moustache

Words by Mindy Weisberger

tiny statue of a Celtic deity dating to the

Iron Age wears a haircut that was

widespread - and widely mocked -
decades ago, but is now enjoying an unexpected
comeback: the mullet. Worn with the hair cut
shortin front and long at the back of the head,
mullets surged in popularity during the 1980s.
Archaeologists recently discovered the same
hairstyle on a copper figure measuring about
five centimetres tall, found at an Iron Age site in
Cambridgeshire, England, and dating to the first
century CE.

Like countless football players, hockey stars,
rock musicians and partygoers that came
thousands of years later, the statue’s hair is
cropped close to its head around the crown and
flows long down its back. Also resembling many
male mullet-wearers from the 1980s, the statue
sports a tiny moustache.

In 2018 archaeologists began excavating a site
at Cambridgeshire’s Wimpole Estate, uncovering
arural settlement spanning several centuries -
from the late Iron Age, beginning around the first

www.howitworksdaily.com

century BCE, to the early Roman period. In
addition to the statue they found about 300 metal
objects, including fittings from a Roman military
uniform, cosmetic tools, coins and nailsand
fittings for horse harnesses.

Though researchers initially thought that the
small statue represented Cernunnos, the Celtic
god of fertility, they later determined it was
another unknown deity. The figure likely served
asahandle for a spatula that mixed wax or
medicines. Its hands clasp a torc-a circular
ornament worn around the neck - that may have
once held a decorative inlay.

“This figure is an exceptional find, and thanks
to careful conservation and cleaning we can now
see some remarkable detail,” said Shannon
Hogan, a National Trust archaeologist for the
east of England.

However, it's unknown whether the deity’s
impressive mullet was meant to represent the
overall popularity of the haircut in the region at
that time, or if that was how the god’s hair was
typically styled in statues and other art.

© National Trust/Oxford Archaeology East/James Fairbairn
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Dinosaur-killing rock
came from the edge of
the Solar System

Words by Stephanie Pappas

e chunk of space rock that killed the
I non-avian dinosaurs may have beena

piece of comet that Jupiter’s gravity kicked
onto a collision course with Earth. A new study
suggests that the dinosaur-killing object was not
an asteroid from between Jupiter and Mars, as is
often hypothesised. Instead, the study authors
argue, the impactor was a piece of comet from
the Oort Cloud, a mass of icy bodies that
surrounds the outer edges of the Solar System.

Long-period comets from the Oort Cloud take
hundreds of years to make a lap around the Sun,
and previous studies had suggested
that their chances of crossing the
path of a planet are too low to make
them a likely culprit for the
extinction of the non-avian
dinosaurs -and 75 per cent of all
other life on Earth - roughly 66
million years ago. But recent
research has found that Jupiter’s
gravity pushes about 20 per cent of these
long-period comets close to the Sun, where they
break apart. The resulting fragments are
ten-times more likely than other Oort Cloud
comets to hit Earth.

The impact at the end of the Cretaceous Period
left a crater about 93 miles in diameter near the
present-day town of Chicxulub, Mexico, lending
the guilty space rock its name: the Chicxulub
impactor. The rock was at least six miles wide

and hit the planet at about 44,640 miles per hour.

Where the Chicxulub impactor came fromisa
matter of debate. Geological analysis of the crater
suggests that it was a carbonaceous chondrite, a
type of meteor that makes up only about ten per
cent of those found within the main asteroid belt
inthe Solar System. It’s possible that more of the
objects in the Oort Cloud have this composition.

Researchers have simulated the paths of
long-period comets from the Oort Cloud past
Jupiter and found that the gravitational field of
the Solar System’s largest planet turns about
one-fifth of long-period comets into ‘Sun-

grazers’, which are comets that
pass very close to the Sun. At close
range the Sun’s gravity pulls
harder on the close side than on
the far side of this type of comet,
creating tidal forces that can
break the comet apart.
The fragments from these
celestial break-ups are more likely
than an intact comet to intersect with Earth on
their return journey towards the Oort Cloud;
such events are capable of producing a
Chicxulub-size impact every 250 to 730 million
years. “Our paper provides a basis for explaining
the occurrence of this event,” said Avi Loeb, an
astronomer at Harvard University. “We are
suggesting thatifyou break up an object as it
comes close to the Sun, it could give rise to the
appropriate event rate and also the kind of
impact that killed the dinosaurs.”
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Mining pits glitter like gold in this aerial photo of
the Peruvian Amazon

PLANET EARTH

‘Rivers of gold’
rush through
the Amazon

Words by Brandon Specktor

e Peruvian Amazon glitters like gold ina

I gorgeous new photo taken aboard the

International Space Station. While that
glow is just sunlight reflecting off hundreds of
pits of muddy water, there is plenty of gold in the
hills. Each glistening pool is a gold-prospecting
pit, likely dug by independent miners looking to
unearth some of the Amazon'’s treasures.

“Each pit is surrounded by devegetated areas
of muddy soil,” Dr Murray Justin Wilkinson of
Texas State University said. “These deforested
tracts follow the courses of ancient rivers that
deposited sediments, including gold.”

Peru’s Madre de Dios state is home to one of
the largest independent gold-mining industries
on Earth. As many as 30,000 small-scale miners
prospectillegally in the area, working outside of
government regulations and tearing up the
Amazon rainforest with excavators and dump
trucks in order to unearth the gold that may be
hidden underneath.

Illegal mining can be a boon to impoverished
workers in Madre de Dios, but is a detriment to
the Amazon - gold mining is the single greatest
cause of deforestation in the region.

These unregulated operations also pose a risk
to local communities. Miners mix sediments
with boiled mercury in order to separate gold
from other minerals. As a result, up to 50 tonnes
of mercury ends up inrivers or the atmosphere
everyyear. Locals who eat a lot of fish from these
polluted rivers are more than three times as
likely to have mercury poisoning than people
who don't consume fish.

But from space these harsh realities
blur out of focus. For the astronaut

For more who took this photo on 24
of the latest December 2020, the world far

stories, head to
livescience.com How It Works 019

below was just a river of gold.
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Venus flytraps produce
magnetic fields

Words by Yasemin Saplakoglu

arnivorous plants known as Venus

flytraps (Dionaea muscipula) lure insects

between their blushing leaves with a
fragrant nectar. When these insect-hungry
plants snap down on their unassuming prey,
they generate a measurable magnetic field.

The plant’s magnetic field is more than a
million times weaker than Earth’s. Rather than
serving a function for the plant, this magnetic
field is likely a by-product of electrical energy
that flows through its leaves. Still, it’s one of the
first such fields ever detected in plants.

“Wherever there is electrical activity, there
should also be magneticactivity,” said Anne
Fabricant, a doctoral candidate at Johannes
Gutenberg University of Mainz and the
Helmbholtz Institute in Germany. The laws of
electromagnetism dictate that anything with an
electrical current also generates a magneticfield,
including humans, animals and plants.
However, not much has been done to understand
biomagnetism in the plant world.

Inarecent study, Fabricant and her team used
tiny glass sensors called ‘atomic magnetometers’

www.howitworksdaily.com

containing a vapour of atoms that are highly
sensitive to magnetic fields. They then triggered
electrical energy - in the form of an action
potential - to flow through the Venus flytrap.
Action potentials, which also occur in animal
and human nervous systems, are bursts of
electrical energy that allow cells to
communicate. Action potentials serve a vital
function for the Venus flytrap, triggering the
plant to close its leaves around insects that touch
sensitive hairs on the plant's leaves.

But the researchers also stimulated the plant
inanother way, by using heat. They found that
when stimulated, the Venus flytrap created a
magnetic field up to a strength of 0.5 picotesla.
That’s similar to the levels generated by nerve
impulsesinanimals. “It’s exciting to
demonstrate plant-biomagnetic measurements
using atomic magnetometers, which operate at
room temperature and can be portable and
miniaturised,” Fabricant said. “The fact that we
were able to detect magnetic fields gives some
hints about how electric currents are distributed
inthetrap.”



WISH LIST

The latest sleep gadgets

Bose Sleepbuds i

Price: £229.95 / $249.95

The humble earplug gets a
high-tech upgrade in the form
of the Sleepbuds Il by Bose.
Sleepbuds Il are designed to fit
seamlessly with the shape of
your ear, which helps to shut
out sounds alongside built-in
noise-cancelling technology,
preventing snoring or traffic
for keeping you awake. Using
the companion app, you can
choose from a packed library of
white noise tracks and
soothing sounds to help you
drift off, undisturbed. These
earbuds are powered for ten
hours on a single charge, and
the unique ear tips will hold
them in place while you toss
and turn in the night.

© Bose

Pod

Price: From $2,595 (approx. £1,840)

If you’re someone who’s continually throwing the duvet on and off
during the night trying to get cosy or cool, this mattress could be a
game changer. The Pod by Eight Sleep is a smartphone-controlled
mattress that allows you to change its temperature while you sleep.
Pod works using water that flows around the mattress to deliver the
desired temperature. This smart mattress also has two zones of
temperature control, meaning you can set different temperatures on
either side of the bed. Temperatures range from around 13 to 43
degrees Celsius and can be scheduled to match your sleep time.

© Hatch

Hatch Restore

Price: $129.95 (approx. £92)

Hatch Restore is a combination of sound
machine, alarm clock, sunrise alarm and
meditation app. This smart sleep
assistant allows you to schedule your
nighttime routine through its
companion app. For example,

you can program your evening

to begin with soothing sounds

and soft glowing light, then

choose to be woken up with

natural sunlight alarm. This

gadget allows you to create a

nighttime playlist of all the

Hatch Restore features for a

good sleep routine.

022 How It Works www.howitworksdaily.com
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Moona

Price: $399 (approx £283)

Many of us love the refreshingly cool
feeling of a flipped pillow. However,
Moona is a device that means you
always have the feel of a freshly
flipped pillow while you sleep. Using a
water-cooling system, Moona can
circulate temperature-controlled
water to your head and neck. Simply
place the Moona pad into your
pillowcase and set the

desired temperature, as low

as 18 degrees Celsius, on

the Moona app. The device

will alter the temperature

as you sleep, warming up

as you head towards the

time to wake up.

Sleep
Tracking Mat

Price: $99.95 / £99.96

Understand your sleeping pattern with this sleep
tracking mat by Withings. Heart rate, breathing
and movement are just some of the things this
device can monitor thanks to its array of
sensors. The tracking mat is placed under your
mattress - rather than most sleep trackers,
which are worn - and all the collected data is
sent to your smartphone. This can help you to
monitor the length of your sleep, see your ‘sleep
score’ to evaluate how restful your sleep was,
your level of sleep apnea and much more.

© Withings
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Dodow

Price: £49.90 / $59.99

If you find it hard to fall asleep, this compact
device might be able to help. The bedside table
gadget projects a blue light onto your bedroom
ceiling which expands and retracts. The aim is
to match your breathing to the changing light
in the hope of bringing your breathing down to

six breaths per minute. This speed reportedly

brings you into a relaxed state to more easily
drift into sleep. The company claims that on
average its users have reduced the time it
takes them to fall asleep by 61 per cent.

© Moona

© Dodow

APPS &
TOOLS

Sleepa

Developer: Sound Sleep
Price: Free / Google Play
This app is filled with
relaxing sounds and
ambiences to help
you fall fast asleep
and comes with an
automatic timer to
shut them off once
you've drifted off.

Sleep Monitor:
Auto Sleep Track

per: SM Health Team
Price: Free / Google Play / App Store

Dev

From shore
recording and a

vement tracker to
studying your sleep
cycle, this app is full
of features that
measure how you
well you sleep.

Lucid - Dream
Journal

Developer: Learn Lucid Dreaming
Price: Free / Google Play

If you have trouble

remembering your

dreams, this dream

journal helps you to

organise them and

offers advice on how

you can induce a

lucid dream.

Moshi

Developer: Mind Candy Ltd
Price: £29.99 / $40 per year / Google
Play / App Store
The digital answer to
a bedtime story, this
app has original
audio, meditations
and sounds narrated
by legends such as
Patrick Stewart.
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geingisa fact of life we can’t escape no

matter how hard we try, thoughasa

specieswe're getting better at prolonging
the process. For the first time in human history,
the global average life expectancy is above 70
years old. In comparison, back in 1950 the global
average was only 45 years old. We can
predominantly thank the advancement of
medicine for letting us live longer, but at what
point do we stop growing and start ageing?

It's generally understood that once we surpass
sexual maturity in our late 20s we make the
transition from developing into ageing, also
referred to as senescence, which means ‘the
process of growing old’. After sexual maturity,
our bodies become less efficient at dealing with
physical stress and maintaining biological
systems. That seems to be because of the way
our species has evolved.

It might make more sense that, like any
machine, if you keep your body well-fuelled and
maintained, you could live indefinitely.
Generally speaking, many evolutionary
biologists have concluded that we age simply
because the driving force of evolution, known as

YOU KNOW? Between 2015 and 2050, the world's population aged over 6o will nearly double from 12 to 22 per cent

What isageing and
why do we get older?
How It Works looks at
the science of
senescence and the
technologies tackling
the inevitable

Words by Scott Dutfield

natural selection, hasn't selected for fitness and
function atan older age.

