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Neighbourhood watch

How well do you know your neighbours?They
might only be next door, alittle further down the
street or just around the corner;you might see
them passing by most days, you may even pop in
for acuppaand achat now and then. But however
familiar your neighbours may be, theres probably
still alot you don¢ know about them .. enough
that they can still surprise you from timetotime.

The same can be said for our celestial neighbours spinningaround
the Solar System. We see the Sun, the biggest member of our
neighbourhood, every day and a selection of the smaller ones
(relatively speaking) every night. But the boundaries of our
neighbourhood stretch so far that some membersof it .. most notably
Neptune and, unlessyousve got very keen eyes, Uranus.. lie beyond
therange of our unaided sight.

Nevertheless, despite being spread over an unimaginably vast
distance, wesve gotten to know our cosmic community quite well. And
doingso hasresulted in some of humanitysgreatest achievements:
wewe visited our closest neighbour, wesve examined and explored our
more distant oneswith probesand roversand, thanksto thetwo
Voyager missions, wes«/e even sent envoysinto the unknown reaches
beyond our neighbourhood.

Theressstill alot left for usto learn, though, which iswhy the Solar
System and all the thingsfloatingaround within it remain so endlessly
fascinating. Because everythingwe discover about its planets, moons,
comets, asteroidsand star, only leaves uswantingto know more.

In this special issue, find out how the Solar System cameto be
(and how it will end), and learn about the latest audacious missions
hopingto revolutionise our understanding of these alien worlds.

Enjoy thisvoyage of discovery!

Daniel Bennett, Editor
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: THE BIG BANG

Billions of years before our Solar System

formed, the Universewasbornf

he year 200 uld go down in the

astronomical textbooksasthe onewhen

’ 5 arevolution in our understanding of

. A : the Universe began. The iconoclast at

o ' the centre of this upheaval 'is_ not a person but

amachine: aspace probe called Planck. Named

after the great German physicist Max Planck,

the spacecraft was launched by the European

Space Agency (ESA) that year, tasked with

detecting the <blueprinte of the Universe ...a

snapshot of the seeds of the stars and galaxies
N that surround us'today.

Since Albert Einstein published Cosmological

Considerations of the General Theory of Relativity

- in 1917 °cosmologists have been constructing

mathematical theories that describe the story

.. oftheUniverse from the earliest moments

""*\‘ . to the present day. But analysis of Planckes

WORDS: STUART CLARK

findings revealed a number of plot holes, or
s)anomaliese as the scientists call them, that
donet seem to fit the story. For one thing, data
from Plank indicates that the Universe is older
than expected, by about 50 million years. It al so
contains more of the mysterious dark matter
and fewer atoms than previously thought.
And while these may sound serious, in reality
they are the least of a cosmologists worries.
Much more troubling is the so-called cold
spotein the radiation from the early Universe
that Planck has recorded ...a region that looks
significantly colder than current theoriesallow.
Indeed, thetemperature pattern acrossthewhole
Universe looks strangely lopsided.
Discoverieslikethese are shedding new light
on the history of our Universe: the story of how
we arrived at the cosmos we see today. )
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AFTER TH
BIG BANG

Abrief history of the
13.8- billion-year-old Universe

@ THE BIGBANG

At the moment of the Big Bang, 13.8 billion
yearsago, there were no starsor galaxies, just
ahot, dense sea of particlesand radiation.
Sraight a er the Big Bang, space began to
expand, spreading out thema er and energy.

® INFLATION

10-35 SEGONDS PCST-BIGBANG

In the blink of an eye, the Universe grew
bigger by afactor of at least 1,060.

© PARTIA_E CREATION

1IMINUTEPOST-BIGBANG

At one minute old, the entire Universe
resembled theinterior of astar on avast
scale. Particlesthat would becomethe nuclei

of all theatomsin the Universe were built in
thiscauldron. Mostly these were single
protonsthat would become hydrogen, but
around aquarter of the particlestransformed
into helium nuclei. Trace amountsof lithium
and beryllium were also produced.

O THE DEGOUPLING OF
MATTER AND ENERGY

380,000 YEARSPOST-BIGBANG

Until thismoment it had been impossible for
whole atomsto form; whenever anucleus
and an electron particle bonded together, the
radiation smashed them apart again. Now,
the continual expansion of space had
weakened theradiation so much that it could
no longer break apart the atoms. The

a erglow of the radiation was captured by
the Planck satellite.

© THE COSMICDARK AGES

1MILLION YEARSPOST-BIGBANG

The expansion of space stretched the
radiation intotheinfrared and thenintothe
microwave sections of the electromagnetic
spectrum. The Universe became dark. There
were no stars, so no sources of light. Sowly,
the seaof atomsbegan to fragment into
clumps, pullingtogether to become thefirst
celestial objects. Thefirst starswere purely
hydrogen and helium. They lived for just
hundreds of thousands of yearsbefore
destroyingthemselves and seedingthe
Universewith the heavier elementsneeded
toform planetsand life.

SOENCE PHOTOLIBRARY



The Universewas
born from asingle
point in time and
space, adiscovery
made possible by
identifyingthe
radiation fromthe
BigBangitself

® THE FORMATION
OF THE SOLAR SYSTEM

8.8 BILLION YEARSPOST-BIGBANG

Before our star wasborn, another larger one
had died in asupernova, filling the cloud with
gasand dust. Thisdebriswasused to build the
Solar System (see page 10).
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| ListentoAHstory |
l'-. of Ideasfor more |
‘\ ontheBigBang /

\_ bbcin/2HpgSm /

THE KEY EXPERIMENT

Arno Penziasand Robert Wilson
1964
Heat signature of the Gosmic Microwave Background

Robert Wilson (le )
and Arno Penziasin
front of the antenna
that picked up the
QGosmic Microwave
Background

Amap of the @smic
Microwave Background
..the afterglow radiation
of the BigBang

Dr Suart dark isan
author,cosmology
consultant for the
European Space
Agency and a

Fellow of the Royal
Astronomical Society.

Whileworking at the Bell Labsin New Ersey,
inthe US, radio astronomers Arno Penziasand
Robert Wilson discovered aweak hisscoming
from all directionsin space. Initially ba ed by
thisstrangeradio noise, their revolutionary
discovery earnt them aNobel Prizein 1978.

Radio wavesare atype of electromagneticradiation.
The nature of thistype of radiation dependson the
temperature of theradiating object. Theamplifiers
used inthereceiver were cooled to 4.2 Kelvin (-268.9°Q
usingliquid helium and a<cold loadeused to calibrate
thesystem.

By switchingthe antennafrom observationsof the cold
load to observationsof the sky, Penzias and Wilson could
measurethe apparent temperature of the Universe
(expectedto be 0 Kelvin), then subtract known factors,
such astheinterference from Earthssatmosphere.

But,in 1964, it soon became clear that the radiation
comingfrom theantennainto thereceiver wasat least
2Kelvinho erthanthey could explain. The pair did
everythingthey could to remove any sources of
interference, including cleaning out the layer of droppings
that had accumulated in the antennahorn from apair of
nesting pigeons. Nothingmade much di erence.

