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How well do you know your neighbours? They 
might only be next door, a lit tle further down the 
street or just around the corner; you might see 
them passing by most days, you may even pop in 
for a cuppa and a chat now and then. But however 
familiar your neighbours may be, there•s probably 
still a lot you don•t know about them … enough 

that they can still surprise you from time to time.
The same can be said for our celestial neighbours spinning around 

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 members of it … most notably 
Neptune and, unless you•ve got very keen eyes, Uranus … lie beyond 
the range of our unaided sight.

Nevertheless, despite being spread over an unimaginably vast 
distance, we•ve gotten to know our cosmic community quite well. And 
doing so has resulted in some of humanity•s greatest achievements: 
we•ve visited our closest neighbour, we•ve examined and explored our 
more distant ones with probes and rovers and, thanks to the two 
Voyager missions, we•ve even sent envoys into the unknown reaches 
beyond our neighbourhood.

There•s still a lot left for us to learn, though, which is why the Solar 
System and all the things floating around within it remain so endlessly 
fascinating. Because everything we discover about its planets, moons, 
comets, asteroids and star, only leaves us wanting to know more. 

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

Enjoy this voyage of discovery!
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THE BIG BANG

he year 2009 cou ld go dow n i n t he 
astronomical textbooks as the one when 
a revolut ion i n our understandi ng of 
the Universe began. The iconoclast at 

the centre of this upheaval  i s not a person but 
a machine: a space probe cal led Planck. Named 
af ter the great German physici st Max Planck, 
the spacecraf t was launched by the European 
Space A gency (ESA) t hat year, tasked w i t h 
detect i ng the •bluepr i nt• of the Universe … a 
snapshot of the seeds of the stars and galaxies 
that surround us today.

Since A lbert Einstein publ ished Cosmological 
Considerations of the General Theory of Relativity 
i n 1917 cosmologi sts have been const ruct i ng 
mathematical  theories that describe the story 
of t he Un i verse f rom t he earl i est moments 
to the present day. But anal ysi s of Pl anck•s 

T

B I G BA N G
Billions of years before our Solar System 

formed, the Universe was bornƒ
WORDS: STUART CLARK

f i ndi ngs revealed a number of plot holes, or 
•anomal i es• as the scient i sts cal l  t hem, that 
don•t seem to f i t the story. For one thi ng, data 
from Plank i ndicates that the Universe i s older 
than expected, by about 50 mi l l ion years. It also 
contai ns more of the myster ious dark matter 
and few er atoms t han prev i ousl y t hought .  
And whi le these may sound serious, i n real i ty 
they are the least of a cosmologist•s worries.

Much more t roubl i ng i s the so-cal led •cold 
spot• i n the radiat ion f rom the early Universe 
that Planck has recorded … a region that looks 
signi f icantly colder than current theories al low. 
Indeed, the temperature pattern across the whole 
Universe looks strangely lopsided.

Discoveries l i ke these are shedding new l ight 
on the history of our Universe: the story of how 
we arrived at the cosmos we see today.



1  THE BIG BANG
At the moment of the Big Bang, 13.8 billion 
years ago, there were no stars or galaxies, just 
a hot, dense sea of particles and radiation. 
Straight a� er the Big Bang, space began to 
expand, spreading out the ma� er and energy. 

2  INFLATION
10-35 SECONDS POST-BIG BANG

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

3  PARTICLE CREATION
1 MINUTE POST-BIG BANG

At one minute old, the entire Universe 
resembled the interior of a star on a vast 
scale. Particles that would become the nuclei 

A brief history of the 
13.8-billion-year-old Universe

 AFTER THE 
BIG BANG
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of all the atoms in the Universe were built in 
this cauldron. Mostly these were single 
protons that would become hydrogen, but 
around a quarter of the particles transformed 
into helium nuclei. Trace amounts of lithium 
and beryllium were also produced.

4  THE DECOUPLING OF 
MATTER AND ENERGY
380,000 YEARS POST-BIG BANG

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

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

5  THE COSMIC DARK AGES
1 MILLION YEARS POST-BIG BANG

The expansion of space stretched the 
radiation into the infrared and then into the 
microwave sections of the electromagnetic 
spectrum. The Universe became dark. There 
were no stars, so no sources of light. Slowly, 
the sea of atoms began to fragment into 
clumps, pulling together to become the first 
celestial objects. The first stars were purely 
hydrogen and helium. They lived for just 
hundreds of thousands of years before 
destroying themselves and seeding the 
Universe with the heavier elements needed  
to form planets and life.
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THE BIG BANG

 
Dr Stuart Clark is an 
author, cosmology 
consultant for the 
European Space 
Agency and a 
Fellow of the Royal 
Astronomical Society.

The Universe was 
born from a single 
point in time and 

space, a discovery 
made possible by 

identifying the 
radiation from the 

Big Bang itself

A map of the Cosmic 
Microwave Background  
… the afterglow radiation 
of the Big Bang

6  THE FORMATION 
OF THE SOLAR SYSTEM
8.8 BILLION YEARS POST-BIG BANG

Before our star was born, another larger one 
had died in a supernova, filling the cloud with 
gas and dust. This debris was used to build the 
Solar System (see page 10).

THE KEY  EX PERI M ENT

Robert Wilson (le� ) 
and Arno Penzias in 
front of the antenna 
that picked up the 
Cosmic Microwave 
Background

While working at the Bell Labs in New Jersey, 
in the US, radio astronomers Arno Penzias and 
Robert Wilson discovered a weak hiss coming 
from all directions in space. Initially ba� ed by 
this strange radio noise, their revolutionary 
discovery earnt them a Nobel Prize in 1978. 

Radio waves are a type of electromagnetic radiation. 
The nature of this type of radiation depends on the 
temperature of the radiating object. The amplifiers  
used in the receiver were cooled to 4.2 Kelvin (-268.9°C) 
using liquid helium and a •cold load• used to calibrate  
the system. 

By switching the antenna from observations of the cold 
load to observations of the sky, Penzias and Wilson could 
measure the apparent temperature of the Universe 
(expected to be 0 Kelvin), then subtract known factors, 
such as the interference from Earth•s atmosphere. 

But, in 1964, it soon became clear that the radiation 
coming from the antenna into the receiver was at least  
2 Kelvin ho� er than they could explain. The pair did 
everything they could to remove any sources of 
interference, including cleaning out the layer of droppings 
that had accumulated in the antenna horn from a pair of 
nesting pigeons. Nothing made much di� erence. 

The mystery of the •excess antenna temperature• 
continued to ba� e them until they realised, with the help 
of Robert Dicke, James Peebles, Peter Roll and David 
Wilkinson at Princeton, that they were looking at the 
a� erglow radiation of the Big Bang.

SCIENTISTS Arno Penzias and Robert Wilson

DATE 1964

DISCOVERY Heat signature of the Cosmic Microwave Background

Listen to A History 
of Ideas for more 
on the Big Bang 
bbc.in/ 2HpSjSm
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How the
Solar  System 

formed
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Look out for the new 
series The Planets  
with Brian Cox. 

Check Radio Times 
for details.
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THE SOLAR SYSTEM

outwards. Over t i me, he said, gravi ty col lected 
thi s material  together to form orbi t i ng worlds. 
By the end of the century, Leclerc•s compatr iot 
Pier re-Si mon Lapl ace had show n th i s to be 
i mpossible … any ejected material  would have 
been pul led back i n by the Sun•s gravi ty.

Laplace then started to formulate an alternative 
explanation. The i nvention of the telescope had 
al l ow ed ast ronomers to d i scover a ser i es of 
f uzzy bl obs scat tered around the n i ght sky. 
They cal led them •nebulae•, Lat i n for clouds. 
Laplace suggested that the Sun had formed from 
such a cloud. A s the cloud col l apsed under 
gravi ty i t spun faster and faster. Accordi ng to 

Laplace, material  would 
have been t h row n of f 
the Sun as i ts rotat ion 
qu i ckened, creat i ng a 
f l at d i sc su r round i ng 
t he star. The pl anet s 
were then formed when 
grav i t y  gat hered t h i s 
material  together.

Yet  by t he t u r n of 
t he 20t h Cent u r y, 
Lapl ace•s i dea had al l  
but  been abandoned. 
The problem w as that 
i f h i s expl anat ion was 
correct, the Sun should 
spi n a lot more rapidly 
t han i t  does, and t he 

planets should revolve at a more sedate pace. 
Unable to reconci l e th i s i ssue, ast ronomers 
such as Si r James Jeans turned to an al ternative 
expl anat i on . I n 1917, Jeans proposed t hat 
another star buzzed past the Sun and, i n the 
process, i ts st rong gravi ty tore off a signi f icant 
amount of stel l ar mater i al . That, said Jeans, 
prov i ded t he bu i l d i ng bl ocks necessar y to 
form the planets. But hi s idea didn•t l ast long. 
By 1929, i t had been show n that such a close 
encounter was ext remely unl i kely due to the 
vastness of space. What•s more, even i f i t did 
occur, the Sun would have reabsorbed much 
of the lost material . 

