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LOW PRICES 
we’ll match any genuine web price!

Visionary Classic 7x50
Good optics and excellent value for money.
Classic styling with rubber armour.

Visionary Classic 10x50
Good optics and excellent value for money.
Classic styling with rubber armour.

£28.99

£29.99

Visionary HD
Very high quality optics at a great price.
Traditional styled binoculars featuring
BAK4 prisms, fully coated lenses,
Long eye relief, rubber armour body.

HD 8x42 ......£69.99
HD 8x56 ......£99.99
HD 7x50 ......£79.99
HD 10x50 ....£79.99
HD 12x60 ....£89.99
HD 15x70 ....£99.99
HD 20x80 .£149.99
HD 20x80T .£249.99

Eyepieces & Accessories
EYEPIECES/ACCESSORIES
Plossl 5mm (1.25”)..................£14.99
Plossl 10mm (1.25”) ...............£14.99
Plossl 15mm (1.25”) ...............£14.99
Plossl 20mm (1.25”) ...............£14.99
Plossl 25mm (1.25”) ...............£17.99
Plossl 30mm (1.25”) ...............£17.99
Plossl 40mm (1.25”) ..............£19.99
Super Wide angle 10mm (1.25”) £39.99
Super Wide angle 20mm (1.25”) £44.99
FF 8mm (1.25”)........................£49.99
FF 12mm (1.25”) .....................£49.99
FF 19mm (1.25”) .....................£49.99
FF 27mm (1.25”) .....................£49.99
SWA 26mm (2”)......................£79.99
SWA 32mm (2”)......................£79.99
SWA 38mm (2”)......................£79.99

Ostara Elinor 10x50
BAK 4 prisms, Fully multi coated , waterproof

£179.99

Stockists of

Visionary

Visionary
HD 15x70
only £ 99.99

Visionary
FIRST 
VIEW
3” starter telescope 

table base and eyepieces.

£49.99

Clearview Binoculars: Four Square Chapel, Mapplewell. S75 6GG. Tel 01226 383736.
www.clearviewbinoculars.co.uk Callers very welcome, please check website for opening times.

The Far-Sighted binocular company
is a group of independent specialist 
optical goods suppliers. For more 
information please visit  
www.far-sighted.co.uk. 

Offers are subject to availability and 
at participating outlets only. Prices 

change without notice.

Binocular Outlet: 01162 430 967, Check our website and visit us at shows and events throughout the UK:

www.binocularoutlet.co.uk

The Army Surplus Store: 01297 23867, High Street, Totnes, Devon, TQ9 5NN

www.thearmysurplusstore.co.ukSURPLUS STORE

 .......................£59.99
Ostara 2x achro barlow ....................£34.99
Ostara 3x achro barlo .......................£39.99
Ostara 45 degree 1.25”....................£29.99

.....................£29.99
Ostara 45 degree 2”...........................£99.99
Ostara 90 degree 2”...........................£99.99

 ..............£49.99

 .............£9.99
.............£19.99

 ...................£49.99

We stock T2 mounts in stock, great prices!

Visionary
STARLA80

£169.99
Visionary
TELESTO

£129.99

full astronomical equatorial mount
takes just a short time to set up and
use. Great for the beginner wishing
to learn all the basics of astronomy.

Visionary
MIRA CETI

80mm objective refracting telescope. 
Sets up in minutes and really easy to 
use. This is a great starter telescope 
yet has all the features to grow with 
your hobby.

£229.99

with full astronomical equatorial
mount for those taking things a
little more seriously. Supplied
complete with full size tripod and

and two eyepieces.

Prime
camera
adaptor
1.25”
for SLR
photography

£49.99

HUGE RANGE 
of eyepieces and  

accessories

Extending
3pc 
camera
adapter
1.25”  

EYESHIELDS Fit comfortably around the eyes blocking out 
all distracting light and wind, enveloping the eyes in total darkness and  
complete comfort. It’s a “WOW!” experience.

Eyeshield Single for scopes and astro eyepieces £14.99
Eyeshield pair for compact binoculars £19.99
Eyeshield pair for larger binoculars £19.99
 

J M Optics:
Callers very welcome - by appointment only, call to arrange your visit.

Kepler GL 10x50
A strong and sturdy binocular - excellent value.
Great tool for viewing the night sky at a great price.

Olivon  WP-Pro 7x50
Great quality IF focus system binoculars. Rubber  
armoured, waterproof, BAK4 optics, shock resistant.

£34.99

£279.99

£12.99

Objective Optics / D & E Hughes: Tel: 01758 613 291, 24 Penlan Street, Pwllheli, Gwynedd LL53 5DE 

www.objectiveoptics.co.ukObjective Optics
Binoculars, Telescopes,  Astronomy

Ostara 90 degree  1.25”
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Discover thewondersof theuniverse

KulvinderSinghChadha
With theworld’s largest radio
telescopenowcomplete,
Kulvinder revealshow itwill
hunt for alien life andprovidea
newwindowtoouruniverse.

ContributorsAt 100,000 
light years 
across – that’s the 
distance between 
our home planet 
and the Sun 

some 6 billion times over – the Milky 
Way is by no means a small structure. 
That is, until you compare it to our 
universe’s galactic giants – the biggest 
known structure, elliptical IC 1101, is 
6 million light years in diameter and 
dwarfs our home galaxy. 

Despite being so big and relatively 
easy to spot, the behemoths of our
universe still continue to mystify
scientists. How did they get so big?
What formed first: the supermassive
black holes at their centre or the
galactic structure around them? This
month, we meet the experts with
some answers.

The universe hosts many facets
that leave us questioning how it works
and, even once partially solved, lead
to many more questions. No one
knows this better than Brian Greene,
who thinks that there are several

Gemma Lavender
Editor

Keep up to date

JonnyO’Callaghan
AfterNASAdecided tokeep
theDawnspacecraft atCeres,
rather thansend it toasteroid
145Adeona, Jonny looksat
whatwe’ve learnedabout

dwarfplanets fromthemission so far.

GilesSparrow
Howare thebiggest galaxies in
ouruniversemade?Gilesgets
anexclusive, up-to-date look
atwhatweknowabout these
cosmicbehemoths. Turn to

page 18 to findoutmore.

ColinStuart
This issue,Colingoesona
hunt forwormholes, portals
throughspace-time, and
meets the scientistswho think
that theyexist along theway.

Facebook
/AllAboutSpaceMagazine

Twitter
@spaceanswers

Online
www.spaceanswers.com

Eugene Cernan holds the record 
for the longest time on the Moon, 

alongside Harrison Schmitt

“The Lunar 
Roving 
Vehicle drove 
on the Moon 
for four 
hours and 
26 minutes 
and took 
the largest 
sample of the 
Moon to date”
Record-breaking 
astronauts [page 28]
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dimensions to the universe. This 
issue, we catch up with the physicist 
who reveals why our cosmos could 
be made up of a cosmic symphony of 
vibrating strings.

Also this month, we uncover the 
research that has led astrophysicists 
on a search for the portals through 
space-time known as wormholes; we 
chat to New Horizons’ John Spencer 
about what’s next for the spacecraft 
after its historic Pluto flyby; and we 
meet some record-breaking astronauts. 

Now that we have got official 
confirmation that NASA’s Dawn 
spacecraft is going to remain at dwarf 
planet Ceres, rather than move onto 
a third target in the Solar System, 
we discover what the mission has 
revealed about dwarf planets so far. 

Our next issue goes on sale 15 
September – see you then!
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Tim Peake: How this British 
astronaut made it to the ISS

Brian Greene 
Theoretical physicist, author and professor at Columbia University

“  There is a rumour that a new particle 
may have been discovered, which is 
750 times the mass of a proton”
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We hope that you enjoy All About Space

as much as we love making it. As always, 

we’re keen to make your favourite magazine

an even more enjoyable read. So, this year, 

we’re offering you the chance to be part of 

the All About Space panel by answering just

a few easy questions. I can’t wait to hear 

your thoughts on the magazine!

Gemma 
Lavender
Editor

Get 10% off our books and magazines
Get access to an exclusive monthly subscription offer
 Become eligible for exclusive competitions & free gifts

Take our three-minute survey and…

Have your 
say on 

All About 
Space!

Join our team today!

Reader Survey



 Last year we used your input 
to make some fantastic 
improvements, including…

Four changes 
you asked for 
in 2015…

Complete our survey & join the team today

spaceanswers.com/survey2016

Complete
 survey

Step 1
Get 

involved

Step 2
Earn 

rewards

Step 3

1 Bigger & better 
astronomy section  

Many of you are keen astronomers, 
so we made a brand new guide for 
all of your stargazing needs.

2 “How to...” astronomy 
tutorials

We wanted to take you to the 
next level in your hobby, so we’ve 
provided comprehensive guides.

3 More in-depth reviews
We test the latest astronomy 

kit, so you make the right choice 
when purchasing your telescopes 
and accessories.

4 Your space questions
answered – even better!

We restyled our Q&A section by 
packing it with infographics to 
answer your questions with impact.

INSIGHT 2016

Exclusive discount subscription to the magazine
Incredible savings for new and existing subscribers. 

Plus Free delivery direct to your door.

Exclusive savings on mags and books
Get a 10% discount code to use at our online shop

Competitions
The chance to enter 

exclusive competitions 
for money-can’t-buy 

prizes

Free gifts
Become eligible for 
free gifts including 
digital editions for 

phones and tablets

Have your say
A place on our reader 

panel, giving you 
regular input on 
the magazine

Take part in our 2016 reader survey and you 
can enjoy these fantastic benefi ts

Only 
takes 3 
mins!

Reader Survey
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World’s biggest 
rocket gets a 
booster test

NASA’s new type of rocket – the Space Launch 
System – gets its final motor test at the Orbital ATK 

Propulsion Systems test facilities in Utah, US. This 
rocket’s booster is so powerful that it will provide 

75 per cent of the thrust required to escape our 
planet’s gravitational pull, which will get us another 

step closer to NASA’s journey to the Red Planet.
In order to be tested sufficiently, the motor 

is tested at four degrees Celsius (40 degrees 
Fahrenheit) and, when ignited, temperatures inside 
the booster can reach up to an incredibly hot 3,315 

degrees Celsius (6,000 degrees Fahrenheit).
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Hubble’s look to 
the final frontier
This view of a massive cluster of galaxies reveals 
a very cluttered-looking universe. Thanks to the 
ability of NASA’s Hubble Space Telescope to view 
the cosmos with impressive clarity, this photo of the 
Abell S1063 galaxy cluster shows the effect of space 
warping due to gravity in action. It’s the huge mass of 
the galaxy that distorts and magnifies light from the 
galaxies that rest behind the cluster – an effect called 
gravitational lensing, which enables objects that are 
ordinarily too small and faint to be observed, to be 
studied. In fact, some of the galaxies in this field are 
first-generation galaxies, looking back in time to a 
billion years after the birth of the universe.

LAUNCH PAD
YOUR FIRST CONTACT WITH THE UNIVERSE
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Success for Juno!
Inside mission control of the Space Flight Operations Facility 
at the Jet Propulsion Laboratory (JPL), California, this image 

captures the moment that NASA’s Juno spacecraft successfully 
completed its engine burn and entered orbit around Jupiter. 

Juno will orbit the planet for 20 months to study its core, map 
the magnetic field and determine the amount of ammonia and 
water in its thick atmosphere. From left to right: Juno’s deputy 

principal investigator, Jack Connerney; associate director 
for flight projects and mission success, Chris Jones; NASA’s 

Planetary Science Division director, Jim Green; Juno principal 
investigator, Scott Bolton; associate administrator for the 

Science Mission Directorate, Geoff Yoder; director of NASA’s 
JPL, Michael Watkins; and project manager, Rick Nybakken.

Morse code 
from Mars

The orientation and shape of sand dunes on 
the surface of the Red Planet take on the 

appearance of dots and lines, which isn’t too 
dissimilar to Morse code. From these features, 

we can usually find out more about the wind 
direction, but in this photograph – captured 

by NASA’s Mars Reconnaissance Orbiter – it’s 
difficult to know which way the wind is blowing 

due to the complexity of the sand dunes. The 
dots and dashes have appeared in a depression 
in the landscape, possibly an impact crater that 
hasn’t been filled in, which has limited the sand 

that’s available for creating dunes. Winds that 
are not blowing parallel to the Martian sand 
make the dashes, while interruption to this 

process causes the dots to be made. @
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Arch of galactic
stardust
The Milky Way arches over the European
Southern Observatory’s La Silla Observatory
in Chile, which is located on the southern
edge of the Atacama Desert. Perched some
2,400 metres (7,874 feet) above sea level, this
location is one of the darkest places on Earth.
Here, astronomers can take advantage of the
astounding atmospheric conditions.

Our home galaxy has a cloudy and dusty
structure, pitted with various clouds and
nebulae, including the Gum Nebula in the
southern constellations of Vela and Puppis,
which can be seen in the central-upper part of
this image. The star-forming regions take on a
range of pinkish hues.
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Expedition 
48 heads 
to the ISS
From Kazakhstan’s Baikonur 
Cosmodrome, a Soyuz spacecraft 
carries NASA’s Kate Rubins, 
Roscosmos’ Anatoly Ivanishin 
and Takuya Onishi of the Japan 
Aerospace Exploration Agency 
(JAXA) to the International Space 
Station to begin Expedition 48-49. 
The crew will spend around four 
months in Earth orbit and return 
in October later this year.

LAUNCH PAD
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SpaceX puts 
the Dragon 
under pressure
The pressure vessels constructed by private 
space company, SpaceX, undergo some 
structural testing. During the operation, 
engineers are able to investigate the Crew 
Dragon’s ability to withstand the harsh 
conditions of launch and spaceflight. The 
pressure vessel is where the astronauts sit 
during the journey to the International Space 
Station and it makes up a good proportion 
of the Dragon’s entire structure. After 
the ground testing is complete, the 
pressure vessels will be fitted 
with an outer shell, a heat 
shield and thrusters, in 
preparation for their 
journey into space.
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Venus’ surface 
revealed by its clouds 
By studying the weather patterns of the thick clouds above 
Venus, clues about the planet’s surface may be uncovered
Astronomers believe the dense layer 
of cloud that covers Venus may well 
hold the key to exploring the planet’s 
topography in greater detail. Until 
now, the 20-kilometre (12.4-mile) 
thick cloud cover has frustrated 
observers, barring their view of the 
surface and allowing it to be seen only 
via radar or infrared light.

But scientists have now discovered 
that weather patterns observed 
in the cloud layers appear to be 
directly influenced by the natural 
features of the surface beneath 
them. The discovery was made after 
experts began studying images of 
the cloud layers via ESA’s Venus 
Express satellite, which could offer 
a compelling and eye-opening 

insight into what lies beneath. 
The findings revolve around three 
aspects in particular: the speed at 
which the winds on Venus circulate, 
the amount of water that is locked 
within the clouds, and the brightness 
of the clouds across the spectrum, 
specifically in ultraviolet light.

“Our results showed that all of 
these aspects – the winds, the water 
content, and the cloud composition 
– are somehow connected to 
the properties of Venus’ surface 
itself,” says Jean-Loup Bertaux of 
LATMOS (Laboratoire Atmosphères, 
Milieux, Observations Spatiales) 
near Versailles, France. “We used 
observations from the Venus Express 
satellite, spanning a period of six 

years from 2006 to 2012, which 
allowed us to study the planet’s 
longer-term weather patterns.”

Bertaux, the lead scientist of the 
new Venus Express study, says there 
is an area of cloud close to Venus’ 
equator that is hoarding a greater 
amount of water vapour than in other 
parts of the atmosphere. Located 
above a mountain range – an area 
called Aphrodite Terra – it appears 
to be caused by water-rich air from 
the lower atmosphere being forced 
upwards, something scientists dubbed 
“the fountain of Aphrodite”. 

Clouds downstream of this 
“fountain” were seen to reflect less 
ultraviolet light and the winds above 
Aphrodite Terra were also 18 per 

cent slower. “When winds push their 
way slowly across the mountainous 
slopes on the surface they generate 
something known as gravity waves,” 
explains Bertaux, of an atmospheric 
phenomenon we also see in 
mountainous parts of Earth’s surface 
(and which should not be confused 
with gravitational waves).

“Crudely speaking, [gravity waves] 
form when air ripples over bumpy 
surfaces. The waves then propagate 
vertically upwards, growing larger 
and larger in amplitude until they 
break just below the cloud-top, similar 
to waves on a shoreline,” Bertaux 
continues. It shows that surface 
topography can significantly affect 
atmospheric circulation.
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Attempts to find what experts believe to be the 
signature of the mysterious material prove unsuccessful
After 20 months of anticipation and 
hope, the Large Underground Xenon 
(LUX) dark matter experiment has 
failed to find any trace of the dark 
matter particle, even though the 
invisible material is thought to make 
up four-fifths of the universe’s mass.

The study threw up a blank, despite 
using an incredibly sensitive detector 
located 1.6 kilometres (one mile) 
underground in a former gold mine in 
South Dakota, US. It was thought that 
if dark matter particles had interacted 
with LUX that the detector would have 
detected it. It had been looking for 
weakly interacting particles (WIMPs), 
which are thought to be – in theory – 
the most likely candidates for a dark 
matter particle. Undeterred, scientists 
are set to push ahead in forming new 
experiments that may well present 
a breakthrough in the future. Even 

Dark matter particle 
still remains elusive

though it has never been directly 
observed, they remain confident dark 
matter exists since the effects of its 
gravity are seen in the rotation of 
galaxies and in the way light is seen to 
bend as it travels through the universe.

“The discovery of the nature of the 
elusive dark matter, which accounts 
for more than four-fifths of the mass 
of the universe, is internationally 
recognised as one of the highest 
priorities in science, and LUX is the 
world-leading experiment in the direct 
search of it,” says Dr Cham Ghag of the 
University College London. Scientists 
will continue to examine the data as 
they look to formulate their next move. 
Another experiment – LUX-ZEPLIN – is 
being built in South Dakota, US, in 
collaboration with 40 institutes from 
the US, UK and Russia, and is 70 times 
more sensitive than LUX.

A look inside the 
photon sensors of LUX, 

which attempted to 
capture dark matter
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Fascinating space facts, videos & more

Astronomers 
confirm more than 
100 new planets
Astronomers working with NASA’s 
Kepler spacecraft on the K2 mission 
have confirmed an impressive 104 
planets outside of our Solar System. 
One of them is a planetary system 
of four potentially rocky planets, 
each of which are between 20 and 
50 per cent larger than Earth and 
are orbiting the K2-72 M dwarf star, 
which is located some 181 light 
years away.

Meteorites
may explain
Mercury’s surface
Mercury has a very varied surface,
which has long puzzled scientists
and astronomers. Some even believe
the older parts were formed deep
inside the planet. But high sulphur
meteorites, known as enstatite
chrondrites, may be behind the
features on Mercury’s surface and
go a long way to explaining the high
sulphur concentrations that exist on
the planet.

Marvel characters
to be included on
mission patch
Two of the most popular characters
from Marvel’s Guardians Of The
Galaxy, Groot and Rocket Raccoon,
are set to be included on the official
mission patch for the Center for the
Advancement of Science in Space,
representing all payloads heading
to the International Space Station’s
natural laboratory. It’s part of an
ongoing effort to engage the public
with science and space.

Twitter
@spaceanswers

Facebook
/AllAboutSpaceMagazine

“ The winds, water content, and 
composition of Venus’ clouds 
are somehow connected to the 
properties of Venus’ surface itself” 

Air-con could make 
alien worlds habitable
Researchers at Belgium’s largest 
university, KU Leuven, believe 
that exoplanets with a freezing 
half and a very hot half – thanks 
to the presence of permanent day 
and night sides – could produce 
their own natural air-conditioning 
system in order to balance out the 
overall temperature of the exoplanet. 
In theory, this could make them 
potentially habitable worlds.

Gusts passing over Venus’ mountain generate gravity waves, which 
propagate vertically upwards and slow the high-altitude winds in that spot

www.spaceanswers.com 15

A collaboration sparked by social media has led to an important discovery
When astronomer Dustin Lang of 
the University of Toronto’s Dunlap 
Institute tweeted a photo from his 
collection of galaxy maps, he had no 
idea that it would lead to a potential 
breakthrough in astronomy. 

But when it caught the eye of 
Melissa Ness, a postdoctoral researcher 
at the Max Planck Institute for 
Astronomy in Heidelberg, Germany, 
it led to confirmation that the Milky 
Way’s central bulge of stars forms an 
X-shape. “The bulge is a key signature 
of formation of the Milky Way,” says 
Ness. “If we understand the bulge we 
will understand the key processes that 
have formed and shaped our galaxy.”

The structure is understood to have 
formed when the 'stellar bar' of dense 
stars orbiting the centre collapsed after 
becoming unstable. This had never 
been so clearly demonstrated than in 
Lang’s image and Ness immediately 
saw the significance of it. She wrote to 
Lang and the pair met in person at a 
Michigan conference. They began to 

Twitter helps confirm X-shape at Milky Way's core

work together on a study to look more 
closely at the phenomenon, before 
confirming that there is an X-shaped 
distribution of stars in the bulge. 

“We see the boxy shape, and the X 
within it, clearly in the WISE image, 
which demonstrates that internal 
formation processes have driven the 
bulge formation,” says Ness. “This also 

reinforces the idea that our galaxy has 
led a fairly quiet life, without major 
merging events since the bulge was 
formed, as this shape would have 
been disrupted if we had any major 
interactions with other galaxies.” 
Further research is set to take place to 
analyse the dynamics and properties 
of the stars at this point.

Stars at the centre of 
the galaxy form an 
intriguing X-shape



LAUNCH PAD
YOUR FIRST CONTACT WITH THE UNIVERSE

www.spaceanswers.com16

The search for the atmospheres of a
pair of Earth-sized exoplanets over 
40 light years away has begun. Using 
NASA’s Hubble Space Telescope, they 
have been peering at TRAPPIST-1b 
and TRAPPIST-1c, hoping for evidence 
suggesting habitability, and they 
have already found that the chances 
of these exoplanets having puffy, 
hydrogen-dominated atmospheres are 
low. 

“The lack of a smothering hydrogen 
and helium envelope increases the 
chances for habitability,” says Nikole 
Lewis of the Space Telescope Science 
Institute (STScI), Maryland. “If they 
had a hydrogen-helium envelope, they 
could not support life as the dense 
atmosphere acts like a greenhouse.”

The exoplanets are being 
observed in near-infrared light using 
Hubble’s Wide Field Camera 3, with 
spectroscopy decoding the light and 
atmosphere’s chemical makeup. “This 
is an exciting time for NASA and 
exoplanet research,” says Geoff Yoder, 
acting associate administrator for 
NASA’s Science Mission Directorate.

Hubble studies
atmosphere of
Earth-sized planets
for the first time
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NASAs next Mars rover mission was
announced in 2012 with a view to
launching eight years later. And the good
news? It’s well and truly on track. The
space agency says an extensive review
process is now complete and a major
development milestone has now been
passed, allowing it to move ahead with
the final design and construction of the
new Mars rover.

As planned, it will be based upon the
Curiosity rover but will have new science
instruments that will allow for much
greater exploration. It will also have a
suite of cameras and microphones on
board to pick up the sights and sounds
of the surface. The mission, which will
launch in 2020 and arrive on Mars
in February 2021, will look to collect
samples from the Red Planet, which

A view of the two exoplanets orbiting a
red dwarf star some 40 light years away

will eventually be returned to Earth for 
scientific analysis. It is also set to help 
NASA prepare for manned missions. By 
analysing a region of Mars where the 
environment may have been favourable 
for microbial life, NASA says evidence of 
past life will be sought.

“The Mars 2020 rover is the first 
step in a potential multi-mission 
campaign to return carefully selected 
and sealed samples of Martian rocks 
and soil to Earth,” says Geoffrey Yoder, 
acting associate administrator of 
NASA’s Science Mission Directorate in 
Washington, US. “This mission marks a 
significant milestone in NASA’s Journey 
to Mars, which seeks to determine 
whether life has ever existed on Mars, 
and to advance our goal of sending 
humans to the Red Planet.”

Exoplanets thought to be 
like Earth are the focus of a 
fresh search for atmospheres

An artist’s concept 
of the 2020 Mars 
rover, which will 

use many features 
of Curiosity

New Mars rover set 
for launch in 2020
The final design and construction phase 
for the 'Curiosity lookalike' is underway

Continent-sized 
asteroid may 
have formed 
the Moon’s 
Imbrium Basin

For a long time, astronomers have 
known that the Imbrium Basin – that 
1,207-kilometre (750-mile) wide dark 
patch on the Moon in the northwestern 
quadrant – was formed from the 
collision of an asteroid during the Late 
Heavy Bombardment. But the scale of 
the impacting body may have been 
much larger than first thought. 

Scientists at Brown University in 
Rhode Island, US, estimate that it may 
have been the size of a protoplanet 
measuring 241 kilometres (150 miles) 
across. If this is the case, then it not 
only puts it at around the length of 
New Jersey, but it also beats a previous 
estimate of just 80 kilometres (50 
miles). Indeed, the new size put forward 
by Pete Schultz, professor of Earth, 
environmental and planetary sciences 

It is thought the 
impactor may have 
been as much as 241 
kilometres across

at Brown University says the new figure 
is two times the diameter and ten times 
the mass of previous estimates. 

