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JHe Carina Nebitila is - astronomically speaking® close to'the
Bt oy 1500 hwears v, | s o 3 il
Wieds ago and. far from being an inert cloud, it contains®ver
BRI i . cortont s it s o e
" fact that superniova explosions ate on the up in the region and new
R ... nc i 25 Sacking them ity gt
B andinereasing the temperature. The cloud begins to rotate faster and
ot oun 10000 Kin 4700 degrees Colol1500
L e
S The protostar collapses further until core pressure and temperature
&5 e e Y e s he enveiope sy ieves U

q Yo his recent imgge from the ESO's Very Large Telescope (VLT) has
tevealed the Carina Nebula in unprecedented defaik The bright yellow
star near the iddle is Trumper 14, while the dark patches to the right
e are the dust envelopes disguising new stars In the bottom-lft is
inae; at around 100 Solaf masses, it is one of the biggest stars in
aty that fadiates with 5 million times more power.than otr
Sun. s near the end of itslfe and s expected to g
astroriomically short amount of tire. I fact, some astronomess beliévee
it could explode any time in the next milleniniy
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Relatively close to Earth, thousands offiew
stars are being born. Read what leadsto their ..
Jormation and where this unique phenomena
is taking place on a huge scale* .
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| totheicon>

Who lays clair? to the Moon?

Discover where Earth's nations stand on lunar sovereignty

Space,including the Moon and other celestial bodies, is not
ubject to national appropriation by claim of sovereigaty, by
‘means of use or occupation, or by any other means: This
treaty has been ratfied by 62 countries,including the
world leading space powers, and was intended to apply
to commercial and private operations as well. In contrast,
the 1979 International Moon Teaty, drawn up specifically
to prevent private claims to lunar real estate, has only
been ratified by a handful of nations. But you can rest
assured that any private operator who tred o claim paits
of the Moon would at least have to plant a flag there frst

| ccording to the 1967 United Nations Outer Space Treaty, Outer

Where is the Kuiper belt?
—f

Where is this gigantic asteroid field and cloud of icy particles?

the construction of our Solar System. The Kuiper belt contains.
hundreds of thousands of icy particies thought to be up t0 60
miles in diameter,along with up to a trillion smaller comets. But the
Solar System doesn't end there -t is entombed in an almost perfect
sphere ofice,the Oort Cloud. Lying on the boundaries of interstellar
space, this shell is thought o contain up t0 2 tillion icy bodes

Bevund the orbit of Neptune lies a wide belt o the remnants from
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What is an event horizon?

e

What makes these a black hole's point of no return?

ere are three basic elements toa b e
| elf, at the heart of a black hole and ma Jar mater
compressed to an infinite density. Outside the singularity is the black

oles interior space, where the rules of physics as we know them get bent
and broken, and where space and time are stretched and compressed like
outty. If your spacecraft has entered a black hole's interior space, then it too
Jate for you. You're past the third component. the event horizon.

Also known as the Schwarzschild radius,this is the part that lets us know
where black hole m i black. It marks the point of nc
eturn for anything falling beyond it, as to re-cross it would require travelling

ter than the which - as far as

nt horizons aren' solely attributed to black hol
orthy phenomenon that pos them. According to some thearies
expansion of the cosmos, 2 worlt ever be
So the boundary
150 an event horizan,
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What's inside

the Sun?
es-/@

At the heart of the giant star

gravitational collapse when space dust and gas from a nebula

ollided, It became an orb 100 times bigger and weighing over
300,000 times that of Earth. Made p of 70 per cent hydrogen and
about 28 per cent helium (plus other gasses), the Sun s the centre of
‘our solar system and the Largest celestial body anywhere near us.

Q celestial wonder, the Sun is a huge star formed from a massive

Ao fareisarapid | “The surface of the Sun i a dense layer of plasma at a temperature
reeaseafenergyin | of 5,800 degrees kelvin that is continually moving due to the action

peslaamoher | of convective motions driven by heating from below: says David
Deatngoflosmir | Alexander, a professor of physics and astronomy at Rice University.
aceiraton “These convective motions show up as a distribution of what are.
clcrons andprtns | called granultion cells about 1000 kilometres acoss and which
fobhneiesend | peat actos the whole solr surface”
tospace Atits core, the Sun's temperature and pressure are 5o high and
the hydrogen atoms are moving so fas that it auses fusion,
turning hycdrogen atoms into helium. Electromagnetic
adiation travels out from the Suris core to ts surface,
escaping into space as electromagnetic radiation. a
blinding light, and incredibly high levels of solar
heat.In fact, the core of the Sun i actually hotter
than the surface, but when heat escapes from
the surface, the termperature rises o over 12
millon degees. Professor Alexander explained
that astronormers do not e fully understand
wahy this giant star's atmosphere s so hot, but
they think that it has something to do with
‘magnetic felds.

84 e=
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Do all planets in our Solar
System orbit the same way?

s

Discover how the planets'orbits relate to the Solar System’s formation

stemn
looking
orth

lof the planets and nearly all asteroids in the Sola
orbit in the same direction ant f you we
down on the Solar System from way above the Ear

pole) - and they all orbit close to the same flt plane as well. This
because they, long with the Sun tself,all formed from the same
finterstelar gas and dust that begas

protoplanetary nebula - a clou
{0 collapse under its own gravity around 5 billon years age
bula became more concentrated, it flattened out and

in more quickly, and the Sun, asteroids and planets then
out of different parts of this flattened.
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What is solar wind?

o fes
How do charged particles ejected from the Sun affect Earth's magnetic field?

(250 miles) per second. The intense heat of the corona - the.
outermost portion of the Sun's atmosphere - energises particles
t0'such a level that the Sun's gravitational field can o longer hold
on to them and they escape into space. Solar wind strength varies,
creating space weather capable of disrupting technology, like global
positioning system (GPS) satelltes.
The movement of solar wind has a characteristic pattern that
resembles a rope wobbling up and down - technically known as an
Alfvén wave (after Hannes Alfvén) These magnetic strings can be
. observed as the greenish light that appears during the polar auroras.
Howthecharged Untilrecently scientists have struggled to understand this unusual
protonsandelecrons | wave behaviour, but  new set of models - based on similar waves
il generated by polarised light - might enable us to understand, and even

deormhe
magneosghere predict, future fluctuations in solar wind

Smhl wind streams from the Sun at a bstering 400 kilometres

ot s fthe
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Why does the

Earth spin?
ot P

Find out why our planet has rotational movement

of the Solar System. Roughly 47 billion years ago, the Solar
System was a large switling cloud of dust and gas. Ovr time
this gradually coalesced into stars and planets, being drawn into
these shapes by gravity. Being pulled inwards increased the angular
momentum of the various bodies, and made ther rotate faster.

‘The law of inertia states that anything stationary or moving with a
‘constant speed wants o continue doing so unti it s acted upon by
another bodyforce. Considering the Earth rotates in space, which is a
vacuum, there is nothing to drastically slow the Earth down, which is

Theamry of why the Earth spins goes back ta the formation

P why it continues tospin,Ineresingly eaty in s formation,the Earth
Coimaeortas | spunup ofive imes fastr than it does now st s lowed down,
songis ot | e culpi i the moon, via something known s tidal locking. To
eS| understand tidal locking, imagine you and afriend both pull on  rope.

but at the same time you spin in a crcle around a pivot at the
centre of the rope. As you tug harder, you are eventually
able to spin less and less fast. Eventually, you will be
stuck simply pulling on the rope, unable to move as.
‘your pulling force is too great;this is essentially
‘what happened between Earth and the moon.
‘s the maon orbits Earth it exerts a pull on the
planet,responsible for causing tides. The Earth
is much bigger so continues to spin freely, but
the mooris rotation now matches the time it
takes to complete one orbit Small as it is, the
‘moon will continue to effect the Earth and, in
millions of years, a day could last up t0 26 hours.

92 e=
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A space

tsunamis
used?

How are solar tsunamis caused?

ot

The mega-waves of energy that tear from one end of the Sun to the other

setow
Solar s can
bethrown away rom
eentpointofa
slar flareasirs
actedin space

as the result of a solar flare being launched into space. They can

travel at speeds up to 16 million km (1 million miles) per hour
These solar tsunamis are made of hot plasma and magnetic energy.
The frst was observed by Gail Moreton in 1959, and since then several
‘more studies have been conducted by the Solar and Heliospheric
Observatory (SOHO) and the Solas Terrestrial Relations Observatory
(STEREO) spacecraft, both of which orbit the Eath.

Solar tsunarnis are formed when the Sun emils a coronal mass
ejection (CME) - a massive burst of solar wind commonly associated
with solar lares. Around the ejection point, a circular wave extends
outwards in al directions and travels across the surface of the Sun at a
super-ast rate. In February 2009, the two STEREO spacecraft watched
as abillion-ton cloud of gas was hurled off the surface of the Sun from
2 CME. The result o this efection was a massive solar tsunami that
towered 100,000k (60,000 miles) high and which sped across the.
star'ssurface at about 900,000kim (560000 miles) per hour. It was
estimated to contain the same energy as 24 million megatons of TNT.

S olar tsunamis are surges of material et crashing across the Sun
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Is it possible to a;ter Earth's orbit?

Could anything knock our planet out of its orbit?

the Earth would liely be destroyed. Many astronomers think
that around 45 billion years ago, when the Solar System was
forming, the Earth got a big whack, which resulted in our moon being

formed. According to this theory, a Mars-sized object struck
the early Earth. At this stage in the Solar Systern's evolution

N both bodies would have been made mainly of molten
material that had not yet soldified. Their irorvtich cores
merged, while parts of their outer layers were vaporised and
thrown into orbit around the Earth. This material eventually
coalesced to form our rocky moon. The Earth gained angular
‘momentum, and is orbit may have changed slightly.

Yes s possible,but the impact required would be so large that

Why is Pluto not a planet?
Understand the. dectsmn:[;aﬂ:m Pluto’s re-classification
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rockets
launched?

How are rockets

launched into space?

e>f<

Understand the complex structures that

help propel rockets into space

important element s the launch pad and is attendant facilites
The launch pad cradles, fuels and powers the rocket,before it

s unleashed. In the case of NASA's Space Shuttle, its focket motors
produced 3.2 million kilograms (7 million pounds) of thrust at
launch. The corrosive exhaust and intense flames from the engines
were channelled though a horizontal V-shaped flame trench, which
consisted of two 453600-kilogram (1 million-pound) deflectors made
from steel coated with 127 centimettes (five inches) of heat-resistant
‘Fondu Fyre concrete, which flakes off to disperse the intense heat.

The Space Shuttle was assembled on a moving launch platform
(MLP) a the nearby vehicle assembly building (VA) and taken to the
launch pad on top of  crawler transporter. At the pad, a fixed service
structure (FSS) has a it o gain access 1o any level of the rocket
Anchored to it s the rotating service structure (RSS) that comprises a
clean room used toload the rocket's cargo.

It took at least a month for 170 technicians and specialists to
prepare, check and launch the Space Shuttle though for less
‘complex, unmanned rockets the timescale is a matter of days. During,
the countdown,all inks between the FSS and the rocket were
systematically released, and lastly at blast-off explosive bolts free
the shutle from the MLP. To protect the delicate components of the.
vehicle and the pad itsel,the MLP i flooded with water at arate of 3.4
‘million ltres (900,000 gallons) per miute 1o suppress the damaging.
sound waves and heat produced by the engines.

L aunching a racket takes years of planning, and the most

~ 79
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Know howmuch
foodtoea?