Wi t h no cl ear f ront r unner, new  t heor i es 
cont i nued to emerge as the decades rol led on. 
In the 1940s, Br i t i sh ast ronomer Fred Hoyle 
proposed t hat t he Sun once had a much 

opi nion star ted to shi f t. Copernicus said that 
the pl anets … i ncludi ng Ear th … orbi t around 
the cent ral  Sun and he was so fearful  of the 
i nev i table back l ash f rom rel i gi ous quar ters 
that he delayed publ icat ion of hi s work unt i l  
af ter hi s death. 

GALILEO! GALILEO!
It would take decades for experimental evidence 
to conf i rm that we do i ndeed l i ve i n a sol ar 
system. I t  w as most l y  t he w ork of  I t al i an 
astronomer Gal i leo Gal i lei in the early 1600s that 
cemented the idea. It wasn•t al l  plai n sai l i ng, of 
course. Gal i leo famously had hi s ow n run-i ns 
w i t h t he chu rch, and 
he w as only of f i ci al l y 
pardoned i n 1992. But 
as far as the science was 
concerned, the cl i ncher 
came when he observed 
Venus w ax i ng and 
waning through phases, 
l i ke the Moon. This isn•t 
possible i f both Venus 
and the Sun orbi t t he 
Ear t h ; on l y  i f  bot h 
planets ci rcle a central  
source of i l lumi nat ion. 
So we took our place as 
just  anot her  member 
of  t he Su n•s f am i l y  
of planets.

A t tent i on natu ral l y tu rned to how  such a 
system cou ld come about. In the 1630s, the 
French phi losopher René Descar tes w as one 
of the f i rst to speculate. Hi s start i ng poi nt was 
the idea that nothi ng i n nature could ever be 
empty. So i f a part icle i n space moved posi t ion, 
another must move to f i l l  the gap, creat i ng a 
series of vor t ices. Descartes bel ieved that the 
planets formed when material  caught i n these 
sw i rl i ng vortices somehow condensed. It would 
take Si r Isaac New ton and hi s famous work on 
gravi ty to establ i sh why the planets orbi t the 
Sun. But that st i l l  d idn•t expl ai n where the 
Sun and i ts planets came f rom.

By the mid-1700s, French mathemat i ci an 
Georges-Lou i s Lecl erc w as suggest i ng t hat 
the pl anets formed when a comet st ruck the 
Sun, sendi ng vast amounts of material  surgi ng 

I t  would t ake  
Si r  Isaac Newton 
and h is famous 
work  on gravi t y  
to est abl ish why 
t he planets orbi t  

t he Sun

RIGHT: Galileo Galilei, as 
depicted in this painting by 
Felix Parra, explaining his 
astronomical theories to a 
friar at Padua University

BELOW: A young star is 
surrounded by a formation 
of dust and gas known as a 
•protoplanetary disc•, in 
which new planets are 
forming
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THE SOLAR SYSTEM

THE KEY  EX PERI M ENT

This monument  
to Copernicus 

stands in front  
of the Polish 
Academy of 

Sciences

A chart of the Solar System, as described by  
Nicolaus Copernicus, with the Sun at the centre

SCIENTIST Nicolaus Copernicus

DATE 1543

DISCOVERY Earth and the planets
 revolve around the Sun

It•s hard to see how astronomers could have formed 
their current theories of how our Solar System came 
to be if we still thought everything orbited Earth. 
Copernicus•s breakthrough … pu� ing the Sun at the 
centre of things … is rightly lauded as one of the 
greatest scientific revolutions in history. And yet it 
wasn•t inspired by astronomical observation, but by 
mathematical elegance. 

The idea of geocentrism … that everything in the 
Universe orbited Earth … ran into a problem when 
observing the objects in the night sky. Some of the 
planets appeared to double back on themselves. To 
get around this the Ancient Greek polymath Ptolemy 
introduced •epicycles•, which saw the planets move 
in smaller circles, which in turn orbited around Earth.

But this was a big leap, introduced to force what 
we saw in the night sky to correspond with our belief 
that Earth was at the centre. Copernicus•s genius was 
to realise that switching to having the Sun in the 
centre would do away with the need for epicycles. 
Under his heliocentric model, Mars appears to double 
back on itself because Earth overtakes the Red 
Planet as it orbits the Sun.
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THE SOLAR SYSTEM

over four days to orbi t 
51 Pegasi . I t •s near l y 
eight t i mes closer to i ts 
star than Mercury i s to 
the Sun. What•s more, 
Di m i d i u m i s arou nd 
hal f the mass of Jupi ter, 
making i t a much bigger 
planet than Mercury.

Wi th the hypothesi s 
of planets forming f rom 
the debri s of a newborn 
star, i t  i s i ncred i bl y 

di f f i cul t to get such a giant world formi ng so 
close to i ts host. A  more v i able expl anat i on 
i s that the pl anet formed much fur ther away 
and then mi grated i nw ards over t i me. Here 
was compel l i ng evidence that planetary orbi ts 
were not f i xed, but could wander signi f icantly. 
Bol stered by these d i scover ies, ast ronomers 
started to look at our Solar System w i th f resh 
eyes.

I n 2005, a decade af ter  t he d i scover y of 
Di midium, a group of ast ronomers proposed 
the Nice model  (named af ter the ci ty i n France 
where i t was formulated). The crux of thi s idea 
i s that the giant planets of our Solar System … 
Jupi ter, Saturn, Uranus and Neptune … started 
of f much closer together. Over t i me, Jupi ter 
moved i nwards towards the Sun as the other 
t h ree moved outw ards. I n some scenar i os, 
Uranus and Neptune even swap places.

The movement of Jupi ter tow ards the Sun 
would have scattered many smal ler bodies, much 
l i ke a dog runni ng through a f lock of pigeons. 
Many of these bodies would have ended up i n 
the i nner Solar System, creat i ng a sharp peak 
i n the number of meteors rai ni ng dow n on the 
rocky pl anets and thei r moons. A nd there i s 

l arger companion star 
t hat  had expl oded as 
a supernova. Some of 
the resul t i ng shrapnel  
was snared by the Sun•s 
grav i t y, l ater  com i ng 
toget her  to for m t he 
planets. But that didn•t 
hold water either, partly 
because i t st ruggled to 
explai n the low masses 
of Mercury and Mars.

I t  w asn•t  u nt i l  t he 
1970s that thi ngs started to make more sense, 
when astronomers returned to Laplace•s nebula 
theory. The mai n problem w i th th i s theory 
(t hat t he observed rotat i on of t he Sun w as 
slower than expected) could be el i mi nated i f 
drag caused by dust grai ns i n the surroundi ng 
cloud had put the brakes on. Th i s idea w as 
buoyed i n the 1980s when astronomers spotted 
dusty, f l at d i scs of mater i al  around young 
stars, cal led protoplanetary discs, or •proplyds•. 
They•d ef fect i vel y caught pl anet format i on  
i n the act.

ALIEN WORLDS 
Observi ng other sol ar systems i s now key to 
understandi ng how ours formed. But up unt i l  
the mid-1990s no one had ever spotted a planet 
orbi t i ng another star. That changed i n 1992 
w i th the di scovery of a world orbi t i ng a pul sar 
star. Si nce then, astronomers have uncovered 
al most 3,900 planets i n other solar systems … 
so-cal led •exoplanets•. But f rom the start i t 
was clear that these al ien neighbourhoods 
weren•t al l  perfect mi rror images of our own. 
For example, 51 Pegasi•s planet, which has 
si nce been named Di midium, takes just 

But  t here is an 
alter nat ive 

explanat ion: t h is 
f i f t h giant  planet   
i s st i l l  i n  our  Solar  

System, wait i ng  
for  us to f i nd i t
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ABOVE: Despite their distance 
from Earth, stars such as  
51 Pegasi are helping us 
understand more about  
our own Solar System

RIGHT: An undiscovered 
planet could be lurking  
on the outskirts of our  
Solar System

DISTANCES 
FROM THE SUN
The planets with their average 
distances from the Sun. 1 AU 
(Astronomical Unit) is the distance 
from the Earth to the Sun. 0 km 1,000 million km 2,000 million km

Asteroid Belt
2-3.3 AU

Mars
1.5 AU

Venus
0.7 AU

Mercury
0.4 AU

Ear th
1 AU
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THE SOLAR SYSTEM

evidence of a surge i n i mpact act iv i ty on the 
Moon between 3.8 and 4.1 bi l l i on years ago. 
The outward movement of Neptune would al so 
have sent smal ler bodies runni ng fur ther f rom 
the Sun, helpi ng to expl ai n the Kuiper Bel t 
and Scattered Disc … two reservoi rs of smal ler 
objects i n the outer Solar System.

