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The bizarre effects of quantum physics are
being exploited to develop quantum computers,
which will revolutionise how data is processed. A
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Ella Carter

This month marine

biology expert Ella

explains some of the

most exciting

developments in the
study of coral reefs. She also
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types of nests on page 34.
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" Laurie

Winkless

In this issue’s tech

feature, Laurie looks to

the future of cities.

Could the urban
skyline soon be filled with vertical
farms and skyscrapers covered in
solar panels? Find out on page 58.

Jo Stass

In our latest Heroes
Of... feature, Jo takes a
look at the life of one of
the most influential

ri figures in medicine:

Floreﬁce Nightingale. She also

Laura Mears
In our space feature,
Laura takes us on a
tour of one of our
closest galaxies,
Andromeda. Find out

Stephen
Ashhy

In this month’s
transport feature, tech
fan Steve explores the
~  gadgets of the
personal travel revolution, from
electric skateboards to your very
own personal passenger drone.

the opticians on page 25.
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GLQOBAL EYE

Showcasing the incredible world we live in

Snow in the Sa

Snow falls on the dunes of the North African desert - Y vy " N S

for the first time in 38 years P e SRR S
The SaharaDesert is the largest hot anomaly, despite temperatures in this region at themain ;easonvv-hY sSnowis sucharare - .
desert on Earth, spanning some 9.2 this time of year typically falling to a few degrees _occurrence, even when the-chmate—grews cold, as '
million squate kilometres. On 19 above freezing. ~“ watermust firstfreeze forsnow to form: e R .
December 2016, snowflakesfell on Saharan sand. The last time flakes fell on the sandswasin the - . -Although.snow setthﬂg&ﬂtﬁesand isatypical, o hag
The rare event was recorded outside the town of same location on 18 February 1979, whenthéarea  it'sacommonsightenthe Atlas Mountains, -
< Ain Sefra in Algeria, which is known as ‘The ‘Was hit with'a snowstorm that lasted for3o -= & which bordEr the northern edge of the d&eﬁt.
: .Gateway to the Desert’. The snow mayhave enly. ' - minutes, Rainfall isuncommonin the Sahara Algeria actualIy has several skiresorts that P g i 5
- lasted for a day, but it is an extraordinary 3 4 end onlya fev_\_l centimetres fall every yeat. This is tourists flock to each year > N b : "\ &) A
- : | by 7% ) : = &

-7

Tht's' image taken by NASA’s
Lahdsat 7 satellite shows the

snowfall on 19 December 2016
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More weird weather

Feeling foehn

On 22 January 1943,
the temperature in the
South Dakota town of
Spearfish in the US
soared upwards by 27
degrees Celsius in just
two minutes. The
temperature climbed
rapidly from -20 to 7
degrees Celsius due to
an intense foehn wind.

Tan down under
Marble Bar in western
Australia is known for
its sweltering
temperatures, and in
1923 temperatures
didn’t dip below 37
degrees Celsius for
160 days. This world
record was set
between 31 October
1923 and 7 April 1924.

Incoming
Hailstones the size of
softballs fell in
Nebraska, US on 22
June 2003. Some
residents opted to
wear crash helmets to
protect themselves as
the huge stones
smashed roofs and
left deep craters in
the ground.

Record rain

La Reunion Island in
the Indian Ocean
endured over six
metres of rain over 15
days in January 1980,
in one of the heaviest
rainstorms of all time.
This extreme weather
was down to a tropical
cyclone that left 7,000
people homeless.

Desert deluge
The Atacama Desert
in South America is
one of the driest
places on Earth. On
average, this desert
records just 0.17
centimetres of rainfall
a year, but in March
2015 almost 14 years
worth of rain fell in a
single day.
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GLOBAL EYE

Over 1,500 passengers perished in
the Atlantic Ocean as a lack of
lifeboats proved fatal

contributed to the famous tragedy

For over a century it was believed that
the sinking of RMS Titanic was solely

- due to a fatal collision with an iceberg.
Now, almost 105 years since the disaster, research
hasidentified a potential new contributing factor
to the sinking: a fire.

Arenewed study on rare photographs taken by
the ship’s chief electrical engineers has shown
that a section of the right-hand side of the hull
was covered in nine-metre-long black marks.
These are believed to be the traces of a fire that
raged for weeks after coal in a fuel store was set
alight during speed trials while the ship was still
in Southampton, UK. White Star Line decided not
toinform any passengers and the vessel sailed as
the fire raged on. The blaze was eventually
extinguished during the transatlantic crossing,

008 | How It Works

THEORY EMERGES

The latest evidence suggests an on-board fire

but the damage had already been done and the
ship’s fate was sealed.

Experts claim the temperature of the fire
peaked at 1,000 degrees Celsius, which weakened
some of the steel in the ship’s hull by up to 75 per
cent. The black marks are also where the impact
of the iceberg was at its greatest, so it’s now
speculated that the damage from the impact was
augmented by the effects of the fire.

The blaze could also be the reason the Titanic
was travelling so quickly through the iceberg
fields. To put out the fire, the crewwere
shovelling the burning coal into the boilers,
therefore speeding up the ship. Experts still
believe the ship would have sunk even without
the fire, but if the new theory is correct, the fire
damage accelerated its plunge below the waves.

- - - -
Raising Titanic
From packing the wreck full of ping-pong balls
to bringing it to the surface with magnets,
many suggestions have been made as to how
to raise the Titanic. The wreck site was first
located in 1985, and in 1998 a 20-ton section
of the hull was raised. Since then, various
submersibles have investigated the wreck,
successfully creating a 3D map of the site. If
more attempts are to be made, time is a
factor as a combination of bacteria and ocean
currents are gradually eroding the remains of
the doomed ship.

The official inquiry into the disaster described the
reason behind the sinking as ‘an act of God’
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NASA scientists believe that ice will
be an optimal material to shield
against harmful galactic cosmic rays

The estimated cost of the John
Lewis 2016 Christmas advert

Worldwide number of
earthquake tremors detected
by app MyShake since
February 2016

Mars colonists could live in ‘igloos’

NASA has revealed a new approach to potential colonies on Mars: ice houses
adequate shelter to guard against radiation

‘ﬁ and extreme temperatures. A new study by
NASA has proposed that one of the best materials to use

Percentage of the world’s
population that celebrate

Chi New Y
g 503 MEE If humans ever set foot on Mars, theywillneed . robots, and when the colonists need to return to Earth,
it could potentially be converted into racket fuel or used

asastorage tank. The Ice Dome will enable astronauts

Tons of CO, to be saved every
year by a new Indian
industrial plant

would be ice. Known as the Martian Ice Dome, a
lightweight shell of frozen water will be constructed by

.

One patient has already
claimed that the technology
enabled him to recognise
large letters

Bionic eyes could help
cure blindness

Anew implant could help those who are partially sighted see again

In a trial funded by the NHS, ten
? patients with retinitis pigmentosa
will be fitted with a bionic eye that
aims to help them regain their sight. A
patient-worn camera captures a scene and
then uses a video processing unit worn on

WWW.HOWITWORKSDAILY.COM

the hip to send the data wirelessly toa
retinal implant. This triggers small pulses
of electricity that bypass damaged
photoreceptors and instead stimulate the
remaining cells in the retina, allowing the
brain to perceive patterns of light.

to stay for much longer then they did on the Apollo )
missions to the Moon, ar}d could one day provide a
temporary shelter for permanent colonies on thq planet.

‘New"orga'n
discovered in
human body

This recent finding could improve our
understanding of abdominal diseases

+ Thehuman body hasa ‘new’ organ: the
) mesentery. Part of the digestive system, it was
long thought to be several different structures,

but recent research has shown it to be one of the human
body’s now 79 organs. Microscopy work undertaken at
the University Hospital Limerick found that the
mesentery is a double fold of membrane that helps hold
the digestive system together. Despite the discovery,
researchers are still unsure on the full extent of the
organ’s function, but extra study may reveal the answer.
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Speedy gene editing is
being used in humans
for the first time

CRISPR is a ground-breaking form of gene editing,
and there are hopes that it could be used to help
fight cancer. The procedure is being trialled in both
China and the US, and aims to alter immune cells
so that they are able to recognise cancer. A
method is also being devised to shut off the
CRISPR system once it’s done its job so it shouldn’t
make any extra, unwanted genetic alterations.

A

Salamanders go
the extra mile to
find a mate

Small-mouthed salamanders travel
almost nine kilometres on average in
order to reproduce, risking death and
dehydration. Scientists tested the
amphibian’s endurance on small
treadmills and found that small-
mouthed salamanders were able to last
four-times longer than those of a closely
related group, which use cloning to
reproduce. Some managed to walk on
the treadmill for two hours, an
impressive show of stamina similar to a
human jogging 120 kilometres.

Next-gen air-con
could beam heat

into space
The Eal‘th’s core haS Radioactive cooling is an extremely

its own jet stream efficient version of air conditioning. By

using a thermal emitter, physicists
Satellites from the European Space Agency (ESA) have discovered a radiated heat out from Earth and into
‘jet stream’ deep inside the Earth. Lying 3,000 kilometres below the space. The emitter was placed in a
surface of Alaska and Siberia, the stream carries liquid metal half vacuum chamber and directed at a
way around the planet at a speed of 40 kilometres a year. The clear sky. After 30 minutes, the emitter
420-kilometre wide stream was found by three Swarm satellites temperature fell by 40 degrees
during an ESA study on the Earth’s magnetic field. Celsius. This method could be used in

the future to help chill medicines.
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enough to use tools

Hungarian scientists supplied ants with
honey and water and a range of tools in e
which to carry them back to their nest. After
experimenting with each tool, the ants
learned to use sponges and paper to best
soak up the liquid and transport it home.

-
1./ = - = ’

-

Monkeys would be
able to talk if their
brain structure
was different

Research has found that macaques have

vocal tracts capable of speech. X-rays of a ‘ — A B
macagque eating and yawning showed _m' v ._l ‘ ™ ‘ 1. N ‘
they have the anatomy to make vowel

sounds but lack the brainpower to do so. _ T|me spent out5|de IS good for your eyes r"'

>

.
'L

Recent reports suggest rising rates of nearsightedness in children are down to too much .- -

time being spent indoors. By concentrating on brightly lit close-up objects like ebooks and " "
smartphones, children’s eyes don’t have the opportunity to focus on distant objects, r g
possibly making the onset of myopia more rapid. Experts believe this can be effectively

combated by spending more time outdoors. ' "f

v;.',\ ~1 B 3 .s vl ’ 3

Moon colonists
could live in
lava tubes

Below the Moon's surface lie huge
caverns formed by dried up molten rock
from ancient volcanoes. Up to five
kilometres in diameter, these
subterranean cavities could be used to
house future colonies. The tubes were
spotted after small variations in the
Moon'’s gravitational pull were noticed,
and if colonised, could protect potential
settlers from radiation, harsh
temperatures and meteor strikes.

Killifish have adapted

exposed to incomprehensible speech able to survive.
followed by clear conversation.

T . to survive toxic

The brain actively pollution levels
fllteI‘S Out A species of fish has managed to withstand x
H water contaminated with industrial waste. 2
baCkground noise Atlantic killifish cells mutated until the correct z
Known as the ‘cocktail party effect’, the genetic combination effectively protected cells E
brain uses selective hearing to from the toxins. The fish subsequently became E
concentrate on one conversation. up to 8,000 times more resistant to the harmful &
Auditory tests using electrodes measured substances. The killifish’s ability to quickly Z
the difference in brain activity when change its genes was the key to so many being E
M
=
©
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Unlike electrons, photons - as used in quantum cryptography and perhaps future computers - have zero mass
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tmight be a term that trips off the tongue, and

it may suggest a field of study dominated by

the scientific elite, but quantum mechanics
- or quantum physics ifyou prefer —is largely a
mystery to the layperson. Surprisingly,
therefore, it couldn’t be much simpler to sum it
up, even though understanding itis
considerably more difficult.

Quantum mechanics is concerned with the
behaviour of atoms, photons and the various
subatomic particles, and it contrasts with
classical physics, which describes the behaviour
of everyday objects that are large enough to see.

The difference between classical physics and
quantum mechanics is absolutely staggering.
The objects that we see in the world around us
behave in a way that seems intuitive, but once
we start to consider very small objects, intuition
and common sense have to be abandoned.

Instead, when we consider them individually,
atoms, electrons and photons behave in a way
that most people would be inclined to describe
asimpossible. That perception of impossibility
isn’ta naive view either. Even the eminent Nobel

Prize-winning physicist Niels Bohr is on record
assaying “If anybody says he can think about
quantum theory without getting giddy, it merely
shows that he hasn’'t understood the first thing
about it.”

We'll look at some of these concepts in more
detail in the boxout below, but, having made
such an astonishing claim, it's surely only
appropriate to provide a couple of examples of
apparently impossible quantum behaviour.

Perhaps one of the most bizarre things that
can happen in the subatomic realm is that
objects such as electrons or photons can be in
two places at the same time or in two different
states at once - a so-called state of superposition.

“The difference
between classical
physics and quantum

mechanics is

absolutely staggering”

Quantum concepts

Examining the bizarre quantum effects that underpin quantum technology

Superposition

A particle in superposition is
in two states at once, so it
could represent both a
binary O and 1. Think of a
coin: if it’s spinning you can
see heads and tails
simultaneously.

Entanglement

Two entangled particles are
strangely linked, so the fate
of one affects the other. If
you observe one particle
this will cause its
superposition to be lost, and
the same will happen to its
entangled twin.

The more entangled the
particles, the harder it is to
maintain superposition.

No cloning

Making a copy of a particle
in superposition also causes
the superposition to be lost.
This makes designing a
quantum computer tricky,
but, in quantum
communications, it alerts
the sender to the presence
of an eavesdropper.

Observation

Observing a particle in
superposition causes it to
adopt a single state. Any
interaction with the
environment does the same.

HEADS + HEADS

B HEADS + TAILS
I TAILS + HEADS
TAILS + TAILS

2n possible states

eavesdrop

eavesdrop
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Generating entangled photons
By firing a laser beam through certain
types of crystal, pairs of entangled
protons can be created.

Superposition

Photon one is in a state of
superposition, which means
it’s polarised horizontally and
vertically at the same time.

@

»

Observing photon one
When photon one is observed,
superposition is lost and it will
appear to be either horizontally
(H) or vertically (V) polarised.

014 | How It Works

~
Understanding

quantum
entanglement T—

Experiments have confirmed a quantum LQ
effect that Einstein called “spooky”

Crystals doped with
the rare element
neodymium could
potentially store
quantum memories

Splitting the beam
In this experiment a beam-
splitter is used so that the two
photons are dispatched to
different destinations.

Entanglement

Photon two is entangled with
photon one, so they have a
- fixed relationship. They have
r 11 the same or the opposite
” polarisation when they are
in superposition.

Effect on photon two
Because they’re entangled,
observing photon one will also have

an effect on photon two, thereby
fixing its polarisation.

Action at a distance
Observing one photon
affects its entangled twin
instantaneously, no matter
how far apart the two
photons are.

A scientist at the University of
Geneva in Switzerland uses a
laser to create entangled
photons in researching
quantum memory

WWW.HOWITWORKSDAILY.COM



With each single qubit added to its word length, a universal quantum computer’s processing power doubles

'

Unpolarised

photons

Normal light is
unpolarised, so each
photon spins in all
possible directions
at the same time.

Defining
photons

Moving through the
filter dictates the
state of the spin.

Manipulating
particles

The phenomenon that
unlocks teleportation

Polarised photons

When it passes through a polarising filter
light can become horizontally, vertically or
diagonally polarised, which means that
the photons spin only in one direction.

WWW.HOWITWORKSDAILY.COM

You'll never be able to observe this odd state of
affairs because, as soon asyou try to do so, that
object will appear to be in just the one place or
one state. However, scientists have conducted
cunningly-devised experiments that have
confirmed that this peculiar behaviour really
does happen, despite indications to the contrary
whenever we try to observe it.

Another strange effect is called quantum
mechanical tunnelling, and it refers to the fact
thata tiny object is capable of passing straight
through a solid barrier without damaging it. So,
for example, if you fire an electron at a sheet of
gold foil, there’s a possibility that it could appear
at the other side with the foil still intact.

The fact that particles can be in two places at
once, and that they can pass through solid
objects, both stem from the dual nature of tiny
objects. At one time light was thought ofasa
wave, but later it was discovered that it could be
described as a stream of particles called
photons. Conversely, electrons were once
considered as miniature particles that orbited
an atom’s nucleus like planets orbiting a sun, but
subsequently it was discovered that they could
be described as wave functions.

In reality, electrons and photons each have the
properties of both particles and waves, or, in
other words, both concepts are correct. So, that
strange phenomenon in which an electron can
beintwo places at once is a consequence of the
wave nature of electrons.

Instead of that now outdated view of orbiting
electrons, wave theory concerns a so-called
probability function. In other words, it describes
the probability of the electron being at any
particular point in space and, until the electron
is observed, its position can be thought of as all
points in space, albeit with some places being
more likely than others.

What we've seen so far has been known since
the early 20th century, and it's strange enough.
So any hope of ordinary people understanding
the more recent developments in quantum
theory is a forlorn one. However, to illustrate just
how bizarre current thinking can be, let’s think
briefly about the multiverse theory, although
even this dates back to the 1960s and 1970s.

You'll recall that observing a particle in a state
of superposition causes its previously unknown
position or state to become fixed. In the science-
fiction-sounding multiverse theory, as soon as
that observation takes place, the universe splits
into two or more parallel universes, with that

“Scientists have now

taken their first
steps In quantum
teleportation”

How It Works | 015
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particle being in a different location or state in
each version of reality. What's more, with vast
numbers of these splits taking place each
second, that soon gives usan unimaginable
number of parallel universes. This theory has
gained additional credence recently as scientists
have started to consider quantum computers. As
we’ll see later, compared to today’s devices, if
large-scale quantum computers ever become a
reality, the performance they will offer will be
absolutely astonishing.

This has led some scientists to suggest that
there isn't enough material in the observable
universe to carry out such a phenomenal
number of computations. In the multiverse
theory, however, that work is effectively farmed
outinto all of those parallel universes.

Givenitsvery theoretical foundations, some
people might be excused for thinking that
quantum mechanics is an entertaining curiosity
for scientists, but of absolutely no practical use.
But experience has proven that most theoretical
studies impact the real world eventually, and
there’s every indication that the same is true of
studies in the quantum realm. Qquantum
mechanics has already given birth to many
technological breakthroughs, and there are
tantalising glimpses of what may lie ahead.

For a start, today’s solid-state devices, which
impact so much of 21st century life, depend on
quantum effects. Most importantly, perhaps, is
the transistor, which is the fundamental
building block of computers, smartphones and
pretty much all electronic devices. Another
important solid-state device is the LED and the

IBM Research have identified three types of
quantum computer of increasing difficulty
but also increasing power

Quantum annealer
Today’s only commercial
quantum computer is a
quantum annealer. This is a
specialised architecture
that is designed for a whole
range of applications that
are described as
optimisation tasks.

DIFFICULTY LEVEL

Analogue quantum

Before digital computers were fast enough,
high-speed scientific calculations were performed
using analogue computers. In the same way,
quantum analogue computers could provide an
interim solution until universal machines appear.

DIFFICULTY LEVEL
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Filtering

The 200 wires that connect
the processor to the control
electronics are heavily
filtered to avoid interaction
with the environment.

Niobium loops

The heart of the D-Wave 2X
comprises 1,000 niobium
loops, which act as the
quantum bits, or qubits,
when sufficiently cold.

Refrigeration

To allow super-conduction, a
refrigeration system cools the
niobium loops to 0.015 Kelvin
(-273.13 degrees Celsius) -
that’s 180-times colder than
interstellar space.

Shielding
Loss of superposition is
prevented by magnetically
shielding the quantum chip
to 50,000 times less than
the Earth’s magnetic field.

High vacuum
To protect those super-
sensitive qubits, the internal
pressure is maintained at 10
billion-times lower than
atmospheric pressure.

“A universal quantum computer
would offer the ultimate in massively
pardllel processing”

Universal quantum

Like today’s computers, a universal quantum
computer would be able to perform any type of
computation, but would be almost immeasurably
faster thanks to superposition and entanglement.

DIFFICULTY LEVEL
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DID YOU KNOW? Your PC performs operations like addition or multiplication as efficiently as a quantum computer

closely related solid-state laser. The former is
now revolutionising lighting by bringing
hitherto unprecedented levels of energy
efficiency, while the latter is key to the fibre optic
cables that span the globe empowering the
internet, and is also a vital component in CD and
DVDdrives.

Atomic clocks are also reliant on quantum
mechanics, and these instruments provide the
precision timing needed for the operation of GPS
systems on which sat navs and smartphone
navigation apps rely. Quantum mechanics also
underlies the principles of magnetic resonance
imaging (MRI) machines, which allow
physicians to see inside the body.

Little was said about their quantum heritage
when these various technologies were
developed, but we're now starting to hear about
several new technologies that are much more up
front about their quantum roots. What’s more,
these up-and-coming applications of quantum
mechanics are absolutely mind-blowing.

Thought that Star Trek style teleportation was
the result of an over-active imagination? Think
again - scientists have now taken their first steps
in quantum teleportation. What about a code
thatis totally unbreakable? Experience tells us
that however sophisticated a code, all it takesisa
sufficiently powerful computer and encrypted

Qubits - the secret of
quantum computing

This peculiar quantum effect is key to quantum
computing and several other quantum technologies

Binary arithmetic
Conventional digital
computers operate on
binary arithmetic in which
all numbers are a sequence
of bits, either Os or 1s.

Up and down arrows
Another way of looking at the
Os and 1s of traditional
computers is as arrows - say
up for 1 and down for O.

The quantum
equivalent

In quantum computers,
bits are called qubits
(quantum bits) and they
are represented by single
tiny particles.

The globe analogy
The state of a qubit can be
represented as an arrow from
the centre to a point on the
circumference of a sphere.

Electrical currents
In ordinary computers, Os
and 1s are represented by
an electrical current or, in
other words, the effect of
lots of electrons.

1s and Os

As with ordinary bits,
arrows to the north
and south pole
represent 1s and Os.

Superposition
Arrows to other points
on the sphere’s
circumference represent
superpositions - varying
degrees of 1and O
simultaneously.

Measurement

Measurement
When you read a qubit its value will always be O or 1,
the probability of each depending on its latitude. This
makes it tricky to devise algorithms that can capitalise
on the potential of quantum computation.

MRI scanners work using the principles

of quantum mechanics

,Quantum computers by numbers [~ o 1| :

100 271,000 18 4 hillion b||||on

current D-Wave 2X How many calculations a universal 64-qubit quantum

quantum computer can
I I search simultaneously

2A I 6 computer could do simultaneously
t I m es : 1 ;OOO How many iUl I O O O O O
How much faster the D-Wave 2Xis i The greatest number of the first 16-qubit D-Wave quantum ’

compared to an ordinary computer i entangled qubits achieved computer could perform in 2007 Number of qubits needed for a practical universal quantum computer
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messages can be accessed. Not so with quantum
cryptography. Thisisn'ta code that’s so
fiendishly difficult that it would take all the
computers on the planet years to crack. Thisisa
method of encryption that, according to the laws
of quantum mechanics, is totally secure,
however much computing power you throw at it.
And then we have quantum computers and the
world of opportunities it opens up.