How do we know how

much food to eat?
=i~

Discover how the body manages to keep track of ts energy reserves

T ——
T i oy o
L o mcal ot T boch- ety
s et o b K s el
S o i vy ot s e e

Below increasing or being used up.

meinen | oo intake s regulated by a small egon o the brain calld the
Giscovered when ‘hypothalamus, which manages many of our hormones. When fat
arandom stores run low and leptin levels drop, the hypothalamus stimulates
pumbmacorred | et an attemptto increase oo intake and regin st energy
ot

‘When leptin levels are high, appetite
is suppressed, reducing food intake
and encouraging the body to burn
up fuel,
It was originally thought
thatleptin could be used as a
treatment for obesity. However,
although it is an important
regulator of food intake,
our appetite is affected
by many other
factors,from how
fullthe stomach is
toan individual’s

emotional state or
food preferences.
For this reason, s
possible to override the
leptin message and gain
weight even when fat stores
are suffciet.
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Why do our muscles ache?
P,

Learnwhat causes stiffness and pain in our muscles for days after exercise

‘much like a bodybuilder's biceps. But i the muscle happens to
be stretched as it coniracts it can cause microscopic damage.
‘The quadriceps muscle group located on the front of the thigh
s involved in extending the knee joint, and usually contracts and
shortens to straighten the leg. However, when walking down a steep
slope, the quadriceps contract to support your body weight as you step
forward, but as the knee bends, the muscles are pulled in the opposite:
direction. This tension results in tiny tears in the muscle and this s
the reason that downhill running causes so much delayed-onset pain.
‘A muscle is made up of billions of stacked sarcomeres, containing
‘molecular atchets that pull against one another to generate
pelow. ‘mechanical force. I the muscle s taut as i tries o contract, the

Nnmm\l‘i, when our muscles contract they shorten and bulge,

Wittt | comeres et pill ot of e, cusing microscopc damsge. The
e 1 | el gots nflomed an s with i, casing sifvessan i

Pain
The sorenes sssocted
withexercie i he st
of epeiive suetching o
Contsctd muscs

Bending
Nomaly when thebceps
musdegoup conrats .
shatens,pulng the

foream owards the

Stretching
Aathemuscletiesto
contac, the weight pul i
theopposte drection,
cauing miroscopcesrs
it the i el

e amstsghins
out the bspare
Sueched, bt the weiht s
sllputing down onherand.so
themuscies remainpartly contacted
tosuportis
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How bigis the
world's most
powerful laser?

i~ 4

The National [gnition Facility
houses the biggest laser,
capable of producing around 78
2million joules of UV energy

he National Facility (NIF)
n California s an impressiv

engineering It contains the
opticalinstrument
fash-lamps, 97 kilomer
of mirrors

lator of the
y pulse of photans s
using an optical fbr

enheit) - more tha
six times hotter than the core of the Sun

and puts it under a force exceeding 100 billion
atmospheres, all in less than a second.
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What is a photon?

i
Just how do these tiny packets of light work?

photon is cne of the clementary particle of the universe and

responsible for o of the fundamenta forcesof rature - the
clctromagnetic fore - and are ofen regarded by many as the basic
unit o light, They arealsorespansble for force n an lectromagnetic
field an are the main constituent ofight tht enable o travel
throvghout the cosmos.

Photons are bascalyltle packets ofenergy, o electromage
waves, bt they contain nio mass o lectrical charge whatsoever. They
are released from atoms when a change in energy occurs, ravel at the
speed of light and can exit s both  viave and a5  particle, When we
See lght, what we are ealy observing isthe emission o photons from
agiated stoms.






OPS/images/bg07200001.jpg
Howdo
<= 101 Amazing Facts You Need To Know 4| painkilers ——————
Gureheadaches’

72

How do painkillers

cure headaches?
i~

The science behind the pills that manage pain

e all feel pain differently, depending on the severity of the
injury or ache, as well as our health and our pain threshold.
‘When you are in pain, nerve endings transmit the pain
signal to the brain via the spinal cord. The brain then interprets the.
level of pain.

‘There are two key types of painkllers that are commonly used.

‘The firs include buprofen and paracetamol, which block the body's
“prostaglandins'(chemicals that produce swelling and pain) at the
source of the pain, reducing swelling in the area and rediucing the
intensity of pain. These ‘aspirin medicines'are used frequently for
‘mild to moderate pain, but they can only work up t0 2 certain intensity
of pain. There are different types of painkillers within this group, such
as antiinflammatory medicines, like ibuprofen, which are commonly.
used to treat arthritis,sprains and strains. Aspirin is used to help lower
the risk of blood clots when used in a low dosage, as ey thin the
blood. Paracetamol is what's known as an analgesic, which is used for
reducing pain and lowering a temperature.

‘The second type of
painkillers include morphine
and codeine (narcotic
medicines), which block
the pain messages in the
spinal cord and the brain.
Thisis for much more
severe pain. As both types
of painkillers use slightly
different methods to treat
pain, they can be
combined, such as in
co-codamol, which blends
codeine and paracetamol.
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—~= Launch Complex 39A ~ —

Launch Complex 394 and 398 e orginally bulk forthe Apoll moon
misions SaturnV rocke Th sirctutes on 398 e now been
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A space

How do ice volcanoes form?
o
Saturn's freezing moon Enceladus has volcanoes,
Dbut they're not what youd expect

| volcances form?

have cast-iron proof that volcanoes spouting ice from a sub-

Thev e known as cryovolcanoes, and though scientists don't

zero caldera exist on Enceladus, there is strong evidence for it
The fiyover by Cassini two years ago revealed jets spurting from four

cracks along the moon's surface, named Alexandria, Cairo, Baghdad
and Damascus. The eruptions were so high that they could easily be

seen in profile from space.

Gas
and
s Icy Grains

Tidal beating
Hardpacked cebeneath
thecrustis arcaly mlted
Int0shshbyth foceat

Satums gy

Under pressure
e watrcesuahic
squeczedbetuzenthe
ic shests o the srfce

Volcanoes found on Earth
and also Jupiter's moon
lospout slicate ava that

is heated by the pressure
beneath the crust. lce
volcanoes work in a similar
way: scientists believe that
subterranean geological
activity on Enceladus warms.
the freezing surface into 2
slush of water, ce and
organic compounds, which
i then efected out by force
through the surface by ice
sheets grinding up against
one another.

Enceladus has an elliptical
orbit similar to our moon,
S0.as Saturn's gravity pulls
unevenly at Enceladus it
ereates a bulge that generates
the friction and heat necessary
1o cause this previously.
unheard-of phenomenor.

~ »
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Whatis the E}'o,ldﬂocks Zone?

Life-sustaining planets require such exacting standards that scientists call the
area they occupy the Goldilocks Zone'

‘planet - the perfect distance from a star with a surface neither
oo hot nor too cold. It i an intersection of life-sustaining

regions within both a solar system and a galaxy. Astronomers believe
that the Goldilocks Zone ranges from 0.725 to three astronomical units
each about 150 million kilometres, or the mean distance betwveen the.
Earth and the Sun).

Recently some planetary bodies have come close to fitting the bill
‘The April 2007 discovery of Gliese 581c in the Libra constellation,
for example, seemed promising until further research proved it was
00 hot. However,a nearby planet, Gliese 581d, may turn out to be
just right. At the same time, the definition of the Goldilocks Zone is
expanding as scientists discover life on Earth in places previously
thought too extreme to sustain it

Tne Goldilocks Zone is an area just ight'for a life-sustaining
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in the process more photons are released. The photons collide and vibrate
together, creating a stream of photons allof the same wavelength and.
travelling in a single direction.
An optical switch in the amplifier works like a mirror and
forces the photons to travel back and forth, bumping in t
more electrons and producing more and mare iden

‘photons. This process boosts the power of each be
from a fraction of a joule to over

i i
\l{/ 0,000 foules, Once the beams have
|
1
i
i

been amplified, two ten-storey mirrored ‘switchyards’
cus them into a spherical target chamber, pinpointing a
target smaller than a pencil eraser. The combined power of
all 192 beams heats the target to 100 million degrees Celsius
(180 million degrees Fahrenheif) - more than six times hotter
than the core of the Sun - and puts it under a force exceeding 100
illion atmospheres,all in less than a second.
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Why does Saturn have rings?

@I@

The mysteries of how Saturr's rings were formed are only
now revealing themselves to us.

tleast 60 times more powerful than is predecessors, the laser at the
National gnition Facility (NIF)in California s an impressive
feat of precision engineering, It contains the largest optica

nstrument ever built, 7500 flashrlamps, 97 kilometres (60
niles)of mirrors and fibre optics, and is roughly the size of
hree football pitches.

At the master oseillator of the NIF,alow-energy pulse of
photons is generated using
an optical

fbre laser. To
amplify the laser pulse it

s broken down into 192 separate beams

hese are then carried through fibre-optic cables to a seies
of amplifiers

Powerful white flash-lamps are used to energise sheets
of neodymiunimpregnated phosphate glass, which energis
electrons in the neodyrmium atoms. As the photons pass through the
amplifier they cause the electrons to drop back to their ground state’, and
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How do ocean tides worl?
e

Gravitational forces tip ocean waters like a bathtub

ou'e sitting on a beach, cooking a barbecue with the family
‘The Sun sets n the distance. You look around and - ke
the famous scene from Chitty Chitty Bang Bang - you'e
surrounded by water. The pheromenon of ocean tidesis caused by
gravitational forces as the Earth moves around the Sun, and the moon
‘moves around the Earth.
‘The effect of tides as we see them s due to gravity pulling water to
one side of the Earth or another. It helps to think of a giant bathtub,
with vast bodies of water being moved as the tub s tipped.

Earth
There are o scientific princils st work. says I N Osond PR, 3nsocite rofssor f geogaphy t.
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Why is the surface of

Mars red?
—f

How the red plaret gotits iconic colour

the result of ron rusting, Rocks and soil on the surface of Mars
contained a dust composed mostly of iron and small amounts
of other elements such as chlorine and sulphur. The rocks and soil
were then eroded by wind and the resulting dust was blown across the
planet’s surface by the activity of ancient volcanoes, Recent evidence
suggests dust was also spread across Mars by water, a theory backed
up by the presence of channels and ducts across the planet's surface.
‘The iron contained within the dust then reacted with the axygen
in the atmosphere, producing the distinctive red rust colou, while
the sky appears red because storms carried the red dust high up into
the planet’s atmosphere. This dusty surface, which is between a few
‘millimetres and two metres deep, also sits above a layer of hardened
lava which is mostly composed of basalt The concentration of iron
thatis found in this basalt is much higher than it s in basalt on Earth,
and this also contributes to the red appearance of Mars.

T he red colour that we usually see in images of Mars i actually
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How do hang gliders fly?
Al
Propelled solely by hot air, hang gliders make engineless flight possible

wing shape, as well 2 exploiting the natural meteorological
updraits created in Earths atmasphere. Through this, they use

gravity as a source of propulsion, yet stay airborne for lengthy periods
of time The relationship between the amount of it the glider is
capable of and the amount of drag inficted on it by the atmosphere's
air molecules is key to ts sustained flight, with the more metres of
forward glide to every one metre of descent,the better

‘When hang gliders were first invented, their heavy construction
‘materials (wood and heavy metals) prevented pilots from achieving
 good rato. Today, however, superlightweight carbon composite
‘materials allow gliders to have significant glide ratios, usually over 15

Construction consists of two parts, the control frame and the wings
‘The wings are designed to generate as much lft as possible as air
‘passes over them, and maintain pitch and yaw equilibrium when
gliding. The triangular control frame is atached to the centre of the
wings; it provides a fixed platform fo the pilot to be strapped to and
shift within to alter course and alttude. Control s achieved by the
pilot moving their weight fore or aft in opposition to the frame.

Hang gliders work by generating it through their body and

108 e=
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How do clutches work?

==

This metal ring is a vital element for most vehicles

106 =

avehicle. A car's transmission is connected to the engine and
serves to transmit’ the power generated there to the wheels.

that drive it Within this, gears recuuce the number of revolutions of a

crankshaft, ensuring more effective use of the engine’s torque.

When a caris in neutra, power from the engine is driving
the transmission input shaft in turn rotating some parts in the
transmission on idle. However, once first gear s selected t0 go
forwards or reverse to go backwards, the clutch is depressed.
disengaging the input shatt from the engine. Due to nerta, the input
shaft could stil spin for sorme time however, meaning certain parts of
the transmission will be spinning too fast to interlock with the gears.

Aclutch brake works by fixing to the input shaft on a manual
‘gearbox,acting as a source of friction between the release bearing
and transmission bearing retainer cap, educing the input shaft's rate
of rotation and slowing the spinning inside the gearbo. This allows
for the gears to mesh effectively without any significant grinding or
clashing, Clutch brakes are instrumental in avoiding excessive wear of
those all-important inner transmission companents.

‘There are three comman types of clutch brake found in vehicles:a
‘one-piece clutch brake, a two-piece ‘hinged cluich brake and a torque-
limiting clutch brake. The one-piece variety can only be installed
with the transmission removed from the vehicle, soit can go over the
circular input shaft. s thick plate provides a good friction surface to
slow the input shalt when it spinning. A two-piece hinged clutch
brake, on the other hand, can be installed with the transmission in
place by hinging and then fixing around the input shaft_ Finally,a
torque-imiting clutch brake is used for more heavy-duty applications
and features a hub with washers that slip under a certain amount of
torque, ensuring the smooth engagement of gears in the transmission.

T ransmissions play a fundamental role n the process of moving
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What happens in an F1 pitstop?

o~

How are these complex repairs made so rapidly under such pressure?

as those used in Formula 1 - i refueled, fxed, adjusted o
gets a new driver. In an F1 context.  pitstop generally entails
changing the car’s wheels and fixing any damage.