Of course, humans aren’talone in this. The
majority of other species have evolved a similar
reproductive life cycle - but not all of them. Many
cold-blooded species such as lizards retain their
fitness and reproductive abilities and are
considered to have negligible senescence. These
animals age very slowly and typically die from
non-age related events such as predation,
disease or natural disasters.

GEING
Although we recognise ageing in humans as
wrinkled skin, joint pain and grey hair,
senescence occurs on a much smaller scale. More
than 37 trillion cells make up the human body,
and each one will have its own life cycle that
contributes to your body’s overall ageing.

Each of your cells has a Hayflick limit, named
after the scientist Leonard Hayflick, who
discovered it. This limit is how many times a cell
can divide before it can’t divide anymore and
dies. Anormal human cell has a Hayflick limit of
between 40 and 60 divisions. Thisis because

How It Works 027



Shrinking

Once an internal signal triggers
the beginning of apoptosis and
self-destruction, the cell
membrane begins to shrink.

Blebbing

The membrane puckers
and forms bulbous

uell structures called blebs.
Complete collapse
Organelles, such as the cell’s
nucleus and mitochondria,

are broken down within by
internal enzymes.

Breaking apart

The cell membrane breaks up
after blebbing, forming small
pockets of apoptotic bodies.

Digestion

Large immune cells called
macrophages engulf the
apoptotic bodies and
destroy them.

An animation of three cells j

S In programmed
degth. Scan the AR code to watch them
being broken down

SCAN HERE



The estimated number of people aged over 100 has nearly quintupled from 3,000 in 1983, to 14,500 in 2016

Too old o age

Is it possible for a human body to reach
a certain age and just stop ageing? A
study conducted in 2018 found that yes,
it can happen, but you have to reach 105
years old first. Research conducted at
the Sapienza University of Rome in 2018
found that, when looking at 3,836
Italians who were over the age of 105
between 2009 and 2015, the risk of
death plateaued.

As we age our risk of death naturally
increases - for example, in your 50s the
risk of dying is three-times higher than
in your 30s. However, the study
suggests that the probability of living
between 106 and 107 years is the same
as 111 and 112 years. It remains unclear
as to why this might be, with the need
for more study into potential
contributing factors, such as genetics.

© OurWorldInData/Life-expectancy

with each division cells lose some genetic
information. Long chains of DNA called
chromosomes in the cells’ nuclei lose non-
coding sequences of DNA called telomeres from
their tips. With each replication these telomeres
become shorter and shorter, until the cell can no
longer successfully divide.

Reaching their limitations, cells will undergo
a form of self-destruction called apoptosis, from
the Greek word for ‘falling off’, referring to leaves
on a tree. This orderly process involves enzymes,
called DNases, breaking down a cell’s genetic
information. Immune system cells called This is the oldest person alive, Kane Tanaka, who
macrophages eat up the cell’'sremains and celebrated her 118th birthday this year
remove it. This is different from necrosis,
however, whereby a cell will die away afteritis
physically damaged.

This cellular life cycle iswhat keeps our
bodies in check; without a Hayflick limit, cells
would continue to divide, growing to form
masses. For example, cancer cells have no
Hayflick limit, which is why they grow rapidly
and form tumours that can spread around the
body easily.

However, itis believed that when a cell’'s DNA
isdamaged, the process of apoptosis is halted,
and the cells become ‘senescent’. Stuck ina
phase between being alive and dead, these are
often referred to as ‘zombie cells’. They can no
longer perform their allocated function, and
they also stop reproducing. As a result, the cells
build up and become a major contributor to the
process of ageing.

Asthese zombie cells linger over time, they
cause inflammation and other age-related
diseases such as cancer and cardiovascular
disease. They play a particular rolein the
degradation of neighbouring tissue and cells,
which leads to the development of degenerative
disorders related to age such as dementia.

© Getty

If you reach your 100th birthday, you have a 60
per cent chance of celebrating your next one

© Alamy
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Chromosome
Each cell in our bodies
contains 23 pairs of
long DNA chains
called chromosomes.

Dermis

This is the supportive layer of
the skin. It's filled with proteins
called collagen and elastin that

prevent it from sagging.

Telomeres
Sequences of repeated
DNA called telomeres
are found at the end of
chromosomes. They
act as non-essential
protective caps for the
rest of the DNA, like the
plastic at the end of
your shoelaces.

Cell division

Human cells can divide 40 to 60 times before
reaching their Hayflick limit. However, stem
cells have a few more, around 72 times.

Epidermis

Trimming
the ends

With every division
the telomeres
become shorter.
Each time a cell
divides, 25 to 200
DNA bases are lost.

Moisture

Wrinkles begin to form
when a lack of moisture

Younger skin is
packed with lots of

moisture, keeping it

smooth and plump.

Hypodermis
Springy fat sits here,
forming a structural
foundation for the
layers above.

causes skin to fold into
the dermis layer.

Collagen

Levels of collagen and elastin

are diminished over time,
which act like support

beams for the epidermis.

e the
ou tof fat
beneath our skin
decreases further,
allowing the above
layers to sag into
one another.



Ageing leads to only two to four per cent of the loss of neurons across your lifetime

Processing speed

As the hard drive of our bodies,
the brain’s processing speed
begins to decline after around 30
years old, albeit at different rates.

Shrinkage

At around 30 years old your brain
begins to shrink, albeit at different
rates and in different regions. The
decrease in size ramps up a little by
the time you reach 60 years of age.

Chemical
communication
Neurotransmitters such as dopamine,
acetylcholine and serotonin decrease
as we age. These enable the
communication between nerve cells,
which give us our cognitive function.

Memory

We often associate ageing with
losing our memories, and part of
that is because areas of the brain
associated with forming memories,
such as the hippocampus, shrink
over time from your mid 30s.

© Getty

ANCE OF AGEING
Greying hair is a universal symbol for ageing. It's
commonly misunderstood that your hair ‘turns’
grey, when in fact it’s just your hair follicles
running out of pigment over time. This biological
hair dye is called melanin, and it’salso the
pigment that gives your skin its colour. As we
age, the production of melanin at the follicles
declines, and grey hair begins to emerge,
typically from your 30s. Around 50 per cent of the
population will be at least partially grey by the
time they are 50. But melanin decline isn’t
exclusive to hair follicles as we age. Our number
of melanin-containing skin cells, called
melanocytes, decreases by 8 to 20 per cent per
decade after the age of 30.

Along with the loss of melanin, our skin also
loses components that keep it firm and smooth,
such as collagen and elastin. After the age of 20, a
person makes around one per cent less collagen
in their skin everyyear. This leads to the
formation of wrinkles, and generally less plump
skin. What do appear to continue to grow,
however, are our ears and noses. Researchers at
the University of Milan calculated that the total
surface area of the nose of people aged 65 to 8o
years old is typically 15 per cent larger thana
nose on the face ofan 18 to 30 year old. Thisis
because as we age, the cartilage that has built
those features goes through a process that
malkes it thicker but less elastic.

www.howitworksdaily.com

More morality

During your 40s and 50s, it's
been found that your moral
decision-making increases, along
with emotion regulation and

interpretation of social situations.

The process of ageing doesn’t affect us all
equally. Many of us go grey or lose our hair
sooner than others, and wrinkles will appear at
different stages of our lives. Our bodies are
unique and are affected by our genetic
blueprints and the impact our environment has
on us, meaning that everyone ages at different
rates. A study from Duke University explored this
on a cellular level. Researchers monitored
different markers for risks of age-related disease,
metabolism and the length of telomeres of 1,000
participants. The researchers checked in on
them at 26,32 and 38 years old, and found thatin
general, participants’ biological age correlated
with how many birthdays they had celebrated.
However, there were some extreme exceptions.
One participant had a biological age of 28 -
essentially not ageing since the trial began -
while another had biologically aged to around 61.
That suggests that they aged three years for
every birthday on average.

Getting thinner

The cerebral cortex begins to thin
during middle age. This cortical
thinning leads to reduced
memory and cognitive function.

Attention span

From as early as your 20s, your
ability to manage multiple
tasks like reading a recipe while
listening to music, or filter out
distractions like followong what
your friends are saying in a
busy restaurant, can become
more difficult.

Exercise

Studies in animals have found
that regular exercise increases the
number of blood vessels that feed
oxygen to your brain. It’s also been
found that new nerve cells and the
connections between them are
increased, which improves your
cognitive abilities.

Sleep

Getting seven to eight hours of
sleep a night has been found to
consolidate memories more
efficiently. Some studies have
found that bad sleep increases
proteins in the brain that contribute
to impaired brain function.

Eat well

Having a healthy diet will
improve many aspects of your life,
but studies have shown that those
eating a Mediterranean-style diet
filled with vegetables, nuts, fish
and fruit are less likely to develop
conditions such as Alzheimer’s.

Stay social

Social interactions have never
been more important to our mental
health, but regarding ageing, safe
social interactions help prevent the
effects of depression and stress,
which contribute to memory loss.

Train your brain

Completing puzzles such as
jigsaws, sudoku or crossword
puzzles stimulates new
connections between brain cells
and develops your brain’s ability
to problem solve and adapt to
new situations.
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Uploading our minds might be possible
with future technology

There may come a point when biggest hurdle scientists face is
attempts to prevent ageing turn from mapping the human brain. There are
the biological to the digital. If you truly  roughly 86 billion neurons in your

want to live forever, then uploading head and each neuron can connect to
your brain may be a real option in the 10,000 other neurons. Thus far
future. When, however, remains scientists have only been able to map
unclear. The science is called Whole the 302-neuron brain of a nematode,
Brain Emulation (WBE), and in theory so we're a long way off navigating the
it would involve uploading your human mind. Nevertheless, many tech
consciousness into a computer, companies and research institutes are
. including all of your thoughts and working to map the whole brain in the
The science that SeekS tO SIOW feelings. However, the first and hopes of one day recreating it online.
down the process of ageing
Senescent
Normal cells
tissue These release
Senolytic drugs inflammation-
are designed to causing molecules
only induce cell that contribute to
deathin the development
senescent cells, of age-related
preventing them diseases such as
Senolytic drugs are not from causing cancer and
yet available, but could tissue damage. osteoporosis.

one day revolutionise
the way we age

Cell death
Once kicked back
into gear,
apoptosis breaks
apart the cells,
which will later
be hoovered out
by the body’s
immune system.

Active
ingredient
Senolytics enter the
membrane of the
senescent cells and
interfere with
proteins to kick-start
the process of
apoptosis.
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The world's oldest animal was a 5o7-year-old clam, which was killed by scientists trying to age it

Collection

Stem cells can be harvested
from a number of sources, but
commonly from umbilical
cords, bone marrow and blood.

Recovering cells
When the stem cells are needed, they are thawed and

diluted. These can now be reinfused into the patient’s body.

Young hlood myth

People have gone to extreme lengths
to preserve their youth, both
cosmetically and biologically. However,
in February 2019 the US Food and Drug
Administration cautioned the public
about receiving blood transfusions
from young people in attempts to turn
back the biological clock, saying that
this had “no proven clinical benefit”.
Transfusions were being offered by
companies such as California start-up
Ambrosia, with a price tag of $8,000
(around £5,780) per litre of blood
plasma - the liquid component of
blood - from people aged between 16
and 25 years old. Claims that the
protein-filled plasma could help with
ageing-related ailments and diseases,
such as inflammation and Alzheimer’s,
have not been substantiated by a great
deal of scientific research, with limited
studies investigating if the vampiric
therapy provides any health benefits.

© Getty
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Incubation

All of the stem cells are separated and
incubated with inhibitors to stop them
undergoing apoptosis. This also increases
their chance of survival when they thaw.

Healthy cells

Once prepared and cultured,
the stem cells can be injected
into the patient, where they
travel to the bone marrow and
start producing healthy cells.

Freeze

The vials of stem cells are placed
in liquid nitrogen storage tanks
until they are needed.

Selection

The stem cells that have
been successfully inhibited
are collected for storage.

Pure oxygen and a pressurised chamber
could be the key to unlocking a long life

Breathing young

A recent study conducted at Tel Aviv
University has revealed that hyperbaric
oxygen treatments could halt the
ageing process. Over a research period
of 90 days, 35 participants over the
age of 64 were given hyperbaric
treatments, which involved inhaling
pure oxygen in pressurised
environments for 90 minutes a day,
five times a week.

Blood tests showed that the bodies
of the participants changed on a
cellular level to what they would have
been like 25 years earlier. Researchers
found that telomeres lengthened by 38
per cent, and a 37 per cent decrease in
the presence of senescent cells. More
research is needed to fully understand
how hyperbaric treatments may
intervene in the process of ageing, but
it's a promising start.

How It Works
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Is the future of everlasting life cryonics?
One way in which you could give yourself the We've got the S C A N H E R E

opportunity to live even after death is with cryonic science to safely
suspension. It may have been able to bring back cryopreserve the
Austin Powers after 30 years of suspension, but dead, but we're
; .. still unsure how to
beyond the world of science fiction, the revive them
practicalities of cryonics remain a mystery. Right
now we have the technology to cryogenically
preserve a human body, but remain clueless on
how to revive them when the time isright. It's the
belief that humankind will one day find a way to
successfully thaw patients and treat whatever
illnesses led to their death. The world leader in
cryonics, Alcor, currently has 181 patients and has
been storing humans for 49 years, including the
company'’s founder, Fred Chamberlain.
The process of preserving a human body through
cryonics involves replacing the water content of a
body with a chemical cryoprotectant, which works
like antifreeze. This is to prevent ice crystals
forming during freezing and irreversibly damaging
the body. Once filled with cryoprotectants, the
body will eventually be placed into a tank of liquid
nitrogen at around -196 degrees Celsius, where it
will be stored.
Currently the biggest challenge of cryonicsis to
find out how it can allow people to be brought back
to life. Science has successfully frozen simple cells
such as eggs and sperm in suspension and thawed
them with their functions intact. However, the
same can’t be said for the entire body. It remains
unclear as to how scientists will bring back an
entire, functioning human body. So far the only
success scientists have had has been in bringing
functionality back to the cryogenically frozen brain
of asmall rabbit.