Themystery of the excessantennatemperaturee
continuedtoba ethem until they realised, with the help
of Robert Dicke, hmes Peebles, Peter Roll and David
Wilkinson at Princeton, that they werelookingat the
a erglow radiation of the Big Bang.
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‘How the
Solar System
formed

From our prime position on thethird rock
HQD WUGEWP Y GIG PON{l. WPFGTUCPFKPI

JQY. QANTUQCTPG{ J DQATI QGF ECD G\QDG
WORDS: COLI N STUA _RT

“»

JG5QCT5[ LED HITO G- CTQAPF
DRINGP [ GCTUQ Q AUCT\GE QAWAUJC
JW GENQIF GHFWO/CPF | QU J[FTQ @
CPF JGWAD Y JKEJ EQNCRUF CRF
HALGF \Q G4 GTPMKNK/HOTO GF \d GUCT\ OVY G
PQY MPQY CUMIG5WP 6JG TR G@KPl FATU
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HOW DO WE KNOW THIS?
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QPG QH\J G VITRIU\J OVO CTMUWU QAW CU J WO CP
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VKIKEGCKR UG  \J %GPVV \J ONI GVKEGCHO
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Look out for the new’ )
series The Planets
with Brian Gox.

Check Radio Times
for details.
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THE SOLAR SYSTEM




opinion started to shift. Copernicus said that
the planets ...including Earth ...orbit around
the central Sun and he was so fearful of the
inevitable backlash from religious quarters
that he delayed publication of his work until
after his death.

GALILEO! GALILEO

It would take decadesfor experimental evidence
to confirm that we do indeed live in a solar
system. It was mostly the work of Italian
astronomer Galileo Galilei intheearly 1600sthat
cemented theidea. It wasnst all plain sailing, of
course. Galileo famously had hisown run-ins
with the church, and

he was only officially

pardoned in 1992. But

asfar asthesciencewas

concerned, theclincher

camewhen he observed

Venus waxing and

waningthrough phases,
likethe Moon. Thisisnet

possible if both Venus

and the Sun orbit the

Earth; only if both

planets circle a central
source of illumination.

Sowetook our place as

just another member

of the Sunes family

of planets.

Attention naturally turned to how such a
system could come about. In the 1630s, the
French philosopher René Descartes was one
of thefirst to speculate. His starting point was
the ideathat nothing in nature could ever be
empty. Soif aparticlein space moved position,
another must move to fill the gap, creating a
series of vortices. Descartes believed that the
planets formed when material caught in these
swirlingvorticessomehow condensed. It would
take Sir Isaac Newton and hisfamouswork on
gravity to establish why the planets orbit the
Sun. But that still didnst explain where the
Sun and its planets came from.

By the mid-1700s, French mathematician
Georges-Louis Leclerc was suggesting that
the planets formed when a comet struck the
Sun, sendingvast amounts of material surging

12 FOCUS MAGAZINE COLLECTION

outwards. Over time, he said, gravity collected
this material together to form orbiting worlds.
By the end of the century, Leclerces compatriot
Pierre-Simon Laplace had shown this to be
impossible ...any ejected material would have
been pulled back in by the Sunss gravity.

Laplacethen started to formulate an alternative
explanation. Theinvention of the telescope had
allowed astronomers to discover a series of
fuzzy blobs scattered around the night sky.
They called them <nebulaee, Latin for clouds.
Laplace suggested that the Sun had formed from
such a cloud. As the cloud collapsed under
gravity it spun faster and faster. According to

Laplace, material would
have been thrown off
the Sun as its rotation
guickened, creating a
flat disc surrounding
the star. The planets
werethen formed when
gravity gathered this
material together.
Yet by the turn of
the 20th Century,
Laplacees idea had all
but been abandoned.
The problem was that
If his explanation was
correct, the Sun should
spin alot more rapidly
than it does, and the
planets should revolve at a more sedate pace.
Unable to reconcile this issue, astronomers
such as Sir James ansturned to an alternative
explanation. In 1917, Jeans proposed that
another star buzzed past the Sun and, in the
process, its strong gravity tore off asignificant
amount of stellar material. That, said Jans,
provided the building blocks necessary to
form the planets. But hisideadidnst last long.
By 1929, it had been shown that such a close
encounter was extremely unlikely due to the
vastness of space. Whates more, even if it did
occur, the Sun would have reabsorbed much
of the lost material.

With no clear frontrunner, new theories
continued to emerge as the decades rolled on.
In the 1940s, British astronomer Fred Hoyle
proposed that the Sun once had a much @

RIGHT: Galileo Galilei, as
depicted in thispainting by
Felix Parra, explaininghis
astronomical theoriesto a
friar at Padua University

BELOW:Ayoungstaris
surrounded by aformation
of dust and gasknown asa
protoplanetary discsin
which new planetsare
forming

GETTY IMAGES X3, SOENCE PHOTOLIBRARY




THE KEY EXPERIMENT
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Achart of the Solar System, asdescribed by
Nicolaus @pernicus, with the Sun at the centre

SAENTIST Nicolaus Gpernicus

DATE 1543

DISC(NER’Y Earth and the planets
revolve around the Sun

Itsshard to see how astronomers could have formed
their current theories of how our Solar System came
tobeif we still thought everythingorbited Earth.
pernicussbreakthrough ..pu ingthe Sun at the
centre of things...isrightly lauded asone of the
greatest scientificrevolutionsin history. And yet it
wasn+ inspired by astronomical observation, but by
mathematical elegance.

Theideaof geocentrism ..that everythingin the
Universe orbited Earth ..raninto aproblem when
observingthe objectsin the night sky. Some of the
planetsappeared to double back on themselves. To
get around thisthe Ancient Greek polymath Ptolemy
introduced «epicycless, which saw the planetsmove
in smaller circles, which inturn orbited around Earth.

But thiswasabigleap, introduced to force what
we saw in the night sky to correspond with our belief
that Earth wasat the centre. Gpernicussgeniuswas
torealisethat switchingto havingthe Suninthe
centrewould do away with the need for epicycles.
Under hisheliocentric model, Marsappearsto double
back onitself because Earth overtakesthe Red
Planet asit orbitsthe Sun.

Thismonument
to Gopernicus
standsin front
of the Polish
Academy of
Sciences




THE SOLAR SYSTEM

larger companion star
that had exploded as
a supernova. Some of
the resulting shrapnel
wassnared by the Suns
gravity, later coming
together to form the
planets. But that didnet
hold water either, partly
because it struggled to
explain thelow masses
of Mercury and Mars.

It wasnet until the
1970s that things started to make more sense,
when astronomersreturned to Laplacesnebula
theory. The main problem with this theory
(that the observed rotation of the Sun was
slower than expected) could be eliminated if
drag caused by dust grainsin thesurrounding
cloud had put the brakes on. This idea was
buoyed in the 1980swhen astronomers spotted
dusty, flat discs of material around young
stars, called protoplanetary discs, or sproplydse.
They«d effectively caught planet formation
in the act.