Pitstops are carried out i the pit, a segment of track that runs
‘paralle to the main cicuit’s starting grid, and is broken down into a
series of bays. Each bay is assigned to a team, with a bay consisting of
an internal garage and an external, pitside operations area.

When a car needs attention, the team's communications crew calls
the vehicle in to the pits, which involves the drive completing their
current lap and then entering the pitlane. For safety,  set speed limit
isimposed within the pit lane. The driver then proceeds down the
lane and is flagged into thei bay by a sign-waving crew member

‘s soon as the driver is stationary, operations can begin. Once any
tepairs and adjustments have been completed, the car s released to
travel to the end of e pt lane and then the circuit proper, where it
‘merges back into the racing pack.

Q pitstop is a motorsport operation where a racing car - such
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How do you drift in a car?

o~

Itlooks likejust a cool trick, but drifting involves driving
precision and unique physics

but difting s a highly technical form of drving involvin the
leulated shiftng o balance o  vehicle,and has developed
into oneofthe fstest growing motorsports in the woild. The idea
behind it s to maintain  stae of overster whie negolsting
seriesof corners A drver il el on constan, guick adjustments o
the throttle brake,clutch, gars and stering. Only cars with ear
‘wheel driv can b successfuly drfed,and these ae placed under
high stess,requiing strengthened components ke  clutch and
handbrake. Thesecars tend to get though a good nmber of tyes.
Driftng s loud nd createslotsoftyre smoke and th practice

s forbidden on publc roads. Specially organised dift events et
enthusiass pracise and compete to complete  course with the best
rifsacconding 1o a el xieria

3 Stering adjustment

g et ileepthe
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How do planes fly?

e

Take to the skies and discover how hundreds of
tons of metal can remain airborne

1o do with wing structure, but were clueless regarding the
detail. As it turns out, the shape of a wing is optimised to
generate lift, an upward force caused by manipulating aiflow. A wing
has a rounded leading edige with a slight upward tlt,a curved topside,
and atapered trailing edge pointing downward. This shape alters
the low of air molecules into 2 downward trajectory. This results
in - as Newton put it n his Third Law of Motion - "an equal and
opposite reaction.” When the wing pushes the air molecules down, the
‘molecules push the wing up with equal force. The airflow also Creates
alower pressure area above the wing, which sucks the wing up.
Constructing wings is the easy part. To fly, you need to generate
enough forward force - or thrust - to produce the necessary lift to
counteract gravity. The Wright Brothers accomplished this by linking
a piston engine to twin propellers. A plane propeller i simply a group
of rotating wings shifted 90 degrees, 5o the direction of it is forwards
rather than upwards. In 1944, engineers upgraded to jet engines,
which produce much greater thrust by igniting a mixture of air and
fuel, and expelling hot gasses backward.
A pilot controls a plane by adjusting movable surfaces on the
‘main wings, as well s smaller surfaces and a wing like rudder on
the tail. By changing the shape and position of these structures, the
pilot varies the lif frce, acting on the different ends of the plane to
essentially pivot the plane along three axes:ts pitch (up or down tl of
the nose), roll(side to sde rotation), and yaw (tum 1o the left o right)
Engineers keep planes as light and aerodynamic as possible. Modem
fighter jets are manufactured from superstrong, lightweight composite
‘material. applied in layers to form precise, aerodynamic shapes.

F or millennia, would-be aviators knew bird flight had something

= 01
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How do tyre valves work?

o=

"How valves keep air under pressure inside tyres
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How do boats brake?

o=~

What methods are used to slow a boat down?
ifferent boats use different ,? ~
T s
water. For boats with
propellers, the spinning propeller
pushes water back and this pushes
the boat forwards. You can slow.
them by stopping the propeller
spinning If you spin the propeller
backwards, the boat will push
water forwards and this willstart to
push the boat backwards and it will

Slow down a bit faster. An anchar is
then used to keep the boat stil
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How was
Pompeii destroyed?

===

When Mount Vesuvius erupted in 79 CE, it wiped
the city of Pompeii off the face of the planet
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Jhurt s prey?

How did Trex hunt its prey?
—f~
The Trex may have been one of the largest meat-eating
dinosaurs, but it might not have been a predator at all

tyrant, lizard and 'king' - was one of the largest carnivorous
dinosaurs to walk the earth. Likely prey included the

“Triceratops horridus and the Torosaurus, each about the size of an
elephant. There have been several nearly complete Tyrannosaurus rex
skeletons found since the first bones were discovered in 1894, some of
which included soft tissue. From these, palacontologists have learned
that the T-rex had a lot of bird-ike traits. It ikely had a one-way air
sac system that kept it lungs constantly full of fresh ai, hollow
bones to lighten its body weight, and binocular,colour sight. It also.
had a wishbone, or furcula. Some palaeontologists believe that our
assumptions of sealy, lizarc ke skin might not be entirely accurate.
and that Trex couldve even had feathers.

Controversy about the T1ex centres on whether it was a predator
ora scavenger, as well as whether it moved slowly or quickly. Many
‘palacontologists believe that the Tyrannosaurus rex was strictly a
predator, bu those who question this assumption point o is short,

. weak arms with two-fingered hands,Large legs
puriceei B suited for walking distances and astrongly
omatams_ developed sense of smell. These seem
rtaivetosize more n line with what we know of
scavengers rather than predators. Others
argue that muscle scars found on
Skeletons show that the
‘Tex had strong arms.
‘They also believe
S, bore. that their binocular sight
rushingjaw Large and hollow bones indicate a
muscar ks fagter moving predator. However,
predators today will sometimes
scavenge i fresh prey isn't around. so Trex
couldve actually been both.

T yrannosaurus fex - from Greek and Latin words meaning

-~ 17
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How were Roman roads built?
—f~

Howwere these ancient highways made, and were they ahvays straight?

e e conceptof st i for hncrdsof yers
VN i o o i
T s S Bl wiprst ol

gt and by s ofacitEros e 0
el e ey e el o st
et s Rt ey el o il
i s gty e o e e

Rotan st corinaion vas s il il e
s o e ol et wih et
g oo s lt p o e A e
Trrats we s sik o depntinge T e
i ot For e il
e gl o whie v vl v et
o it s Whik oo corsrcion i
it o s b el Srgh s £ was poie.
e 0 sy i s o k.

6 Edge 5 Lava
Onther sid f e cappig yer - e fou previous yers were
e th roads urtace - rasesedge then capped withpolygoal
stons wer pstioned blcksof asaic vacr
todemaratathe 3 il hrd sone.
pavemenss.

3 Rubble 4.Lime
O topo he sl Abeddng
ongs s ayrof ot pounded
ubtie. whichwas ceated potsharcsand

from cushed stoneand . meas then
depostedover

e e nd

compressea

1 Earth

Aitoadswerebuttans
lev andcompace 2 Stones
expanseof arn whch Ontop ofheearth was lced
Cevedas e base. alayrof sml, compacted stones.

126 @=






OPS/images/bg00400001.jpg
WorldMags.net

WorldMags.net





OPS/images/bg12500001.jpg
Whatsinside

B

2 medieval
castie?

Great hall
Thelargehalto theftof re
courtyar wasuse for banauets,
mestings and ecepions. 1
Contans besut xamplesof
Gatne srntectue.

Courtyard
ik des Chevalirsbegans a motte
Sndbaley butwas pgraced o
Concentrccaste. Th courtyrds
anlyon thenethsid fthe castle
andseparated rom e uter wall by
Saen

Postern gate
Manycastlesconained oneormore
secondaryenvances,or posten
ot through whih 1 residents
Enteradsndextec.

Outer wall
Theouterwatof
Kk Chealers,
stathcentury
ot bl Sy,
eteato e
meters i 13
gard owers.

-~ 125






OPS/images/bg00300001.jpg
Welcome to

Jo1
FA

<=you need to know-=

Have you ever wondered why we sneeze?
How about how pearls are formed? I you
want to know more about the world e live
in, you've come to the right place. This book
contains facts from six subject areas the
environment techriology, science,space,
transport and history - and each section is
packed with questions and answers that will
Jfeedeventhe bungriest of minds.





OPS/images/bg12400001.jpg
~= 101 Amazing Facts You Need To Know

——— ~ Medieval castles ~ ———
We examine the components of Krak des Chevaliers

Master'slodgings
i room on e second foor
ofthekeep s drcur Unike
many resdantl qarters
ot dsbortelyand
ceganly decorsted

Moat

i most st th southend

betueenth ute nd ner

wall Horses dnk rom . 3nd

thewater was sedto i bt

Stone siope
Cusacersbul s
24 mewe thckstone
sope o prarecthe
castes south s s
Emoothnessmade
it ormaders
toscae

The inner wall
Up ofout meves nck,
i sevenguard
owers, he oner wal
canoniybereached by
soinghrougha drt
passageway ndtne
srestsauare tower.
mang 1 ol o
Inrudars o ng i
waytothe esp

124 o=





OPS/images/bg00200001.jpg
WorldMags.net

WorldMags.net





OPS/images/bg12300001.jpg
|whasinsice
amedeval

castie?

What's inside a
medieval castle?
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The stereotypical fairy tale castle design was
actually the result of centuries of improvement
upon existing structures
o edieval castles were an importan pat offeual soiey.
[ — ey began to appear around 1066 AD with the invasion

U s funded 1 of William the Conqueror. As he moved through England,
meheenturyand. | geotland and Wales, William had more than 30 castles buil to help

sltstandstodar ‘maintain povier over his newly conquered lands.
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 flares work by generating a heat signature in excess of the launch
ehicle’s jet engines. This has the effect of confusing any incoming heal-
eeking missile’s homi ing on o the flares'signaires
e ata safe distance and saving the p
‘main types of countermeasure flre - pyiophoric and pyrotechnic.
The former i activated automatically on ¢ ith arand the latter
‘mechanical removal of a friction cap priorto firing. The
flare s often tailored to counter specific missile systems of {0 mimic the launch jets
heat signatue.
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How do snowmobiles work?

P
‘Read on to find out how these vehicles traverse icy terrain

only amatter of time before traditional skis were replaced when

traversing snow and ice, and the snowrmobile invented. The roots.
for this snowy-terrain vehicle are in military technology, where the
rubber in the off oad tracks was proven to work even in adverse.
winter conditions.

A Canadian inventor called Joseph Armand Bombardier took the
design, adapted and refined it to create the first single-passenger
snowmobile in 1950: the Ski-Doo. Bombardier Industries has gone on
tobea leader in the snowmobile market, while the snowmobile itself
has become the de facto standard for fast travel across ice and snow-
dominated landscapes.

I.. the pursuit of getting from A to B as quickly as possible, it was
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How does an aircraft

Carry weaponry?
o= gap<o

Finding space to turn planes into deadly weapons

are any part of an aiscrafts aisframe that has been designed

to carry an external load. These loads commonly involve.
additional weaponry. fuelor other forms of countermeasures,the latter
usually consisting of braces of flares.

‘There are three main types of hardpoint, each with its own unique.
advantages and disadvantages. The first type is ail launchers, which
are used to cary and launch large missiles and rockets. These
comprise thin narrow rails mounted under an aircrafts fuselage, to
‘which missiles are attached by a basic slot mount. These rail systems
work by simply dropping the missile on command from the mount,
with the weapon then propelling itself clear of the plane under the
‘power of its own ignited engine and kinetic energy.

Ejector racks make up the second type of hardpoint,although
technically speaking the rack is ot a hardpoint but i attached to one:
via a pylon. Ejector racks consist of braces of free-fall bombs and
small rockets n a close-knit array hung beneath a plane’s wings.

‘The positioning of the rack away from the wing surface ensures that
control sufaces are not disrupted. The ejector racks also work by
physically pushing the bomb/missile free, this time using explosive
cartridges, which when engaged destroy the rack's weapon hooks.
‘To make sure the primed weapon is definitel released, each rack s
equipped with both primary and secondary charges, as a backup.

‘The third station is the wet hardpoint. These are referred to as
‘wet"as they are plumbed and capable of interfacing with drop tanks.
‘mounted on them. This allows an aircraft o carry extra stores of fuel
outside of its primary reservo, supplementing its maximum combat
range. Importantly, despite their connection to the airerafts fuel tank,
et hardpoints can stil be jettisoned when empty 1o reduce weight
and drag, and also be used to mount additional weaponry if needed.

Hmdpmms also commonly referred to as weapon stations,
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Can you break the
sound barrier?

e

Whatis the sound barrier and what
happens ifyou break it?

hen Chuck Yeager broke the sound
s / \ ; barrier with the Bell X1 rocket plane
in1947, he was doing something that

‘many people thought would never be possibie. The.

sound barrier is simply the point an object exceeds

the speed of sound - a speed many scientists once
considered impossibl.