For now, though, let’s just say that one
company is already selling a rather specialised
quantum computer, and research continues into
a quantum equivalent of today’s PCs, a universal
quantum computer. If these ever come to
fruition, they won't just be incrementally faster
than their predecessors, which have doubled in
speed every couple of years or so. Instead, a truly
universal quantum computer holds the promise
of almost unlimited performance thanks to that
strange quantum effect of superposition,

coupled with the
equally strange
quantum effect of
entanglement.

By being in millions upon billions of states at
the same time, a universal quantum computer
would offer the ultimate in massively parallel
processing, in which multiple operations are
carried out simultaneously.

It iswidely acknowledged that last century
was the era of electronics. Within a period of just
52 years the very first electronic device, the
vacuum tube or valve, was invented, and this
was superseded first by the transistor and then
by the integrated circuit. It only took another 13
years for the first microprocessor to be released.

Renowned quantum physicist Professor
Rainer Blatt has described the technological
developments of the last century as the first
quantum revolution, and with some
justification. After all, many of the developments
that underpin today’s society resulted from an
understanding of quantum mechanicsand, in

“We now stand at the
down of a second
qguantum revolution”

Quantum computing has a wide range of applications,
from improving air-traffic control systems to creating
better speech recognition software

particular, wave-particle duality. Professor
Blatt suggests that humanity now stands at the
dawn of a second quantum revolution that
will be empowered by the weird quantum
effect of entanglement.

According to Professor Blatt, “In the early
1960s, the laser was still seen as a solution toan
unknown problem, and today, just over 50 years
later, lasers have become an indispensable part
of our lives - I expect quantum technologies to
develop along similar lines.”

Quantum cryptography

How to send an encrypted message that is 100 per cent secure

Any message encrypted with a key as long as the message is unbreakable. The purpose of
quantum cryptography is to transmit a key from the sender (Alice) to the intended
recipient (Eve) in a way that alerts them to any interception by a third party (Bob).

"‘.

1 Alice sends
the key

Alice sends the key as
a binary number using
polarised photons. She
randomly chooses
vertical or NW-SE
polarisation for each O
and randomly selects
horizontal or NE-SW
for 1s.

the correct filter.

2 Eve receives the key

Eve measures the polarisation using
either a vertical/horizontal or a NW-SE/
NE-SW filter at random and writes down
her result. This will be correct only if, by
chance, she’s used the correct filter.

3 Comparing filters
Eve and Alice analyse which
filter Eve used and how many
of the measurements used

4 Creating the key -
Eve and Alice both discard all the |
bits for which Eve had used the
wrong filter. The remaining bits
form the key that is used.

o AL A

5 Bob intercepts
the key

Unbeknown to Alice
and Eve, Bob intercepts
Alice’s message to read
the key. Because
observation changes
reality in the quantum
world, Bob’s
interception alters the
polarisation of some of
the photons.

6 Alice detects
the interception
Eve shares a sample of
the key with Alice. If
she sees that it differs
from what she sent,
then an eavesdropper
is present and the key
is not used.
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In mintues a quantum computer could solve a prablem that takes a traditional computer billions of years
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orn into a wealthy middle-class family,

Florence Nightingale was expected to

grow up to marry and take care of her
home, but she had other ideas. From the age of
16, she believed she had a calling from God,
telling her that she should help the sick and
injured by becoming a nurse. At the time,
nursing was considered a job for poor, elderly
women with a reputation for drunkenness and
bad language, and so her parents disapproved of
her chosen vocation. However, Florence was
determined to fulfil what she believed was her
moral duty, and travelled to a hospital in
Germany to begin training.

By the time she was 33, she wasrunninga
hospital for women in London, but then the
Crimean War began. British, French and Turkish
soldiers were fighting with the Russians, and
reports that the wounded were not receiving
proper medical care were reaching home.
Britain’s minister of war was friends with
Florence, and so asked her to organise a team of
nurses to travel to the Scutari hospital in Turkey
and help out.

When Florence and the nurses arrived, they
were shocked by what they found. The hospital
was filthy, with many of the patients lying
among rats on the cold, hard floor, and just about
surviving on a diet of mouldy bread and meat.
Cholera and typhus were rife, and the
unsanitary conditions meant that many soldiers
were more likely to die from these diseases than

, their war wounds.

Florence knew that something needed to be
done, but the army doctors were unwelcoming of
change. However, as the wards became more
overcrowded, they quickly realised help was
needed, and so let Florence get to work. She
cleaned up the wards, organised more blankets
and beds, and arranged for a chef to prepare
better meals. After working for 20 hours each day
she would then wander around the wards at
night with a lantern, checking on the patients.
This earned her the nickname ‘The Lady with
the Lamp’ and by the time she returned from the

Florence
Nightingale

. . war, she was a heroine.
The eth’aOI’dlnal’y StOl’Y Of the Lady Wlth the The British public set up the Nightingale Fund
Lamp and founder Of mo dern nursing so she could continue her important work, and

A LIFE’S
1820 1851 1853
wo RK Florence Florence Et)gs;f:s the

Nightingale is born  travels to

1854

Florence
travels to the

A closer look at the in Florence, Italy, Germany to superintendent Scutari hospital
extraordinary life of on 12 May and begin training at a hospital in in Turkey to
one of science’s great named after the as a nurse for London for ‘invalid nurse wounded
theoretical thinkers city of her birth. three months. gentlewomen’. soldiers.

020 | How It Works WWW.HOWITWORKSDAILY.COM



The big idea

Linking hospital conditions
to patient health

During her time at the Scutari hospital, Florence
Nightingale compiled detailed reports about the death
rates of patients and what improvements could be made
in both military and city hospitals. She demonstrated that
overcrowding, contaminated water, a poor diet and poor
ventilation were causing the spread of diseases, and
campaigned for medical reform to improve patients’
chances of survival. Passionate about the cause, she
wrote letters to Queen Victoria and the prime minister,
and eventually succeeded in instigating a Royal
Commission into the health of the army. As a result,
several improvements were made to ensure the mistakes
of the Crimean War were not repeated.

Florence wrote many letters
campaigning for medical reform

she used the donations to open a training school " Th e h os ,ta ’ was

for nurses. Her students were given practical

training and comfortable living quarters, and f’ ’ thy ) W, t ma n y O f
were soon requested to start new schools in t h e pat , en tS I g n g

Australia, America and Africa.

Although Florence spent much of the amao ng rd tS an th e : I 1853t'2‘;;eynﬁz;s Ef ZE)II)GLZ?;:C:
remainder of her life bedridden due to illness, co ’ d h G ’- d f ’ 0o ,- ”
’

she continued to campaign for improvements to
medical care. By the time she passed away, she
had written over 200 books, reports and
pamphlets about nursing, and helped transform
it into a respectable career for people all around
the world.

Along with a
statue in London,
three statues of
Florence
Nightingale stand
in Derby

The overcrowded and filthy conditions of the Scutari
hospital inspired Florence to campaign for change

MICEELINGA]

An image of Florence as ‘The Lady with the Lamp’ was
first published in the lllustrated London News in 1855

Florence Florence writes The Nightingale Queen Victoria Florence becomes Florence Nightingale
becomes the Notes On Nursing: Training School awards Florence the first woman to dies peacefully in
first female What It Is And for nurses opens Nightingale with receive the Order her sleep at her
member of the What It Is Not, a at St Thomas’ the Royal Red of Merit, Britain’s home in Mayfair,
Royal Statistical book about good Hospital in Cross for her highest civilian Londonon13
Society. nursing practices. central London. services to nursing. decoration. August, aged 90.
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Building a biofilm
What starts as a few bacteria

can quickly grow to become a
whole community

What is a biofilm?

How microorganisms start
working together as a giant,

gooey mat

iofilmsare layers of
Bmicroorganisms held together by

asugary glue. The individuals at
the bottom anchor themselves tightly to
asurface, and the onesliving in the
layersabove remain connected by a gel
that shares geneticinformationand
chemical signals. Together, they are
stronger and more resilient than they
would bealone.

These living structures can grow on
medical implants, inside water pipes,
and even onyour teeth as plaque. They
cling so tightly that they can't justbe
washed away, and their protective film
provides some shielding against
antibioticsand the immune system,
making them even harder to get rid of.

Bacterial cell

o &

Metal surface

1. Attachment
Bacteria first attach themselves weakly to a surface
before beginning to excrete a glue-like substance.

Slime

3. Maturation
The bacteria start working together as a
community. They produce a sticky film, sharing
nutrients and communicating.

Most ear infections
are caused by biofilms

The science
of hair gel

How does this produce get your
wayward strands to stay perfectly still?

air gelisa ‘hydrogel’, made from long
H molecules known as polymers. The

polymers are made from smaller
building blocks called monomers, and when
these are strung together, they are capable of
holding several times their own weightin
liquid water.

The polymersare bound to water when the
gelisinits container, and this changes their
structure and gives the monomer
components a charge. Negative charges
appear down the length of the polymer, and
theserepel each other like magnets. This

022 | How It Works

straightensand lengthens the chains, and as
this happens, water gets pulled in.

Water molecules have a slight positive
charge on one side, and a slight negative
charge on the other, so as they try to flow past
the charges on the chains, they are slowed
down. And when water molecules become
trapped between the strands, the resultisa
thick, gloopy gel.

When the gel is used to style hair, the water
starts to evaporate. This leaves a web of long,
knotted molecules behind, holding your
hairstyle in place until it is washed away.

-

2. Expansion

This small group of bacteria starts to divide, and other

bacterial species begin to adhere to the first layer.

Antibiotic Y

4. Resistance
The community can withstand assault from the

outside, fending off toxic chemicals, drugs, and even

the immune system.

Before hair gelypetrolium jelly
or corn oil was used for styling

W b
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DID YouU KNOW? The first virus ever identified was the tobacco masaic virus, which infects and discolours the leaves of plants

Bacteria vs virus

Which is which, and why does it even matter?

henyou've gotasore throat, the cause

doesn’talways seem important. Some

microscopic nasty iswaging war with
your immune system, it hurts, and you just want to
feel better. But whether it's bacteria or a virus on
therampage isactually very important.

Bacteria are some of the smallest living things
on the planet, each made from justasingle,
primitive cell. Their insides are separated from the
outside by a fatty membrane and a flexible coat of
armour called the cell wall. Their genetic
information is carried on loops of DNA, and these
contain tiny factories called ribosomes, which use
the genetic code to produce the molecules that the
bacteria need to grow, divide and survive.

Head to head

Both are microscopic, but take a closer
look and the differences become clear

Viruses, on the other hand, are not technically
alive. They carry genetic information containing
the instructions to build more virus particles, but
they don't have the equipment to make molecules
themselves. To reproduce, they need to get inside a
living cell and hijack its machinery, turning it into
avirus factory.

Both bacteria and viruses can cause diseases,
but knowing which is the culprit s critical to
treating them effectively. Antibiotics can harm
bacteria, but have no effect on viruses. Even your
own immune system uses different tactics.

For bacteria, it unleashes antibodies - projectile
weapons that stick invading microbes together,
slowing them down and marking them for

Chromosome

Not alive
Viruses do not possess the
tools to make their own

molecules, and are missing
genes vital for life.

Protein coat
The virus’ genetic
information is stored inside
a protective covering of
molecules called proteins.

“For viruses to
reproduce, the
need to get inside a
living cell and hijack
its machinery,
turning it into a
virus factory”

WWW.HOWITWORKSDAILY.COM

Nucleic acid
Viruses carry
genetic information;
some in the form of
DNA, and others in
the form of RNA.

Bacteria carry their
genetic code on a

chromosome made
from DNA.

Cell wall
Bacteria have a protective
cell wall, which helps to
maintain their structure.

Ribosome
These structures allow
bacteria to make the
molecules that they
need to live.

Envelope

Some viruses also have an
outer envelope, often made
from fat and protein.

Antibiotic resistance

Antibiotics attack bacteria. They work by
interrupting the way that the tiny cells divide, grow
and repair. However, if an infection is caused by a
virus, antibiotics won’t help. Viruses don’t work in
the same way as bacteria, so antibiotics can’t help
to fend them off. It might not seem like much of a
problem, but every time antibiotics are used, it

gives bacteria a chance to learn how to resist them.
So every time a patient with a virus is given
antibiotics, not only will they not get better, but
bacteria lurking in their bodies will have a chance to
see the drug and develop defences against it.

The flu virus is
covered in
molecules that
help it to get
inside cells

destruction.
Forviruses,
your immune
system can search forany
infected cells before initiating a self-destruct
sequence to dispose of anything lurking inside.
But some virusesare able to endure our defences,
and canremain inside us indefinitely.

Cell membrane
The membrane helps
to control what goes
in and out of the

) Plasmid
bacterium.

These small loops of
DNA can be transferred
between bacterial cells.
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Breaking
it down

How the various
bones fit together
to form the skull

Frontal bone

The single bone that
forms the forehead, it is
often considered a facial
bone despite being a
calvarial bone.

Maxilla

Comprising part of the
upper jaw and hard
palate, the maxilla also
forms part of the nose
and eye socket.

Zygoma

This bony arch
spans from the
cheek to just above
the ear canal.

> : B
"

Mandible
The only moveable bone
of the skull, the lower jaw
is the largest and
strongest one too.

The human skull

Understand the complex structure that
supports our brain and facial tissues

he human skull is made up of 22 bones

that fall into two primary groups: the

cranium, which consists of eight ‘cranial’
bones, and the facial skeleton, which consists of
14 facial bones. These bones are joined together
by fibrous joints known as sutures. Unique to the
skull, once these joints have fused together by
the age of around 30 to 40, they are immovable.

The cranium consists of a roof part - known as
the calvarium - and a complex base part. The
calvarium helps to cover the cranial cavity,
which the brain occupies, along with flat bones
at the top and sides. The base of the brain case is
divided into large spaces, and has various
openings for the passages of cranial nerves,
blood vessels and the spinal cord.

The facial skeleton provides support for the
soft facial tissues, and its bones fuse together to
house the orbits of the eyes, nasal and oral
cavities, in addition to the sinuses. Only one of

024 | How It Works

the skull’s 22 bones is moveable, and that is the
lower jaw.

Asyou canseein the diagram above, the skull
isa complex structure, but then its main roles
are to protect the brain and support the face, so
this comes as no surprise.

The skull does an impressive job of protecting
superficial muscles, nerves and blood vessels

Parietal bones
/r:e parietal bones form
A most of the upper lateral

side of the skull, joining
together at the top.

Occipital bone
Located at the back of
the skull, this section of
bone contains openings
for the spinal cord,
nerves and vessels.

Temporal bone
Divided into four parts,
the temporal bone
supports the temple and
houses the structures
that enable us to hear.

Sphenoid

The complex sphenoid is a crucial

bone, as it joins with almost
every other skull bone.

Why do babies
have a ‘soft spot’?

The open spaces between the bones of a baby’s
skull where the sutures intersect are called
fontanelles. Covered in a protective membrane,
there are two kinds of fontanelles: the anterior
fontanelle - also known as the ‘soft spot’ - and
the posterior fontanelle. The anterior fontanelle
is where the two frontal and two parietal bones
meet, and this area stays soft until the age of
around two. The posterior fontanelle is where
the two parietal bones and the occipital bone
meet, and this area usually closes when a baby
is a few months old.

The formation occurs as a means of helping
the baby’s head fit through the birth canal. The
reason they remain open for some time is to
enable the brain to develop and grow. It’s

important that the fontanelles don’t close up too
early - a process known as craniosynostosis -
as this can result in various medical problems.

The anterior fontanelle is positioned at the front of
the skull
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Fully grown eyes are about 2.42cm across and weigh less than 28g

Eve exams

The tests and technology that help
determine if you have healthy vision

Slit lamp exam

Aslitlamp machineisused to
examine the front, inside and back of
your eyes. Using bright lightand a
series of magnifyinglenses, eye care
specialists can see the entire eye
structure and identify any problems.

A slit lamp is a powerful microscope used

to examine the eyes

Eye dilation

Autorefractor

An autorefractor determines the
correct lens prescription for your
eyes. It works by shiningalight into
your eyes when they are properly
focused onan image and measuring
how itreflects off the retina.

.\'
!

An autorefractor is used to work out
what lenses you need

Before some eye tests, your pupils are
widened for a better view of the retina

Light reaction

In bright light, your pupils
automatically constrict,
allowing less light to reach
the retina.

WWW.HOWITWORKSDAILY.COM

Ophthalmoscope

Typically used after your eyes have
been dilated, this handheld
instrument helps to examine the
interior of your eyes. It features a light
source and built-in mirrorsand
lenses to magnify the retina.

7

An ophthalmoscope helps your eye
doctor look for symptoms of diseases

Dilating drops
Eye drops are used to
stimulate the muscles
that enlarge the pupils
and relax the muscles
that constrict them.

A wider view
The wider the pupil the
more light can enter the

eye, making a larger
portion of the retina visible.

Easy check-up

The eye care professional can
more easily check the retina
and optic nerve for signs of
damage or disease.

Tonometer

Atonometer isused to blow a puff of
airacross the surface of your eye. By
measuring the eye’sresistance to the
air, itsinternal pressure can be
calculated. High pressure could be
anindicator of glaucoma.

A
L

Glaucoma is a disease that attacks the
optic nerve
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2016 saw some surprising discoveries in

- o

S

study of coral, inclu

gl
coral polyp on its own can measure-}list' L 3 -'r' " R‘ﬁ
afewmillimetresinsize, butwhenit N e
joinswith othersto formacolony,and / g - - "
the colony joins with otherspecies to makea '__'r .
reef, those tiny polyps create one of the largest
structures on Earth. It's thought that coral reefs Crystal-clear water helps
contain 25 per cent of our planet's biodiversity, - corals thrive, as their
but cover just 0.2 per cent of its surface! E :ﬁ:}gﬁ?:j&iﬁ : Say‘:ftﬁ fsrl'stz of § : T AL AT
There are two types: hard and soft. The hard | EEoair = s R |
coralsare the reefarchitects - they secretea

hard, slow-growing skeleton of calcium "{f';j.
carbonate that fuses together over time to e
create the giant, natural barriers. Soft corals 6
secrete skeletons that aren’tas tough, but they : ﬁ
still play a key part in reef growth and health. i

The corals that grow in the shallows need "
super clear water, as light is essential for their

growth. Their tissues contain tiny algal cells

called zooxanthellae that photosynthesise and
provide the coral with food. The algae also gives
the coralits tropical, vibrant hue, turning the .

reefinto a riot of submarine colour.
Deep-water corals don't rely on symbiotic
algae for food because theylive in the dark, so
instead they catch their own. Coralshave a s
surprising method of predation. Each J
individual polyp in a colony has stinging cells =7
called nematocysts that are triggered by touch.
Depending on the species, the nematocysts can .
deliver a powerful and sometimeslethal toxin, 3 47
allowing the coral to take down prey. '
With everything in delicate balance, coral
reefs thatlive near land often rely on other

The reef builders - hard

calcium carbonate skeletons
build up over time to form
huge reef structures.
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A new caral reef fish species discavered in Hawaii was named Tosanoides Obama after the 44th US president

. " “Following enyiranmiental .
. euies, each.Coral species
spawis at the same tifpe-.

W, e r

Reef essentials

For most coral reefs to flourish
they need clear water and
plenty of sunlight

Thousands of animals make
use of the safety and
productivity of the reef.

Living on and within the hard
coral structures, soft corals
add to reef diversity.

1. Spawning 2. Rising 3. Larvae
Corals release both spermand  Many eggs are soon fertilised.  The cells drift and continue E
eggs into the water at the The cells rise to the surface to divide until they have §
same time. and begin to divide. developed into coral larvae. §
B
5
4. Substrate 5. Settling 6. Growth & maturity g
Once the larvae are large Once settled, hard coral starts ~ Growing mere centimetres |
enough, they begin to sink to produce a skeleton of annually, it takes many years S
toward the ocean floor. calcium carbonate. for a new coral reef to form. %
I
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interlinked ecosystems nearby to thrive.
Mangroves are important, as these salt-water
trees trap sediment and run-off from the land,
filtering pollution and providing nutrients.
Theirlong, submerged roots are also
important nursery grounds for species that
then make their way to the reefasadults.

Similarly, seagrass meadows often grow
between mangroves and reefs, providing
essential food for grazers and stabilising the
seabed, keeping the water clean. Research has
also shown that coral reefs that grow in
conjunction with mangroves may not beas
susceptible to bleaching.

Coral bleaching events happen when the
corals undergo thermal stress. To thrive, most

s

“The fast-growing algae deposits
a calcium carbonate skeleton as it
ages, like rings on a tree”

tropical coral species need a water temperature
of18-29 degrees Celsius; they are highly
sensitive to temperature fluctuation. If water
temperatures get too high, the coralsreact by
expelling their symbioticzooxanthellae. This
turns them a bright white colour, which can
eventually lead to their death.

2016 saw one of the worst ever coral
bleaching events. As sea surface temperatures
have risen by one degree Celsius over the last
century, corals have been pushed to the brink.
Some 67 per cent of corals were affected in the
worst-hit areas of the Great Barrier Reefand
some publications even published obituaries
for the marine site. But luckily, for now, the
Great Barrier Reefstill prevails.

Some coral reefs have a
symbiotic relationship
with nearby mangroves

There are some coral types that have already
adapted to temperature extremes - the corals
of Kimberley in western Australia make up one
suchreef. The area has the largest tropical tides
in the world (up to ten metres) and the corals
arerepeatedly exposed to the airand soaring
midday temperatures, as well as super-heated
stagnant tidal pools. These conditions would

be deadly to coral speciesliving elsewhere, but =
the Kimberley corals flourish! Interestingly, : 'f
the corals exposed to these extremes showed a ¢ S
better resistance to hot water when tested, 3 T -

indicating thata highly variable environment s ?'" %’: ~
may hint to bleaching ' - }}5"‘ ‘

resistance in
corals.
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DID YOU KNOWE A colony of deep-water black coral in Hawaii has been dated as over 4,000 years old!

The Amazon Reef

Last year, scientists discovered a reefin

avery surprising location...

robably the most surprising coral reef isthe

one beneath the murky outflow of the

Amazon River, off Brazil's Atlantic coast.
The 6,992-kilometre-long river discharges huge
volumes of mud and freshwater into the sea every
year, increasing the salinity and turbidity of the
water there - entirely the opposite of the
conditions that traditional coral reefs need to
thrive. The reefwas found in 2016, but researchers
were first brought to the possibility ofa reefin the

Th I f I d B Variable sediment Clearer waters
e rlver ree revea e The sediment load in waters The south section of the reef is

Beneath sediment-laden fresh water
is an incredible ecosystem full of life

Amazonian
plume

The north reef is
where the
sediment load
from the plume is
highest and little
light gets
through.