First cryogenic human

The first person to ever be cryogenically frozen was Dr James
Bedford, a 73-year-old psychologist who died of cancer. In 1967,
Bedford entered a cryogenic storage dewar, a special vacuum flask
to store super-cold cryogens such as liquid nitrogen. Upon his death,
Bedford’s blood circulation was artificially maintained while he was
being cooled. His body was injected with dimethyl sulphoxide, which
can preserve tissue, before being moved to a liquid-nitrogen
environment. It's since been found that this method of preservation
will have most certainly damaged the cells in Bedford’s brain
beyond any possible repair. Nevertheless, his body remains on ice at
the Alcor Life Extension Foundation to this day.
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Contrary to popular belief, Walt Disney did not have his body cryogenically frozen

Cryonic chamber

Up to six bodies are held in a
tank of liquid nitrogen, which
reaches and is maintained at
around -196 degrees Celsius.

Preparation

The body is packed with ice and
injected with a blood-thinning drug
called heparin to prevent the blood
from clotting before being
transported to a cryogenic facility.

Artificial breathing
Within minutes of death, the body
has to be put onto a mechanical
heart-lung ventilator to keep the
brain supplied with oxygen.

Human
antifreeze

A cocktail of
chemicals is injected
into the body to act
as ‘human antifreeze’,
replacing any water
content in the body to
prevent the formation
of ice crystals.

Chill out

The body is then placed
ondry ice and cooled
until it reaches around
-130 degrees Celsius.

SCAN HERE






By 2050, our oceans will contain more plastic by weight than fish if we don't prevent this pollution

Ethane

Two carbons bonded
to each other and six
hydrogen atoms form
ethane, a flammable
gas used for cooking
and heating.

Diesel

We fuel diesel vehicles
with liquid containing
molecules where 16 to
20 carbon atoms are
linked together.

Plastic

The thousands of carbon
atoms linked in plastics
make them strong and
durable: good for industry,
bad for the environment.

Petrol

The liquid we fuel
some cars with
mostly contains
molecules made up
of chains of five to
ten carbon atoms.

Motor oil
Lubricating oil
molecules have
20 to 30 carbons,
making them
heavier, thicker
and more viscous
than the ones we
use for fuel.
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Petrol used in cars and jet fuel both contain nearly three times as much energy by weight as wood does
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Bone scintigraphy is a form of nuclear
medicine that shows the extent of
cancer’s spread in bones

Treating cancer
with nuclear
medicine

Words by Ailsa Harvey

How radiation can be used to
detect and target tumours

rradiating the human body is usually a bad idea, as
radiation can alter or kill cells. But what if that’s the
goal? For cancer patients, the application of this
destructive energy can be used to rid the
body of unwanted cells. Cancer is caused
by the uncontrolled division of cells,
which can spread through the body. As
this detrimental build-up formslarge
growths, they cause extreme problems
and limit the function of vital organs.
Today’s technology allows medical
professionals to see the cellular activity
within a patient’s body in the form ofa
computerised image. Being able to spot trendsin
cancerous growths, and know where the cells are
located, plays an essential role in saving lives.

Nuclear medicine is a method of treating cancer by
introducing controlled volumes of radioactive
substances to the body. Using trace amounts of certain

substances, the cells of a tumour can be

targeted and destroyed, shrinking the

tumour without impacting healthy cells

too much. The therapy brings together

powerful radiation and the skills of

laboratory researchers to create

substances that mimic the cellsin

our body.

Although it’s not enough to completely

eliminate cancer from the body by itself,
this method has proven successful in controlling the
growth, and in some cases canrid the body of cancer
when combined with other therapies.

040 How It Works

Bone

After being injected with
radionuclides, the patient has to
allow about two hours for the
radiation to circulate the body and
reach the bones. The scan shows
larger volumes of radiation where a
tumour is breaking down bone.

Gallium

This can be used to show where
cancer cells are dividing quickest in
the body. It is released into the
body from an intravenous drip, also
highlighting areas of inflammation
and infection.

MUGA scan

A multigated acquisition scan
uses radionuclides to bind to red
blood cells, acting like a dye to
highlight the blood’s movement.
Doctors can monitor the impact of
chemotherapy on a patient’s heart,
tracking how it pumps blood.

PET scan

Positron emission tomography
scans are all about displaying a
tumour’s activity. By injecting
radioactive sugar into the body and
analysing the rate and location of
cell absorption, the scan can
display the rate of tumour growth
as well as the location.

Thyroid

Radioiodine scans can be used
to detect abnormalities in the
thyroid. The iodine is either injected
or swallowed. Over the next hour to
several days, the thyroid will absorb
the iodine. A camera placed in front
of the patient’s thyroid detects
radioactive levels in different areas.
Areas that have absorbed little or
no iodine could indicate the
presence of cancer cells.

www.howitworksdaily.com
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Over 5o per cent of all people with cancer are treated with radiation

How targeted radionuclide therapy works

Radioactive substances injected into the bloodstream can destroy cancerous cells

Internalisation
The attached radionuclides
are internalised by the
antigens. They pull them
inside the cell’'s outer
membrane, bringing
radioactive atoms closer to
the DNA. Cells only bring
molecules of a specific type
into the cell. Called ligands,
these serve specific
purposes within the cells.
Workers in the lab have to
mimic these cells in order
for the radionuclides to be
granted access.

www.howitworksdaily.com

Injection
A radioactive drug called a
radiopharmaceutical is
injected into the
bloodstream. This usually
consists of radionuclides,
which are radioactive
atoms, and cell-targeting
molecules. These are
added to ensure damage
is mostly limited to cancer
cells. The injected
molecules are carried in
the blood until they reach
their target cells.

Destroy
By the time the dose of
radiopharmaceutical has
released its radiation, many
cancer cells should have
been eliminated, actively
shrinking the size of the
tumour. As the small doses
of radiation are localised,
acting from within the cell,
the process works to kill
cancer cells without causing
extensive tissue damage to
surrounding healthy cells.

© Alamy

© Alamy

©Aamy

Release
From inside the cell, radionuclides release
ionising radiation in the form of gamma rays
and free-radical electrons. Gamma rays act to
break strands of DNA, while the unpaired
electrons steal electrons from the cell,
preventing it from functioning.

Attachment
Upon locating the tumour,
the radionuclides bind to
the receptors on the cell.
The cell-targeting
molecules are monoclonal
antibodies. These are
specific proteins that have
been designed in a
laboratory to attach to the
outer proteins (antigens) on
the cancer cells.

© Alamy

© Alamy
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DID YOU KNOW? Panspermia means ‘all seed’ in ancient Greek, representing that life on €arth seeded from small microbes

Vlking lander

eéxperiments

ln 1976, NASA's Viking landers

: e{r trawl of Mars, hunting for signs
uring one of the experiments, the

. qetected chemical activity in 'the

soil that indicated methane production -

potential biosignature. They also found thz

five elements essential for life on Earth.

Alien potential

Scientists have been

scanning space for
alien transmissions for the last
60 years, occasionally detecting
unexplained signals. In 2020,
astronomers recorded
mysterious radio signals from
the direction of Proxima
Centauri, the Sun’s closest star.
There are two planets known to
orbit this star, and one is thought
to be temperate and rocky.

Determining
probablllty
A study in 2
are hundreds of thou
planets in the galaxy
Earth-like planet cou
hundred light years awa
be calculated by ana.
possible life-supporting p
this calculation to U
Spacecraft such as

i T
around one-fifth of s
where temperatures could suppo

Sulphur
on Europy
hen syl
were found on Jupi’taehrL'Jsr rtr:zz(iws
Egropa during NASA’s Galileo
mn;snon, SOme scientjsts
tbheheved it could be 3 sign of [ife
o :Ki. The Sulphuyr looked like
i astg product of bacterig
at had risen to the surface
Others believed jt had rnerel.
come from another of the ’
planet’s moons, lo, where
Sulphur s Produced in high
volumes by Volcanoes,

001 estimated that there

sands of life-bearing

and that the nearest

|d exist just a few

y. This probability can

lysing the number of .

lanets and applying
xplored regions.

rl]\(l%AgA’s Kepler show that

ars have habitable zones

rt life.

Phosphine

on Venus f

When the discovery ?
phosph'\ne gasin the c\nuds o)
\enus Was announced in

September 2020, there Wg\g e
reported\y more than 10 e
the amount of this gas than e
n Earth. Being @ rocky p\ane e
Ci;_arth Venus wasn't behgved o}
able to produce phosp\'m.'\eObeS
without life: on Earth, micr .
make the gas- gcientists :\azg;s
ibility that |
d out the possIP!t
|’pur\cejduced by a non-living source.

Directed panspermia

Some believe that life didn’t just reach Earth
from other planets, but was sent here by a
more advanced species. Could there be
another human-like species out there - or
perhaps a more intelligent one - that has
created life as we know it?

Ballistic panspermia

This theory of interplanetary transfer
involves rock from other planets being
dislodged and flying through space towards
Earth. This specific theory focuses only on
planets within our Solar System.

Lithopanspermia

Similar to ballistic panspermia, but looking
much further afield, this theory states that
the biological matter that developed into life
on Earth travelled from beyond our Solar
System through interstellar space.

How It Works 043
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SCAN HERE

Magma rock

The meteorite is believed to
have formed from crystallised
magma 4 billion years ago.

Into orbit

The two-kilogram fragment of
Mars would have entered into
orbit around the Sun before
coming into contact with Earth.

Impact zone

A great impact would have
been needed to dislodge the
rock from Mars and send it
travelling at speeds of over
three miles per second in order
for it to escape Mars’ gravity.



DID YOU KNOW? A o.5-millimetre pellet of Deinococcus bacteria can survive in space for eight years

Landing area
Coming into contact with
Earth, ALH84001 landed in

Antarctica 13,000 years ago.

©Getty

Fossilised
bacterium
The long, rounded
shape matches the
fossilised shapes of
microorganisms.

Meteorite
composition

Scientists found that the rock
contained tiny grains of iron
sulphide and magnetite. These
are rarely found together with
carbonates unless produced by
bacteria. Their microscopic size
fitted this theory.



Nuclear s

to Ma

pace vehicles have traditionally been
S fuelled by chemicals, but such fuel has to

be carried in bulky tanks, which are
cumbersome and not always efficient.
Technology such as solar panels can provide a
source of power for satellites and space stations,
but the Sun’s energy is not strong enough to
power craft that venture further from its glow
and head into the deepest recesses of the Solar
System. A new era of cosmic exploration could be
onthe horizon after a British study was launched
into nuclear-powered space travel.

046 How It Works

Could nuclear power be the

Experts from the UK Space Agency and
Rolls-Royce are teaming up to find out whether
atomic engines could provide the solution to
both problems. Nuclear propulsion would
involve channelling the energy released by
splitting the atom to accelerate propellants such
as hydrogen. This would be done at huge speeds
to propel a spacecraft for extremely long
durations and distances. Some experts think
such an engine could be twice as efficient as the
chemical engines that power the current
generation of rockets.

pacecraft

answer to deep-space missions?

The idea has existed since the 1950s, and was
studied extensively as part of the Nuclear Engine
for Rocket Vehicle Application (NERVA) program.
US scientists on the program had originally
hoped to reach Mars by 1978 and establish a base
there by 1981, with deep-space exploration to
Jupiter and Saturn set to follow. But the project
was axed in 1973 following years of political
wrangling in the US government over cost
concerns. Now, by reviving the research, British
scientists hope to turn the original dream into
modern reality.

www.howitworksdaily.com



DID YOU KNOW? Nuclear-powered rackets are more energy dense than chemical rockets, and are also twice as efficient

. Power pum i
NUCIear reaction The pump Ie:’nsure!:’a steady Beatlng heart How a nuCIear

Uranium atoms split apart inside flow of liquid hydrogen A turbine pump propels -
i the fuel into the reactor. k
the core, releasing heat through through the engine. englne wor s

the process of nuclear fission. _ _ _
Using an atomic reaction to create
an exhaust that can power flight

Fuel source

A liquid propellant such
as liquid hydrogen is
used as fuel.

Propulsion gasses
The reaction heats up the Recirculation

The liquid hydrogen is returned back
through the system after its heat is
used for the propulsion process.

propellant and converts it to a
gas, which is expanded through
a nozzle to produce thrust.