Sound is  travelling wave of pressure. A moving,
bject pushes nearby air molecules, which push
the molecules next to them, and 5o on. As a plane
approaches the speed of sound, s pressure waves.
“stack up’ahead of it to form a massive area of
pressurised ai,called a shock wave. Shock waves
‘would shake old planes violently, creating an
apparent barrier to higher speeds.

You can hear shock waves as sonic booms.
‘Sometimes they're even visble: the high
ressure area can cause water vapour to condensate.
into liquid droplets, briefly forming a cloud around
the plane.
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How do kayaks stay

afloat in rough waters?

B
Alook inside these versatile boats

- designed to transport their user over a variety of walery

environments, be that calm, flat lakes, choppy coastal waters
or torrential river rapids. Due to their abilty to traverse such varied.
terrains, kayaks can take many forms. For example,racing kayaks are
long and narrow - often exceeding six metres (19 feet) in length - o
reduce drag and maximise the distance per stroke generated by the
‘paddler’s oar. On the other hand, white-water kayaks are short and.
squat often measuring in at no more than 15 metres (fve feet) as
stabilty and the abilty to turn sharply are the key requirements when
navigating jagged rocks and steep drops.

Indeed, when you consider this rather diverse usage, it wonit come
s surprise to discover that there are over six main categories of
Kayak. including: recteational, oceanic, white-water,facing, surf and
hybrid types.

I <nyaks are small, narrow boats - most commonly single-seater
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How does a
hovercraft
hover?

D= e

Why can these machines
traverse both land and sea

he abilty of hovercraft to cross dry land s
| el as water has seen them employed in the
‘military and tourism sectors for many

years. Although once biled s the next generation

of transportation, they have somewhat decreased.

in populariy over the last decade. Despite this, thelr
usefulness is sil eadily apparen.

The core principle of a hovercraft i that the hull of
the vehicleis suspended on top of a giant cushion of ar,
held in place by flexble rubber that allows it o traverse
difficult terrain or choppy waves without being torn
apart. At the centre of a hovereraft is a huge fan that fires
air dowwards, pushing the hull offthe ground as high as
two metres (65 feet). Smaller fans on top of the hull push
air backwards, giving the hovercraft forward momentum.
Rudders direct this flow of horizontal ai to allow a
hovercraft o change s direction.

Traditional hovercraft have an entirely rubber base that
allows for travel on land o sea, but others have rigid sides
that, while suited only to water, can have propellrs or
water et engines attached for a quieter craft.
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How do ships stay level?

Stabilisers are the secrets bebind sailing straight in rough waters

stabiliers and gyroscopic ship stabilisers Bilge keels are long

thin strips of metal that run in a V' shape along the length of a.
ship at the turn of the bige (the area on the outer surface of a ship's
hull where the bottom curves meet the vertical sdes) Bilge keels work
by dampening a ship' roll capabilty by counteracting roll pressture:
with physical hydrodynamic resistance. Ship stabilsers differ to bilge
keels n shape and positioning, resembling fins rather than gills and
are often positioned in pairs at the stern and bow of a ship. They do,
‘however, work in the same way and are usually positioned on the bilge:
in line with the ship's bilge keel. Due to their larger size and protrusion,
ship stabilsers offer greater resistance to ship roll but negatively affect
ts manoeuvrability and increase its hull clearances when docking.

Gyrascopic ship stabiliers are complex fin systems that can be

incrementally adjusted i their angle of attack a vector representing
the relative motion between lifting body and the fluid through which
itis moving) to counteract roll, and brought in and out of the hull at
will thanks to specially tailored hydraulic mechanisms.

S hip stabilisers come in three main categories: bilge keels ship.
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Why are London buses red?

=~
The reason bebind the choice of colour

variety of colours o indicate where
the bus was going, The largest
operator, London General Omnibus.
Company, decided to make its buses.
stand out. It chose a spoked wheel
s asymbol and the colou red for all
its vehicles. When London Transport
was eventually formed as a single
company in 1933, red was already the
predominant colour,so all buses in the
Greater London area becarme red.

I.. 1907, London operators still used a

What are funicular railways?

i~
Moving carriages up and down steep inclines

rai carriages running over a steeply inclined four, three or
two-sail track. Both carriages are connected as they operate
under the principle of counterweigh. In order to overcome the.
lack of traction generated by steel rails and tram wheels,funicular
railways use each of their pair of carriages to power and
balance the other over a central, top-mouned puley.
‘With this design, very lttle electrical power s required
to haul many tons of carriage up a steep incline, with the
only additional power needed to initialise the pulley's
motor. The pulley provides enough force to overcome the
S difference in weight between the carriages (ie passengers)
ST a5 well as counteract any frction between the two forces.

Funnumr -~ or incline - ailways are typified as two connected.
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What's in a bulldozer?

= <2

Designed to demolish all in their path, discover
what makes them so powerful

R ———
T i o i
ey ey o o o gy it
ool T e e ks gt et
o b s welght o jrevesing e b
Sing kst i . T iy,

in partnership with the vast amount of
torque generated by the vehicles diesel
engine and torque divider, allows
substantial loads to be manipulated
with ease - indeed, modern

‘bulldozess can pull tanks that

weigh over 70 tons!

setow

Some ulloeers Abulldozer consists of many.
sporcubedsinsad | different parts, but the three most
oftracks

noteworthy e its blade, tracks and
ripper. Take a look at the
animated image here
tolearn more about
the essential
components
that make up
the buldozer.

Ripper
Astarp metatoothed
oatue that s v o the
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Destsight?

Which animal has the best sight?

What can see further than anything else?

z00logists believe some hawks and eagles have vision eight
times sharper than ours. An eagles retina sports around 1
million sensory cells per square millimetre - around five times what
‘youtd find in a human retina. It pays off: some birds of prey can spot
and track a rabbit 15km (09 milles) away!
If you gauge eyesight in terms of light spectrum perception instead
elow. of acuity, the mantis shrimp is the champ. Mantis shrimp perceive

Buds of prey boast the greatest visual acuity of all animals and

it 1 or 12 primary colours, putting ous three to shame, and they see
starperthanouwrs | ultraviolet and infrared light too.
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What causes d(alfPle rainbows?
Hnwznesmlauwmezej;mmlphmmmns are caused

egular rainbows occur when moisture inthe air refracts
sunlight n such a way that it s broken up into it consttuent
colours. The phenomenon occurs when the Sun s positioned
behind you and sunlight passes through the airborne water. The light
refracts (bends)inside the droplets and the white light i broken up.
Each colour has a different wavelength so, depending on the angle:
of reftaction, a ifferent colour o ight will be reflcted outwards, the
result of this process s what we cbserve when we see a rainbow.
Every rainbow is accompanied by another,secondary rainbor,
but s usually too dim to see. This double rainbow effectis due to
the continued reflection of light inside each water drop. Sunlight s
actualy reflcted twice insidea drop: once to produce the primary.
rainbow and a second time at the back of the drop. This second
reflection inverts the light but undergoes the same refraction, so
exits in the same way as before - though upside down. This second
reflection reduces the intensity of the sunligh, but it also produces a
Second inverted rainbow, creating a double arc of multiccloured light

Secondary
itheincoming ghe
suongenough, afan.
secondary sinbon it
beobsentle

Alexander's dark band
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How do planes fly?
Why does the Tower of Pisa lean?

How does the Arctic Ocean freeze?
Find out the answers to these
and more inside
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Jet strearals work?

They're a vital component in regulating global
weather, but what do jet streams actually do?
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How deep is
the deepest cave?

Where is the planet's deepest subterranean
network and what have cavers found?

the Arabika Massif in the Western Caucasus, Georgia, to descend
1o new depths of the Voronja Krubera cave system. Two branches
of this subterranean warren were discovered to reach 1775 metres
(5,823 feet) and 1920 metres (6,299 feet), but the deepest point - 2
‘sump dubbed ‘Two Captains - exceeded the two-kilometre (1 -mile)
‘mark to become the deepest natural cave in the world at 2191 metres
(7188 feet) Essential kit used for casual spelunking (or potholing)
includes a hard hat, headlamp, waterproofs,thermals,climbing gear
and basic rations for longer expeditions. But the 2007 Krubera caving,
trip was comprised of professional spelunkers, known as speleclogists,
‘who werer!t just experienced at exploring caves but specialists in
cave sciences including biology, hydrology and geology. The 41 team
‘members spent atotal of 29 days mapping out the cave network, as
well as recording the temperature and sampling sediments, micro-
organisms and speleothems (which include cave formations such as
stalagmites). So.as well as standard camping geas, sample containers
and more unusual scientific devices such as ground-penetrating
radar were used to help plan the best possible route ahead. Georgia
(specifically the disputed region of Abkhazia)is home to the top three:
deepest caves on Earth and, incredibly, Two Captains is known 1o go
deeperstill Ropes and carabiners in the hands of expert climbers are
essential for exploring these incredible depths, as the Voronja-Krubera
system includes drops like the Big Cascade, which alone plummets 152
‘metres (499 fee).

I 2007, a team of 4l cavers worked their way into the limestone of
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e s coevgy | U115 the stilliuid lava below: Because the Lava is now insulated

ostecomeapopul | the cooling becomes increasingly slow over time. Wihile you could

tursatracton probably walk on the crust after just half an hour or so, thick lava
flows can take a number of years to cool completely and solidify all
the way through. While the temperature fals the lava begins to dry
out,and it this drying that causes the solidifying lava to crack and
form regular pillars of basalt rock, The size and shape of each column
is ultimately determined by the rate at which the lava actually cools
and dries, and therefore the speed at which what's called the ‘drying
front’ moves. Scientists from the University of Toronto discovered that
the slower the cooling rate the larger the basalt columns that formed.
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How was the Glant's
Causeway formed?

= \ _—
Discover the origins of this geological
‘phenomenon in Northern Ireland

Hes an unusual rock formation which draws in millions of
vistors rom around the world every year. They flock to see
avast lateau of poygonal basal columns - which are comimony
Known 3 the Giant's Causeway - which looks ke a carpet of
enormous stepping stones extending out nto the Iich Sea. The basalt
pillarsthat make up this amazing rock formation dramatically range
i size from a matter of centimetres to several metres high Although
the Giant's Causeway i so-named cue
——~ Polygonal pillars of rock ~— 1o ancient egend. s formation
Thoughhe mumberof s o ech pllartarin ot 38000 sty began o o 65 million years
oty s i s e St e
volcanic activty forced tectonic pltes
- tostretch and break This caused
magma to spew up from insice the
Earth and spill out across the surface
a5 lva, The temmperature of erupting
lava can range from betvieen 700
and 1200 degrees Celsus (1292 and
2192 degrees Fahreniit, However,
upon contact withthe surface it wil
immediately begin to cool. At it this
cooling i extremely rapid and this
results n1a hrdened crust orming on
topofthe superhot substance, which

O £ the north-east coast of County Antrim in Northern Ireland

Sides sidss
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What
causes red tides?

=N =)

Why crimson seas are not as unbelievable
a sight as.you might first think...

- ved ide i the rapid accumlation of  mass of aquatc algae
Bepenesaring made up of moblesinglecelld micro-crganisms known as
e dinofagelates - which means whirlng whipde tothe naure
Gihameé. | ofthe taibike roectons that propelthem thiough the water. The
actualy bermees algae grows, or blooms, more rapidly than usual in order to consume
Putrent that have suddenly isen p fom the coldes depth o the
ocean below. The red e is down tothe presence of acetan species
ofdinofagellat, o phytoplankion Together with the more abundant
ditom algae,dinoflagelltes make up the mjortyof ocean plankion.
Despite the rather tarting appearance o  sa that has been turned
+ed, many algalblooms are actualy compltely harmless. However,
You shouldii consume seafood ollowing a e tde 2 crtain
phytoplankion can release harmiul substances ino the waer Sorme
dinofageltescan prodce toxins when eaten b cther reatures and
the harmiul substancesthen concentrae nsid the retures that
feed on them, and subsequently any humans who goon to dine on
the contaminated seafood. The billons of mictoscopic dinofageltes
i ed tide can aso cause spectacula boluminescence atnight. O
specie in particula - the lingulodinium polyedurn - can createts
own light from within. When the organism i osted o colldes with
ettt | somethingin the ocean,  chemical resction occurs when an enzyme.
ety | called luciferase and a substrate called lucferi, both contaned ithin
econtrusgon e ogaism combine Thi s th catalyst o chemical eaction
owigelrse | ot rlesse s of bue lght, Whe this occurs illons of tmes
i simultaneosy the effct s quite emarkablefor onlookers.
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What's inside
HMS \éictory?

