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“It has always been
necessary that explorers
should be willing to die for
their efforts”
WaltCunningham,Apollo7pilot
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If we were inclined to 
tweak our own human 
egos, we’d probably look at 
the universe and think we 
were pretty special. We’ve 
had several decades of 
peering deep into our galaxy, 
seeking out the difficult-to-
observe planets with new 
techniques that don’t rely 

on the conventional methods we use to look at 
the stars. In that time, we’ve seen thousands of 
exoplanets, orbiting thousands of light years away 
and often making themselves known only by the 
slight dip in light as they transit their parent star. 

We’ve seen the hot Jupiters; gas giants that 
orbit close to their host star and are relatively 
easy to detect. We’ve seen small rocky worlds 
and the super-Earths that have some prospect 
of liquid water on their surfaces, plus the holy 
grail of planet-hunting: Earth-like worlds. These 

are like the three planets recently found by the 
Kepler Space Telescope (see news on page 12), 
near Earth-sized planets found in the so-called 

‘Goldilocks zone’ of their host star, an orbit where 
it’s the right temperature for water and, potentially, 
life to form. But, as yet, there’s not the slightest 
indication that there is life on any of these worlds.

That’s what makes our understanding of the 
Solar System and its formation so much more 
important. Life is by far the rarest of all space 
phenomena, because Earth is the only planet we 
know it exists on. If we can fully understand the 
conditions that led to our Solar System today and 
ultimately, to the right conditions for life to form 
on Earth, we will have a better idea of what to look 
for when searching for it within other planetary 
systems in the future.

Giles Sparrow
  This is the face of 

the man who wrote 
our cover feature. 
It’s on page 16 (why 
not have a peep?)

Crew roster
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Comet valley
On 9 December 2014, the Rosetta spacecraft was around 

20 kilometres (12 miles) from the centre of Comet 67P/
Churyumov-Gerasimenko when it took four images with 

its NAVCAM. The resulting mosaic is this incredible image 
showing the gully between the two main sections of the 

comet. Each of the four images showed a 1.75-kilometre-
wide (just over a mile) section of the comet; this slightly 

cropped version spans nearly three kilometres (about 
two miles) of the comet with valley walls towering 

hundreds of metres above the floor.
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Neutral buoyancy 
astronaut training
Luca Parmitano and Thomas Pesquet (in the white suits 
on the right and left respectively) are shown here, training 
for a 2016 EVA (extra-vehicular activity) maintenance run 
to the International Space Station. They’re submerged in 
the water of the Neutral Buoyancy Lab in NASA’s Johnson 
Space Center. Parmitano had a close call on his second 
EVA maintenance mission in 2013, nearly drowning when 
his suit began to fill with water.
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Maximum solar flare
Mid-December saw the Sun release an enormous outburst of 
energy in the form of an X1.8-class flare. NASA’s Solar Dynamics 
Observatory (SDO) was watching to capture the event as it 
happened, resulting in this amazing image. The flare itself can be 
seen on the right-hand side of the Sun. We’re around the peak of 
quite a weak solar maximum (a period in which solar activity is at its 
highest) compared to others but nevertheless, these solar flares can 
still wreak havoc with communications satellites on Earth. 

Giant potato chip
Floating in the constellation of Leo around 80 million light years 
away is the biggest potato chip in the universe… or a spiral galaxy 
that looks like one from our perspective. At one point just over a 
decade ago, no less than two supernovae occurred in NGC 3190 
at the same time. SN 2002bo could be found in the V of its dusty 
lanes, while SN 2002cv was obscured in visible light by dust.

http://worldmags.net/
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Mars flight test
The United Launch Alliance Delta IV Heavy 
rocket took off from Cape Canaveral on 5 
December 2014. Mounted on its top is perhaps 
the most important spacecraft to experience 
a test flight in recent years – the Orion 
spacecraft. It was unmanned for this flight, of 
course, but it’s intended for a future manned 
mission to a nearby asteroid beyond Earth 
orbit and, ultimately, a mission to Mars. Orion 
began its orbit at an altitude of around 5,800 
kilometres (3,600 miles) and went around the 
Earth twice before landing in the Pacific Ocean.