ALIEN WORLDS

Observing other solar systems is now key to
understanding how ours formed. But up until

themid-1990sno one had ever spotted aplanet
orbiting another star. That changed in 1992

with thediscovery of aworld orbitingapulsar
star. Sincethen, astronomers have uncovered

almost 3,900 planetsin other solar systems...

so-called «exoplanetse. But from the start it
was clear that these alien neighbourhoods
werenst all perfect mirror imagesof our own.
For example, 51 Pegasis planet, which has
since been named Dimidium, takes just

DISTANCES
HFHROM THESUN

The planetswith their average
distancesfrom the Sun. 1AU
(Astronomical Unit) isthe distance
from the Earth to the Sun.

14 FOCUS MAGAZINE COLLECTION

over four days to orbit
51 Pegasi. Ites nearly
eight times closer to its
star than Mercury isto
the Sun. Whates more,
Dimidium is around
half the mass of Jupiter,
makingit amuch bigger
planet than Mercury.
With the hypothesis
of planetsformingfrom
thedebrisof anewborn
star, it is incredibly
difficult to get such a giant world forming so
close to its host. A more viable explanation
isthat the planet formed much further away
and then migrated inwards over time. Here
was compellingevidencethat planetary orbits
werenot fixed, but could wander significantly.
Bolstered by these discoveries, astronomers
started to look at our Solar System with fresh
eyes.

In 2005, a decade after the discovery of
Dimidium, a group of astronomers proposed
the Nice model (named after thecity in France
whereit wasformulated). Thecrux of thisidea

isthat the giant planets of our Solar System ...

Jupiter, Saturn, Uranus and Neptune .. started
off much closer together. Over time, Jupiter
moved inwards towards the Sun as the other
three moved outwards. In some scenarios,
Uranus and Neptune even swap places.

The movement of Jupiter towards the Sun
would have scattered many smaller bodies, much
likeadogrunningthrough aflock of pigeons.
Many of these bodieswould have ended up in
the inner Solar System, creating a sharp peak
in the number of meteorsrainingdown on the
rocky planets and their moons. And thereis

Venus
0.7AU

Mercury
0.4 AU

1,000 million km

ABOVE: Despitetheir distance
from Earth, starssuch as
51Pegasi are helpingus
understand more about

our own Solar System

RICHT: An undiscovered
planet could be lurking
ontheoutskirtsof our
Solar System

Asteroid Belt
2-3.3AU

2,000 million km

ESO, SOENCE PHOTOLIBRARY, GETTY IMAGES



g ' evidence of asurge in impact activity on the
' Moon between 3.8 and 4.1 billion years ago.
Theoutward movement of Neptunewould also
. have sent smaller bodiesrunningfurther from
the Sun, helping to explain the Kuiper Belt
and Scattered Disc ..two reservoirs of smaller

objects in the outer Solar System.

v & AT A HIDDEN PLANET?
* * Although it was a major step forward, the
. : . : original Nice model was far from perfect.
E, : . 9 ' : When using acomputer simulation to recreate
o ¢ . = ; the gravitational interactions between the
: _ four giant planets, astronomers only ended
A up with a Solar System that resembled ours
around three per cent of the time. But with
one small modification they could boost this
to 23 per cent. The modification? The addition
of a fifth giant planet. Yet weeve only ever
seen four giant worlds. So if weere to take
this explanation seriously we need to be able
to say what happened to this other planet. It
could have been gjected from the Solar System
during the migration of its neighbours ...an
orphan planet left to wander the black void of
space. Astronomers have already found some
examples of these so-called srogue planetss, so
the ideais far from ludicrous.
‘_/z There is, however, a more tantalising
explanation: this fifth giant planet is still
right here in our Solar System, waiting for us
tofind it. Thebuzz around thispossibleworld,
dubbed «Planet Xeor *Planet Nineshas been one
of the most exciting astronomical developments
of recent years (see pages 79 and 94).

If such a planet does exist, the reason ites
escaped our notice so far isits sheer distance
from the Sun. Unless you know exactly where
to look, ites easy to miss. A dedicated search
isunderway to hunt it down.

These latest astronomical adventures show
usthat thestory of our Solar Systems formation

ﬁ Jet isstill very much awork in progress. We may
i — _ e, have comealongway sincethe daysof Ancient
s ‘ Greece, but there are still many chapters

@_ ——— — left to write. @
Jupiter - Saturn Uranus Neptune Kuiper Belt
5.2AU 9.5AU 19 AU 30 AU 30-50 AU
& . - @lin Suart (@ skyponderer) isan astronomy
3,000 million km 4,000 million km writer and author of The Geek Quideto Life.
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WHERE ARE ALL THE

ACTIVE SPACECRAFT
IN OUR SOLAR SYSTEM ?

Snce Soutnik 1waslaunched in 1957, humans have sent thousands of spacecra
into the cosmos. There are currently around 50 active* cra in our Solar System.
Hereswhere they are and what research they are doing
*not including miniaturised, amateur or commercial cra

INFOGRAPHIC TIDY DESGNS g )



STEREOA/ B (SOLAR
TERRESTRIAL RELATIONS
OBSERVATCRY)

Buildinga 3Dpicture
of stormserupting
from the Qun. -
STEREOA isactive, but
\ contact waslost with
| STEREOBin 2014.

on the solar wind.

SPITZER SPACE
TH.ESCOPE
Takinginfrared images
of galaxiesand
nebulae. Most
instrumentshave
stopped working.

SPITZER SPACE TH ESCOPE
Sitzer, launched in 2003, isthe fourth and last
of NASAs Geat Qoservatories,a er Hubble,
(mpton (de-orbited in 2000) and Chandra.
Qitzer observesinfrared light and although the
cryogen needed to cool itsinstrumentsran out
in 2009, the telescope is still observing asteroids,
cometsand exoplanets. In 2016, Spitzer was
among the telescopes used to discover what
might be seven potentially habitable planets

in the nearby TRAPPIST-1system.

58 MILLION KM
FROM SUN

OLARAND HH:IIOSPHERIC
OBIERVATORY

The SCHOmission hasrevolutionised our
understandingof the Sun. Aswell asproviding
valuable dataon the Sunssmagneticactivity, it
hasalso inadvertently discovered 3000 comets
asthey have buzzed past. *

=
—
=
—
—

SOHO(SOLARAND -

HELIOSPHERICOBSERVATCRY) DISTURBANCE

Sudyingthe Sunsouter REDUCTION

layersaswell asthe ¥ SYSTEM (DRS)

solar wind. ‘ Part of atechnology
demonstration mission

i totrack gravitational

wavesfrom space.

PARKER SOLAR PROBE
Launched in 2018 and
currently orbitingthe
un,itisgatheringdata

BEPIGOLOMBO ’
Launched in 2018, BepiGlombo
will arrive at Mercury in late 2025,
and splitintoitstwocra :the
Mercury Planetary Orbiter (MPO)
and the Mercury Magnetospheric
Orbiter (MMO).

LAGRANGAN POINT L1

i=
AKATSUKI —
Sudying Venuss ~ WIND
atmosphere and ~ Sudyingthe solar
cloud decKs. wind. Hasenough
Entered orbit in fuel tolast for
December 2015. around 50 years.

*

P

108 MILLION KM
FROM SUN

ACE (ADVANCED
QOVMPOSITION EXPLORER) «
Sudyingthe Sun.Has
enough fuel to last
until 2024.