Beneath

the mud

Deep water and
ocean currents take
the fresh water
plume away from
the reef, allowing
to survive beneath.

North reef

This reef on the muddy bottom
is thousands of years old. It has
stopped growing and is
populated with giant sponges.

WEFmL Northern sector  Central sector  Southern sector

extent of the
sediment
plume during
the year:

. Nov-Jan
B Feb-Apr
. May-Jul
B Aug-Oct

Reefs

Reef size
Sitting off the coast of Brazil and

French Guinea, the reef covers 9,500
square kilometres - an area roughly
the size of Cyprus.

- findand map thereefthatlay beneath the plume

areain 1970, when they caught species of reef fish
in trawls. Using multibeam acoustic sampling the
team explored the deep watersalong the
continental shelf from the surface and were able to

of sediment-laden freshwater. They then used
trawls, dredges and box corers to bring up samples
offish, sponges, coraland all kinds of other species

togain anidea of whatlife is flourishing beneath The huge plume of Amazon sediment-laden water
themud. can clearly be seen in satellite images

above the central reef is very i less affected by the plume -
variable, depending on different waters here are clearer and
environmental factors. more sunlight can penetrate.

Central reef South reef

Lobsters and sponges thrive This reef is more like traditional
on this reef, as well as coral reefs, with an abundance
rhodoliths - coral-like forms of of hard and soft corals and many
crusting red algae. animal inhabitants.

b -
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Reef species
In total, researchers found

over 60 species of sponges
and 73 species of fish.

\_ © Illustration by Nicholas Forder; Alamy, WIKI; Thinkstock
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Another incredible adaptation of coralis the
‘phoenix affect’. In1998 a disastrous coral
bleaching event killed off nearly 16 per cent of
theworld’s corals. Divers in Rangiroa Lagoon in
French Polynesia had noticed that the super-
hardy porites corals had also succumbed to
bleaching and projected that, based on growing
rates, it would take the reef over 100 years to
recover. However, 15 years later those same
diversreturned to find the reefback to the
thriving oasis it had once been..

One theory about how the corals were able to
recover so quickly is that perhaps the giant
structuresaren‘tas‘dead’ as first thought. It's
believed that if some of the colony tissue hidden
deep within the skeleton was more protected,
then itwas able to recolonise across the original
skeleton once temperatures improved.

Another astounding discovery from 2016 was

the Amazon Reef, an extensive deep-water reef
system of sponges, corals and rhodoliths living
precisely where scientists never thought corals
could -under the muddy sediment plume of the
mouth of the Amazon River. 120 kilometres off
the coasts of Brazil and French Guinea, between
50and 100 metres below the water’s surface, the
reefsits unencumbered by the river outflow.

The topography of the seabed and the
intensity of the currents mean that the slick of
sediment-laden fresh water that spills from the
Amazon doesn’t reach deep enough to affect the
corals, which need a saline environment to
thrive. Despite having lower biodiversity than
expected in an established warm-water reef, it
isanincredible oceanographic discovery.

New techniquesin remote sensing are
making it even easier to study coral reefsand
get a clearer picture of how they work and the

state of their health worldwide. We can view
reefs from the airand from the sea with state of
the art equipment like ROVs. We can even
analyse coral (live and fossilised) to learn more
about Earth’s prehistoricclimate by analysing
the chemical properties of their skeletons.

Coral reefs provide a habitat and food for fish
that we eat, they protect ourland from storms
and erosion, they dissipate wave energy and
reefs also provide thousands of jobs for people
worldwide. Despite coral being an incredibly
hardy andresilient creature, itis stillunder
threat from ocean acidification and warming
temperatures. The loss of a reef can causea
catastrophic ecosystem shift where great
swathes of ocean life suffer asa consequence.
They are tough, but coral also need protection
so that generations to come may enjoy the same
reefbenefits aswe do today.

Rising temperatures induce thermal
stress in corals. They expel their
symbiotic zooxanthellae and whole
colonies can die in a process called
bleaching. Temperature increases
also raise the risk of diseases.

030 . Howdt Works
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Within weeks
The first settlers, such as sedentary
organisms like sponges, anemones
and barnacles, are encrusting.
Small fish such as snappers will
soon be attracted to inspect and
graze on the growing colonists.

Placement
The structure is placed in a marine
location usually devoid of life.
Purpose-built reefs are made of pH-
balanced material and feature
hollows and indentations to attract
settlers big and small.

This can be accompanied with higher
levels of sedimentation, which can
smother coral and also pollute the
water. This prevents sunlight from
reaching the zooxanthellae, so they
cannot photosynthesise for the coral.

T Y

Within years
A fully developed artificial reef will
have calcareous coral species
settled on it in a matter of years.
The smaller fish attract much
larger predators, completing a
complex and balanced food web.

Climate change can affect the
intensity, frequency and distribution
of storm patterns. Although reefs can
recover from storm damage, this
takes time. A period of storms may
severely damage a reef.

1"'
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The summit of the Anton Dohrn Seamount corals — found 320km of f Scotland - is at a depth of boom

The CORAL programme

In an effort to better understand our oceans,
NASA have turned their gaze on the world of coral

oral reefs are essential ecosystems in our

oceans and much research hasbeen done

into their health and protection, however
all of these data sets have been collated under
different parameters. To combat this, 2016 saw
NASA launch a $15 million initiative called CORAL
(COral Reef Airborne Laboratory).

Using a state-of-the-art sensor called PRISM
(Portable Remote Imaging SpectroMeter)
developed by NASA's Jet Propulsion Laboratory,
they can scan huge expanses of reefs from the
skies. The sensor records the spectra of light

NASA’s high-tech remote sensing technique
promises to give a real picture of Earth’s
coral reefs

KEY:
Red = Coral
Green = Algae
=Sand

Scanning
Huge swathes of reef
can by analysed from
eight kilometres up,
showing the
submarine makeup of
coral, algae and sand.

PRISM

From the skies, the sensor
can capture data across
the ultraviolet, visible and
near-infrared spectra.

reflected upwards from the ocean below. An
algorithm removes the influence of the water and
allows researchers to get a realistic picture of coral,
algae and sand - important factors for assessing
reefhealth. CORAL will scan reefs acrossthe
Pacific, from Australia to Hawaii, to gain a uniform
set of data, which meansscientists canreliably
interpret the results for a clear picture of how our
coralreefsare doing.

The plane
A commercial airplane,
Gulfstream-IV (G-IV)
carries the high-tech
sensor across reefs in
the Pacific.

Reflected light

Algorithms use the subtle
differences in the reflected

features in the reef.

light to identify the different

The Great Barrier
Reef extends for
2,300 kilometres
along the northeast
coast of Australia
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Data
The data indicates
reef health. Scientists
’ will look at the ratios
s "~ of the different
. structures and
- g @ species in the reefs.

An excess of fresh water, along with
run-off from land containing
fertilisers and chemicals can cause
algal blooms. These spread across
the sea surface, taking precious
nutrients the coral need to survive.

VTR

This can cause problems with ocean
temperatures and the flow of nutrients
though the ecosystem, as well as coral
dispersal and spawning, and also alter the
availability of food for deep-water corals.

H

The ocean absorbs approximately
one-third of excess CO, in the
atmosphere, making it more acidic.
This slows the rate that corals can
create CaCO, skeletons, hampering
growth and weakening structure.

| |




Subtle colour
Some fogbows contain
faint visible shades of
blue and red.

Size

Fogbows are large
in size - almost as
big as rainbows.

Fog droplets

A fogbow is formed
by water droplets
present in fog or mist.
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10% OF OUR PROFITS HELP FIGHT POACHING

An animal in crisis Make a difference today Join World of Animals

In eastern Africa, poachers use Ol Pejeta is a leading conservancy  World of Animals magazine takes a
automatic weapons to slaughter fighting against this cruelty. stand against these atrocities and
endangered rhinos. The animals It needs more funds so more is proud to be in partnership with
are shot and the horns are hacked  rangers and surveillance can be the Ol Pejeta Conservancy - 10%
away, tearing deep into the rhinos’  deployed on the ground to save of our profits go towards saving
flesh with the rhino left to die. rhinos from this horrible treatment.  rhinos in the fight against poaching

SAVE RHINOS NOW

G ARE GIANT PANDAS BACK FOR GOOD?
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Buy World of Animals at all good shops NOW

ﬁworldofanimalsmag y@WorIdAnimalsMag (&) animalanswers.co.uk
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Bird nests

All you've ever wanted to know about the varied
and intricate process of nest building

nestisaunique structure built by

breeding birds as a safe haven for their

eggsand young. The nestis highly
tailored to suit the bird’s ecosystem and life
history. For example, seabirds often roost on
open ledges high up from the clutches of

small birds produce tiny wafer-like nests that
are collected and served as the main ingredient
of a popular Chinese delicacy: bird’s nest soup!
For some birds, the nest is a way to woo the
ladies. Males will build their nests to show off
their skills, attracting the females with their

A sociable weaver nest
- they live in colonies of
over 100 breeding pairs

predators, while species such as the great
hornbill in Southeast Asia actually blocks itself
into its nest to keep predators away. Other birds,
like some kingfisher species, find safety in nests

handiwork. In other species, the birds will build
their nest together in breeding pairs, seeking out
materials such as grasses and twigs to weave the

structure, and then items like feathers, fur and Dome nest

underground, and then there are the stronger
species, like mute swans, that set up camp in
the open.

Nest materials are also highly specialised to
the bird’s habitat. One example is the ruby-
throated hummingbird, which uses readily
available spider silk to bind their nests together.
Other birds don't use any other materials atall
save for their own saliva. The edible-nest swiftlet
is one such bird. Native to Southeast Asia, these

Types of nests

From holes in the ground to
majestic skyward structures,
nests are very diverse

Burrow nest

Burrows provide excellent
protection from predators and
maintain constant temperatures
for eggs and hatchlings. Some
birds, like the European bee eater,

No nest dig their own, while others nest in

moss for insulation. This is essential because
altricial birds are born featherless, and so need
extra protection in their first few days of life.

“Ruby-throated
hummingbirds use
spider silk to bind
their nests together”

Animals such as the ovenbird
create elaborate mud-baked
nests complete with a nesting
chamber, corridor and front
entrance. These birds use
thousands of mud pellets to
painstakingly build their nest.

Ground nest

Also known as ‘scrape
nests’, these aren't really
nests at all, but a small
depression in the ground
that birds such as quail,
ducks and falcons lay
their eggs in.

Land mound nest
Australian malleefowl make a
mound of sand and leaf litter
up to four metres across and
one metre high. Heat is
regulated from a pile of leaf
litter in the centre of the nest,

Some birds, such as emperor
and king penguins, make no

nest. Instead, they keep their
eggs on their feet and cover
them to incubate the chicks.

Floating nest

Water birds, such as the little
grebe, build floating platforms
using twigs and plants in
shallow water, using high
reeds for camouflage. Wet
vegetation regulates the
temperature of their eggs.

034 | How It Works

pre-dug underground sites. which incubates the eggs.

| !

Water mound nest
This nest is built of mud and
sand, elevating it above the
water - the flamingo builds
its simple nest in the
shallows, high enough to
keep the eggs dry.

Albatrosses build
mound nests; large
heaps of mud with a
concave centre for
their single egg

WORKSDAILY.COM



D10 YOU KNOW? A record-breaking bald eagle nest, measuring 2.9m across and 6m deep, was found in Florida, US

Pendant nests
hanging from trees
show off some
amazing architecture
by weaver birds

Platform nest

These nests are found at
all levels. These typically
large structures can get
bigger year-on-year as the
birds add more material.
Builders include ospreys
and blue herons.

/

Statant cup nest
Built by birds such as
robins, these are cup
nests supported mostly
from the base of the

Brood parasite

Cuckoos and cowbirds are
two such species that lay their
eggs in another bird’s
lovingly-built nest, then sit nest, and not attached
back to let another mother to the tree by the sides
rear their chicks! of the cup.

Adherent cup nest

This type of cup nest relies on

attachment by a sticky and
Cup nest adhesive substance, such as
mud or saliva. It’s made by
birds such as cliff swallows.

This is the quintessential
bird’s nest shape - circular
with a rounded bottom like
a bowl. Many songbirds
make nests like this.

Ledge nest

Large seabirds and
birds of prey make
nests clinging to
ledges. The gyrfalcon
uses the same Arctic
ledge nests every year,
with some dating back
2,000 years!

~

Tree cavity nest
Much like burrows, nests in
cavities such as hollow trees
provide shelter and
temperature control. Some
species like kingfishers will
hollow out their own.

Foliage-supported cup nest
This is a cup nest built within the
leaves of a tree, supported by its
attachment to vegetation around the
rim of the cup.

Rock cavity nest

As well as cavities in wood,
birds like wrens utilise holes
and fissures in rocks to nest.

Pendant nest

These impressive structures
hang down from branches in
mid-air. Made by birds like

WWW.HOWITWORKSDAILY.COM

orioles and weavers, they are
sacs of elegantly woven twigs
and grasses.

The benefits are similar: safety
from hunters and a stable
microenvironment for chicks.
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How do
baleen
whales

feed?

Discover what the
big-mouthed blue whale
doeswhen it's time to eat

oumight think the largest animal in the

world, the blue whale, would feed on

prey of a similar size to it, but its diet
actually consists of one of Earth’s smallest
animals: krill. These tiny crustaceans swimin
large groups, making it easy for the blue whale
to gulp them down. It can do this thanks to its
enormous mouth and something called baleen.

Blue whales are one of 12 baleen whale
species, characterised by the baleen plates that
hang from their upper jaw. These plates are
made from keratin, the same material as
fingernails, and form a fringe or curtain at the
opening of the mouth. While scooping up large
quantities of plankton, krill and small fish, the
whales take on gallons of water. The baleen
allows them to filter the prey from the water as
they spit it back out.

There are four different families of baleen
whale, and although they all filter feed, they
each doitina different way. Right whales and
pygmy right whales, such as the bowhead
whale, feed near the surface, skimming the
water with their open mouths. Rorqual whales,
such as blue and humpback whales, tend to dive
deeper for their prey and have areas of pleated
skin called throat grooves that enable them to
expand their mouths and take in more food. The
final family consists solely of the grey whale,
which filters its prey from water and mud that it
sucks up from the ocean floor.

Humpback whales blow
bubbles from their

blowholes to help them
trap their prey

Time
for filter
feeding

How rorqual
whales use
their baleen to
gulp down their

tiny prey

Slowing down
Opening its mouth increases drag,
causing the whale to slow down.

Full up

When its mouth is
full of waterand |
krill, the whale
closes its jaws.

Dinner is served
The krill gets trapped
by the baleen and is
then swallowed by the
whale in one large gulp.

Lunge forward
Around 100 metres
below the surface, the
whale accelerates
towards a school of krill.

Target acquired

The speed helps the whale
to draw in krill and water as
it opens its mouth.

Open wide
The whale’s
throat grooves
expand,
increasing the
size of its mouth
as it fills up.

Filter feeding
As its throat
grooves contract,
the water is pushed
through the baleen
and out the sides of
the mouth.

_

il o

WWW.HOWITWORKSDAILY.COM

© WIKI; SPL



Selfies!

Selfie Squares!

We send projects of your choice into
'Near Space' on weather balloons
with the REAL background of Earth's
atmosphere merging into the
blackness*of space. Get images &
videos back with the vast expanse of
space as the backdrop. .

%

Previous examples:
Heart Radid's 'Face In Space'
promotion

Energy Drinks Commerc1al
Business Cards In Space_
Wedding Proposals
Special Messages
Viral Videos

www.faceinspace.co.uk

Harrison TELESCOPES

www.harrisontelescopes.co.uk

01322 403407 Mon-Sat

NEW FROM CELESTRON :‘-\\

ASTIRO FI.

DISCOVER THE SKY IN WIFi

WIFI RANGE FROM £385
~ )

.,.L.'. .

EXPERT ADVICE & LIFETIME TECHNICAL SUPPORT
AUTHORISED DEALER FOR ALL THE TOP BRANDS
BINOCULARS FOR ASTRONOMY
HELIOS 7x50 & 10x50 £49
SKYMASTER PRO 15x70 £149
28x110 GIANT BINOCULARS £460

TELESCOPES EYEPIECES FILTERS MOUNTS & MORE

DIGITAL SLR CAMERA ADAPTERS FROM - £11.00
MAINS 5 AMP POWER SUPPLIES - £26.00
SKYWATCHER LIGHT POLLUTION FILTERS - £18
QUALITY MOON FILTERS FROM - £8.99
*STARSENSE AUTOALIGN FOR SKYWATCHER*

Buy.1 Selfie Square on our shared
launch for only £149 when you
quote "How It Works"!

- Summary Flight Video to share
on Facebook :

- Personalised Space Certificate

- Framed Photo

Telephone: 01179 512965

. ,{5‘

FRIENDLY ADVICE & WIDE RANGE OF PRODUCTS:
YOUR ONE STOP SHOP FOR OPTICAL GOODS

+ Telescopes & telescope mounts for beginners,
experienced amateurs & professionals
CCD & DSLR cameras, astrophoto accessories &
~mobile fracking mounts for enthusiasts and scientists
oculars, spotting scopes & fripods for nature

for students, science labs & amateur

Astronomik, Astrofrac, Baader Ba
Celestron, Farpoinf, Fornax, Mmox -
Moravian Instruments, Lacerta, Lunt,
SkyWatcher, Teleskop-Service,

Vixen, Yukon, ZWO

Call 020 33 845 187 between 9am — 8pm 7 days a week.

www.365astronomy.com
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Our nearest spiral galaxy is on a cdlhslon -
‘course with the Mllky Way | '

||1tl‘0dlICIng ~ Galactic centre |

The ancient bulge of

Andromeda . : . stars conceals

multiple black holes.
This impressive splral'galaxy is gne
of our closest galactic neighbours

D . e ol
wor 4 M32 :
Just behind v j

Andromeda’s disc is

, atiny dwarf galaxy.

Disc

Most of the stars are
spread out across a
flattened disc.

' Dust lanes
g R AR 5 “ Bands of dark dust are
s A visible inside the disc.

Andromeda 1S 2. 5 mtlhon hght
years from Earth, but, it can be*
spotted w:thout a telescope”
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Andromeda was originally known as 'Little Cloud’, and it was thought to be a nebulg, not a galaxy

Background A 2 b e s
Other stars, star clusters . ' . PR 7

. and galaxies fill the space

s around Andromeda.

« Spiral arms

Like the Milky Way,
Andromeda’s stars .. 9
form a rotating spiral.

Milky Way star
Stars from our own
galaxy are visible in
the foreground.

Andrhmeda by numbers

Enormous figures reveal the true scale of our galactlc ne,pghbour

o l“ . .' 1
S i E, cees

- SO, R EENE i Distance in light: years from Earth to Andromeda
L » .. 3 : — 4 ‘
S8 D . y Estlmated number of Stars in the Andromeda Galaxy _ - The width ih light yedrs of Andromeda’s disc
M110 ' ' i .
This fuzzy patch is another " ’
-« dwarf galaxy, one of the ’ . ;
*  brightest near Andromeda. j
R, ' e : Andromeda sapparent: -+ W ’ £
: . £: i magnitude, making it just '
i s - V|5|ble.the naked eye " The approximate speed Andromeda is approaching us in kilometres per hour

o 2 20 The year I I O
. Andromeda I I
. The year the first photograph ‘ : E was first
: of Andromeda was taken described Andromeda’s age in years

WWW.HOWITWORKSDAILY.COM How It Works | 039

©NASA




All about

Andromeda

What this spiral galaxy is
teaching us about space

arthisjustaspeck. We are one of eight

planets orbiting the Sun, which is one of

more than 100 billion stars in the Milky Way,
which is one of an estimated 2 trillion galaxiesin
the universe.

When we look up at the night sky, the vast
majority of the pricks of light that we can see
belong to local stars from our home galaxy, but
there are smudges and blurs made by larger
objects thatare much further away. One of these is
the Andromeda Galaxy.

It sits between the constellations of Cassiopeia
and Pegasus; a smudge of faint light about the size
of the Moon. To the naked eye, it's little more than a
haze, but zoom in with a powerful telescope and
an enormous spiral galaxyisrevealed.

Andromeda isthe closest big galaxy to the Milky
Way. It's 2.5 million light years from Earth, but it
contains so many stars and produces so much light
that it can be spotted on a clear, dark night without
atelescope. There are other, smaller galaxiesin

“Massive objects, like
stars and planets,
bend the fabric of
space-time”

nearby space, but Andromeda is the closest galaxy
that looks like our own.

It'san enormous spinning disc. Ancient stars
clusterin the centre ina halo that concealsa
supermassive black hole, and around the edge,
stars old and new rotate through lanes of dustand
twisting spiral arms. It takes light 220,000 years to
travel from one edge of the galaxy to the other,
making it more than twice aswide as the galaxy
welivein.

It's got more stars too. Andromeda is home to an
estimated 1 trillion stars, at least two, if not ten
times more than we have in our own galaxy. But,
strangely, the Milky Way has more dark matter, so
ismore massive than Andromeda, even though it
doesn'tlookit. And, like our own galaxy,
Andromeda has a supermassive black hole right at
its centre, thought to contain the mass of 100
million Suns.

Rather than engulfthe galaxy, this black hole
actsasthe linchpin around which the great disc
spins. Itis circled by a halo of young, blue stars, and
amore distant ring of old red stars, along with up to

040 | How It Works

. Clouds of gas form

Collapse
Dust, gas and possibly dark
matter come together under
gravity to form vast clouds.
.

How spiral
-galaxies form

Galaxies like Andromeda
are forged by collisions
that set dust and gas

* spinning violently

Disc

formation
begins
The dust and stars
rotate around the
galaxy’s centre of
mass and it begins
to flatten.

3Mergers and
cannibalism
The galaxy merges with
others in its surrounding
space, sucking in their
gas and stars.

Spiral arms
appear

density waves that
ripple around the
galaxy in a spiral. e L

v' ’ I%'F%“ :

Star formation
Compressed material in
density waves triggers
bursts of star formation.
;
s .
Mature spiral
The stars orbit the galactic
centre at different speeds,
moving over the spiral arms.
Halo stars

Ancient stars remain
outside of the disc,
bulging out of the centre
in a fuzzy halo.
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Andromeda is also called M31; its name in a catalogue of cloudy objects spotted by Charles Messier in the 1700s

Andromeda is home to billions
of planets, but tﬁey re hard to
spot from Earth,

ASA; Thinkstock
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around the size of our own, and one about three-
times smaller. Their gravitational pulls would have
become entangled, pulling the stars of each
together until they met in a dramatic collision. The
impact set the whole object spinning, and as the
dust, gasand stars sped around the centre, they
would have spread out to form the thin discshape
that we can see today.

Strangely, Andromeda isalso orbited by a
selection of dwarf galaxies, which from Earth
appear to be trailingaround the galaxyinaline.
Thisunusual formation is proving challenging for
scientists to explain, but could have something to
dowith its turbulent past. ; 4

And thatwasn'tthelast collision thathh ~ * «

35smaller black holes that formed when the largest
of these bright objects ran out of fuel.