NTP systems won't he used on
Earth. Instead they’ll be launched
into space by chemical rockets

2430°C eiiseiewan = Ten months

The amount of time
secnn s atomic engines

The impulse of a rocket that
combusts liquid hydrogen

can take off a
journey to Mars

There's far more energy in

a can-sized amount of an atomic engine
plutonium than in a Space The temperature liquid hydrogen and 3“ vears In nlan might have to last Travel time to Neptune with an
g
Shuttle’s fuel tank is heated to in the reaction ﬂll[l Bﬂ"y Ul" without maintenance atomic space engine
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Explore these
submerged
settlementsto
discover why they
didn’t survive the
test of time



Looe, Cornwall, is known as the UK's most frequently flooded town

CHINA

DATE SUNK: 1959

www.howitworksdaily.com

THE NETHERLANDS

Saeftinghe

DATE SUNK: 1584

Now a swamp known as the Drowned Land of
Saeftinghe, this was once a prosperous place. In
the 13th century the marsh was drained so that
the fertile land could be built on, and dikes were
raised around the reclaimed land to protect it
from floods. Much of the land around Saeftinghe
was lost in the All Saints’ Flood of 1570, but the
final blow came during the Eighty Years’ War in
1584. Dutch soldiers fighting in the war for
independence were forced to destroy the last
dike barrier while defending Antwerp, allowing
the waters of the Scheldt to take over the town.
Alocal legend tells a slightly different tale,
however, blaming the 1570 flood on the wrath ofa
mermaid held captive by the townsfolk. Today
the settlement is buried under layers of sand and
clay, though bricks have been recovered that
could have belonged to an abbey taken by floods.

"Dikes were raised
around the reclaimed
land to protect it
from floods”
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JAMAICA

Port Royal

DATE SUNK: 7 JUNE 1692

The Caribbean pirate haven of Port Royal
was known as ‘the wickedest city on Earth’
before a devastating earthquake and the
tsunami that followed in its wake cast
two-thirds of the town below the waves.
The intense shaking liquified the sand
beneath the 2,000 or so brick buildings,
which were displaced and appeared to flow
out to sea. Of the estimated 6,500
inhabitants of the town at the time of the
disaster, 2,000 are thought to have perished
inthe earthquake and tsunami. A further
3,000 were to meet their end from injuries
and disease in the aftermath.

Changing shorelines

How a natural disaster shifted the shape of Port Royal

© Alamy

Fallen forts

Powerful cannons atop these
fortresses would have once
held off attacks from ships,
but they had no defence
against a natural disaster.

Sinking ships

Many moored ships sank
alongside the city. Archaeological
efforts are underway to reclaim
artefacts from them.

© Illustration by Nicholas Forder

BEFORE

SCAN HERE

050 How It Works

Artist Jan Luyken’s
impression of the disaster

A terrible loss
Two-thirds of the town from this
point down to the shore sank
into the sea, submerging the
smithy, church and warehouses,
as well as the governor’s office.

Reclamation

In the 1960s, plans to reclaim this shaded area of
land from the sea began, to turn the town into a
cruise ship port and tourist destination.

AFTER

Slipping sand
As the sand
underneath liquified
from the intense
vibrations, the buildings
on top sank, appearing
to drift out to sea.

www.howitworksdaily.com



Amsterdam in the Netherlands is around two metres below sea level

GERMANY

DATE SUNK: 16 JANUARY 1362

ISRAEL

Atlit Yam

DATE SUNK: 6300 BCE

This Neolithicvillage lies 8 to 12 metres beneath
the Mediterranean, hidden for over 8,000 years
until marine archaeologist Ehud Galili was
surveying the sand for shipwrecks in 1984.

www.howitworksdaily.com

One of the oldest submerged settlements ever
discovered, careful excavations have revealed
rectangular houses with hearthsand the
remains of a dry-stone well. One of the most
interesting finds was a megalith structure -
similar to Stonehenge - builtaround a spring,
made of seven huge stones weighing around 600
kilograms each, while burial sitesand human
remains have also been unearthed. One study
suggests that a tsunami is likely to blame for the
abandonment of the settlement.

ITALY

DATE SUNK: 16 TH CENTURY

GREECE

DATE SUNK: 1000 BCE

EGYPT

: 6TH OR 7TH
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TITANIC

The most famous
wreck in the world is
deteriorating at the
bottom of the Atlantic
after its fateful meeting
with an iceberg over
100 years ago.

LAKE MICHIGAN

Shipwreck searches turned up a
stone carving of a mastodon and
a Stonehenge-like structure
about 12 metres below the
surface of this Great Lake.

CENOTE
ANGELITA

This cave has an ‘underwater

river’. This eerie effect is

created by hydrogen

sulphide released from

organic matter separating

the fresh and saltwater. APOLLO 11
In 2013, Jeff Bezos
spearheaded an expedition
to retrieve parts of the
Saturn V rocket that
launched astronauts to the
Moon from the seafloor.

There are many interesting things hidden
under the water around the world

GRUNER SEE CENOTE ANGELITA

DOLCHISTE

On the northern side of
the Turkish island of
Kekova, the partially
submerged ruins of this
town are often visited
by boat tours.

DUNWICH

Now a quaint village in
Suffolk, England, in
Anglo-Saxon times this
was a major trading
port before it was
destroyed by storms.

GR NER SEE

Green Lake floods every
year due to snowmelt
from the Hochschwab
Mountains, becoming

a popular spot for
divers due to the
surreal experience.

NEAPOLIS

A massive storm in 2013
revealed strange stone
shapes in the seabed. They
were identified as a Roman
port town, Neapolis, sunk by
an earthquake in 365 CE.

TITANIC
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The USS Johnston is the deepest known shipwreck, lying 6,217 metres below the sea
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LOWER MANHATTAN
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SOUTH LONDON

Some think that this is a
5,000-year-old city that
sunk around 2,000 years
ago, while others debate

that it's a natural structure.
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A window below
Glass-bottom boat tours are
popular in Pavlopetri, Greece.

From pirates to cruises

The first cruise ship in over 40
years docked at Port Royal in
January 2020.

Taller than Everest

Mauna Kea is the tallest
mountain at 10,211 metres, but
more than half is below sea level.

Sunken treasure
The San José galleon wreck
holds treasures worth billions.

Sea level rise
Average sea levels have risen
23 centimetres since 1880.

The continent of Zealandia is
mostly submerged in the
South Pacific. Ball's Pyramid
is one natural structure that
breaches the surface.



archaeological site

These experts use patience, precision and
problem-solving to retrieve history from the ground

he remains of ancient cities, people and their belongings are of great importance

to historians. They can provide information about our ancestors and tell us how

human behaviour has changed over time. Often the position of artefacts, along
with their location and surroundings, can allow the experts who excavate these sites -
called archaeologists - to put the pieces together to discover the items’ stories. Trained
to know what to look for, these professionals know how to uncover historic treasures
while limiting any damage. Large groups of experts work together on a dig to analyse
every grain of soil in the plot. But what steps do they need to take when unearthing a

historically valuable site?

Uncovering history

Follow the eight essential steps for excavation

TOOLS TO USE

Survey the site

Before digging, archaeologists record
data about the area. Using tools called
dumpy levels, they measure the height of
the land in relation to a fixed point. Using
electromagnetic radiation, ground-
penetrating radars can detect artefacts up
to 15 metres below the surface, informing
members of the team about where to dig.

Bag the artefacts

The recovered artefacts are placed into
clear bags that are labelled with a unique
code. This number allows those analysing it
later on to know where it was located. Finds
are often arranged by material so that they
can be stored appropriately.

Alltoolinsetimages © Alamy
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© Getty

© Alamy

Make a grid

Sectioning the dig site into smaller
squares makes it easier to record where
each item was discovered and which objects
were found together. Recording the position
of artefacts in a grid is important for later
analysis. Long measuring tapes are often
used in order to measure these squares
evenly and accurately.

© Sharkd

Check the soil levels

The colour of the soil that the artefacts
are found in can tell researchers a lot about
the composition and history. Accurate
recordings indicate possible burning of
material, farming activities and organic
matter. Munsell colour charts are often used
to compare against a soil sample. Each
specific colour is given a unique name based
on its hue, shade and strength.

© Alamy

The two main types of archaeology are historic and prehistoric,
with the latter looking for clues about undocumented history

© Getty

Dig the topsoil

Digging is methodically executed. First
the topsoil is explored. Using the side of a
trowel, earth is evenly scraped away. Larger
objects embedded deeper than ten
centimetres are left to uncover later on.
Larger tools such as pickaxes can be used to
break away harder soils, while shovels are
needed to transfer any earth removed into a
wheelbarrow for further inspection.

Sift for smaller items

Skeletons, whole fossils and other large
artefacts will be spotted as the layers of soil
are removed from the ground. However,
some tiny finds could be hidden within the
soil. All layers analysed are poured through a
large sieve called a sifting screen. This can
reveal tiny molluscs, seeds and pollen.

© Getty

© Alamy

Recover any finds
Some artefacts, such as ancient

skeletons, can be extremely delicate. To

uncover these remains safely, small tools
such as brushes and dental picks can be
used to remove thin layers of dirt without
damaging the find. Cleaning the surface
allows photographs to be taken to document
the positions of the bones before removing
them from the ground.

Record all progress

Keeping notes is essential, as once the
artefacts have been moved from the site,
analysis will rely on photographs and the
details taken during the excavation. Field
notes explain everything that was observed
and any events that took place in each
square of the grid during the dig. They also
contain the writer’s thoughts about the
history of the site.

www.howitworksdaily.com

© Alamy



when you subscribe

The actio -packed
eand
magazine
s minds

www.magazinesdirect. /



Words by Ailsa Harvey

hen Google released ‘Google Glass’ in
2013, it was a novelty. The era of smart
glasses wasyet toreally begin, and the
idea of wearing this technology was largely
scoffed at. Wearable technology varies from
watches that count the steps you take in a day to
heart-rate monitors for medical monitoring and
intelligent fabrics that adapt to their
surroundings. However, there’s something
aboutincorporating the key human sense of
sight with this evolved technology that crosses
the line between human and machine.

Smart glasses overlay information and
graphics onto the real world. The result can be
both a surreal blend and a beneficial tool. Google
Glass demonstrated what the future could be.
Like carrying around a personal assistant in
your eyes, the glasses could quickly answer

056 How It Works

questions about the world around you, take
photos, send messages or offer directions and
useful information as you navigate a city -and
all much faster than if you reached into your
pocket for a smartphone. However, Google’s
smart glasses weren't successful in creating a
new technological revolution at the time.

Rather than giving rise to a population of
smart glass wearers, not everyone was ready for
them, while others branded it as an invasion of
privacy. The fall of Google Glass was far from the
fall of smart glasses, though, and today many
companies have designed their own. Google
Glass may have arrived before its time, but it
taught today’s technological pioneers what was
possible. The latest smart glasses have been
tailored to specialised purposes, making them
far more desirable to certain industries.

www.howitworksdaily.com



DID YOU KNOW? Boeing uses Google's s

AUGMENTED
ASSISTANGE

Train and learn using the
interactive holograms of
HoloLens 2

At first glance these glasses may look like
something you would buy for a virtual-reality
gaming experience. But the main purpose of this
device is to drive productivity. These mixed-reality
smart glasses by Microsoft can be used by a range
of businesses and have various educational uses.

Merging textbook content with real-life
experiences, HoloLens 2 allows you to study the
inside of objects using holograms, practise
practical jobs virtually and use informative videos
to guide you through a real procedure. For
employees being trained in practical roles, they
cantype labels onto objects to remember their
names or functions, while designers can add
objects or patterns that follow the three-
dimensional curves of walls. This means they can
view the overall effect of what they have imagined
before committing to a design.

“The main purpose of
this device is to drive
productivity”

Microsoft’s Remote Assist program allows calls
to be made from the headset. If someone on the job
needs input from a colleague, they can join the call
and see what the wearer is seeing. Then they can
add virtual documents to the headset’s vision and
click on the objects they think their colleague
needs assistance with. Arrows will point the
wearer in the right direction and allow them to do
their work more efficiently.

© Microsoft

© Microsoft

glasses to design and build planes

Eye recognition
When turning on the
device the user can log in
instantly, as the glasses
recognise your eyes.

Informative text
Incorporating text into the
viewing experience allows names
to be remembered. As a training
tool, labels can be created by the
wearer for parts of real-life
objects or holograms.

Double-lensed

There are two layers of lenses,
with the inner section being
used to project holograms.
The outer lens is tinted.

Interactive holograms
Using movement and heat
tracking, when the sides of the
hologram are pinched, it can be
moved and manipulated.

Educational tools

A range of holograms are
available from Microsoft, such
as those for medicine, providing
a 3D model of human anatomy.

Adjustable fit

This dial can be turned to make
the headset tighter or looser.

Spatial speakers
Around the headset, situated near
the ears, are built-in speakers,

Cameras creating immersive 3D sound.

HoloLens 2 comes with
four visible-light cameras
and two infrared trackers.



FRONTLINE TOOLS

ThirdEye’s X2 mixed reality glasses helps
first responders to react quickly

© ThirdEye

Six degrees of freedom
Many virtual reality headsets use three
degrees of freedom to detect your head’s
tilt and direction. ThirdEye X2 also tracks
your body’s movement across three axes,
to cover both position and orientation.

An infrared camera can be
attached to the glasses to
analyse a person’s body
temperature

© ThirdEye

Battery

The 1,900 mAh lithium-ion
battery can be placed on
fast-charge mode.

SCAN HERE

To change the settings and viewing options, the
wearer taps the air where they view the virtual button

Headphone jack

There is the option for the wearer to
connect their headphones for private
listening or use the built-in speakers
found next to the headphone jack.