www.spaceanswers.com10
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The barred spiral galaxy NGC 936 is home to many 
ancient stars and shows no sign of new stellar 

formation. It may not be dominated by large 
amounts of dark matter, but it does resemble that 

iconic Star Wars spacecraft, the TIE fighter, flown 
by pilots under command of the dark side’s Darth 

Vader. This image was taken by the European 
Southern Observatory’s Very Large Telescope.
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"The day is on the 
horizon when we'll 
know how common 
planets like Earth are."
The search for Earth-like worlds yields eight new 
candidates, three of which could well support life

Age of a star 
found in its spin
A new study allows us to determine 
how old a star is by the decaying 
speed of its revolutions 
We’ve known for quite some time that 
all stars are in a slow state of decay, 
but a fresh breakthrough by a team 
of astrophysicists at the Harvard-
Smithsonian Center for Astrophysics 
has paved the way for the field by 
successfully measuring the age of a 

star by comparing its mass with the 
speed and slowdown of its spin. 

The process of working out how 
long a star has been in existence has 
long been a grey area but this new 
approach, dubbed ‘gyrochronology’, 
provides a fascinating level of 

The oldest known star, HD 
140283, is estimated to be 
14.5 billion years old. This 

new process could well 
verify that number

For almost six years, NASA’s Kepler 
space telescope has been searching for 
planets with Earth-like characteristics, 
providing thousands of potential 
candidates. If those locations tick all 
the desired boxes, they’re added to 
a list of verified exoplanets: that list 
has just reached a landmark with its 
1,000th verified exoplanet discovery.

“Each result from the planet-
hunting Kepler mission’s treasure 
trove of data takes us another step 
closer to answering the question 
of whether we are alone in the 
universe,” said John Grunsfeld, 
associate administrator of NASA’s 
Science Mission Directorate at the 
agency’s headquarters in Washington. 
“The Kepler team and its science 
community continue to produce 
impressive results with the data from 
this venerable explorer.”

Revealed at a meeting of the 
American Astronomical Society in 

January, eight brand-new planets 
were added to NASA’s gallery of 
Earth-like worlds beyond our galaxy. 
Each one has been chosen due to its 
comparable size and mass to Earth, 
but not all of them have the potential 
to support life. However, three of the 
newly verified planetary bodies sit 
within their home star’s ‘habitable 
zone’ and have been added to the 
NASA Kepler ‘Hall of Fame’ for small, 
potentially life-supporting planets.

Of the three, two are likely made 
of rock, much like the Earth itself. 
The two in question, Kepler-438b and 
Kepler-442b, orbit stars that are much 
smaller and cooler than our Sun so 
their habitable zones are found much 
closer than Earth’s. Yet their rocky 
topographies and size make them a 
close enough approximation of our 
planet to pop up on NASA’s radar. 

“With each new discovery of 
these small, possibly rocky worlds, 

our confidence strengthens in the 
determination of the true frequency 
of planets like Earth,” said co-author 
Doug Caldwell, SETI Institute Kepler 
scientist at NASA's Ames Research 
Center at Moffett Field, California. 
“The day is on the horizon when we’ll 
know how common temperate, rocky 
planets like Earth are.”

Kepler-438b, Kepler-442b and 
Kepler-440b becoming the latest 
additions to the ‘Hall of Fame’ comes 
after an exciting nine months of 
study, which kicked off when the first 
planet to meet these characteristics, 
Kepler-186f, was discovered back 
in April of last year. Situated in a 
similar position to that of Mars in our 
Solar System, this original exoplanet 
remains the closest scientists have 
come to locating an ‘alien Earth’, with 
indications that it likely possesses a 
breathable atmosphere and water on 
its surface. 
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Fascinating space facts, videos & more

NASA
completes
ISS resupply
mission
Private space company SpaceX
has finally finished its fifth supply
run to the International Space
Station (ISS) following an aborted
attempt earlier in the year.

New satellite
programme
to analyse the
Earth’s soil
The NASA Earth science mission,
SMAP (Soil Moisture Active
Passive) is gathering data obtained
from space that will be invaluable
in understanding severe droughts.

First year-long
space station
expedition
On 27 March, two astronauts from
NASA and Roscosmos will embark
on a year-long mission aboard
the ISS. Their stint will provide
vital data regarding the effect that
prolonged space travel has on the
human body.