A HIDDEN PLANET?
A l t hough i t  w as a major step for w ard, t he 
or i gi nal  Ni ce model  w as far  f rom per fect . 
When usi ng a computer si mulat ion to recreate 
t he grav i tat i onal  i nteract i ons betw een t he 
fou r gi ant pl anets, ast ronomers on l y ended 
up w i th a Sol ar System that resembled ours 
around th ree per cent of the t i me. But w i th 
one smal l  modi f icat ion they could boost thi s 
to 23 per cent. The modi f icat ion? The addi t ion 
of a f i f t h gi ant pl anet . Yet w e•ve on l y ever 
seen fou r gi ant w orl ds. So i f  w e•re to take 
thi s explanat ion seriously we need to be able 
to say what happened to th i s other pl anet. It 
could have been ejected f rom the Solar System 
dur i ng the mi grat i on of i ts nei ghbours … an 
orphan planet lef t to wander the black void of 
space. Astronomers have al ready found some 
examples of these so-cal led •rogue planets•, so 
the idea i s far f rom ludicrous.

There i s, how ever, a more t antal i si ng 
expl anat i on: t h i s f i f t h gi ant pl anet i s st i l l  
r ight here i n our Solar System, wai t i ng for us 
to f i nd i t. The buzz around thi s possible world, 
dubbed •Planet X• or •Planet Ni ne• has been one 
of the most exciti ng astronomical developments 
of recent years (see pages 79 and 94). 

I f such a pl anet does ex i st, the reason i t•s 
escaped our not ice so far i s i ts sheer di stance 
f rom the Sun. Unless you know exact ly where 
to look, i t•s easy to mi ss. A  dedicated search 
i s underway to hunt i t dow n.

These l atest ast ronomical  adventures show  
us that the story of our Solar System•s formation 
i s st i l l  very much a work i n progress. We may 
have come a long way si nce the days of A ncient 
Greece, but  t here are st i l l  many chapters  
lef t to w ri te. 

 
Colin Stuart (@skyponderer) is an astronomy 
writer and author of The Geek Guide to Life.4,000 million km3,000 million km

Kuiper Belt
30-50 AU

Neptune
30 AU

Jupiter
5.2 AU

Uranus
19 AU

Saturn
9.5 AU
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WHERE ARE ALL THE
ACTIVE SPACECRAFT 
IN OUR SOLAR SYSTEM?

Since Sputnik 1 was launched in 1957, humans have sent thousands of spacecra�  
into the cosmos. There are currently around 50 active* cra�  in our Solar System. 

Here•s where they are and what research they are doing
*not including miniaturised, amateur or commercial cra�

INFOGRAPHIC: TIDY DESIGNS



SPITZER SPACE TELESCOPE
Spitzer, launched in 2003, is the fourth and last 
of NASA•s Great Observatories, a� er Hubble, 
Compton (de-orbited in 2000) and Chandra. 
Spitzer observes infrared light and although the 
cryogen needed to cool its instruments ran out 
in 2009, the telescope is still observing asteroids, 
comets and exoplanets. In 2016, Spitzer was 
among the telescopes used to discover what 
might be seven potentially habitable planets  
in the nearby TRAPPIST-1 system.

AKATSUKI 
Many mysteries abound around Venus, and 
Akatsuki is the latest probe to take a closer look.  
It is searching for lightning in the Venusian 
atmosphere, studying the abundance and 
distribution of key gases and looking at how  
the planet•s heat is distributed in the lower 
atmosphere. And that heat is significant … Venus 
is the ho� est planet, even though it isn•t closest 
to the Sun. Le� ers from a public competition 
went along for the ride on engraved plates.

58 MILLION KM 
FROM SUN

108 MILLION KM 
FROM SUN

SOLAR AND HELIOSPHERIC 
OBSERVATORY 
The SOHO mission has revolutionised our 
understanding of the Sun. As well as providing  
valuable data on the Sun•s magnetic activity, it 
has also inadvertently discovered 3,000 comets 
as they have buzzed past.

STEREO A/ B (SOLAR 
TERRESTRIAL RELATIONS 
OBSERVATORY) 
Building a 3D picture 
of storms erupting 
from the Sun.  
STEREO A is active, but 
contact was lost with 
STEREO B in 2014.

DISTURBANCE  
REDUCTION  
SYSTEM (DRS)
Part of a technology 
demonstration mission 
to track gravitational 
waves from space.

 
SOHO (SOLAR AND 
HELIOSPHERIC OBSERVATORY)
Studying the Sun•s outer 
layers as well as the 
solar wind. 

MERCURY
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VENUS

SPITZER SPACE  
TELESCOPE
Taking infrared images 
of galaxies and 
nebulae. Most 
instruments have 
stopped working.

AKATSUKI
Studying Venus•s 
atmosphere and 
cloud decks. 
Entered orbit in 
December 2015.

WIND 
Studying the solar  
wind. Has enough 
fuel to last for 
around 50 years.

ACE (ADVANCED  
COMPOSITION EXPLORER)
Studying the Sun. Has 
enough fuel to last 
until 2024.

 
BEPICOLOMBO
Launched in 2018, BepiColombo 
will arrive at Mercury in late 2025, 
and split into its two cra� : the 
Mercury Planetary Orbiter (MPO) 
and the Mercury Magnetospheric 
Orbiter (MMO).

PARKER SOLAR PROBE 
Launched in 2018 and 
currently orbiting the 
Sun, it is gathering data 
on the solar wind.



NEIL GEHRELS SWIFT 
OBSERVATORY
The Neil Gehrels Swi�  Observatory is designed to 
study gamma-ray bursts … intense, short-lived 
� ashes of the most energetic light in the Universe. 
It was launched in 2004 with an intended life of 
two years, but is still operating today. So far it has 
seen over 1,000 gamma-ray bursts. When a 
cosmic explosion triggers the telescope, a text 
message is sent to the on-call astronomer so that 
they can coordinate follow-up observations.

HUBBLE SPACE TELESCOPE 
When the Hubble Space Telescope entered 
service in 1990, its images were found to be 
slightly blurry due to a � aw in its primary mirror. 
A service mission in 1993 fixed the issue and,  
since then, the telescope has been beaming back 
spectacular images of the cosmos. The telescope•s 
contribution to astronomy has been far-reaching, 
enabling scientists to pin down the age of the 
Universe, discover dark energy, and witness the 
birth of planets and stars.

ASTROSAT
India•s first multi-wave-
length observatory, it is  
mainly monitoring the 
sky for X-ray events.

   
INTEGRAL

(INTERNATIONAL GAMMA RAY 
ASTROPHYSICS LABORATORY) 

Tracking violent events 
across the Universe,  

including black holes.

HISAKI
Making ultraviolet 
observations of the 
planets• atmospheres.

XMM-NEWTON
Observing objects in 

both X-rays and 
visible light.

IRIS (INTERFACE REGION 
IMAGING SPECTROGRAPH)
Observing the Sun in 
ultraviolet light, 
exploring the corona, 
chromosphere and 
solar wind.

PROBA-2
Exploring the 

miniaturisation of 
space technology, this 

spacecra�  mainly 
observes the Sun.

  
HINODE 

Exploring interactions 
between the Sun•s 

magnetic field and the 
outer solar corona.

CHANDRA X-RAY  
OBSERVATORY

Making X-ray 
observations  

of objects, 
including  

black holes and 
supernovae.

SDO (SOLAR DYNAMICS  
OBSERVATORY)
Viewing the Sun in  
high definition.

IBEX (INTERSTELLAR 
BOUNDARY EXPLORER)
Mapping the boundary 
between the Solar 
System and 
interstellar space.

 
HUBBLE SPACE  
TELESCOPE
Observing the 
Universe, mainly  
in visible light.

 
SPEKTR-R 

Studying radio  
sources in the Milky 

Way and beyond.
FERMI GAMMA-RAY 

SPACE TELESCOPE
Performing an all-sky 
survey of gamma-ray 

sources, including 
active galactic nuclei 

and pulsars.