L
AKATIUKI .
Many mysteriesabound around Venus,and
Akatsukiisthe latest probetotake acloser look.
Itissearchingfor lightningin the Venusian
atmosphere, studyingthe abundance and
distribution of key gasesand lookingat how *
the planetsheat isdistributed in the lower
atmosphere. And that heat issignificant .. Venus
istheho est planét,eventhaughitisn+ closest
totheQun.Le ersfrorh apubliccompetition
went alongfor theride on engraved plates.
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Indiassfirstmulti-wave-

lengthobservatory,itis
ainly monitoringthe
sky for X-ray events.

Exploringthe
miniaturisation of
space technology, this
spacecra mainly

servingobjectsin
both X-raysand
visiblelight.
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FERMI GAMMA-RAY

OBSERVATORY
Making X-ray SPACE TH.ESQOPE
: observations Performing an all-sky
4 ; Oifn%%%(i?;[qz _survey of gamma-ray
: R . °  sources, Including
. black holesand active galacticnuclei
\ supernovae. and pulsars.
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' Lookingfor high- tentially Sudyinginteractions
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= with-dark ma comets. e un, particularly
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/ATORY) solar activity.
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Universe, mainly b %= Qoservinggamma-ray 3\1
-~ invisiblelight. = sources, including ‘h,
§ gamma-ray bursts s B
': QDL%EAR and active galactic / e = Y
ESCOPEARRAY) nuclei. 5 -
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5 - searchesfor OBSERVATORY -
“i % supermassive ' Detectingand .
| black holes. 5 gnalsilﬂng gamma-ray
. ursts.
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HUBBLE SPACE TH.ESCOPE NEHL CEHRELS SWIFT

When the Hubble Space Telescope entered

OBERVATORY

servicein 1990, itsimageswerefound to be
dlightly blurry duetoa awinitsprimary mirror.
Aservicemission in 1993fixed theissue and,
sincethen, the telescope hasbeen beaming back
spectacular images of the cosmos. The telescopes
contribution to astronomy hasbeen far-reaching,
enablingscientiststo pin dowh the age of the
Universe, discover dark energy,and witnessthe
birth of planetsand stars.

150 MILLION KM

FROM SUN

The Neil GehrelsSwi Cbservatory isdesigned to
study gamma-ray bursts..intense, short-lived

ashesof the most energeticlight in the Universe.
It waslaunched in 2004 with an intended life of
twoyears, but isstill operatingtoday. Sofar it has
seen over 1000 gamma-ray bursts.When a
cosmicexplosion triggersthe telescope, atext
message issent to the on-call astronomer so that
they can coordinate follow-up observations.

-



; GAJA ettt T e B e
Gaiaisan astrometry telescope with thetask of L '
g -.-Q“ J measuringthe positionsand distancesof starsin GAIA ' ’
s ~ | our Milky Way galaxy with unprecedented Accurately
u L | precision. It waslaunched in 2013and in April Cﬁta“’g!“_“g s
N e 2018 astronomersreleased the hotly anticipated gz :ngrgotﬂgr?gso ¥
~ ﬁ_& second batch of datato the wider astronomical S = T T B
community. Gaiaisalso studyingexoplanetsand OPPORTUNITY ; mmm&%ﬁ
distant quasars, aswell asasteroidsin our own SearchingMarsfor MonitoringMartian
Solar SYS i ] grsaldicraga climate and mapping :
. . amenable conditions*

futurelandingsites.

for life. NASAistrying

. toreestablish contaet—

ARTEMISPY P2

Sudyingthe
interaction of the solar
wind with the Moon.

water on Mars.

MARSEXPRESS |
Performing _ |4 /
comprehensive M

environment.

EXOMARSTRACE
GASCRBITER

" Investigatingthe

¥ I:R_'O(LUNAR ' MISSON ' o
. RECONNAISSANCE F E;hnr?glitgs?gg
- ORBTRR) : - Assessingsuitabilityof .. methane.

source of Martian

Makingdetailed lunar futur_e Indl_an. p Martian environment
. Martian mission. ’ r ol
‘mapsfor future ! R for microbial life.
manned and robetic - *
exploration. -

HAYABUSA2 . : ~  (HANGE4
Jpanssecond asteroid \? = The probe, carryingthe Yutu-2 4 :
survey and sample w rover,becamethefirst instrument
return mission. It . R to explorethefar side of the Moon.
arrived at asteroid ?‘ = "'.
162173 Ryugu in dine JUURR it
2018 and isdueto - ’
begin collecting § . { .
samplesthisyear. : : , . 5
- i i
HAYABUSA2 (HANGE4
Itspredecessor wasthe . . On 3. Anuary thisyear hinas hange-4 became

first timewed returned a
sampleof anasteroidto -
Earth. But that mission
wasplagued with
problems, so hopefully
thistimethingswill run
more smoothly and

return more material for
scientiststo study.

thefirst probetoland onthefar side of the Moon.
Two weekslater, the probe sent back agrainy
photo showingtiny green shootssproutingfrom
aco onseedinitsLunar Micro Ecosystem
experiment ..thefirst timeaplant hasbeen
grown on another world. Sadly, the shoot didn«
survive but itsgermination could be an
important step on theway fo establishinga
permanent base on the Moon.

228 MILLION KM
FROM SUN

LAGRANGAN POINT L2

150 MILLION KM
FROM SUN




JUNO (JUPITERNEAR-
POLARCRBITER)
Arrived at Jipiter’
inluly 2016.

Now exploring

&

ASTEROD
101955 BENNU

779 MILLION KM
FROM SUN

'

CHANGE-2
Exploringthe Moon
and asteroids.
Qurrently 100 million
kilometresfrom Earth. ’

| &
."
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-
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OSRIS-REX
Qurrently surveying
the asteroid 101955
Bennu. Itssexpected
toreturn asample of
Bennusssurfaceto
Earthin 2023.
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AQURIOCATY
Asplanetary missionsgo,few areasdaringas
Quriosity. Previous Martian rovershad been
lowered onto the Martian surfaceinside
in atableballs,which slowly de atedtoleavethe
machineto roll out onto Mars. But Quriosity was
gently lowered onto the surfaceviaan intricate
«ky cranee Auriosity hasnow experienced two
full cyclesof the Martian seasons. Asof November
2018, it wasexploring Vera Rubin Ridge and about
todrillinto the surface at Lake Orcadie.

VOWAER1 v ‘
In August 2012, it was confirmed =

that Voyager 1had reached =
intertellar space. But it still hasa VOYAGER 2

longway to go beforeit reaches
the Cort Aoud ..technically still
part of the Solar System.

Instead, it hasle themagnetic

Explored Lipiter, Saturn,

Uranusand Neptune. The
probe entered interstellar
space in November 2018.

in uenceofthe Sm,asthesolar -

windislost inthewindsof other
nearby stars.