Selection buttons

Three buttons allow you to control
the settings on the device. The
buttons allow you to select items like
a hologram, take you to the home
menu and power the device.



DID YOU KNOW? HoloLens 2 is helping engineers build NASA's Orion spacecraft for the next Moon mission

For first responders, such as medical staff
arriving at an emergency, quick thinking and
applied knowledge become life-saving tools. But
why rely solely on the human brain? Holding the
answers to the crucial next steps at times like
these, medical staff can use the mixed-reality
glasses to further their confidence that they have
done the best they can.

Showing multiple screens at one time without
obstructing the first responder’s view of the
patient in front of them, data can be read while
carrying out their job. The cameras can also be
used for facial recognition, bringing up the
patient’s medical records. This can be vital in

Noise-cancelling
microphone

The voice-operated controls can
be used in noisy environments
thanks to the microphone’s ability
to cancel out background noise.

Flashlight
Saying “OK ThirdEye,
flashlight on” turns
the light on so that
they can be used in
the dark.

allowing the paramedic to provide the best care
for the patient’s specific needs.

Aswell as detecting faces, the cameras can
stream live footage of what the wearer can see,
including the patient’s changesin health. This
allows staff at the hospital to prepare more
effectively for the next step, and reduces the time
taken for observation at the hospital. With
thermal sensors, the X2 smart glasses have
proven particularly useful during COVID-19. Ata
time when contact needs to be limited to protect
first responders and patients, this technology
allows the temperature of those with the virus to
be taken without any contact.

Depth sensors

Having two sensors at either end
helps the wearer to perceive depth
when 3D graphics are added to the
real world.

Field of view
The glasses have a wide,
42-degree field of view.

Viewing lens

When watching videos within
the lens, the glasses provide
the illusion of watching a
90-inch HD TV screen from
three metres away.



High-tech
classrooms
of the future

Could these technologies soon become
the norm in your school?

3D printers

Why bring in something for show and tell when you can print it in class? From
geometry to anatomy, 3D printing offers a unique opportunity to print out
customised educational tools and models to explore a wide range of school
subjects. 3D printing has already revolutionised manufacturing around the world
- around 80 per cent of high-tech manufacturing relies on 3D printing for
prototyping in the US. Lessons in 3D printing may soon have to become the
norm, especially in lessons in engineering and computer-aided design (CAD).
Currently, 3D printers aren’t strange to see in classrooms around the world,
though they're yet to be commonplace. In 2019, CREATE Education Project and
Rolls-Royce teamed up to create the first Primary Education 3D Printing Hub to
support schools around the UK with access to 3D printing.

060 How It Works

VR field trips

Could future field trips be held in the virtual
world? Virtual and augmented reality have
already proven themselves to be exciting
new educational tools, allowing students to
access new visual learning tools. This could
soon extend to taking students on
immersive field trips without the need to
travel. Companies such as Nearpod and
ClassVR are making it so VR can transport
students to international sites. From the
Pyramids of Giza to the outer reaches of our
Solar System, students could be instantly
transported to the many wonders of this
world and beyond. The rollout of 5G
connectivity could also play a large part in
the success of VR in classrooms. Thanks to
its ability to ferry large amounts of data, 5G
would allow high-definition remote VR
headsets to function without being tethered
to desktop computers.

www.howitworksdaily.com



DID YOU KNOW? By the early 1980s, computers such as the BBC Micro and Commodore PET had appeared in UK schools

Interactive teaching

In a world where we get our information from multiple sources, classrooms may
adapt to include interactive technologies such as multi-touch screens. Studies at
Harvard University have found that the traditional ‘chalk and talk’ method of
teaching is less effective than active learning. This includes collaborative work on
interactive devices, such as touchscreens, and augmented reality. In the future,
the single-contact touchscreens of smartboards may be replaced by large-scale

multi-touch and multi-user LCD screens. This advanced technology would allow
multiple students to research, present and display educational tools and
information at the same time. It would essentially be a wall-sized iPad that
several students could use at once. At the moment, multi-user screens of this
kind are predominantly being offered for corporate use by tech giants such as
Panasonic, albeit on a smaller scale. In the future, these highly interactive

screens may make their way into the classroom.

SCAN HERE

www.howitworksdaily.com

Cloud computing

Cloud computing has changed the way many of
us work and operate online during this global
pandemic, and will continue long after it’s over.
For schooling, the ability to have all your work
saved and accessible from the cloud not only
increases remote accessibility to lessons but
means you can never use the classic ‘the dog
ate my homework’ excuse again. Cloud
computing not only improves the way work is
stored online, but may grow the number of
students in a class, potentially from around the
world through distanced learning. This upgrade
to the way students learn and work may
eventually lead to tablets replacing the humble
pen and paper in classrooms. This would also
support the growing trend in game-based
learning, which is projected to jump in value
from $3.5 billion (£2.5 billion) in 2018 to around
$24 billion (£18 billion) by 2024.

How It Works 061
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Xbox Series X
teardown

Discover the technology behind
Microsoft’s latest console

eet .the fourth-generation Xbox console, Optical drive
which launched on 10 November 2020 at This DVD and Blu-ray
the same time as the less powerful disc reader is the same

as the one found in the

Xbox Series S. It represents the latest in Xbox b
ox One.

gaming technology, bringing enhanced graphics
and more realisticlighting effects, as well as
better response times thanks to anincreased
frame rate of up to 120 frames per second.

Physical discs are no longer a requirement to
play, with games available as digital downloads
from the Microsoft Store. To make the transition
smoother between your old Xbox and the
Series X, you can still play many of your old
games from previous generations on the new
console. The Series X is compatible with
thousands of titles that were originally released
for Xbox One and Xbox 360. A subscription to
Xbox Game Pass can be purchased too, granting
access to hundreds of games. This feature has
proven both desirable and cost-effective for
those who spend many hours gaming.

For most, the improved graphics and fast-
paced action of the Xbox Series X are the main
reasons to purchase the upgraded console. Who
doesn’t want to be gaming using the most
advanced technology? However, its designers
have put in an equal effort maximising the
console’s efficiency and practicality under the
hood. Take a look inside the console to discover
how it has been engineered to create a cooler

and quieter gaming experience.
Electromagnetic
(EM) shield
This metal shield protects
the motherboards from
electromagnetic
interference by absorbing
EM signals from the air,
without trapping heat.
Unlike previous models,
the EM shield is localised
to cover the motherboards
rather than encasing the
entire device.

The new console is nearly twice as big as the Xbox One X

062 How It Works

Inside the box

How Microsoft has upgraded Xbox hardware to
create the ultimate gaming console

Copper vapour chamber
This metal device distributes heat
generated by the system throughout
the chamber. As heat enters the
component, it turns deionised water
contained inside into vapour,
dissipating heat up through the device
to be removed by the fan.

Power supply

Producing a total of 315 watts, it trumps the Xbox
One X power supply by 70 watts - necessary for
the more power-hungry components.

www.howitworksdaily.com



DID YOU KNOW? The Xbox Series X is twic

Fan

A 130-millimetre fan
blows hot exhaust out
the top of the console
when standing upright.

© Aamy

x Series Sis
al version of
the Series X

The Sma\\er Xbo
an entirely digit

The share button can
be found directly
below the Xbox
button

Antenna board

Two of these boards detect and
focus the WiFi connection.
Attached to two sides of the
device, it means one will be able
to produce a strong connection
regardless of whether the Xbox is
stored horizontally or vertically.

®
o

Double motherboard

“Designers have put in an equal

Heat sink

Taking up the majority
of the space inside,
the heat sink is
designed to draw heat
out of the console’s
components quietly.

www.howitworksdaily.com

Rather than the usual single
motherboard, this system is
divided into two to distribute heat
more effectively.

effort maximising the console’s
efficiency and practicality under

the hood"”
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Speedy

|
The Ripsaw series of vehicles
can hold 290 litres of fuel

tank

How the world’s fastest

Light and strong
The suspended cabin’s
exoskeleton is made from
lightweight aerospace-
grade aluminium and
strong steel.

dual-tracked vehicle works

ff-road driving can be

invigorating in most

circumstances. But as you
cover increasingly unreliable ground,
how much trust can you put in your
vehicle to safely continue its journey?
The bumpy and disorderly drive you
would expect to experience when
travelling over rocky obstacles and
deep snow disappears when inside
the Ripsaw tank.

Designed by Howe & Howe
Technologies, the Ripsaw EV3-F4 is
described as the ‘Floating Cockpit’,
and claims to be able to cover any
terrain. As its occupants sit high atop
the tracked wheels, travelling at up to
60 miles per hour across rough
ground, you can see why this beast is
described as such. With an array of
windows to keep the driver and
passengers fully immersed in their
surroundings, the tank glides with
ease over even the most treacherous
terraintypes.

Ripsaw vehicles caught the eye of
the military, and the US Army used
them to traverse various war zones
during defence, surveillance and
explosive disposal missions. However,
today these mighty specimens are
also available for civilians to purchase.

Due to the increasing number of
variations being produced through
customisation, the price tag canvary.
But all you need to boast about having
your own all-terrain tank is around
£500,000 ($675,000) and some epic,
off-road terrain to show off on.

064 How It Works

Panorama

Windows cover the majority of
the ceiling and wall space to
give the driver and passengers
a 360-degree view.

Riding the
Ripsaw F4

What technology
produces this smooth
off-road drive?

4,500 kilograms

Despite its bulk, this tank maintains
speed and manoeuvrability, with a
minimum turning radius of just 2.4
metres. A passenger car has a
turning radius of around ten metres.

Passenger potential
While earlier models had limited
passenger space, this commercial
variant allows three people to ride
alongside the driver.

www.howitworksdaily.com



Producing over 1,100 kilowatts, the Ripsaw EV3-Fy4 is seven-times more powerful than the average car

Luxury controls
The heated steering wheel
comes with paddle shifters
for quick gear changes.

Clearance
There's 50 centimetres
between the ground
and the passenger pod.

SCAN HERE

www.howitworksdaily.com

Digital dashboard
This dual display presents
data such as live images from
the 360-degree cameras.

Power to weight
The vehicle produces a
power of over three
kilowatts per kilogram.

Constant contact
284 centimetres of rubber
track covers the ground at all
times to increase traction on
the slippiest surfaces.

How It Works 065
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A real-life
transformer

For this metal beast of land and sky;,

no destination is inaccessible

he Black Knight Transformer can move

across the ground with the speed and

suspension of a typical off-road vehicle.
Then it can ascend vertically into the sky, flying
forward through the air. Black Knight gains its
‘Transformer title for its ability to do both
effectively, altering its shape for a smooth
transition between the two vehicle types.

But what's the purpose behind designing this
multi-functional machine? Beginning
development in 2010, aerospace company
Advanced Tactics aimed to create a troop carrier
for military use that would increase safety for its
passengers. The main missions engineers had in
mind were deliveries of supplies and the
extraction of injured or stranded soldiers.

When attempting to reach specific
destinations on a battlefield, a decision needs to
be made to determine whether access by ground
or air is safer. Sometimes neither vehicle choice
is perfectly suitable. If soldiers are in need of
assistance in the heat of battle, landing a
helicopter becomes almost impossible under
enemy fire. Meanwhile, choosing a truck that
travels solely on the ground can be limited by
high obstacles and treacherous terrain. But what
ifyou have a vehicle that can drive and fly? This
is one of the main benefits of the Black Knight. It
can first take to the sky, scouting out a safe and
appropriate landing spot nearby before
converting into a truck for a more discreet
approach to the troops. Advanced Tactics is
currently working to improve this concept, with
the aim of eventually rolling out these
transforming vehicles to the US military.

066 How It Works

No tail rotor

The propellers spin in opposite
directions on the two sides, which
counteracts the directional forces. This
prevents the vehicle from spinning and
means that no tail rotor is needed.

SCAN HERE

Entrance

A door pulls down from the
back of the vehicle to allow
troops and equipment to be
loaded and unloaded.

Truck tyres

The vehicle has been given four large
truck tyres for increased balance and
traction, as well as shock absorbers
to handle uneven terrain.

www.howitworksdaily.com



The Black Knight prototype cost £1.4 million [$2 million] to develop

How does this multi-skilled vehicle function?

Substantial size

At nearly six metres long and 1.2
metres wide, the main body of
the vehicle has a large interior to

hold troops or deliveries.

Driver view
When operated by a driver, the

glass design allows for a panoramic
view of the surroundings, including

above and below.

Helicopter mode

When the propeller arms extend outwards,
the vehicle’s width more than doubles in
size. As its eight propellers rotate, gaining
speed, the vehicle lifts vertically from the
ground. The Black Knight is able to spend up

to 19 hours at a time in the air before

Propellers

The eight propellers are linked to a
computerised feedback system
which keeps the thrust between
opposite rotors equal. This maintains

balance of the two sides during flight.

Extendable arms
The arms fold inwards to face
the centre of the vehicle when
on the ground, keeping the

vehicle compact.

It's helic

Opte
truck 5y in rand

Onhe

What makes this vehicle part helicopter an k?

The Black Knight can fly to one-third
of Mount Everest's altitude.

Its horizontal speed is faster than
that of many birds of prey.

returning to ground level. Along both sides of

the vehicle’s hull, four fixed-pitch propellers
combine with engines to create both vertical

lift and forward propulsion.

www.howitworksdaily.com

Its maximum takeoff weight is as
heavy as four adult polar bears.