NEOWISE
Scanning for 
potentially 
threatening  
asteroids and  
comets.

DAMPE (DARK MATTER 
PARTICLE EXPLORER)
Looking for high- 
energy phenomena 
possibly associated 
with dark ma� er.

CLUSTER II
Studying interactions 
between the Earth•s 
magnetic field and 
the Sun, particularly 
during heightened 
solar activity.

TRANSITING EXOPLANET 
SURVEY SATELLITE (TESS)
Launched in April 2018, 
TESS is hunting for 
exoplanets.

NUSTAR (NUCLEAR 
SPECTROSCOPIC  
TELESCOPE ARRAY) 
Conducting deep-sky  
searches for 
supermassive  
black holes.

AGILE 
Observing gamma-ray 
sources, including 
gamma-ray bursts 
and active galactic 
nuclei.

NEIL GEHRELS SWIFT 
OBSERVATORY
Detecting and 
analysing gamma-ray  
bursts.

EARTH

150 MILLION KM 
FROM SUN



HAYABUSA2
Its predecessor was the 
first time we•d returned a 
sample of an asteroid to 
Earth. But that mission 
was plagued with 
problems, so hopefully 
this time things will run 
more smoothly and 
return more material for 
scientists to study.

CHANG•E-4
On 3 January this year China•s Chang•e-4 became 
the first probe to land on the far side of the Moon. 
Two weeks later, the probe sent back a grainy 
photo showing tiny green shoots sprouting from 
a co� on seed in its Lunar Micro Ecosystem 
experiment … the first time a plant has been 
grown on another world. Sadly, the shoot didn•t 
survive but its germination could be an 
important step on the way to establishing a 
permanent base on the Moon.

228 MILLION KM 
FROM SUN

LRO (LUNAR  
RECONNAISSANCE 
ORBITER) 
Making detailed lunar 
maps for future 
manned and robotic 
exploration.

MARS ORBITER 
MISSION
Demonstrating  
technology for  
future Indian  
Martian mission.
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HAYABUSA2
Japan•s second asteroid 
survey and sample 
return mission. It 
arrived at asteroid 
162173 Ryugu in June 
2018 and is due to  
begin collecting 
samples this year.

CURIOSITY
Assessing suitability of 
Martian environment  
for microbial life.

CHANG•E-4
The probe, carrying the Yutu-2 
rover, became the first instrument 
to explore the far side of the Moon.

ARTEMIS P1/ P2
Studying the 

interaction of the solar 
wind with the Moon.

GAIA
Accurately 
cataloguing  
the positions of 
more than a 
billion stars.

MARS EXPRESS
Performing 

comprehensive 
analysis of 

the Martian 
environment.

OPPORTUNITY
Searching Mars for 
signs of water and 

amenable conditions 
for life. NASA is trying 
to reestablish contact 

with the rover a� er 
shu� ing it down to 

survive a dust storm.

MRO (MARS  
RECONNAISSANCE ORBITER)

Monitoring Martian 
climate and mapping 
future landing sites.

2001 MARS ODYSSEY
Detecting evidence  
of past or present 
water on Mars.

MAVEN 
(MARS ATMOSPHERE  
AND VOLATILE  
EVOLUTION MISSION)
To discover how Mars 
lost its atmosphere 
and liquid water.

GAIA
Gaia is an astrometry telescope with the task of 
measuring the positions and distances of stars in 
our Milky Way galaxy with unprecedented 
precision. It was launched in 2013 and in April 
2018 astronomers released the hotly anticipated 
second batch of data to the wider astronomical 
community. Gaia is also studying exoplanets and 
distant quasars, as well as asteroids in our own 
Solar System. 

MARS

150 MILLION KM 
FROM SUN

EXOMARS TRACE 
GAS ORBITER
Investigating the 
source of Martian 
methane.

MOON

INSIGHT
Touched down on 
Mars in November 
2018. Its aim is to 
discover what lies 
beneath the Red 
Planet•s surface. 



779 MILLION KM 
FROM SUN

1.43 BILLION KM 
FROM SUN

5.91 BILLION KM 
FROM SUN

2.87 BILLION KM 
FROM SUN

4.50 BILLION KM 
FROM SUN

NEW HORIZONS
Explored Pluto  
in 2015 before 
proceeding to the 
Kuiper Belt object 
2014 MU69 (now 
known as Ultima 
Thule) and 
photographing it 
during a � yby in 
January 2019.  

OSIRIS-REX
Currently surveying 
the asteroid 101955 
Bennu. It•s expected 
to return a sample of 
Bennu•s surface to 
Earth in 2023.

JUNO
Since arriving at Jupiter in the 
summer of 2016, Juno has sent 
back stunning high-definition 
images of the Solar System•s 
largest planet. Its scientific 
objectives include exploring 
Jupiter•s composition, 
investigating the existence of a 
solid core and deciphering why 
the planet•s Great Red Spot is 
shrinking. Three aluminium Lego 
figures were carried along for 
the ride … one of the Roman god 
Jupiter, his wife Juno and Galileo, 
the first astronomer to observe 
the planet through a telescope.

CURIOSITY 
As planetary missions go, few are as daring as 
Curiosity. Previous Martian rovers had been 
lowered onto the Martian surface inside 
in� atable balls, which slowly de� ated to leave the 
machine to roll out onto Mars. But Curiosity was 
gently lowered onto the surface via an intricate 
•sky crane•. Curiosity has now experienced two 
full cycles of the Martian seasons. As of November 
2018, it was exploring Vera Rubin Ridge and about 
to drill into the surface at Lake Orcadie.

NEW HORIZONS 
When the mission set o�  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. Scientists were le�  ba� ed by 
its smooth, crater-free surface, suggesting it 
must have some kind of geological activity that 
constantly re-sculpts its surface.

VOYAGER 1
Explored Jupiter and Saturn 
and is now in interstellar 
space some 21 billion 
kilometres from Earth.

VOYAGER 2 
Explored Jupiter, Saturn, 
Uranus and Neptune. The 
probe entered interstellar 
space in November 2018.

VOYAGER 1 
In August 2012, it was confirmed 
that Voyager 1 had reached 
intertellar space. But it still has a 
long way to go before it reaches 
the Oort Cloud … technically still 
part of the Solar System. 
Instead, it has le�  the magnetic 
in� uence of the Sun, as the solar 
wind is lost in the winds of other 
nearby stars. 

JUPITER SATURN URANUS NEPTUNE PLUTO

ASTEROID
101955 BENNU

CHANG•E-2
Exploring the Moon 
and asteroids. 
Currently 100 million 
kilometres from Earth. 

JUNO (JUPITER NEAR- 
POLAR ORBITER)
Arrived at Jupiter  
in July 2016.  
Now exploring  
the gas giant•s 
composition, 
magnetism  
and gravity.
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THE 
SUN

t about 1,400,000km in 
diameter, the Sun is the 
biggest and most in� uential 

body in its system. Weighing some two 
million trillion trillion kilograms, it 
makes up 99.98 per cent of the mass  
in the Solar System, though in 
astronomical terms it is only a 
medium-sized star. This huge bulk 
causes intense pressure in the Sun•s 
core, where temperatures can reach 
over 1,000,000°C. By the time the 
plasma (charged hydrogen and helium 
particles) reaches the surface, however, 
it has cooled to a mere 5,500°C … still 
white hot, emi� ing light powerful 
enough to provide the Solar System 
with its energy.

The Sun•s extreme conditions create 
a highly dynamic object. Its outer layers 
are constantly being shed, creating a 
solar wind of high-energy particles that 
sweeps through the Solar System. 
Meanwhile, inside the star, the plasma•s 
motion creates a giant magnetic field 
that extends 18 billion kilometres from 
the Sun. Every 11 years this field � ips, 
causing ma� er from deep inside the 
star to bubble up to the surface, 
exploding in spectacular solar � ares.

A

SURFACE TEMPERATURE: 5,500oC

TIME TO ROTATE ONCE: 25.38 Earth days

DIAMETER: 1,391,000km

ATMOSPHERE: Mainly hydrogen & helium
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V   A solar � are captured by NASA•s Solar Dynamics Observatory

V   Made up of 25 separate images, this shows a year of solar activity

V   Sun spots appear dark as they are cooler than other parts of the surface
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We•ve visited Pluto and the outer reaches of the Solar System, 
and our rovers are trundl ing over the surface of Mars. 