“We show that Imbrium was likely 
formed by an absolutely enormous 
object, large enough to be classified as 
a protoplanet,” he says. “This is the first 
estimate for the Imbrium impactor’s size 
that is based largely on the geological 
features we see on the Moon.” The 
findings are based on the presence of 

grooves around the basin, which were 
created by rocks as they blasted from the 
crater during its formation. 

But scientists have long been baffled 
by a second set of grooves, which 
have a different alignment outside of 
the features radiating from the basin’s 
centre. But Schultz says these were 
likely formed by rock cut away from the 
asteroid as it hit the Moon, allowing him 
to make a fresh estimate of its size.

The Imbrium Basin, pictured 
here, measures 750 miles across
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Written by Giles Sparrow

Classed as some of the most massive objects in the universe, 
these cosmic behemoths are also the most mysterious

www.spaceanswers.com18



Our galaxy, the Milky Way, is big. With a diameter
of 100,000 light years, this enormous disc of stars is
on the large size for a spiral galaxy, and along with
the similarly sized Andromeda Galaxy, it dominates
our local group of galaxies – a region of space about
10 million light years across. So imagine a galaxy
extending to almost 20 times the diameter of the one
we call home – so big that if it were to replace our
Milky Way, it would not only engulf nearby satellite
galaxies such as the Magellanic Clouds, but its outer
limits would reach nearly all the way to Andromeda,
about 2.5 million light years from Earth.

That’s the staggering scale of IC 1101, an enormous
ball of stars more than a billion light years away that
is one of the largest measured galaxies in the known

universe, and an extreme example of a supermassive
‘cD’ galaxy – a class of objects very different from the
Milky Way. cD galaxies are closely related to smaller
elliptical galaxies – balls of old red and yellow stars
that vary in size, from tiny dwarfs to giants with the
diameter of the Milky Way, and differ in shape, from
perfect spheres to elongated cigars. But they also
differ in some other important ways.

“cD galaxies have an extra-large extended and
diffuse luminous envelope of stars,” explains Dr
Alessia Longobardi of Germany’s Max Planck
Institute for Extraterrestrial Physics. “They are among
the most luminous and massive galaxies in the
universe – for example, recent studies on Messier 87
(M87), the cD galaxy at the centre of the nearby Virgo

“M87 has collided with a mid-sized
galaxy within the past billion years and
it is still in the process of absorbing its
stars and other material”

Cluster, attributes to this galaxy a total of ~1014 solar 
masses. That’s roughly 100 times more massive than 
our own galaxy, the Milky Way.”

The term ‘cD’ comes from the Yerkes galaxy 
classification scheme used by many specialist 
extragalactic astronomers. The letters don’t 
officially stand for anything, but astronomers have 
nevertheless come up with a variety of ‘backronyms’ 
that work with the letters. Hence they are sometimes 
referred to as ‘cluster dominant’, ‘central dominant’, 
or ‘central diffuse’. As those names imply, cD galaxies 
have a very specific distribution in space that offers 
an important clue to their origins. While spirals, 
smaller ellipticals and irregular galaxies are scattered 
widely across space, cD galaxies are found only in 
massive, dense clusters – regions containing tens 
or even hundreds of substantial galaxies crammed 
into a volume of space a few million light years 
across. What’s more, they tend to lie close to the 
very centre of these clusters. In such closely packed 
environments, collisions between galaxies are 
common, and it is this process that’s thought to give 
rise to monster galaxies.

“The most popular scenario to describe the 
formation and evolution of galaxies is the hierarchical 
paradigm,” says Longobardi. “In these models, 
structures form in a bottom up, hierarchical manner 
by which smaller fragments that have been attracted 
gravitationally merge together to form more massive 
systems. A major merger occurs when the masses of 
the merging galaxies are comparable.” 

Longobardi continues: “It results in a remnant 
with properties significantly different from either 
progenitors. Such major mergers are thought to be 
responsible for the formation of ball-shaped galaxies 
from pre-existing disc-like [spiral] galaxies. Fast 
changes in the gravitational forces acting across 
the system can turn the ordered orbits seen in 
discs into the random motions observed in ball-
shaped galaxies. And simulations show that the 
most massive systems, like cD galaxies, are going 
to experience mergers up to five times in their 
dynamical evolution history.”

But the direct effect on the orbits of stars is just 
one consequence of these intergalactic collisions. 
Just as important is their influence on a galaxy’s 
nebulae – the interstellar gas clouds that provide the 
raw material for new star formation. Such clouds are 
plentiful in disc-shaped spiral galaxies, but are largely 
absent in all types of elliptical galaxy. Astronomers 
think they are driven off during major mergers – 
while stars, as relatively small objects, tend to pass by 
each other before being affected by gravity, collisions 
between the more diffuse nebulae will create 
enormous shock waves. 

In the short term, this massively boosts the rate of 
star formation in an effect called a starburst, but in 
the longer term, the heating effect of the shock wave 
gives individual atoms and molecules the speed they 
need to escape from the gravitational attraction of 
the galaxy’s stars and other matter. As a result, gas 
bleeds away into a halo region around the galaxy, 
where it is only loosely bound by the galaxy’s gravity 
and is too fast moving and sparse to create new stars. 
This is why elliptical galaxies tend to be dominated 
by comparatively faint, old red and yellow stars. The 
laws of stellar energy generation mean that heavier 

A multi-wavelength image reveals detail in the Centaurus 
A system. Here, a lenticular is absorbing a smaller spiral, 
triggering violent activity from its central black hole

Messier 87 shows the typical yellowish hue that is 
caused by the dominance of older, low-mass stars in 
elliptical galaxies

Workers study 
Hubble’s main, 2.4m 

(8ft) mirror, which 
has revealed 

unprecedented 
details in 

far distant 
galaxies
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How big galaxies are made
Giant galaxies and other massive ellipticals go through a series of changes 

on their way to becoming the monsters of the present-day universe

1Big Bang
13.82bn years ago

The universe began in a vast
explosion that gave rise to space,
time and all matter. The Big Bang
left behind large-scale differences
in the distribution of both normal
‘luminous’ matter and the far
more plentiful invisible ‘dark’
matter. Dense patches of matter
formed the nuclei around which
the first stars and galaxies began
to coalesce.

2Merger
c.12bn years ago

The first galaxies to form were gas-rich
systems full of young, massive and
short-lived stars. Collisions and mergers
between these small galaxies were
frequent, and large galaxies began to
develop disc-like structures with spiral
arms. When these in turn collided, the
results were the first elliptical galaxies.

3 Starburst galaxy
c.11bn years ago

Close encounters, collisions and mergers
between galaxies raised tidal forces and
created tremendous shock waves, both of
which accelerated the rate at which clouds of
gas and dust condensed to form stars. The
absence of heavier elements that tend to
speed up energy production allowed these
early stars to grow much more massive and
luminous while remaining stable.

4Quasar
c.10bn years ago

Supermassive black holes in the
centre of these galaxies began life
as collapsing gas clouds. As they
drew in more material, they swelled
in size and developed into active
galactic nuclei (AGN) – discs of
superheated infalling matter that
generate intense radiation. Quasars,
star-like points of brilliant light
embedded in the cores of distant,
young galaxies, are the best known
among several types of AGN.

5Compact galaxy
c.8bn years ago

As spirals and irregular galaxies continued to collide and
merge, the gas within them grew hotter and sparser,
eventually detaching itself from individual galaxies and
spreading out into the surrounding cluster. Mergers in galaxy
clusters began to produce galaxies that resembled spiral hubs,
without the raw material to generate new generations of stars.

WM Keck Observatory
First light: 1990
Notable achievements: First observatory
to combine the light of two giant
telescopes for sharper images
Astronomers have used the Keck telescope
to measure the motion of stars in the
compact cores of giant ellipticals, helping
to confirm the enormous mass of the black
holes that lie at their very centres.

“cD galaxies, 
like M87, grow 

through a 
process of cosmic 

cannibalism”
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7Giant elliptical galaxy
Today

The largest present-day cD
galaxies have stellar haloes that
are millions of light years across,
with thousands of globular
clusters formed in earlier
mergers, and central black
holes with a mass equivalent
to billions of Suns. In the future
they will grow even larger.

6 Merging galaxies
c.5bn years ago

As the universe matured, mergers between
galaxies continued within dense galaxy clusters,
where local gravity could dominate over the
general expansion of the universe dragging
galaxies apart. With each fresh merger, the larger
elliptical galaxies grew heavier and more influential
on their neighbours. Many developed extensive
outer haloes dominated by captured stars.

Herschel Space Observatory
Launch date: 2009

Operator: ESA/NASA
le achievements: Infrared observatory 

ng the cool universe of the far infrared
14, Herschel showed that some giant 

o still contain cold star-forming gas,
owed that star b nted by the

influence of jets from

tars shine brighter and hotter, but also burn through 
heir supplies of fuel much more quickly, ageing 

and dying while low-mass, cool stars keep steadily 
ticking over. Within a few hundred million years of 
the original collision, all the galaxy’s brighter stars 
will have reached the end of their lives – and with no 
ongoing star formation process, the more sedate red 
and yellow stars will become dominant.

The closest cD galaxy to Earth is Messier 87 
(M87), which lies at the centre of the Virgo Cluster, 
the nearest dense galaxy cluster to our home planet 
at a distance of roughly 54 million light years away. 
M87 is a ball of stars with roughly the same diameter 
as the Milky Way (120,000 light years across), and 
is surrounded by a sparse stellar halo that extends 
across about a million light years. Thanks to its 
proximity, it’s the most closely studied of this class 
of galaxy, and astronomers have discovered some 
interesting features that are probably shared by most 
other giant ellipticals.

“M87 has one of the oldest stellar populations in 
the local universe and has an extended stellar halo 
th t roduces 70 per cent of the galaxy’s total light,” 

ns Longobardi. “The motion of its component 
es suggests that the Virgo Cluster is still in 
ocess of forming, and photometric studies 

revealed a complex network of faint, extended 
eatures around M87, suggesting that it is not 
letely in equilibrium.” One piece of evidence 
87’s long history of past mergers is the huge 
of globular star clusters that surrounds it. These 

ively small but densely packed balls of stars are 
ught to be the surviving fossils of brilliant ‘super 

clusters’ formed during starburst events. While 
Milky Way has perhaps 200 such clusters in orbit 

und it, M87 has a staggering 12,000.
“Messier 87 is a prime target to test galaxy 
mation and evolution theories,” continues 
ngobardi. “Cosmological simulations suggest a 

wo-phase scenario for the formation of massive 
spheroids like cD galaxies. The first phase happens 
earlier in the history of the universe and leads to the 
formation of a compact progenitor to the present-day 
elliptical. Later on, the system sweeps up or ‘accretes’ 
many more stars through mergers, which increases 
its size with time. These accreted stars preferentially 
make up the stellar halo component, and dominate 
the outer regions of the galaxy.”

M87 is a particularly good target not just because 
of its proximity to Earth (which makes it possible to 
see details of both inner and outer regions that would 
be lost over greater distances), but also because its 
location coincides with the Virgo Cluster’s overall 
centre of mass. As a result, galaxies are more strongly 
drawn towards it by gravity, and the various types of 
merger and interaction are both more frequent and 
more dramatic. Because of this, Longobardi and her 
team were recently able to use a unique approach to 
find evidence of an accretion event in M87’s fairly 
recent history.

“According to the hierarchical framework, the outer
regions of a galaxy contain an enormous wealth of
information,” enthuses Longobardi. “The time needed
to ‘re-mix’ accreted stars in this region [blending
them into the indistinguishable mass of the galaxy’s
stars] is much longer, so they can preserve fossil
records of past merger events in the form of long-

Spitzer Space Telescope
Launch date: 2003
Operator: NASA
Notable achievements: Near- and 
mid-infrared telescope designed to w
collaboration with Hubble
Spitzer’s infrared abilities helped it to
ellipticals forming when the universe
showing how the seeds of today’s cD

Hubble Space Telescope
Launch date: 1990
Operator: NASA/ESA
Notable achievements: First
telescope in orbit
Hubble’s uniquely sharp visio
unprecedented details in dis
to trace their extensive halo
globular cl ers in orbit ar
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Space Observatory, meanwhile, has shown that AGNs
may have another important effect – by heating up
cold gas in their surroundings (such as that injected
into a largely gas-free cD galaxy during a merger),
they make it harder for new stars to coalesce,
ensuring that, from a star formation point of view, the
galaxy remains as dead as it was before the merger.

But there’s one final question – assuming the
enormous mass of M87’s black hole is typical for
all cD galaxies, how do these objects get so big?
The answer lies in a chain of events as spectacular
as these giant galaxies themselves. Evidence now
suggests that all substantial galaxies contain black
holes at their hearts, and during a galactic merger
these core regions (not just the black holes, but also
the densely packed stars around them) will tend to

sink towards the system’s centre of mass, eventually
falling into orbit around each other. The result can be
a galaxy with two distinct and bright nuclei, but this
may not be sustainable in the long term – if some
mechanism exists to reduce the momentum of the
two black holes, then their separation will steadily
reduce and they will spiral in towards each other on
a collision course.

Eventually, the black holes will collide and
merge into a single super-dense object, whose
enhanced gravity may draw in more material from
its surroundings, allowing it to grow ever stronger
and more massive. Therefore, over several repeated
mergers, the biggest galaxies in the universe develop
even more monstrous black holes at their hearts, and
so the cycle continues.

lasting substructures.” The challenge, however, is that 
individual regions within galaxy haloes are very hard 
to study thanks to their low brightness – after all, 
M87 might be nearby compared to other cD galaxies, 
but it’s still tens of millions of light years away. The 
researchers overcame this challenge by looking for 
one very specific type of object called a planetary 
nebula (PN) – expanding bubbles of material flung off 
into space during the death throes of Sun-like stars.

“When we observe PNs we are seeing the glowing 
shells around ageing stars,” explains Longobardi. 
“These objects shine very brightly in a specific hue 
of aquamarine green, so they can be distinguished 
from the surrounding stars and easily detected out 
to the extreme extension of a galaxy.” And planetary 
nebulae can reveal more than just the distribution 
of stars in the galaxy’s outer halo. By studying 
individual nebulae with a spectrograph (which
analyses the different frequencies of light they emit),
it’s possible to work out whether these objects are
moving towards or away from us, and at what speed
they are travelling. “Through studying these motions,
[which are] peculiar with respect to the rest of the
halo stars, I was able to identify the new accretion
event. I also looked at the light distribution and I
found evidence of extra light coming from the stars
of a ‘swallowed’ satellite galaxy.”

The discovery suggests that despite its outwardly
uniform appearance, M87 has collided with a mid-
sized galaxy within the past billion years, and is
still in the process of absorbing its stars and other
material. “Thanks to the enormous gravitational tidal
forces involved, stars are now scattered over a region
that is 100-times larger than the original galaxy,”
concludes Longobardi. “It shows directly that large,
luminous structures in the universe, like M87, are still
growing in a substantial way through the accretion
of smaller systems, as predicted by hierarchical
galaxy evolution models.” This discovery seems to
be clinching proof that cD galaxies grow through
a process of cosmic cannibalism, but it also raises
intriguing questions about the fate of the absorbed
galaxy’s other components. The answer may lie in
the central regions of the galaxy, thought to be home
to black holes with unimaginable mass.

The black hole at the heart of M87, for example,
is the largest discovered so far, with an estimated
mass of 6 billion Suns (for comparison, the Milky
Way’s central black hole contains a mere 4.3 million
solar masses of material). In M87, the black hole
is also the origin of a powerful jet of particles that
shoots out across 5,000 light years of space. As tidal
forces shred and heat up material falling towards the
monster’s gravitational maw, it forms a superheated
‘accretion disc’. Powerful magnetic fields, meanwhile,
allow some particles to escape in narrow beams
from above and below the disc, creating an overall
structure called an active galactic nucleus (AGN).

Until now, M87’s AGN has been something of a
mystery – after an initial period of violent activity,
most supermassive black holes seem to clear
out objects from their immediate surroundings,
becoming dormant and hard to detect. M87’s activity
is likely caused by new infalls of material, triggered
during the recent galaxy merger, which have sparked
the black hole back to life. Recent research by Dutch
and US astronomers using the infrared Herschel

“In such closely packed environments,
collisions between galaxies are
common and it is this process that’s
thought to give rise to monster galaxies”

The Antennae Galaxies are a pair of colliding spirals 
undergoing an intense starburst. Eventually, this will 
pass and they will coalesce into an elliptical ball

Giant elliptical galaxies form the gravitational anchors 
around which cluster galaxies move – as in the Virgo 
Cluster around Messier 87

The Flight Operations 
Team at NASA’s 

Goddard Space Flight 
Center, Maryland, 

monitor Hubble 24/7
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Different types of galaxy
In 1926, astronomer Edwin Hubble came up with his influential 

‘tuning-fork’ diagram of galaxy types. With some modifications, it’s 
still the most commonly used scheme of galaxy classification

Elliptical
These galaxies vary hugely in size and
shape, but are all made up of countless stars
in overlapping, elliptical orbits that combine
to form a ball-like structure.

Normal spirals
Spiral galaxies have a ball-shaped central
hub of old stars, usually surrounded by a

flattened-out disc of star-forming material.
Star birth in this disc gives rise to spiral arms.

Barred spirals
In many spirals, including the Milky Way,
the roots of the spiral arms are linked by a
straight bar of stars crossing the central hub.

Lenticular
These galaxies are intermediates

between ellipticals and spirals – they
have a ball-like central hub and a

surrounding flattened disc of gas, dust
and older stars, but little star formation.

Sa

Sb

Sc

SBa

SBb

SBc

S0

E3

E5

E7

Varied shape
Ellipticals are
classified according to
their elongation, with
E0 galaxies perfectly
spherical, and E7 ones
highly elongated.

Overlapping orbits
Stars flung into chaotic

orbits through the merging
of galaxies remain in these

orbits because there is little
or no gas to pull them back

into a disc-like structure.

Rebuilding a spiral
Some theories suggest that
lenticulars form when an
elliptical galaxy draws in gas
from its surroundings, prior to
recommencing star formation.

Starless disc
The distinguishing feature

of lenticulars is a disc of
gas and dust that is largely

free of star formation.

Spiral arms
Arms are not solid
structures – instead,
they mark moving
regions of recent star
birth where the brightest
stars concentrate.

Central hub
The hub of a spiral

galaxy resembles a
small elliptical, and

tends to be dominated
by older red and yellow

stars in tilted orbits.Central bar
Bars are thought to be

temporary structures
created by the influence
of small nearby galaxies.

Spiral arms
Spirals are classified according
to the tightness of their spiral
arms – a feature that is probably
influenced by the gravity of
nearby small satellite galaxies.

E0

Ba
rre

d 
sp

ira
l

Elliptical

Spiral

Lenticular
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Sizi p galax
Most of the tures are elliptical in
form, but table exceptions

Milky Way
Size of galaxy: 

100,000 light years
Type of galaxy: 

Barred spiral

Messier 87
Distance: 54mn light years
Size of galaxy: 1mn light years
Type of galaxy: Elliptical
The closest giant elliptical has a 
monster black hole at its heart and 
an active galactic nucleus thanks 
to a recent merger. However, its 
extended outer halo of stars seems 
to have been truncated by the 
influence of other nearby galaxies.

UGC 1382
Distance: 250mn light years
Size of galaxy: 718,000 light years
Type of galaxy: Spiral
Astronomers recently discovered 
this rare 'Frankenstein galaxy' in the 
constellation of Cetus. Originally 
assumed to be an ancient elliptical, 
ultraviolet and radio images revealed 
the presence of tenuous spiral arms 
and huge gas clouds, probably 
cannibalised from other galaxies.

IC 1101
Distance: 1.04bn light years
Size of galaxy: 4mn light years
Type of galaxy: Elliptical or lenticular
IC 1101 is often described as the 
largest known galaxy in the universe. 
Its extended outer halo of stars
suggests it is a cD galaxy, but some
astronomers suspect the halo is
actually a face-on disc, making it a
lenticular instead.

NGC 1275
Distance: 237mn light years
Size of galaxy: 260,000 light years
Type of galaxy: Elliptical
The central cD galaxy of the Perseus 
Cluster, NGC 1275 has an active 
galactic nucleus and is also known 
as the radio source Perseus A. Seen 
from Earth, another dusty galaxy lies 
directly in front of it, falling towards 
the cD galaxy on a collision course.

NGC 1399
Distance: 62mn light years
Size of galaxy: c.200,000 light years
Type of galaxy: Elliptical
Like Messier 87, NGC 1399, the central
galaxy of the nearby Fornax Cluster,
is surrounded by a large number of
globular clusters (around 6,000),
revealing a long and ancient history of
galactic mergers and starbursts.

NGC 6872
Distance: 212mn light years
Size of galaxy: 520,000 light years
Type of galaxy: Barred spiral
This large barred spiral is one of the
biggest spiral galaxies known thanks to
its elongated arms. They have probably
unwound into their present shape under the
influence of tidal forces from a much smaller
nearby lenticular galaxy, known as IC 4970.

NGC 5128
Distance: 12mn light years
Size of galaxy: 260,000 light years
Type of galaxy: Elliptical/lenticular
This nearby active galaxy, also known as
Centaurus A, is a nearby example of a
merger in action and a galaxy on its way to
becoming a giant elliptical. Seen in visible
light, the dust from a foreground spiral forms
a dark lane across the larger lenticular galaxy.

NGC 4889
Distance: 310mn light years
Size of galaxy: 1mn light years
Type of galaxy: Elliptical
One of two supergiant elliptical galaxies
that anchor the Coma Cluster, NGC 4889 is
home to a central black hole that contains
a staggering 21bn solar masses of material. ©
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Six steps to your
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The Omegon Advanced series offers powerful telescopes at
attractive prices. The instruments are aimed at both beginners
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You will then have exactly the right telescope for you!

Contact

Astroshop.co.uk ∙ c/o nimax GmbH
Otto-Lilienthal-Straße 9 ∙ 86899 Landsberg ∙ Germany

Address Phone
+49 8191 94049-61

Mail
service@astroshop.co.uk

Select:
Optic

EQ-500 DobsonianEQ-300

Mount

MaksutovNewtonRefractor

designed by

Focuser Finderscope Eyepieces Further accessories

Your dream telescope is ready!

Setse.g. LED, wide-angle e.g. Motors, polar finder scopeCrayford Single-, Dual-Speed

PRICE ADVANTAGE – In the configurator the
components are available at prices which are
considerably more attractive than when purchasing
individually.

SIMPLE TO ASSEMBLE – With assembly comparable
to other complete sets, putting together your
telescope is quick and easy.

 SATISFACTION GUARANTEE – Even self-configured 
telescopes can be returned to us within the standard 
revocation period. The full purchasing price will then 
be refunded!A
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US aerospace consultancy, Princeton Satellite 
Systems, is working with NASA on an engine 
that could open up the Solar System

Pluto orbiter 
and lander

Pluto 
39-times further from 
the Sun than Earth, our 
understanding of Pluto 
was revolutionised 
by the New Horizons 
flyby in 2015.

Timeline 
Princeton hope to 

have a demonstration 
reactor running in the 

2020s and the first 
DFD-powered robots 

in space in the 2030s.

Lander 
Pluto’s surface proved 

far more active than 
we expected, and the 

DFD would provide the 
capability to carry a 

surface lander to Pluto.
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We are used to the idea of hopping between planets 
or even star systems in fiction, but the real distances, 
even within our own Solar System, are difficult to 
comprehend. If we are to truly explore and settle 
in space we need a new form of propulsion, and 
a New Jersey-based company, Princeton Satellite 
Systems, has just received a NASA contract to work 
on the design of one: the Direct Fusion Drive (DFD).
New Horizons was one of the fastest spacecraft ever 
launched, yet it took over nine years to reach Pluto. 
It pushed the limits of our capability and delivered 
its extraordinary data from a 400-kilogram (880-
pound) craft with just 200 watts of power – that’s 
lighter than a grand piano and using less energy than 
a couple of light bulbs. This is because there is only 
so much energy available in chemical fuels, so space 
missions typically have a short sharp rocket burn 
at the start and then months or years of coasting as 
they have to go the slowest and most efficient route. 

But the DFD would work on a nuclear reaction 
called fusion. This is not like nuclear fission, which 
is used in current power stations and occurs where 
energy is released by splitting heavy atoms like 
uranium. In fusion, energy is released by combining 
light atoms, and in DFD’s case those light atoms 
would be deuterium and helium-3; this method is 
how stars shine and produces much more energy 
without creating any nuclear waste, but it is difficult. 
Fusion is being extensively studied for producing 
clean energy on Earth, but progress has been slow. 

Princeton’s engine is based on an innovative 
concept from the Princeton Plasma Physics 
Laboratory called the Field Reversed Configuration 
(FRC). In this reactor the fusion fuel is trapped in 
a cylinder of magnets and heated up to millions of 
degrees Celsius by radio waves beamed into the 
chamber, similar to a microwave oven. The challenge 
for all fusion projects is in containing plasma at these 
tremendous temperatures, so the FRC reactor uses 
a special arrangement of rotating magnetic fields to 
create a self-contained rolling ‘smoke ring’ of plasma 
in the chamber. It is in this region that fusion would 
occur, and the FRC’s developers believe it could at 
last give us practical fusion power. 

Used in space as the basis for the DFD, the gases 
undergoing fusion would heat up extra gas passed 
through the reactor. Then the whole lot would be 
allowed to escape out of a nozzle formed of magnetic 
fields to produce thrust. Rocket thrust strongly 
depends on how hot the working fluid gets and how 
fast it escapes the nozzle. As fusion engines get much 
hotter than conventional rockets, it could produce 
more thrust from less fuel and for much longer.