Ground vehicle mode
When travelling on wheels, the Black
Knight's propellers move to the sides of the
vehicle. This gives the vehicle a more stable
centre of gravity and enables it to meet the
legal dimensions for driving on most roads.
In addition to being tailored to the small
spaces of narrow city roads, the suspension
and tyres keep the vehicle moving efficiently
through some of the most challenging and
bumpy terrain.

Multiple engines
Eight four-cylinder gasoline
engines are attached to rotors,
with each powering one of the
double-bladed propellers.

©Advanceq Tactics

Anindependent engine powers the
vehicle across the ground.

The length is reduced by two metres
when the propellers are retracted.

The vehicle stands nearly as tall as
an average single-decker bus.

O lllustration by Adrian Mann
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What does the ‘A’ in DNA stand for?



EXPLORE THE SGIENGE
BEHIND DEADLY VIRUSES

Discover where viruses came from, learn how they work and find
out what’s being done to combat them in the latest bookazine
from the makers of How It Works






You can report egg case finds to the Shark Trust, who record where they are found for better protection
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exploring underwater. It’s recently been
discovered that there are two types, the reef
manta and giant oceanic manta, and clues to
their nature are in their names.

The reef manta is much smaller, spending
most of its time cruising along tropical coastlines
in areas of the Indian and Pacific Oceans. The
giant oceanic manta wanders most of the world’s
tropical waters across great distances far out to
sea, but sometimes comes closer to shore. The
giant oceanicis the biggest ray in the world. With
their wingspan reaching as wide as nine metres
-the same size as two cars put together - they
are true ocean giants. Rather than lounging
around on the seabed like their ray relatives,
mantas swim continuously, using their pointed
finsto glide through the water, making them
look like they are flying. Mantas and their close
relatives, like the Munk’s devil ray, take this one
step further. They leap and fly clear of the water,
with a giant belly flop to finish. There are a few
theories as to why this breaching behaviour
happens, but no one really knows for sure.

Electricrays, on the other hand, aren’t quite as
graceful travellers. But they are capable of doing
something no other ray can, and that’s
producing and storing electricity just like a
battery - enough to give a shock of up to 200
volts, which would knock a human out. They are
sturdy-looking fish with small eyes that power
through the ocean using their chunky tailsin

072 How It Works

quick, jerky movements. There are a few
different species - some with attractive patterns
-inboth warm and cooler seas worldwide.

There are lots of types of stingrays. But one of
the most stunning has to be the bluespotted ray.
It's a ray that is mostly encountered by snorkelers
and divers on coral reefs in tropical seas. They
are like the kingfishers of the birding world, with
striking-blue dots and lines that edge the length
of the tail. The blues perfectly complement their
green-yellow undertones, and they'll flash
before your eyes as they try to hide away - they
do not like being disturbed.

It’s easy to be hypnotised by their beauty, but
be aware of that tail. The vibrant coloursare a
sure survival sign, and show that they mean
business. They have two poisonous spines on the
back of their tails that can cause serious harm to
any threats that get too close.

The dazzling, bright-blue spots of a bluespotted
stingray help this animal survive

And then there’s the impressive spotted eagle
ray, which isanother type of stingrayand a
cousin of the manta. Unlike other rays, these
fine-looking creatures have a prominent beak.
They have a pattern of small, white dots covering
their entire body that are unique to them,
similar to whale sharks. They spend most of
their time swimming out in the open ocean.

From the tropics to the cooler seas of the UK,
things get a bit confusing. There are a few
species like thornback rays, undulate rays,
spotted rays and more, but they aren’t actually
rays at all. They are all skates, and we know this
because they lay eggs. There are a few true rays
that inhabit colder European waters, like the
marbled electric ray and common stingray.

Sadly, the amount of rays in the world is
declining. Many are slow to grow and mature
and don’t produce many young, leaving it quite a
fewyears before having more. This means that
overfishing of these incredible animals can
significantly reduce their numbers globally.

www.howitworksdaily.com
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Rays are quite shy, and will only attack if threatened

Mating

Female mantas are ready for
mating at around eight to ten
years old. Pups are created inside
the body, where an egg develops.

Adult

They grow into mature
adults and start to have
pups of their own. Mantas
can live for around 50 years.

Juvenile

Left to care for themselves,
little mantas begin to enjoy life
finding food and moving
around the ocean or reef.

Yearling

Usually one pup emerges
looking and behaving like the
parents. Mantas generally give

birth once every couple of years.

Egg

Mantas develop as an egg
inside the pregnant mother,
hatching inside after a year
before live pups are born.



Cephalic lobes

These useful eating tools
have given the manta ray
the nickname ‘devilfish’,
as they look like horns.

Open wide
They swim with their mouths

wide open, hoovering up
seawater and plankton.

Manta ray
anatomy

A look at what makes a
manta ray well adapted
for their lifestyle

Gill plates
Food is filtered here to
get all the juicy plankton
out from the water.

The belly of a marbled
electric ray on the move

le
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Cartilage

They are made up of
flexible cartilage, like
your nose and ears,
rather than bones.

Pectoral fins
Unlike other rays, mantas
flap their fins through the

water as they glide and
swim along.

“They really are
spectacular to
see in the ocean”

www.howitworksdaily.com



Some rays have redlly strong jows, which allows them to munch through crab and snail shells

5 Small eyes
rlc ray As their eyes are on top
of their heads, they use
anatom electro-sensors to detect
and locate prey.

These creatures have a biological
weapon that packs a big punch

Electric organs
These kidney-shaped
organs are on both sides of
the animal’s body, and can
charge up when needed.

Spiracles

A true bottom feeder,
they rely on these small
holes to get oxygen.

© Getty

Tail
They have a thick, chunky
tail, allowing this animal
. i full power in the water.
Names can be misleading - thisisa P
peautiful skate, not a ray

Where in the world can you find rays?

Tail

Long and streamlined,
it doesn’t contain
poison like other rays.
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From building alone to serving royalty, these insects
work tirelessly to create their perfect homes

t'susually around the summer months that
you're most likely to encounter bees and
wasps. As these frantic flyers approach,
expertly dodging waving hands as they buzz
about the flowers, it can be difficult to
understand the lives of these busy insects.
But there’s a good reason why you might
forget about bees and wasps during the
winter. Although many of them are still
around, theyare in hiding. Some have spent
the entire year leading up to winter ensuring
that their crowded nests are prepped for
monthsin shelter. That sugary drink or picnic
platter you introduced to their garden territory

076 How It Works

may have even played a small partin the
growth of their nests.

The homes of bees and wasps are generally
well hidden in rocks, trees and below the
ground. The fact that you can’t see them
means that their predators are less likely to be
able to as well. But if you were to access them,
some would be teeming with activity, some
would centre on a glorified ruler and others
would house larvae left to fend for themselves.

With over 20,000 species of bee and 30,000
wasp species, each has developed a unique
nesting system. A crowded social space isn't
for every species, and not every bee or wasp in

a colony gets to reap the rewards of their build.
One thing that the majority of these insects do
share istheir dedication to work. Each role
carried out by individuals in these habitats
contributes to the insects’ survival. With some
species, the effort they put in to produce these
architectural wonders provides benefits to us
humans as well. Wasps act as pest control as
they hunt prey to bring to their nests, while
bees continue the cycle of life by pollinating
plants as they prepare for hibernation. To
learn more about how and why bees and
wasps act in the ways they do, we need to look
inside their homes.
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Femnale yellowjacket wasps can sting repeatedly to defend their nests, but males are unable to sting

Biggest build

A 3.7 by 1.75 metre wasp nest
found in Waimauku, New Zealand,
in 1963 was the largest wasp nest
ever found. The wood construction
was so heavy that it fell from its
tree, splitting in two.

Mega-queen

The biggest queen bee in the
world belongs to the Wallace’s
giant bee species. The Indonesian
queen bee is four times the size of
a European honey bee, with a
wingspan of over six centimetres.

Tiny flier

At less than two millimetres in
size, Perdita minima is known as
the world’s smallest bee. It
constructs miniature, solitary nests
in the desert sands of the
southwestern US.

Pub pests

The biggest wasp nest ever
discovered in the UK was found in
the attic of a pub in Southampton.
The nest measured 1.8 by 1.5
metres and housed around
500,000 wasps.

Honey hoarder

Beekeeper Ormond Aebi
reportedly broke the world record
for the most honey obtained from a
single beehive. In 1974 the
beekeeper harvested 183 kilograms
of the sugary substance.
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Inside a

honey
bee hive

Take a peek at this bee’s
hierarchy in action and
discover how their
sweet treat keeps them
buzzing year-round

Smart design
The hexagonal cells of
the honeycomb are the
most efficient shape to
maximise the number
of cells built, with
minimal wax used and
producing no gaps.

Ifyou ever needed an explanation
for the phrase ‘busy as a bee’, just
take alook inside this honey bee
hive. The majority of honey bees
are experts at working, since
choresare all they know. From the
moment theyare bornin these
advanced hives until their final day,
workers create and sustain these
wax hives.

When temperatures get too high,
they distribute water around their
home and fan it with their wings,
while if temperatures drop they
huddle together and warm it with
their bodies. They feed the future
queen, source food for the winter
and build and fill storage cells.

Some honey bees create this hive
of activity and survival in the bark
of a tree. The perfect location will
have a naturally occurring hollow
and entry route so that the bees
don’t have to dig their space before
creating the cells.

Nurse bee

Nurse bees secrete food for
the larvae. Worker bees are
fed ‘worker jelly’ by the
nurse bees, which includes
a combination of pollen and
honey, while a protein and
sugar-rich ‘royal jelly” is
provided for queen larvae.

078 How It Works

Melting wax

The bees’ wax-making
glands produce beeswakx,
arranged in circular tubes.
As they work, the heat from
their bodies causes the cells
to melt into hexagons.

Worker bee larvae

In its designated cell, it takes
21 days for a fully formed
worker bee to develop from an
egg. These female worker bees
begin their hive chores as soon
as they are born, clearing their
cell for a new egg.

Honey cells

The worker bees share the nectar
brought back from nearby
flowers, chewing it in order to
mix it with their saliva. This
contains an enzyme which will
change the pH and other
chemical properties required to
produce honey. Honey is dried
and stored in designated cells for
food during the winter months.

Pollen cells

Some cells are used to store
pollen. This protein-packed
food source is fed to worker
bee larvae. As a bee
matures, it needs less
protein and depends on the
sugar and carbohydrates of
honey and nectar.

The queen’s guards
The queen bee has a group of
guard bees, who form a circle
around her. They keep this
formation, with some walking
backwards with the queen to
ensure that their heads are
always facing her.

Leaving the hive

A bee’s work lies beyond
the hive. Visiting between
50 and 100 flowers in one
outing, the worker bees will
come back with their ‘honey
stomachs’ - separate from
their main stomach - filled
with nectar.

www.howitworksdaily.com
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It takes 12 worker bees to make one teaspoon of honey, with tens of thousands of b s per hive

The nest of the

yellowjacket

How does a single wasp raise a

family of thousands?

Ayellowjacket wasp nest grows rapidly in size
over the course of a year, but drastically dies out
during the winter months, with few survivors.
Turning underground burrows, human-made
structures and other cavities into wooden homes
buzzing with life, the entrance to these wasps’
nestsis one place you don’t want to mess with.

Yellowjacket wasps aren‘'t afraid to sting. In
fact, they are equipped to sting any trespasser
who sets foot near the only entrance to their
home and family. Born to defend these mighty
structures, the nests of yellowjacket wasps and
the thousands of buzzing bugs may lie right
beneath your feet.

www.howitworksdaily.com

Protective
aggression
Yellowjacket wasps
are one of the more
aggressive species.
They are known to
enter attack mode
and sting when they
believe the nest to
be under threat.

Cell layers

The wood-based paste
is used to sculpt layers
of hollow cells. They
can create these
hexagonal shapes for
around 200 eggs.

Queen cells

Repurposed
burrow

One part of the nest
that these wasps
can't take credit for
is the cavity. These
are often old rodent
burrows, which the
yellowjackets use as
their own.

Home for
thousands

When the colony reaches
its peak, the nest can
provide shelter for up to
10,000 wasps.

New queens are born in

these larger cells. They
appear towards winter
so that they can leave

the colony to mate.

SPRING

When temperatures rise
above nine degrees
Celsius, honey bees

emerge from their hives.

Having used much of
the stored honey, they
search for flowers.

The queen yellowjacket
emerges from
hibernation and
searches for a safe
place to build her nest.
The eggs she lays hatch
into larvae.

Support root
Yellowjacket nests are
often found under trees,
as the roots can be used
to secure the wooden
nest. The entire
structure often hangs
from a strong root.

Seasonal cycles

What bees and wasps are up to through the year

SUMMER

The hive reaches its
peak size, increasing the
influx of food to the
honeycomb. After the
longest day of the year,
the bees start to
prepare for hibernation.

The colony’s first
generation of workers
grow into adults as the
season starts. For the
remainder of summer,
the queen will stay in

her nest.

AUTUMN

As winter approaches,
mating season ends and
new gueens are not
produced. Any drone
bees that are still in the
hive may be kicked out
for winter.

Male wasps and new
queen wasps grow in
the cells. When fully
grown, they will leave
the nest to mate.