One of the most famous s_h[z'ps of all time,
HMS Victory was crucial to ensuri

British naval suprema%/ during the late
18th and early 19th centuries

War of Independence,the French Revolutonary War and
the Napoleonic wars,the HMS Victory i one of the most
s | Fimous i s tobe bl Animposing st e o e
paintingoftheBatte | e Jine warfare is characterised by two lines of opposing vessels
s | anonte cxh e v o ing rn
Shouninheri | broadside cannons into best range and angle - the Vicory was
ot an oceanic behemoth, ited with three massive gundecks, 104
mulipleton cannons,  cavernous magazine and a crew
ofover 800, It was a vessel capable of bowing,
\ even the argest enemy vessel ot ofthe water
with magnifcent feocity and range. while
a0 outrunning and outmanoeuvring
cther aggressors.
Historicall, it s alo tobe Vice-
Admiral Horaio Lord Nelson's agship
| during the epic naval batle of the
Cape of Traflgar, where it partook in
. the last great line-based conflict of the
age,one inwhich it helped o grant
Neson a decisive victory over the
French and Spaish buta the cost of
his o life.

Tng only surviving warship to have fought in the American

setow
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Army2

What is the Terracotta Army?

=~
The truth behind these mysterious figures

exciting archaeclogical finds in recent history. The figures
represent the soldiers of Qin Shi Huang, the frst emperor of

China. They had been placed in his tomb, an earthen pyramid mound,
which was excavated beneath Mount LL Construction had begun
when the emperor was a child - it took many years to build. The tomb.
represents the royal palace, and the figures inside, court residents.
Beside the warriors, archacologists found models of offcials and
entertainers. There are 8,000 soldiers, each depicted with weapons
such as spears, bows and arrows. There are also models of horses
and chariots. Made out of yellow clay,the Terracotta Warriors were
meant to protect the emperar in the afterlife. Artisans frst made the
limbs and heads which were then fired in a kiln. Once assembled, the
models were painted and coated with a preservative, but only some

avove ‘colours are stil visible. Each figure was given individual features, with

Hursofsitrs. | details added to the hair and clothes; artiss even added muscle tone

A evianrsmadeup | 1o the arms and legs. The height of e soldier depended on his rank -

ermy ie the miltary generals are the tallest figures in the group.

T he Terracotta Army, unearthed in 1974, is one of the most

~ M
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Who wrote the Magna Carta?

=~
Learn about this famous medieval document

he Magna Carta,or Great Charter,is an English medieval
‘document drawn up in 1215 by King John's barons in feudal
imes. The barons were tired of having  king who could
‘punish according to whim and the Magna Carta was a document
that sought o curtai this power and give every freeman (non-serf)
certain ighis.
King John signed the document, although his intent was simply
o bring the barons over to his side, as civil war was brewing and
Prince Louis of France was threatening to invade. He had no intention
of honouring the document. But after King Johr's death in October
Below ey 1216, the Magna Carta was copied and frequently used to show the
Kinglobmsignedibe | soucreign was bound by Law. Indeed, it has proved to be one of the.

Magna Crt,
altoughaidntiniend|  moSt important civil ights movements in Bitish history.

Tobonourie 1207 copy of the Magna Carta has been preserved by the National
Archives Conservation Lab by putting it in a case filled with the noble

elow right) s argon to prevent damage from oxidation. The case self was.

Sebuycupera [ B257E (0 prevent damage from axidaton. The case tself

o Caedres| - ollowed out of a 15-centimete (sixinch block of aluminiurm in order

origialcopies o reduce creases through which the gas might leak.
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How do pearls form?
O

How does a speck of dirt turn into a precious gem?

O —
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~ Creating a pearl ~

Irritant Shell Epitbelial cells

Waniiadngmicroseor  Colsntheshellsouer  Apearsac ofepithelll  Layer sponlayerf the

granofditnfites he  manteenablthe Coleformssroundthe.  cacumcaoonate bsed

Shell emoluscll | mollscoepandasthe  srkant Thssacsecretes  nacr bl up o eotect
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seahorses
reproduce?
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Discover what makes
this equine marine creature
so unusual

sually found in the shallows
l I of warm coastal areas,
the seahorse is a breed of

bony fish that mates for life. They
swim upright and have a distinctly.
horse-like appearance, hence their
name. Amazingly, it the male of
this species that bears the young.
‘The female deposits her eggs into
the male’s brood pouch on its
ventral side, which he then fertilises
internally. The eggs later hatch into
tiny seahorses inside this pouch.

Brood pouch

The femaiedepostaer
egashereorthe maeto
fertiseinisbody The
egsseman mthepouch
ey nach o aby
seshorse.

Dorsal fin

o propuisin the
Gorain whichcan
Auter sround 35 s
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iseadingasthe
doesnthaves
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What is coral?

=N~

Is it animal, vegetable or mineral?

Coratcan e pometo
abugenumberof.
marin rganisms

il corals may look like rocks and share several
VN it ot i i e
exactthey are aquatic marine invertebrates (known as
polyps) thative i the warm shallows ofthe clar coastal waters
Tocated around the world. A huge number of marine organisms
‘make their home among the corals making reefs some of the most
abundant and varied habitats on Earth, Because the nutrients on
‘which plankion e to feed dissolve better in deeper, cooler vater,
the warmer layers become a less atracive spot for the huge numbers
of floating plankton to occupy. Therefore, the upper shallows remain
‘warm and clear - the idealliving conditions for microscopic algae,
‘which use sunlight to combine carbon dioxide and wate to create
heir own food source which they share with their coral.

Corals live in partnership with single-celled zooxanthellae algae,
‘which are aso responsible for the bright colours. Ifthe algae die the
coral will turn white, a damaging effect known s coral beaching Like
Jellfish, corals are cidarians,except they are ooted tothe spot by a
tube attached o asurface usually 1ock) rather than floting freely ke
Jellyfish. Cridarians consist of a simple body, featuring a central mouth
pening that is surrounded by stinging tentacies. The coral polyp is
the softindividual organism that forms from a ingle-celled alga and
lives within alarger community of similr polyps called a colony. They
use calcium and a variety of other minerals in the seawater - together
with the food waste they produce - to construct telr own protective
calcium carbonate skeleton sheltersin which to live: When coral dies,
the hard,chalky skeletal remains are left behind and new polyps will
grow on top of these. Sedimentary limestone rock is formed when
the coralskeletons are compacted over many thousands of years.

Over hundeds of thousands of years,  colony of polyps can grow big.
enough tolink up with other colonies o form a large coral reef.

~
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Who were the

musk%teers?

They fought in battles and protected esteemed
rulers all the way from France to India

infantry and dragoons, a type ofight cavaly armed
“with ongsfanged weapons. This ranted the  evelof versatilty
and flexibilty most prized on the battlefeld,with musketeer units
typicaly reserved fr the protection of nobily o oyaly.
While musketeers a3 it are lde, they didrit emerge in Europe.
seiow untilthe 6th century with the concept only realy taking ot cn a.
arusanengonns | lacge sale i the eatly 7h century. Wil this paticularexa vas
apopomperegn, | dominated by the French musketeersof the Maison d Roi (he Royal
oy Household) - upon which the fctonal musketcers of Dumas’s The
6431715) Three Musketeers are based - Spain, Britain, Russia, Sweden, Poland
and even i each developed thei own musketeer it in
this perod and used them on the bttife
Musketeers as a common miltary unit vire lagely
phased out by the midle of the 19thcentury.
with developments n firarms rendering the
musket obsolete. With th introduction of the

ifle - which could shoot both farther and much
faster than the musket - the rifleman unit could
emerge, negating the need for the greater speed.
of the mounted musketeer. This, combined
with the decline of many dynasties throughout
Eurape - like the Ancien Régime of France - saw
all musketeer units permanently disbanded.






OPS/images/bg01600001.jpg
~= 101 Amazing Facts You Need To Know






OPS/images/bg13700001.jpg
aHismo/ | Howati viater

|t

How did water mills work?
@ ' -
How did these ancient systems harness the power of water
to perform a variety of tasks?
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Why the Earth's temperature plummeted
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~s Sea stack formation ~——

Discover how these rocky towers develop
and what fate awaits them in the long term...
1. Cracks
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potery mac2

How was pottery made?
a'uaa

Alook at the potter's wheel -a revolitionary device in ceramics

wares such as pots and gourds. The machine worked by
supplying the potter with a otating circular platform upon

which, via hand moulding, clay could be shaped as desired. The
rotation was provided by a large kick wheel, which once set in motion
- the potter lterally kicked it, hence the name - supplied energy to
a smaller modelling wheel, which sat above on a metal shatt. As the
Kick wheel was much bigger than the modelling wheel, i acted as 2
fiywheel storing rotational energy that could be used to power the
‘modelling plate, which due to its smaller circumference, spanat a
greater speed.

‘Thanks to s ease of use, the potter’s wheel remained the method of
choice for making pottery for many millennia, eventually evolving to
be driven by a motor

T he potter's wheel enabled us to easily create round ceramic

Modellng wheel Tools
e pottrshapes e pts e
theclaymaterilon mouldedwinine
i e, which nands, anumberof
fotstes st hgn smallcolshephe

potermake ncsions

modetheabiect. andadd decoaton.

Wheelshaft Frame
Botnunestare Kick wheel e waodenrame.
comected though he potterkiks ths wheesart proides supportfor
hecentreofhe otsting R acts 5 ywheel,storng bothihe wheelsand3
woodenframebya energyandforcnghecomnected Sutace o th pottr
mers st modeling plte t05pin 3 ghspeed. Towarkan,

-~ 35






OPS/images/bg01300001.jpg
Whyis

\ Bnvironment s
lesing:

~ Longshore drift currents explained ~

Longshor it occurs when wavescash at 0 angleand flow bk 1 rghtangle
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How long were sabre-toothed
tigers' teeth?

A look at this extinct animal's defining features

cats, or smilodons, which lived mainly in the
Americas and became extinct about 10000
years ago. Their teeth were between 18:28cm (711in)
Iong, Its believed smilodons used their teeth on
subdued prey to cut off the blood supply and strangle
them. Despite the larger teeth, they had a weaker bite

Sabm—mmhed tigers were actually sabre-toothed

than modern-day big cats but could open their jaws 120
degrees compared o lions whose limit is 60.

What's the biggest excavation site?

=~
The archeological ste that's larger than Luxembourg

heCare (G2 ace) i te il ofKncsos, Gt covered
amare of about 13000 suare et 40,000 square et
Pompeicovrs a0 ETEN
s s scndmiras SN
e decribed 3 the st
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evrundetakes Tis i iy
- incompartn e s of
R gse | he cmple complen o Angn
temple complex of Wat in Cambodia, which cover
prirelmuid up 0 3,000 square kilometres

Comboda corersp
toti0squaremies | (1160 square miles)!

Tne prehistoric ite of Gatalh6yitk in Turkey covers about 13
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Why is the
coast eroding?

Learn about the amazing processes that are
building and breaking our shores right now..

— sediment builds up,causing coastlines to extend. Conversely, when

e por|
bt e | mre sediment i beingrermoved than acled, the coastine recedes or
ofthemst erodes. Coastal erosion is responsible for some of the most amazing
otorwtet | aniforms we know oday, o the Twelve Apostes in Australa o
T the White Clfsof Dover in England. The type of coastine that s

ereated from erosion varies greatly depending on any number of
factors, including the strength of the wave action and wind,
the sediment composition of the coastline and the types
of nearby rock. Coastal erosion is a very slow process,
taking hundreds of years, but scientists believe that
climate change is speeding things up. Climate
change has caused a rise in sea levels and storm
frequency and severity - both of which play a ke
role in erosion. Indeed, the UK's Environment
Agency estimates that the British coastline could
erode from 67:175 metres (220-575 feet) over the
next 100 years.
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~ How does it not fall over? ~
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the winter months. Pure water, which contains no other
molecules, substances or impuriies, freezes at O degrees
Celsius (32 degees Fahrenheit). The world's seawater, on the other
hand, contains around 3.5 per cent dissolved minerals and sals. This
additional material lowers the freezing point of the seawaer to around
2 degrees Celsius (284 degrees Fahrenheit) because the freezing
point depends on the number of molecules present in a solution, as
wellas the type of molecule(y) During the winter months, when the
air temperature in the Arcti starts to fall dramatically,a deep layer of
Seawater begins o develop minuscule ice crystals; this slushy water
i called frazi ice. A further drop in temperature causes the frazil ice
1o thicken. Pockets of salty slush accumulate until they become so
heavy they start to sink. This leaves the top layer of icy crystals with
significantly less salt content.The freezing point of this surface water
therefore becomes higher and the falling temperatures enable the
crystals o solidify into pack ice. This pack ice grows 1o become one
‘huge floating sheet (made up of many smaller floes), the thickness and
coverage of which varies over the year,but reaches its peak in March.
During the warmer summer months, meanwhile, the ice begins o
retreat and break up, eaching its lowest extent around September.