Princeton’s NASA project will develop enhanced 
models of how DFD would work, and apply this data 
to the design of a fusion-enabled Pluto mission. Initial 
studies suggest a 1,000-kilogram (2,204-pound) 
craft, featuring an orbiting satellite and a surface 
lander, could be delivered to Pluto in just four years. 
Another benefit of the DFD is that it could function 
as a power-generating reactor even when it is not 
producing thrust; the prospective Princeton Pluto 
mission could have 2 million watts of power at its 
disposal. It will be quite some time before a fusion 
drive is powering our exploration of the Solar System, 
but with this project, NASA is laying the foundations 
of a transformation in propulsion.

“ Because a fusion engine 
gets so much hotter than a 
conventional rocket, it could 
produce more thrust from 
less fuel and for much longer” ©
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Direct Fusion Drive 
Combining deuterium and 
helium-3 in nuclear fusion, 

the DFD will produce more 
efficient and longer lasting 

thrust than chemical rockets.

Orbiter
New Horizons was 

a flyby mission, but 
the Princeton Pluto 

mission would be able 
to place a satellite into 

Plutonian orbit for 
long-term observation.

Power generation 
As well as providing 
thrust, DFD would also 
be a power-producing 
reactor, generating up 
to 2MW versus New 
Horizons’ 200W.

High gain communication
Having more power available 
makes it possible to transmit 

more data more quickly, though 
it will still take signals around 

five hours to reach Earth.

Magnetic nozzles 
The temperature of 
the exhaust will be so 
great that it will have 
to be confined and 
directed by magnetic 
fields, as no material 
could withstand it.
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Written by David Crookes

eyi spa feat f bu
o h rea ggi s?

There appears to be a record for just about anything. 
From the longest fingernails and the fastest tortoise 
to the largest arcade machine and the wealthiest cat, 
they can range from the curious to the downright 
weird. Tens of thousands of people from virtually 
every country across the globe clamour for a place in 
the record books each year, but few are as out-of-this 
world as the feats that have taken place in space.

In April this year, Guinness World Records 
confirmed that ESA astronaut Tim Peake had

International Space Station (ISS) in a rapid three 
hours, 35 minutes and 21 seconds. In March 2015, 
it awarded two world records to a Japanese robot 
astronaut called Kirobo, who returned from the ISS 
having become the first robot to have a conversation 
in space and the first astronaut companion robot.

In February 2015, 1,108 people enjoyed a record-
breaking astronomy lesson in Kalamunda, Australia, 
at the Maida Vale Nature Reserve to learn more 
about the night sky. And so it goes on. We look at

First 
man on 

the Moon
An obvious one, for sure, but no less 

important for it. Neil Armstrong 
had viewers glued to their TV sets 

when he made his giant leap for 
mankind on 21 July 1969 and 

walked on the Moon for 
three hours.

Most 
time in 

space
Gennady Padalka has spent 879 days 

in space over five missions. The 
cosmonaut is closely followed by Yuri 

Malenchenko who has spent 828 
days away from Earth over six 

flights and, like Padalka, 
is still active.

First 
to record 

an original 
song in space

Canadian astronaut Chris Hadfield took some 
time out while on the International Space 

Station to record a Christmas-themed 
song called Jewel In The Night on 23 

December 2012, posting it on 
social media the 

next day.
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As STS-127 docked with the ISS more
than 354 kilometres (220 miles) above
the Australian coast in July 2009, it
led to the most extraordinary of meet-
ups. What should have been a routine
mission to deliver and install the last
two components for the Japanese
Experiment Module actually became

a record-breaker for the largest crowd
to ever gather in orbit.

The craft had seven astronauts on
board while the ISS had six. So when
the 13 people met, they were able
to smash the previous record of ten.
But as well as being large in number,
the group was also diverse. That’s

because the Space Shuttle had six US
astronauts on board – Mark Polansky,
Douglas Hurley, Christopher Cassidy,
Thomas Marshburn, David Wolf and
Timothy Kopra – as well Canadian
Julie Payette. But the ISS had Russian
commander Gennady Padalka on
board, who greeted the seven at the

ISS’s entrance as they floated in, with
Michael Barratt from the US, Japanese
Koichi Wakata, Frank De Winne from
Belgium, Russian Roman Romanenko
and Canada’s Robert Thirsk.

While there have been other
groups of 13 on board since, there
have never been more.
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FIRST TO GO INTO SPACE LONGEST OCCUPATION IN SPACE

Yuri Gagarin
Space exploration was one of the 
many fronts of the Cold War between 
the US and the USSR. The Russians 
surprised America on 4 October 1957 
by not only being the first to launch 
an artificial satellite, but the first to put 
a man-made object into orbit around 
Earth. It sparked a race to the Moon 
and to send a human far beyond our 
planet’s atmosphere. And it also led to 
the formation of NASA in 1958.

But it was the Russians who made 
history again three years later. Soviet 
cosmonaut Yuri Gagarin became 
the first person to journey into outer 
space, setting off from Baikonur 
Cosmodrome on 12 April 1961 on 
board the Vostok craft, completing 
an orbit in one hour and 48 minutes. 
He reached a height of 327 kilometres 
(203 miles) before landing the same

day. And while there had been 
provisions for a ten-day stay for 
if an engine had failed, they were 
thankfully not needed.

The round-trip meant the dream
had become a reality and Gagarin was
awarded the title of Hero of the
Soviet Union by its leader,
Nikita Khrushchev. The
cosmonaut’s launch
phrase ’Poyekhali’
(Russian for ‘Let’s
go’) sparked the
beginning of the
Space Age and
just three weeks
later on 5 May
1961, America was
able to launch its
first astronaut – Alan
Shepard – into space.

Yuri Gagarin became a 
national hero when he 
returned to the USSR 
following his time in space

Valeri Polyakov
Russian cosmonaut Valeri Polyakov 
was no stranger to a lengthy stay in 
space. As a 46-year-old, he was on 
board Soyuz TM-6 on 29 August 1988 
as it made its way to the Soviet Space 
Station Mir, where he spent 240 days 
before returning on 27 April 1989. But 
it was his second journey that proved 
so notable. Launching on Soyuz TM-18 
on 8 January 1994, Polyakov was 
stationed on Mir for an incredible 437 
days and 18 hours, only getting back 
to Earth on 22 March 1995. It is the 
longest occupation in space by just 
over 58 days.

But then the Russians appear to 
be good at long stays. Sergei Avdeyev 
was in space for 379.6 days, while both 
Vladimir Titov and Musa Manarov 
embarked on a mission of exactly one 

year. In fact, of the top ten longest 
flights, only two astronauts are not 
Russian, with the longest American 
occupier in space being Scott Kelly 
who spent 340.4 days on the ISS 
between 27 March 2015 and 1 March 
2016. Even then, he was accompanied 
on his year away from Earth by 
Russian Mikhail Korniyenko.

While Polyakov was on Mir, he was 
kept busy with numerous experiments 
and scientific research and he orbited 
the Earth 7,000 times. When he 
returned, he insisted on standing up 
and walking when he left the Soyuz 
capsule, his aim being to show that 
humans would be capable of working 
on Mars after a long journey. He also 
said he could have gone on for another 
year if he had to.

Valeri Polyakov looks out of the window of the 
Mir space station as it completes a rendezvous 

operation with the Space Shuttle DiscoveryFirst 
animal 

in space
US military scientists sent fruit flies to 
an altitude of 108km (68mi) on board 

a Nazi-designed V-2 rocket on 20 
February 1947, parachuting their 

container back to the ground 
and finding them to be 

still alive.

Mark Polansky Douglas Hurley Christopher Cassidy Julie Payette Thomas Marshburn David Wolf Timothy Kopra

Koichi Wakata Gennady Padalka Michael Barratt Frank De Winne Roman Romanenko Robert Thirsk

BIGGEST SPACE GATHERING
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18 March 1965
First ever spacewalk
Cosmonaut Alexey
Leonov stepped outside
Voskhod-2 for a 12-minute
EVA but his bloated
spacesuit stopped him
re-entering the capsule
until he dangerously
reduced the pressure.

3 June 1965
America’s debut
spacewalk
Ed White became
the first American to
conduct a spacewalk.
He pushed himself out
of the capsule using a
hand-held manoeuvring
oxygen-jet gun.

25 May 1973
First repair job
After the Skylab space
station suffered some
damage during its
unmanned launch on
14 May 1973, the first of
three repair crews were
sent up to space in order
to fix it.

7 February 1984
First untethered
spacewalk
NASA astronaut Bruce
McCandless made
the first untethered
free flight using the
jetpack-like Manned
Manoeuvring Unit, also
known as the MMU.

25 July 1984
First woman to
perform EVA
Svetlana Savitskaya
became the first woman
to perform an extra-
vehicular activity (EVA)
during the Soyuz T-12
mission to the Soviet
space station Salyut 7.

7 December 1988
First ever ISS 
spacewalk
Astronauts Jerry Ross 
and James Newman 
connected computer and 
electrical cables during 
the first ever spacewalk 
on the International 
Space Station.

1965 1970 19801975 1985

Spacewalking
by the numbers

Jim Wetherbee
When NASA was first seeking
astronauts, it had a height cap of
1.80 metres (71 inches) due to the
limited amount of cabin space that
was available in the Mercury space
capsule. But the requirements were
soon relaxed, which was good news
for Jim Wetherbee: at 1.93 metres (76
inches) in height, he became the tallest
astronaut to ever fly in space.

Wetherbee was selected to be an
astronaut in 1984 and he piloted his
first mission, STS-32, in 1990. He
went on to become a veteran of six
Space Shuttle missions, five of which
he ended up commanding, which
is a record for an American. One of
the missions, STS-63, was the first
joint flight of the Russian-American
Space Programme, where he spent

66 days, ten hours and 23 minutes in
space. When his flight days were over,
Wetherbee’s career hit new heights.
He was appointed as deputy director
of the Johnson Space Center in 1995,
before becoming director of the Flight
Crew Operations Directorate in 2000
and technical assistant to the director
of JSC’s Safety and Mission Assurance
Directorate in 2003. He retired in 2014.

But what if you want to be an
astronaut today? Well, to pass NASA’s
long-duration flight physical, a non-
piloting astronaut needs vision
correctable to 20/20, blood pressure
below 140/90 in a sitting position
and to be between 1.49 and 1.93
metres (58.5 and 76 inches) tall. Pilots,
meanwhile, have to be between 1.57
and 1.91 metres (62 and 75 inches).

TALLEST PERSON TO GO TO SPACE

Longest 
solo flight
This record is held by Russian 

cosmonaut Valery Bykovsky, who 
spent 118 hours, 56 minutes and 41 

seconds alone on board Vostok 5 
in June 1963. In that time, the 

craft completed 81 orbits 
of Earth.

11Countries to fly spacewalkers

A series of space firsts
128 US spacewalkers,

more than any 
other country

14 Moon 
spacewalks

193

Spacewalks
outside the ISS

214
Total number 
of spacewalkers

707 Total number 
of spacewalks

Nancy
Currie-Gregg
Height:
152cm (60in)
Mission(s):
STS-57, STS-70,
STS-88, STS-109

Jim
Wetherbee
Height:
1.93m (76in)
Mission(s):
STS-32, STS-52,
STS-63, STS-86,
STS-102, STS-113

Richard Hieb
Height:
1.91m (75in)
Mission(s):
STS-39, STS-49,
STS-65

Scott
Parazynski
Height:
1.88m (74in)
Mission(s):
STS-66, STS-86,
STS-95, STS-
100, STS-120

Jon McBride
Height:
1.88m (74in)
Mission(s):
STS-5, STS-6,
STS-7, STS-41-G

Shortest

Tallest

Early NASA height
limit: 1.80m (71in)

Tallest astronaut:
1.93m (76in)
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It will surely take a long time before
someone manages to break the
record for the most spacewalks set by
Russian cosmonaut Anatoly Solovyev.
By the time he retired in 1999 – nine
years after embarking on his first
spacewalk – the former fighter pilot
had a staggering 16 extra-vehicular
activities (EVAs) under his belt.
Solovyev’s first trip saw him spend
seven hours and 16 minutes repairing
thermal protection gear, and he went
on to rack up a mighty 82 hours and
22 minutes worth of spacewalks.

To put Solovyev’s achievement
into context, NASA astronaut Michael

MOST SPACEWALKS

Anatoly Solovyev

13 May 1992
Three-astronaut
spacewalk
This unscheduled EVA
involved three astronauts
for the first time in order
to help move the 4.5-
ton Intelsat VI satellite
into Space Shuttle
Endeavour’s cargo bay.

December 1993
First Hubble repair
Two devices were fitted
on the Hubble Space
Telescope to fix its
vision problems over
five consecutive days of
spacewalks. It was the
first of five, with the last
fix on 11 May 2009.

11 March 2001
Longest ISS
spacewalk
STS-102 crew members
Susan Helms and James
Voss conducted a
spacewalk that lasted
eight hours and 56
minutes. It is the longest
EVA to date.

22 April 2001
First Canadian
spacewalk
Chris Hadfield installed
the UHF antenna on the
outside of the Destiny
module on board the
ISS and became the first
Canadian astronaut to
conduct a spacewalk.

28 March 2005
Preparing for ATV
Astronaut Leroy
Chiao and cosmonaut
Salizhan Sharipov
installed navigational
communications in
preparation for the first
Automated Transfer
Vehicle (ATV).

15 January 2016
First British EVA
When astronaut Tim
Peake stepped outside
the ISS’ Quest airlock, he
became the first official
British astronaut to carry
out a spacewalk.

1990 2000 201020051995

Lopez-Alegria, who takes second
place, carried out ‘just’ ten spacewalks
during his career, totalling 67 hours
and 40 minutes.

Solovyez’s record was set during
five missions on board the Mir space
station and he could, if he had so
wished, have embarked on a journey
to the ISS, but he declined. It didn’t
stop him from being name-checked
in the 2013 blockbuster Hollywood
movie Gravity, though. His impressive
contribution to space also earned him
many honours including Hero of the
Soviet Union, an Order for Merit to the
Fatherland and an Order of Lenin.

John Glenn
As John Glenn travelled skywards on
board the Space Shuttle Discovery on
29 October 1998, he made history and
became the oldest person to go into
space at 77 years of old. Over nine
days, the shuttle orbited the Earth
134 times as part of mission STS-95.
Glenn was a payload specialist and
he was put through his paces in a
series of science experiments to test
how the lack of gravity and weightless
environment would affect his body.

It was something he had wanted to
do for more than two years. Glenn was
among NASA’s first astronauts, having
been selected in 1959, and he was the
first American to orbit the Earth when
he flew the Friendship 7 mission in
1962. But in the late 1990s, he was
still a sitting senator and he had been

lobbying NASA to allow him to fly so
that scientists could conduct space-
based geriatric studies on him.

Scientists used special sensors
to record his brain waves and the
movement of his eyes and chin over
the course of four nights of the nine-
day mission. They measured the
amount of oxygen in Glenn’s blood
and recorded his movements day
and night. His core body temperature
was also measured and his levels of
cognitive function, fatigue, alertness
and mood were tested.

Importantly, the researchers were
able to compare the new data they
had collected with the information
gathered from Glenn’s previous visit
to space, making his trip a particularly
valuable one.

JohnGlennwas
77 years oldwhen
hewas sent on a
nine-daymission

to test the effects of
weightlessness

on the body

OLDEST PERSON TO GO TO SPACE Youngest
astronaut
in space

Russian cosmonaut Gherman Titov was
aged 25 years and 11 months when he
went to space aboard Vostok 2 on 6
August 1961. He was the first to orbit

the Earth multiple times – and
the first to vomit

in space!

During a spacewalk, there can be huge temperature fluctuations of close to
260 degrees Celsius (500 degrees Fahrenheit).
Water-circulating tubing is placed within the spacesuit beneath layers of
Mylar, which reflects sunlight. The suits also have cooling fans.

The Sun’s glare is a major danger for astronauts due to the lack of a
protective atmosphere in space.
The body is covered by the suit and the helmet’s visor is coated with a thin
layer of gold to filter out the Sun’s harmful rays.

Making a mistake while performing a task because it hasn’t been
encountered before could cause a mission to fail.
The Neutral Buoyancy Laboratory near NASA’s Johnson Space Center has a
pool with 6.2mn gallons of water: perfect for learning floating techniques.

In the vacuum of space and the weightless environment, there is a lack of
friction, which can result in an uncontrollable spin.
A propulsive backpack called SAFER (Simplified Aid for EVA Rescue) has
never been needed but it would push an astronaut back to base.

The low pressure of space can cause nitrogen bubbles to form in an
astronaut’s blood, which leads to the ‘bends’.
After the cabin pressure is reduced, astronauts breathe pure oxygen within
their suits for a few hours, which removes all nitrogen in their body.

Spacewalk safety Hazard
Solution
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While Ronald Evans was within the
command module waiting for Apollo 17
to launch, he promptly fell asleep, much
to the amusement of the crew. But there
was plenty of time to be alert: the Apollo
17 mission lasted for 12 days, 13 hours, 51
minutes and 59 seconds and, of the crew
who journeyed skyward on that dark
December night in 1972, it was command
module pilot Evans who ended up
breaking the record for the longest time in
lunar orbit.

The mission marked Evans’ first time
in space but, as it turned out, he would
become the last person to orbit the
Moon alone. He stayed in lunar orbit
for six days and four hours, observing
geological features and snapping pictures
on board the command module, America.
Meanwhile, fellow crew members Eugene
Cernan and Harrison Schmitt landed and
worked on the Moon.

On his return flight to Earth, Evans
completed a spacewalk of an hour and
six minutes, exclaiming “hot diggety dog”
as he took those first steps. During this
time, his heart rate almost doubled to 140
beats per minute but he was able to take
completed camera film from the outside of
the spacecraft and examine the equipment
bay area. He left the astronaut programme
five years later in 1977. He died in his sleep
of a heart attack in 1990, at the age of 56.

LONGEST TIME IN LUNAR ORBIT

Ronald Evans
Ronald Evans carries 
out a spacewalk to 
retrieve film cassettes 
during Apollo 17

Eugene Cernan and Harrison Schmitt
of the Apollo 17 mission were the last
men to walk on the Moon but they
sure made the most of their time up
there. Having landed on 11 December
1972 following the first US manned
launch in darkness, the pair spent 74
hours, 59 minutes and 40 seconds on
the lunar surface using their time to
complete three moonwalks, conduct
scientific experiments and take a
number of lunar samples.

What’s more, in the process, Schmitt
had become the first professional
geologist to make a trip to the Earth’s
natural satellite. It was also the most
trouble-free of all the piloted missions.

The crew landed at Taurus-Littrow,
which increased their chance of
acquiring highlands material and also
allowed them better use of the Lunar
Roving Vehicle (LRV). They stepped
foot on the Moon just four hours
later and their three EVAs ended up
totalling 22 hours, three minutes and
57 seconds – the longest total number
of moonwalks ever recorded.

Meanwhile, the LRV ended up
driving for four hours and 26 minutes.
Of particular note is the fact that
Cernan and Schmitt took the largest
lunar sample to date – a whopping 108
kilograms (238 pounds) – making it a
record-breaking trip all round!

Eugene Cernan and
Harrison Schmitt

Eugene Cernan drives the Lunar Roving Vehicle across
the Moon’s surface at the Taurus-Littrow landing site

LONGEST TIME ON THE LUNAR SURFACE

First 
animal 
in orbit

Soviet space dog Laika was launched 
into space on Sputnik 2 in 1957. Sadly, 

the former stray, who was found on 
the streets of Moscow, died within 
hours of the flight after becoming 

overheated, although Russia 
did not admit this until 

2002.
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Thomas P. Stafford, John W. Young and Eugene Cernan
Apollo 10 was half a second late in
taking off from its pad at 12.45.5pm on
18 May 1969 but it quickly made up
for it on the overall mission. Crewed
by Commander Thomas P. Stafford,
command module pilot John W.
Young and lunar module pilot Eugene
Cernan, the spacecraft reached the
blistering speed of 39,897 kilometres
(24,791 miles) per hour on its return
to Earth. That represented the highest
speed ever attained by humans and,
to put it into context, it was a mind-
blowing 32 times the speed of sound.

The mission’s objective was to
carry out the final rehearsal for the
first manned lunar landing, the idea
being that Apollo 10 would test the

FASTEST HUMAN SPACEFLIGHT

Jim Lovell, Jack Swigert and Fred Haise
Apollo 13 was an unlucky mission.
The idea had been for Jim Lovell, Jack
Swigert and Fred Haise to land in

the Fra Mauro area of the Moon.
But one of the oxygen tanks on
board the spacecraft suffered
catastrophic failure, blowing up
55 hours and 55 minutes into its
flight. It caused the other tank
to fail, which in turn led to the
loss of the Command Module’s

electricity, light and water. The
alarming issue was relayed to

mission control with the infamous
words, “Houston, we have a problem...”

With the oxygen in the second
tank fast depleting into space, a lunar

FURTHEST DISTANCE INTO SPACE

rendezvous and docking operations 
between the Command/Service 
Module (CSM) and the Lunar Module 
(LM) – which the mission team had 
affectionately named Charlie Brown 
and Snoopy, respectively. 

Everything had initially gone well:
Stafford and Cernan entered the LM
when the craft reached the lunar orbit,
leaving Young on the CSM and their
pair’s craft got within 15.6 kilometres
(8.6 miles) of the Moon’s surface. Yet
there was a hair-raising moment when
the LM was getting ready to head
back to the CSM and started to spin
wildly. Thankfully, it splashed down
safe and well on 26 May following that
superfast journey.

landing was impossible and attention 
turned towards getting the astronauts 
back home, the mission having been 
aborted. But there was a silver lining.

Although it severely tested and
re-wrote the emergency procedures
of a mission on-the-fly, the astronauts
were forced to circle the Moon, causing
them to travel the furthest distance
of any human to date. As they passed
over the far side of the Moon at an
altitude of 254 kilometres (154 miles)
from the lunar surface, they were
400,171 kilometres (248,655 miles)
away from Earth. They splashed down
on 17 April 1970, 142 hours, 54 minutes
and 47 seconds after take-off.

Jim Lovell, Jack Swigert and Fred 
Haise were presented with the 
Presidential Medal of Freedom and are
pictured with President Richard Nixon

Eugene Cernan (left),
Thomas Stafford (centre)
and John Young (right) of
the Apollo 10 mission

Need for speed
Apollo 10 travelled faster than the speed of sound

1.9 min

1.3 min

Longest
mission

duration by
a woman

Samantha Cristoforetti surpassed Sunita
Williams’ record set in 2007 when she spent

199 days, 16 hours and 42 minutes on
the ISS. The Italian ESA astronaut

set off on 23 November 2014
and returned on 11 June

2015.

Most 
spaceflights

The record for the most spaceflights 
is seven, with the honours shared 
between American astronaut Jerry 

Ross and Costa Rican-American 
Franklin Chang Díaz. Both have 

been inducted into the NASA 
Astronaut Hall of Fame.

5.4 min

7.8 min

4.5 hours

Time it would take to travel 
from London to New York

Distance: 
5,585km 

(3,470mi)

1,236km/h (768mph)

39,897km/h (24,791mph)

62,140km/h (38,610mph)

173,800km/h (107,955mph)

265,000km/h (164,700mph)

SOUND

APOLLO 10

GA LEO

JUNO
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The sixth-largest moon of Saturn may not be 
the biggest, but the pale satellite has plenty of 
fascinating characteristics up its cosmic sleeve

Discovered in 1789 by British astronomer and 
composer, Frederick William Herschel, the sixth-
largest satellite of the ringed planet Saturn was first 
glimpsed through the largest telescope in the world 
at the time. The pale-coloured moon was named 
after the giant of Greek mythology who fought 
alongside the legendary Titans in their mythical 
war with the Gods (Saturn was the Roman name for 
Chronos, the leader of the Titans).

For nearly 200 years, the tiny speck of light first 
glimpsed by Herschel remained the most accurate 
image we had of this impressive natural satellite, 
until the flyby was performed by the Voyager 2 probe 
on 26 August 1981. Through the lens of that craft we 
glimpsed the majesty of Enceladus for the very first 
time, marvelling at its snow-like colouring, networks 
of craters and deep surface ridges. And ever since, 
the moon has remained a point of fascination for the 
astronomical community.

But our greatest study of the Saturnian moon 
didn’t come in 1981 – that was just a prologue 
compared to the revelations that were unearthed

by the Cassini spacecraft in 2005. The NASA 
craft (which was paired with the ESA-funded 
Huygens vehicle) revealed plumes of water 
vapour that sprouted from the surface and 
froze into crystals as they were fired into 
the depths of space. These jets originated 
from giant cryovolcanoes in the south polar 
region of the moon. Alongside water vapour, 
Cassini also detected sodium chloride and 
ice crystals in these plumes. Some of this 
material would float back down to the 
surface of the moon, reaffirming its chilly, 
tundra-esque surface, which has a frosty 
temperature as low as -201 degrees Celsius 
(-330 degrees Fahrenheit). 

The Cassini spacecraft not only 
discovered that Enceladus has a smooth, 
freshwater ice surface that reflects most 
of its light back into the Solar System, but 
it also revealed a large subsurface ocean 
of liquid water beneath that same south 
polar region.