Wood structure
The nest is built using
wood fibres, which the
wasps mix with their saliva
to create a paper-like
material. Yellowjacket
wasps create an
envelope-like covering to
encase the cells.

Entrance

When hanging below
ground, there is space
underneath the nest. A
gap in the outer envelope
creates an access point
for the wasps.

WINTER

All the winter bees are
born before the
beginning of this
season. They huddle
together in order to keep
the temperature in the
hive warm enough.

The male wasps die
when winter
approaches, while the
fertilised female wasps
go into hibernation and
prepare to start a colony
of their own.
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Fresh water
Fresh water runoff from
rivers emptying into the
ocean brings along
agricultural fertiliser.

Oxygenated water
Normal ocean water oxygen
levels range between four

and nine milligrams per litre.

Algal bloom

The influx of nutrients, such
as phosphorus and nitrogen,
feeds algae and produces
huge algae blooms.

Dead algae
When algae die off
they sink into the
saltier water below
the surface.

Sun block

The growing algal bloom prevents
sunlight reaching marine plant life,
which contributes to the dissolved
oxygen in the water.



Some microalgae grow rapidly, doubling in size within 24 hours

Hypoxic areas
Hypoxia
Once the oxygen has been
stripped out by the algae, most
marine species perish and food
chains can collapse.

0.07 1.9mgl'0,

Oxygen barrier
Algal blooms can also
prevent atmospheric
oxygen from dissolving
into ocean water.

Eating oxygen

During the process of
decomposition, bacteria
digesting the algae use up the
remaining oxygen in the water.
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What i1s sand?

How the composition and disintegration of our rocky planet creates beaches

lankets of sand cover vast areas of Earth’s

coastlines. They appear as uniform

grains, makingitlook as thoughitall
came from the same source. But a closer look
reveals a variety of colours and shapes, each
representing a different mineral composition.
More often than not, the minerals that combine
on a beach will resultin the yellow tinge that we
associate with sandy beaches.

From deep
underground

How is sand delivered from far
below Earth’s surface?

Igneous rock
Below 1,300 degrees
Celsius, magma cools
from its liquid form,
becoming igneous
rock. All of this rock
will eventually
become sand.

Magma
crystallisation
Silica is the most
common component
of sand, made of
silicon and oxygen.
These are the two
most abundant
elements in Earth’s
magma, which cools
from solid rock.
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Watch as the ocean cools ary

this lava, turning it into
volcanic sand

082 How It Works

Just as each grain differs from its neighbour,
the qualities of sand on different beachesvary
immensely. Local weather conditions and the
shape of the coastline in an area can hugely
influence the sand decorating its shores. Finer
sand is often found in areas where low-energy
waves lap at the land, while waves with more
energy can carry larger sand particlesand
stones. Other weather conditions, such as wind

Melting

Eventually the buried
rock will melt, returning
to the mantle.

SCAN HERE

strength, can also decide the size of the sand
grains, with frequent wind spells blowing finer
particles further from the water’s edge. The
flattest land often produces the finest sand, as
the constant tides cause rock to move around,
breaking the grains as they rub together. It's the
constant movement of rock that brings sand into
existence, replenishes our beaches and provides
it with mesmerising characteristics.

Weathering

In this process, the exposed rock is broken down
into progressively smaller pieces. Extreme
temperatures, animals boring into the rock and
water freezing in crevices and creating pressure
are just some causes of weathering.

Transporting

The weathered rock minerals are
then carried by rainfall, flowing
water and wind towards river
mouths and the ocean.

Deposition

After transportation, the
sediment is laid down. This
process adds layers of sand
and changes the shape of
the land over time.

Burial

As rock is constantly eroded and
sand layers added, grains are
pushed downwards. As this
happens, the sand becomes more
compact. Pressure builds for
lower layers, forming solid rock
with the sand’s minerals inside.
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Beaches make up around 700 trillion cubic metres of €arth’s surface

Beach samples

Analysing grain shape, colour and material can tell us sand's type and source

© Alamy

© Alamy

© Alamy

Glass

Coral

Continental

This is the most common sand type, found on continental
beaches. Usually a light brown and yellow colour, this sand

from the Earth’s crust like feldspar.

© Alamy

Lithic

A form of immature sand. The rock is at an early stage in its
weathering process - only partially broken down, with larger
fragments. The more mature the sand becomes, the more
uniform and rounded the rock pieces are.

Garnet

This sand sample contains mostly garnet, which is a red-pink
mineral, combined with transparent quartz and green
epidote. As a silicate mineral, it has a crystal structure and is

usually common in sand in trace amounts.

www.howitworksdaily.com

Sand doesn't have to be made entirely of eroded rock. In

some cases, beaches are created from dead animals and

contains a high volume of quartz grains and other minerals plants. Known as biogenic sand, this includes pieces of dead
coral and animal exoskeletons.

© Alamy

Volcanic

As volcanic lava solidifies and is broken up by the waves, or
the basalt rock base is eroded onto the beach, the coastline
becomes distinctively black. Pyroxene, magnetite and

hornblende are the minerals that create these dark shades.

© Alamy

Green

This sand is from one of just four known green sand beaches
in the world. The rare sand composition contains high
volumes of the mineral olivine, which requires a volcanic
eruption to bring to the surface in large quantities.

As glass waste enters the oceans, the pounding waves and
grinding within the sand can turn these jagged shards into
tiny pieces of rounded sea glass. This process can take

between 30 and 100 years.
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White silica
The brightest white beaches in the world contain large
quantities of silica, produced from eroded quartz.
Whitehaven Beach on Whitsunday Island in Australia, for
example, contains sand of 98 per cent silica.
3
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Ooid

With ooid sand, each grain grows in size. Formed in warm,
shallow waters, calcium carbonate in the sea crystallises
onto the surface of these grains. In order to produce smooth,
even spheres, the water needs to be in constant motion.
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An AS350 Squirrel,
similar to the one
Delsalle flew to make his
record-breaking flight

Why can’t helicopters fly up Everest?

Xie Wen

The forward flight of a helicopter is
generally limited by the engine’s ability to
breathe the thinner air at high altitude. A
helicopter with a powerful turbine engine
might be able to reach around 7,500 metres

altitude, which is nearly the top of Everest. But
the maximum height at which it can hover -

©Aamy

vital in mountain rescue missions - is much
lower, around 4,000 metres, which is far below
Everest Base Camp. In 2005, helicopter test
pilot Didier Delsalle was able to land a
Eurocopter AS350 Squirrel on the 8,848-metre
summit of Everest by stripping unnecessary
weight out of the aircraft and taking
advantage of powerful updrafts. BB

Why don’t we build houses
underground to save space?

Bhavni Mehta

It's easier to build above ground. But people

do build homes underground if there are

reasons to do so, for example to keep cool invery
2 hot places. Space isalso an important reason.
[

& Somewhere between 150,000 and 2 million

www.howitworksdaily.com

people live underground in Beijing, China-a
very crowded city. Other cities considering
building underground include Singapore and
Mexico City. But many people don'tlike being

underground, so underground homes should be

carefully designed to be pleasant. AE

© Alamy

Could penguins live
anywhere else but
Antarctica?

Jenny Handsley

They can and do! Of the 18 species of penguin
worldwide, only ten live in Antarctica. Of those
ten, only the emperor penguin spends all of its
time there. The rest are distributed throughout
the Southern Hemisphere from New Zealand to
the Falkland Islands. AG

Do potatoes have more
vitamin C than apples?

Toby Howard

Potatoes are extremely healthy, and if
eaten with the skin on can provide an adult
with nearly half the daily recommended
amount of vitamin C. That’s about 14 per cent
more than an apple. In fact, many
nutritionists argue that the simple spud
should be called a ‘superfood’ because of its
health-inducing properties. JE
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Are most
people
related to
an ancient
monarch?

Felicity Lane

All Europeans
are descended from
Charlemagne,
while all East
Asiansare
descended from
Genghis Khan.
Quite simply, we
areallrelated toan
ancient monarch,
no matter where we
come from. BB

Why does
condensation form

on the outside of the
windows in my house?

Alex Parkes

You probably have very well-insulated
windows. They stop so much heat escaping
that the outer glass pane stays cold enough
that water vapour from the air condenses
onit. AE

Why do seagulls grow
so much bigger than

other birds?

Ellen McGinn

Gulls are certainly larger than the
average garden bird, and it’s all to do with
their environment. Garden birds live
inland, while seagulls breed on sheer cliffs
overhanging the ocean and would struggle
to battle the wind and waves if they were
the size of a sparrow. Having more body
mass than the average bird helps gulls stay
airborne in rough weather and float on the
ocean, as well as giving them more food
choices. Being a big bird also prevents some
predators from attacking. Young seagulls
grow to adult size very quickly to help them
stay safe. AG
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DID Y
KNOV?‘?

Japan'sF ugaku
Supercomputer can
make 415 quadrillion
calculations per
second

Whatis
the fourth
dimension?

Reuben Butler

Everyday objects have three
spatial dimensions at right
anglesto each other. A cubic box,
for example, haslength, width
and height. It's possible to
imagine a similar object, called a
tesseract, which has a fourth
dimension at right angles to the
first three, but imaginationisas
far asit goes. Tesseracts don't
existin the real world, which as
far as we know only has three
spatial dimensions. However,
Einstein’s equations of relativity
treat time in a similar way to
those three dimensions, so
physicists often talk about a
space-time continuum in which
time is the fourth dimension. AM

A simplified representation of
four-dimensional space-time, showing
time running along the vertical axis



How does a QR
code work?

Chris Butt

Quick Response (QR) codes rely on our mobile gadgets’
computing power to get data out of a block of black and white
squares quickly. The camera on a phone or tablet recognises
big squares at three corners of the QR code, and smaller
squares near the fourth, to be able to figure out its position.
Our gadgets can then read out codes from the picture - for
example with white squares as zeroes and black squares as
ones -and also correct any errors. There are many different
systems that people can use to translate these zeroes and
ones to useful information. BB

088 How It Works

If we looked really
far into space, could
we see the Big Bang
happening?

Franziska Bachman

If the world’s
ice caps melted
completely,
would all the
land be covered
In water?

Matthew Bradbury

Scientists have calculated that if every
scrap of natural ice on Earth melted, sea levels
would rise by about 70 metres. Low-lying
areas would be flooded, but inland cities with
some elevation, such as Denver, Colorado,
would survive. AG

380,000 years after the Big Bang, however,
the universe was filled with super-hot
plasma that scattered light, analogous to
the way clouds scatter sunlight. Justas we
can’t see above the cloud base, we can't
look further back in time than the
so-called ‘surface of last scattering’. It is

It's true that the further we look into here that the cosmic microwave
space, the earlier we see in time. Around background originates. AM
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Is there a need for
physical money today?

Andy Masters

There are many ways to pay for things
without using cash, from contactless
payments to chip-and-pin credit cards, so
will bank notes and coins simply
disappear? The answer is almost certainly
no, at least not for the time being. Cash is
stable, unlike cryptocurrencies like Bitcoin.
It isalso untraceable, which might
occasionally prove useful. Notes and coins
are globally reliable and ultimately
convenient. The internet may crash, but you
canstill pay with cash. JE

Does glass really slide
down to the bottom of
the window pane?

Jeff Jacobs

Some old windows are thicker at the
bottom. It's true that glass, asan amorphous
solid, can flow downwards a little bit. But it
can’t flow enough to explain the extra
thickness. Instead the fat-bottomed
windows typically originate from panes
being uneven because they were made
from cylindrical glassingots. AE
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DID YOU
KNOW?

Glaciers can form even
on tropical mountains

What are supercomputers for?