Q retic sea ice i that which forms on the Arctic Ocean during

—— ~ Understanding how polar ice affects the world climate ~——

Sestce t the poles s mporantbecause  nfuences  enterng o the Pacifco Atinticbegins 0 ool
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Deneath capablof sbsorbing the Sur's e, s many respects, the amount and evtent of Arctc ea e
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Why does the Tower

of Pisa lean?
Find out howz‘tg/:as made, how

it went wrong, and how it continues to
stqy standing

Piazza dei Miracoli (the Square of Miracles) as a dedication
toart, and as such i is thought the principles of science and
engineering were not fully understood.

The tower was builtin three stages over a period stretching nearly
two centuries. The first part of the tower was built during  time of
town prosperity and as such heavy white marble was used for the
base and tower, with limestone used for the interior and exterior
design features.

Disaster occurred justfive years after work began, as the workers
finalised the interior of the third floor. The tower was sinking because:
the weight of the marble building was too much for the extremely
insufficent three-metre foundations which had been set in weak and
unstable soil that contained a malleable misture of clay, sand and
rubble, The construction was halted for nearly a century to allow the.
soilto sttle. In 1272 work recommenced as engineers began to build
the tower's middle section.

To compensate for the continuing problem of s lean, the workers
built one side of the wall taller than the other. Subsequently the
tower began to lean in the opposite direction and caused it o curve.
War caused a break in construction and the seventh floor was not
completed until 1319 and the eighth level featuring the belfry, was
finally added in1372.

T helocal architects and city officials designed the complex at

1322 e=
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How does the Arctic
Ocean ‘freeze?

1t's difficult to imagine such a huge expanse of
water freezing solid, so how is it possible?
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Which pharaoh gﬂed the longest?

Who ruled over Ancient Egypt for the longest time?

ccording tolater king lits, Pepi Il ruled
A it
However, contemporary documents
only g0 up o the seventh decade of his reign.
and it s not certain that h realy ruled for that
long. The longest fully documented reign is the 67
years of Rameses I, who came to the throne
1279 BCE and built more temples than
any other pharaoh. The next place is
O ot |1 DetEED Thutmose I (479 BCE) and
Ionger egnsthan ‘Psamtik | (664 BCE), both of whom ruled
tdayamanarcs | for 54 years

When was the Rialto Bridge built?

—f~
Itsan instantly recognisable landmark, but when was it built?

Grand Canal in Venice, Ital. It was commissioned in the

late-16th century to replace the previous wooden structure,
which was prone to collapse. Blueprints were subrmitted by the most
eminent architects of Renaissance
Ialy including Michelangelo, but the
commission ended up going o the
relatively unknown Antonio da Ponte
in 1588, whose revolutionary design
featuring asingle broad arch was.
completed in 1591 Today, the Rialto
Bridge is one of the most visited tourist
sites n the city.

T he Rialto Bridge is one of only four bridges that span the

-~ 1
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How did drawbridges work?
These fold-up. en[?:n;saw::slmple yet effective

with large wood and metal bridges pivoted via a series of

balancing weights in a castle’s gatehouse. The weights, which
were attached to the bridge's lifting chains, enabled the platform to be
raised via a windlass, which in turn rotated a pair of ifting drums that
gathered in the chains. By employing counterweights, heavy bridges
could be operated by just a few people. Along with a moat, a reinforced
drawbridge served as a two-fold barrier, making it much more difficult
for any enemnies to invade a fortfication or city.

C lassical drawbridges worked via the principle of counterweight.

Mot —— Chain

R p—— 1 The brdgeschans exten fom hefar

o3 common estureof endof hebidg. through
gstehouse’ exteror g
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How do flare guns work?

=f~
A revolutionary device in ceramics

flare gun works n the same way a any traditonal frearm
A\ i i e e
it high ntothe ky.Generall cedied to Edward Very, the
Frst g that could fre a flare wastested by the American Navy back
in 1882, Whenthe trigserof a flare un i plle chain ofevents
begins First, the flares propelant s ignited asthe gun's hammer
strkes the detonator cap. Thesignal i then pushed outofthe uris
barelthrough deflagraion, which s a subsonic combustion process
‘where an intense burning of gasesin a small space generates pessue
The shorttime i takes i gnie the propelant s encugh for the
fare o also be it These objects busn so brghtly because they contin
magnesium, an clement also used infreworks.Other chermical
additves can prociuce varying colours. I some cases, the flae will
a0 have an inbuil parachute (most commonly for miltary se)
that prolongs sl o Exrthand extends the
average 40-second period that aflare will
| typically burn brightly for.

above
Thesame mechanin
tatisusedin
radtional

Srearms wasony
Stghty adptedor
efiaregun
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How do barcodes work?

What information do these black-and-white codes contain?

numbers. A laser is shone onto the barcode and the reflected
hight can be interpreted by the barcode reader. There are

‘many types of barcodes, but the ones mst commonly found in

supermarkets use a row of lines of different widths. The different

widths represent different numbers. In the UK many items are

‘coded with a GTIN - Global Trade ltem Number. This allows
the manufacturer to print the barcode on the packages. The
‘numbers are unique to that tem. The barcode only has 2
‘number,but no product information, That is held in a database
which the retailer can access at the point of sale. It also means

that shops can set their own prices and change them easily.

What is RAM?
N
The incredibly vital role that this PC part plays

| Bamudes are a machine-readable way of writing letters and

storage that can be used to read and write data to so it can be.
accessed by a computer’s CPU (central processing unit). RAM is

considerably faster than the hard disk drive memory used to store fles

and, as such, allows data to be processed more efficently. Importantly,
unlike hard disk memory, RAM is volatle and
does not retain info after power s cut to the,
‘machine, resetting for future usage. Today,
'DDR SDRAM - or double data rate synchronous.

R andom access memory (RAM) s a type of physical data

random access memory - is popular as it
provides a high bandwidth for fat reading and
writing. Apart from use in PCs, today RAM is
also present on most smartphones,

48 e=
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~ Taking out a missile <

Homing tech ca be used frdefenc s well 5 ttack, 3 this il system shows.

5. Interception

e il sters sl o the
Incoming bom explding when cose
enough sndcestroing hem ot

4. Acquisition
Whn tgets o1 clos encugh postion
the ntarceptor's own an boad
systems lockon o hetarge

3. Interceptor homing missile 1. Enemy missile
The nterceporisunched, ntisky e sunch s deectedty a acsr Abstsic o frad froma
tgetedat e course the hstle statonand tageting raectoryls ot s o arcrat
wespon wss detectedan, instanty e othe vrceptr ke .

However, sometimes missiles need to be fed targeting information
constantly from their launcher, while the on-board flight control
system steers the weapon. Indeed, on some occasions this means the
target will be ‘painted with a laser;that energy signature wil then
guide the missile. Others still make use of mounted cameras which
et an operator direct the missile postlaunch and guarantee it not
duped by countermeasures.
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How do homing
missiles always stay
on target?

Missile tech has come on leaps and bounds since
the unguided V-2 rockets of WWII, but how do
these explosive devices navigate today?

e eras technology detects and locks on to infrared (IR) radiation,
s giresiar | uch 2 the hea rom e exhaus.Modern systems detect two
anbeusedoiras | \aelengehs 35 micrometzes and 13 micrometres, The second
arpponins | wavelength st absorbed by th atmosphere, 5o much easir to
g misin | track. This also makes flares - th intense nfrared countermeasures

that are ejected by a target in
order tolure the missile off
course - less effective

Missiles are essentially
rockes ftted with an explosive
warhead and an infrared
detection sensor connected
toa flight computer. These
sensors are often made of
‘mercury cadmium telluride to
pick up the specific infrared
‘wavelengths emitted by the
enemy targel.
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Cana compass work underground?

=~
Would a traditional compass work beneath the surface?

he compass app on your phone probably war't
work because i relies on radio signals that are
easily blocked by rock or water, but g

for a compass with a wobbly needle, it just

depends on how far underground. A compass

works because its magnetised needle lines up

with the magnetic field that runs between

Earthis north and south poles, and that field is
just as powerful if you go down a mineshaft
gt o into the depths of the ocean. But the field is

pampasibetts | created by switing molien iron n Earth's core,

it | andif you could dril that far down, you'd find
dependsowfar! your magnetic needle going haywire.

Should print inks be primary colours?
What are the best ;;:m;/.; to use in printers?

colours would you mix to make yellow? You couldrit do i
'Mixing red and green light gives yellow because you are
adding together photons of different wavelengths.

But with ink, you start with white ambient
light and reflect it off the pigment molecules,
which absorb some of the photons. So you are
subtracting wavelengths, rather than adding
them. The printer ink colours of cyan,

S uppose printers used red, green and biue ink instead. Which

magenta and yellow are used because they
each absorb one of the primary colours - yellow
ink absorbs bue light, and reflects red and green,
for example.

~ 45
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How do machines make ice?

=
How do these machines produce ice cubes in bulk to keep our drinks cool?

cemakers are essentially conveyor bels of ice cubes made for
stant use. They come in a variety of shapes and sizes for different
purposes,but almost all use the method of freezing water in a
‘mould and then heating it slightly so the ice cubes slide out with ease.
Here we look at how a conventional icemaker bult into a domestic:
fridge freezer works.

2 Jce mould. 3. Cooling
Thewsterlsthekce  Thevateisfrzeny
moulds wiheach  thecocingunt nthe

1 Watervalve  comecisdtome  regartor,raner

vestiattne  nestbyacauy antheicemaier

ey avate
apens forafew
“econdito
Slomuater o
he o

4. Heating coil
oncerozen. aheating
colwams the ottom
ofthe e toloosenthe
Cubesrom e

7 Shutoffarm S Blades U
et am Rmotorspins

prevnts the e 6. Collection geartna ot

repeatingunt Thekecubesmepushes  bldestoscoop
moreiecbeste oy mebsdende  helocubesout

e Gepottadioaain themouids
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How are light trails
captured?

@'@
How are these bright, abstract streaks of
light caught on camera?

S —

T iy o e s
s The e e of i ol st s 1 b

Tl fping s e e o vy ow e,

eow i captured by the sensor over an artifically long period o time, with
memisoftgn | every passing vehicle having tslights tracked and recorded over
Demortgn y passing vehicle having its lights tracked and recorded over the
perearealte et | visibe distance of the road

They ol e “To take a shot ike this one,find a roadside vantage point in
drecontatne | hich no oher moving objects are visble other than the passing
e | vehicles. Second, mount the camera ona trpod, asstability is key

camerawusspooting | while shooting long-exposure imagery. This is because if there is
any camera shake while the unifs shutter is apen, then the
captured light will lose it direction and smudge across
the entire image. Next select the shutter pricrity
setting on the DSLR camera and drop the shutter
speed to the desired level - for shots like these,
this means atleast a 30-second exposure.
inally, automatically focus on the scene's
background and use an external remote

\ (0 take the picture. Interestingly, the very
,* same processis also used in light painting,
a technique where the streaked light s

controlled by the photographer manually,

using light-emitting diodes (LEDS) to draw

custom streaks across a dark backdrop and
thereby essentially paintingin light

~ 3
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What's ]'nside'a hard drive?

Why are solidstate drives superseding bard-disk drives?

of the need for extra computer storage in 1956. A hard disk
uses magnetised platters made of aluminium, ceramics or

even glass to store data. These are typically otated at 5,400 or 7200
revolutions per minute for drives in home PCs. An arm that hovers ust
above the platters reads data from and writes data to the disk. SSDs,
‘meanwhile, are built very much like the USB flash drives that have
become popular over the last decade. There are no moving parts in an
SSD, which helps t o access data significantly faster. SSDs use a type

Hnrd—dlak drives (HDDS) have been around since [BM conceived

seow of memory called NAND, which is non-volatile:instead of writing a
Tokeacioer ‘magnetic patter to. ceramic substrat. i stores data as an electrical
Lkt signal that it retains even after the computer is switched off. Each SSD
e et features a small processor called a controller, which performs the same
Soragedeices role as the readwrite arm of an HDD,

Platter Controller

Oneofsewral JY- S 00 | Resdssndwriestotne
magnetcpariers B v s memoey chps,
hatstore ot @ limachdeterminig

hespeedofthesso.

Read/write head 5D power socket SSDSATA socket

Horersustabove e Astndardsedsoclet Standardaed ats
aufacaof excpter hatplogs drectly wanter -no ferent
perormingboh esd intothecomputer othatusedy
snd e operatons. powerpg modern-day D3
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Can phones work underwater?