Enceladus

How to get there
1. A powerful lift-off
To launch a craft capable

of flying the 1.2bn km
(746mn mi) to Saturn

requires a powerful
launch system, such as

the Titan IIIE that carried
Voyager 2 or the Titan

IVB that carried Cassini.

ntering orbit
The only craft to ever 
enter a successful orbit 
of Saturn was the Cassini-
Huygens in 2005, which 
flew between the F and G 
Rings to pull off such a feat.

2. Dormant travel
After breaching the 
Earth’s atmosphere 
and disengaging from 
its launch system, a 
spacecraft bound for 
Saturn would readjust 
its course and go into 
stasis as it begins the 
long haul.

4. Encounter with Saturn
Following another 18 months 
of space-based navigation, 
a spacecraft travelling from 
Jupiter would eventually arrive 
at the ringed planet of Saturn, 
ready to begin its flybys and 
science experiments.

3. A Jupiter stop-off
After about 18 months 
of travel in space, an 
interstellar spacecraft 
such as Voyager 1 or 
Voyager 2 will arrive at 
the gas giant of Jupiter 
and its 67 known moons.
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How big is Enceladus?
Enceladus has a diameter of 505 kilometres (314 miles), 

which is less than the length of the United Kingdom.

Enceladus

How far is Enceladus?

Enceladus

Earth

Much like the ringed planet it orbits, the moon of Enceladus sits 
at quite a distance from the Earth. To make it there, a craft has 
to travel a staggering 1.2 billion kilometres (746 million miles).
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If Earth were the size of a 
beach ball, Enceladus would 
be the size of a marble, and 

would be 48km (30mi) away 

Dunyazad crater

Khusrau crater

Harran Sulci

Al-Haddar crater

Shahrazad crater UK

Enceladus

Saturn

Bishangarh Fossae

Khorasan Fossa

Enceladus



When it comes to features, sights and would-be 
destinations on the icy moon of Enceladus, there’s 
one in particular that springs to mind: the colossal 
liquid ocean beneath its crust. It was discovered 
in 2005 by the Cassini spacecraft, when powerful 
jet plumes were detected erupting on the moon’s 
surface, revealing a body of water that covers the 
entire planetary body beneath a thick icy shell. Such 
a feature even causes the moon to wobble ever so 
slightly during its orbit, and makes it a candidate for 
studying potential environments for extraterrestrials.

The icy moon also has many craters, caused by 
the impact of asteroids and other cosmic bodies 
over millions of years. Located at 55.1 degrees north 
latitude, 22.3 degrees west longitude and measuring 

an impressive 39.2 kilometres (24.3 miles) in 
diameter, the crater Ali Baba (the craters are named 
after characters and locations from the book Arabian 
Nights) is by far the largest. The crater is also unique 
due to the large dome in its centre that rises higher 
than the rim of the crater itself – scientists have 
surmised that this unusual structure was caused by a 
process known as viscous relaxation (where parts of a 
crater deflate at a slower rate than others).

For all of its craters and deep ridges, Enceladus 
also has its fair share of smooth, flat plains. Two 
of the largest, Sarandib Planitia and Diyar Planitia, 
were discovered as far back as the early 1980s when 
Voyager 2 observed them alongside the heavily 
impacted sites across its northern polar region. 

Sarandib Planitia in particular is a region of relatively 
un-cratered terrain that’s located at 4.4 degrees north 
latitude and 298.0 degrees west longitude, with an 
approximate size of 200 kilometres (124 miles).

The Sarandib Planitia is bordered on its north 
and west sides by another unusual feature – the 
Samarkand Sulci. This large band of ridges and 
canyons is one of the largest on the face of Enceladus 
– it stretches for 383 kilometres (238 miles), curving 
around the Sarandib Planitia and beyond like a 
meandering scar. It’s so large it is broken up into 
three sections, with the Cassini craft observing a 
large number of craters punctuating the northern 
segment and many dark patches characterising the 
southern, which are believed to be collapsed pits.

Top sights to see on Enceladus

Sarandib Planitia
The Sarandib Planitia is one of the largest plains on 
the surface of Enceladus – although it’s not entirely 
flat, it has fewer craters and ridges than other areas.

Ali Baba
The largest crater on the face of Enceladus, Ali 
Baba remains one of the moon’s most recognisable 
topographical features.

Diyar Planitia
The Diyar Planitia is the other 
main plain or ‘planitia’ on the 
surface of Enceladus. At 311km 
(193mi) across, this feature covers 
a significant area of the icy moon.

Daryabar Fossa
A fossa is a long, narrow depression that’s shallower 
than a sulci (ridge) – the 201-km (125-mi) long 
Daryabar Fossa was imaged by Voyager 2 and Cassini.

Explorer’s Guide
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Weather forecast
With such an incredibly cold
surface temperature, it should
be no surprise to learn that
Enceladus has a weather
pattern that is locked in
perpetual winter. The moon
does indeed have snowfall most
of the time, however, this is
due to the slow rate at which
the snow falls onto the surface
– less than a thousandth of a
millimetre per year.

-201°C
-330°F

Enceladus is one of a set of larger 
moons that orbit Saturn at varying 
distances, the others being Dione, 
Mimas and Tethys. At a distance of 
238,000 kilometres (147,900 miles) 
from the centre of Saturn (positioned 
between Dione and Mimas), Enceladus’ 
32.9 hour-long day is part of a special 

1:2 mean motion orbital resonance 
with Dione – it completes two orbits 
of Saturn for every one completed 
by Dione. Enceladus also has a 
synchronous orbit, taking 32.9 hours to 
rotate on its axis and to complete one 
orbit of Saturn, meaning one side of 
Enceladus is always facing its planet.

Enceladus’ orbit

The orbital inclination
of Enceladus (to
Saturn’s equator)

0.02°

25
0k

g

Theamount
ofwater
propelled
by jets from
thesurface
everysecond

Enceladus in numbers

The speed at which ice erupting from
Enceladus’ surface travels into space

1,300km/h
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1 Earth year = 266 Enceladus days
1 Enceladus day = 1.37 Earth days

33
The number of hours
it takes Enceladus to
complete a single orbit

0.113m/s2 The strength
of gravity on
Enceladus

238,000
Thedistance in kilometres between Saturn’s centre and Enceladus

1.61g/cm3
The density of Enceladus – higher than
Saturn’s other mid-sized, icy moons

Saturn

Enceladus
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From the Starmus Festival in Tenerife, the physicist and author of The Elegant Universe 
and guest actor on The Big Bang Theory talks about his thoughts on the universe

 An interview with…

Brian Greene
You believe that our universe is made up of
vibrating strings. What makes the string theory
so important?
The string theory is elegant because it takes a
wealth of phenomena, particle properties and their
interactions and it reduces them to one essential
idea: the ways that little filaments can vibrate. For
example, the string in a cello vibrates in one way
and produces one musical note, and it vibrates in a
different way and produces a different musical note.
In string theory when these little filaments vibrate
in different patterns they produce different particle
properties. So the wealth of everything that emerges
from the particles comes from the vibration of the
strings. Everything is like a cosmic symphony. So it is
a very beautiful, elegant idea.

A key to understanding the superstring theory is
grasping the idea that the vibration of the strings

in different patterns produces different particle
properties such as mass and charge. Could you
explain a little bit more about that?
Well I think mass is a pretty easy one. We’re used to
how much heft an object has. So the heft of an object
is its mass and when you break down an object into
its constituents, you find particles and the particles
also have mass. The nice thing is that from Einstein’s
E=mc2 – the world’s most famous equation – energy
and mass, the ‘E’ and the ‘m’, are really two sides
of the same coin. String theory leverages that idea
by saying the ‘E’ is the energy of how quickly the
string is vibrating. And you see, the energy of the
vibrating string is what turns into the mass of the
corresponding particle: heavier mass means a more
widely energetic vibrating string, while a lighter
particle means a less energetic vibrating string. That’s
how string theory, in principle, can address the
question of what is the mass of the particle.

Interviewed by Rafael Maceira Garcia

How does string theory help us understand how 
the universe began?
That’s a hard question. I wish I knew the answer 
to that. So string theory, for the first time – at least 
on paper – puts together the laws of gravity, general 
relativity and the laws of quantum physics. Before 
string theory, these two structures just wouldn’t 
talk to each other but you need them to talk to each 
other at the beginning of the universe, because it’s 
so dense that you need gravity and so small that 
you need quantum mechanics – sort of like at the 
centre of a black hole. Without being able to merge 
them together, there’s no way you’ll ever answer the 
question of how the universe began. String theory 
has been able to melt them together but it’s not really 
answered the question, so we’re still working on 
understanding how the universe began.

Einstein pursued the unification theory for 30 
years. What do you think his reaction would have 
been to string theory?
Well it is always hard to predict. Einstein believed 
that there was a unified theory. That’s what drove 
him for 30 years and in many ways that’s what string 
theory is. Now it’s a different kind of unification 
than he envisioned because, you’re correct, quantum 
mechanics was never really what he thought was a 
correct description of the world. He thought it might 
be a stepping-stone to a deeper understanding and 
he hoped that his unified theory would get rid of 
quantum mechanics, or at least the strange features 
of it. We’ve not found that to be the case, but string 
theory is a very geometrical theory and it’s all about 
geometry. So I think he would love it.

Multiple dimensions, parallel universes… The 
science of string theory sounds like science fiction. 
The strings are too tiny to locate and the theory 
is not yet testable. How does string theory predict 
the extra dimensions and multiverses?
Yes, so string theory invokes a lot of ideas that are 
completely unfamiliar and do sound far-out and far-
fetched, such as the possibility of extra dimensions 
of space. But the thing to bear in mind is that these 
notions are not dreamt up in the mind of a string 
theorist. Rather, they emerge from careful rigorous 
study of the equations that describe the motions of 
strings, and we find that those equations tell us that 
the theory is only logically sensible if there are other 
dimensions. So there are two conclusions. 

Are there any experiments thought to detect a 
parallel universe or another dimension? 

According to Greene, string 
theory predicts multiple 

dimensions and multiverses
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BrianGreene
Theoretical physicist and
string theorist, Brian Greene
is a professor at Columbia
University and chairman
and co-founder of theWorld
Science Festival. He is best
known for his books, The
Elegant Universe, Icarus At
The EdgeOf Time, The Fabric
Of The Cosmos and The
Hidden Reality, and for his
appearances in Frequency
and The LastMimzy.

INTERVIEWBIO

“Without being
able to merge the
theories of gravity
and quantum
mechanics, you’ll
never answer the
question of how the
universe began”

Brian Greene
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Greene believes string theory is a leading contender for 
putting the theories of gravity and quantum mechanics 
together in a mathematically sensible way

An artist’s impression 
of string theory at 
work in the universe

Yes, for instance, there is now data from the Large 
Hadron Collider that is not yet definitive, but there 
is a rumour that a new particle may have been 
discovered, which is 750 times the mass of a proton. 
One of the explanations for this potential particle is 
that it is an excitation of a part of space beyond ours 
in the extra dimensions. So there could be data in 
existence right now possibly giving some support to 
the possibility of extra dimensions. But we will know 
more in August.

What would you say to those who think string 
theory is too weird to be true and can’t be tested?
Well I would say that they’re probably right, that 
string theory is not relevant to the world. Period. 
Why? String theory is a far-out idea and most far-out 
ideas are not correct and that’s just how it is, but 
there is so much circumstantial evidence pointing 

toward the possible relevance of string theory that 
it’s enough for us physicists to take it seriously. 
But for the public to take these ideas seriously and 
really believe them, we’re going to need data and 
observational evidence, which we don’t have yet. 
If this particle is real and if the best explanation 
proves to be true – that it’s an excitation of a higher 
dimension of space – it will be an incredible moment 
and people will say, “Wow! Here is one piece of data 
that seems to balance the scale in the direction of 
string theory.”

Because it is unacceptable that the universe is 
divided into two contradictory theories…
Yes. Philosophically speaking, it’s hard to believe that 
the universe could simply be general relativity for 
the big stuff and quantum mechanics for the small 
stuff, because they just don’t work together. Could 

“ In string theory, when little filaments 
vibrate in different patterns they 
produce different particle properties. 
Everything is like a cosmic symphony”
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it be that way? It’s just hard to imagine how that 
could possibly be true. String theory is our only real 
candidate that puts them together, although there 
is another called loop quantum gravity, but string 
theory is a leading contender for putting the two 
things together in a mathematically sensible way. 
That is a strong compelling reason for a physicist to 
take the idea seriously.

How do you think that investigations on black 
holes can affect string theory?
String theory and black holes have an intimate 
connection. Black holes are a wonderful laboratory 
where you have an extreme environment: a lot of 
matter crushed to a fantastically small, dense size. 
That means that the ideas of string theory should 
begin to become relevant to black holes and that’s 
why so much research has happened by connecting 
them through black hole physics. Who knows, maybe 
observations of the heavens and black holes will 
provide us with evidence...

What is the next milestone for string theory?
I’d say the next big milestone could be an observation
that has even some tangential circumstantial link 
to string theory. That would be huge. And the other 
thing, I would say, is [related to] black holes. If string 
theory can fully unravel the mysteries of black hole 
physics, to me, that would also be one of those vital 
theoretical milestones that really shows that the 
theory seems to be relevant to reality.

Do you think string theory will be important in
100 years from now?
Well, it all depends on what happens between now
and 100 years from now. It could be that string
theory will be completely forgotten. It could be a lost
collection of ideas that were developed a hundred
years ago and they just died out.

Do we have examples of similar things happening
in the past?
Oh! There are so many ideas from the past that are
simply gone; too many to count. It would be, in some
sense, unprecedented in terms of the number of
people that have worked on these ideas, but if you
go back a hundred years they didn’t have teams of a
thousand people working on anything. Because that’s
not the way it was done. So it’s hard to use history as
a guide but if you ask me based on my gut feeling,
my intuition is that, at worst, string theory will be
a stepping-stone to a deeper understanding of the
world, which will be confirmed observationally. That
would be my guess at worst. At best, string theory is
the unified theory and that’s all there is to it.

What implications would the discovery of an
equation to explain all the forces have on our
science and lives?
Well, I think in day-to-day life not a whole lot, but it
would establish that the human mind is capable of so
much… Of being able to explain so much about the
world and, to me, when people absorb that idea it will
enliven us all and enrich us all. It would show the
grace and humanity that is possible when using the
human brain to explain the world, and that’s deep
and exciting.

Black holes and string theory have an intimate connection.
A lot of string theory research is connected to and 
explained through black hole physics

“ There is a rumour that a new particle
may have been discovered, which is 
750 times the mass of a proton”

Theoretical physicist Dr Brian Greene addresses the 
Origins Symposium at Arizona State University, US, on 
6 April 2009

Eight toroid magnets surround 
the calorimeter, which 

measures the energy of particles 
produced when protons collide
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Written by Colin Stuart

Usually confined to the pages of science fiction,
astronomers are starting to think these portals

through space-time might be real after all
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Have your say…
Do you think
wormholes could exist?

84%
Yes

16%
No

The hunt for wormholes
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It was the plot for an epic 2014 Hollywood 
blockbuster. In Interstellar, a crew of astronauts travel 
across space on the hunt for an alternative home 
for humanity. Yet they don’t leave our Solar System 
by the conventional route; instead, they head into 
a wormhole in the vicinity of Saturn and emerge 
almost immediately in a distant galaxy. These 
wormholes – shortcuts in space and time – have long 
been a staple of science fiction. 

But some scientists believe we may soon be 
able to prove that they are just as real a part of 
the universe as the Sun and the stars or you and 
I. The scientific term for this exotic object is an 

Einstein-Rosen bridge, which is a clue as to where 
the idea came from. Wormholes are rooted in 
Albert Einstein’s general theory of relativity – his 
groundbreaking masterpiece that turned our 
ideas about gravity on their head. For centuries 
we thought we knew how gravity worked thanks 
to Isaac Newton. Apples fell to the ground and 
the Earth stayed in orbit around the Sun because 
of a gravitational pull between the objects. Yet 
Einstein saw it differently, suggesting that what we 
experience as gravity is simply a bending of space 
and time. Under this radical new regime, the Earth 
orbits the Sun because our star’s mass warps the 

space around it, much like a bowling ball would 
warp a bed sheet if it were placed in the centre of it. 
Our planet is simply following the local curvature of 
this fabric (which Einstein called ‘space-time’).

Such a crazy idea was in dire need of 
experimental evidence to back it up. Crucially, 
a solar eclipse in 1919 offered just such an 
opportunity. When the Moon blocked out the Sun, 
it was dark enough to see stars close by. Yet we 
don’t see these stars where they really are because 
the Sun’s gravity bends their light on the way to us. 
Newton and Einstein’s competing pictures of gravity 
predicted different amounts of bending, allowing 
us to see who was right. It was Einstein who came 
out on top. So massive objects do indeed bend the 
space-time around them.

This idea is exactly what the fictional astronauts 
exploited in Interstellar. Imagine space as a sheet of 
paper. You live at one end and you want to travel 
to the other end. Ordinarily, you’d have to trudge 

“ The Earth orbits the Sun because our 
star's mass warps the space around it, 
like a bowling ball on a bed sheet”

What is a wormhole?
There's more than one type of shortcut for long journeys 

across and beyond the observable universe

Type 1: Connecting our universe to itself
This is the transport mechanism used by the crew of astronauts in the film 
Interstellar as a shortcut between our Solar System and a distant galaxy. 
Einstein’s general theory of relativity suggests it might be possible to bend 
space-time sufficiently to bring you and your destination much closer together.

Type 2: Our universe connects to another
The equations of Einstein’s general theory of relativity blow up in a fever 
of infinities at the bottom of a black hole. Replacing them with a slightly 
modified set of rules suggests that a wormhole to another universe might exist 
in its place. But we do not have the evidence yet that those alternative rules 
are the right ones to use.

Mouth 
All wormholes have two 
openings, often called ‘mouths’ – 
you enter one and exit the other.

Ordinary space 
The ‘flat’ areas that lie far 
away from the mouths are 
known as ordinary space.

Throat
The tunnel that connects 
the two mouths is known 
as the ‘throat’, but it’s 
hard to keep it open.

One mouth 
per universe 

This time the 
entry mouth is in a 
different universe 
to the exit mouth.

Journey to the 
multiverse

Rather than connecting 
two points in the same 

universe, the throat is a 
portal to a parallel universe.
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the entire length of the page to get there. But what 
if you folded the paper in half instead? Suddenly, 
where you are and where you want to be are right 
next to each other. You simply have to jump that 
tiny gap. We call these objects wormholes because it 
is like a worm trying to navigate its way around an 
apple. To get from the top to the bottom it has two 
choices: crawl around the outside or chew a shortcut 
through the middle.

Until recently, our chances of finding these 
objects (if they do indeed exist) were slim at best. 
But that changed in February this year when the 
scientists behind the LIGO experiment, based 
in the US, announced the first ever detection of 
gravitational waves. These are tiny ripples in the 
fabric of space-time, predicted by general relativity, 
and which spread out through the universe much 
like ripples on a pond. “It was a game-changer,” says 
Vitor Cardoso, a physicist at the University of Lisbon 
in Portugal. Two black holes – each about 30 times 

“ With this new 
set of rules, it 
would be possible 
for an observer 
to go through a 
wormhole and 
cross over to 
another region 
of the universe”     
Diego Rubiera-Garcia

Centre of the Milky Way
Last year Italian researchers suggested there
could be a wormhole lurking in the centre of
the Milky Way some 27,000 light years away.
Ordinarily, a wormhole would need some exotic
matter to keep it open, but researchers believe
dark matter might be doing the job instead.

Inside a black hole
Rather than having a singularity at the centre
as general relativity predicts, some researchers
believe we’d find a wormhole – one that could
allow us to make the journey from Interstellar
a reality. However, the jury is out on whether it
would be big enough for a human to traverse.

Quantum foam
Physicists think that even empty space isn’t truly
empty – on the smallest scales it is a cauldron of
bubbling energy popping in and out of existence.
As such, some think that fleeting, virtual black
holes may be being created all the time in this
‘quantum foam’. We’d need to put a lot of energy
in if we wanted to make one permanent.

Where scientists 
think wormholes exist
If they are out there, astronomers think 
that they know where these portals 
through space-time could be hiding

A technician at the LIGO experiment, which 
announced it had detected gravitational 

waves for the first time earlier this year

The Laser Interferometer Gravitational-
Wave Observatory (LIGO) at Livingston, 

Louisiana, listens for faint whispers of the 
most energetic events in the universe
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1Collapse of the core
When a gigantic star – with a mass much more 
than 20 times the mass of the Sun – dies, 

sometimes a black hole is formed. When we refer 
to a star dying, we mean that it no longer has any 
nuclear fuel to burn and this means that gravity is 
unable to override an outward force. The core has no 
choice but to collapse in on itself in the catastrophic 
explosion of a supernova. The devastated star’s 
outer layers are expelled into space while the core 
continues to shrink in size.

2A cosmic plughole
Shrinking smaller and smaller, the core 
continues to pale in significance compared 

to its former stellar glory, collapsing into an even 
smaller size. However, while it has shrunk to a 
speck, all of its mass is concentrated in a very small 
area. Meet what is known as a singularity, which 
might be small, but it is so heavy that it has the 
ability to really bend space-time. Not even light can 
escape the gravitational pull of the singularity.
 Gravity is essentially the effect that a heavy object 
has in the fabric of space-time that can be found 
around it. Picture a sheet held loosely at each of its 
four corners. If you place a heavy object onto that 
sheet, you’ll find that it makes a dent. Anything in 
the vicinity of the object that made the dent will fall 
towards it. This is gravity. 

3The makings of a doughnut
A star’s core can still be found to be spinning 
when it decides to collapse. Crumbling to the 

minuscule, yet hefty, singularity, it begins to rotate 
faster and faster. It spins so quickly that what’s left 
of the star’s material spreads out and is moulded 
into a doughnut. Space-time is no longer focused on 
a single point; it’s now being wrapped around this 
space ring, creating a tunnel.

4Punching through space
The tunnel being made punches its way 
through the fabric of space-time and, almost 

in a state of reversal, it emerges backwards in time 
and into the past. This tunnel, which could feasibly 
work its way into another parallel universe, is called 
an Einstein-Rosen bridge, or a wormhole. Any matter 
that is grabbed by the black hole is passed through 
this tunnel.

5 Meet the white hole
If you were to travel through a wormhole, you 
would reach its far side, which can be likened 

to a black hole in reverse: the white hole. Matter 
pulled in by the black hole will emerge from the 
singularity found at the white hole’s centre and be 
released back into space. Just as nothing can escape 
a black hole, it’s not possible to enter a white hole.

How wormholes are made
If these space-time tunnels do exist, what would they look 

like and how would they come into existence?

White hole
Matter and light is thrown out 
into the past, very much like a 

smaller version of the Big Bang.

Black hole 
Everything – from matter 

to light – is pulled into the 
high gravity black hole. 
Confusingly, this is the 

future end of the wormhole.

Einstein-Rosen 
bridge or wormhole

Space-time 
tunnel

Doughnut 
singularity

Black hole

Singularity
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more massive than the Sun – had rammed into each 
other 1.3 billion years ago. Their violent marriage 
sent a tsunami of gravitational waves roaring out 
through space-time, eventually reaching the LIGO 
instrument in September 2015. 

Cardoso’s research suggests that two colliding 
wormholes would produce a similar burst of 
gravitational waves. Excitingly, however, he says 
the resulting waves would be slightly different, 
allowing us to distinguish between black holes 
and wormholes. The key here is what’s known as 
the ‘ringdown’ – the way in which the gravitational 
waves die away after the initial collision. It’s similar 
to the way the sound of a ringing bell fades over 
time. “With two colliding wormholes you would see 
the ringdown – just like you see for black holes – but 
if your detector is very sensitive then seconds, or 
tens of seconds, after the main burst you would 
see something different,” he says. This is due to the 
nature of black holes – gravitational behemoths that 
swallow anything that gets too close. The ringdown 
of colliding black holes always gets quieter, 
quickly fading away to silence. But with colliding 
wormholes, after the silence you get an echo – a 
sudden, late signal as the gravitational waves bounce 
off the wormholes’ surface. You can’t get that with 
black holes as they swallow everything. 

Unfortunately, LIGO currently isn’t sensitive 
enough to pick up these late changes. But 
researchers are upgrading LIGO’s instruments and 
it could be possible in “ten years from now or so,”
Cardoso says. The other exciting project on the
horizon is the European Space Agency’s (ESA’s)
Evolved Laser Interferometer Space Antenna (eLISA).
It is a gravitational wave observatory in space that
has a tentative launch date of 2034. However, in
2015 ESA launched LISA Pathfinder – a test mission
to develop certain key technologies that are vital
for eLISA’s success. And in April this year ESA
announced that LISA Pathfinder had indeed shown
that eLISA was feasible.

But ringdowns of collisions might not be the only
route to finding a wormhole. Cardoso’s colleague at
the University of Lisbon – Diego Rubiera-Garcia – has
another idea. He’s been studying what goes on deep
inside a black hole. The conventional picture of black

“Two colliding
wormholes
would produce
an echo through
space that would
be detectable
with the next
generation of
experiments”

If they exist, could we travel
through awormhole?

YES

“The possibility of using wormholes to travel
is not completely excluded, at a theoretical
level. However, to even create a wormhole
requires exotic matter that we have never
seen here on Earth.”

“The problem is that usually these
wormholes are very small, and when I say
small, I mean really, really small. So it is not
possible for a real observer to pass through
that wormhole.”