Yet the Sun has remained stubbornly out of reach... unti l  now
WORDS: STUART CLARK
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Without advance warning, a 
huge solar flare, carried by the 
solar wind, could cause $2tr 
worth of damage in the US alone

ast su m mer, NA SA  l au nched 
one of i ts most ambi t ious space 
m i ssi ons: t he Parker  Sol ar 
Probe. Travel l i ng at a bl i ster i ng 

720,000km/ h (450,000mph), the spacecraf t i s 
div i ng repeatedly closer to the Sun than any 
previous spacecraf t i n hi story … so close that 
the probe team refers to i t as •touch i ng• the 
star. In fact, i t i s divi ng i n and out of the Sun•s 
atmosphere, know n as i ts corona. A nd i t•s not 
goi ng to be alone up there.

The Eu ropean Space A gency (ESA ) i s  
send i ng a sol ar  m i ssi on of  i t s ow n,  
scheduled for l aunch i n 2020. Sol ar Orbi ter 
w i l l  not go as close to the Sun as i ts NA SA  
counterpart, but i t w i l l  sti l l  be bathed in i ntense 
sunl i ght, al most 500 t i mes that exper ienced 
by a spacecraf t i n Earth•s orbi t. Unl i ke Parker 
Solar Probe, which spends only a short amount 
of t i me i n the f ierce heat as i t dives i n and out, 
Solar Orbi ter w i l l  stay put for years, watchi ng 
and measuri ng the Sun.

Both of these mi ssions have a key goal : to 
f i nd out more about the w ay elect r i f i ed gas, 
know n as plasma, i s l aunched f rom the Sun•s 
atmosphere out i nto space. Thi s cont i nuous 
st ream i s know n as the solar w i nd. It carr ies 
energy and the Sun•s magnet ic f ield through 
space, and understand i ng i t  cou l d sol ve a 
problem that•s been myst i fy i ng scient i sts for 
decades and could be the key to safeguardi ng 
our technological  society.

WHAT A WIND
When the solar w ind col l ides w ith Earth, i t can 
di srupt or even dest roy elect r ical  technology 
i n orbi t and on the ground. 

The Carr i ngton Event, which took pl ace i n 
1859, i s the greatest of these so-cal l ed sol ar 
storms on record. Back then, society was more 
low-tech, but the global  telegraph network went 

dow n and compasses spun uselessly. 
Yet  w h i l e sol ar  stor ms of  t h i s  

magni tude only happen once every couple of  
hu nd red years, smal l er  stor m s happen 
more f requent l y. M ost of t hese cause l i t t l e  
d i srupt ion, but al l  have an ef fect. In M arch 
1989, for example, a smal l  solar storm severely  
damaged a power t ransformer on the Hydro-
Québec power system. It took dow n thei r power 
gr id for more than ni ne hours as emergency 
repai rs were carr ied out. A nd more recent ly, 
i n 2003, a series of solar storms that took place N

A
SA

  I
LL

U
ST

R
A

TI
O

N
: A

CU
TE

 G
R

A
P

H
IC

S

L



FOCUS MAGAZINE COLLECTION 27

THE SUN

around t he Hal l ow een per i od caused more 
than hal f of NASA•s satel l i tes to mal funct ion 
i n  some w ay, w h i l e aeropl anes had to be 
re-routed aw ay f rom pol ar l at i tudes because 
of the l arge amounts of radi at i on associ ated 
w i th the i ntense aurora.

One recent study by the US National Academy 
of  Sci ences fou nd t hat  w i t hout  advance  
w arn i ng, a huge sol ar f l are, car r i ed by t he 
solar w i nd, could cause $2tr worth of damage 
i n the US alone, and i t would not be quick to 
f i x. The repor t found that such an enormous 
sol ar f l are cou ld cause so much damage to 
power stat ions that the US eastern seaboard 
could be lef t w i thout power for a year. Europe 
i s si mi larly vul nerable.

Wh i l e st udy i ng t he Su n has never  been 
more t i mely, the desi re to do so st retches back 
before the space age to the 19th Century, when 
a solar mystery was uncovered. On 7 August 
1869, ast ronomers gathered across Russi a 

The solar array of 
the Parker Solar 

Probe undergoing 
thermal tests

PARKER SOLAR PROBE
1 FIELDS EXPERIMENT

Makes direct measurements  
of electric and magnetic fields  
and waves in the solar wind,  
and of density � uctuations and 
radio emissions.

2 INTEGRATED SCIENCE 
INVESTIGATION OF THE SUN (ISIS)
Observes highly accelerated 
electrons, protons and heavier 
particles, and correlates them with 
solar wind and coronal structures.

3 WIDE-FIELD IMAGER FOR 
SOLAR PROBE (WISPR)
Provides images of the solar 
wind, shocks and other plasma 
structures as they approach and 
pass the spacecra� . 
 
4 THERMAL PROTECTION 

SYSTEM (TPS)
An 11.43cm-thick carbon- 
composite shield that will 
withstand temperatures  
outside the spacecra�  that  
reach nearly 1,377 °C.

5 HIGH GAIN ANTENNA
Used to communicate with Earth. 
The downlink data rate when close 
to the Sun will be around 167kb/ s. 
Not much compared to modern 
broadband speeds.

6 SOLAR ARRAY COOLING SYSTEM
Operating in 475 times the solar 
intensity experience in Earth orbit, 
the solar arrays are cooled by a 
4m2 radiator that sheds waste heat 
into space.

7 SOLAR ARRAYS 
Although just 1.55m2 in area, the 
solar arrays generate 388W of 
electrical power at their closest 
approach to the Sun. 

8 SOLAR WIND ELECTRONS 
ALPHAS AND PROTONS 
(SWEAP) INVESTIGATION
Counts the most abundant 
particles in the solar wind  
and measures their properties 
such as velocity, density  
and temperature.
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Parker Solar Probe will 
•dive• as close as 10 
solar radii to the Sun, 
whereas Solar Orbiter 
will remain a constant 
60 radii away
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and Nor th A mer i ca to observe a total  sol ar 
ecl ipse. In those f leet i ng mi nutes of darkness, 
the scient i sts got to see somethi ng not vi sible 
at any other t i me: the ghost ly vei l s of the solar 
corona, the Sun•s outer atmosphere. It was an 
object of fasci nat ion for the astronomers of the 
day. Two of the astronomers, Charles Augustus 
You ng and Wi l l i am Hark ness, w ere usi ng 
spectroscopes to spl i t the coronal  l ight i nto i ts 
const i tuent wavelengths. They knew that the 
var ious chemical  el ements gave out l i ght at 
speci f ic wavelengths, and by measuri ng these 
•spectral  l i nes• they would be able to establ i sh 
the chemical components of the corona. Working 
i ndependent ly, they both di scovered a green 
spect ral  l i ne w i th a w avelength of 530.3nm. 

It caused great exci tement at the t i me because 
there was no know n chemical  rel ated to thi s 
wavelength, so the ast ronomers thought they 
had d i scovered a new element. They named 
i t coronium.

I t  t u r ned out  t hat  You ng and Hark ness 
were w rong, yet i t wasn•t unt i l  the 1930s that  
sci ent i sts understood w hy. A st rophysi ci sts 
Wal ter Grot r i an and Bengt Edlén conducted 
l aboratory exper i ments and found that i ron 
cou l d  gi ve out  t hat  green l i ght , but  on l y 
i f  i t  w ere heated to an ex t raord i nar i l y hot 
3,000,000°C, turni ng i t i nto plasma. With thi s  
r eal i sat i on t he r eal  myster y  w as bor n . 
What exact l y i s heat i ng the Sun•s corona to 
3,000,000°C? The magni tude of the problem 

THE PROBES• RELATIVE 
DISTANCES TO THE SUN
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and when i t col l ides w i th the Earth, i t 
sparks the stunni ng auroras that shi ne 
i n the polar skies.

STAY COOL 
Astronomers say that the accelerat ion 
of the sol ar w i nd occurs at about 10 
solar radi i  (one solar radius i s equal  to 
the radius of the Sun). • That•s where 
Parker  Sol ar  Probe i s d i v i ng, i t •s a  
scienti fical ly important region of space,Ž 
says Imper i al  Col l ege London•s Prof 
Ti m Horbury, who i s a co-i nvest igator 

on Parker Solar Probe•s FIELDS i nstrument.
Through i ts ser ies of ext raordi nar i l y close 

encounters w i th the Sun, Parker Solar Probe 
w i l l  repeatedly explore thi s key region. It can 
survive these plunges thanks to an i nnovat ive  
thermal  protect i on system (TPS). Th i s heat 
sh ield i s made of two pl ates separated by a 
l ayer of carbon foam. The layer that faces the 
Sun i s whi te and ref lect ive. The foam i tsel f i s 
di f fuse and l i ght, and i s composed of 97 per 
cent ai r. It was developed and manufactured 
especial ly for the spacecraf t and i s one of the 
key technologies that has enabled the mission to 
take place. It i s just over 11cm thick, and w i l l  be 
heated to around 1,377°C duri ng i ts close solar 
passes. On the other side of the TPS, where the 
spacecraf t i s located, the design w i l l  al most 
completely di ssipate the heat, reduci ng i t to a 
comfortable room temperature of around 21°C.