Andromeda isa window into the universe,
allowing usto study how galaxieslike our own
form and change over time, and telescopes on the
ground and in space are often pointed in its
direction in order to gather more clues. Some
examine thevisible light emitted by its stars;
others probe ultraviolet light released by hot,
energeticstars; and still more explore infrared to
learnabout the dark, dusty matter that’s normally
hiddenintheglare.

Andromeda haslots of secrets. Ataround 9
billionyearsold, itis youngér than the Milky Way
by about 4 billion years. It isthought to have

revealed that the structure of the galaxy is
distorted. Beneath the bright lights of the stars,
there are off-centre dust rings, and visible ripples
initsgalactic halo. Astronomersthink that these
quirksarethe result ofa head-on crash witha
smaller galaxy, M32. As thelittle galaxy collided
with the heart of Andromeda, it warped the big
spiral disc, and set off rin.gs of star formation that
canstill be seen today.

Asfor the future, Andromeda is set for another

- huge collision thatwill change its shape yet again. *
" But this time, the galaxy it will hit is much closer to

home: it's heading straight for the Milky Way. But
until they meetin approximately 4 billion years,
we'll have lots of opportunities to study itand to

formed from the merger of two galaxies, one Andromeda experienced. Infraredimageshave  _ learn more about the formation of the universe. .-
. ¥ - » . . -
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NASA’s space telescopes reveal
hidden secrets by loaking at,
the galaxy in-different ways

Privatisation
GALEX is no longer used by NASA,
and is orbiting Earth until it comes

Ancient stars
r Spitzer shows Andromeda’s
dust (blue) and older stars
(red) in infrared.

-
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and history of galaxies. .

Telescope

Its telescope detected ;
ultraviolet light, allowing it
to spot high-energy events
like star formation.

Dust cloud

Spitzer reveals the .
hidden infrared outline . ®
of Andromeda, ¥
showing up the dust.
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Galactic mergers take hundreds of millions of years, and the collapsing gas triggers intense star formation

Advanced camera
for surveys

This set of three cameras
sees ultraviolet and
visible light.

Wide field
camera three
This camera looks
at near-infrared,
visible light, and
near-ultraviolet.

TN - Hubble Space Telescope
* Hubble’s multiple instruments

~ allow astronomers to take

. - high-resolution pictures across
several wavelengths.

Structure change

The galaxies will pull and twist
each other, stretching out huge
amounts of material.
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- Starburst

This GALEX image
shows areas of hot,
blue star formation in
ultraviolet light.

- Lo 3 Yo
o _ .-
v P ; " Infrared Array camera
*. This camera has four detectors,
- and picks up near- and mid-
infrared light.

&
The collision
. Although incredibly
Spltzer Space Telescope slow, this process is |#
This specialist telescope searches very dramatic.

for invisible infrared signals
hidden behind visible light.

Destruction

Billions of stars will be thrown out
of the forming galaxy while others
crash into black holes.

® .\
: . 2

Multiband Imaging
Photometer

This detector looks far into the
infrared part of the spectrum.



Mars missions

Why is the Red Planet such a popular
destination for space probes?

ending probes to other

worlds is no mean feat, yet

since the 1960s we have
launched more than 40 missions to
Mars. While the majority of these
missions were failures, that hasn't
stopped space agencies from
trying. Thanks to technological
advancements and years of trial
and error, we're getting better at it.
There are currently six probes
orbiting Mars and two rovers
patrolling its surface, with more
missions in the pipeline.

But why do we keep going back to
Mars?It's an inhospitable planet,
with a tenuous atmosphere, maybe
no magnetic field, and surface
temperatures regularly well below

freezing. Despite this, it does have
similarities to our own planet: it
has anear 24-hour day and is tilted
on its axis so experiences seasons.
The most interesting thing, though,
is that water may still exist there.
Images of Mars’ surface taken by
orbiters show the remnants of seas,
lakes and riverbeds, indicating that
the Red Planet was once habitable.

In 2015, the Curiosity rover
discovered evidence that briny
water does still flow just beneath
the Martian surface, which
potentially means that some form
of life could still exist there. Future
missions will continue to search for
these signs of life and uncover more
about Mars’ habitable past.

Gravel deposits from an ancient streambed on Mars (left) greatly
resemble those created by water erosion on Earth (right)

Successes and failures

Our success rate with Martian missions has greatly
improved over the last few decades

== Success Success rate since 2000: 83%
Failure Overall success rate: 46% I
L ] L ] L] 1il ]l |
1960s 1970s 1980s 1990s 2000s 2010s

044 | How It Works

Phoenix
4 August 2007

Nozomi Mars 96 '
4 July 1998

Mars Global Surveyor Mars Observer/
7 November 1996

7,12 July 1988
-

Missions by
country

—= USA: 21 @5 successful)
W Russia*: 19 3 successful)
u Japan: 1 (failure)
ESA: 1 (partly successful)
IS * includes both
#5 Chinat: 1 (failure) USSR ()

B India: 1 (successful) I LR
: - T joint mission
== UAE: (1 mission planned) with Russia

Phobos-Grunt v
8 November 2011

Mars Polar Lander
and Deep Space 2

3 January 1999 Npars Climate Orbiter
] 11 December 1998

== /

16 November 1996
—

25 September 1992

= = l‘
\
\
\
- \
Viking 1 and 2 \
20 August; ‘\ \\
Phobos 1 and 2 9 September 1975 ‘\ \ \ <4

=ik Kosmos 419 and

Mars 2, 3,4,5,6,7
10, 19, 28 May 1971; 21,
— 25 July; 5, 9 August 1973
Mariner 8 and 9
9, 30 May 1971

Mars 1969 A and B

Mariner 6 and 7 27 March; 2 April 1969

24 February;
27 March 1969

Korabl 4 and 5
10, 14 October 1960

Mariner 3 and 4 Korabl 11, Mars 1

Zond 2 5, 28 November 1964 and Korabl 13
30 November 1964

== 24 October; 1, 4
November 1962
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NASA's Mars 2020 rover will conduct an experiment to see if oxygen can be generated from Mars' atmosphere

The past, present and future of Maﬂjgn exploration

Success Failure

’/s 2001 Mars Odyssey
Dates are : 7 April 2001
launch dates ' —]

Mars Express

’ 2 June 2003

Mars Reconnaissance
Orbiter
12 August 2005

==

Mars Orbiter
Mission
5 November 2013

. p
Curiosity @ ' )
26 November 2011 ‘\

MAVEN
18 November 2013

g : Orbiter
Spirit @ l' 14 March 2016
10 June 2003 —
= esa

\ .
~_ Mars Pathfinder @
N, 4December1996

3 ~

ExoMars
- 2020

-~ | = .
InSight
March 2018
B —_—
f e T =
P H By LT
(X )
< NS -
b S
o (e
/ I\
= Orbiters / LU\ Mangalyaan 2
Sl i — 2018-2020
_______ -
Flybys

Mars 2022 Orbiter " Hope

N
Uk
s

© NASA/JPL-Caltech/MSSS and PSI
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Mauna Kea Observatory

Why are so many telescopes built at the top of a dormant volcano?

he summit of Mauna Kea on the island of
Hawaiiis home to the largest

This location is ideal for astronomy as it rises
approximately 4,205 metres above sea level, so
astronomical observatory in the world. the summit is above 40 per cent of the
The combined capabilities of the 13 telescopes atmosphere, which can interfere with
located on thisvolcano are 6o-times greater than  observations. The atmospheric conditions at the
the light-gathering power of NASA’'s Hubble site are also very dry, cloud-free, and free from Subaru Telescope

Space Telescope. pollutants, perfect for observing the night sky. This 8.2-metre telescope
— . _ operated by Japan observes
= - ~ the universe in visible and
infrared wavelengths.

Mauna Kea experiences a high
proportion of clear skies, which is
ideal for astronomical observations

Summit telescopes

13 telescopes are currently located
atop the Hawaiian peak

UH 0.6m telescope

Gemini Telescope
This 8.1-metre-diameter
optical/infrared telescope
and its twin in Chile are
operated by a partnership
of five countries.

W M Keck
Observatory

The Keck mirrors are both
ten metres in diameter, -, il
making them the world’s
largest optical and infrared
twin telescopes.

UK Infrared
Telescope Caltech

Submillimetre

Observatory
NASA Infrared
Telescope Facility
A three-metre-diameter
telescope studies the
universe in infrared, and
spends half its observing
time studying objects in
the Solar System.

Canada-France-
Hawaii Telescope

James Clerk Maxwell Telescope
This 15-metre-diameter telescope is used to

Very Long Baseline Array
Located further down the volcano,
this 25-metre radio antenna is one of
ten identical stations around the US
that work together.

study the universe in submillimetre
wavelengths, from far-infrared to microwave.

Sun visors

How do spacesuit helmets protect against harmful rays?

hen performing spacewalks or the majority of ultraviolet wavelengths, both of

© WIKI; Alamy; NASA

TR

Astronauts can pull down their gold visors during
EVAs to protect their eyes against intense sunlight

extravehiclar activities (EVAs), a space

suitis an astronaut’s lifeline,
protecting them against extreme temperatures,
pressures and radiation. One important aspect of
thisis the Sunvisor in the astronaut’s helmet.

Outside the Earth’s protective atmosphere,

sunlight is even brighter, so astronauts must
avoid looking at it just as we do on Earth. In
addition to their primary, transparent visor,
astronauts have a gold-coated outer visor, which
can be pulled down when conditions are too
bright, much like putting on a pair of sunglasses.
The gold layer is very effective at reflecting
infrared light, while the primary visor reflects
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which can cause retina damage. This is
particularly important during delicate
operations such as docking or EVA maintenance,
where being subjected to blinding sunlight could
lead to dangerous mistakes.

The visors also help protect astronauts against
extreme temperatures. The gold coating reflects
light and heat from its surface, while the primary
visor includes an inner coating that helps retain
heat emitted by the astronaut to help maintain a
comfortable temperature. To prevent their visors
clouding up and obscuring their view, astronauts
also apply an anti-fog spray to the inside of their
visors when suiting up.
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Belgian Georges Lemaditre first proposed the idea of Hubble's law in an article on general relativity in 1927

Expansion of the universe

How do scientists calculate how fast the universe is expanding?

n 1929, American astronomer Edwin Hubble The extent of a galaxy’s red shift indicates the later discovered that Hubble was incorrect by
announced a truly ground-breaking discovery: speed at which it is moving. Hubble found that a approximately a factor of ten; but over the years -
the universe was expanding. By observing the galaxy’s distance and speed, and therefore the with improved data and techniques - they have
light from distant galaxies, Hubble found that their  rate of the expansion of the universe, were directly ~ been able to refine the Hubble constant’s value.
wavelengths were stretched out (known as red linked by a constant value, which is known as the In 2016, scientists were able to make the most
shift, as the light is shifted towards the red end of Hubble constant. precise estimate yet: 73.2 kilometres per second
the light spectrum), and the further away the In 1929, the constant’s value was 500 kilometres ~ per megaparsec. This more accurate data led to
galaxies were, the more red shifted the light was. per second per megaparsec (one megaparsec is the discovery that the universe is in fact
This observation only made sense if the universe approximately 3.26 million light years), but this expanding between five and nine per cent
was expanding. figure was based on limited data. Astronomers faster than previously expected.

Flndln the 3. Brightness 4. Nearby galaxies 6. Distant galaxies

configuration Astronomers look for galaxies containing Supernovae are bright enough
. HUbee consta nt Once the stars’ distances are both Cepheid variables and Type la to be seen over much greater
Astronomer&use a combination known, it is possible to work supernovae. By comparing the brightness distances, so astronomers
of different techniques to out their true brightness. This of the two, astronomers can figure out can compare the apparent
accurately measurethe information can be used to the true brightness of the explosion. versus the actual brightness
universe’s expansion rate #® NEW determine how far away more of Type la supernovae to
PARALLAX distant Cepheid variables are. determine their distance.

: LIMIT

e s illT .

e =~ oW GALAXIES

Ay . p 3 CEPHI_?SE'SNgND DISTANT GALAXIES
: © . . PARALLAXOF B . IN THE EXPANDING
o s e - - TYPE IA 7. Red shift UNIVERSE
) IN THE = 8 SUPERNOVAE The wavelength of light HOSTING TYPE IA
Yo MILKY WAY . , A from distant galaxies gets SUPERNOVAE
. . - S a il B stretched due to the
; . o5 ' expansion of the universe. a
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. is used to make two
B observations of the F
same Cepheid EARTH
variable stars within DECEMBER
our own galaxy, six
months apart.

observations &.
The Hubble telescope - '_ su
: LIGHT REDSHIFTED (STRETCHED)
X BY EXPANSION OF SPACE

CEPHEID
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2. Parallax 5. Galactic measurements 8. Expansion
Using the difference in the two Knowing the supernova’s true The universe’s expansion
measurements of the apparent position of brightness helps astronomers can be calculated using
these stars, astronomers can use geometry determine how far away it is. Type la the distance and red shift
to determine their distances from the Sun. explosions always give off a similar measurements from
amount of light. distant galaxies.
. .
- S —— e e
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alking has never been enough for
humans. From roller blades to
helicopters, we've always been

looking for more efficient - or more fun - ways to
getaround. Sadly, 2015 passed by without Marty
MCcFly’s hoverboard from Back To The Future 2
appearing, and we're still some way off flying
cars. Even so, personal transport certainly has
changed in the last few years.

Right now, jumping on a train or riding a bike
might be the most obvious way to get to work or
school, but modern gadgets are doing their best
to change that. Whether it’s the electric gizmos
that whisk you away with a lean of your body, or
more advanced tech like personal drones,
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there’s no doubt that transport tech is moving
justas quickly as other fields.

We've all seen the *hoverboards’ that were all
the rage in 2016. No, they didn’t actually hover,
and no, they weren't really all that great. But the
tech they used is being advanced in 2017, and
soon a portable self-balancing scooter you can
slip into your bag might be the best way to
travel.

For trips where you want some speed, an
electric skateboard could help you whizz
through the city, scale hills easily, or just take
you on a fun journey with friends. Or, if you're
going a little further, you might soon be able to
tap your smartphone and order a drone to come

and pick you up. Climb in, tap the screen inside,
and you can sit back and relax while the drone
autonomously carries you where you need to go.
However, it’s still a few years away, and even
when it isready for the mainstream it will need
to comply with all kinds of safety rules to
become legal. Still, with driverless cars justa
fewyears from becoming standard, it's only a
matter of time until the technology takes flight.
We might not have real hoverboards just yet,
but personal transport tech is getting smarter,
and with cities always changing and advancing,
these innovative gadgets could soon have their
own space on the road and in the skies. Read on
to discover some of the coolest gadgets around.
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DID You KNOW? The M1 weighs less than seven kilograms, making it extremely portable when you're not riding it

Carbon frame
The WalkCar mainly
consists of carbon, so
it'’s light but strong.

Batteries

The battery will take an
hour to charge and run
for the same period.

Ride
with the
WalkCar

Segways might have become more mainstream
-especially in the US - but they are still big,
bulky devices that can be awkward to store.
Thankfully, that might be about to change, as
Tokyo-based company CocoaMotors have
created a ‘portable transporter’ that you can slip
intoabag.

The WalkCar looks more like a laptop than a
mode of personal transportation, but don't let
looks fool you. This 33-centimetre segway will
charge inaround an hour, giving you an hour of
riding time at a respectable 16 kilometres per
hour. It’'s made of carbon, so weighs just 2.8
kilograms, making it light enough to carry

Wheels

The front wheels
drive the WalkCar,
while the back
wheels can rotate
360 degrees.

around when you're not speeding through town.

This little thing can go at about running speed,
and slips into a bag like a laptop

WWW.HOWITWORKSDAILY.COM

Integrated LEDs

The board has built-in LEDs |
on the front and rear for
safety at night.

The battery inside the board
is replaceable, so you can
swap it if you run out of juice.

The Inboard Ml
skateboard

Ifyou like the look of the WalkCar, but prefer a
traditional skateboard, then the M1 from
Inboard may be the perfect solution. This
device takes electric skateboards to a new level
by including new motors, called manta drives,
inside the wheels themselves. This means
there are no belts or external motors pushing
the wheels along, and when the batteries run
out or you just want to glide downbhill, the M1
feels like any other skateboard.

' The M1 also features a removable battery,
meaningyou can carry spares and switch them
inwhen you've coasted the 11-16 kilometres
that a single charge offers. The top speed of the
Mz is animpressive 38.6 kilometres per hour,
and it can manage inclines up to 15 degrees,
meaning you won’t have to hop off in steeper
areas. There’s even a wireless remote that
controls the board’s speed and braking, or you
can use a smartphone app if you prefer.

Inside the Inboard M1

The tech that powers
this smart skateboard

Regenerative braking
When you pull the brake, the
resistance is used to slightly
recharge the battery.

Speed
Acceleration and
deceleration is
controlled with a
stick on the
wireless remote.

Brakes

Pulling this trigger will
slow the rider down.
They must shift their
weight before doing so.

In-wheel motors
Two in-wheel motors power
the board without any need
for gearing or belts.

Wireless control
The board can wirelessly
connect to a smart remote,
or even your smartphone.
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The Ryno uses
a gyroscopic
balance
system to stay
upright when

—__yousitonit

—

Stop-assist lever
You can brake by leaning
back, and a specialised

lever can be used to help
you adjust to the correct
position for a safe stop.

“».! Adjustable seat
The seat is adjustable
to different heights,
so you can ride the
Ryno no matter how
tall you are.

Shock absorbers
Shock absorbers under the
seat help to keep the ride
smooth and comfortable.

Bumpers
These bumpers on
the front of the
Ryno are actually
for when you park
the microcycle and
want to rest it.

Motor
The electric motor is also stored in the
wheel, and will reach 16 kilometres per
hour - about the same as a fast run.

Battery packs
The two battery bays are
located inside the wheel
itself to keep the centre of
gravity as low as possible.

The Ryno is a transitional vehicle
and can go wherever you are able
to walk or ride a bike



An app can be used to boost the Uniwheel's speed to 22kph &

The Uniwheel

It might look tougher to master than a unicycle, but the
Uniwheel’s combination of segway-like gyroscopic control
and smart design makes it one of the most unique devices on
the market. Designed and engineered in the UK, the
Uniwheel offers customisable colours, replaceable bumpers
and a swappable battery that makes this the perfect mode of
transport for getting around fast. The top speed is around 22
kilometres per hour and the Uniwheel has a range of around
11 kilometres - this will easily get you to school or work, and
back again. Weighing just 10.8 kilograms, the Uniwheel is
surprisingly portable when you're not using it.

Many rideables include
self-balancing technology
to help you stay stable

Uniwheel
The battery packs are deconstructed

Battery packs

designed to be easily
swappable, to extend
the range of the
Uniwheel infinitely.

How the Uniwheel works

- )
UNILHEEL 58
™ E

J

|

&,
Replaceable covers
The battery covers come in
many colours, so you can
customise your Uniwheel
with your own style.

[
The Uniwheel is a
compact and
lightweight
self-balancing
electric wheel
designed in the UK

Bumpers required
Electric wheels can become
scuffed as you use them, so
these bumpers are replaceable.

Foot plates

Getting used to the
Uniwheel’s unique balance
is tough at first but it soon
becomes second nature.

“Designed in the UK,
the Uniwheel offers
customisable colours and o022 dometes per o
swappable batteries” running spee.
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Motor
The 1,500-watt motor can go



The flying car

Meet the Ehang - your personal taxi drone

The dream of having your very own flying car
might not have come true just yet, but if Chinese
company Ehang has anything to do with it, you
won't be waiting much longer. Its Ehang 184 isa
personal drone that will fly you around
autonomously - all you have to do is tell it where
you want to go, sit back, and relax.

The drone is designed for one person, and in
theory will work a little like an Uber. Openan
app and order an Ehang to see a drone land
nearby. You can climb in, tap on the tablet in the
cockpit, and the drone will take off. Don’t expect
it to take you across the country, though - the 184
will be designed for short trips lasting around 20
minutes in total before needing to recharge.
While you fly, a tablet in the cockpit will let you
monitor your journey, and enjoy entertainment,
justlike onanairplane.

Ehang claims that the drone will take justa
few hours to recharge, and travel at an average of
100 kilometres per hour, but there are several

Inside the
Ehang 184 -

How will this
autonomous personal
drone actually work?

hurdles to overcome before these lofty
ambitions can be met. One of the biggest will be
to work with aviation authorities to define a new
category of flying licence , meaning it will need
to pass strict safety tests. Still, it means we're
edging closer to a future with flying cars. We
can't wait!

metres tall, and the arms
can be folded for storage

Eight motors

To carry the weight of the
passenger, the eight
motors will provide 106
kilowatts of energy.

You will be able to monitor your
route, the climate controls and
more from the built-in tablet

"Open an app, order
an Ehang and a drone
will land nearby”
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The drone is less than two \

——— e — = —— =

NAERE

Charge it up

The company claims that the
drone will charge in two to four
hours, and offer over 20 minutes
of flight time from a charge.

3

Power banks

The power banks and
computer systems are
stored underneath the drone,
under the passenger’s seat.

ITWORKSDAILY.COM
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The Ehang drone is mainly made out of aluminium and carbon fibre to maintain strength while staying light

The custom-designed
interior will feature a
tablet interface

Two rotors are housed at
the end of each of the
four arms

Fail-safes

The drone is designed to be

fail-safe, so if one power
Sensors system fails, the vehicle can

The drone is designed to avoid still operate to land safely.

obstacles automatically using
sensors around the nose.

Weight limits

The drone is designed to carry
loads of up to 100 kilograms
and will fly at altitudes of under
500 metres at all times.

Passenger seat
The drone is designed for a single
passenger in this sports car-style
seat within the cockpit.

Baggage area

There is a small luggage area
at the rear of the cabin that
can be used for storage.

V/
Take control ! / ?*'
The tablet in the cockpit can ’ ‘ K,
be used to set destinations,
- ! ) -
monitor your route, or just

chill out with some music.
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Narrowboats

Discover why these boats got their name and how
they fuelled the growth of British industry

Ithough narrowboats today are often seen

onrivers, they were originally specifically

designed to be able to navigate the
constructed channels of the British canal network.

Some canals have locks that are only a couple of
metres wide. The only vessels that can traverse
these are, literally, ‘narrow boats’. Thislimitation,
however, originally meant that working
narrowboats had to be longso they could carry
several tons of cargo. The result is their distinctive
elongated shape.

The way canals work imposes limits on how
much cargo can feasibly fit on a narrowboat. A boat
can't be longer than the maximum length that will
fit between lock gates because these must be closed
to allow the boat to overcome changes in elevation.

Early narrowboats were built of wood - usually
oak or elm - and drawn by horses. Animal power
was later replaced by steam and then diesel
engines. The advent of engines and the use of more
durable building materials, such asiron and steel,
allowed the main boat to tow a so-called “butty”
boat. These dummy boats doubled the amount of
cargo that could be carried on a single journey.