What's needed to make these valuable devices waterproof?

smartphone: physical bariers such as port covers and scaled
seams that preven liquid entering externally,and nanocoatings

that penetrae the device entirely and activel repel water. While both
techniques are used.the most efecive i the latter, enabling devices
o be water resistant without compromising on size and aesthetics.
There are diferent types of nanocoating, bt one of the most
commonly used is that made by P21 This company's waterproofing
process involves subjecting any lectronic gzmo 10 a plasma
enhanced vapourin a vacuum chamber at room temperature. The
vapour contains a aseous polymer, which when brought into contact
with the device's surfaces - both exiernal and internal - forms a super-
strong covalent bond and waterproof barrier 1000 times thinner than
2 human har

Once on the phone, the ultra-thin polymer layer then dramatically
reces s surface encrgy, forcing any water that comes into contact
with it o bead up and b repelled. Obviously,in the case of a
smartphone. this acton would prevent water from penetzaing the
delicae inernal components. However, due to the vapour disposition
process,even if water were to penetrate the mobilcs casing, each
internal component would also b coated with the polymer, rotecting
them until the water evaporated or was dried off manually

T oday there are two main methods for waterproofing a

- - .-
ot =
it el : o
e i
i

rickef damage.tis e pote i underwter
atoproted cove These pusvent

Jrom low-powered entiog wnia sbimerg
Jetsof vater.
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~s How are roller coasters designed? <

Rollecossers comprise many slements,esch wih ts kept withinspecific oundares. Rolercosters may
own specitcphysical characterstcs Desgaersgivea look ke ustarandomsnake of rack but the el s
idecharctr by spplying an undersanding ofphysics  acualyyears o sclenifecalcuatons o provide st
o butk up sequenc of il These el herightatecs.

Interelaed and mean he experience ofevery ride s
exctingand uniue.

‘Computer models an amalys the fosce thacwilbe
procuced by each st 3nd turm, ensuing they are

Zero gravity roll
Riders expenience g - vy -
canceled out b opposigorces o
thereis felng of weightessness i
ofen elionupnil 60 degree wsts.

Brake run
Thess e sectons of k. syt
theend that ncrporate:aking
e oo th ol cosster. Thse
Canbekids. nonthe caro, more.
{ecenty. magneti ey curent brskes

Train Dive loop
Two ormorecars nked upre Adie oopis type ofoler conster
calld3tran. The postlon of he {nversion where e wack tists upwards
Carin3tran detstes te fects andtotnasice, and then dves owardhe
ontheriders. round nana verical oop
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tyre system, or a simple cable It There i also the catapult
launch lift: the train is accelerated very fast by an engine or a
dtopped weight

Never roller coasters use motors for launching. These generate.
intense acceleration on a flat section of track. Linear induction motors.
use electromagnetic force to pullthe train along the track. They are
very controllable with modern electronics. Some rides now have
induction motors at points along the track, negating the need to store
allthe energy at the lft hill - giving designers more opportunities to
create new sensations. Hydraulic launch systems are also starting to
become more popular.

Careful calculation means a ollr coaster releases roughly enough
energy to complete the course. At the end, a brake run halts the train -
this compensates for different velocities caused by varying forces due
o changing passenger loads.
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How safe are

roller coasters?

@’“@

They strike fear into many, but we still love them!
Here, we detail the engineering achievement that is

36

the roller coaster

engineeringis actually in operation right now, in the
unexpected setting of the worlds theme parks.

From the pioneering 18th Century Russian Mountains, people have
‘been hooked on the frightful thrillof a oller coaster - and ever since,
the challenge has been to make an even bigger, even better even more
terrifying one.

Today, they incorporate solutions that are atthe leading edge of
scientific development. This means they are able to accelerate as fast
s adrag racer and let passengers experience G-forces way in excess of
aFormula 1 race car.

They doall this in complete safety, having passed the very
strictest engineering standards. People travel for miles to ride on the
latest roller coaster - theyll even cross continents just 1o experience
the thill.

Roller coaster trains are unpowered. They rely on an initial
application of acceleration force, then combine stored potential energy
and gravitational forces to continue along the track. This is why they
rise and fall as they twist and tum

There are various methods of launching a oller coaster.
Traditionally,a ft hill is used - the train is pulled up a steep section of
track. It s eleased at the top, where gravity transfers potentialenergy
into kinetic energy, accelerating the train. Launches can be via a chain

Belle»e it or not, some of the worlds most forward-looking.

lit that locks onto the underneath of the train,or a motorised drive
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frack, putting pressure on local water resources. Around half of the
fracking fluid remains in the tock and, although much deeper than
‘groundwater, some fear it could, over time, contaminate drinking
supplies. The fluid recovered at the surface also needs to be disposed
of safely. Finally, geologists must ensure fracking stes are far away
from faultlines since they can increase the likelihood of earthquakes.
and tremors in atrisk areas.
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What is fracking?

—f
Hydraulic fracturing enables us to tap into shale

gas reserves trapped deep underground, but what
does this mining process entail?

s we exhaust more easily accessible natural gas reserves,
A Cuniie s h o v nerainghy g ol

gas. But how do you rlease gas that imprisoned in millons
ftiny pores inside shale rock,deep benesth Earths suface? The
answer is hydraulic facturing, or fracking.

Fracking involves drilng deep into rock and pumping a highly
pressued jet o water,sand and chemicals down the vellbore. This
forces a network o tiny cracks o open up and spread thiough the
impermeble rock, allowing,pockes of gas within the ock to sep ot

The main ingredient that makes up fracking fluid is wate.Since
water s incompressible, it can pass n the extreme pressures needed

Betow from the pump tothe shale ock over 2000 metres (5560 fet)below

st coamiton | San o ceramic beasac s proppants; hokling the cracks openafer

e et | the pressure drops and while the gas s collected.

i ok Finall,acockail o different chemicals s added. Their uses range
from averting micro-organism growth to preventing cortosion

of metal ppes, maintaining luid viscosity and reducing

riction during extracton.

Hydraulic fracturing was first used n the 19405
butis far more efficient today: The advent of
horizontal drillinginthe Nineties for instance,

made well far more productve, making the
operaton economically viabe.

Whilefracking has allowed governmens o
unlock previously unreachable and abundant
shale gas resoures, it has sparked concerns

among some geologists and conservationists. A
fracking well uses millons oftres of water per
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How do Venus‘ flytraps work?

Discover how these plarts lure their prey

in boggy soil thats low in nutrients, hence they need o find
another source of food to sustain them, namely insects that
happen toland on their eaves. These leaves are about eight to 15cm
long and are ‘hinged along the midline with spiny teeth around the
edges. The folding and trapping action is triggered by pressure on
six sensitive hairs that, when stimulated will snap the leaf shut
in about half a second, although the actual nature of e action
s sill debated. As well as these sensitive hairs, the leaf also
has glands on its surface that secrete a sap which digests the
insect’s body. This process takes about ten days,after which
the leaf reapens.

Venus flytraps, like the rat-eating camivorous plant, tend to grow

Does China own all pandas?
Are the world's pandas. n;:ume:l:/ the global superpower?

captive ones have been sent to zoos around the world as gifts
since the Fifties. None of those pandas are still ave though

and, since 1984, almost all pandas have been given 1o z00s on a ten-

year lease. They remain Chinese

property and so do any cubs born

in captivity from the leased pandas.

Nm quite. I the wild, giant pandas nly live in China but

‘There are a few exceptions, however.
In 2008 China gave, rather than

igne leased. a pair of pandas to Taiwan

pandascanbefound | anq in August 2013 they were

insoosaround e
o ese | successfully bred to producea third _

Jrom china ‘Taiwanese panda, called Yuan Zai.
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Why don't woodpeckers

get headaches?
=N~
How a thick skull keeps it injury free

‘symptoms of head injury. This is achieved through the incredible
structure of their heads.

Skull Erain
Woodpeckers ave a thcke sl han most therbicds. Ul humanbrais, wich e flotingabout 1 2pool
WSmade ofexremely stongyet spongy compressle.  of ushonig cerebrospial i, woodpecke brns
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hite water occurs in the upper
course of a iver when the
gradient and obstacles disturb
the flow of water, causing it to churn and
create bubbles, These bubbles reflect ba
much of the light that hits them, making
the water appear white. Whether a river
flows smoothly often depends onits
speed, and the steeper the riverbed, the
faster the water will flow.
The combination of fast flowing water
and obstacles like rocks causes the flow
o become turbulent, with unpredictable
variation in the speed and direction of the

30

Water, This creates a variety of featUres
the river. Where water doubles back o
itsel, pockets illed with bubbles open up;
these provide much less buoyancy and
feel like ‘holes’ Objects lodged in the river
can act s strainers, allowing water to
pass through, but blocking larger debris.
In areas where the water moves rapidly

it wears away at the surface of rocks
underneath, creating undercus.

The challenges of navigating the
features of white-water rapids - whether
jutting rocks or whirlpools - attract
Kayakers and rafters every year.
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Why do we sweat?
PENCR

Asyour doctor may tellyou, its glandular.

weatis produced by dedicated sweat glands, and is a mechanism
used primarily by the body to reduce its internal temperature.
There are two types of sweat gland in the human body, the
ecerine gland and the apocrine gland. The former regulates body
temperature, and is the primary source of excreted sweat, with the
latter only secteting under emotional stresses, rather than those
involved with body dehydration.

Eccrine sweat glands are controlled by the sympathetic nervous
system and, when the interal temperature of the body rises, secrete:
asalty, waterbased substance to the skin's surface. This liquid then
cools the skin and the body thiough evaporation, storing and then
transferring excess heat into the atmosphere.

Both the eccrine and apocrine sweat glands only appear in
‘mammals and, if active over the majority of the animal’ body, act as
the primary thermoregulatory device. Certain mammals only have
ccrine glands in specific areas - such as paws and ips - warranting
the need to pant to control their temperature,
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What is centrifugal force?
e

Why do we sometimes feel like being pushed outwards?

pushed outuiard when moving along acicular path. The
feeling of being pushed outiards when speeding round a
cornes in a vehicle, or while rding on a merry-go-round, comes.
from your preference to move in  straight lne. saac Newton
8 showed thatall objects have nerta and will ither stay at
® . rest ormoveina straght line, unless  force acts on themn.
When you move n  circethere i  force puling on
" you, changing yous directon from that of astraight lne.
This iscentripetal force and puls inviards. The feeling of
the cutward pull o centifugal forc s fust your natural
resistance toths.

C entrifugal force describes the sensation one has of being

Are cell mutations always bad?
s

Are they as troublesome as they sound?

We're made from trillions of cels, each with a nucleus
composed of DNA - a set of instructions that tels the cell what
o do. Cells copy themselves with astonishing accuracy, but every now
and then a piece of code is capied incorrectly. This i largely due to
natural radiation interacting with our DNA. This incorrect
piece of code can become a permanent change in the
DNA. Mutations are rarely harmful though. Indeed, most
mutations go unnoticed, as the body has mechanisms to

Q mutation is a change in the genetic material of an organism.

stop a cell copying ifself. Sometimes mutations can benefit
organisms. When a mutation allows an organism to cope.
better with an environmental stress, it will be passed on o
future generations through natural selection.
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How does

whiplash affect us?
o

What is this painful injury caused when

the neck is forced outside its normal range
of motion?
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Why are bubbles spheres?
=i~

The science behind bubbles isn't child's play.

‘bubble's skin composed of a thin

layer of water molecules sandwiched

between saap molecules. Water has.
a high surface tension due to intermolecular
forces, This causes molecules to pull on one
another, rying to minimise the sutface area
and be as flat as possible. Soap reduces this
surface tension. However the effect of surface:
tension is stil present which causes the bubble

e “Hlm to be stretched. A sphere is formed
Tettfeperre || because this shape s the shape with the least
raiesoumegpo | amountof suface area for s avalable volume.