L]
JUNO ;
Sncearrivingat piterinthe
summer of 2016, ino hassent
back stunninghigh-definition
imagesof the Solar Systems
largest planet. Itsscientific
objectivesinclude exploring
Jipiterscomposition, 3
investigatingthe existence of a
solid core and decipheringwhy
the planetssGeat Red Sot is
shrinking. Three aluminium Lego
figureswere carried alongfor
theride ..one of the Roman god

Lpiter, hiswife Lino and Galileo, S Yl
thefirst astronomer to observe f 2R
the planet through atelescope. ¢ {
L}
* 4 [ f
(
Ll ’.
{ o ¥
i i
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NBEW HORIZONS

VOYAGER 1
Explored Lpiter and Saturn *
and isnow ininterstellar
space some 21billion
kilometresfrom Earth.

— r F
NEW HORIZONS
Explored Plut

in 20155 before
proceeding éd tgce
Kuiper Belt bbject
20314 MUB9 (now (
known asUltima-
Thule)and
photographingit

2.87BILLION KM

143BILLIONKM
FROM SUN

4.50 BILLION KM
FROM SUN

When the mission set 0 in early 2006, the
world it was heading to was still a planet. Later
that year, however, Pluto was downgraded

to dwarf planet status. New Horizons finally
ended its nine-year journey to the Kuiper Belt
in 2015. For the first time, we had crisp, close-up
images of Pluto. Scientistswerele ba ed by
its smooth, crater-free surface, suggesting it
must have some kind of geological activity that
constantly re-sculptsits surface.

5.91BILLION KM
FROM SUN



NASA/ SDO, NASA/ ROYAL OBSERVATORY BELGUM/ SIDC, NASA/

GODDARD SPACE FLIGHT CENTER, SOHO/ MDI (ESA & NASA)

| biggest and mostin uential
body initssystem. Weighing some two
million trillion trillion kilograms, it
makesup 99.98 per cent of the mass

t about 1,400,000km in _ i
A diameter,the Sunisthe ' ’ ,f '
| o .

b
-

inthe Solar System, thoughin ' _ : ' (€
astronomical termsitisonly a J , I : J
medium-sized star. Thishuge bulk ] A

causesintense pressureinthe Suns ol R P :

core,wheretemperaturescan reach b
over 1,000,000°C By thetimethe
plasma (charged hydrogen and helium
particles) reachesthe surface, however,
it hascooledtoamere5,500°C.. still
white hot,emi inglight powerful
enough to providethe Solar System
withitsenergy.

The Sunsextreme conditionscreate
ahighly dynamicobject. Itsouter layers
are constantly being shed, creatinga
solar wind of high-energy particlesthat
sweepsthrough the Solar System.
Meanwhile, inside the star, the plasmass
motion createsagiant magneticfield
that extends 18 billion kilometresfrom

the Sun. BEvery 1lyearsthisfield ips, : h : _ " » £
causingma er fromdeepinsidethe Y "
star to bubble up tothe surface, TR X ] 1 ' 5
explodingin spectacular solar ares. h‘ . %
[} i‘;
l,‘

SURFACE TEMPERATURE: 5,500°C
TIMETOROTATEONCE: 25.38 Earth days
DIAMETER: 1391,000km :
ATMOSPHERE: Mainly hydrogen & helium

22 FOCUS MAGAZINE COLLECTION



THE SUN

fAnd
V Asolar arecaptured by NASAs Solar Dynamics Cbservatory

V Made up of 25 separate images, thisshowsayear of solar activity

V Sun spotsappear dark asthey are cooler than other partsof the surface
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Wesve visited Pluto and the outer reaches of\the Solar System,
and our roversaretrundlingover the sukface of Mars.

Yet the Sun hasremained stubbornly out of reach... until now
WORDS: STUART CLARK

ILLUSTRATION: ANDY POTTS






ast summer, NASA launched

one of its most ambitious space

missions: the Parker Solar

Probe. Travelling at a blistering
720,000km/h (450,000mph), the spacecraft is
diving repeatedly closer to the Sun than any
previous spacecraft in history ...so close that
the probe team refers to it as stouchinge the
star. In fact, itisdivingin and out of the Sunss
atmosphere, known as its corona. And its not
going to be alone up there.

The European Space Agency (ESA) is
sending a solar mission of its own,
scheduled for launch in 2020. Solar Orbiter
will not go as close to the Sun as its NASA
counterpart, butitwill still bebathed inintense
sunlight, almost 500 times that experienced
by a spacecraft in Earthes orbit. Unlike Parker
Solar Probe, which spendsonly ashort amount
of timein thefierce heat asit divesin and out,
Solar Orbiter will stay put for years, watching
and measuring the Sun.

Both of these missions have a key goal: to
find out more about the way electrified gas,
known as plasma, is launched from the Sunss
atmosphere out into space. This continuous
stream is known as the solar wind. It carries
energy and the Sune magnetic field through
space, and understanding it could solve a
problem thates been mystifying scientists for
decades and could be the key to safeguarding
our technological society.

WHAT A WIND

When the solar wind collideswith Earth, it can
disrupt or even destroy electrical technology
in orbit and on the ground.

The Carrington Event, which took place in
1859, is the greatest of these so-called solar
stormson record. Back then, society was more
low-tech, but the global telegraph network went

Without advance warning, a
huge solar flare, carried by the
solar wind, could cause $2tr
worth of damage inthe USalone

down and compasses spun uselessly.

Yet while solar storms of this
magnitude only happen once every couple of
hundred years, smaller storms happen
more frequently. Most of these cause little
disruption, but all have an effect. In March
1989, for example, asmall solar storm severely
damaged a power transformer on the Hydro-
Québec power system. It took down their power
grid for more than nine hours as emergency
repairs were carried out. And more recently,
in 2003, a series of solar stormsthat took place

NASA ILLUSTRATION: ACUTE GRAPHICS
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The solar array of
the Parker Solar
Probe undergoing
thermal tests

around the Halloween period caused more
than half of NASAss satellites to malfunction
in some way, while aeroplanes had to be
re-routed away from polar latitudes because
of the large amounts of radiation associated
with the intense aurora.

Onerecent study by the US National Academy
of Sciences found that without advance
warning, a huge solar flare, carried by the
solar wind, could cause $2tr worth of damage
in the US alone, and it would not be quick to
fix. The report found that such an enormous
solar flare could cause so much damage to
power stations that the US eastern seaboard
could be left without power for ayear. Europe
Is similarly vulnerable.

While studying the Sun has never been
more timely, the desire to do so stretches back
beforethe space age to the 19th Century, when
a solar mystery was uncovered. On 7 August
1869, astronomers gathered across Russia ©@

© HELDSEXPERIMENT

© INTECRATED SOENCE
INVESTIGATION OF THESUN (1SS

® WIDE-FELDIMAGERFOR
SOLARPROBE(WISPR)

@ THERMAL PROTECTION
SYSTEM(TPS

THE SUN

O HIGHGAINANTENNA

€@ SOLARARRAYS

© SOLARWINDELECTRONS
ALPHASAND PROTONS
(SWEAP) INVESTIGATION
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Parker Solar Probe will
diverascloseas10
solar radii tothe Sun,
whereas Solar Orbiter
will remain aconstant
60 radii away
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and North America to observe a total solar
eclipse. In those fleeting minutes of darkness,
the scientists got to see something not visible
at any other time: the ghostly veils of the solar
corona, the Sunss outer atmosphere. It was an
object of fascination for the astronomers of the
day. Two of the astronomers, Charles Augustus
Young and William Harkness, were using
spectroscopesto split the coronal light intoits
constituent wavelengths. They knew that the
various chemical elements gave out light at
specific wavelengths, and by measuring these
sspectral linesethey would be able to establish
thechemical componentsof the corona. Working
independently, they both discovered a green
spectral line with a wavelength of 530.3nm.
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It caused great excitement at the time because
there was no known chemical related to this
wavelength, so the astronomers thought they
had discovered a new element. They named
it coronium.