To maximise the load that a working boat could
carry, the crew cabin was crammed into a small
space at the stern. These cabins were often less
than three metres long and sometimes had to
house a whole family. To save space, storage boxes
could be used as seats, and occupants either slept
in beds that folded up or outside on the -
cargo. Heat was provided by a i
coal-fired stove or oven.

Nowadays, people living in -
narrowboats have the luxury of
extended cabins and are able to enjoy
many modern conveniences, including
electricity and satellite TV.

L4

Bow plates

Narrowboat builders designed
these to minimise resistance from
the water, and sometimes to be
decorative as well.
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Horse power
Early narrowboats were
towed from the front by

horses led by a member of
the crew or a child.

A modern
narrowboat

These days narrowboats contain
all manner of home comforts

Deck width
True narrowboats
(as opposed to
canal barges) get
their name from
being usually no
more than 2.1
metres wide.

Cargo space
Original narrowboats
had open decks that
could house several
tons of cargo, protected
from the elements by a
canvas cover.

How

canal
locks
work

Entering the lock
In this example, the boat enters the lock at the lowermost gate. The water inside the
lock is at the same level as in the waterway that the boat has just entered from.
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01D YOU KNOW? The design of the British canal network and its narrowbaoats is attributed to British engineer James Brindley

Workhorses of the waterways

The picture of a canal boat drifting through the
peaceful British countryside seems at odds with
the role that narrowboats played in powering the
country into the modern world. Yet, that is exactly
what these boats and the waterways they travelled
on were designed to do.

Britain's canals were built by industrial
entrepreneurs - such as John Smeaton and Thomas
Telford - from the mid-18th to the early 19th
centuries. These innovators knew that an efficient
transport system was needed in order to get fuel to

Access and egress
The low sides mean allow
passengers and crew to

« Narrowboats were once essential for commerce,
vere overtaken by faster modes of transport
I

b

the factories that would be the engines of the new
economy. Heavy loads could be more efficiently
transported by boats because the suppurting effect
of water reduced the effort needed to move them.
However, with the arrival of fast, powerful steam
trains in the 19th century, narrowboats began to
lose their advantage.

In Britain, limited commercial use of canals
continued into the 1940s, but further declines in
their value were inevitable with the expansion of
road transport.

Tiller

To steer a
narrowboat
you turn the
tiller to the
side opposite
from the
direction you
want to go in.

Propeller
Narrowboats usually have
three-bladed propellers
and some can reach
speeds of nearly 6.5
kilometres per hour.

Diesel engine
Diesel engines use
air compression to
ignite fuel, and were
therefore more
efficient than steam

engines.

Living quarters
Many modern narrowboats
have bespoke interiors for
comfortable canal cruising.

easily get onto the towpath

Deck length

The boat’s length was
dictated by the shortest lock
on the route, which was
generally less than 22 metres.

running alongside the canal.

“Narrowboat cabins were often
less than three metres long”

Raising the boat

Leaving the lock

When the water level inside the lock is the same as that at the upper level, the
uppermost gate is opened and the boat moves into the elevated waterway.

When the boat is fully inside the lock, the lowermost gate is closed. The lock then
begins to fill up with water from the upper level, elevating the boat.
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- Power for 18 holes
o u Ies Some buggies have solar
panels on their roofs that

charge when they are

How golfers and their caddies get parked in sunlight.
through a round in ease and comfort

olf may be the only sport
where competitors can grab
afreelift. Apopular part of
the sport since the 1950s, modern
buggies save fuel
and cut down on
emissions while also
being quiet so asnot to
disturb other golfers.
. .g ) Mod cons
The engine kicks into gear s Luxury buggies can
when the driver puts their A _ 9 it v [ incorporate features like
foot on the pedal, notwhen | g ™ » = . - f:harglng ports, tablet
p : \ y interfaces and even a
the keyis turnedinthe built-in mini fridge.
ignition. The engine then shuts
off when the driver’s foot is taken
off the pedal. Autonomous golf
buggies are being designed for use
inthe future to make breezing
around a course even easier.

Inside a
battery-
powered ' _
90": buggy A low centre of Accelerator

Suspension

gravity keeps the Pressing the accelerator Regenerative brakes

Electrical drive systems have buggy steady on completes a circuit, sending Some buggies feature a

made modern buggies more uneven ground electrical energy from the regenerative braking system,
fri ) battery to a motor that which returns energy to the
coo Trieauly Wasaverbelon powers the buggy’s wheels. batteries that would usually be lost.




0ID YouU KNOW? Concorde's airframe stretched up to 2scm during flight and it was warm to the touch even after it had landed

Storage space
Each passenger will have an
individual overhead bin to
. stow their belongings, with
In-flight more carry-on space than a

entertainment standard economy seat.
The seats are controlled by an

interactive touchscreen that

can also access entertainment

and order food and drink.

Frame

The AirGo’s
lightweight alloy
frame reduces weight
for a more fuel-
efficient airplane.

Personal space

Even when the AirGo moves
between configurations,
the seats won't get in the
way of other passengers.

Comfort
A mesh acts like a
memory foam and
"~ Three motors move the seat between - 7 i . takes the shape of
its three positions for complete the passenger’s body
comfort and minimal back pain. i for a comfy ride.

Next-gen airplane cabins

How airplane seats are being upgraded to be comfier, more spacious and energy efficient

ithlong-haul flights often a necessity =~ reading, watching TV and sleeping. Adjustable equivalents, with the same level of comfortata
W for business and leisure, passenger screens, footrests, neck support and back cheaper rate. If the concept is successful, it will

comfortis becoming more important  support will ensure that every passenger will aimto be a mid-range option between first class
than ever. The AirGo economy seat isan find a comfortable position. and economy, and will likely be trialled for use
award-winning concept that has been created to Adifferent cabin layout has also been ontrainsand luxury cars.

help revolutionise the experience of air travel. proposed in order to make the best use of space.
The recyclable AirGo will provide passengers Inan Airbus A380, for example, the suggested Th erec C'Gb ’e

with more personal space, meaning their four-aisle layout (single seats by the windows A’ [ G O Wi I ’ p rovi d e
movements will not affect others, sorting the and three rows of double seats in between) will I
common issue of reclining seat etiquette. The make the new seats up to 200 per cent more p Ussengers wi th

n
new seat will have three configurations, for space-efficient than their current first class maore p esona ’ S p ace

More upcoming airplane technology

HE00

Wi-Fi Mobile Virtual reality Sleep pods Cabin customisation
Only a handful of commercial entertainment Onboard VR headsets could Described as a ‘personal For ultimate comfort the
planes currently have Devices like AirFi will allow be used to help those with a cocoon’, the Air Lair will Transpose modular cabin
wireless connectivity, but passengers to use their fear of flying take their mind provide passengers with system will allow segments
others are planning to follow handsets to personalise their off the journey, relax and more room to have a sleep on of the plane to be modified
suit in the future. own in-flight entertainment. enjoy the flight. long-haul flights. for different flight lengths.

© ArtAgency/Nick Sellers
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With cities growing faster t

Hyper-connected
traffic lights

Road vehicles carrying
sensors will communicate
wirelessly with roads,
pedestrians, cyclists and
public transport networks
to keep people moving.

Mega-tunnels

aki
T

Road and rail networks run

Rebuilding the
urban skyline

Tomorrow’s city might look
familiar, but technology is
making it greener, cleaner
and smarter than today’s

ow can we make a city ‘smart’?It'sa
H question that keeps a growing number of

researchers, designers and architects
very busy. Usually described as a key part of the
long-promised ‘Internet of Things’, a smart city is
one in which everything is connected, both to
the internet and to each other. No matter what
these devices do, ultimately the motivation
behind employing them in urban areasis
sustainability - to use data and technology to
make our cities greener and cleaner.
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underground, alongside smart utilities 1
(ie water). Solid waste is transformed | =~ 3
. . .. e &
into vehicle fuel and electricity. LL

Take Singapore’s water network. Sensors
embedded throughout the system monitor water
pressure multiple times a second. Any changes
arereported automatically to a central server,
and where a leakis suspected, a team of
engineers is dispatched to repair it. Other
sensors monitor the water’s quality -
temperature, pH and electrical conductivity can
all point to contamination. In an island city with
limited sources of fresh water, a system like this
isabsolutely invaluable.

han ever, what role can
ng them greener?

++ v Delivery for me
i F.J J Unmanned drones could

. parks available to all.

deliver medicines, groceries
and parcels to your home or
a nearby collection spot,

reducing road traffic.

e ™ SR

Cycle city
There are more bicycles
than cars on the roads,
with improved cycle
lanes, and free bike

In London, trafficlights identify areas of
congestion, automatically responding to
minimise delays for both road usersand
pedestrians. Looking further ahead, traffic lights
and vehicles will be able to communicate with
each other, to gather data on road usage, and to
give real-time updates to drivers. On mass
transport too, smart technologies are makinga
difference. Open data is being used to map
public cycle schemes and to better understand
demands on metro systems.

WWW.HOWTITWORK JAILY.COM




DID YOU KNOW? Data can move through optical fibres at about 70% of the speed of light, equivalent to 2o00,000km/s

Smart bins
Solar-powered, internet-
enabled bins schedule their
own waste collections.
Cost for collection reduces
as recycling increases.

=q - F

Leading Iig htS Not all of these technologies are decades away,

-

Newark, US
This indoor farm is growing
different varieties of leafy
greens and herbs. Wavelengths
of light boost crop yield while
using 95 per cent less water
than traditional agriculture.

Berlin, Germany
Berlin is trialling a flexible
film that can harvest solar

energy. This material can be

installed on a building facade,
or attached to the outer
surface of an air dome.

Singapore,
Southeast Asia
Singapore’s water supply is
truly smart. Hundreds of
sensors embedded within its
pipes constantly measure
pressure and identify leaks.

WWW.HOWITWORKSDAILY.CM

Worldwide
Many cities and towns now
have smart bins that compress
waste and alert collectors
when they are full. Powered by
a solar panel, they can also act
as Wi-Fi hot spots.

~  Trees and public areas will
encourage people to walk and
enjoy the outdoors, leading to
less pollution and better levels
of public health.

“Solar-powered,
internet-
enabled bins
schedule their
own waste
collections”

How It Works |0F 9
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In Philadelphia, US, electricity generated by
braking trains is automatically fed back into the
city’s power grid, while in the Netherlands,
waste electricity is being used to charge the
city’s electric buses.

But retrofitting smart technologies onto
existing infrastructure can be challenging.
Imagine that, instead, we simply started from
scratch, and designed and built a city with
sustainability as its top priority. A city powered
by low-carbon sources, which used smart,
connected devices to keep everything moving,
and which offered an improved quality of life for
its residents. This was the ambitious goal of
Masdar City, a purpose-built metropolis on the
edge of Abu Dhabi.

When its initial design was unveiled in 2008,
its developers received plaudits from all over the
world. The plans included a car-free transport
system that relied on driverless pods run on
magnetic tracks, energy harvesting technologies
in every home, and a ‘net zero’ approach to
carbon and waste.

S PEAS

PEPPERS . BRUSSEL", FSPINACH

SPROUTS ™, .

e
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®
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©

CABBAGE

STRAWBERRIES

Real-life beanstalk

“Plans included
0 tronsport it it o, s

gystem re,yin Dn CHERRIES N . ™ surroundaskyscrjaper. '
erless pode” \ A ey

Nutrient-dense

Small drops of this
nutrient-rich solution are
continuously added into the

Growing food

Vertical farms use fewer
resources and less space

- -
N . i tube, where it flows (under WIthout SOII
gravity) across the roots. ) )
| Hydroponic systems nourish plants
’ with a nutrient-rich solution, removing
soil and reducing water consumption
s | {
) Hanging roots
1 Juvenile plants are
l | \ placed into a grow
L | tube, with their roots

dangling into a
solution below.

Closed cycle
The continuous reuse of

nutrient-rich water makes
hydroponics an efficient
method, so it’s a popular
system in vertical farms.

Drain and pump
The remaining solution
drains to a reservoir,
where it’s aerated then
pumped back up to the
grow tube.

’

Indoor farms use specially configured lighting
to help plants grow without sunshine
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DID YOU KNOW? The planet Xandar in the 2014 film Guardians Of The Galaxy was inspired by Singapore’s Gardens by the Bay

- i s

The gal‘den Clty Wildlife w‘;: Global garden

X A . Birds and otters are ““, N The environmentally-controlled
Singapore designed thEI.r Gardens some of the wildlife 2 W glasshouses are home to
by the Bay to be a sustainable that live in the gardens. numerous species of plants. They
showcase for the world Repurposing heat The ecosystem would are designed to collect rainwater,

Waste heat from the generator is collapse without them. while letting some hot air escape.
Air flow used to ventilate the supertrees

and to drive the dehumidifier for

Moist, warm air is expelled
the glasshouses.

from the supertree canopy,
while cooler air flows in. It is
reused in the cooling system. \

Water cycle

This rainwater is used
to irrigate the gardens.
Any unused water is
stored and cleaned
before being released
to a reservoir.

No waste

Green waste from the ; New growth .
gardens either s ?" yv _—— > Seedlings and cuttings

biodegrades to form are cultivated with

fertiliser or is burned rainwater,_and either
to generate electricity replanted in the
used to power the site. ~ gardens or sold.

© Rex/Shutterstock; Illustration by Neo Phoenix; WIKI

Singapore’s
sustainable
city garden

When it opened in 2011, the Gardens by the
Bay in downtown Singapore were a flagship
project; a way for the city to demonstrate its
commitment to growing their ‘Garden City’ in
a sustainable way. By the end of 2015, 20
million people had visited the 101 hectares of
parkland, which includes two of the largest
glasshouses on Earth.

The site’s approach to recycling has become
world famous: it collects rainwater, harvests
sunlight, and uses decaying plant matter both
as a fertiliser and as a source of electricity. The
glasshouses are humidity-controlled partly
using waste heat produced elsewhere, and the
18 iconic ‘supertrees’ house almost 163,000
plants, sourced from dry, semi-arid and
tropical regions all over the world. Although
the Gardens are self-contained, it is hoped that
its approach to conservation and sustainability
will inspire future cities to incorporate cleaner,
greener ideas into their designs.

rainwater collection facilities
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NEGATIVE
ELECTRON

)

The tower cleans
30,000m? per hour

© 9

90 -

Catching pollutants

Air flows through filters on

the outer surface. Their

positive charge attracts G
PM2.5 and PM10 particles.

Buildings within Masdar City are considerably
less energy-hungry than comparable structures
in nearby Abu Dhabi, mainly thanks to their
airtight insulation and clever design. The bulk of
Masdar’s hot water is provided by low-cost solar
heaters, and most structures tap into the Sun'’s
energy for their electricity needs too. But there
were some deviations from the original plan.

First of all, the driverless pods now only
shuttle between two stops, having largely been
superseded by the growth of electric cars. The
population is also much smaller than predicted;
originally planned to house 50,000 residents,
only around 1,000 people live in Masdar.

The economic crisis of 2008 had a significant
impact on the construction schedule, meaning
that to date, less than five per cent of the planned
city has actually been built. And while Masdar
produces much more clean energy than it uses,
its developers have quietly set aside their aim of
becoming the world’s first zero carbon, zero
waste city.

Another purpose-built sustainable city is
Songdo, South Korea. With a current population
of just over 100,000 - just half of what was
predicted - it faces challenges on a much larger
scale. Thankfully, when it comes to the use of
smart technology, Songdo is leading the way.

One flagship project is its pneumatic waste
disposal system. Householders separate their

-+

+

© ®)

POSITIVE ION DU)S'T

PARTICLE
+)

O

HIGH VOLTAGE
POWER SUPPLY

waste as usual, but rather than relying on
fuel-belching removal trucks, the waste is all
managed underground. Sensors in each bin
detect how much waste it contains, and once
full, it’s automatically sucked through a maze of
vacuum pipes to a central processing facility.
There, food waste gets transformed into compost
for the city’s parks, and recyclable waste is
cleaned and processed.

Greywater - water people have washed in - is
recycled in Songdo too, and residents can track
their energy and water consumption via a panel
athome. Cycle paths are plentiful, and sensors
across the city keep residents
informed on everything from
transport delays to air quality.

Despite the demonstrable
benefits that technology like this
has brought to these new urban
regions, it's fair to say that the
jury’s still out on how best to build
a smart city. Projects like Songdo
and Masdar are a head-start on
developing the necessary
infrastructure, but applying it to
established cities is not easy. Even
so, with the way that technology is
rapidly growing, it seems
inevitable that our cities will have
the smarts to succeed.

Stuck together

Once inside the tower, a

large voltage difference
- strips electrons from the

dust particles, leaving
- them positively ionised.

Smog-sucking tower

The Smog Free Tower, from Dutch designer
Daan Roosegaarde, cleans the air by
extracting two pollutants, PM2.5 and PM10

Opposites attract
The ionised particles flow
towards, and attach to, a
negative surface called a
collector electrode.

IONISED DUST
PARTICLE

v
©
4

And breathe out

The now clean air escapes
through vents in the lower part
of the tower, while the PM2.5
and PM10 are trapped.

The nature park in the
heart of Singapore is
dominated by its giant
glasshouses




DID YOU KNOW? Researchers have found that mealworms can safely consume plastic, leaving biodegradable droppings behind

o e Water desalination

“Water, water everywhere, nor any drop to drink,” as the saying
m"."’ goes. Earth is certainly a watery planet, but as NASA images have
shown us, the vast majority (96.5 per cent) of the water available
to us is undrinkable seawater. With pressure on water supplies at
an all-time high, cities in dry areas have resorted to removing salt

humankll’ld haS ltS WOﬂ( Cut from seawater to meet their needs. This process is expensive and

From WaSte tO Water/ : I‘OW uses huge quantities of electricity, but graphene may be able to
. - Oﬂd Oftomor help. This one-atom-thick material could allow water ass
Out to aChleve the eco frlendlyw tl?rgugh w?ﬂli filttc:erintg gut Iartgee sal(;(:oarticlgs, Witlt1emtuocﬁ lower

energy costs than currently achievable.

NASA's iconic ‘blue
marble’ image
highlights just how
much water is

our planet

This seven-metre-
high air purifier has
been travelling
around China since
October 2016

Air pollution
Studies from the World Health Organization show that the majority
of large cities fail to meet minimum air quality guidelines. But
numerous technologies are trying to pull pollutants directly out of
the urban air. Walls, roof tiles and billboards coated in tiny particles
of titanium dioxide can break down the nitrogen dioxides that
impair lung function. A series of towers being trialled in China
collect two types of particulate matter, called PM2.5 and PM10,
which are known to contribute to smog. And in Canada, large walls
of fans extract carbon dioxide from the air.

I, - -

“In 2016 we dumped 4o million
tons of electronic waste”

A mountain
of e-waste

Electronic waste is the name given to the discarded
electronic devices and domestic appliances that
litter landfills across the world - in 2016 we dumped
40 million tons of it. But inside every smartphone
and computer are small quantities of rare-earth
metals. They are difficult to extract from the ground,
so researchers are developing ways to ‘mine’ them
from landfills. Their first success was in extracting

L]
Hous‘ng neodymium from scrapped memory devices, and

their work is ongoing.

demand

Around 80 per cent of Latin America’s
population now live in cities, and
housing developers can't keep up with
demands. But a Bogota-based
: . = architecture firm may have a solution.

i - They are constructing safe, secure

Agelng populatlon houses using building blocks made
from waste plastic. The raw material is

There will soon be more people on the planet aged 65 and over collected from landfill, before being
than there are children under the age of five, and an ageing cleaned and ground into a powder.
population brings challenges for urban planners. Researchers have Then it is melted and extruded to form
developed ‘age suits’ that mimic the physical challenges associated beams, blocks and pillars that lock

©NASA; Thinkstock; Derrick Wamg; WIKI; MIT Age Labs

with ageing, such as sight loss or physical impairment. These are together to form buildings. A two

being used to help design better roads and pavements. And bedroom plastic house can be built in

high-speed internet is being used to develop better links across five days, at a cost of approximately Most e-waste is processed by hand, which exposes
generations in cities. $5,000 (£4,000). workers to numerous environmental hazards
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People were invited to test

Zhangjiajie _geiee
glass bridge '

The engineering behind
the record-breaking
footbridge explained

ocated deep in China’s Zhangjiajie
Mountains, this 430-metre crossing isan
gpls structure. ConneFtlng the sides of the / The bridge is supported by
Zhangjiajie Grand Canyon, it’s the world’s A\ : cement-filled steel girders. Four
highest and longest glass bridge. Hanging 300 Pl / - (@8 towers help prevent it from
metres in the air, traversing the bridge is not for § swaying or becoming unstable.
the faint hearted, but those brave enough are
treated to breathtaking views of the Zhangjiajie et Lo :
National Forest Park. i . ‘s -~ 2
The bridge is constructed from 99 tempered | ¢ L : > A CFDSSIHQ II1
glass panels, and to demonstrate their strength, X% .! ; "; : : the CIO,lldS L
people were invited to smash them with N\ . : . Acro ss the len gfh an& X h}
sledgehammers. The five-centimetre-thick 27N A ; LD ) _ breadth of the awe-
panels withstood the pressure, with only the 2?8 NCT N N vl g inspiring Chinese bridge -
top layer of the three sheets cracking. Tempered ' : Ca¥, : 1
glassisabout four-times stronger than standard : '
glass, and is produced by heat-treating,. First, it
heated to over 600 degrees Celsius, then
‘quenched’ by being blasted with high-pressure
air. This cools the glass’ outer layers more
quickly than the centre, so the centre remains , o4
in tension while the outer surfacesare in y . : i § Durable glass

compression, making the glass very tough. . ' _ #88 "  The tempered glass is
b . i designed so that if it cracks,
it won’t shatter completely.

Buildin
the bridge

The bridge was made with both style and
strength in mind. The 99 glass panels are
triple-layered and positioned within a steel
frame, making the structure sturdy enough for

8,000 people a day to cross. The bridge was f ; p - Strength

originally intended to have glass handrails, but : f ; 3 The transparent deck is just
research found that wind speed would hit the b : - =8 60 centimetres thick but can
rails at 56 metres a second, creating unwanted e RCA 3 _ —* ik hold 800 people at a time.

movement. To minimise vibration, 50 glass balls
weighing 500 kilograms each have been placed
on the bridge, and two water tanks underneath.

Repairs

Each of the 99 panels can be
individually removed and
replaced if they are damaged.

The bridge took 18 months to build and
opened in August 2016
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Chernobyl’s New Safe '

Confinement st'ru_c‘tu‘re '

Discover the engineering marvel

that will protect the world from

history’s biggest nuclear accident

mages of the gutted remains of the Chernobyl

nuclear power plant’s Unit 4 reactor, which

exploded in Soviet-controlled Ukraine during a
systems test, are as chilling now as they were in
1986. History has revealed how deadly the radiation
it leaked was before it was hurriedly covered with a
concrete sarcophagus. Conservative estimates put
the death toll at 16,000 in Europe by 2065 due to the
high doses of radiation inflicted on the population.

Although the original shelter limited the fallout,
it was never a long-term solution - the Chernobyl
site won't be completely safe again for thousands of
years. Recognising this, governments from around
the world agreed in 1997 to design a new shelter to
keep the planet safe from Chernobyl for at least
another century. The result is the New Safe
Confinement (NSC), a huge arch-shaped building
designed to cover the reactor and the sarcophagus.