Solar Orbi ter•s heat shield takes a di f ferent 
approach because i t w i l l  have to w i thstand 
l ow er but  constant  heat i ng. I t s max i mu m  
temperature i s l i kely to be around 520°C, but i t 
i s not goi ng to head out to the orbi t of Venus to 
cool  dow n, l i ke the Parker Solar Probe. Solar 
Orbi ter•s heatshield i s pi tch black rather than 
w h i te and ref l ect i ve, as t h i s means i t  w i l l  

absorb heat and radiate i t back out i nto space. 
It i s made f rom t i tanium covered 

w i th a protect ive sk i n 

i s enormous because the surface of the 
Sun is a mere (astronomical ly speaking) 
5,500°C. • It def ies the l aws of physics 
and nature. It•s l i ke water f low ing uphi l l . 
You move away f rom a heat source and 
i t should get cooler not hot ter,Ž says 
Nicola Fox, mission project scient i st at 
the Johns Hopki ns Universi ty Appl ied 
Physics Laboratory. • What happens i n 
this region that suddenly accelerates al l  
of this coronal  material  to temperatures 
exceedi ng 3,000,000°C? It i s mystery 
number one,Ž says Fox.

A nd i f that wasn•t a big enough conundrum, 
t here i s a second, rel ated mystery. The gas 
break s aw ay f rom t he Su n just  w here t he 
temperature peaks. • I f you th i nk of the Sun 
as a gi ant gravi tat i ng star, i t i s goi ng to hang 
onto i ts mater i al . A nd yet the pl asma i s able 
to break away and move out and bathe al l  of 
the planets,Ž says Fox.

Th i s sol ar  w i nd t hat  Fox refer s to i s 
made most l y  of  hyd rogen and hel i u m. 
The i r on t hat  bet rayed t he corona•s great  
temperatu re actual l y makes up just a t i ny  
fraction. The solar w ind carries w ith i t the Sun•s  
magnet ic f ield and st reams out i nto space at 
about 1,600,000km/ h. It bathes the pl anets, 

Travell ing at 
a bl istering 

720,000km/ h, 
the spacecraft 
wil l  repeatedly 

dive closer 
to the Sun

ESA•s Solar Orbiter  
will launch in 2020



cal l ed Sol arBl ack, w h i ch i s der i ved f rom a 
charcoal-based pigment made of burnt ani mal  
bones. Thi s pigment i s a type of black calcium 
phosphate and i s w idel y used for fer t i l i ser 
and metal  al loy product ion, and for f i l ter i ng 
heavy metal s out of w ater. Th i s sk i n keeps 
the European space probe safe so that i t can 
operate cont i nuously at a di stance of 60 solar 
radi i . A l though thi s i s si x t i mes fur ther away 
than Parker Sol ar Probe•s cl osest approach, 
there i s a par t icular reason for choosi ng thi s 
d i stance. • It  w i l l  go as cl ose as you can go 
and st i l l  use tel escopes to l ook at the Sun,Ž 
expl ai ns Horbury. Parker Sol ar Probe•s only 
telescope looks to the side to take i mages of 
the solar w i nd rushi ng by.

Sol ar Orbi ter•s tel escopes w i l l  study t he 
Sun•s sur face w i th a var i ety of i nst ruments 
over a w ide range of d i f ferent w avel engths 
so t hat  ast ronomers can deter m i ne t he  N
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Dr Stuart Clark is an 
astronomy writer with 
a PhD in astrophysics. 
His latest book is The 
Unknown Universe.

Listen to an 
episode of Click 
about the Parker 
Solar Probe mission 
bbc.in/ 2SGXiQ1

surface gas•s densi t ies, temperatures and the  
magnetic f ield. It then contains a second suite of 
i nst ruments that measure the same propert ies 
for the solar w i nd as i t passes the spacecraf t. 
Parker Solar Probe i s designed to f ly through 
the exact region of the Sun•s atmosphere where 
i t breaks i ts connect ion to the sol ar sur face 
and becomes the sol ar w i nd. So by shar i ng 
t hei r data t he m i ssi on sci ent i sts can make 
the connect ion between events on the sol ar 
surface, the l aunchi ng of the solar w i nd, and 
the dow nstream condi t ions.

EARLY WARNING 
Solar storms have show n how the i nteraction of 
the solar w i nd w i th Earth•s magnetic f ield can 
severely damage important technology. So, whi le 
these missions to the Sun are l i kely to reveal  al l  
sorts of i nterest i ng data and maybe even new  
theor ies about our star, more cruci al l y, they 

should help us to safeguard the tech we rely 
on every day … f rom telecommunicat i ons to 
sat-navs to power stat ions. 

Cu r rent l y, w e get  on l y 30 to 60 m i nutes  
warni ng f rom a NASA spacecraf t cal led ACE. 
Once these two missions have performed thei r 
work, the hope is that this warning time w i l l  rise 
to a day or two. That•s because solar storms are 
sparked by f lares on the Sun that trigger a sudden  
eject ion of mater i al  f rom the corona i nto the 
solar w ind. It takes a day or two for this eruption 
to cross space, so know i ng the way i n which 
the solar w i nd i s l aunched i s cr i t ical  i f we are 
goi ng to calculate the severi ty of any i ncomi ng 
solar storms. It could al so give us more t i me to 
prepare and protect any i mportant electr ics.

•The data w i l l  make improvements to models,Ž 
says Fox. •A few years f rom now when we see 
a big event, the model  w i l l  accurately tel l  us 
what i s comi ng to Earth.Ž 

The missions 
should help to 

safeguard tech … 
from sat navs to 
power stations
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M ERCURY

 The i nnermost planet i n our Solar System, 
w as once an en i gma. For  years, i t s  
prox i mi ty to the Sun made i t d i f f i cu l t 

for astronomers to observe … but the Space Age 
changed al l  t hat. NA SA•s M ESSENGER, the 
second space probe to Mercury and the f i rst 
orbi ter, was launched i n 2004 and orbi ted the 
planet f rom 2011 to 2015. The data i t returned 
gave us real  k now l edge about M ercu r y. I n 
2016, Mercury passed between the Sun and 
Earth … the f i rst t ransi t i n 10 years. A nd then 
l ast year, t he Japanese and European space 
agencies l aunched BepiColombo, which w i l l  
arr ive at the planet i n 2025. 

Superf icial ly, Mercury•s surface might seem 
l i ke the Moon: a smal l , ai rl ess world w i th a 
rocky surface distorted by huge, ancient craters. 
But the detai l s vary, because of the pl anet•s  
di fferent location and composition. On Mercury, 
there are pecul iar l i near features cal led rupes 
(Lat i n for •cl i f fs•) that resemble w ri nkles on a 
shrivel led apple … and i t•s thought that i s pretty 
much how the rupes formed, w i th the planet 
shri nki ng by a k i lometre or so as i t cooled. 

A lthough the planet i s only a l i tt le larger than 

MERCURY
Rich in resources and fuel, mining this pecul iar planet 

could be our ticket out of the Solar System
WORDS: STEPHEN BA XTER 

the Moon, i ts gravi ty i s about tw ice as high. 
Mercury was once a more massive world w i th, 
l i ke Earth, an i ron core and a rocky mantle. A n 
i mmense col l i sion w i th another young world 
may have st r ipped of f much of that mant le, 
leavi ng the planet w i th an outsi ze core and a 
higher densi ty to match. 

Mercury takes 88 Earth days to orbi t the Sun, 
and rotates once on i ts ax i s every 59 Ear th 
days. But stand i ng any w here on M ercu r y, 
you don•t see the Sun r i se every 59 Earth days 
because of that short year. Mercury i s 
so close to the Sun that t idal  forces 
have locked i n i ts rotat ion periods: 
three Mercury •days• are the same as 
two Mercury •years•. The net ef fect 
i s that at any poi nt on Mercury•s 
surface you w i l l  only see a sunri se 
every 176 Earth days. 