How does de-icer work?
=i~

A commonsight during winter, de-icer enables us to drive our cars
after cold weatber

s wodk by Iowesiog e oo ptt o vat, i
D s 1k e b g ke Ul
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How does detergent get our

clothes clean?
=~

Discover the chemistry at work inside your washing machine

S ———
A S e i

alkyl sulphate and are made up of molecules that have
opposite chargesat diferent points (polar molecules) Water is also
‘made of polar molecules and, when mixed with washing detergent,
the hydrophilic (waterloving) partof the surfactant molecule
atracts o the water molecule, whilethe hyclophabic (water
hating) prt of the molecule adheres to the dirt and grease in
your clothes. This makes the dirt and grime more soluble in
the water, allowing foreasier removal from your clothing
Another cleaning effect surfactants have s o lower
the surface tension of water. Suface tension is created
by these polar molecules pulling on one another due to
theircharge. This accounts for how pond skaters walk
on water and why beads of water hang on grass. By
lowering surface tension, the water can become more
‘wet’ and permeate clothes better

Grime buster
Surfactants n detergent sk down the
bonds i wter maleces o tht thy an
react bettrwithany mculesof it
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< Science- Jouison

How does

our vision work?
@@‘&»

An eye-opening look at how we see...

very first camera was designed with the concept of the eye:
in mind. We can reduce the complex process that occurs to

process light into vision within the eye to a relaively basic sequence of
events.First, light passes through the cornea, which refracts the light
so that it enters the eye in the right direction, and aqueous humour,
into the main body of the eye through the pupil. The irs contracts to
control pupil size and this limits the amount of ight that is let through
into the eye so that light sensitive parts of the eye are not damaged.

‘The pupil can vary in size between 2mm and 8mim, increasing to
allow up to 30 times more lightin than the minimum. The light is
then passed through the lens, which further refracts the light, which
then travels through the vitreous humour to the back of the eye and is
reflected onto the retina, the centre point of which is the macula.

‘The retina is where the rods and cones are situated, rods being
responsible for vision when low levels of light are present and cones
being respansible for colous vision and specific detail Al the light
information that has been received by the eye is then converted
into electrical impulses by a chernical in the retina called thodopsin,
also known as purple visual, and the impulses are then transmitted
through the optic nerve o the brain where they are perceived as
‘ision, The eye moves to allow a range of vision of approximately 180
degrees and to do this it has four primary muscles which control the
movement of the eyeball These allow the eye to move up and down
and across, while restricting movement so that the eye does not rotate
back into the socket.

T he eyeis often compared to a basic camera, and indeed the.

~ 6l
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Whatisa @E/acuum?

Isempty space really empty,
and how can we find out?

standard atmospheric pressure at sea level on Earth. A partial
vacuum can be easily created by simply pumping air out

of a container. If the container is not sealed, though, the air will be

replaced fairly quickly.

In everyday lfe, vacuums are used in light bulbs, cathode ray tubes,
cleaning appliances, and to package, protect and preserve a range of
foodstuffs. Creating a vacuum drove the piston mechanism in the
Nevicomen steam engine and was also used in the braking systems
of trans. Household vacuum cleaners work by sucking in air, which
creates a lower ai pressure than that outside the device. To restore the.
partial vacuum the outside presstre forces air, and with it dirt/dust etc
into the appliance.

Q vacuum is a space that has less gaseous pressure than the

Below
o et The purest vacuums can be found in outer space. Between
nothing - ahescence. | alaxies, the vacuum density drops to -0.001 atoms per cubic
ofthevacum centimetre, while i the void between stars in the Milky Way, the

vacuum is -0.11 atoms per cubic centimetre. This is in
contrast o a vacuum cleaner that produces a vacuum of
around 1019 molecules per cubic centimetre, though
highly sophisticated extreme-high vacuum (also
known as XHV) lab chambers have managed to
achieve a vacuur of fewer than 1000 molecules.

per cubic centimetre.

Whether man-made or natural, there is

o such thing as a perfect vacuum. Even

inavirtually complete vacuurn, physicists

have discovered the presence of quantum

fuctuations and vacuum energy. See apposite
for more on fire and sound work inside a vacuurm.
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How do glow sticks glow?

=i
What's going on inside these popular lightsticks?

you bend the stick youite breaking this vial open, releasing the

Ins\dedfd\m stck is  thin glass vial containing chemicals. When
chemicals into the rest of the glow stick, where other chemicals

react with themm and release light.
Some chemnical reactions produce light, known as
‘chemiluminescence’ Usually the vial contains a solution pheny
oxalate ester and a luorescent dye - which will determine the colour
of the glow stck - while the surrounding tube contains a solution of
hydrogen peroxide. Mixing these compounds causes the electrons to
tise to a higher energy level and return to their normal state, releasing

energy as light as they do

~ 9
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Why do we sneeze?
i~

How does this automatic reflex expel umvanted irritants from the body?
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This classic state of matter can be difficult to see
but it has some amazing properties
———
A weoneottn e maprsnes ot /]
mattr Typiclly they reslt when

3 substance s heated in s liquid state
{o1tsbolling poin, o when evaporation
occursfrom the surfaceofaliquid. There

are numerous types and classifications
of gases, including elements that naturally

e existin  gaseous form, compound gases

Hearisiess | comprising more than one clement,and mixtures

densehancoolai. | of ingividual pure gases.

hencety ot

i Gas particles are much more loosely connected than
those found in liquid or solid stats, which results in

eow

pelow Jower density - and this is ulimately what sets  gas apart

e estom | from the other two phases. Withou changes in pressure

achampagnettte or temperature, gas particles move around freely

‘and randomly. They have no set shape and only change
direction and momentum when bouncing off one
another or off the inside of a container. Negatively.
charged areas of particles are attracted to postively
charged areas - how these interact varies
depending on the gas and are part of what

‘makes each one unique. Because most gases are
colourless, they are measured by four different
properties: volume, temperature, pressure and.
number of particles the latter property is more
‘commonly known as moles. When put intoa
container (and not pressurised) gas molecules

will evenly distribute themselves.
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water?

How do kettl'eiboﬂ water?

Twenties technology that makes tea-making a piece of cake

achieved in Britain in the Twenties and Thirties. The irst is the
immersed heating esistor, the piece of technology responsible
for actually heating the water in the kettle. Resistors, which take
the form of the heating element in the bottom of the kettle, work by
resisting the flow of electric current passed through them, creating,
resistance and consequently heat. This heat is then passed into the
‘water, which is subsequently heated p. The second of these advances
allowed for an automatic cut-of point, preventing the kettle from
‘perpetually heating up the water. A bimetalic strip was introduced
to the electric kettle by Russell Hobbs in 1955 which when heated by
steam expanded. triggering a shut-offswitch.
< Although some kettles have fancier and
‘more complex heating and shut-off
designs, it is through these two basic:
principles that the electric kettle
evolved into the appliance we have
in our kitchens today.

T he electric kettle works thariks to twa design breakthroughs
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What's inside a jukebox?
Combining the traditional look wt[ht}!emnvemmce and quality of CDs

holds 80 compact discs (CDs) stacked horizontally ona
sltted rack. When switched on, the pick-up mechanism runs
ona track to the end of the rack, and then a sensor sends it 40
spaces to the centre of the rack. After a CD or song is selected on
the panel of the jukebox, or via a remote-control unit 2 location
wheel on the pick-up mechanism sends it along s track to the
correct CD location.
The pick-up mechanism lifts the selected disc,takes it back
to the centre of the jukebox, and drops it dow 1o the playback
head, The CD playing head will scan the number of tracks on.
that disc and play the one that was selected. Once the track has
finished the CD i lfted and returned to s original sot and the
selection process is ready to start all over again.

| T his type of jukebox, with a 21st-Century inner mechanism,

Playback
The Colsbowsred o th psysck
mechanisn Thisdams thedsc I
Domedtop postion,cans  and sy he CDrack
he bubbier top chosentiack socosae
ssyledater ascedvetaly
e cassic 1946 v reasytobe
Mol 015, i

Piceu
et

iy Copinar
prowerred ot
Sreiatncia i
iy g
Pl Toeman
fomsdiond 1 eiere
ok e cronoe
ey ' o
o [irenis
el ireas
i et

54 e=






OPS/images/bg05300001.jpg
| Howdocranes

Jibarm
e horzontalsrmofs
tower arane cnextend
outaard 85 Theam s
theesces formingan soscees
tranglewtha olley ack rneing
song th bttom sectn.

Operators cab.
853 longclim o thecab,wherethe rane
opersorhs bt e iewof he constructon
Ste through for - ceding windows.

The tower
o known s the mast,exch 2.8 metre .my
Secion s four s, esch with verical, b
A dagonal s for ol st iy

~ How is a crane assembled? ~

Oneof the most emarkabie enginceingfats of ower
cranes i thtthey can el buld themsehves, Wit
el from  lrge mobilecane, constnution workers
Secur the b sectons o th tower and sssembe the
op unkof the crane- the ewing unt b and
machineryarm.

Butbelorethe opsection fthe rane s attached,
workrslde hydrulic cimbing unit around the
base of th ower Onceeverything s n plce the.
ydraulc climblnguni s the e opsecionof
the crane(ncluding th hrizonal b and peraor's
) ust enough tosldena new secionof tower
beneath Once th new scton s secued. te
Hydraulcunit coninue toclimb up.sectionby
section, s th crane sy bullds sef igher.

Concrete foundation
Larg tomr cranesget thlcoestabdty by
Buryingthe bottom f th tower I severalmetes
ofconcrte weghng 185 ons-

Trolley

‘The oty and ook areconnectd by

cabes 03 rolley motor mauntedon
heupper el hejbam. The

{ihgs

Cat head towe:
onhammeneadtawer
canes, th cathesd tower
renfocesthe foarm and
counterweight b using i
eelcabies caled pndrts.

i Machinery arm
The power torase and lower

f theloadkne ssupplediya
| hugewinchlocated slongthe

: Counterweiht oo

—

verybackendofhe

countermeght ot
overcompensaeforthe
cranes g capacty.

Meconrte
et wegnegsenratiors
l eyt

Hydraulic limbing
section

Theydraulc it ataches
totheoutsideof e ower A
powertl hdraukc amiits
theentie topsecvonal the
crae st enough ot he
beneatn

15"

Slewing unit
T motorsed ot lows
the o arm o roate eary
360 degres o i sndrop
matese il scos e
Constuction st






OPS/images/bg05200001.jpg
~= 101 Amazing Facts You Need To Know ————————————————

How do cranes get

SO h‘igh?

A closer look at how these magnificent engineering

52

marvels work, and how each individual

component is vital

highsrise construction cranes migrated rom Beljing to Shanghai
to Dubai, where it was estimated in 2006 that there was ane

tower crane for every 44 residents of the desert boom-opolis.
Tower cranes are feats of structural engineering that often outshine
their creations. They are designed to stand 80 metres tall and reach 80
metres out supported only by a narrow steekframe mast, a concrete
foundation and several counterweights.

The engineering principle that keeps the twiggy tower crane from
tipping over is something called a ‘moment. If you hang a weight
from the crane’s b arm, it exerts a rotational force or forque where
the arm connects to the top of the mast. The magnitude and
direction of this force (clockwise or anti-clockwise)is called the
moment, I the weight is hung close to the mast, the magnitude of
the moment is lower than if the weight is hung ar out on the jib. To
keep the crane upright, counterveights are used to create a moment
of equal magnitude in the opposite direction, balancing out the
rotational forces.

Tuwel cranes flock to money. During the economic boom years,

Once a tower crane meets its maximum unsupported height, it
‘can be tethered o the building itself and continue to grow with the
rising skyscraper. The tower cranes that rose with the construction of
the record-breaking Burj Khalia skyscraper in Dubai reached a truly
dizzying height of 750 metres.
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What is undgﬂoor heating?

What s this economical and efficient way of keeping our homes toasty?

raditional wall mounted radiator heating systems that are
found in most homes conveet heat into the room, sending
heat towards the ceiling in a circular cycle.In contrast,
‘underfloor heating consists of electric elerments, or water pipes,
that radiate heat up evenly throughout the whole room. For
optimum efficiency, a thermostat n each room can monitor and
control the temperatue.

Underfioor heating is also uncbirusive and easier to maintain
as the elements,or pipework, can be embedded in concrete loors
‘when houses are constructed, o they can be fitted under existing
flooring, A saving of 20 per cent can be made on fuel bils, and for
buildings with high cellings, savings can reach as high as 40 per
cent compared with traditional heating systerns.
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How do fire sprinklers save lives?
Acloser look at how these, ﬁreﬁ!rmg devices extinguish a blaze

re sprinkler systems are fed by pressurised water from the

mains or by their own supply. This water s kept from being

released by a plug inside the sprinkler head that will only
be released when the room's temperature exceeds 68 degrees
Celsius (155 degrees Fahrenheit). At this temperature, the tiny
‘ampule that seals the plug mechanism will shatter to release a

= . deluge of water
IS i e vlnerabi environments smalle dameter ampules

are used for a faster response time. Some sprinker heads have
springloaded plates soldered i place over the plug, and are
activated when the solder melts. These are known as closed-
type sprinklers, because once they are opened. they will spray
‘water uniil thei supply is cut. The on-off sprinklr features a
heatsensitive pilt valve that stops the discharge of water
S once the temperature has dropped.
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he spriniernead
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