Vitor Cardoso
University of Lisbon, Portugal

NO

Diego Rubiera-Garcia 
University of Lisbon, Portugal

ESA’s Evolved Laser Interferometer Space 
Antenna (eLISA), due to launch in 2034, is 
a gravitational wave observatory that will 

continue the search for wormholes
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holes, as described by general relativity, has all the
in-falling mass squeezed down into an infinitely
small, infinitely dense point – a singularity. “Any
observer who approaches this point is destroyed,”
says Rubiera-Garcia. “After that you will disappear
from space-time, there is nowhere else for you to go.”
It is at this singularity that general relativity breaks
down, where its equations stop making sense. This
leaves many physicists confident that we need a
new set of rules to replace general relativity in such
an extreme environment.

And that’s where wormholes come in. When
Rubiera-Garcia applied one of the alternative sets of
rules to the physics of black holes, the singularity
disappeared and the mathematics yielded a
wormhole in its place. “Then it would be possible
for an observer to go through this wormhole and
cross to another region of the universe,” he says.
The trouble is that this shortcut through the cosmos
might just be a phantom of the mathematics: the
alternative to general relativity that Rubiera-Garcia
used to find it might not be how our universe really
works. So, as with all good scientific theories, it
needs to be tested, just as Einstein’s was in 1919.
That’s where gravitational waves come back in.

Once we have built up a significant library of
gravitational wave detections, we can trawl through
the data looking for departures from what general
relativity predicts we should see. If these departures
are found, and they match what the alternative
theory predicts, it could signify that wormholes do
indeed lurk inside black holes. So the first detection
of gravitational waves has ushered in a new era,
one in which we may well find out that wormholes
aren’t just science fiction after all.

“To even create a wormhole requires
exotic matter that we have never seen
here on Earth” Vitor Cardoso

Gravitational wave ringdown echo
The gravitational waves from colliding black holes
die away very quickly. But two colliding wormholes
would produce an echo detectable with the next
generation of experiments.

How dowe know if we’ve found awormhole?
There are several clues to look out for if we find a candidate for a space-time portal

Microlensing
If a wormhole passed in front of a distant star it
would bend the star’s light slightly in an event called
‘microlensing’. The technique has already been used
to find rogue planets.

Heading into one 
Some scientists believe that black holes are actually 
wormholes in disguise. It’s a risky endeavour but 
sending something into one would let us know for 
certain if wormholes really do exist.

Einstein’s general 
theory of relativity 
suggests that what 

we experience as 
gravity is simply a 

bending of space 
and time
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“Pluto was far more
complex, varied
and active than
we could have
ever hoped. New
Horizons was our
first close-up look at
an ice dwarf planet”

JohnSpencer
John Spencer is a key
member of the New

Horizonsmission that has
been exploring the edge of
our Solar System. The craft
was launched in 2006 and
successfully performed a

flyby of Pluto last summer,
with Dr Spencer among
the planetary scientists

poring over the data. Born
in Colne, UK, Spencer has
a PhD in planetary science

from theUniversity of
Arizona. He nowworks in
the department of Space
Studies at the Southwest

Research Institute in
Boulder, Colorado. Hewas
a key figure in persuading

NASA to extendNew
Horizons to 2021, and the
probe is now set to delve

deeper into the Kuiper Belt.

INTERVIEW BIO
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As the NASA mission is extended for a further five years, co-investigator
John Spencer details his hopes for the next leg of the journey

New Horizons:
Life after Pluto
NASA has agreed to a mission extension for New
Horizons to 2021. How are you feeling about that
at this moment in time?
Ecstatic. There is so much more to do with the
spacecraft once we are beyond Pluto because the
Kuiper Belt is an unexplored part of the Solar System.
While Pluto is part of the Kuiper Belt, it’s a very
unusual member so we want to see what some of the
more typical members are like.

When we detailed our proposal for New Horizons
to NASA in 2001, we actually designed the spacecraft
to be able to perform this extended mission. We
made sure it would have enough fuel to divert to
another project in the Kuiper Belt and get up close to
it. To be able to do that is pretty thrilling.

The space agency has been extending missions
quite frequently. Is this something that could
become the norm?
Well, it depends. Sometimes a mission has a very
specific, cut-and-dry purpose and, to be absolutely
sure you can meet that goal, you build in a margin.
You make sure the instruments will not only last the
primary goal but probably a lot longer, so you want
additional fuel in case you need it along the way. It’s
then likely that when you accomplish your primary
goal, you will have resources left over that may allow
you do a little bit more. In this case, it’s a little bit
different because we were planning from the start
to have the capability to accomplish the extended
mission further into the Kuiper Belt, and that meant,
for instance, carrying a lot more fuel than we would
have needed if Pluto was our only goal. We always
knew we would be able to achieve our extended goal
if we were funded to do so.

Do you have to make any special arrangements for
the extended mission?
We are making changes. We’re adding new people
to the team who are experts in small Kuiper Belt
objects and some people whose focus was very
much on Pluto are leaving the team. We are having to
negotiate additional time on the Deep Space Network,
too, so we can continue to talk to the spacecraft and
so on. So there’s a lot of work to be done to make this
happen but it’s the kind of work we have been doing
all along. That said, it is a bit of a different kind of
mission that will require a different way of operating.

New Horizons is now looking to reach 2014 MU69
by 2019. Is your entire focus on the destination?

With Pluto we did very little science between the
Jupiter flyby in 2007 and the arrival at Pluto in 2015.
During that time, we would check out the spacecraft
every year or so and we would check the instrument
calibration, but we weren’t really doing science.
Instead, we were focusing that whole time preparing
for the Pluto encounter, developing the science
observations we wanted to do, and rehearsing them
on the ground and on the spacecraft in some cases.

Now we will have one close flyby on 1 January
2019 with 2014 MU69, but before then we will be
flying past a lot of other objects in the Kuiper Belt,
seeing a much bigger range and getting useful
observations of them as we go past. So there will a
fairly continual sequence of observations scattered
through the next 2.5 years and it will be a little bit
more complicated because we will be doing more
than one thing at once.

Does the shorter time frame increase the pressure
to get it right?
Well, we only have 2.5 years to prepare for this
rather than having eight years or so between Jupiter
and Pluto, so we do need to work on a much more
accelerated schedule. But that will be possible

Interviewed by David Crookes

because we have the mechanism in place for how 
to plan observations and we have all the software 
needed to test them and so on. It means we will 
be able to do everything we want, but we will have 
to do them a lot faster than we did when we were 
preparing for Pluto.

What are you hoping to find along the way?
We will be observing about 20 distant Kuiper Belt 
objects. We won’t be close enough to see the detail 
on their surfaces but we will see them as points of 
light against a star background and we will be able 
to observe them from different angles as we fly past. 
They will look brighter on approach because we will 
be seeing the sunlit side and they will look dimmer 
as we go past because we’ll be looking back at the 
crescent of these objects, so it’s a bit like the Moon 
going through its phases. The rate at which the 
brightness fades as we go from looking at the sunlit 
side to the dark side will tell us a lot about what the 
surfaces of these objects are made of, how rough they 
are and whether it’s fine powder or more rocky. 

It will also allow us to compare the different 
objects because we will see different kinds of Kuiper 
Belt objects flying past. We can use this as a way of 

New Horizons, launched on 19 
January 2006 by NASA, has been 
granted a mission extension after 
completing a successful flyby of 
Pluto last summer
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classifying them and we will be able to compare their
behaviour to 2014 MU69 and see how typical it is.

So 2014 MU69 is the only one you’ll see close up?
It is, although we’ll be close enough to some of these
objects that we’ll be able to look for moons or even
rings around them, which we would not be able to
see from Earth. Even though we only have a little
eight-inch telescope on the craft, we will be able to
see more detail than Hubble, simply because we are
so much closer and that will be a useful contribution.

What are you watching out for?
We will watch the brightness changing as the objects

rotate so we will learn about rotation rates and things
like that. But with 2014 MU69, we will be getting up
to 3,000 kilometres [1,860 miles] distance and we
will be filling the frame of our mirror-angled camera
with the object and seeing lots of surface detail –
craters and fractures and boulders and who knows
what else we might find? We will be taking colour
images and mapping the composition of the surface
in infrared and we will be looking for any signs of
gas that might be coming off it. That said, we don’t
expect to see gas because this object has been in a
stable orbit for a long time and it should have lost any
gas that might have come off by now. But we want to
be prepared for anything because we have certainly
been surprised many times in the past.

Why the focus on the Kuiper Belt?
It is a completely new class of object. There are
hundreds of thousands of objects the size of MU69
in the Kuiper Belt and it is the least disturbed region
of small bodies in the Solar System. The asteroid
belt, by contrast, has been very much stirred up by
the gravity of Jupiter and there have been lots of
collisions between objects in the asteroid belt, so
there are lots of interesting things to learn there.

But it is very different from how it was when
comets formed in the outer Solar System and were
perturbed back into the inner Solar System. Those
lost a lot of ice and gas and they are of a different

WhenNewHorizonswas being prepared, scientists
ensured it could go on for longer than its primary goal
of reaching Pluto

Dr John Spencer of the SwRI (left), Dr 
Jeffrey Moore of the NASA Ames Research 

Center (middle) and Dr David Grinspoon 
of the Planetary Science Institute (right) 

discuss New Horizons in Washington, DC

“ We’ll be close enough to these Kuiper 
Belt objects that we’ll be able to look for 
moons or even rings around them”

form to how they started out as well. But these 
bodies out in the Kuiper Belt have been there for 
billions of years with very little happening to them 
since they were part of the formation of the Solar 
System. This means we can learn a great deal about 
how the Solar System formed and how these small 
bodies came together to later make larger planets. We 
won’t be able to learn this elsewhere so we are very 
excited to see these objects up close.

You’re also going to be looking at Eris, aren’t you?
Yes, even though Eris is further from New Horizons 
than it is from the Earth. But we have an opportunity 
here because we are looking across the Solar System 
to the other side, which means we can look at Eris 
from a different angle than is possible from Earth. 

The Earth is so close to the Sun that you can only 
ever look at a full disc and Eris is always seen fully 
illuminated. From New Horizons, we can look at it 
further away from the Sun and we will see how it 
scatters light from other angles. That will tell us more 
about what the surface is made of. But yes, we are 
100 astronomical units [one astronomical unit is the 
distance from Earth to the Sun] away from Eris so it’s 
a little odd that we can do new science from further 
away than we were when we started the journey in 
2006. But we’ll have this unique perspective that will 
hopefully give us some new insights into what the 
surfaces of these objects are like.
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Is this the kind of opportunity that you stated in 
your case to NASA?
Yes, absolutely. The proposal that we wrote in the 
spring and that NASA reviewed and approved pretty 
much laid out these arguments. This is what we 
think we can do, these are the objects we think we 
can look at, and this is what is unique about what we 
can do compared to what we can do from Earth. In 
some cases, it’s simply because we can look from a 
different angle.

What would have happened without the funding?
If for some reason NASA had not been able to fund 
us, we would not have been able to pay for the time 
of the engineers to design observations, or for the 
Deep Space Network to talk to the spacecraft, and 
that would have been the end of the mission. But 
the spacecraft is continuing on, faster than escape 
velocity from the Sun so it won’t slow down much 
more and it will continue out of the galaxy whether 
we talk to it or not.

Obviously, New Horizons made a successful flyby
of Pluto. What are the key discoveries?
Oh, boy, there were so many. It was just an amazing
place to visit and far more complex, varied and active
than we could have ever hoped. We saw so many
things we couldn’t have possibly imagined before
we got there: giant ice mountains and this enormous
sea of frozen nitrogen that is convecting and flowing;
glaciers and huge areas covered in dark organic
material. It was our first close-up look at an ice dwarf
planet and just seeing a different kind of world and
features we had never seen before was amazing. So
now we are just trying to figure out what it all means.

Was there anything particularly striking?
One of the striking things has been that a world as
small as Pluto is still producing a remarkable variety
of phenomena, with lots of geological activity that is
continuing to this present day. But there isn’t a giant
planet nearby that could distort it and heat its interior
through friction, which is how a lot of the moons
of the giant planets are heated and come to have
geological activity. So it’s intriguing that the little bit
of radioactive heat from the rock inside Pluto and
the little bit of leftover primordial heat is enough to
power remarkable geology.

We also thought that the atmosphere was escaping
into space at a rapid rate because that is what our
calculations were suggesting, but when we got to
Pluto we found that we were wrong about that. It is
losing its atmosphere to space but 100 times more
slowly than we expected, so the atmosphere was
full of surprises as well. It was just an amazingly
successful mission and we have learned a huge
amount about Pluto as a result of that.

Is the data continuing to surprise you?
We have got 80 per cent of the data down and we
prioritised it so that the closest and the best pictures
came down first. What is coming down now is the
rock pile – all the distant images and the bits of sky
that don’t have Pluto in them, which may show
some objects orbiting Pluto such as rings and things.
That’s still going to be interesting but it’s the lowest
priority stuff. Having said that, we are continuing to

find surprises in the data. We are busy writing papers
now and getting them published and also preparing
the data for public access. Right now, most of the data
is accessible only to the team, but in October we will
be submitting most of the data with good calibration
and documentation and so on to NASA’s planetary
data system, where it will be archived for anyone to
access the data and do research on it and draw their
own conclusions.

Is there life for New Horizons beyond 2021? Where
else could it go?
The main focus beyond 2021 will likely be the solar
wind. We’re getting into the outermost part of the
Solar System where the solar wind is slowing down
and it will eventually run into the interstellar winds,
so you’ll get a transition there. This is a region that
has been explored by Voyager 1, which was launched
in 1977, and which is currently about three-times
further from the Sun than even New Horizons. But
while we are following behind Voyager, we have
more sophisticated plasma instruments so we can

learn more details about that transition and how the
plasmas are interacting in that outermost part of the
Solar System. We could also find additional objects
that we can photograph out there. They probably
won’t be ones we can get close to but there may be
more distant observations that we can make.

So we can expect lots of cool pictures?
Well, we don’t currently know of any objects out
there that we could observe with our cameras, so
it’s likely we won’t be using our cameras and our
spectrometers at that point but instead will be
focusing on the plasma instruments. But all of that
is subject to getting another extension from NASA,
which we won’t be proposing for a few years and
which will be a different kind of mission. But we
expect to talk to the spacecraft until some time in
the 2030s because it should still have enough power
to run its transmitter, send us data and receive
commands. So I think, if we get the funding, there
will be a long and interesting mission for New
Horizons beyond this current extension.

Shortly after its closest approach in 2015, New Horizons
captures the icy mountains and flat ice plains of Pluto

An artist’s impression of a Kuiper Belt object on the outer 
edge of the Solar System

The New Horizons team 
are all smiles as they 
review newly processed 
images from the spacecraft
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Written by Jonny O’Callaghan

With the decision made for the Dawn spacecraft to
continue studying the dwarf planet, we relive what

we’ve discovered from the NASA mission so far

In science fiction, we are used to seeing spacecraft 
fly from one planet to another with ease. But in the 
real world, flying between two different objects in 
space is very difficult. Large amounts of fuel are 
needed to do so, something that just isn’t readily 
available to most of the relatively small probes that 
we have sent out into the cosmos.

But in 2012, NASA’s Dawn spacecraft changed all 
that. Using a revolutionary ion engine, it became 
the first spacecraft ever to orbit two separate bodies 
aside from Earth, in this case two large asteroids 

(one technically a dwarf planet) in the asteroid 
belt: Vesta and Ceres. Is Dawn the science fiction 
spacecraft that we have all been waiting for?

“Dawn is the only spacecraft ever to orbit any 
two extraterrestrial destinations,” Dawn’s mission 
director, Dr Marc Rayman, tells All About Space. 
“It is truly an interplanetary spaceship!” But the 
mission has only been possible thanks to the 
remarkable ion engine on board the spacecraft. 
Ion engines have long been touted as the future of 
space travel, or at least an important part of it. They 
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dy the early Solar System 
a Ceres and Vesta

Understand the building 
blocks of terrestrial planets

  Study the internal structure of 
Ceres and Vesta

  Determine surface shape and 
cratering on both

  Measure the mass, gravity, and 
rotation of both asteroids

  Determine their thermal 
history and the shape of    
their cores

  Understand the role of water 
in asteroid evolution

  Test the theory that some 
meteorites on Earth came 
from Vesta

  Extensively map the surface of 
both worlds

wn’s science objectives
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kilometres (590 miles). This led to it being reclassified
as a dwarf planet in 2006. Vesta, meanwhile, is an
impressive 525 kilometres (326 miles) across. “Ceres
itself has about a third of the total mass between
Mars and Jupiter,” says Rayman. “While Vesta has
about eight per cent [of the mass]. So the Dawn
spacecraft has single-handedly explored about 40 per
cent of the mass contained in the asteroid belt.”

Vesta itself was first discovered back in 1807; Ceres
was slightly earlier, in 1801. Dawn’s arrival in orbit at
Vesta on 16 July 2011, and at Ceres later on, made it
the first spacecraft to visit these bodies, some 200
years after their discovery. To get to Vesta, Dawn
was almost continuously firing its ion thrusters,
something not possible for chemical spacecraft. To
date, after almost nine years in space, Dawn has fired
its ion thrusters for more than 5.5 years, setting a new

record for powered spacecraft flight. Before Dawn
arrived at Vesta, our best guess at its appearance
came from three-dimensional models that were
created using data from the Hubble Space Telescope.
Dawn, though, with its onboard cameras, was able
to reveal stunning views of this grey, rocky world
for the first time. Truth be told, it’s perhaps not as
exciting to look at as, say, the recently acquired New
Horizons image of Pluto, but it’s still very interesting
in its own right.

Among its discoveries, Dawn revealed that Vesta
more closely resembled terrestrial planets like Earth
than other asteroids. Analysis also confirmed the
theory that many meteorites on Earth originated
from Vesta. We now know that we have more rock
samples from Vesta than from the Moon, even
accounting for the samples brought back by the

“Dawn has single-handedly explored
about 40 per cent of the mass
contained in the asteroid belt”
DrMarc Rayman, Dawnmission director

provide a small but regular amount of thrust over 
time, theoretically allowing a spacecraft to change 
its speed – and thus travel through space – more 
efficiently than the traditional, chemically-fuelled 
spacecraft used on previous missions.

NASA first toyed with ion engines in 1998, with 
the launch of their Deep Space 1 vehicle, which 
flew past an asteroid and a comet. At the turn of 
the century, they then began considering a more 
ambitious mission, Dawn, which would not just 
fly past objects, but orbit them. On the brink of 
cancellation, the mission was saved in 2006 and 
ultimately launched on 27 September 2007.

The goal of the mission, aside from showing off 
the impressive capabilities of ion engines, was to peer 
into the history of the Solar System by examining 
two large bodies in the asteroid belt: Vesta and Ceres. 
Both are considered protoplanets, objects not quite 
big enough to form fully-fledged planets, but possibly 
similar to the progenitors that gave rise to other 
worlds in our Solar System. And, compared to most 
other asteroids in the asteroid belt between Mars and 
Jupiter, they’re pretty big. 

While most asteroids are less than one kilometre 
(0.62 miles) in size, Ceres has a diameter of 950 

Bright spots on 
Ceres had scientists 
baffled at first

The Occator Crater on Ceres contains some of the most 
famous bright spots, now believed to be salts

Dawn created this colour-coded topographic map of the 
Occator Crater on Ceres. Blue is low and brown is high
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Dawn’s journey

5 Departure from Vesta
5 September 2012

After a ten-day delay due 
to an issue with one of the 
spacecraft’s reaction wheels, 
Dawn leaves its orbit of Vesta.

6 Arrival at Ceres
6 March 2015

Dawn enters orbit around 
Ceres, the largest object in the 
asteroid belt, at three times 
the Earth-Sun distance.

7 Lowest Ceres orbit
16 December 2015

Dawn reaches its lowest 
planned orbit around Ceres, 
descending to around 375km 
(233mi) above the surface.

9 Dawn stays at Ceres
1 July 2016

The proposal to send Dawn to 
145 Adeona was rejected by 
NASA. Instead, it will continute 
to study Ceres.

8 End of mission
30 June 2016

Dawn’s primary mission ends 
and the spacecraft’s scientists 
put together a proposal for a 
mission extension.

4 Lowest Vesta orbit
8 December 2011

Dawn is moved to its lowest 
orbit around Vesta, mapping 
the surface from a height of 
just 210km (130mi).

3 Arrival at Vesta
16 July 2011

Dawn enters orbit around 
the large asteroid Vesta, at a 
distance of 188mn km (117mn 
mi) from the Sun.

1 Launch date
27 September 2007

The Dawn spacecraft is 
launched on a Delta II rocket 
from Cape Canaveral, Florida.

2 Mars flyby
17 February 2009

Dawn flies within 549km 
(341mi) of Mars, gaining a 
gravitational boost to slingshot 
it towards the asteroid belt.
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Apollo missions. Another fascinating discovery was
a large depression on Ceres, the Rheasilvia basin,
formed by a giant impact in Vesta’s past. It is more
than 500 kilometres (310 miles) in diameter, and has
a huge mountain at its centre twice the height of
Mount Everest. The effects of the impact that formed
it provide evidence that Vesta is indeed a protoplanet.
“The energy of the impact reverberated through
Vesta’s interior and formed a vast network of canyons
hundreds of kilometres away,” explains Rayman. “If
Vesta were a huge chunk of rock, that would not have
happened. The mechanism depends on Vesta having
a core, a mantle, and a crust – like a planet!”

On 5 September 2012, after more than a year
orbiting Vesta, Dawn used its ion engine to escape its
gravity and began a 2.5-year journey to Ceres, located
slightly further out in the asteroid belt. It arrived on 6
March 2015 and, with this being a few months before
New Horizons’ arrival at Pluto, this made Dawn the
first spacecraft to visit a dwarf planet. Being located
further from the Sun has allowed Ceres to remain
relatively wet and cool, compared to Vesta.

Before Dawn’s arrival, there was plenty of
speculation that there may be evidence for a hidden
subsurface ocean, similar to some of the icy moons
of the outer Solar System, like Europa. That hasn’t
quite been the case so far, but Dawn did immediately
spot something of interest on its approach: a large
bright spot on the surface. As it got closer, it became
apparent there was not just one bright spot, but
hundreds, each much brighter than the surrounding
grey surface. This had the public and scientists alike
gripped. Theories ranged from ice frozen on the
surface to cryovolcanoes, and some even suggested
the bright spots were caused by salts left behind by
evaporating ice. That latter theory has recently been
proven to be correct. Subsurface ice makes its way
to the surface, where it sublimates from an ice into a
gas, leaving behind any salt that was dissolved in it.

Dawn is continuing to orbit Ceres in its lowest
planned orbit, 375 kilometres (233 miles) above the
surface. The mission has been a huge success, with
Dawn providing vast amounts of data that will be
pored over for years. Indeed, the mission had been
intended to map 80 per cent of Ceres, but more than
99.9 per cent was ultimately mapped. On 30 June
2016, this primary mission (visiting Vesta and Ceres)
came to an end. Following this, there was a proposal
on the table to send Dawn to an unprecedented third
object, a 150-kilometre (93-mile) wide asteroid called
145 Adeona in the asteroid belt. This was possible
thanks to its engines still having a significant amount
of xenon fuel left, with a planned flyby of the asteroid
considered for May 2019.

However, at the start of July 2016 NASA decided
not to push ahead with this proposal, and instead
will keep Dawn in a parking orbit above Ceres. One
reason for doing this is that Ceres will soon come
closer to the Sun, giving scientists a glimpse at
changing surface conditions as the object heats up.
Some, though, will no doubt be disappointed that
it wasn’t sent on a brand new mission. But even
without this third destination, Dawn has been a
hugely fruitful mission. In an age of reusable rockets
and space tourism, this multi-planetary spacecraft
is another example of how science fiction is very
quickly becoming science fact.

“After almost nine years in space, Dawn
has fired its ion thrusters for more
than 5.5 years, setting a new record for
powered spacecraft flight”

This layered crater lies inside Vesta's huge and 
fascinating Rheasilvia basin

Ahuna Mons, shown on the right, is the largest mountain 
on Ceres with a height of about 5km (3mi)

This composite image 
shows a flow of material 
inside and outside of a 
crater called Aelia on Vesta

On 9 June 2016, the Dawn 
team were presented with the 
National Aeronautic Association 
2015 Robert J Collier Trophy for 
the success of the mission
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Why study Astronomy?
How does Astronomy affect our everyday life?

The Sun provides our energy to live and is used for timekeeping.
The Moon causes eclipses whilst its phasing determines the date for Easter Sunday.
Constellations can be used for navigation.
Astronomy is one of the oldest sciences.

Planet Earth Education is one of the UK’s most popular and longest serving providers of distance learning

Planet Earth Education’s courses may be started at any time of the year with students able to work at their
own pace without deadlines. Each submitted assignment receives personal feedback from their tutor and as

enrolment information.

Courses available for enrolment all year round.

Planet Earth Education

www.planeteartheducation.co.uk0161 653 9092



Written by Kulvinder Singh Chadha

Located in China and measuring 520 metres 
in diameter, this giant radio dish is about to 
start seeing the universe as never before

“ Large-scale 
neutral hydrogen 
surveys with 
FAST may help to 
unveil clues about 
galaxy formation 
and evolution in 
the universe and 
also be useful in 
supporting dark 
matter and dark 
energy surveys”
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The single largest astronomical instrument ever 
built – a vast radio telescope dish – has just been 
completed in China. The Five-hundred-meter 
Aperture Spherical Telescope (FAST – or ‘Tianyan’ 
in Chinese) is located inside a karst depression 
in the country’s Guizhou province. However, the 
telescope’s name is a bit of a misnomer as the dish is 
actually 520 metres (1,706 feet) in diameter.