The long days and nights cause 
the cl i mate of the planet to sw i ng 
bet w een ex t r emes. Du r i ng 
M ercu r y •s day t he Su n•s 
heat roasts the sur face 
seven t i mes more 

BepiColombo is 
composed of two 
separate orbiters 
that will work in 
di� erent orbits to 
explore the planet 
and its environmentN

A
SA

, J
A

X
A

/E
SA



SURFACE GRAVITY (Earth = 1G): 0.38G

TIME TO ROTATE ONCE: 59 Earth days

YEAR: 88 Earth days

MOONS: 0

M ERCURY



34 FOCUS MAGAZINE COLLECTION

f i ercel y t han i t  does on Ear t h, rai si ng t he  
temperat u re to over  420°C … hot  enough 
for  l ead to mel t . That  i n tense heat  and  
radiat ion long ago blasted away any vest iges of  
atmosphere: w i th no gases to help t rap heat 
near the planet•s surface, when night fal l s the  
temperature plummets to as low as -180°C.

Such extremes suggest i t would be impossible 
to l ive on Mercury. But nature may have given 
futu re explorers a break. The pl anet has no 
axial  t i l t, so there are no seasons. Thi s means 
that at the planet•s poles, there may be craters 
where the Sun never shi nes. A nd there l ies a 
mi racle, discovered by M ESSENGER: water ice, 
del ivered by the i mpacts of comets and f rozen 
i n the permanent shadows … l i fe suppor t for 
future colonists intent on mining Mercury•s rich 
resources. The planet also has energy aplenty i n 
the form of concentrated sunl ight. To capture as 
much energy as a square metre of solar-energy 

cel l s on M ercu ry w ou ld requ i re si x square 
met res on the Ear th … and 60 square met res 
on Ceres … the dwarf planet that•s of ten touted 
as a good candidate for resource extract ion.

MINERAL WEALTH
A s for the resources, there i s st rong concern 
about the i mpact of mi ni ng on Earth, i n terms 
of envi ronmental cost; plus, resources extracted 
f rom Ear th w ou ld be expensi ve to l i f t  i nto 
space. So i t would be far bet ter to mi ne out 
there. That prospect may be comi ng cl oser, 
w i th the emergence of the A l l i ance for Space 
Development, led by the US•s Nat ional  Space 
Society, to press for legi slat ion and i ni t i at ives 
to al low development of space resources. 

M ercu r y •s mant l e has much t he same  
composi t i on as t he M oon, w h i ch has been 
proposed as a good si te to mi ne, because i ts 
surface i s fu l l  of useful  components such as 

Water ice … l ife 
support for future 
colonists intent on 
mining Mercury•s 
rich resources

1. COLOSSAL CLIFFS
The ragged line stretching diagonally in from the 
top le�  of this image is called Discovery Rupes, a 
huge escarpment 650km long and 2km high. It•s 
thought that such thrust faults … there are many, 
of di� erent lengths, on Mercury … were formed as 
the planet•s core cooled and contracted, 
fracturing the surface. 
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alumi nium. When sunl i ght h i ts a ref l ect i ng 
surface, i t exerts a pressure … as i f the part icles 
of l i ght are reboundi ng f rom the surface and 
pushi ng i t aw ay. The ef fect i s smal l , but i t•s 
useful , cont i nuous and f ree. A t the di stance 
of Earth, a sai l  measuri ng 800m across would 
receive a l ight-pressure of about f ive New tons, 
which i s si mi lar to the thrust of the low-drive 
ion-propul sion engi nes used on NASA•s Daw n 
spacecraf t. A nd the closer you get to the Sun, 
the greater the thrust … at Mercury you would 
get the same thrust w i th a sai l  measuri ng less 
than hal f that diameter. If you w ished to r ide a 
solar sai l  to Neptune, the most di stant planet, 
i t would be bet ter to pay a v i si t to Mercury 
f i rst to pi ck up the greater accelerat ion, and 
then sai l  outwards. 

A l l  t hese resou rces mean t hat  some day 
M ercu r y  may become t he sh i pyard and  
pri ncipal  port of the Solar System. 

2. DEEP IMPACT
This crater lies within the Caloris Basin, an impact crater 
itself over 1,500km across and one of the largest in the 
Solar System. The violent collision that produced it � ung 
debris over 1,000km from the crater edge. And on the 
opposite side of Mercury are strange hills, which may 
have been caused by shock waves from the impact 
rippling through the planet, cracking the ground on the 
other side. 

3. VOLCANIC VENTS
Not all of the topographic features on Mercury•s surface 
were created by meteoroid collisions. This image shows 
a bright area comprising what is believed to be 
pyroclastic material surrounding the vent that produced 
it, possibly a few billion years ago. The irregular-shaped 
formation at bo� om right is an older vent.

4. PYROCLASTIC VENTS
The yellowish patches on this image depict pyroclastic 
vents. Though commonly seen across the planet, this is 
one of the largest such clusters, stretching across nearly 
10° of Mercury•s surface. These vents may have been the 
source of explosive eruptions driven by volcanic gases.

oxygen, calcium, magnesium, potassium, even 
heavy metal s l i ke t i tan ium and alumi nium. 
So techniques developed on the Moon could 
easi ly be transferred there. In addition, the huge 
amount of sol ar energy received by Mercury 
could be used to drive the mi ni ng operat ions 
themselves, and for f i r i ng packets of resources 
to si tes across the Solar System … perhaps usi ng 
•mass dr i vers•. These elect romagnet i c sl i ng-
shots were f i rst suggested by A rthur C Clarke.  
It mi ght be more acceptable to mi ne remote 
M ercu r y  t han to scar  Ear t h•s M oon, pl us 
Mercury•s huge core … most l y i ron, but r i ch 
i n other metal s … i s only 600km dow n i n some 
places, whereas the Moon•s smal ler core may 
be up to 1,400km dow n. 

There are st i l l  more i magi nat i ve schemes. 
A l l  t hat  su n l i ght  cou l d  be used as a f r ee  
propu l si on system. I magi ne a sol ar  sai l , 
st rong but thi n, perhaps bui l t out of Mercury•s  

 
Stephen Baxter is a 
science fiction author 
and member of the 
British Interplanetary 
Society.

Listen to Inside 
Science discuss why 
BepiColombo is 
going to Mercury 
bbc.in/ 2QQYKxF
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Despi te bei ng named af ter t he Roman 
goddess of love, Venus i s anythi ng but 
romantic. Just 45 mi l l ion ki lometres from 

our planet•s orbi t, and w i th a mass 80 per cent 
that of the Earth•s, i t i s our nearest neighbour 
i n terms of both d i stance and si ze … yet our 
two worlds are vast ly di f ferent.

Noth i ng w as k now n about t he su r face of 
Venus before the Space Age, as i t i s completely 
obscu red by t h i ck cl ouds. Sci ent i st s once 
speculated that i t might be a ragi ng ocean, or 
a Sahara-l i ke desert. The f i rst probe to provide 
answers w as NA SA•s M ar i ner 2, which f l ew 

past Venus i n 1962, di scover i ng that surface 
temperatures must be extremely high and that, 
l i ke Uranus, i t spi ns i n the opposi te di rect ion 
to the rest of the planets i n the Solar System. 
Since then, orbi t i ng probes w ith cloud-pierci ng 
radar have produced maps of Venus•s surface and 
Soviet l anders have conf i rmed that condi t ions 
are completel y i nhospi table on the ground. 
There i s nei ther sea nor deser t, but rather a 
l andscape resembl i ng a vi sion of hel l .

The surface temperature is tw ice the maximum 
found i n a k i tchen oven, reachi ng a roast i ng 
462°C. The pressure of the atmosphere i s 

VENUS
Earth•s inner neighbour is sti l l  very much a mystery. 

But a host of planned missions w i l l  help reveal  its secrets
WORDS: PAUL SUTHERLA ND

SURFACE GRAVITY (Earth = 1G): 0.91G

TIME TO ROTATE ONCE: 243 Earth days

YEAR: 225 Earth days
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SUPERVOLCANO
The largest volcano on Venus (also its second-
highest mountain), Maat Mons is 8,000m high 
and has spewed lava … the dark patches in the 

foreground … that � owed for hundreds of 
kilometres from the volcano•s base. This 3D view 

was created digitally using data from NASA•s 
Magellan mission, tinted with colour to simulate 

light filtered by the dense atmosphere.

90 t i mes that at sea level  on Ear th, crushi ng 
probes mak i ng earl y l andi ng at tempts. A nd 
i t•s al so highly toxic, composed of 96 per cent 
carbon dioxide. 