It turned out that Young and Harkness
were wrong, yet it wasnet until the 1930s that
scientists understood why. Astrophysicists
Walter Grotrian and Bengt EdIén conducted
laboratory experiments and found that iron
could give out that green light, but only
if it were heated to an extraordinarily hot
3,000,000°C, turningit into plasma. With this
realisation the real mystery was born.
What exactly is heating the Sunes corona to
3,000,000°C? The magnitude of the problem

ESA ILLUSTRATION: ACUTE GRAPHICS



Isenormous because the surface of the
Sunisamere (astronomically speaking)
5,500°C. «It defies the laws of physics
and nature. Itslikewater flowinguphill.
You move away from aheat source and
it should get cooler not hotter,Z says
Nicola Fox, mission project scientist at
the Johns Hopkins University Applied
Physics Laboratory. «What happensin
thisregion that suddenly acceleratesall
of thiscoronal material to temperatures
exceeding 3,000,000°C? It is mystery
number one,Z says Fox.

And if that wasnet a big enough conundrum,
there is a second, related mystery. The gas
breaks away from the Sun just where the
temperature peaks. ¢If you think of the Sun
as a giant gravitating star, it is going to hang
onto its material. And yet the plasma is able
to break away and move out and bathe all of
the planets,Z says Fox.

This solar wind that Fox refers to is
made mostly of hydrogen and helium.
The iron that betrayed the coronaes great
temperature actually makes up just a tiny
fraction. Thesolar wind carrieswith it the Suns
magnetic field and streams out into space at
about 1,600,000km/h. It bathes the planets,

Travelling at
ablistering

720,000km/ h,
the spacecraft
will repeatedly

dive doser
tothe un

ESAs Solar Orbiter
will launch in 2020

THE SUN .

and when it collides with the Earth, it
sparksthestunningaurorasthat shine
in the polar skies.

STAY QOOL
Astronomers say that the acceleration
of the solar wind occurs at about 10
solar radii (one solar radiusisequal to
the radius of the Sun). «Thatess where
Parker Solar Probe is diving, ites a
scientifically important region of space,Z
says Imperial College Londoness Prof
Tim Horbury, who is a co-investigator
on Parker Solar Probes FIELDS instrument.
Through its series of extraordinarily close
encounters with the Sun, Parker Solar Probe
will repeatedly explore this key region. It can
survivethese plungesthanksto an innovative
thermal protection system (TPS). This heat
shield is made of two plates separated by a
layer of carbon foam. The layer that faces the
Sun iswhite and reflective. The foam itself is
diffuse and light, and is composed of 97 per
cent air. It was developed and manufactured
especially for the spacecraft and is one of the
key technologiesthat hasenabled the mission to
takeplace. Itisjust over 11cm thick, and will be
heated to around 1,377°Cduringitsclose solar
passes. On theother side of the TPS, wherethe
spacecraft is located, the design will almost
completely dissipate the heat, reducingit to a
comfortableroom temperature of around 21°C.
Solar Orbiterss heat shield takes a different
approach because it will have to withstand
lower but constant heating. Its maximum
temperatureislikely to bearound 520°C, but it
isnot goingto head out to the orbit of Venusto
cool down, like the Parker Solar Probe. Solar
Orbiters heatshield is pitch black rather than
white and reflective, as this means it will
absorb heat and radiateit back out into space.
It is made from titanium covered
with a protective skin @
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THEORBITAL PATHS

PARKER SOLAR PROBE(NASA)
August 2018

12020

.

called SolarBlack, which is derived from a
charcoal-based pigment made of burnt animal
bones. This pigment isatype of black calcium
phosphate and is widely used for fertiliser
and metal alloy production, and for filtering
heavy metals out of water. This skin keeps
the European space probe safe so that it can
operate continuously at a distance of 60 solar
radii. Although thisis six times further away
than Parker Solar Probees closest approach,
thereis a particular reason for choosing this
distance. «It will go as close as you can go
and still use telescopes to look at the Sun,Z
explains Horbury. Parker Solar Probes only
telescope looks to the side to take images of
the solar wind rushing by.

Solar Orbiterss telescopes will study the
Sunss surface with a variety of instruments
over awide range of different wavelengths
so that astronomers can determine the

NASA/ SOHO ILLUSTRATION: ACUTE GRAPHICS
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- surface gass densities, temperatures and the

magnetic field. It then containsasecond suite of
instrumentsthat measure the same properties
for the solar wind as it passes the spacecraft.
Parker Solar Probe is designed to fly through
the exact region of the Sunesatmospherewhere
it breaks its connection to the solar surface
and becomes the solar wind. So by sharing
their data the mission scientists can make
the connection between events on the solar
surface, the launching of the solar wind, and
the downstream conditions.

EARLY WARNING

Solar stormshave shown how theinteraction of
the solar wind with Earthes magnetic field can
severely damageimportant technology. So, while
thesemissionstothe Sun arelikely toreveal all
sorts of interesting data and maybe even new
theories about our star, more crucially, they

should help us to safeguard the tech we rely
on every day ...from telecommunications to
sat-navs to power stations.

Currently, we get only 30 to 60 minutes
warning from a NASA spacecraft called ACE.
Oncethesetwo missionshave performed their
work,thehopeisthat thiswarningtimewill rise
toaday or two. Thatess because solar stormsare
sparked by flareson the Sun that trigger asudden
gjection of material from the coronainto the
solar wind. It takesaday or two for thiseruption
to cross space, so knowing the way in which
the solar wind islaunched iscritical if we are
goingto calculatethe severity of any incoming
solar storms. It could also giveus moretimeto
prepare and protect any important electrics.

*Thedatawill makeimprovementsto modelsZ
says Fox. A few years from now when we see
a big event, the model will accurately tell us
what is coming to Earth.Z @

- Themissions
- should helpto
safeguard tech ..
from sat navsto

power stations

Listentoan
episode of Qick
about the Parker
Solar Probe mission
bbc.in/ 23GXQL

Dr Suart Qarkisan
astronomy writer with
aPhDin astrophysics.
Hislatest bookis The
Unknown Universe.
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Rich in resources and fuel, miningthispeculiar planet

could beour ticket out of the Solar System
WORDS: STEPHEN BAXTER

-I-neinnermost planetin our Solar System,
was once an enigma. For years, its
proximity to the Sun made it difficult
for astronomersto observe ..but the Space Age
changed all that. NASAs MESSENGER, the
second space probe to Mercury and the first
orbiter, was launched in 2004 and orbited the
planet from 2011 to 2015. The data it returned
gave us real knowledge about Mercury. In
2016, Mercury passed between the Sun and
Earth ..thefirst transit in 10 years. And then
last year, the Japanese and European space
agencies launched BepiColombo, which will
arrive at the planet in 2025.