Built on a site about 250 metres from Unit 4, the
NSCis108 metres tall, 257 metres wide and 162
metres long. The arch is formed by 16 steel trusses
that together weigh around 30,000 tons. Attached to
these are 100-metre girders that support two
remote-controlled cranes, which will dismantle
pieces of the now crumbling sarcophagus.

To contain this lethal soup, the NSC is coated in
layers of cladding capable of withstanding
temperatures from -43 to +45 degrees Celsius and a
Category-3 tornado. The layers are separated by
depressurised spaces to keep radioactive particles
in and stabilise the internal climate.

When the NSC is completed in late 2017 it will
have cost at least £1.3 billion ($1.6 billion), a price
worth paying to protect both us and the planet.

CHERNOBYL TIMELINE

The battle to contain a nuclear disaster

Health hazards

Radiation levels in the immediate vicinity of
the Chernobyl plant’s damaged Unit 4
reactor are still too high for prolonged
exposure. The NSC was therefore built at an
accessible but relatively safe distance away.
As a further precaution, the engineers are
divided into teams that work in short
rotations. State-of-the art safety and
monitoring measures have also been put in
place. These include the construction of
radiation-proof changing rooms, medical
screening centres and decontamination
facilities. Direct exposure to radioactivity
isn’t the only danger workers face though.
The original sarcophagus had to be stabilised
because parts of it were in danger of
collapsing. Its structural integrity is now
constantly monitored along with seismic
activity and levels of radioactivity in the area.

Radiation dose limits for NSC construction
workers are below exposure levels from a
dental X-ray

|

Chernobyl reactor & - Shelter

explodes ' Evacuation of bt Implementation
; the area Original Plan

April 1986 sarcophagus built

During a systems test, 1986 Late 1986 1997

An international coalition
agrees to fund a long-
term replacement for
the reactor’s original
sarcophagus.

Residencies within a
30-kilometre exclusion
zone are deemed
heavily contaminated
and are evacuated.

an explosion in Unit 4
destroys the reactor
hall and exposes the
environment to harmful
radiation.

To control the release of

radioactive substances a
concrete sarcophagus is
built over Unit 4.
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DID YOU KNOW? Scientists estimate that the power plant site will remnain uninhabitable for at least 20,000 years

“The NSC can withstand temperatures
from -43 to +45 degrees Celsius”

Transporting the arch

The amazing mechanics used to move the NSC
into position over the sarcophagus

1. Construction site

The NSC was built on a specially designed construction platform near the reactor.
An area was cleared and covered in thick concrete to minimise radiation leakage
from underground. The platform was then built on this concrete base.

2. Two stages

Because of its massive size, the NSC arch was built in two halves. Construction
on the first half was largely completed before it was moved off the main
construction platform so work could begin on the second half.

3. Perfect seal ‘

Once both arches were completed they were pushed together. The joint was
sealed on the inside and outside layers to make sure no radiation leaked into the
atmosphere once the arch was in place over the old sarcophagus. -

4. On the rails

The construction platform was connected by purpose-built rails to the site of the
reactor. It took three weeks to move the finished arch along these rails until it
covered the site of the explosion. - -

A Y NSC construction
Site preparation begins NSC completion
2008 2012 The arch is moved 2017
Stabilisation of the original Building work commences November 2016 Completion of the NSC

sarcophagus ensures it
won't collapse before
construction begins on
the NSC.

WWW.HOWITWORKSDAILY.COM

on the first half of the NSC  Following its completion
arch. The second half soon in 2015, the arch is
follows, and the two are
then connected.

and commencement
of decontamination
operations are planned
for later this year.

moved over the site of the
devastated Unit 4 reactor.
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DAY IN THE LIFE QF

A wind turbine
technician

Take a trip out to sea with
the teams Who keep Heavy machinery is often
0 ffShore Wln d farms up required to complete a job
and running

he Teesside Wind Farm is the northeast of
I England’s first large-scale offshore wind
farm. 27 turbines generate low-carbon
renewable electricity, powering 40,000 homes
and offsetting 80,000 tons of carbon dioxide.
Each high-tech turbine is serviced by a team of
specialist technicians who perform essential y
maintenance. Jonny Corrigan is a senior I Work at the top
technician and site leader who manages the y & OeRiE ey IR NSl I )
upkeep of the Siemens-built wind turbines. The ¥ {} f,?ae ae :gltr:sf:,f Q}Zﬁ,fcr;’::sd
job hasits fair share of hazards, and it’s up to
Jonnyand his team to keep the farm operational
in the harsh conditions of the North Sea.

TOOLBOX TALK
7am

The working day begins onshore with a
0 site brief. I deliver a talk to make sure

everyone knows what’s in store for the
day ahead. We hear about faults via a SCADA
(Supervisory Control And Data Acquisition)
system that sends us a code of what sort of issue The technicians have a good
it is. We analyse the problem fully before Graspiof e"*“”:;“;‘*gr:;:iz
setting off so we know what tools and A
equipment we need.

FINAL CHECKS
7:30am

The teams are organised and we get
o ready to go offshore. Before we venture

out to sea, we need to check the
weather forecast, as heavy winds and lightning
can affect an operation. It is also likely that we
will need lifting equipment, as many of the
components that we repair and replace are

incredibly heavy. The larger equipment is lifted
using cranes.

OUT TO SEA

8am
Once our marine controller gets the
go-ahead from the River Tees estuary

coastguard, we're ready to go. We

Each turbine can produce an
average of 2.3 megawatts of
power of wind energy
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Hub

The Teesside turbines have a
hub height of 80 metres and a
rotor diameter of 93 metres.

Heavy equipment
Many of the internal
components require heavy
machinery to move them.

alotio o e bl s “Today, it turns
o out the faultis
with a switchgear

WWW.HOWITWORKSDAILY.COM

DAY IN THE
LIFE OF

access the wind farm in a Windcat workboat,
whichisatype of CTV (Crew Transfer Vessel).
It'simportant not to forget any equipment or
tools that we may need, as it’s a half-hour
journey to the farm.

ON THE FARM
8.30am

On arrival we transport all our
0 equipment out of the boat and onto the
turbine. We then contact the client to
make sure that it’s safe to access, and also
whether the turbine already has any
outstanding work or upgrades. Using specialist
software, we plug our laptops into the computer

systems and investigate further what sort of
faultitis.

ANALYSING THE FAULT
10am

Today, it turns out the faultiswith a
9 switchgear. Every turbine has one and

itisn't normally meant to be replaced.
It's a huge piece of electrical equipment that
weighs 700 kilograms. As it’s such a rare fault

there’s no set procedure, so we have to take
time to plan how to approach the work.

UP TO THE TOP

1lam
The majority of the wind turbine is
0 basically empty. We can access the top
using ladders or a man-riding lift. The
main equipment, including the generator, is
here. A team can be made up of as little as two
people, but we usually have three-person

teams. Luckily, this fault doesn’t require us to
shut down the turbine.

HEAVY LIFTING
1pm

The switchgear has a cracked
a baseplate. Due to its weight we use a
tackle rail and a moveable platform to
shift it out of the turbine. It's so heavy that we
need to use specialist lifting accessories to get
the switchgear onto the vessel and back to

shore. We’'ll need to commission a replacement
switchgear as soon as possible.

HEADING BACK TO SHORE
5pm

On large tasks like this the work can
“ take all day. This is a major repairand a

replacement won't arrive for three
days. We return to dry land at the end of the day
to unload the vessel. We need to make sure all

the relevant paperwork is done, which will take
us through to about 6.30pm.

iemens AG

©Si
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Speaker and
microphone

Walkie-talkies

What are the advantages of a two-way

radio over a mobile phone?

till widely used by emergency services

and militaries, among others, walkie-

talkies are handheld devices that can
send and receive radio waves. Unlike mobile
phones, which require both caller and receiver
to beinrange of a cell tower, walkie-talkies
communicate over a shared radio wave
frequency. Aslong as the two devices are within
range of each other - up to 60 kilometres for
some models - they can communicate.

In most devices, the loudspeaker doubles up
asthe microphone, so users can't talk and listen
atthe same time. Because the communication
frequency can be shared between multiple
devices, only one person on that frequency can
speak at once, which is useful for groups
receiving orders, such as soldiers.

Walkie-talkies are useful in many industries, from
construction to event organising

Bubble
wra

How this packaging film is
made, and why some
bubbles no longer pop

ubble wrap is a flexible and lightweight

packaging film used to protect objects

during transit. But despite its main
purpose, many of us value it more as a method
of stress relief, for the strangely therapeuticact
of popping the bubbles.

The packaging is made from polyethylene
resin, which is melted at approximately 18o
degrees Celsius and squeezed out of an extruder
in two stacked sheets. One of the sheets is
wrapped over a large drum covered in holes,
and suction is applied to draw the plasticinto
the holes, forming the bubbles. The second layer
of film is then joined to the first, trapping air
inside the bubbles.

070 | How It Works

Some models have separate
microphones and speakers, but
in most, this function is shared.

Inside a two-
way radio

What tech enables
direct communication
between devices that
are kilometres apart?

Amplifier
This component
increases (@amplifies)
the signals received,
boosting the volume.

PTT button
The ‘push-to-talk’ (PTT) button is held
when the user is speaking, transmitting
their message to all those on the same
frequency band, or channel.

Antenna
The walkie-talkie’s
antenna sends and
receives the radio waves.

Circuit board

Outgoing messages are
changed into radio waves,
and incoming into sound.

On/off switch

This completes (on) or breaks
(off) the circuit that allows the
battery to power the device.

All bubble, no pop

Sealed Air Corp’s new production method makes bubble wrap
more space efficient, at the expense of the characteristic ‘pop’

Old shape

Regular bubble wrap is
arranged as individual sealed
bubbles, which break and
New shape pop when pressed.
iBubble Wrap is arranged in .

columns, so pressing one

bubble pushes air into the =
neighbouring pockets. 47 TRUCKLOADS OF OLD

1 TRUCKLOAD OF iBUBBLE

Space efficient

The old style of bubble wrap
is suprisingly bulky, while
the new version is shipped
in flat sheets and inflated at
its destination warehouse.

Not airtight

Polyethylene is not completely
airtight. Over time the bubbles
deflate as air slowly escapes.

WWW.HOWITWORKSDAILY.COM
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DID YOU KNOW? Between 1992 and 2002 there were 31 deaths and an estimated 2,042 injuries involving wood chippers in the US

Wood
chippers

How these powerful
shredders chop tree
trunks into tiny chunks

arden waste can usually be put to good

use on a compost heap, but dealing with

big branches and hefty tree stumpsis
not so straightforward. Wood chippers are used
toreduce large, heavy tree remains into more
manageable chunks.

Chippers typically contain a hopper, an
impeller and a discharge chute. The hopperisa
wide chute that the branches or tree stumps are
placedin, leading down to the impeller. The
impeller is a strong disc, usually steel, which has
ablade (known as a chipper knife) builtin, and
cuts through wood by spinning very quickly.

In some models, the chipper knife can be
angled in such a way that it effectively pulls the
incoming wood down the chute towards the
blades, which slice it into little chips. The wood
chips are then directed out through the
discharge chute by metal fins on the back of the
impeller, helped along by airflow through vents
in the body of the chipper. The chips can then be
repurposed around the garden to create paths,
cover flowerbeds, or used to make mulch.

Mostwood chippers are powered by gas
engines, which power a crankshaft that is
attached to a clutch. To make sure the blades can
cut effectively, the clutch will only connect to the
drive belt, which turns the impeller, when the
engine reachesa certain speed. If the impeller
started spinning straight away, the blades would
struggle to cut through the tough wood.

Self-feeding systems

LS

Wood clhip

ﬁake big,
lumbersomeé

AL
branches eagier

K to deal with

Hopper

The hopper is where the
wood is added. Many
models have vertical
chutes so gravity helps
force the branches down
towards the impeller.

Inside a
chipper

How do these garden
gadgets make short
work of bulky
branches?

Impeller

This tough steel disc is
powered by the engine and
rotates at great speed. The
in-built chipper knife slices the
wood as the impeller spins.

Some wood chipper models are designed to pull branches in by themselves

Easy use

The hopper is vertical, so gravity helps initially direct
the branches to the chipping chamber. There’s no need
for any risky force-feeding from the user.

WWW.HOWITWORKSDAILY.COM

Angled blades
The impeller’s chipper knife can be angled in such a
way that it effectively grabs the incoming wood and
pulls it in to the chamber.

Drive belt and clutch
The clutch will only engage
the drive belt to make the
impeller turn when the
engine is running fast
enough for the blades to
slice wood effectively.

Discharge chute
The chips are expelled
through this chute with the
help of airflow and fins on

the back of the impeller.

Engine

Wood chippers typically use
gas engines, although some
models are electric. The engine
turns a crankshaft that is
connected to the clutch.

Airflow

As air flows in through the vents and out of the
discharge chute, it creates a relative vacuum in the
chipping chamber to help suck subsequent branches in.

How It Works | 071
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How the inventions, discoveries and culture
of this great civilisation changed the world

ncient Greece was pivotal for the
A development of Western culture and

society. As Europe moved into the Iron
Age, Greece was a leading light in the progression
of ancient civilisation. Athens is often credited as
the key player in this advancement, but other
Greek states like Corinth, Thebes, and even the
warlike Sparta, also contributed. Ancient Greece
improved almost every facet of the economy,
society, military and politics. The Greek phalanx
was one of the most feared military formations in
the ancient world; Greek theatres held the best
plays, and athletes competed at the pinnacle of
ancient sport: the Olympics.

Greekarchitects designed some of the finest

ancient structures, and philosophers questioned

Major events
in ancient
Greek culture

First human
settlement

072 | How It Works
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The first Neolithic activity in
Greece, including evidence
of early agriculture.

the world in new ways. Homer’s works The Iliad
and Odyssey were unmatched in their time.
Unlike civilisations before it, it's believed many
educated people in ancient Greece were literate.
Hundreds of words in the English language have
their origins in the ancient Greek language such
as ‘encyclopaedia’, ‘telephone’ and ‘microscope’.
The word ‘democracy’ isanother, and it comes
from the Greek ‘demokratia’, which means
‘power to the people”.

Greek city-states were ruled by kings for the
majority of the civilisation’s history, but for a brief
period around the 5th century BCE, Athenswas a
democracy. It wasn't the same system as we know
it today (women and slaves weren't allowed to
vote), but this incredibly important development

Minoan civilisation
on Crete

The Minoan civilisation
blooms under a system with
no hierarchical structure.

[

Mycenaean era
Greece is now in the
Bronze Age and the
Mycenaean culture
develops the Greek language.

has shaped world politics ever since, and anyone
who canvote today owes it to the Greeks.

The divisions of the city-states curtailed
scientificadvancement as regions often fought
among themselves. Finally unified under
Alexander the Great in 336 BCE, Greek trade
boomed and its culture spread throughout the
Mediterranean, Asia Minor and North Africa. The
Romans may have conquered Greece, but they
were so impressed by its culture and technology,
they copied Greek mythology, engineering,
architecture and military tactics. The influence of
ancient Greece is so important to the Western
world that if it had been destroyed during their
many conflicts with Persia, European civilisation
could have turned out very differently.

First pottery
Made in a classical

geometric style, the
first pottery unique to
Greek culture is made.

WWW.HOWITWORKSDAILY.COM
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DID YOU KNOW? Plato was a talented wrestler and his name, which means ‘broad shoulders’, was given to him by his coach

C1g= Ek City-StateS Delphi Corinth

mo powerful and influential Delphi had some of the Known for its high
te ie in Greece’s classical era most important temples © g, 5jity pottery, Corinth
in all of Greece. It is said

was a major trading and
educational centre in
ancient Greece. The
city-state had its own
currency and was home
to a major type of \
classical Greek

architecture.
Thebes
The most powerful city-state before the
O rise of Athens and Sparta. Thebes
enjoyed a heightened period of power
TH EBES after siding with Sparta against Athens.
In Greek mythology it was the birthplace
of Hercules.
oV,

N
Athens -

One of the most powerful and
wealthy city-states, Athens had a
« strong navy and the first democracy.
It had a long-standing rivalry with
- Sparta that eventually resulted in war.

to have been home to
the oracle Pythia, and
Greeks would travel to
seek her wisdom. |

0

Olympia

The location of the
first Olympic Games
was a sacred sitein |
ancient Greece.
Olympia also held the
Heraia Games for
women, and had
many temples
dedicated to the
worship of the gods.

TN

DELPHI

=P

SPARTA y
&

r—-

J

Sparta

The warlike city-state had a powerful
army and helped protect Greece against
the Persians. Every male citizen was a
warrior, taught from age seven, to form a
professional and widely-feared army.

Macedonian unification of Greece }

The Peloponnesian Wars (431-404 BCE) tore Greece apart, with the hegemony of Athens

broken by Sparta and its allies. Greece remained divided, with a series of uneasy alliances

leaving it weak and open for invasion. Around this time the power of Macedonia was

growing and King Philip Il of Macedon took advantage of a weakened Greece. His army

defeated a strong alliance of Athenian and Theban soldiers at the decisive Battle of

Chaeronea in 338 BCE. Sparta did not join in the battle but would also later be defeated.

Philip was now the undisputed ruler of Greece, and although he was later assassinated,

this brought his son Alexander lll to the throne. A born leader, Alexander the Great unified

Greece under his rule and made it his intention to bring the Persian Achaemenid Empire

to its knees. Alexander went on to lead one of the most powerful empires in the ancient  Philip and Alexander’s rule united Greece and
world, which stretched from Greece in the west to India in the east. established it as a major military power

PERIOD

; [llustration

Works of Olympic Games held Greek alphabet Birth of musical study

Homer The first Olympics take place Created from a Sparta and Argos hold the first z;ﬁ
The ‘blind bard’ as a festival dedicated to Zeus. Phoenician script, organised studies of musical ﬁ%
writes the poems The event is held every four evidence of the first theory and the first documented Eé
The lliad and Odyssey. years for centuries. Greek alphabet is found. musical competitions. oF
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The Acropolis rises
150 metres above
Athens and is
around six
hectares in size

The Acropolis

Athens’ defining citadel became an enduring
symbol of ancient Greek architecture

“The area

Many major Greek cities were dominated by an
Acropolis at their centre. Meaning ‘high city’, it
was a well-defended hill that citizens would
retreat to when the city was under attack. The
city-states of Thebes and Corinth both had an
Acropolis, but by far the most famous of these
citadels stood in the centre of Athens. The
original structures were improved after victory
at the Battle of Marathon in 490 BCE, but were
destroyed by Xerxes’ Persian troops when they
sacked Athens ten years later.

After the Persian defeat at Salamis, the city
used its wealth to restore splendour to the
Acropolis. Vast building projects got underway
and the area became a huge centre of worship for
the goddess Athena, the patron deity of Athens.

The grandest temple of all was the Parthenon,
which was constructed between 447 and 432
BCE. It housed a magnificent ivory statue of
Athena and was the store of the city’s gold

Monumental gateway
Known as a Propylaia, this was
a decorative entrance to the

complex. Its columns and roofs
made it an imposing structure.

Acropolis
entranceway
The main entrance to
the Acropolis was a
wide stone staircase
that led to the

monumental gateway. j
"; - Iy

621 BCE Lo {CLAGSICAL

Advancements

in pottery

Black figure pottery becomes
popular in Greece, but is later
superseded by red figure pottery.

074 | How It Works

Draco’s code of law
Devised by an Athenian
aristocrat, these became
the city’s first written law
codes and legal system.

reserves. The area became a place of worship
and culture rather than just defence, with the
temples of Athena Nike, Erechtheion and
Propylaia also built in a 50-year period. With the
help of modern restoration efforts, the
Parthenon stands above the city to this day.

The Acropolis
of Athens

How grand building
programmes in the 5th century
BCE turned the Acropolis into a
sprawling citadel

became a
huge centre
of worship for
the goddess
Athena”

Athena Nike

Inside the temple was a
wooden statue of Athena.
She held a helmet and a
pomegranate tree to
symbolise war and peace.

Erechtheion

This most sacred temple in
Athens was in Greek
mythology - the site where
Athena and Poseidon
disagreed on who would
have control of the city.

Natural entrance
The Propylaia was
constructed around the
natural entrance to the
Acropolis and citizens
ascended via a ramp
and marble steps.

CL
IPERIOD

First coins
Athens now uses a
currency as trade
and industry begin
to develop.

Birth of democracy

‘The father of Athenian Democracy’,
Cleisthenes introduces a new
political system as the public
become involved in politics.
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DID YOU KNOW? The ancient Greeks invented the first type of vending machine. It was coin-operated and dispensed holy water

The Parthenon

The popular Athenian general and statesman Pericles was the driving force behind the Under Pericles’

reconstruction of the Acropolis after it was destroyed by the Persians. leadership the
Pericles wanted the citadel to be larger and grander than ever before. The project was an city entered a

expensive venture and Pericles skilfully used tributes paid to the city to fund it. Many of the finest golden age of

architects and sculptors of the ancient world, along with hundreds of labourers, contributed. prosperity
Pericles is remembered as a hero of Athens and shortly after his death from the plague, the city

lost the Peloponnesian Wars against Sparta and entered a period of cultural darkness.

Sanctuary of Zeus Polieus
An open-air sanctuary with a small
barn nearby, oxen were sacrificed to
Zeus here once a year in the annual
ritual of Bouphonia.

e seoraage . \ N : - e 2= ———\ Theatre capacity
Sl . R e RS, 17,000 spectators could cram
into the theatre’s tiers of stone
seats to enjoy some of the most
famous ancient Greek plays.

-

Parthenon 1 .

The grand centrepiece ' Theatre of Dionysus
of the Acropolis was Dedicated to the patron god
built without concrete of drama and wine, it was one
and was held together of the oldest Greek theatres.
with iron clamps.

The Panatheniac Games

The most important of all the Athenian festivals was the

Panathenaea. A rival to the Olympic Games, it was celebrated

every four years and held all over the city for around a week

between July and August. The Games were based around

three types of contests: musical, gymnastic and equestrian,

and included hoplite races in full armour and pankration (a

brutal mix of wrestling and boxing). The event was organised

by ten administrators called the Athlothetai, and men, women

and children all competed in the events, from professional

athletes to freed slaves. The winners were mostly presented

with valuable prize amphoras, which they often sold for coin.

Champions gained so much money that they could make a The Games held a pentathlon including
career out of participating in these festivals. running, javelin, discus and long jump

g 68 2 ) A7 B

Mining precious metals Development of ’ x Building the Parthenon |l Atomic theory of matter
Athens establishes silver mines, the theatre Construction begins on the . Philosopher Democritus

which allow Themistocles to Tragedian Sophocles writes - 5 Parthenon, a temple dedicated to hypothesises the existence of
create a fleet to defeat the plays for theatre, which become Athena, the goddess of wisdom atoms and different types
Persians at Salamis. immensely popular. and war. of matter.