The fi rst Soviet probe to reach the surface and 
send back signal s was Venera 7 i n 1970, but i t 
was only able to survive i n the harsh conditions 
dow n there for 23 mi nutes. It was fol lowed by 
the more successful  Venera 8 i n 1972, which 
returned data on the surface temperature and 
pressure, w i nd speed and i l lumi nat ion, before 
bei ng destroyed af ter 63 mi nutes. The probes 
had to be bui l t l i ke submersibles to w i thstand 
the ai r pressure, but thei r electronics quickly 
fai led i n the extreme heat. Subsequent Soviet 
l anders i n the 1970s and 1980s sent back crude 
photos of a rocky landscape. 

Hel ium bal loons were released i nto Venus•s 
higher, cooler atmosphere i n June 1985 by two 
Sov i et Vega probes t hat w ere on t hei r w ay 
to Hal ley•s Comet. They gathered data for 47 
hours each as they f loated 50km high i n the 
cooler clouds.

MORE VISITS, MORE DISCOVERIES
NASA•s Mari ner 10 f lew past Venus i n 1974 en 
route to Mercury and managed to i mage w i nd 
patterns i n the clouds. Thi s was fol lowed by a 
dedicated US mission, Pioneer Venus, made up 
of two spacecraft that arrived in December 1978. 
A n orbi ter studied the atmosphere and made 
radar maps of the surface. The other component 
w as a mul t i -probe made up of a t ranspor ter 
and four separate probes that were f i red i nto 
the atmosphere, returni ng data for an hour.

NASA•s next mission, Magel lan, carr ied out 
extensive radar i magi ng of Venus f rom a polar 
orbi t i n the early 1990s. Its i magi ng revealed 
a pl anet covered w i th vol canoes. Scient i sts 
suspect many of them are st i l l  act ive, but st i l l  
no one can say for certai n.

The f i rst envoy sent by the European Space 
Agency (ESA), Venus Express, was launched i n 
November 2005. Duri ng i ts eight-year mission, 
the spacecraf t•s swoopi ng orbi t brought i t low 
over the cloud tops and revealed big variat ions 
i n t he su lphu r d i ox i de content, suggest i ng 
that the vol canoes were st i l l  act i ve. Its fuel  
exhausted, Venus Express w as purposeful l y 
destroyed i n the atmosphere i n early 2015.N
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SA
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VENUS

Looki ng far ther ahead, Venus scient i sts are 
keen to see a new  generat i on of bal l oons or 
ai rships to sample the planet•s atmosphere. It 
has been suggested that si mple microbial  l i fe 
might ex i st i n the cloud tops, though th i s i s 
pure speculat ion.

One advanced concept bei ng prepared i n 
the US i s for a del ta-w i nged ai rcraf t cal l ed 
VA M P (the Venus Atmospheric Maneuverable 
Pl at form) to be d ropped by an orbi ter i nto 
the clouds. Once i n the atmosphere i t would 
sw i tch to f l i ght phase, spendi ng up to a year 
manoeuvri ng between the upper and mid cloud 
l ayers, gather i ng data to send back to Ear th. 
Dur i ng the Venusian day, i t would f ly i n the 
higher atmosphere, chargi ng i ts batteries f rom 
the sunl ight, before dippi ng to lower regions 
agai n at night.

With al l  these missions on the hori zon, Venus 
may soon reveal  more of i ts secrets. 

A  Japanese space probe cal l ed A katsuk i , 
l aunched towards Venus i n 2010, looked lost 
af ter a faul t caused i t to f ly past the planet. But 
f ive years later, mission control lers managed to 
rescue i t and put i t i nto a new, more elongated 
orbi t where i t began to survey the atmosphere.

Two NASA missions to the outer planets al so 
gathered data on Venus as they f lew by to get 
a grav i tat i onal  boost on thei r l ong journeys. 
Gal i leo shot past on its way to Jupiter in February 
1990, taki ng pictures, measuri ng dust, charged 
part icles and magneti sm, and maki ng i nf rared 
studies of the lower atmosphere. Saturn probe 
Cassi n i  made tw o f l ybys i n Apr i l  1998 and 
June 1999 when i t looked for, but fai led to spot, 
l ightni ng i n the clouds.

THE TROUBLE WITH LANDERS
Current proposal s for future Venus mi ssions 
are focusi ng on orbi ters and a new generat ion 
of bal l oons and aer i al  veh i cl es. Exper ts see 
too many d i f f i cu l t i es i n sendi ng a l ander to 
explore the surface l i ke the Mart ian rovers. 

Tw o proposal s to expl ore Venus are on a 
short l i st of f ive Solar System projects currently 
bei ng considered for the next round of NASA•s 
Discovery Program, missions that could launch 
i n the early 2020s. One, cal led DAVINCI (Deep 
Atmosphere Venus Investigation of Noble gases, 
Chemi st ry and Imagi ng) i s bei ng studied by 
NA SA•s Goddard Space Fl i ght Center. I t  i s 
an ent ry probe designed to study condi t ions 
between the dense cloud tops and the surface.

The other proposal, from NASA•s Jet Propulsion 
Laboratory, i s for a new orbi ter cal led VERITAS 
(Venus Em i ssi v i t y, Rad i o Sci ence, I nSA R, 
Topography and Spect roscopy) that ai ms to 
produce radar maps of t he pl anet i n much 
h i gher resolut i on than before. It has st rong 
European suppor t and i ncludes an i n f rared 
camera, bu i l t  by a col l aborat i on of French 
and German engi neers, that w i l l  look for hot 
volcanic material  on the surface.

A nother at tempt to get a new spacecraf t to 
Venus w i l l  come f rom a UK-led proposal  to 
ESA for a mi ssion cal led EnVi sion. Thi s w i l l  
be an orbi ter equipped w i th an advanced radar 
system capable of detect i ng t i ny changes i n 
surface features, and could confi rm the presence 
of l ava f lows or si mi lar surface deformations.

 
Paul Sutherland is a 
space journalist and 
the author of Where 
Did Pluto Go?

Listen to an episode 
of In Our Time about 
Venus bbc.in/ 2SZKcxI

Current proposals for future 
Venus missions are focusing 

on orbiters and a new 
generation of balloons

DAVINCI is intended 
to study conditions 

between the dense cloud 
tops and the surface
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EARTH
While the rest of the Solar System is 
populated by worlds of extremes, the 
Earth maintains a perfect balance 

 Earth i s not too close to the Sun to boi l , and yet 
not too far away that i ts water f reezes, stayi ng  
at just the r ight temperature to preserve the 

oceans that have helped shape our world. Indeed, our 
l iquid water has been preserved for over four bi l l ion 
years, thanks to the atmosphere and magnetic f ield 
that protect us f rom harsh solar w i nds.

Occasional ly, highly charged electrons f rom  
the solar w i nd manage to sneak through the 
magnetosphere around Earth•s poles, smashi ng i nto 
atoms of oxygen and ni t rogen i n the atmosphere. The 
al t i tude at which they col l ide dictates the colours 
seen i n the magical  di splays of the aurorae boreal i s 
(northern l ights) and aurorae austral i s (southern l ights). 

The northern lights 
(aurorae borealis)  
seen over NorwayG

ET
T

Y 
IM

A
G

ES
 X

2,
 N

A
SA



THE MOON
The prevailing theory for how 
the Moon formed is that there 
was a colossal crash between 

a Mars-sized planetoid and the 
proto-Earth. The Moon is the 

largest natural satellite in the 
Solar System relative to its 

planet•s size. The two bodies 
have a huge e� ect on each 
other. The Moon•s pull on  

our oceans creates the tides,  
and our planet•s pull has  

gradually reduced the Moon•s 
momentum so that its rotation 

is locked … which is why we 
only ever see the near-side of 

our lunar neighbour.

TIME TO ROTATE ONCE: 23.9 hours

YEAR: 365.26 days

MOONS: 1

AVERAGE TEMPERATURE: 16°C

EARTH



 BACK TO THE

SURFACE GRAVITY (Earth = 1G): 0.165G

TIME TO ROTATE ONCE: 27.3 Earth days

YEAR: 354 Earth days

MOONS: 0
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THE MOON

After the recent landing of Chang•e-4 on 
the far side of the Moon, plans are ramping 
up to bui ld a permanent lunar base

WORDS: COLI N STUART

 •Now, let•s get of f. Forget the camera.Ž These ordi nary words 
have an extraordi nary signi f icance: they are thought to be 
the last words spoken by a human bei ng on the Moon. That 

was i n December 1972, when the depart i ng Apol lo 17 mission brought 
dow n the cur tai n on three years of audacious manned explorat ion 
duri ng which 12 people lef t thei r footpri nts i n the lunar dust. But for 
the past four decades our nearest neighbour has been w i thout human 
contact , expl ored on l y by t he robot i c probes and rovers w e•ve 

THE MOON
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