Superficially, Mercuryes surface might seem
like the Moon: a small, airless world with a
rocky surface distorted by huge, ancient craters.
But the details vary, because of the planetes
different location and composition. On Mercury,
there are peculiar linear features called rupes
(Latin for «cliffse) that resemble wrinkles on a
shrivelled apple ..and itssthought that is pretty
much how the rupes formed, with the planet
shrinking by a kilometre or so as it cooled.

Although theplanetisonly alittlelarger than

32 FOCUS MAGAZINE COLLECTION

the Moon, its gravity is about twice as high.
Mercury wasonce amore massiveworld with,
like Earth, an iron coreand arocky mantle. An
immense collision with another young world
may have stripped off much of that mantle,
leaving the planet with an outsize core and a
higher density to match.

Mercury takes 88 Earth daysto orbit the Sun,
and rotates once on its axis every 59 Earth
days. But standing anywhere on Mercury,
you donet seethe Sun rise every 59 Earth days
because of that short year. Mercury is
so close to the Sun that tidal forces
have locked in itsrotation periods: a
threeMercury «daysearethe same as '
two Mercury syearse. The net effect
isthat at any point on Mercuryss
surfaceyou will only seeasunrise
every 176 Earth days. Y

Thelongdaysand nightscause
theclimate of the planet to swing
between extremes. During
Mercuryes day the Sunes
heat roasts the surface
seven times more @

BepiGlombois
composed of two
separate orbiters
that will work in

di erent orbitsto
explorethe planet
and itsenvironment



M ERCURY
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Water ice..life
support for future
colonistsintent on
mining Mercurys
rich resources

fiercely than it does on Earth, raising the
temperature to over 420°C ...hot enough
for lead to melt. That intense heat and
radiation long ago blasted away any vestiges of
atmosphere: with no gases to help trap heat
near the planetes surface, when night falls the
temperature plummets to as low as -180°C.
Such extremes suggest it would beimpossible
toliveon Mercury. But nature may have given
future explorers a break. The planet has no
axial tilt, so there are no seasons. This means
that at the planetss poles, there may be craters
where the Sun never shines. And therelies a
miracle, discovered by MESSENGER: water ice,
delivered by the impacts of comets and frozen
in the permanent shadows ...Iife support for
future colonistsintent on miningMercurysrich
resources. Theplanet also hasenergy aplenty in
theform of concentrated sunlight. To captureas
much energy as asquare metre of solar-energy
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Theragged line stretchingdiagonally in from the
tople of thisimageiscalled Discovery Rupes,a
huge escarpment 650km longand 2km high. Its

thought that such thrust faults..there are many,
of di erentlengths,on Mercury ..wereformed as
the planetsscore cooled and contracted,
fracturingthe surface.

cells on Mercury would require six square
metres on the Earth ...and 60 square metres
on Ceres ..the dwarf planet thats often touted
as a good candidate for resource extraction.

MINERAL WEALTH
As for the resources, there is strong concern
about the impact of miningon Earth, in terms
of environmental cost; plus, resources extracted
from Earth would be expensive to lift into
space. So it would be far better to mine out
there. That prospect may be coming closer,
with the emergence of the Alliance for Space
Development, led by the USs National Space
Society, to press for legislation and initiatives
to allow development of space resources.
Mercuryes mantle has much the same
composition as the Moon, which has been
proposed as a good site to mine, because its
surface is full of useful components such as

NASA/ JOHNS HOPKINS UNIVERSITY CARNEGE INSTITUTION, NASA/ JOHNS HOPKINS UNIVERSITY

APPLIED PHYSICS LABORATORY/ CARNEGE INSTITUTION OF WASHINGTON X3



MERCURY

2. DEEP IMPACT

Thiscrater lieswithin the Galoris Basin, an impact crater
itself over 1,500km acrossand one of thelargest inthe
Solar System. Theviolent collision that producedit ung
debrisover 1,000km from the crater edge. And on the
opposite side of Mercury are strange hills, which may
have been caused by shock wavesfrom theimpact
ripplingthrough the planet, crackingthe ground on the
other side.

3. VOLCANICVENTS

Not all of the topographicfeatureson Mercuryssurface
were created by meteoroid collisions. Thisimage shows
abright areacomprisingwhat isbelieved to be
pyroclasticmaterial surroundingthe vent that produced
it, possibly afew billion yearsago. Theirregular-shaped
formationat bo omrightisan older vent.

4. PYROQASTICVENTS

The yellowish patcheson thisimage depict pyroclastic
vents. Though commonly seen acrossthe planet, thisis
one of the largest such clusters, stretchingacrossnearly
10° of Mercurysssurface. These ventsmay have beenthe
source of explosive eruptionsdriven by volcanic gases.

oxygen, calcium, magnesium, potassium, even
heavy metals like titanium and aluminium.
So techniques developed on the Moon could
easily betransferred there. In addition, the huge
amount of solar energy received by Mercury
could be used to drive the mining operations
themselves, and for firing packets of resources
to sitesacrossthe Solar System ..perhapsusing
emass driverse. These electromagnetic sling-
shots were first suggested by Arthur C Clarke.
It might be more acceptable to mine remote
Mercury than to scar Earthes Moon, plus
Mercuryes huge core ...mostly iron, but rich
in other metals ..isonly 600km down in some
places, whereas the Moones smaller core may
be up to 1,400km down.

There are still more imaginative schemes.
All that sunlight could be used as a free
propulsion system. Imagine a solar sail,
strong but thin, perhapsbuilt out of Mercuryes

aluminium. When sunlight hits a reflecting
surface, it exertsapressure..asif theparticles
of light are rebounding from the surface and
pushing it away. The effect is small, but ites
useful, continuous and free. At the distance
of Earth, a sail measuring 800m across would
receive alight-pressure of about five Newtons,
which issimilar to the thrust of the low-drive
ion-propulsion engines used on NASAs Dawn
spacecraft. And the closer you get to the Sun,
the greater thethrust ...at Mercury you would
get the samethrust with a sail measuringless
than half that diameter. If you wished toridea
solar sail to Neptune, the most distant planet,
it would be better to pay a visit to Mercury
first to pick up the greater acceleration, and
then sail outwards.

All these resources mean that some day
Mercury may become the shipyard and
principal port of the Solar System. @
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VENUS

Earthsinner neighbour isstill very much a mystery.

But ahost of planned missionswill help reveal its secrets
WORDS: PAUL SUTHERLAND

espite being named after the Roman

Dgoddess of love, Venusis anything but

romantic. Just 45 million kilometresfrom

our planets orbit, and with a mass 80 per cent

that of the Earthes, it is our nearest neighbour

in terms of both distance and size ...yet our
two worlds are vastly different.