In an age where a continent-spanning radio 
telescope network called the Square Kilometre 
Array (SKA – the largest such network ever built) 
will become operational in the next decade, why 
build a large, single dish like FAST? “Single dishes 
and arrays have their own advantages,” says chief 
scientist Professor Nan Rendong of the National 
Astronomical Observatories, which is part of the 
Chinese Academy of Sciences. “Most of the great 
contributions in radio astronomy were made by 
single dishes due to the simpler analysis [required] 
and their flexibility. Arrays are good for following 
up [results] due to their high resolution,” he says. 
Since its completion, FAST has been in a ‘debugging’ 
mode, with observing operations expected to begin 
in September 2016. The super telescope’s science 
programme includes observations of pulsars, 
quasars, supernovae, primordial stars, neutral 
hydrogen, distant galaxies, the Milky Way and even 
a search for alien civilisations. 

From above, FAST looks remarkably like its 
smaller, 53-year-old sibling (and previous world 
record-holder for the largest radio dish), the Arecibo 
Radio Telescope in Puerto Rico. Like FAST, the 305-
metre (1,000-foot) diameter Arecibo dish was built 
inside a karst depression. Tianyan however, will be 
three times as sensitive as Arecibo, work up to ten-
times faster and be able to survey two to three-times 
more of the sky. 

But Arecibo’s primary reflector – like FAST’s – is 
fixed in place looking straight up, unable to move 
because of its enormous size. Therefore, the title of 
world’s largest, steerable radio telescope is jointly 
held by the Effelsberg 100-metre Radio Telescope 
built in 1971 in North Rhine-Westphalia, Germany, 
and the 100-metre (328-foot) Robert C Byrd Green 
Bank Telescope, built in 2000 in West Virginia, 
US. Engineering-wise it is currently unfeasible to 
build larger, steerable dishes, but while Arecibo’s 
stationary dish necessarily has a fixed shape, FAST 
has a sophisticated ability to help it overcome its 
own immobility: it can change its shape.

Like the Arecibo dish, FAST’s primary reflector 
is made of aluminium panels, which are perforated 
to let rainwater through. Arecibo’s dish is made of 
38,778 individual panels, each about one by two 
metres (3.3 by 6.6 foot) in size, while the larger FAST 
dish is composed of just 4,450 triangular panels 
of 11 metres (36.1 foot) in length per side, each on 
supporting truss frames, plus an additional 177 
specially-shaped panels. Together, the panels form 
an upturned geodesic dome and a mesh lies above 
the dish, supported by a large, annular truss frame 
– nearly 1.6 kilometres (0.9 miles) in circumference 
– that encircles the dish. Adaptive connectors 
will join the hinges between the panels to nodes 
in the overlying mesh and each of these will be 
individually connected to a robotic, computer-
controlled actuator. There are 2,300 of these 
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actuators in total, encircling the truss annulus, which
will work together in unison to pull on the panels in
precise ways and change the shape of the dish, as it
is needed. The actuators will form the panels into a
parabola – the ideal shape for forming incoming radio
signals into a perfect, singular focus. As Dr George
Hobbs of the Commonwealth Scientific Industrial
Research Organisation (CSIRO) says, “The surface
is spherical, which makes it complicated to record
signals. Deforming the surface to form a parabola
simplifies the receiver system.” Unfortunately, there’s
a sacrifice for using FAST in this way as only a 300-
metre (984-foot) wide area of the dish can be used
at any one time. This means that although FAST’s
absolute size is larger, its effective aperture size is
limited to 300 metres (984 feet).

instruments (nine in total), 140 metres (459 foot)
above the centre of the dish and weak signals from
the cosmos will be focused here. The cables will
allow scientists to move the instruments robotically
and independently of the dish into optimal locations.

One of the main instruments being constructed
by CSIRO at the time of writing is the 19-beam
(‘multi-beam’) hydrogen line receiver – similar to
their 13-beam receiver at Australia’s Parkes Telescope
– which will be used for detailed neutral hydrogen
surveys. Although FAST will be able to detect over
a dozen different molecules in the depths of space,
neutral hydrogen – or HI – is hugely important for
astronomy and cosmology. Atomic, neutral hydrogen
gas is the most abundant element in the universe
and makes up the bulk of stars, as well as gas
planets like Jupiter and Saturn, and it’s also the main
constituent of the Interstellar Medium.

Mapping HI regions in our galaxy will allow
better determinations of the structure of the Milky
Way’s spiral arms. At greater distances (millions to
billions of light years) the large-scale structure of the
universe is further revealed and disruptions in the
gas can show collisions between galaxies. Large-scale
neutral hydrogen surveys with FAST may help to
unveil clues about galaxy formation and evolution
in the universe (something not entirely understood
at present) and also be useful in supporting dark
matter and dark energy surveys. Neutral hydrogen
gives off radio signals at a very specific wavelength:
21 centimetres (8.3 inches), which is in the UHF or
L-band. Rendong says, “The field of view for the
L-band is around three arcminutes, and with the
multi-beam instrument it will be 19-times larger.”

Hobbs adds, “Traditionally, radio telescopes have
a ‘single-pixel’ receiver. Clearly you can do a better
job with more pixels and the FAST system has 19
[detectors], which allows astronomers to survey the
sky 19-times faster.” This is important if you want
to survey large areas of the sky or study extended
objects (like nearby galaxies). And although SKA will
eventually trump FAST for hydrogen surveys in the
next couple of decades, that large, single dish is better

Bigger is better when it comes to radio
telescopes, as you can detect weaker signals

Radio dishes go large

Lovell Telescope
Where in the world: Cheshire, UK
Scientific objectives:
Galactic and extra-galactic
radio surveys, observations of
Gegenshein, aurorae, quasars,
masers, HI, gravitational lensing
The Lovell Telescope was the world’s
first fully steerable dish when
completed in 1957

However, when scientists form such parabolic
‘sub-dishes’ they will be able to use any part of the
reflector surface. So although FAST’s dish is fixed in
place, it’s not limited to viewing only what’s directly
above it. Surface deformation will give FAST a wider
field of view of the sky (40 degrees either side of its
zenith – which is twice that of Arecibo) than it would
have otherwise and a large part of the ‘debugging’
phase involves ensuring that surface deformation
is accurate. Scientists will use lasers shining off
reflective points between the hinged panels to
determine surface precision. But once science
operations are underway, where will the signals from
space be focused onto?

Six pylons holding up steel cables will suspend
a receiver cabin, which will hold the sensitive

“FAST has a sophisticated ability to help
it overcome its own immobility: it can
change its shape”

Effelsberg
Where in the world: North
Rhine-Westphalia, Germany
Scientific objectives:
Observe pulsars, star formation,
black hole jets and galactic nuclei
The Effelsberg Radio Telescope is
owned and operated by the Max-
Planck Institute

520m (1,706ft)

Arecibo
Where in the world: Arecibo,
Puerto Rico
Scientific objectives:
Study of planets and asteroids,
pulsar detection, Earth’s
atmosphere, detection of prebiotic
molecules, SETI

The FAST dish is supported by a large annular truss
frame that is nearly 1.6km (0.9mi) in circumference

FAST has 4,450 triangular panels of 11m (36.1ft) in length
per side, plus an additional 177 specially-shaped panels

305m (1,000ft)100m (328ft)76m (250ft)

FAST
Where in the world: Guizhou, China
Scientific objectives: HI surveys,
pulsar detections, discovering first
stars, exoplanetary science, SETI
FAST, the world’s largest radio
telescope, is one of China’s five big
infrastructure projects

Designed by William E
Gordon of the Cornell
University, New York,
Arecibo was created to
study Earth’s atmosphere

FAST telescope
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A big eye on the sky

Annulus and pylons
These are FAST’s supporting
structures. The annulus holds the
mesh and the actuator’s cables in
place, while the pylons suspend the
receiver cabin using steel cables.

Overlying mesh
Nodes in the overlying mesh are
connected to hinges between the
dish’s panels. Robotically actuated
cables then pull on these nodes
to change the dish’s shape.

Dawodang depression
This naturally-shaped
depression is known as a karst;
it is made by rainwater’s action
on soft rock. Dawodang’s size,
shape and location made it ideal
for the construction of FAST.

Receiver cabin
This housing will accommodate
up to nine different instruments
covering a wavelength range
from 70MHz to 3GHz. The main
one is the HI receiver.

Main dish
FAST’s half-kilometre-wide
(1,706ft) reflector dish is an

upturned geodesic dome. It’s
composed of 4,450 triangular
panels, as well as 177 specially-

shaped panels, which are
perforated to drain rainwater.

70
FAST’s diameter is 70
per cent larger than
that of the Arecibo

dish’s 305m (1,000ft)

3
FAST will be up
to three times
more sensitive
than Arecibo

80
FAST has a viewing

angle of 80
degrees – twice the
size of Arecibo’s

1,000
The distance in light years
from which FAST will be
able to detect a signal

4,000
The number of pulsars
FAST will be able to
find in our galaxy alone,
most of which it will
find in less than a year

10million
The number of new, distant
galaxies that FAST could
detect during surveys

£136million
The whole project cost 1.2 billion
yuan, or just over £136 million

Arecibo FAST

FAST telescope

www.spaceanswers.com 65



Look for pulsating stars in our galaxy
Pulsars are neutron stars, which are the highly compressed

cores of dead stars (between 10 to 29 solar masses). All
neutron stars start out spinning rapidly and emit
tightly focused radio beams from their magnetic
poles. The ones whose beams we can see from

Earth are called pulsars. These objects
produce very precisely timed pulses

(from milliseconds to seconds) as
they rotate, making them easily

identifiable. But their signals
can also be very weak,
which is where a large,

sensitive facility
is useful. FAST
hopes to find

4,000 new
pulsars.

Find the universe’s first stars
When did the first stars form? After the universe’s
creation it was in an incredibly hot and dense state
for 380,000 years. Its expansion allowed it to cool

enough for subatomic particles, and then atoms
of primordial hydrogen, helium and lithium

to form. Cosmologists think that the first
stars formed a few tens to hundreds of

million years after that, but when?
The early universe was choked

with gas, so the light from
the first stars would be
shrouded. But that’s not

a problem for radio
waves and FAST

could discover
these first

stars.

Detect dark energy
Dark energy is a phenomenon that appears to be

accelerating the expansion of the universe. FAST
could enable dark energy research via two

methods. The first involves surveying the large-
scale structure by looking at distributions of

neutral hydrogen and comparing it with
the cosmic microwave background
radiation. This would complement

optical surveys. And the second
method involves discovering

up to 10 million galaxies
and determining their

redshifts to use as
tracers of the

large-scale
structure.

Survey the Milky Way and other galaxies
Neutral hydrogen (or HI) in the universe gives off an easily

detectable, but weak, radio signal. FAST’s large dish size,
combined with the sensitivity of its instruments, will

be crucial in mapping HI regions in our galaxy
as never seen before. In the Milky Way, FAST

could make better determinations of the
structure of the spiral arms. For other

galaxies, lying millions to billions
of light years away, disruptions

in the gas could be a sign
of galactic collisions and
reveal something about

galaxy evolution –
which is still a
fevered area of

research.

Hunt for extraterrestrial life
The Search for Extraterrestrial Intelligence (SETI) is

a worldwide endeavour to find signs of advanced
civilisations in other solar systems via radio signals.

Just as radio transmissions from Earth propagate
outwards through space, so it is expected of

any alien species that has mastered the
same technology. Artificial radio signals

are distinct from naturally occurring
ones and radio telescopes around

the world have been used to
try and find them. FAST
will broaden this search

by spotting weaker
signals – if they’re

even out there
at all!

1 Proposal for a new telescope
The FAST project was first proposed in 1994 and 

was approved by the Chinese government in 2007. 
It took 14 years to find the ideal location: a karst 
depression named Dawodang.

2 Groundbreaking and foundations
A groundbreaking ceremony to begin laying the 

foundations was held on Boxing Day 2008 and was 
attended by builders and engineers, local dignitaries 
and academics.

3 Work begins
Between 2009 and 2011 flood drainage channels 

and a spiral utility road were installed in the karst 
valley. Because of Dawodang’s shape, required earth 
removal was reduced by a massive 98 per cent.

From start to finish, building the largest radio telescope in the world is no mean feat
How to build a giant radio telescope

What will FAST do? With its enormous aperture, Tianyan 
will uncover many facets of our cosmos 
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suited for other kinds of observations. Rendong says,
“Arrays like SKA are very effective for HI surveys
but single dishes are more convenient for pulsars.”
Pulsars are neutron stars whose radio beacons sweep
past our line of sight from Earth. But their signals
are quite weak, which is where a large collecting dish
comes into its own. As Hobbs says, “With an array
it’s really computationally challenging to combine
all the data, whereas single dishes are much easier
for pulsars.” Pulsars are Hobbs’ specialism and he’s
confident that FAST will discover the first-ever extra-
galactic pulsars – most likely in the Andromeda
Galaxy, which is 2 million light years away from us.

Pulsars are also brighter in longer wavelengths.
However, the Interstellar Medium increasingly
affects signals at those frequencies. “If you want to
maximise your science then you have to observe
over the entire wavelength range, and that’s what the
FAST group is doing,” says Hobbs. Such work will be
hugely important for accurately measuring pulsation
times, as that will be used to try and find ultra-low-

frequency gravitational waves, which are predicted
by Einstein’s theory of general relativity. This will
provide another method for studying gravitational
waves, which were first discovered by the Laser
Interferometer Gravitational Wave Observatory on 11
February 2016, and for which the pioneers have been
nominated for the Nobel Prize in Physics.

With its exceptional sensitivity, FAST could
also discover exoplanets, which today are found
using optical methods such as photometry and
spectroscopy. Planets such as Jupiter emit radio
waves generated by ionised gas (mostly from the
solar wind) spiralling down into the poles of their
magnetospheres. The FAST telescope could detect
such transmissions from Jupiter-type exoplanets,

opening up a new area of exoplanetary science. But
FAST’s planetary ambitions don’t just stop there.

FAST will help in the Search for Extraterrestrial
Intelligence (SETI) by looking for possible radio
signals emitted by advanced alien civilisations out
to 1,000 light years from our Solar System. A telling
feature of artificial radio signals is their narrow
bandwidth and that’s something that SETI looks for.
High-profile facilities such as the Arecibo telescope
and the 76.2-metre (250-foot) Lovell dish at Jodrell
Bank, Cheshire, are intermittently used for such
searches. However, FAST’s sensitivity and impressive
sky coverage would supersede such previous efforts.
It seems whatever aspect of radio astronomy you
look at, FAST’s abilities will be unrivalled.

4 Telescope takes shape
Construction of the telescope itself and its support 

structures began in March 2011. This included the dish’s 
panels, the annulus and all of the instrument cabin’s 
support pylons.

5 Completion
The installation of the final panel on 3 July 2016 

marked the structure’s completion on budget and on 
time. A ceremony was held, attended by international 
journalists, dignitaries, engineers and academics. 

6 Creating a radio-quiet zone
Almost 9,000 people had to be relocated to 

create a 5km (3.1-mi) wide ‘radio-quiet zone’. Each 
person received 12,000 yuan (around £1,360) in 
compensation from the Chinese government.

“ I’m confident that FAST will 
discover the first-ever extra-
galactic pulsars” Dr George Hobbs, CSIRO

FAST will attempt 
to make contact 

with alien life 
that could inhabit 
Earth-like planets

FAST is currently in a 
‘debugging’ mode and is 
expected to begin observing 
the sky in September 2016
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observe during the day?

Astronomers can see a
variety of targets in the day
with the right equipment
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ASTRONOMY

The Sun 
Optical aid: Pinhole camera
A simple pinhole camera will reveal the 
largest sunspots and you can attach 
cameras and filters to telescopes to 
see prominences, filaments and flares. 
Warning: never view the Sun directly!

The Moon
Minimum optical aid: Unaided eye
Whether you can see the Moon during 
the day depends on where it is on its 
journey around Earth. If it is on the 
dayside then it will be visible and most 
often less than half illuminated.

Venus
Minimum optical aid: Unaided eye
Venus is bright as it reflects a lot of 
sunlight towards Earth. It is never too 
far from the Sun in the sky, so use your 
hand to block out some of the Sun’s 
glare. A telescope will show its phase.

Sun dogs (parhelia)
Minimum optical aid: Unaided eye
If ice crystals are present high in the 
atmosphere, they can bend the Sun’s 
light and create two bright spots – 
known as Sun dogs – on either side of 
it. Sometimes an arc can join the ‘dogs’.

Green flash
Minimum optical aid: Unaided eye
A green flash is a rare and fleeting 
optical phenomena. When the Sun 
is seen rising or setting over a flat, 
distant horizon it can appear to give off 
a brief flash of green light. 

Iridium flare
Minimum optical aid: Unaided eye
There are 66 Iridium satellites orbiting 
Earth and their shiny antennas can 
glint in the sunlight. These events are 
predictable, sometimes visible during 
the day and can be looked up online.

Safety first!
Remember, you 

should never look 
at the Sun directly 

without suitable protective 
equipment. Doing so will 

seriously damage your eyesight.



Sean Druitt
All around the Solar System is
a giant loop of stars and star
formations in the ghostly shape of
nebulae. Scientists think that this
ring – which is 3,000 light years
across and called the Gould Belt
– was created when dark matter
fell onto the Milky Way around 30
million years ago and collided with
a giant cloud of molecular hydrogen
gas. The impact caused the Milky
Way to see more stars, literally,
as the gas then collapsed and hot
stellar infants were formed. Ripples
spread out from the epicentre of the
collision and we see one of those
ripples today – in the form of the
Gould Belt. JB

What is the
Gould Belt?

Above is a dark cloud from the Gould
Belt, found in the constellations of
Serpens Cauda and Aquila

DEEP SPACE

SOLAR SYSTEM

Ben Laugharne
It’s still a mystery to astronomers. 
When our planet was young, it would 
have been showered with light that 
was only 70 per cent of the intensity 
that our Sun throws out now. In other 
words, the Sun was quite faint and, 
according to the likes of astronomers 
Carl Sagan and George Mullen in 1972, 

Some scientists believe that 
volcanoes in the early universe 
led to a greenhouse effect

How could water have existed when the 
Sun was young and faint?

it wouldn’t have been able to support 
water in a liquid consistency but more 
of a frozen one. This is what we refer 
to as the faint young Sun paradox.

Teams of scientists have traced 
back into the Earth’s early years and 
believe that its atmosphere could 
have harboured more greenhouse 
gases. Choking carbon dioxide levels 

might have been higher, as well as 
the pressure, by about ten times. High 
levels of methane may have driven 
the greenhouse effect and reacted 
with oxygen to create even more 
carbon dioxide and water vapour. 
Others suggest that volcanoes spewed 
out carbon, which warmed the 
atmosphere and melted the ice. SA
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How do black 
holes reveal 
their location?
Andrew Kamp
Black holes cannot be seen, but their 
effects can reveal their presence. In 
the constellation of Cygnus, a blue 
supergiant is being pulled into a 
teardrop shape, causing its light to 
flicker. It completes an orbit every 5.6 
days, and as it turns, hydrogen gas 
is stripped from its surface at speeds 
of 1,500 kilometres (932 miles) per 
second. The star is locked in a fatal 
dance with a black hole – Cygnus 
X-1 – and as the black hole spins, dust 
and gas from the star accumulate in 
a vast swirling whirlpool. Particles 
spiral towards the event horizon, like 
water circling a drain, and as they fall 
inwards the friction releases bright 
flares and flashes of X-ray light. SA

An artist’s impression of a 
star locked in a fatal orbit 

with a black hole

DEEP SPACE



How did the Apollo 13 crew overcome
the explosion of their fuel tanks?
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SPACE EXPLORATION

2Television 
transmission

55:14:00
Shortly before the 
explosion, the crew 
take part in a live 
broadcast back to 
Earth, which is watched 
from the ground by 
their families.

3 “Houston, we’ve 
had a problem”

55:55:20
After the broadcast, the 
crew stir the oxygen 
tanks, which triggers an 
explosion in the support 
module, venting their 
oxygen supply and taking 
the fuel cells offline.

5 Emergency 
correction

61:29:43 
The crew execute 
the first engine 
burn to swing 
Apollo 13 around 
the Moon and 
back on its route 
towards the Earth.

6Running repairs
93:30:00 

After just a day and a half in 
the module, carbon dioxide 
levels become dangerously 
high, and mission control 
has to invent a quick fix to 
replace the filters.

8Powering on
140:10:00

The command module is 
brought back online shortly
before the crew reach 
Earth, and both the service
module and the lunar 
module are jettisoned.

Mike Lockwood

9Return home
142:40:45

Apollo 13 re-enters the 
atmosphere almost four 
days after the explosion, 
carrying the exhausted 
crew to a gentle ocean 
splashdown.

7Assessing the 
damage

138:01:48
The damaged service 
module is released into 
space and the crew are able 
to view the extent of the 
explosion for the first time.

1 Lift-off
00:00:00

Upon lift-off in 1970, 
Apollo 13 is the third 
manned mission to 
the lunar surface. The 
crew plan to explore 
the Fra Mauro region 
on the nearside of 
the Moon.

4 To the lifeboat
57:43:00

As the remaining 
oxygen dwindles, the 
crew abandon the 
command module and 
retreat to the safety 
of the lunar module, 
which has its own 
separate supplies.

Why do Venus and Uranus 
have strange spins?
Thomas Winston
It’s something that we’re still 
attempting to find out. When our 
Solar System was made from the 
swirling pancake of gas and dust 
that would later clump together to 
make the planets, this industrious 
construction yard in space threw the 
planets on a counterclockwise orbit 
and an axial spin. 

Venus might follow suit in its orbit, 
but its rotation is opposite to the 
other planets at 177 degrees. It prefers 
to rotate in a clockwise direction. 
Further out rests Uranus, which was 

SOLAR SYSTEM

We are still unsure 
as to why Venus 

and Uranus have 
peculiar rotations

probably impacted by a number of 
other bodies in the early Solar System, 
causing it to be thrown onto its side 
so that it rolls, rather than spins, 
around the Sun.

In the case of Venus, it’s possible 
that it might have absorbed another 
body, causing it to have more mass, 
resulting in a greater speed and 
seriously altering its rotation into 
a retrograde direction. Smash-up 
collisions in the early years of the 
Solar System seem to have been quite 
common, which is why the same 
could have happened to Uranus. JB

Venus
177°

Uranus
98°



Markus Smith
According to physicist Kip Thorne
and astronomer Anna Żytkow,
stars can grow inside one another.
Thorne-Żytkow Objects (TZOs), also
known as hybrid stars, are strange
objects where one star is packed
inside the larger shell of another. It’s
thought that TZOs are made when
a dense, small and dead star – such
as a neutron star – is swallowed by a
larger dying red giant.

TZOs were regarded as
hypothetical when they were
proposed in the 1970s; the first
candidate for such a hybrid
star – named HV 2112 – was only
discovered in 2014. It lies in the
Small Magellanic Cloud, about
200,000 light years away. JB

Canstars grow
insideoneanother?

The bold colours o
Northern Lights

in photograph
much fainter and

with the nake
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Does the aurora look colourful to the naked eye?
Anthony Scavo
You may be surprised to learn that it
doesn’t – many picture the aurora to
be a vivid green arc or curtain of light
that is so bright that it reflects on the
lakes and rivers it dances above. The
truth is that the real thing is actually
much paler and fainter than we are so
used to seeing in photographs.
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How do
astronauts make
coffee in space?
AdamDuguid
It’s quite a complex task, but that
hasn’t put off the Italian Space
Agency, who has teamed up with
space food engineering company
Argotec and coffee giant Lavazza to
make a machine that could be used
in microgravity. The project, named
ISSpresso, ran for about 18 months.

Water at high temperatures and
pressures is difficult to manage in
space, so it was a serious engineering
challenge. Plastics were replaced with
steel tubing capable of withstanding
pressures of up to 400 bar (5,800
pounds per square inch) – for
comparison, the pressure on Earth is
one bar (14.5 pounds per square inch)
– and it weighed a hefty 25 kilograms
(55 pounds). The ISSpresso machine
works in a similar way to Earth-based
coffee machines, and even uses
Lavazza coffee capsules. It can also
make tea within three minutes! SA

SPACE EXPLORATION

You’ll see the dancing of the 
Northern Lights but the strong 
bold colours you see in pictures 
are actually achieved by the 
photographer, and more specifically 
the camera they are using. It’s true 
that the colours are real, but the 
moment a camera’s shutter opens, 
light gathers onto a sensor that’s 

much more sensitive than your eyes 
and creates the exaggerated green, red 
or purple aurora that you see in books 
and on websites. However, that’s not 
to say that you won’t see any colours. 
While it’s more common to see a pale, 
colourless, aurora in the northern 
sky, some have reported seeing slight 
tinges of green or hints of pink. SA

The first astronaut to enjoy 
freshly made coffee in space 
was Samantha Cristoforetti, 
who flew to the ISS in 2014

Discovered in 2014, HV 2112 is 
formed of one star packed inside 
the larger shell of another



LiamMckenna
The first description of a space station came in a short
story, The Brick Moon, written in 1869 by American
author Edward Everett Hale. It is also thought to
be the first description of an artificial satellite, and
satellite navigation, as a 61-metre (200-foot) wide
brick sphere is launched into orbit as a navigational
aid. However, Russian scientist Konstantin
Tsiolkovsky carried out the first scientific work on
space stations in the early 20th century. Slovenian
scientist Herman Potočnik then put forward the
classic rotating ring-shaped design in his 1929 book
The Problem Of Space Travel. Ultimately, it would be
the USSR that launched the first real space station,
which was Salyut 1 in 1971.