Ria Macintosh

The most advanced of these giant computing machines perform millions of
times more calculations per second than today’s average desktop PC. Today
they're used to solve vastly complex problems in a number of industries,
including accurate weather forecasting, pandemic outbreak simulations and
vaccine development, creating true artificial intelligence and much more.
Quantum computers are the next technological step in processing data: this
new wave of machines will be orders of magnitude more powerful than
modern supercomputers. BB



BOOK REVIEWS

The latest releases for curious minds

Author: Sara Levine
Publisher: Millbrook Press
Price: £19.79 / $27.99
Release: 6 April

H
What does a germ look like? Most children
are taught about what a germ is, but many
will never have seen one due to their tiny
n f s p e e d size, or even know where to start when

imagining them. This book provides curious
young minds with mesmerising images.
Instead of inducing fear in the reader, Levine
explains both the dangers of bacteria,
viruses, fungiand protozoa and the
incredible diversity that can be found in this
unseen world. Each page takesalook ata
new species and explains their appearance,

Author: Martin Roach role and where they can be found using
Publisher: Simon & Schuster child-friendly language. As well as
Price: £25 / $46.66 highlighting the damage that these germs
Release: Out now can do, this book explores how efficient our
bodies are at fighting them. You will be
reaking land speed records is a curious introduced to your body’s defences - white
profession to most people who stay safe blood cells and friendly bacteria —and you
and comfortable in their daily lives. will learn about the importance of
Actively pursuing activities that have a high risk handwashing and vaccines. This vibrant,
of seriousinjury or death can seem like a image-led book will teach primary school
perverse pastime, but that doesn’t stop millions children the fascinating facts about a crazy
of motorsport fans from watching the F1 Grand world - one which they may not have been
Prix everyyear. And neither did it put millions aware was living alongside them.
more off supporting the ThrustSSC team in the crash in avehicle that’s travelling at over 360
pursuit to develop the world’s first supersonic miles per hour, who was given the world’s first

carin1997, whenitsetaland speedrecord of 763  speedingticketand how a record-breaking car
miles per hour —arecord that still standsover20  can generate temperatures in its engines that

years later. equal the inside of an active volcano.
Bestselling author Martin Roach is a speed nut The History of Speed is liberally illustrated
who has been following motorsport and the with photos, sketches, posters and newspaper
bleeding edge of competitive racing for decades.  clippings for a real sense of the zeitgeist in each
In The History of Speed, he brings his vast era. Roach has also interviewed big names and
knowledge of the automotive industryand a legends of speed, including ThrustSSC's project
passion for the adrenaline thrills of record- director Richard Noble OBE, who talks in detail
breaking vehicles together. Chronicling the about the psychology of speed: why the risk of
people, vehicles and places that have become death makes him feel alive, how people deal
legendary over the last century or so, Roach with fear and what compelled him to break the
packs this coffee-table hardback with all the world land speed record... twice. It'san easy read
stats and facts that How It Works readers love to and surprisingly deep. The History of Speed is
learn about. For example, what it feels like to much more than just a bible for petrolheads.
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slipercharge
Your Brain

Author: James Goodwin
Publisher: Bantam Press
Price: £14.99 (approx. $21)
Release: 1 April

Your brain carries out so many complex roles in
every second of every day. It's the organ that
makes us unique, keeps our bodies functioning

and houses our every thought. But despite being

the maker of our memories, the importance of
looking after our brains can be easily forgotten.
In this book, Professor James Goodwin delves
deep into some of the latest scientific findings,
forming intriguing and varied chapters. Each
page is packed with the most relevant
information on how to maximise your brain

health. Why should we take regular breaks from
our office chairs? How were our ancestors’ brains
boosted by intermittent fasting? And why should

you drink before you start feeling thirsty? These
are just some elements of our lifestyle affecting
our brains.

The Wild Wo
Handhook:
Hahitats

Author: Andrea Debbink
Publisher: Quirk Books
Price: £15.99 / $20.48
Release: 25 May

Mountains, forests, deserts, polar regions
and more - this book explores habitats

around the world through the interesting stories

of those that dedicated their lives to protecting
and studying them: the brave mountaineer
Junko Tabei, brilliant botanist George
Washington Carver, Arctic survivor Ada
Blackjack and many more. Offering suggestions

www.howitworksdaily.com

Although this book is called Supercharge Your
Brain, it focuses on the entire biology of the

human body, taking you on a gripping journey to

knowingyourself better. Aswell as covering the
benefits of puzzles and how to keep your brain
alert directly, you will learn how the care you
provide to other areas of your body hasan

impact on your brain health. With a summary of

rewarding tips to take away from each section,
thisbook is a great way to make better informed
choices about your body and brain. It servesasa

perfect reminder of how vital and connected this

complex organreally is.

on ‘ways to care’, this book calls its readers into
action to help preserve the world’s many
habitats through both at-home and wider
reaching methods, such as how to write to your
local government and how to organise a
waterway clean-up. It also includes some fun
and interactive at-home projects, including how
tomake a hiking stick and a desert biome.
Although it’s clear thisbookisaimed ata
younger audience, its content - particularly the

biographies - is a great read for the whole family.

BOOK REVIEWS

Author: Volker Mehnert
Publisher: Prestel

Price: £14.99 / $19.95
Release: Out now

From the Mississippi River to the
Egyptian Nile, sail down the world's
waterways in this beautifully illustrated
guide. This book explores 18 rivers from
almost every continent on Earth and
dives into the roles each one has played in
shaping the communities beyond their
banks. From the African manatees that
dwell in the mangrove swamps of the
Congo River to the towering metropolis
built around the River Thames, this book
provides insightful nuggets of
information about river ecology and its
historical and cultural significanceina
fun and illustrative way. Written to
educate a younger audience on the
impact of rivers, Great Rivers of the World
also focuses on the importance of keeping
these waterways and their surrounding
habitats healthy, and what the dangers of
losing them could be.
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GIVE YOUR BRAIN A PUZZLE WORKQOUT

QUICKFIRE
QUESTIONS

What type of animal
is a Tasmanian devil?

Marsupial
Arachnid
Reptile
Bird

What was famously
excavated at Sutton
Hoo in England?

A T. rex skeleton
An ancient ship burial
A medieval crypt
A WWII bomber

What chemical
compound is chalk?

Calcium hydroxide
Carbon dioxide
Hydrogen oxide
Calcium carbonate

What barrier did the
ThrustSSC car break in
October 1997?

Sound
Light
Reef
Berlin Wall

What substance is
life on Earth thought to
have originated from?

Ancient dinner
Old meal
Jurassic food
Primordial soup

What kind of vehicle
is NASA’s Ingenuity?
Tunnel borer
Ambulance
Submarine

Helicopter

092 How It Works

Spot the difference

See if you can find all six changes between the images below



Sudoku

Complete the grid so that each row, column and 3x3 box contains the numbers1tog
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HOW T0...

Practical projects to try at home

How to
make
eggshell
chalk

Use these simple
ingredients to turn your
food waste into street art

Make a paste

Add two teaspoons of flour and four
teaspoons of hot water to your bowl of eggshell
powder. This should create a thick paste when
mixed together.

Leave to set

Now that you are happy with the shape,
might want to test the chalk straight away, but it
isn't ready yet! You will need to leave your chalk
to dry out for about five days.

© lllustrations by Ed Crooks
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Send your ideas to...

howitworksmag

Prepare the shells

Thoroughly wash ten eggshells, taking care to
remove the inside membrane. Once completely
dry, place them into a mortar. You canalsousea
bowl and rolling pin, or even a rock and concrete.

Add some colour

Decide which colour youwould like your
chalk to be, and add food colouring to your paste.
Make sure thisis mixed in evenly to keep your
chalk consistent.

V4

Although the eggshell consistency won't work on
aregular blackboard, these sticks are ideal fora
fun outdoor activity.

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.

How It Works magazine
howitworks@futurenet.com
(@HowltWorksmag

Get in touch

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.

Keep it fine

This iswhere the hard work comes in. Crush
and grind the shells until they become a very fine
powder. Once your shells are broken into the
smallest possible pieces, place them into a bowl.

Mould the chalk

Place the mix into the centre of a paper towel
androllitinto along tube shape. Or if you have
silicon moulds in the kitchen, you can use these to
create interesting shapes.

SUMMARY

The main ingredient of chalk is calcium
carbonate. For shop-bought chalk, this
ingredient isadded during manufacturing.
However, chalkis also made in the sea with
natural materials. It's formed when the
shells and skeletons of tiny marine animals
fall onto the seafloor. Here they are broken
up into tiny pieces, producing the same
consistency that you have created with
your eggshells. About 95 per cent ofa dry
eggshell is made of calcium carbonate.

NEXT
ISSUE...

www.howitworksdaily.com



Grab yourself two fact-packed How It Works specials, two
posters and wallpapers for your digital device. Scan the OR
codes or type the links into your browser to download

2 DIGITAL

The Story of Humans

Join us on a journey through human
history and explore how evolution and
ingenuity shaped our species. From
the first branches of the Homo family
tree to the astonishing achievements
our species are capable of today,
discover how one super-smart bunch
of apes became astronauts. Learn
why harnessing fire and crafting tools
shaped our future, how we triumphed
over our Neanderthal relatives and why
the invention of agriculture changed the
history of our species forever.

eBooks
bit.ly/3b6i5ll

Book of Pirates

In the 17th and 18th centuries, sailing
from Europe or Africa to the Americas,
or trading from India to Central America
was a risky undertaking. Ruthless
pirates lurked on the horizon, craving
wealth and reputation. In the Book of
Pirates, we cover everything you need
to know about the legendary Golden
Age of Piracy. Uncover the true stories
of the bloodthirsty buccaneers who
made their fortune plundering the
high seas, from Captain Kidd to female
pirates Anne Bonny and Mary Read.

POSTERS

o SMARTPHONE
WALLPAPERS

Posters & wallpapers
bit.ly/3e296do



INBOX

Speak your mind..

© Getty

By absorbing more heat, darker hair also stops more of
the Sun’s radiation from passing through to the scalp

Hot headed

Hi HIW,
How come black-haired people’s heads get hotter than
blondes? Me and my friend noticed that my head was
hot every time the Sun shone on it for a long time,
while my blonde friend never had a problem.
Lezeiram

This is a good question Lezeiram, and it is all to
do with why we see different objects as
different colours. Black and dark-coloured
objects absorb more of the light from the Sun,
while lighter coloured objects will reflect more
of its wavelengths. These wavelengths of
visible light are what we see when we are
observing colour.

When talking about hair colour, your darker
hair is much better at absorbing light from the
Sun and converting this into heat energy than
your friend’s. Blonde hair will only absorb some
light, reflecting the rest away from the head.
When spending the same amount of time
standing in the Sun, your head will retain more
heat and get warmer than a blonde person’s.

096 How It Works
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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
Wild art

Hi HIW,

I'm Tisha, an Italian wildlife artist. | have been
painting animals endemic to my land, Sardinia, and
endangered animals. | hope you like these paintings
and you share one of them in your letters page.

At the moment | am painting commmon and
endemic Sardinian species. | have been studying
their characteristics and the factors that
contributed to their development and conservation.
| brought the species and characteristics that
struck me the most back to the canvas. The goal of
my work is to pay homage to these wild and
wonderful creatures and celebrate them.

Tiziana Sanna

Thank you for sharing these paintings with
us. It’s clear from seeing your collection
that you are both a talented painter and
passionate about your local wildlife. Being
an island, Sardinia is a prime location for
endemic animals - species that are unique
to one region, often because they are
geographically isolated.

When separated from the rest of their
species for long periods of time, animals
can begin to evolve differently, breeding
only with those on their island. Eventually,
sometimes after millions of years, two
groups of animals that used to be the same
can change into new species.

Sardinia broke away from mainland
Europe 30 million years ago. As the island
later became populated, its inhabitants
congregated in specific areas, leaving a
large area untouched. This has helped to
preserve some of these species by

WIN!
SUPERCHARGE

YOUR BRAIN

Professor James Goodwin reveals
simple lifestyle tricks and tips that
can transform the health of your
brain and keep your mind sharp
across your whole life.

providing them with an area to continue living
alongside humans. However, as the population
of Sardinia has increased in recent years, it is
important to raise awareness of the rarity of
these animals, and your work is a captivating

way to do so.

The Tyrrhenian lizard
is endemic to Sardinia
and Corsica

Tiziana has painted many endangered
animals to raise awareness

Identical development

Dear HIW,
Would an identical twin develop appendicitis
if the other one does? If so, would it be
around the same time or age for both
of them?
Antonio

Sometimes twins can be more
susceptible to the same illness
because they share the gene that
makes them more likely to develop it.
However, appendicitis is the swelling

of the appendix due to infection.
Mainly caused by bacteria, viruses or
parasites that enter an individual’s
intestine, its cause is believed to be
environmental. If twins had genes that
made them more susceptible to
developing appendicitis, this doesn’t
mean that they will both suffer from it,
and if they do then it would be
extremely rare for this to occur at the
same time. Appendicitis mostly affects
people between the ages of 10 and 20.

www.howitworksdaily.com

©TzanaSanna



Lockdown
learning

Dear HIW,
Like many parents, | have been homeschooling my
son during the lockdown, and he’s been learning
about the properties of different minerals. It made
us wonder, why are diamonds so hard? We are
looking forward to your answer.
Kaitlin Mason

Diamonds form about 100 miles below the
Earth’s surface. In the insanely hot and
high-pressure environment of the upper
mantle, carbon atoms crystallise to form
diamond. As a result of this process,

In the eye of
the beholder

Dear HIW,
To my eyes all wildlife is beautiful. Why is it that by
comparison | often see humans that just display
ugliness, say, as they get older?
Stephen Conn

It might be because humans are the most
common species that you see in daily life. As
you have become so used to seeing the human
form, the sight of one is less likely to excite
you in the same way as spotting a glimpse of a
fox or watching a horse run through a field.

As for age being a factor, most people are
programmed to find babies cuter. We need to
want to protect and nurture any children that
we might have, and scientists believe that this
affection may be working to change our
perception of the young of any species.

All humans share
99.9 per cent of
their DNA

NEXT
ISSUE...

www.howitworksdaily.com
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High temperatures and pressures can completely
transform the appearance of carbon

molecules are moved closer together,
stopping them from moving. This tightly
bonded structure has an incredibly strong
arrangement of atoms. Each carbon atom
is attached to four others, resulting in a
rigid network. The hardness of crystals is
measured by their ability to scratch others.
Diamond conquers them all, being able to
scratch any material.

What’s happening on...

social media?

This month on Instagram we
asked you: what animal
fascinates you the most?

(@francodetejada
Mantis shrimp, because it's an awesome
animal with lots of cool features

(@kevinmansley
Tigers. They seem very reserved and
shy animals, but at the same time are
powerful predators.

(@cathodel49
Hooded vultures.. their effect on the
environment and their decline
fascinates me.

(@sammy.glanfield
Glass frog because of their extraordinary
underside.

(@scimaxfacts
The naked mole rat because it is so
unique and unusual!

(@jack_macneilly
Naoked mole rat because it is immune
from cancer
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