© Solgo; WIKT; Thinkstock; DK

WWW.HOWITWORKSDAILY.COM How It Works | 075



M HISTORY

Innovations and inventions

The ancient Greeks devised many clever mechanisms and systems that are still used today

From the Olympics to democracy, Greek
civilisation had a huge impact on the West. The
Babylonians may have created the first maps,
but it was the Greeks who pioneered the study of
cartography. Philosopher Anaximander drew up
the first world map, which was divided into two
sections: Europe and Asia. The Greeks also
revolutionised the field of geometry with
Pythagoras’ theorem and the refined value of pi.

Before the Greeks, ancient civilisations
blamed disease on the wrath of gods. While the
Greeks still believed in divine retribution,
physicians like Hippocrates observed patients
suffering with conditions and recorded signs
and symptoms. This helped to advance surgery,
anatomy and public health. There was also
progress in the knowledge of the natural world,
with the differences in plants documented for
the first time. Greek thinking also resulted in
inventions like the buckle, metal anchors and
the crane.

City-states like Athens were built to a set plan.
Surveyors devised streets and squares with
enough room for theatres, markets and temples.
This is one of the first recorded instances of

Other Greek
inventions

Inventions we still use today, from the
shower to the alarm clock

7N\

Water mill
The water mill ground
grain to produce rice,

flour, lentils and
cereals, important for
feeding the population.

Alarm clock
They worked by using a
dial to indicate the
time, which would
sound with the drop of
pebbles onto drums.

Odometer
This mechanical
instrument measured
distance and was used
by the Romans to help
build their roads.

-

Shower
The Greeks were the
first to use piped water
to shower themselves.
The showers were fed
by a plumbing system.

[T350 BCE |

urban planning, and provided cities with space
and facilities. Multiple urban areas were based
around the Hippodamian Plan: a cityina
rectangular grid - helpful for navigating and
organising the streets for both economicand
defensive reasons.

Perhaps the most obvious relic of ancient
Greece today is itsarchitecture. Ionicand Doric
columns are still used on many neoclassical
buildings around the world, such as the US
Capitol building and the Arc de Triomphe.

Even after the fall of ancient Greece, its
legacy lived on. The Roman Empire was
inspired by Greek mythology and built upon
many Greek ideas of geometry, astronomy
and culture.

The
Archimedes’
screw

The physics of Archimedes’
screw, an ingenious Greek
invention for raising up
water or grain

Turning the chamber

A hand crank turns the spiral
chamber, which scoops up the
water or grain to carry it upwards.

Specialised shape |
A helix turns inside a
hollow wooden cylinder
and the rotation creates
upward momentum.

Uses
Archimedes designed
the screw to help with
irrigation and to remove
water from Greek ships.

RGO

Incline
The screw’s plane
is angled at about
45 degrees and is
much easier than
using buckets.

Modern uses
Today, the system is
used in water treatment
plants to pump sewage,
and to reclaim land
below sea level.

No spillage
The shape of the
continuous screw holds
the water, not allowing
it to trickle back down.

380 B {c322 ——1
The Athens Academy
Plato opens the first Western
higher learning centre to
educate students on
mathematics and science.
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Invention of the catapult
An early stone-throwing siege
machine is invented in 4th century
BCE, and becomes a commonplace
weapon in large scale conflict.

Alexander the Great
The Macedonian king Alexander
spreads Greek language and
culture through Asia via an
expansive and formidable empire.

Aristotle’s lyceum
Alexander’s tutor founds a
school to rival Plato’s that
lectures students on
physics and biology.
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DID YOU KNOW? The first Olympics in 776 BCE only had one event, the 200 metres. It was won by a baker called Coroebus
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Great Greek minds R4t

Meet some of the most prominent thinkersin did for us

The legacy of
HIPPOCRATES

all of ancient Greece reles o
Hippocrates was one of the

the 21st century
first to observe the effect

Socrates was a renowned
philosopher, and Socratic
diseases had on the body.
He separated medicine

teaching concentrated on

asking questions, fostering

from religion, and by debate and forming ideas
recording what he saw -

whether it was a pale face

-
through conversation. The OIymplcs
or dry skin - he helped

Socratic method is still .
used by educators today to Dedlca.ted to Zeus, the
Olympic Games first
develop methods to prevent
and cure diseases.

ir students
encourage their stu took place in 776 BCE

== Hippocratic oath @

This sacred oath was written by Hippocrates and promises
that a doctor will do everythlng they can to help their patient.

PEER Philosophy
JURY @ e

The so-called father
of logic wrote over
150 works and spoke
on the topics of
philosophy and
biology like no other.
He believed that
existence was based
on achieving
personal happiness.

develop new scientific
The justice system and the methods of thought.
concept of a trial were

advanced in Athens.

e2e@e I Theatl‘

g Both dramas and .:,,\

: comedies were q
. performed in front ("
¢ of audiences.

Known as the father of
numbers, Pythagoras S
is world-renowned for

his eponymous
theorem for deducing

the length of the third A% @%
side of a triangle. Many
works were published
in his name by his T T
loyal followers. E AR H H EO RY
Pythagoras was the first

person to propose that the
Earth was a sphere after
- . observing our round Moon.

For a time, male

Athenian (;itizens Language

had equal political

A leading mathematician,
Euclid wrote 13 books
known as The Elements,
which collected 300 years
worth of ancient ideas on
geometry. Euclid made
these earlier works
accessible to many and it
has become incredibly
influential in teaching.

The teacher of
Aristotle was a
student of Socrates
who spread his
mentor’s teachings.
He lends his name to
the idea of Platonic
love and founded the
first higher learning
institute in the West.

rights and freedom i The ancient Greek writing

of speech. VOTE : system inspired the Latin
: alphabet and is still in use.

“City-states like Athens
were built to a set plan”

c.300 BCE

Mathematical advancements
Mathematician Euclid writes

Archimedes’ screw
The great Greek polymath

Syracuse theatre Roman Greece

A popular Greek theatre is The Romans invade Greece.

The Elements, an influential collection of Archimedes conceives the expanded significantly into  Impressed by Greek architecture,
13 textbooks on geometry, which included Archimedes’ screw, just one one of the largest known in  cities become tourist attractions
work on Pythagorean theorem. of his many inventions. the ancient world. and many customs are copied.

© Thinkstock; WIKI
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Ballroom floors

How sprung underlays dampen impacts
and absorb the shocks of dancing feet

oth the surface and the underlay of Anumber of different floors can be fitted,
B sprung dance hall floors are specially from wooden to vinyl, depending on the dance

designed to prevent injuryand withstand  style. For example, floors for tap dancing are
dancing shoes. Metal coils were originallyused,  typically more durable, to cope with shoe scuffs.
but these were found to be too bouncy for ballet The Blackpool Tower Ballroom in the UK
and contemporary artistic dance, so they were contains one of the most famous sprung floors
replaced with rubber pads and wooden panels. in the world. Opened in 1894, the 1,137-square- -

K The Blackpool Tower Ballroom originally

These act as a spring to the top layer, and as the metre floor - made of 30,602 blocks of mahogany, opened in 1894, but required restoration to
floor absorbs more of the shock, less pressure is oak and walnut - continues to host dance its former splendour following a fire in 1956
put on a dancer’s body after a jump. tournaments to this day.

Surface

The slip-resistant
hardwood is
made from two
layers of beech,
oak or maple.

Wooden
underlay

The plywood battens
are triple-layered in
right angles for added
strength and elasticity.

Shock absorption

WOOden - : The wooden or foam

. blocks help absorb shocks

s ru ng N and increase energy

return for the dancers.

Eovgvg!;?dance K‘: \_ ‘1!
. -

floors help put a spring
in dancers’ steps

-

nesting dolls ' W2, 1o

-

The little-known origins of the o ol IF _ /
now universally recognised the sete ,
. . . . cantain ree \

and iconic wooden figurines t012 dolls |

ussian nesting dolls have been a part of outer shell. It inspired local craftsmen Sergey ;g

Russian culture since the late 19th Malyutin and Vasiliy Zvyozdochkin to take the only solid member, and the carver will ensure &

century. They are also called matryoshka  ideaand develop it into a design that is now that the other hollow shells all fit neatly inside g
—aname with strong ties to a motherly figure in known around the world. one another. g
Russia -and the idea first came from an 1896 The dolls are commonly made of one piece of Matryoshka dolls often depict a Russian 3
exhibition in Moscow. One of the toys on show lime wood and decorated with tempera or oil woman in traditional dress, and symbolise the %
was a wooden Japanese doll based on paints. They are carved from a cylindrical idea of family and motherhood in Russia. They 3
Fukuruma, which held many layers of wooden piece, using a turning lathe and arestill a popular child playthingaswellasan &
miniature versions of the figure inside a larger woodcarving knives. The smallest doll is the enduring symbol of Russian culture and art. 3
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Buttresses

| |
These structural supports
were added by both
Byzantine and Ottoman

architects to help hold up
the domed roof.

Explore the innovative design and rich history of Turkey’s domed wonder

nce a cathedral, then a mosque, and professor of geometry and mechanics, to lead president came into power. He ordered for the
now a museum, the Hagia Sophiaisan the project, and although neither had much Hagia Sophia to be turned into a museum, and
architectural jewel that has stood for architectural experience, they managed to in1935 it opened its doors to the general public,

1,400 years. Its construction began in the 6th design a domed structure that was incredibly allowing them to explore one of the greatest

century CE, when Istanbul was known as innovative for its time. Less than six years later, surviving examples of Byzantine architecture

Constantinople, the capital city of the Roman construction of the world’s largest cathedralwas ~ for themselves.

Byzantine Empire. complete, a title it retained until the Seville

Its site had previously been home to the Cathedral surpassed it 1,000 years later. Beneath

Magna Ecclesia, meaning ‘Great Church’ in By the time the Byzantine Empire ended in

Latin, which was burned down duringriots in 1453, the Hagia Sophia had fallen into disrepair, the dome

404 CE, and then another church, which was but when Mehmed II, the Sultan of the new An innovative design

destroyed during the Nika Revoltin 532 CE. At Ottoman Empire, saw it he was greatly shaped by the Byzantine

and Ottoman Empires

that time, Emperor Justinian I was the ruler of impressed. He decided to turn it into the grand
the empire, and once the revolt against him had mosque of the sultans, and so a library, a

been suppressed, he ordered a grand new fountain, a kitchen to feed the poor, and towers,
cathedral to be built. He commissioned called minarets, at each corner were later built.
Anthemius of Tralles, a mathematician and Almost 500 years later, the building’s purpose

physicist, and Elder Isidore of Miletus, a changed yet again when the first Turkish

- Half-domes
A darlng dome Either side of the central
& B2 dome, two half-domes
The innovative domed roof of the - g provide additional
Hagia Sophia caused problems : structural support.
during the building’s construction,
as the walls struggled to support  *#
its enormous weight. The
solution was to distribute the
weight downwards by placing it
on four columns, which worked
brilliantly until an earthquake
struck in 558 CE. The original
dome collapsed completely and so a
new one had to be built, this time
with curved triangular segments called
pendentives placed between the
supporting columns. The new design provided
an incredibly sturdy base for the dome, which
still stands to this day, and it has been copied
by countless architects ever since.

nnnnnonuunni

]

Fountain
Added in 1740 by
Sultan Mahmud |, this
fountain is one of the
largest in Istanbul.

poe(yea(j0e 780700

oofooloolon
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Imperial entrance
Emperors would enter

€) central dome @) Buttress through their own door,

which provided the best
© Half-domes ; © Baptistery first impression of the
e Aisle &f‘_\. > o Atrium building’s interior.
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DID YOU KNOW? The Hagia Sophia inspired the design of several mosques, including the Blue Mosque in Istanbul

Dome

The dome is made of
bricks and mortar,
and measures 32
metres in diameter
and sits 56 metres
above the ground.

Entrance
Members of the public
would enter through a
side door and remain
on the ground floor.

WWW.HOWITWORKSDAILY.COM

~ "The domed structure was
incredibly innovative for its time”

Windows

40 arched windows around
the base of the dome let in
sunlight from all angles.

Pendentives

These curved triangular
segments join the dome’s
four supporting columns,
providing a sturdy base.

Apse

The cathedral’s alter was
replaced with a mihrab
pointing towards Mecca
when it became a mosque.

The two floors allowed
', visitors to be segregated by
- social class, with the upper
gallery reserved for the
emperor and his attendants.

Masterful mosaics

During its years as a Roman cathedral, the
Hagia Sophia was decorated with ornate
mosaics depicting emperors and religious
figures, but not all of them can still be seen
today. In 726 CE, Emperor Leo of Isaurian
ordered religious mosaics to be destroyed,
fearing the people would worship the images.
His successors soon added more, but some
were shipped to Venice in 1204, and the rest
were covered with plaster and paint when the
building became a mosque. However, since
1931, many of these works of art have been
recovered and restored to their former glory.

The name

Hagia Sophia The mosaic located above the imperial entrance
is Greek for dates back to the 9th or 10th century

‘holy wisdom’

How It Works | 081
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ﬂ!!" HISTORY
Windmills

Find out how these towers have helped

harness wind power throughout history
tisthought that the windmill was =
I invented around 1,500 yearsago. I ns I de a thatChed
Historians are still unsure exactly smock m l I I
where the first one was constructed, but  yow a windmill uses wind
itisbelieved thatitwaseitherinancient  power to mill grain
China or ancient Persia. 1. Revolving cap
The first windmill mechanisms used The cap of the mill rotates to face
millstones powered by sailsthatrotated ~ Whichever way the wind is
. . blowing, increasing rotation speed.
adrive shaft to pump water or mill
cereal. They became an integral part of 2. Sails

ancient agriculture and were also used The lattice sails move anti-

insawmillsand to help with irrigation clockwise, turning the mechanism
inside in a clockwise direction.

and drainage.

The firstwindmills turned on a 3. Brake wheel
vertical axis. Later versions revolved The sails catch the wind and

N ; Sl e ersions revolve turn the horizontal wind shaft,
horizontally, which was found to bea which in turn revolves the largest
more efficient process. Tail fans were cog, the drive gear.
also added to later modelsto 4. Dual
automatically move the sailsin the millstones
direction the wind was blowing. The movement of the
' ; drive gear turns a

To remedy variable wind speeds, vertical shaft that
modernwindmills utilise overspeed powers a millstone.
controls to turn the mechanism away 5. Feeding 4
from the wind ifthe gusts are too the grain

‘/
powerful for the sails to handle. Before The grain is fed into \

. . . i . the two millstones
the invention of windmills, grounding by a hopper. One

corn, pumping water and cutting millstone is still while

lumber was done by hand. Windmills the other rotates.

sped up and increased the efficiency of 6. Grain to flour

the process significantly, having a The bottom floor is called the meal floor and is

.. , where the flour, barley or oats are collected.
dramaticimpact on the world’s v

agriculture and economy.

Why did windmills
fall out of use? -

The use of windmills has declined in the
modern world. This is primarily down to
the introduction of steam power in the
Industrial Revolution. This reduction only
became even greater than before when
electricity came into common use.
Today, windmills are mainly listed as
heritage sites or have fallen into
disrepair. Rather than grinding grain,
today’s windmills take the form of wind
turbines and are one of the world’s
leading renewable energy sources.
Moreover, simple wind pumps have been
around since ancient times and are still
commonly used both for draining il
wetlands and obtaining groundwater in These unique buildings have been
areas short on drinking water. replaced by’ modern technologies

© Illustration by Rebekka Hearl; Thinkstock
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MEET THE
EXPERTS

Who's answering your
questions this month?

Laura Mears

Laura studied
biomedical science
atKing's College
Londonand hasa
master’s from
Cambridge. She
escaped thelab to pursue a career
in science communication and also
develops educational video games.

Alexandra Cheung

Having earned

degrees from the

University of

Nottingham and

Imperial College

London, Alex has
worked at many prestigious
institutions, including CERN,
London’s Science Museum and the
Institute of Physics.

Tom is a historian of
science at the British
Library where he
works on oral history
projects. He recently
published his first
book, Electronic Dreams: How
1980s Britain Learned To Love The
Home Computer.

3 Shanna describes
herself as somebody
who knows a little
bit about a lot of
different things.
That’s what comes
of writing about

everything from space travel to
how cheese is made. She finds
that her job comes in very handy
for taking part in quizzes!

Having been a writer
and editor fora
number of years,
How It Works
‘?‘ alumnus Jo has

) picked up plenty of
fascinating facts.
She is particularly interested in
natural world wonders,
innovations in technology and
adorable animals.

084 | How It Works

“DUMP

= o . g
Because enquiring minds
need to know...

Y e

in space?

Paddy Whimslow

B Large square and cubic objects don’t occur naturally
in space as the effect of gravity tends to squeeze objects
into spherical shapes. A planet forms by picking up
surrounding dust, gasand debris - a process known as
accretion. Gravity pulls this matter together towards
the centre of the planet, and the most effective way for

the matter to accommodate this pull is to form a sphere.

Likewise, the strong gravitational pull created by a

Why do some breakfast
cereals pop?

Jordan Fairclough

B The crackling you hear when you pour milk on
certain cereals, including crispy rice, is the sound
of the tiny walls that give them structure
snapping. Puffed cereals are made by heating
rice, wheat or corn to high temperatures, making
moisture inside the grain expand to form little
bubbles. Meanwhile, the heat causes the starches
around these bubbles to form strong bonds. The
result is a network of little pockets of air sealed off
by very thin, brittle (and therefore crunchy)
walls. As the cereal absorbs milk, this puts the air
trapped in these cavities under pressure, causing
the walls to eventually cave with a ‘pop’. AC

Why arethre' no square objects

Want answers?

Send your questions to...
o How It Works magazine O @HowltWorksmag

@ howitworks@futurenet.com

From asteroids to planets, space objects
tend to be roughly spherical

A

star’s dense core moulds the gas on its outer surface
into a sphere. Angular objects do exist in space, such as
broken fragments of rock resulting from collisions, but
these would be unlikely to produce anything
approximating a square or cube. The only naturally
occurring cubes or squares are crystals such as pyrite
or salt, although these are relatively small. Any larger
square objects point to the work of humans - or
possibly that of another intelligent life form. AC

Add milk and puffed
rice will produce
some loud pops

WWW.HOWITWORKSDAILY.COM
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Haynes

®

A WORLD OF
INFORMATION

RMS QUEEN
ELIZABETH 2

(19672008

Owners' Workshop Manual

e between the twoisthe
ofthe waéer dropletsin the cloud. Fogis
much denser, and so it can reduce visibility to
less than one kilometre, while mist is much less
dense and so only reduces visibility to one
condenses to form water droplets, creating the kilometre or more. JS

neeRa B

Owner's Workshop Manual

How does an air
purifier work?

Curtis Jewell

M Air purifiers work by removing particles
from the air. The gold standard are HEPA air L1/ -
filters; this stands for High Efficiency Particle STAR.WARS .
Arrestance. They are used in science labs to
keep the air as clean as absolutely possible, m
and to qualify for HEPA status, they have to VC1 0 :@
remove 99.97 per cent of particles greater 196z 10 2013 ot mecit

than a third of a micrometre in size. They Owners' Workshop Manual
work by trapping particles in a mat of densely
arranged fibres. There are also ionising
purifiers, which work by attracting dust using
electrical charges, UV-light purifiers, which
aim to kill bacteria in the air, and activated
charcoal filters, which cling to odours and
chemicals. LM

~
"

his close-up view of a
HEPA filter. shows the

k sta&@;\;ibre mats
that trap particles
\ .

=
!

HOW are al‘tiﬁCial The <;.hemica| structure

of artificial sweeteners

sweeteners made? tricks our tongues into

tasting sugar
Wendy Cole
M Thisvaries depending onthe
sweetener. Saccharin - discovered after
scientists working with the molecule
noticed their food getting sweeter - is
made by oxidising a chemical called
o-toluenesulfonamide. Aspartame is made
differently. Bacteria are used to produce
asparticacid and phenylalanine. These are
then purified and mixed with methanol to

modify their chemical structure. The two -
molecules are then mixed together to form ‘ 1 - :

crystals, and then mixed with vinegar to = ===} : Havnes
make aspartame. LM ——

shows you how

WAITING TO BE
DISCOVERED
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BRAIN

It is unclear why
ancient astrologers
left out the 13th

constellation
from the zodiac

L A

£oump

Pegasus

Delphinus

I.Equuleus

Aquarius

o

=)

,.ﬂ

Capricornus

QA Microscopium

Piscis Austrinus

Grus

Victoria Ludlow
B Asthzodiac constellation, Ophiuchus, exists

between Scorpio and Sagittarius, but was left out of the

zodiac by ancient astrologers. Over 3,000 years ago
Babylonians invented the zodiac-a circle of

constellations based on the apparent path that the Sun

takes over the course of the year. The constellation

The origins of the Eye of the
_Sahara remain a mystery, but

= meagion
b -

3 salgﬁow_n asthe
huge circular formation

n Mauritar frica. Spotted more easily
from space, and once thought to be a crater, it
formsabull’s eye in the Sahara Desert, and hasa
diameter of 40 kilometres. However, recent
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Wulpecula
.“. Sagitta

Hercules

Aguila

Serpens

Scutum

&%
Sagittarius '

Corona Austrina

Scorpius

Is it true there is a 13th
zodiac constellation?

behind the Sun when someone was born determined

their ‘star sign’. Perhaps because having 12

predictions have no scientific grounding. AC

the Sahara?

—geological studies suggest it is actually a result of

erosion rather than some kind of meteorite impact

- structure. Some scientists believe the erosionisa

consequence of Pangaea being ripped apart by
plate tectonics more than 100 million years ago.
Others believe that it is the remains of the lost city
of Atlantis. SB

constellations matched up better with their 12 month
calendar, the Babylonians left out Ophiuchus. Anyone
born between 30 November and 18 December is
therefore an Ophiuchus - although astrological

FASCINATING

FACTS

Are there laws that
apply on the ISS?

According to an intergovernmental
agreement, any equipment or
personnel on board the ISS is the
legal responsibility of the country or
continent that supplied it, and so it is
governed by that nation’s laws. JS

If someone commits a crime on the
ISS, their own nation’s laws apply

What'’s the dust
inside airbags for?

The white powder found inside older
airbags is either cornstarch or

talcum powder. It's used to lubricate
the bag, helping it unfold quickly. AC

An airbag inflates in less than 1/20th
of a second

Are in-ear headphones
bad for your health?

They’re not as good at cancelling out
background noise, so there can be
the temptation to turn the music up,
which has the potential to damage
your hearing. LM

On-ear headphones block out other
noises, but the in-ear kind are not as
effective at doing this

WWW.HOWITWORKSDAILY.COM



Did the legend of the Trojan
horse really happen?