The Salyut programme grew out of studies from
the 1960s for military reconnaissance stations called
Almaz; they gained new priority when the US beat
the USSR to the Moon and the Soviet programme
searched for a new focus. Nine Salyuts were launched
between 1971 and 1986, though only six succeeded
in being occupied. These were all monolithic
stations, in that they were a single piece launched
on one rocket and all were occupied for less than a
year. The addition of a second docking port to the

design for Salyuts 6 and 7 meant crews could

The ISS is the largest and best-known space station, but it is not the first or the last in space

Questions to… @spaceanswers /AllAboutSpaceMagazine questions@spaceanswers.com@
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How many types of space station are there?
hand over, leading to the first long duration stays in 
space. NASA’s first space station, Skylab, was built 
from Apollo mission hardware and launched on the 
last Saturn 5 in 1973. Three missions over 1973 and 
1974 saw it occupied for 171 days by nine astronauts 
over the three different crews. After the end of the 
main project, the station remained in orbit and it 
was considered that the Shuttle Programme might 
reactivate it; but it re-entered Earth’s atmosphere 
earlier than expected in 1979.

The first large-scale modular space station, which 
was constructed over the course of several launches, 
was the Soviet, then Russian, Mir (Peace) station. 
First started in 1986, the last module arrived in 1996, 
completing a seven module, 129-tonne space station 
that was occupied for 4,592 days and visited by 
104 people from 12 nations; including Britain’s first 
spaceflight participant, Helen Sharman. The end of 
the Soviet Union brought the American and Russian 
programmes together and the Shuttle flew missions 
to Mir from 1995 until 1998, paving the way for the 
International Space Station (ISS) programme.

The first parts of the ISS were launched in 1998
and it has been continuously occupied since the first
crew arrived in October 2000. It is the product of
cooperation between NASA, Roscosmos, ESA, JAXA

and the Canadian Space Agency, and is expected to 
be operational until at least 2024. However, it is not 
the only space station currently in orbit as China’s 
monolithic station Tiangong 1 was launched into 
orbit in 2011. Although it is not currently occupied by 
astronauts, three-person Shenzou missions visited 
the station in both 2012 and 2013.

China is now planning a Tiangong 3 space 
station, which is due to be launched by 
2022, and Russia is looking to build a 
new national station, constructed using 
Russian components of the ISS once 
it is decomissioned. But the US is 
charting new territory with the likely 
deployment of commercially built 
Bigelow inflatable space stations 
(based on the BEAM currently 
attached to the ISS) before 
the year 2020. RH

Salyuts 1 to 5
Length: 20m (66ft)
Width: 4m (13ft)
Operator: Soviet Space
Programme
Participating country:

Tiangong 1
Length: 10m (34ft)
Width: 3m (10ft)
Operator: CNSA
Participating country:

Russian Orbital
Station
(Data only available for
Nauka module)
Length: 13m (43ft)
Width: 4m (13ft)
Operator: Roscosmos
Participating country:

Salyuts 6 & 7
Length: 16m (53ft)
Width: 4m (14ft)
Operator: Soviet Space
Programme
Participating country:

B330
Length: 17m (57ft)
Width: 7m (23ft)
Operator: Bigelow
Aerospace for NASA
Participating country:

(other stations may be 
operated commercially 
for other nations)

Space shuttle

Dragon

Soyuz

Transport

Proposed space station

USA

China

USSR

Russia

Japan

Canada
European 
Space Agency

SPACE EXPLORATION

Present space station
Past space station

= 1 crewmember
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ISS
Length: 73m (240ft)
Width: 108m (357ft)
Height: 20m (66ft)
Operator: NASA/Roscosmos/
ESA/JAXA/CSA
Participating countries:

Skylab
Length: 26m (84ft)
Width: 17m (56ft)
Operator: NASA
Participating country:

Tiangong 3
Length: 18m (59ft)
Width: 4m (14ft)
Operator: CNSA
Participating country:

A WORLD OF  
INFORMATION

WAITING TO BE  
DISCOVERED

www.haynes.co.uk

Mir
Length: 19m (62ft)
Width: 31m (102ft)
Height: 28m (90ft)
Operator: Soviet Space 
Programme/RKA
Participating countries:
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In this issue…
74 What’s in the sky?
Meteor showers, oppositions 
and an annular solar eclipse 
make great targets this month

84 Deep sky challenge
As the skies get darker and the 
nights get longer, there is plenty 
to see beyond the Solar System

78 This month’s 
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observable in late summer
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per hour
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between the
Moon and
Saturn in
Ophiuchus
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SEP

80 Moon tour
View Eratosthenes this month, 
an impressive asteroid impact 
in the lunar mountains
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naked eye targets
Night skies of August and 
September are full of wonders

88 The Northern 
Hemisphere
Galaxies and globular star 
clusters present easy targets

90 Me & My 
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The best of your 
astrophotography images

21
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Conjunction
between
the Moon
and Uranus
in Gemini

22
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Neptune 
reaches 
opposition 
in Aquarius

02
SEP
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Red lightfriendlyIn order to preserve your night

vision, you should read our
observing guide underred light

09
SEP

The Piscid
meteor
shower
reaches its
peak of ten
meteors
per hour

Naked eye

Binoculars

Small telescope

Medium telescope

Large telescope

Asteroid
2 Pallas
reaches
opposition
in Equuleus

01
SEP

An annular 
solar eclipse 
is visible from 
Madagascar 
and parts of 
central Africa
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Conjunction
A conjunction is an alignment of objects at the same
celestial longitude. The conjunction of the Moon and
the planets is determined with reference to the Sun. A
planet is in conjunction with the Sun when it and Earth
are aligned on opposite sides of the Sun.

Opposition
When a celestial body is in line with the Earth and Sun.
During opposition, an object is visible for the whole
night, rising at sunset and setting at sunrise. At this
point in its orbit, the celestial object is closest to Earth,
making it appear bigger and brighter.

Declination (Dec)
This tells you how high an object will rise in the sky.
Like Earth’s latitude, Dec measures north and south.
It’s measured in degrees, arcminutes and arcseconds.
There are 60 arcseconds in an arcminute and there are
60 arcminutes in a degree.

Magnitude
An object’s magnitude tells you how bright it appears
from Earth. In astronomy, magnitudes are represented
on a numbered scale. The lower the number, the
brighter the object will be. So, a magnitude of -1 is
brighter than an object with a magnitude of +2.

Right Ascension (RA)
Right Ascension is to the sky what longitude is to
the surface of the Earth, corresponding to east and
west directions. It is measured in hours, minutes and
seconds since, as the Earth rotates on its axis, we see
different parts of the sky throughout the night.

Greatest elongation
When the inner planets, Mercury and Venus, are at
their maximum distance from the Sun. During greatest
elongation, the inner planets can be observed as
evening stars at greatest eastern elongations and as
morning stars during western elongations.

Jargon buster

22
AUG

Comet
C/2011 KP36
(Spacewatch)
reaches its
brightest, at
magnitude
+11.9, in Cetus

07
SEP
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Cygnus

Pegasus

Andromeda

Triangulum

Aries

PerseusAuriga

GGemini

Caninis Minor

Monoceros

Orion
Taurus

Pisces

Delphinnunus

Equuleus

Microsscopium

Capricornus

Grus

Piscis Austrinus

Aquarius

Sculptor

CCetus

Fornax

Eridanus

Lepus

Columba
Caelum

CanisMajorC

Puppis

Moon phases

FM Full Moon
NM NewMoon
FQ First quarter
LQ Last quarter

All figures are given for 00h atmidnight (local times for London, UK)

% Illumination
Moonrise time
Moonset time

28

17.1%
17:3401:49

27

26.5%
16:4400:53

26
AUG

37.4%
15:4500:04

25
AUG

49.1%
--:--14:39

21

90.6%
21:4309:37

3

4.7%
20:3708:23

2

1.4%
20:1407:17

4

9.9%
21:0109:27

1

0.0%
19:4906:11

10

62.7%
--:--15:23

9

52.7%
23:3514:30

11

72.4%
16:1200:22

8

42.7%
22:5513:33

6

24.4%
21:5111:32

5

16.5%
21:2510:30

7

33.2%
22:2112:33

23

72.3%
22:4512:12

22

82.4%
22:1210:55

24

60.9%
23:2113:28

NM

15
SEP

98.2%
18:4304:39

14
SEP

95.4%
18:1103:26

13
SEP

89.3%
17:3602:17

LQ

30

4.0%
18:5203:56

29

9.5%
18:1602:50

31

0.9%
19:2205:03

FQ

12
SEP

81.5%
16:5701:16

FM

20

96.4%
21:1408:20

19

99.5%
20:4507:03

18
AUG

99.8%
20:1505:49

Uranus

Neptune

MORNING SKY OPPOSITION

Planetarium 13 September 2016
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Corona Borealis

Boötes

Coma Beerenices

Leo Minor
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Ophiuchus Serpens
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Sextans
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Crater
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Antlia
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90%90% 90% 90%

80% 80%

100%100% 100% 100%

100% 100% 100%

All rise and set times are given in BST

18 Aug 11h 29m 23s +00° 59' 05" Leo +0.4 08:31 20:49
25 Aug 11h 45m 27s -02° 02' 13" Virgo +0.7 08:35 20:22
01 Sep 11h 48m 41s -03° 21' 06" Virgo +1.2 08:17 19:51
08 Sep 11h 35m 42s -01° 59' 12" Leo +3.4 07:30 19:17
15 Sep 11h 12m 54s +01° 57' 47" Leo +4.4 06:20 18:47

The Moon

The Sun
Mercury

Venus

Saturn
Mars

Jupiter

DAYLIGHT

18 Aug 11h 06m 43s +07° 11' 51" Leo -3.9 07:37 20:58
25 Aug 11h 38m 14s +03° 42' 13" Virgo -3.9 07:59 20:44
01 Sep 12h 09m 27s +00° 07' 13" Virgo -3.9 08:21 20:29
08 Sep 12h 40m 35s -03° 29' 05" Virgo -3.9 08:42 20:15
15 Sep 13h 11m 53s -07° 02' 35" Virgo -3.9 09:04 20:00

18 Aug 11h 43m 49s +02° 57' 35" Virgo -1.7 08:36 21:13
25 Aug 11h 49m 01s +02° 23' 25" Virgo -1.7 08:16 20:48
01 Sep 11h 54m 20s +01° 48' 30" Virgo -1.7 07:57 20:23
08 Sep 11h 59m 46s +01° 13' 03" Virgo -1.7 07:38 19:58
15 Sep 12h 05m 15s +00° 37' 14" Virgo -1.7 07:19 19:32

18 Aug 16h 32m 36s -20° 18' 34" Ophiuchus +0.4 15:29 23:56
25 Aug 16h 32m 58s -20° 20' 54" Ophiuchus +0.4 15:02 23:28
01 Sep 16h 33m 40s -20° 23' 54" Ophiuchus +0.4 14:36 23:01
08 Sep 16h 34m 42s -20° 27' 32" Ophiuchus +0.5 14:09 22:34
15 Sep 16h 36m 03s -20° 31' 45" Ophiuchus +0.5 13:44 22:08

18 Aug 16h 15m 59s -24° 09' 17" Scorpius -0.5 15:38 23:13
25 Aug 16h 31m 18s -24° 41' 16" Ophiuchus -0.4 15:30 22:57
01 Sep 16h 47m 52s -25° 09' 12" Scorpius -0.3 15:22 22:43
08 Sep 17h 05m 33s -25° 31' 36" Ophiuchus -0.2 15:15 22:30
15 Sep 17h 24m 12s -25° 47' 01" Ophiuchus -0.1 15:08 22:19

25 AUG 1 SEP 8 SEP 15 SEP

80%90%

100%

EVENING SKY

0%10%20%40%
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While Mars is this issue’s featured
planet, it’s hardly showing at its
best, which goes to show what slim
pickings there are for observing the
five brightest planets during this late
summer period. Mars continues to sink
ever deeper into the evening twilight
as its brightness and apparent angular
diameter gradually diminish.

On 25 August, the Red Planet will
be just four degrees south of Saturn
(which shines at magnitude +0.4); it is
best to attempt to view this conjunction

initially through binoculars, and from
around 10pm onwards. Mars will be
eight degrees above the southwestern
horizon at this time and through a
telescope it presents an 85 per cent
gibbous disc just 11 arcseconds across
– making it around the same apparent
dimensions as Venus, though the Red
Planet will be considerably less brilliant. 

Mars remains at a frustratingly
low altitude above the southwestern
horizon in the evening skies as they
begin to darken, so you’ll need a

reasonably clear horizon to see it at 
all, let alone observe it in any detail 
through a telescope. 

Under really good viewing 
conditions, a small telescope at high 
magnification will reveal a number 
of dusky patches and lighter spots on 
the planet’s surface, and it may well 
be possible to reconcile these surface 
features with a map of the planet, 
particularly if you are using an accurate 
representation from a computer 
planetarium programme. 

Of the Solar System’s five bright naked eye planets, Mars and Saturn are 
the most easily observable objects in the skies during late summer

This month’s planets

For example, one of Mars’ largest and 
most prominent dark surface features – 
a large, V-shaped tract known as Syrtis 
Major – will be visible for observation 
on each evening throughout the latter 
part of August. 

However, by 15 September the bright 
volcanic region of Tharsis has rotated 
into view – but don’t hold your breath 
on being able to glimpse any of the 
three towering volcanoes themselves, 
which are known as Ascraeus Mons, 
Pavonis Mons and Arsia Mons.

MarsSagittarius

Mars
Right Ascension: 16h 31m 18s
Declination: -24° 41' 16"
Constellation: Scorpius
Magnitude: -0.9
Direction: Southwest

Aquila
Ophiuchus

Serpens

Serpens

Libra

Scorpius

Lupus

Scutum

Planet of themonth

S SW

20:00 BST on 25 August

SE
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Leo

Right Ascension: 11h 47m 11s
Declination: +02° 41' 10"
Constellation: Virgo
Magnitude: -4.0
Direction: West (evening)

Venus is an early evening object that is gradually 
pulling further east of the Sun. A reasonable point to 
attempt a first glimpse of Venus (at magnitude -3.9) 
is on the evening of 27 August when it’s in very close 
proximity to Jupiter (at magnitude -1.7). This will not 
be an easy conjunction to view, as this close planetary 
pairing takes place just six degrees above the western 
horizon after 8pm BST, so be careful when viewing.

Although it’s pulling ever further from the Sun, 
Venus remains persistently close to the western 
horizon, embedded in the twilight zone. By 15 
September the planet is 11.4 arcminutes across and 
its 89 per cent illuminated phase will be easy to see 
through a telescope at medium-to-high magnification.

Right Ascension: 11h 50m 32s
Declination: +02° 13' 30"
Constellation: Virgo
Magnitude: -1.7
Direction: West (evening)

Jupiter is located too near to the Sun during this 
period to be observed. On 27 August the planet will 
be very close to Venus in the evening, although this 
will be a challenge for even experienced observers. 

Right Ascension: 11h 22m 40s
Declination: +00° 04' 50"
Constellation: Leo
Magnitude: +1.3
Direction: East (but the planet is
unobservable)

The innermost planet, Mercury, is far
too close to the Sun to be observed
during the late summer, between

18 August and 15 September. Prior
to 12 September (when Mercury is
at inferior conjunction), the planet
is located just east of the Sun in the
warm evening skies. But shortly after
this date it heads west of the Sun;
however, its observable appearance in
the morning skies must wait until the
latter half of September.

Right Ascension: 16h 36m 03s
Declination: -20° 31' 45"
Constellation: Ophiuchus
Magnitude: +1.1
Direction: Southwest

Located far south in Ophiuchus,
Saturn is six degrees north of the
bright red star Antares (Alpha Scorpii,
magnitude +1.0). Mars passes south
of Saturn during the late summer,
the pair reaching conjunction on 25
August. By 15 September, Mars is 12
degrees east of Saturn. Despite its
low altitude, Saturn remains quite a

sight through a telescope under good
conditions. The planet’s famous ring
system is wide open (their north
face turned towards us); the Cassini
Division, separating the A and B
Rings, can be resolved through small
telescopes, as can the shadow of the
globe on the far side of the rings.

Due to the planet’s unfavourable
altitude, you won’t see too much in
terms of atmospheric detail, although
it will be possible to glimpse the dusky
North Equatorial Belt and North Polar
Region under suitable conditions.
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Moon tour

Eratosthenes

Eratosthenes is a 59-kilometre (37-mile)
wide crater located at the western
end of the majestic curved sweep
of the lunar Apennine Mountains
(Montes Apenninus) on the southern
shore of Mare Imbrium (Sea of Rains).
This magnificent crater, set among a
splendid mountain backdrop, is often
overlooked by virtue of its proximity
to the larger crater Copernicus, which
lies less than 300 kilometres (186
miles) to the southwest of Eratosthenes
and is often visible at the same time.
However, Eratosthenes itself is such a
spectacular feature when illuminated
by a morning or evening Sun that its
rugged topography is delightful through
a mid-to-high magnification.

Eratosthenes is a typical mid-sized
lunar impact crater, and its prominence
is accentuated by its startling position
at the southern end of the lunar
Apennine Mountains. Formed by an
asteroid collision that took place less
than 2 billion years ago, Eratosthenes is
around 1 billion years older than its near-
neighbour Copernicus.

As Eratosthenes first becomes
illuminated by an early morning Sun
(usually around a day after first quarter
phase) the magnificent mountain arc
preceding it forms a beautiful frame to
the southern margin of Mare Imbrium.

When illuminated by a low morning
or evening Sun, a prominent system
of concentric and radial impact ridges
shows up well around Eratosthenes.
Owing to the crater’s great age, much of 
the external sculpting around the crater 
has been hidden by later lava flooding
by Mare Imbrium to its north and Sinus 
Aestuum (Bay of Billows) to its south,
but a fair amount of impact topography
remains to be seen through relatively
small instruments under a low Sun.

Eratosthenes’ floor displays a central
mountain massif surrounded by a
hummocky landscape that is stained
with numerous dark spots and other
variations in albedo. Unusually for such
a large formation, Eratosthenes is barely 
visible under high angles of illumination 
– the crater’s wall vanishes more or less
completely, but its central peaks and

dusky floor patches can be discerned at 
local lunar midday.

A century ago, Eratosthenes attained 
a certain amount of notoriety through 
the observations and opinions of 
astronomer William Henry Pickering, 
who observed Eratosthenes many 
times between 1919 and 1924. His vivid 
imagination convinced him that the 
dark spots on the crater’s floor varied in 
intensity and, in addition, that the spots 
seemed to move around throughout the 
lunar day. Pickering, a fan of life on the 
Moon, speculated that the dark patches 
were vast swarms of lunar insects or 
herds of small animals constantly on the 
move, crawling or hopping around in 
search of sustenance. 

In reality, the spots on Eratosthenes’ 
floor are composed of dusky surface 
material and are as motionless as its 
central peak. The patches do vary in 
their apparent tone, but so do countless 
other albedo features in response to the 
changing angle of sunlight.

Eratosthenes is illuminated on 18 
August and you may just be able to 

Mid-sized, yet impressive, make
the most of this well-defined
asteroid impact that's set
among the lunar mountains

locate the crater to the northeast of 
Copernicus, embedded within the 
impact rays of Copernicus, but the 
lack of shadows makes this a difficult 
identification for a first-time observer. 
The lunar sunset terminator then 
moves slowly from the east during the 
following days, and hints of topographic 
detail within Eratosthenes gradually 
reveal themselves as the shadows 
deepen. By the morning of 26 August, 
the lunar morning terminator is 
encroaching upon Eratosthenes and the 
crater makes for a really splendid sight, 
preceding the mighty Copernicus on the 
sunrise terminator to its west. 

Early evening of 10 September sees 
Eratosthenes illuminated, and the crater 
appears resplendent at the western 
end of the Montes Apenninus, while 
nearby Copernicus is also an extremely 
prominent feature. Low-medium and 
high magnification telescopic views are 
highly recommended; there are plenty 
of subtle features on the Moon in the 
area nearby to see, including chains of 
craters, domes and ridges.

Top tip!
On the morning
of 26 August, the
lunar terminator is
encroaching upon the
Eratosthenes crater,
making for a splendid
sight. A Moon filter
will improve contrast,
toning down any glare
that often washes out
intricate features of the
lunar surface.

Eratosthenes crater
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Lyra

Aquarius

Draco

Piscis 
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Sagittarius

Pegasus

Sagitta

Delphinus

Cygnus

Equuleus

This month’s naked eye targets
Late summer night 
skies are full of celestial 
wonders, particularly in 
Cygnus and Aquarius

Pisces

Fomalhaut
This is a bright star
of the Southern
Hemisphere that is
visible in much of
the north, but only
for a short time.

North America Nebula
Lying just to the east of the
bright star Deneb, this large
region of ionised gas is just
visible with binoculars from
a dark sky site.

Messier 15
Just on the edge of
naked eye visibility,
this globular star
cluster looks like a
fuzzy ball of light in
10x50 binoculars.

Messier 39
Just north of the
North America Nebula,
M39 is just visible to
the naked eye and a
superb target through
decent binoculars.

Lacerta

Messier 2
Similar to Messier 15,
this globular cluster is
just on the limit of naked
eye visibility. It contains
some of the oldest stars
in the universe.

Naked eye targets
STARGAZER
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Neptune is the furthest of the planets
in our Solar System and as such, is
the hardest to see. In fact, it wasn’t
discovered until 1846 and its existence
was only surmised because of slight
changes in the orbit of Uranus.

Johann Gottfried Galle, a German
astronomer, was the first to track
down Neptune, and he did so with
the mathematical prediction of a
Frenchman called Urbain Le Verrier
and using the nine-inch aperture
refractor at the Berlin Observatory.
We certainly don’t need such a large
telescope to find it nowadays, though.

However, you’ll definitely need a
telescope with an aperture of at least
three inches (80mm) or larger. Finding
Neptune can be challenging because
it will almost certainly, at first glance,
look like just another star. However,
with a bit of magnification, you should

see that unlike other stars, it has a
noticeable, albeit very small, disc and
presents a bluish colour, which is due
to the frozen methane atmosphere of
this remote planet.

When a planet is at opposition, it is
usually directly opposite the Sun in
the sky, which means that it will be
crossing the meridian, in other words
due south, at midnight and will also
be at its highest point in the sky. This
will assist in finding it. It currently
resides in the constellation of Aquarius
and is less than 1.5 degrees to the
southwest of the star Lambda Aquarii,
a fairly bright star on the eastern side
of the constellation.

A good star chart or desktop
planetarium software will help you
find Neptune, or you can also search
for it using its celestial co-ordinates,
which at midnight on 2 September

are 22h 49m 0.41s and -8º 28’ 13.4”
(J2000) – useful if you’re familiar with
using telescope setting circles or have
a computerised ‘GoTo’ system on your
mount. A tracking mount will also
help to keep your scope ‘locked on’ to
Neptune once you’ve found it.

Use a low to medium power at first
to give yourself a reasonably wide
field of view in which to search for
it, and then once you’ve found it you
can increase the magnification, if the
sky conditions will allow it. A coloured
filter may also help to show the planet
up and in particular a yellow-green,
green or magenta filter will bring out
the planet’s signature blue hue.

When you finally do see Neptune,
think of the excitement that Galle
must have felt all those years ago 
when he first laid eyes on this frozen 
and remote world.

Turn your telescope to the ice giant this
September as it becomes ideal for observation

Get the best
views of Neptune

How to…

Tips & tricks
Use a star map
A good star chart will help. If you see
a 'star' that’s not on the chart, you’ve
found Neptune!

Use a large objective lens
A telescope with a large aperture is best 
for viewing Neptune, as the planet is 
quite faint in the sky.

Wait until opposition
This occurs on 2 September and is the
best time to hunt for the ice giant.

You’ll need:
Star chart
Telescope (three

inches or more)
Tracking mount
Yellow-green, green

or magenta filters
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Find the meridian
Neptune crosses the meridian, the line 
from north to south, at 1.00 BST, or 
midnight UTC, on 2 September.

Download the software
There is a lot of planetarium software 
available. A good free one is Stellarium.

STARGAZER
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4Start with a low power eyepiece
Use a low power eyepiece to locate Neptune, and then gradually increase the 
magnification for more detailed views of the ice giant.

2Keep track of the meridian
Scan the area of sky around the meridian, or due south, and close to the star 
Lambda Aquarii to try and spot the icy world.

6Enjoy the view!
Now that you’ve found Neptune, have fun observing this icy and remote 
planet, which has only been known about for the last 170 years.

Improve your chances of seeing an ice giant
It can be quite a tricky planet to spot. Follow our guide for the very best views…

1Time your observations just right
Check the time and aim to hunt down Neptune around midnight UTC on the
night of 2 September, as this is when the planet is at opposition.