Nothing was known about the surface of
Venus beforethe Space Age, asit iscompletely
obscured by thick clouds. Scientists once
speculated that it might be a raging ocean, or
aSahara-likedesert. Thefirst probeto provide
answers was NASAs Mariner 2, which flew

past Venus in 1962, discovering that surface
temperatures must be extremely high and that,
like Uranus, it spinsin the opposite direction
to the rest of the planetsin the Solar System.
Sincethen, orbiting probeswith cloud-piercing
radar have produced maps of Venusssurface and
Soviet landers have confirmed that conditions
are completely inhospitable on the ground.
There is neither sea nor desert, but rather a
landscape resembling a vision of hell.
Thesurfacetemperatureistwicethemaximum
found in a kitchen oven, reaching a roasting
462°C. The pressure of the atmosphere is @
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SUPERVOLCANO

Thelargest volcano on Venus (also its second-
highest mountain), Maat Monsis8,000m high
and hasspewed lava ..the dark patchesinthe
foreground ..that owed for hundreds of
kilometresfrom the volcanosbase. This3Dview
wascreated digitally usingdatafrom NASAsS
Magellan mission, tinted with colour to simulate
light filtered by the dense atmosphere.

NASA

90 times that at sea level on Earth, crushing
probes making early landing attempts. And
itss also highly toxic, composed of 96 per cent
carbon dioxide.

Thefirst Soviet probetoreach the surface and
send back signals was Venera 7 in 1970, but it
wasonly abletosurvivein the harsh conditions
down there for 23 minutes. It was followed by
the more successful Venera 8 in 1972, which
returned data on the surface temperature and
pressure, wind speed and illumination, before
being destroyed after 63 minutes. The probes
had to be built like submersibles to withstand
the air pressure, but their electronics quickly
failed in the extreme heat. Subsequent Soviet
landersin the 1970s and 1980s sent back crude
photos of a rocky landscape.

Helium balloons were released into Venuss
higher, cooler atmospherein June 1985 by two
Soviet Vega probes that were on their way
to Halleys Comet. They gathered data for 47
hours each as they floated 50km high in the
cooler clouds.

MORE VIS TS, MORE DISCOVERIES

NASAs Mariner 10 flew past Venusin 1974 en
route to Mercury and managed to image wind
patternsin the clouds. Thiswas followed by a
dedicated US mission, Pioneer Venus, made up
of two spacecraft that arrived in December 1978.
An orbiter studied the atmosphere and made
radar maps of the surface. The other component
was a multi-probe made up of atransporter
and four separate probes that were fired into
the atmosphere, returning data for an hour.

NASAs next mission, Magellan, carried out
extensive radar imaging of Venus from apolar
orbit in the early 1990s. Its imaging revealed
a planet covered with volcanoes. Scientists
suspect many of them are still active, but still
no one can say for certain.

The first envoy sent by the European Space
Agency (ESA), Venus Express, waslaunched in
November 2005. Duringits eight-year mission,
the spacecraftes swooping orbit brought it low
over the cloud topsand revealed big variations
in the sulphur dioxide content, suggesting
that the volcanoes were still active. Its fuel
exhausted, Venus Express was purposefully
destroyed in the atmosphere in early 2015. ©@
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VENUS

A Japanese space probe called Akatsuki,
launched towards Venus in 2010, looked lost
after afault caused it to fly past the planet. But
fiveyearslater, mission controllers managed to
rescueit and putitinto anew, more elongated
orbit where it began to survey the atmosphere.

Two NASA missionsto theouter planets also
gathered data on Venus as they flew by to get
a gravitational boost on their long journeys.
Galileo shot past on itsway to upiter in February
1990, taking pictures, measuringdust, charged
particlesand magnetism, and makinginfrared
studies of the lower atmosphere. Saturn probe
Cassini made two flybysin April 1998 and
June 1999 when it looked for, but failed to spot,
lightning in the clouds.

THE TROUBLE WITH LANDERS

Current proposals for future Venus missions
are focusing on orbiters and a new generation
of balloons and aerial vehicles. Experts see
too many difficultiesin sending a lander to
explore the surface like the Martian rovers.

Two proposals to explore Venus are on a
shortlist of five Solar System projectscurrently
being considered for the next round of NASAss
Discovery Program, missionsthat could launch
inthe early 2020s. One, called DAVINCI (Deep
Atmosphere VenusInvestigation of Noble gases,
Chemistry and Imaging) is being studied by
NASAss Goddard Space Flight Center. It is
an entry probe designed to study conditions
between the dense cloud tops and the surface.

Theother proposal, from NA SAs Jkt Propulsion
Laboratory, isfor anew orbiter called VERITAS
(Venus Emissivity, Radio Science, INSAR,
Topography and Spectroscopy) that aims to
produce radar maps of the planet in much
higher resolution than before. It has strong
European support and includes an infrared
camera, built by a collaboration of French
and German engineers, that will look for hot
volcanic material on the surface.

Another attempt to get a new spacecraft to
Venus will come from a UK-led proposal to
ESA for amission called EnVision. This will
be an orbiter equipped with an advanced radar
system capable of detecting tiny changes in
surfacefeatures, and could confirm the presence
of lava flows or similar surface deformations.

Qurrent proposalsfor future
Venus missionsare focusing
on orbitersand anew
generation of balloons

a'azo

Listen to an episode
of In Qur Time about
Venus bbc.in/ 257Kex|

Paul Sutherland isa
space journalist and
the author of Where
Did Pluto G?

Looking farther ahead, Venus scientists are
keen to see a new generation of balloons or
airships to sample the planetes atmosphere. It
has been suggested that simple microbial life
might exist in the cloud tops, though thisis
pure speculation.

One advanced concept being prepared in
the US is for a delta-winged aircraft called
VAMP (the Venus Atmospheric Maneuverable
Platform) to be dropped by an orbiter into
the clouds. Once in the atmosphere it would
switch to flight phase, spending up to a year
manoeuvringbetween the upper and mid cloud
layers, gathering data to send back to Earth.
During the Venusian day, it would fly in the
higher atmosphere, chargingits batteries from
the sunlight, before dipping to lower regions
again at night.

With all these missionson the horizon, Venus
may soon reveal more of its secrets. @

NASA
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Whiletherest of the Solar System is
populated by worlds of extremes, the
Earth maintains a perfect balance

rth is not too close to the Sun to boil, and yet
not too far away that its water freezes, staying

t just the right temperature to preserve the
oceans that have helped shape our world. Indeed, our
liquid water has been preserved for over four billion
years, thanks to the atmosphere and magnetic field
that protect us from harsh solar winds.

Occasionally, highly charged electrons from

the solar wind manage to sneak through the
magnetosphere around Earthes poles, smashing into
atoms of oxygen and nitrogen in the atmosphere. The
altitude at which they collide dictates the colours
seen in the magical displays of the aurorae borealis

(northern lights) and aurorae australis (southern lights).

Thenorthern lights
(aurorae borealis)
seen over Norway
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: TIMETOROTATEONCE 239 hours
: YEAR 365.26 days

: MOONS 1

. AVERAGETEMPERATURE: 16°C

------------------------------------------

THEMOON

Theprevailingtheory for how
the Moon formed isthat there
wasacolossal crash between
aMars-sized planetoid and the
proto-Earth. The Moonisthe
largest natural satelliteinthe
Solar Systemrelativetoits
planetssize. Thetwo bodies
haveahugee ectoneach
other. The Moonsspull on

our oceanscreatesthetides,
and our planetspull has
gradually reduced the Moons
momentum so that itsrotation
islocked ..whichiswhy we
only ever seethe near-side of
our lunar neighbour.
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