Emma Kepler

M It'sunlikely that the legend of the Trojan horse really happened.
Mentioned in Homer’s Odyssey and the Aeneid (a Latin epic poem), the
classic tale describes how Greek soldiers built - and hid in - a large wooden
horse during the Trojan wars. Transported into the city of Troy by the
Trojans —-who assumed it was a gift - the Greek soldiers climbed out and
opened the gates after a ten-year siege - so the tale goes. However, scholars
and classicists believe it was a myth, because there is archaeological
evidence to show that the city was actually burned down. It’s not known

for sure whether the legend is true, partially true or completely made up,
but the general consensus is that it did not happen. SB

ny

- -
Does animal saliva
- Squashed or damaged
klll germS? nerves ¢an send burs:
of signals that feelg
Miriam Elliot lic

|‘[ [(

~

B Since very few studies have been carried out
on the subject, it’s hard to know for sure, but
limited research suggests that antimicrobial
properties exist in dog saliva. These properties
include lysozyme, an enzyme that kills certain
bacteria; histatins, which are proteins that repel
infections and help skin cells to close over a
wound; and nerve growth factor, a protein that
significantly reduces healing time, although the
effectiveness of this property is questionable. SB

Animal saliva
contains
antimicrobial
properties that
can potentially
kill germs 4

BRAIN DUMP

What was the
point of a
standard-bearer?

Rosie Hamilton

B ARomanstandard wasa pennant,
flag or banner attached to a pole that
identified a particular Roman legion.
Not only was it a formal symbol ofa
military unit, butitwasalsoa
metaphorical symbol of honour. The
standard-bearers played a vital role
during battle by giving members of the
unitavisual signal as to where the unit
was, should they be separated. They
may have also ensured troops kept their
correct positions by lowering, raising or
waving the standard to indicate what
move the troops should make next, or to
change formation or tactic. SB

The standard-
bearer carried a
symbol of
Roman honour
into battle

Why do we get
pins and needles?

Jason Appleby

M Pinsand needles is also known as
paraesthesia, which literally means
‘irregular sensation’. It happens when the
sensory nerves are squashed or damaged.
These nerves are responsible for relaying
information about pressure, temperature
and pain to the brain. When they are
disrupted, signals can be sent by mistake. If
you cut off the blood supply to anarm or a
leg by sitting at an awkward angle, the
nerves are temporarily starved of oxygen
and stop working. When the blood comes
back, and the nerves wake up, they can
send bursts of signals that feel like prickling
or burning. The amount of prickling
depends on the length of the nerve. LM

Can an Fl1 car create
enough downforce to
stick to the ceiling?

Julian Pottle

M Intheory it could do, but the car’s components
would only allow it to run upside down for a few
seconds. Their wings are designed to create
negative lift as air flows over them, pushing the
car’styres down for better steering. One study
calculated that at speeds above 180 kilometres
per hour, the downforce created by an F1 car
would be great enough to overcome gravity,
allowing it to drive on the ceiling. AC

1 cars more traction,

Downforce gives
helping them adhere to the road when
racing around corners

© Thinkstock ; NASA; Pixabay
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Why are there different sizes of

USB connectors?

Kimberly Alden

B Inthe past there were so many different types of computer connectors
for different devices that it was quite confusing for people to know which
one to use. USBwas originally developed as a universal connector for
printers, joysticks, scanners and anything else you might want to connect
to a computer. However, the original USB connectors were too big for the
smaller gizmos that have come along since, like MP3 players and
smartphones, so smaller ones were developed to fit them. Sometimes
particular manufacturers also develop their own USB connectors, so USB
has become much more confusing than its inventors intended! TL

Cached datasavesyour————,
smartphone frbm having A O s
to download the same

information again

Downloading

What is ‘cached dat’
on my phone?

Pete Sampson

B Cached data isinformation from appsand
websites that gets stored on your smartphone.
Whenever that data isneeded again it can simply
be accessed from the smartphone’s cache rather
than being downloaded once more. It’s often
quite useful as it saves time and data transfer
costs, but it can be problematicif the cache
contains out of date information or uses up too
much of your smartphone’s memory. TL
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! I Niall Evans

USB A, Mini USB and Micro
USB are the most common

How does an earthquake-
resistant structure work?

M Havinga sturdy structure that won't easily shake apart isan important
starting point, but strength isn't everything in making something

earthquake-resistant. Structures can be engineered to make them more
flexible or built with features that absorb the energy of seismic waves. It's also
about choosing the right materials; steel is more flexible than brick, for
example. Rather than building on rigid foundations, structures can also be
built on seismic dampeners, which are shock absorbers that lessen the effects
of earthquakes on structures, or built on bearings, so the entire structure can

USB connector sizes

Car Crashes c3
the head and

damaging the
tissues inside

FASCINATING FACTS

Do fan ovens really cook food
more evenly?

Nick Baker

B Normal ovens, without a fan, are hotter at the
top because hot air rises. Fan ovens circulate the
hot air, keeping the whole oven near an even
temperature, which cooks the food faster and
more evenly. TL

slide around rather than break apartin a tremor. TL

Dampeners like

these are often built
into skyscrapers

to increase their
earthquake resistance

Maria Cortez

B Whiplashisaninjury most
commonly associated with car
accidents but it can happen outside of a
vehicle too. It is essentially a sprain to
the muscles and soft tissues of the neck,
and occurs when they are stretched
beyond their normal range of motion.
This causes damage, which can result

~ in pain, stiffness, muscle spasms and

headaches. The injury usually resolves
itself on its own, and although it may be
uncomfortable to move, neck braces
aren’t usually recommended. Instead,
the advice is to stay mobile and gently
strengthen the tissues again. LM
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The first descriptio

Priscilla Bedford i
The lemon is what is known as a hybrid
fruit asitis derived from two other fruit
species. A study conducted by Chinese
researchers and published in the Journal Of
The American Society Of Horticultural Science
in 2010, found that lemons are a cross
between citron and sour orange, with sour

! orange itself being a hybrid of two other

fruits. However, it is not known whether this
cross-breeding occurred naturally or
whether it was the result of human
intervention. In fact, not very much is known
about the origins of the lemon at all,
although it is believed to have first been
grown in Asia. JS

Haptic gloves allow
you to feel like you're
touching things in
virtual reality

How does haptic
technology work?

Paul Oakley

M Hapticsadd a sense of touch to
interaction with technology by giving
some sort of physical feedback that you
can feel. At its simplest, it can be like
your smartphone vibrating when you
pressabutton on its screen. At its most
advanced, it can let you feel like you are
touching computer-generated objects.
Wearing hapticglovesand virtual reality
goggles, for example, allows the
computer to track your hands as you
move them withinavirtual reality
simulation. Ifyou ‘touch’ something in
the simulation, vibrating motors or
inflatable air pockets in the gloves give
you some sort of feedback you can feel
through your hands. TL

LATEST VIDEOS...
How do ejector seats work?
5 sleep myths - debunked!
How do double joints work?

What is the
difference between a
herb and a spice?

Hannah Rankin
B Herbsand spices are both plant-based products that add
flavour to our food, but there is one thing that separates them:
the part of the plant they come from. Herbs come from the green,
leafy part of plants, and so are often more flavourful when fresh,

e _ while spices can come from any of the other parts, such as the

' ® ""." - - i mes root, stem, seed, fruit, flower or bark, and are usually dried to
4 g JThe coriandenplant® ] . .
s > .._.pr%idejg U With both preserve their flavour. This means that some plants give us both
», ) dsPiceagd &@rﬁ* herbs and spices. For example, the leaves of the coriander plant

b a® - areaherb, but the dried seeds are a spice. JS
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BOOK REVIEWS

The latest releases for curious minds

Eureka

Science explained through
some amazing infographics

B Author: Tom Cabot

M Publisher: William Collins
M Price: £20 / $24.95

M Release date: Out now

cience textbooks can be boring. Pages of
S text broken up by the odd technical

diagram quickly become tedious, and
unlessyou learn easily through the written
word, you may find yourself switching off after
afew paragraphs, let alone a few pages. But not
all science books are like that, as Eureka
elegantly proves.

The front of the book suggests that it is filled
with infographics - the kind of thing you see
on blogs all the time, with simple images and
big numbers giving you a ton of information
quickly. In reality, it's really more of a halfway
point between these simple graphics and a
more in-depth textbook, and we have to say
that the balance is great.

While there are some very simple pages (pi
is listed to 1,001 places on one double-page
spread, with each digit a different colour),
others cover expansive or complex topics with
a mixture of diagrams and text. The Earth’s
atmosphere, for example, uses a combination
of graphs, imagery and infographics to explain
how the different layers work.

There are hundreds of topics covered in
the 240 pages, each grouped into one of four
categories - Universe, Earth, Life and Human.
Everything from human emotion to nuclear
fission is explored through graphics and text,
and for the most part, everything is explained

in sufficient detail and in language that’s easy EVE r y th In g fl' orm h urman ermo t’ on
iR to nuclear fission is explored and

We found this book was best read in snippets
- flicking thrt)ugh and finding ttopics that pret EXDICH”ECI thrDUQh gl'ClpthS Clﬂd tEXt

interested us was more enjoyable than reading

cover to cover, and this will certainly be a book
you keep returning to for a quick read. YOU MAYALSO U’(E

If there’s one downside to the graphical Information s : Infographics: Space : Science But Not As
presentation style, it's that in certain cases the Beautiful i Author: Simon Rogers and i WeKnow It
text can be small and difficult to read. With so Author:\David McCandiess FRsEeiban =t i G

X L Publisher: Harper Collins : Publisher: Big Picture Press : Publisher: DK
much to fit on the page, the text size has clearly Price: £24.99 (approx. $30) i Price: £12.99 / $17.99 i Price: £9.99 (approx. $12)
been the compromise, resulting in most letters Release date: Out now i Release date: Out now i Release date: Out now
being less than two millimetres high. This It's a few years old now, but this ~ § This book mainly focuses on i Reaching more into the textbook
shouldn’t bother younger readers or those with truly is a book for those who love i  explaining space to younger i area than the other books on
i £ . e information presented simply. i readers, and features beautiful i this page, Gilliland lays out

good eyesight, but if you struggle with this it's Most pages have less than 40 i graphics that draw the eye and i information in a very neat and
something to bear in mind. words on them, but thisisstilla  { incorporate text into the images. i informative way and explains
*** * beautiful book to flick through. i Great for those who love science. i complex ideas in simple language.
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It Can’t be
True! 2

All the facts you'll ever
need in avisually
stunning release

M Author: Various
M Publisher: DK
M Price: £12.99 / $19.99
M Release date: Out now
Much like HIW,
this fantastic book
isthe polar
opposite ofa
boring old school
textbook. It Can't
Be True! 2 has the
winning formula o
amazing factsand
vivid imageryin ;
abundance, and there’s something for
everyone, young and old, in this release.
Every page contains diagrams and
infographics based on the natural world,
the Solar System and feats of human
engineering. Amazing facts from the
unbelievable to the quirky are
interspersed throughout. Did you know
one lightning bolt could toast 10,000
slices of bread, and a hippopotamus can
fita Ferrari in its mouth? The relentless
amount of eye-boggling facts make this
an excellent read that you will keep
returning to again to feed your mind.

1 8.8 8 8 ¢

How Machines
Work: Zoo Break!

Fun, hands-on physics

B Author: David Macaulay
M Publisher: DK

M Price: £14.99 / $19.99
H Release date: Out now

How Machines Work: Zoo Break! is the
perfect way to introduce youngsters to
basic physics. The mechanics of simple
machines are tackled in this fun book,
which is primarily aimed at a younger
audience. The theme is based around the
contraptions a sloth and a shrew have
constructed to try and escape from a zoo.
The narrative isa nice touch, but it's the
colourful pullouts and flaps on every page
that explain how the machines work that is

WWW.HOWITWORKSDAILY.COM

The Origins

Of Everything
In 100 Pages
(More Or Less)

13.8 billion years of
history in one book

M Author: David Bercovici

M Publisher: Yale University Press
M Price: £12.99 / $23

M Release date: Out now

Written by geophysicist David
Bercovici, The Origins Of Everything In
100 Pages is a sort of greatest hits
package of the history of the universe.
From the Big Bang to the dawn of
humanity, it covers a lot of scientific
ground. The text is trimmed of fat but
this can water down the experience,
leaving the reader wanting more.

That said, the book is filled with facts
andisanideal starting point for
anyone wanting to know more about
the history of the universe. It also
includes a telling final page on the
future of the Earth and the challenges
that lay ahead for humanity.

the best part of the book. Similar to
Macaulay’s previous release The Way
Things Work, there’s no better way to make
the occasionally tedious parts of physics
that bit more exciting.

Yokhrk

BOOK REVIEWS

How Do Worms Work?

A collection of
gardening
curiosities explained

M Author: Guy Barter

M Publisher: Mitchell Beazley
M Price: £14.99 (approx. $19)
M Release date: Out now

This title from the Royal Horticultural

Society is the perfect choice for any

budding (pardon the pun) gardening

enthusiasts, but will also appeal to anyone

interested in wildlife. How Do Worms Work?

is presented as a series of questions and answers, complemented
by illustrations and photographs. While many questions are clearly
aimed specifically at gardeners, with handy horticultural tips
dotted throughout the book, a lot of the information will engage
naturalists too. If you've ever wondered why flowers close at night,
or how seeds know which way is up, then this is the book for you.

Spaceman

Find out what it takes to
become an astronaut

M Author: Mike Massimino

M Publisher: Simon & Schuster
M Price: £20 / $28

M Release date: Out now

N

Veteran NASA astronaut Mike Massimino

knows a thing or two about space travel. He

was mission specialist in two high stakes

Hubble servicing missions, and conducted

spacewalks to fix the multi-billion dollar

telescope’s flawed mirror. In this book he explains what drove him
to pursue a career as an astronaut (despite being rejected by NASA
three times) and describes his various missions and what it feels
like to leave Earth. With his immersive narrative, you feel as though
you are actually there with him waiting for launch.

Science: A History In
100 Experiments

How the most important
discoveries were made

M Author: John and Mary Gribbin
M Publisher: William Collins

M Price: £25 (approx. $30)

M Release date: Out now

The latest title from established science

writers John and Mary Gribbin charts the

history of some of the greatest scientific

achievements. From Archimedes’

experiments with displacement in the 3rd

century BCE, to the recent discovery of

gravitational waves, each breakthrough is

covered succinctly in under three pages, together with diagrams
and photography where relevant. The tone is well-balanced,
providing the experiments with context, while the science itself is
made easy to understand without being patronising. While this title
is better suited to dipping in and out of rather than reading cover to
cover, it provides a brilliant insight into the scientific method.

1 8.6 6 &
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HOW TO...

Practical projects to try at home

How to make a stalactite

Find out how these amazing rock structures
can be made using science at home

Prepare your ‘cave’

You can use an old shoebox as your ‘cave’ for
the stalactite to form in. Remove the lid from it
and stand it onitsside, then cut a small, letterbox-
style holein the top - this is where your stalactite
will hang. Ifyou like, you can paint the inside of
the box grey, and even cut out a cave shape from
thelid and slide it inside if you want it to look
more realistic.

String it up

Cut a 40-centimetre piece of string and put
thewhole length of it into one of the cups. It needs
to soak up some of the water so that it's wet when
you start - then the water will start dripping
down to the middle of it. Next, put around ten
centimetres of the string into each of the two
glasses, so it hangs between them and dangles
into the slot you cut from the top of the box.

094 | How It Works

Mix your solution

To make your solution, you'll need a white
mineral powder called magnesium sulphate,
which is commonly called Epsom salt. A lot of
chemists stock this, so ask an adult to help you
find some. Mix some blue food colouring in a jug of
warm water, then slowly add the Epsom salt,
stirring it until no more salt will dissolve. Then
split this solution into two glasses.

Watch it drip

You'll need to leave your cave set up for
around a week to see the results - the longer the
better. As the water is soaked up by the string the
solution will drip down to the centre of the string
and the salt will form into a pillar, called a
stalactite. As more water drips down, more salt
will stick to the stalactite and it will gradually get
longer and longer.

Get in touch

Want to see your ideas on this page? Send them to...
o How It Works magazine o @HowltWorksmag

@ howitworks@futurenet.com

Make a bowl

Find a plastic cup and cut most of the top off to
make a shallow bowl. When the water solution
drips down to form the stalactite, the salt will
stick to the stalactite and make it longer, but some
of the water will drip down. Your box is only made
of cardboard, so you need to make sure you catch
the drips. To do this place your bowl in the centre
of your cave’s base.

“The salt will stick
to the stalactite and
make it longer”

In summary...

When the Epsom salt dissolves in the
water it breaks down into tiny particles
called ions. The solution then drips down

and the ions in the water are attracted to
each other, to form crystals. The water
will then drip away, but the crystal will
keep getting bigger.

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

Createa jungle ina bottleand
see how ecosystems work

Create a base Add your plant Water and seal

First, cut a two-litre bottle into two pieces, so Take a small potted plant and place it Spray your plant with water, and also poura
the base isaround ten centimetres high - keep carefully on top of the pistachio shells, buttrynot  little water into the soil to make sure it's damp.
the top for later. Pour a layer of small stones into to shake up the bottom layers. Then add some Now your jungle isready to be sealed off. Place the
the bottom of the base, then add a layer of crushed  more soil from the plant pot and pat it down top half of the bottle over the top of the plant and
charcoal. Top this off with a layer of pistachionut ~ gently. The charcoal in the bottom isabsorbent, so  then seal it tightly with sticky tape around the
shells. In a moment, you'll be adding a plant on it should soak up some of the dripping water. It base. Screw on the top of the bottle tightly to stop
top, and these thick layers will let water drip will also soak up the chemicals that any dead air getting in, and store it somewhere warm and
through and form a small pool at the bottom. plants create so your jungle won't get too smelly. light, but not in direct sunlight.

In summary...

" ! H The plant absorbs the water from the soil, then it passes through the plant and
Your jungle is now ready > b ShReR

out through tiny holes in the leaves as invisible water vapour. This vapour

n
tD b e S ea I Ed 0 ff condenses on the bottle, drips down into the soil, and the process starts again.
This is just like rain falling in the jungle.

© Illustrations by Ed Crooks

WIN!

A voice-controlled quadcopter drone

The X-Voice quadcopter comes with a microphone and earpiece so
you can direct the drone with voice commands

How did Einsten describe quantum entanglement?
“oo action at a distance”
Pick the missing word:

Flight time

The drone’s LiPo

» Squeaky
b) Sleepy
c) Spooky

» Enter online at www.howitworksdaily.com and one lucky reader will win!
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Speak your mind...

Weird wheel motion

W Dear HIW,

Watching TV, | noticed how a car’s wheels
seem to turn backwards. | understand the
reason it looks this way is because the
camera doesn't have a high enough frame
rate to capture a full rotation. | was
wondering, do our eyes have a frame rate, or
are they effectively perfect at capturing
images? If they are, why is it so difficult to
make a camera with a higher frame rate?
Patrick Kyle

The frame rate of standard TV
cameras can’t keep up with how
quickly the wheel is turning, so to us
it appears as though it is moving
anti-clockwise. Strobe lighting works
in a similar way, as the flickering light

What'’s happening on...

Twitter?

Make sure you follow us
@HowltWorksmag for
amazing facts, competitions
and the latest in science & tech!

v @MatinDurranix

Great design work by the @
HowltWorksmag team for the article
by me and @lizkalaugher about our
(@sigmascience book #furrylogic

F @dkbooks

“The best part of all is that Big History
almost always has the answer” -
Thanks for the kind words and 5 stars
@HowItWorksmag

F @chazz1959
Fascinating article about Devil's Kettle
Falls in this mag @HowltWorksmag

¥ @isubscribe_UK

Be a know it all in the #NewYear with a
subscription to the incredible
@HowltWorksmag

¥ @Octopus_Books

“If you're looking for a stocking filler for
a dog-loving friend this Christmas,
#BeingADog would be a great
choice”@HowltWorksmag @WildPaw

096 | How It Works

Get in touch

Want to see your letters on this page? Send them to...
o How It Works magazine o @HowltWorksmag
@ howitworks@futurenet.com K

presents snapshots of an image that
don’t fully capture its movement.

Human eyes don’t work like a
camera, but if we were to measure
them in frames per second, it would
be around 75 FPS. This is because it
takes us about 13 milliseconds to
process an image. Other animals,
particularly smaller rodents and birds,
may see at a much higher frame rate.

There are some cameras that are
capable of incredibly high speeds -
some have frame rates in the millions,
billions or even trillions! These can be
used in laboratories to capture rapid
chemical reactions, but they don’t
operate in the same way as typical TV
camera devices.

Explosive
decompression

M Dear HIW,

| was thinking, if you opened the door of a
plane in mid-air when the cabin was
pressurised, would you get sucked out or
pushed out because of the high-pressure
air in the cabin flowing out into the
low-pressure air?

Henry Jackson

| The camera does not fully
capture the wheel’s rotation so it

going backward

with it. There would also be a very
rapid loss of oxygen and a fall to
sub-zero temperatures.

aircraft descends to lower altitude,

and smaller planes - like those used
for parachuting - are unpressurised
so the doors can open.

First and foremost, the inward
opening doors found on most
commercial planes can’t be opened
during flight. The pressure on the
door at high altitude forces it shut
with a strength that even the most
muscle-bound human couldn’t
move. If it could be opened, the
decompression would make all the

Sudden decompression can be fatal, but
it’s not as explosive as it’s often
portrayed in action and disaster films

Jéii&f'is'.‘hwc'lrbﬁ"iWW
have brains

M Dear HIW,

| love your magazine and | am a new
subscriber, but my question is: how do
jellyfish live without a brain?

Harry Pearce

Jellyfish are about 95 per cent water
and have no bones

Jellyfish may not have a brain but
they do instead have various

tentacles and have the ability to
detect temperature, light and

completely reliant on these reflexes.
Movement and catching prey is all
down to chance. They use ocean

prey to touch a tentacle before they
strike. Oxygen is absorbed through

the skin, and they have no blood, so
there’s no need for a heart or a pair
of lungs either!

air rush out, sucking everything out

mechanisms that help them survive.
Nerves are located at the base of the :

salinity. Without a brain, jellyfish are i

currents to drift, and simply wait for

Whythe
- croaky voice?

Oxygen masks can be issued as an : M Dear HIW,

¢ llove your magazines and I'm always

i excited when | get them through the door.
| was wondering, why does our voice go

i croaky when we have a sore throat?

Jessica

To enable us to speak, our vocal
cords vibrate as air is pushed from

: the lungs to the mouth. These
i vibrations are then changed into

sounds by our mouth, throat and
nose. When you have a sore throat
your vocal folds swell due to a

respiratory tract infection. The

nflamed membranes no longer

vibrate in the same way, making
: your voice sound croaky.

k |
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® Inside NASA's Space Launch System
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FAST FACTS

Amazing trivia to blow your mind

25% OF ALL MARINE LIFE | ] 85 HE TOTAL NUMBER
LIVES IN CORAL REEFS | ngﬁﬁéﬁ? ATHENS.
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Take on the role of a modern farmer! Explore a huge open world, including a
new North American environment. Enjoy over 250 authentic vehicles and
tools from over 75 brands such as Challenger, Fendt, Valtra or Massey Ferguson.
Harvest crops, take care of your livestock, take part in forestry, transport your goods
with truck, trailer and now trains - then sell your products to expand your farm.
Grow your farm online with other players, and download community created
mods for an ever-expanding gaming experience!
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