Neptune shines by reflecting light from the Sun,
and as it is at a distance of 4.5 billion kilometres (2.8
billion miles), it is not very bright. You can improve
your chances of seeing it though, by knowing where
it should be in the night sky. Stellarium or a similar
star charting software will show you where the

Send your photos to 
photos@spaceanswers.com

5Employ a motor drive for accuracy
Switch on any telescope drive you might have in order to keep Neptune in 
your field of view. This will allow you to view it easily.

3Use a filter for optimum views
Fit a coloured filter of either yellow-green, green or magenta to your eyepiece 
to help show up the planet’s blue hue.

planet is at any given time. Midnight UTC is the best 
time to spot Neptune, as it will be over 30 degrees 
above the horizon for UK latitudes at this time. Look 
for the star Lambda Aquarii as a guide for finding 
Neptune and use a coloured filter to show up the ice 
giant’s blue surface.
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Great Andromeda Galaxy (M31)

The Triangulum Galaxy (M33)

The skies are getting
darker now as we head
towards the equinox,
giving astronomers longer
to enjoy the deep sky

The Great
Square of
Pegasus and
Andromeda

Deep sky challenge

STARGAZER
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2Globular Star Cluster M15
Slightly brighter than M2, this globular star
cluster will look great in telescopes with an

aperture of six-inches (150mm) or larger.

1Globular Star Cluster M2
Binoculars or a small telescope will show this
object as a fuzzy ‘star’. A larger telescope will

start to resolve many of the stars in the cluster.

3TheBlue Snowball
This planetary nebula looks like a star with
some nebulosity around it in a small telescope.

A larger scope will show a slightly bluish disc.

4Great AndromedaGalaxy (M31)
The core of M31 is a fuzzy blob in a small
telescope, while larger scopes will reveal its

spiral structure. M32 and NGC 205 are found nearby.

5The Triangulum Galaxy (M33)
A difficult object to spot in a small telescope
due to it being faint and spread out, but this

lovely face-on spiral looks great in astroimages.

Delphinus
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Aquarius

Pegasus
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During late August and September evenings, the
Great Square of Pegasus swings into view and
although the inside of the ‘square’ seems rather
barren, it can be a good test of how clear your skies
are – in other words, how much light pollution you
suffer from. If you can see seven or more stars
with the naked eye, you’re doing quite well. The
constellation of Pegasus is attached, as it were, to the
neighbouring constellation of Andromeda, which is
home to the famous spiral galaxy of the same name.

There is also another galaxy to see that’s not too
far away, but due to its low surface brightness, it’s
a much more challenging object. A nice open star
cluster can be found in this region, too, which was
discovered by Caroline Herschel. It’s often overlooked!
There’s a planetary nebula as well, known as the Blue
Snowball, along with a couple of globular star clusters
for you to pick out. All in all, it’s a great region of the
sky to visit with a telescope.

Globular Star Cluster M15

Equuleus

Andromeda

Pisces

TriangulumAries

Lacerta

Cygnus
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You’ll need:

Asteroids are rocky bodies that orbit 
the Sun and they can vary enormously 
in size, from around ten metres (32.9 
feet) across to something the size of a 
small moon. A large number of them 
are found between the orbits of Mars 
and Jupiter and some of the very 
largest ones are detectable in amateur 
telescopes and are often named. 

The third largest asteroid known 
and the second one to be discovered 
in this ‘asteroid belt’ is called 2 Pallas, 
and it was first recorded in 1802 by a 
German astronomer named Heinrich 
Olbers. At first it was thought to be a 
planet, but when other similar objects 
were found, it was reclassified. 

As with any body in the Solar 
System that has an orbit outside 
of Earth’s, it periodically comes to 
opposition, that is, it is opposite the 
Sun in the sky from our point of view. 
At this point we are usually as near as 
we can get to each other in our relative 
orbits. This in turn means that the 
object, in this case 2 Pallas, is about as 
bright as it can get and is available to 
view for much of the night. 2 Pallas’ 
opposition occurs on the night of 21-22 
August, so if the skies are clear this is 
an excellent time to observe it. Having 
said that, this is a fairly small body and 
it is further away than Mars, so you’ll 
need a telescope to see it.

At this time, it will be on the 
borders of the constellations of 
Pegasus and Equuleus and will be 
crossing the meridian – the line 
running from due north to due south – 
around midnight UST, or 1.00am BST. 
A good way to find the asteroid is to 
use a star chart. It is best to have one 
that shows stars down to at least 8th 
magnitude, so it is probably better to 
print out your own from your desktop 
planetarium or star charting software. 

2 Pallas will be shining at 
magnitude 9.2 at this time, so at first 
glance, it will look just like any other 
star in the field of view. Mark the 
position of the ‘star’ that you think 
is 2 Pallas and check it again for the 
following couple of nights if you can. If 
it moves relative to other stars shown, 
then you’ve found your asteroid! Sadly, 
however, 2 Pallas is too remote to be 
able to make out any definable shape.

There are some small rocky bodies in the
Solar System that you can see with a telescope

Hunt for an asteroid
How to…

 Star chart or 
planetarium

 Medium-sized 
telescope or larger

 Tracking mount

Tips & tricks
Use a planetarium
Use a detailed star chart, or print one
out from your planetarium software.

Head to a dark site
The asteroid will be a challenge to
observe in light-polluted areas. For
optimum views, you should head to
an area with no artificial light, on a
Moonless night.

Use a large aperture
A telescope of any size should show
you 2 Pallas, but the larger the
aperture, the better.

Be patient
To be sure you’ve found the asteroid,
mark the position on your chart for
several nights.

Use a moderate magnification
You will need only a moderate
magnification to see the asteroid.
Magnifications of between 20x and
60x are recommended. @
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4 Compare your observations with a
star chart
To find 2 Pallas, compare what you see with

the star chart and move your telescope accordingly.

2 Look for the star Delta ( ) Equulei
2 Pallas will be three degrees due east of the
star Delta Equulei as it crosses the meridian.

6 Record the asteroid’s position
Once you think you’ve found 2 Pallas, mark its
position on your star chart and check it again

the following night.

Get on the lookout for 2 Pallas
Asteroids can be quite tricky to spot, so follow these steps to improve your chances

1Wait for culmination
The asteroid culminates (reaches its highest
point) around midnight UST on 21-22 August.

A telescope with an aperture of at least three-
inches (75mm) for a refractor, or six-inches (150mm) 
for a reflector, should reveal the asteroid. Use a 
low-to-medium power eyepiece and increase the 
magnification a little once you are looking at the right 

Send your photos to 
photos@spaceanswers.com

5 Carefully track 2 Pallas
Make sure that your telescope drive is switched
on as this will keep the asteroid in your

telescope’s field of view.

part of the sky. A tracking mount is useful, too, to 
keep the field of view constant. Use your star chart to 
pinpoint 2 Pallas and check this part of the sky over 
the course of a few nights to check the movement of 
the asteroid against the background stars.

3Achieve a wide field of view
Start with a low-to-medium power eyepiece in
order to give you a wide field for observations.
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The Northern
Hemisphere

This chart is for use at 10pm (BST)
mid-month and is set for 52° latitude.

Hold the chart above your
head with the bottom of the
page in front of you.

Face south and notice
that north on the chart
is behind you.

The constellations on the chart
should now match what you
see in the sky.
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As we head into late summer, the night
sky is alive with a selection of galaxies
and star clusters. Starburst galaxy
Messier 82, also known as the Cigar
Galaxy, and Messier 106, as well as
neighbouring spiral Messier 94, all offer
splendid views this month.

If you’re quick, naked eye planets
Saturn and Mars are also visible at dusk
before setting within a few hours, while
star clusters such as Messier 10, Messier

12 and Messier 14 are ideal for those who
aren’t looking to stay up too late.

For those keen to stay up into the
early hours of the morning, the galaxies
of the constellation of Andromeda and
Triangulum wheel into view, as well
as a variety of open and globular star
clusters, which are visible in a range
of instruments. Remember to use
this map under red light in order to
preserve your dark-adapted vision.

Galaxies and globular star clusters are easy pickings for
well-equipped astronomers in the late summer

Observer’s note:
The night sky as it appears
on 13 September at
approximately 10pm (BST).

Sirius (-1.4)
-0.5 to 0.0
0.0 to 0.5
0.5 to 1.0
1.0 to 1.5
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Fainter
Variable star
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Open star clusters

Globular star clusters

Bright diffuse nebulae

Planetary nebulae

Galaxies

Magnitudes Spectral types

Deep-sky objects
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Messier 5

Messier 106

Cigar Galaxy (M82)
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Me & My
Send your astrophotography images to 
photos@spaceanswers.com for a chance 
to see them featured in All About Space

Pelican Nebula (IC 5070) 

Alastair Woodward
Derby, UK 
Telescope: 

Sky-Watcher 130PDS
“When I initially 

began observing the 
night sky, in particular 

the Moon, I wanted 
to keep strictly to visual astronomy. 
However, after six months of gazing 
at the stars, I wanted to get a better 

record of my observations, which led 
to an interest in astrophotography. My 
appreciation of dark skies was realised 

when I stayed in a small, inland village 
located in the south of France. The 

skies were the darkest I have ever seen, 
with stellar views of the Milky Way.”

Mohammad Mireskandari
Markazi, Iran
“Using my Nikon D7000 
camera as well as a 
Tokina lens, I captured 
this beautiful eight-shot 
panorama of the Milky Way 
over Iran. As I was imaging 

our splendid galaxy, there was a cool breeze 
on my face and the smell of wheat from the 
nearby fields. At the top of the image, the 
large spiral galaxy of Andromeda can be 
seen. as a small hazy cloud.”

The Milky Way over Iran
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Orion Nebula (M42)

Stages of a lunar eclipse

Houssem Ksontini
Tunis, Tunisia 
Telescope: 
Sky-Watcher 
Explorer 150P
“I have always 
had an interest 
in astronomy but 

it didn’t become a hobby until I 
discovered astrophotography and 
bought my very first instrument: 
a Newtonian telescope. While I 
don’t have the benefit of a GoTo 
mount or autoguiding, I am able 
to capture the beauty of a variety 
of deep-sky objects. When I 
image the Moon and other Solar 
System targets, I use a modified 
webcam combined with a Barlow 
lens for magnified views, which 
provides me with stunning views 
of Mars, Saturn and Jupiter.”

Plato crater and Mare Frigoris

Lunar crater Copernicus

Sendyour photos to… @spaceanswers photos@spaceanswers.com@
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Meade 20-60x80 Wilderness
An instrument that’s built to last, this spotting scope is perfect for the
casual astronomer and serious wildlife watcher

STARGAZER

Telescope 
advice
Cost: £210
From: Hama UK Ltd
Type: Spotting scope
Aperture: 3.15” (80mm)
Magnification: 20-60x

If you can’t quite commit to a full-
blown hobby in astronomy but you 
enjoy watching nature at play, then 
a spotting scope from the Meade 
Wilderness range could be the perfect 
optical instrument for you. 

On initial impressions, the 
20-60x80 is an excellent specimen. 
It features rugged, rubber armour to 
protect the optics from moisture and 
is finished to a high standard. The 
Meade Wilderness is supplied with a 
high-quality 20-60x zoom eyepiece, 
a soft case and camera adapter, but 
unfortunately it doesn’t come with a 
tripod – something that this spotting 
scope requires for stable observations. 
For this reason, we think that the 
Meade Wilderness is suitable for those 
interested in casual astronomy and 
with a medium budget. If your budget 
is low, then we recommend taking the 
plunge and buying a telescope that’s 
much more geared towards observing 
the night sky and comes equipped
with accessories and a tripod. We can

certainly recommend any spotting 
scope tripods from the Meade range.

Combined with its waterproof 
design, which allows nature lovers to 
watch wildlife in a variety of weather 
conditions, for that added protection 
the Meade Wilderness also features 
a nitrogen fog proofing inside the 
armour – something that observers 
of the night sky will appreciate. 
Astronomers know all too well about 
the condensation that a change in 
temperature can bring – from moving 
an observing instrument from the 
warm indoors to the much-colder 
outdoors – which can ultimately cause 
damage to the objective lens’ coating 
and the optical system in general. 

The Meade Wilderness ensures that 
condensation isn’t a problem, allowing 
the sky-watcher to enjoy a selection 
of targets with little fuss. While the 
Meade Wilderness is coated in a 
generous amount of protective armour, 
this doesn’t hinder the exquisite
lightness of the instrument that makes

it ideal as a ‘grab-and-go 
scope’ for travel.

Spotting scopes are 
often overlooked – even 
for the most basic 
of astronomical 
observations – 
but the Meade 
Wilderness 
certainly got our 
attention, since it 
was particularly 
useful when it 
came to observing 
the Moon, star 
clusters and the 
brighter naked eye 
planets. The warmer 
summer nights 
of August offered 
a good selection of 
targets to test the Meade 
Wilderness’ mettle. Mars 
and Saturn in the south 
got our immediate attention 
as the Sun dipped below the 
horizon at around 10pm BST. 

The spotting scope was easy to 
use, and we did not need to use a 
finderscope to find specific targets. 
Mars was an easy target to locate, a 
reddish-orange star that appeared as a 
salmon-pink disc through the Meade 
Wilderness. Small views of the Red 
Planet were achieved through this 
spotting scope, even using the 20-60x 
zoom eyepiece. We couldn’t see any 
detail on Mars’ surface but the Meade 
Wilderness did provide clear and crisp 
views – particularly of Saturn in the 
constellation of Scorpius. Despite the 
small views of the gas giant, we were 

Best for...
Intermediate

Medium budget

Planetary viewing

Lunar viewing

£

Digiscoping

The eyepiece is 
angled at 45 degrees 
for a comfortable 
viewing experience

“ This Meade 
spotting scope
features rugged
rubber armour
to protect the 
optics from 

moisture”
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able to make out the planet’s rings
and, while not as spectacular a sight
as you’d get through a telescope with
a medium-sized aperture, views of
Saturn were satisfactory.

We waited until the next evening
to catch the Moon at its first quarter,
which provided excellent views of its
cratered surface along the terminator.
Operation of the zoom eyepiece was
smooth, similar to the twist eyecup,
which we noted to have very good
eye relief, making it suitable for those
with or without spectacles. The angled
orientation of the Meade Wilderness’
eyepiece holder at 45 degrees made
for very comfortable viewing. A multi-
coated lens along with the BaK-4

Telescope advice
STARGAZER

The spotting scope 
features rugged, 
waterproof armour to 
protect the optics from 
water and condensation

The objective lens is multi-coate
and, combined with the BaK-4 prism

provides bright and clear view

The Meade 
Wilderness comes 
supplied with a 
20-60x zoom 
eyepiece, which 
fits snugly to 

the main tube 

prisms ensured clear and crisp views
across a very good proportion of the
field of view when using the high-
quality zoom eyepiece.

This spotting scope is limited to 
the brighter targets of the night sky. 
So if nature watching is of no interest 
to you or you are just learning your 
way around the night sky, then we 
strongly recommend buying a pair 
of binoculars or a telescope that 
comes as a more complete package. 
On the other hand, if you’re looking 
for an instrument that’s portable and 
complements your existing kit, then 
this rugged spotting scope, which 
is ideal in low light and for basic 
astrophotography, is worth a look.

“  The Meade Wilderness is 
ideal in low light and for 
basic astrophotography”
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A MEADE WILDERNESS 
20-60X80 SPOTTING SCOPE

IN 
BaK-4 prisms, anti-reflection coatings and a waterproof 
casing make this instrument ideal for casual astronomy   

To be in with a 
chance of winning, 

all you have to do is 
answer this question:

A: 9.89 light years 
B: 4.37 light years 
C: 2.15 light years

How far away is 
the Alpha Centauri 

system from Earth?

Enter via email at allaboutspace@imagine-publishing.co.uk 
or by post to All About Space competitions, Richmond House, 33 Richmond Hill, Bournemouth, BH2 6EZ 
Visit the website for full terms and conditions over at www.spaceanswers.com/competitions

If you’re a lover of the great outdoors 
and enjoy nothing more than dabbling 
in everything from bird-watching to 
observing the night sky, the Meade 
Wilderness provides stunning views 
like no other.

It features high index Bak-4 prisms, 
as well as high-quality, precision lenses 
fi nished with layers of anti-refl ection 
coatings, for optimal performance 
equivalent to or better than any spotting 
scope in its class. Magnifi cations from 
20x to 60x, combined with an 80mm 
objective, provide bright and detailed 
images for a superb viewing experience. 
A sliding sunshade to reduce glare and 
rugged, rubber armour also provides an 
exquisite fi nish, creating a waterproof 
and fog-proof design.

Courtesy of:

£210!
WORTH 



Distributed in the UK by Opticron, Unit 21, Titan Court, Laporte Way, Luton, LU4 8EF
01582 726522 www.vixenoptics.co.uk

Upgrade Your Eyepieces!
Vixen NPL Plössls from £49

Available in focal lengths from 4mm to 40mm,
these are the perfect step up from stock

eyepieces supplied with your scope.

Available to buy online from:
www.firstlightoptics.com

www.tringastronomycentre.co.uk

2nd - 4th September
Our annual Astronomy Festival is 
now in its 12th year.
The programme includes…

Telescope Tours
Viewing (weather permitting)
Planetarium Shows
Trade Stalls
Lectures
Astronomy Societies
Raffles
Camping (weekend registration 
available) 
Beer tent & refreshments
Family activity fun day
Hands-on science fun

JOHN FOX

GRAHAM GREEN

COAA + Algarve + Portugal =
sunny days +

Tel +351 282471529

TELESCOPES Ltd
www.harrisontelescopes.co.uk

BEGINNERTELESCOPES FROM UNDER £100
WiFiTELESCOPES FOR ANDROID & iOS

COMPUTERISEDTELESCOPES UPTO 20”
ASTRONOMY BINOCULARS FROM £33.99

EXPERT ADVICE & LIFETIMETECHNICAL SUPPORT

TELESCOPES EYEPIECES FILTERS MOUNTS & MORE

DIGITAL SLR CAMERA ADAPTERS FROM - £11.00
MAINS 5 AMP POWER SUPPLIES - £26.00

SKYWATCHER LIGHT POLLUTION FILTERS - £18.00
QUALITY MOON FILTERS FROM - £8.99

*STARSENSE AUTOALIGN FOR SKYWATCHER*

To advertise in

Contact us on 01202 586442
a d i n f o @ i m a g i n e - p u b l i s h i n g . c o . u k



In the shops
The latest books, apps, software,
tech and accessories for sp
and astronom

App
Galaxy Collider
Cost: £0.79 / $0.99
From: iTunes
If you want to be a master of galaxy smashing, then the 
Galaxy Collider app is the smartphone app for you. By 
simulating the physics of interacting galaxies, this app 
is quite an accurate simulation of what happens when 
these giant structures merge. 

Galaxy Collider is great fun to use and allows you to 
alter the size and number of galaxies in the simulation 
before you smash them together. On a couple of 
occasions though, we found that there were several 
glitches in the running of the app. For example, after a 
certain period of time had elapsed, the galaxies would 
reset even if we hadn’t collided the structures. We also 
discovered that there is no way to put the collision into 
a ‘slow motion’ setting, despite advice from the help 
section of the app. The galaxies themselves don’t look 
brilliant but, given the price and the general complexity 
of what the app is trying to achieve, that may not have 
been at the top of the developer’s list.
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eur Peter
ate spaceflight industry. 

e chronicles how Diamandis furthered 
pace Race by offering $10 million (£7.6 million) to the 

first team who could prove that commercial spaceflight 
is achievable. Guthrie details Diamandis’ efforts to secure 

funding for the prize, setting the scene and putting the 
reader in Diamandis’ shoes. The author also skilfully weaves 

the stories of his partners, including Microsoft co-founder, 
Paul Allen and Virgin Atlantic founder, Richard Branson 

among others, giving a fascinating day-by-day look at how 
private spaceflight got off the ground. Guthrie doesn’t shy 

away from the tragedies that have befallen the private 
space industry either, discussing how they have affected 

the industry’s future. Guthrie focuses on the personalities, 
financial dealings and inspirational side of rocketry, rather 
than the nuts and bolts, although, there is a smattering of 

rocket science, which is accurate and digestible. However, we 
do believe that the book is in need of photography to enrich 

the text. Overall though, a highly recommended read!

www.spaceanswers.com
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Software
Celestia v1.6.1
Cost: Free
From: celestiaproject.net
Celestia brings the universe to your computer, offering
a full three-dimensional representation of planets, stars
and galaxies, and is based on the Hipparcos catalogue of
more than 100,000 stars. What we enjoyed most about
this software is that Celestia allows you to whizz off in
any direction, at any speed, whether it’s a leisurely stroll 
or travelling at the speed of light. While the graphics 
were impressive for free software, we noted that – due 
to computer memory limitations – Celestia didn’t go out 
much further than 16,000 light years.

Celestia runs on a variety of operating systems 
including Windows, Linux and Macintosh and features 
a guided tour of the Solar System, an eclipse finder, an 
updated exoplanet database and an International Space 
Station tracker. The specially-made Celestia website 
features a user manual, showing you how to use the 
astronomy software – we recommend downloading 
this and taking the time to read it as Celestia isn’t 
very user-friendly, but once you’ve cracked how to 
use it, it’s perhaps one of the most powerful pieces 
of software you’ll ever get to operate.

Accessories
Celestron 1.25” colour filters
Cost: £10.58 / $13.95
From: David Hinds Ltd
If you’re a keen observer of the night sky, filters are a must 
to enhance your views, and well-renowned manufacturer 
Celestron offers these accessories in their usual high quality. 
Easy to screw to the base of all eyepieces, provided they 
have a 1.25-inch fitting, we got stuck into observing the 
lunar surface along with Mars, Saturn and Jupiter.

Turning our telescope to the surface of the Moon, the 
yellow filter didn’t disappoint, picking out the even finer 
details of craters, as well as the belts and poles of gas giant 
Jupiter. Switching out for an orange filter, we were impressed 
with how Saturn’s cloud bands improved our view of the 
ringed planet. We then took advantage of the Red Planet’s 
positioning in the evening sky and employed a red filter to 
pick out the Martian polar ice cap. 

Celestron’s coloured filters perform just as well as they 
are made – the black rims around the edge are superbly 
manufactured, while the embossed Wratten Number and 
filter colour are easy to read under a red flashlight during an 
observing session. A great addition to your astronomy kit.

www.spaceanswers.com
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How this British astronaut finally made it to the ISS
Tim Peake

98

On 19 May 2008, the European Space
Agency (ESA) launched its third
astronaut selection process since it
was formed in 1975. At the time, it
just so happened that one retired
British Army Major was browsing the
internet when he stumbled across the
application process. Thus, Major Tim
Peake, aged 36 at the time, entered
his name along with more than
8,000 others to join the European
Astronaut Corps – and we’re guessing
you already know how it turned out.

Peake had dreamed of being
an astronaut ever since he was a
little boy, born in the small and
unassuming city of Chichester in
West Sussex, England, on 7 April
1972. His mother was a midwife and
his father a journalist, but inspired by
trips to air shows with his dad, Peake
decided to join the Air Force.

After joining the Combined Cadet
Force as a teenager, by the age of
18 he already had 40 hours of flight
time under his belt and was offered a
place at the Royal Military Academy,
Sandhurst. Peake was ultimately
awarded his ‘wings’ in 1994, and went
on to rack up more than 3,000 hours
in the air during his 18-year military

OF S
P

A
E

career. In 2009, Peake brought his 
military career to a close – almost 
a year after he had submitted his 
application to ESA – to join a global 
helicopter manufacturer as a senior 
test pilot. But in May that year, Peake 
discovered that he had been offered 
one of six places on the European 
Astronaut Corps and duly turned his 
attention towards training to head 
into space.

It should be noted that Peake was 
the first British astronaut selected 
by ESA, earning him the moniker in 
various media outlets as Britain’s first 
“official” astronaut. Of course, there 
have been others – Helen Sharman in 
1991, for example, and several more – 
but they were either privately funded 
(such as in the case of Sharman) or 
were citizens with dual nationality 
who flew under NASA’s wing.

But whatever label we use for 
Peake, his achievement is still hugely 
impressive. Following his selection, 
Peake was put through a rigorous 
14 months of training in Cologne, 
Germany and Star City, Russia. This 
included everything from learning 
how to operate the robotic arm on the 
International Space Station (ISS), to 

extreme survival training in a cave in 
Sardinia, Italy.

Then, in 2013, the moment that 
he had been waiting for came: NASA 
and ESA selected Peake to be one 
of three crew members that would 
launch to the ISS in December 2015, 
as part of Expeditions 46 and 47. Two 
years later, on 15 December 2015, 
Peake successfully launched from the 
Baikonur Cosmodrome in Kazakhstan 
to the ISS, beginning a six-month stay 
on the orbiting outpost.

Peake shared his time on the 
ISS with American astronaut Scott 
Kelly and also oversaw the arrival of 
several spacecraft, including SpaceX’s 
Dragon capsule. Alongside performing 
ground-breaking science and research 
in space, his so-called Principia 
mission was, without a doubt, also an 
inspiration to countless children – and 
adults, too – back home in the UK.

For Peake, going to space was a 
dream come true. There have been 
British-born astronauts before and 
there no doubt will be again. But 
after his return to Earth on 18 June 
2016, Peake is well deserving of all 
the plaudits he has received. Ground 
control to Major Tim, indeed.

Peake launched to space on 15 
December 2015 for a six-month 

mission onboard the ISS
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