Sea-based
rocket test
ends in crash
SpaceX’s plans to test a new
marine landing platform for its
Falcon 9 rocket ended in failure
when its attempt at a controlled
return went awry. Company
CEO Elon Musk tweeted that the
booster hit the platform with full
force: “Close, but no cigar.”

For full articles:
www.spaceanswers.com

Kepler-186f, discovered 
in April 2014, has become 
the archetype for distant 

Earth-esque exoplanets

Hubble
marks 
25 years 
with Eagle 
Nebula
It’s gathered over a million 
images and helped bolster over 
11,000 academic papers since 
it was launched in 1990, and 
now, on the cusp of its 25th 
anniversary, the Hubble telescope 
has turned its lens to the Eagle 
Nebula, a relatively young open 
star cluster that provided one 
of its most famous images, the 
‘Pillars of Creation’.

Taken on 1 April 1995, the 
original shot captured the tusks 
of interstellar gas and dust that 
jut from the nebula’s tip, so 
named because it depicts the 
slow creation of brand-new stars. 
“I called [fellow astronomer] Jeff 
Hester and said, ‘You need to get 
here now,’” recalls Paul Scowen, 
one of the original astronomers 
responsible for Hubble’s most 
famous snap. “We laid the 
pictures out on the table, and we 
were just gushing because of all 
the incredible detail that we were 
seeing for the very first time.”

Two decades on, and 
comparing the images reveals the 
Eagle Nebula continues to stretch 
longer and longer as new stars are 
formed in its gaseous core. The 
tusks of dust have now extended 
a further 96.6 billion kilometres 
(60 billion miles) in the 
intervening years at an estimated 
speed of 724,000 kilometres 
(450,000 miles) per hour. 

The Eagle Nebula’s pillars of gas 
and dust have extended since 
Hubble first imaged them in 1995

“The age of a star can now 
be determined with only ten 
per cent uncertainty”

“This treasure trove 
of data takes us 

another step closer to 
answering the question 
of whether we are alone 

in the universe”      

accuracy. A team of astronomers, 
headed by Søren Meibom and Sydney 
Barnes, surveyed 30 solar-type stars 
in the 2.5 billion-year-old cluster NGC 
6819 and found that the pace at which 
a star begins to slow down is directly 
affected by its mass. “The relationship 
between mass, rotation rate and age of 
the observed stars is now defined well 
enough that by measuring the first 
two parameters, the third, the star's 
age, can be determined with only ten 
per cent uncertainty,” said Barnes.

That accuracy is based upon 
unlocking the relationship between 
a star’s mass, its rotation rate and its 
age, with Barnes, Meibom and their 
team observing the sunspots on stars 
as they rotate in and out of view. More 
interestingly, the research could prove 
invaluable in the search for life beyond 
our Solar System. If astronomers can 
locate and accurately determine a 
star with a similar age to our Sun, the 
worlds that sit within its habitable 
zone could well support life. 
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Incredible superstar
re-created in 3D
New data and theoretical modelling helps us look into the
heart of a massive stellar system like never before
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Following its touchdown on
the Comet 67P/Churyumov-
Gerasimenko on 12 November, the
Philae comet lander remains in a
state of hibernation. Scientists at
the European Space Agency had
initially hoped the craft would
provide a few weeks of readings and
data before powering down, but its
batteries ran flat following its rough
landing in a dark ditch somewhere
on the comet’s surface.

The Rosetta programme was
dealt another Philae blow when the
team realised the craft’s on-board
drill had failed to deploy. The drill
was designed to provide subsurface
samples to various instruments on
the lander once it touched down,
but it’s now been assumed that all
of Philae’s instruments, including
the drill device, shut down after its
unorthodox landing.

Despite this, ESA is confident
the lander will start pinging back
data as soon as its solar panels
begin to recharge. This includes
the possibility of redeploying the
drilling device later this year.

Milky
Way black
hole has
record-
breaking
outburst
NASA witnesses
a startling
superflare –
theory suggests
the destruction
of a passing
asteroid may have
been to blame

Philae comet
lander still
silent
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Astronomers at NASA have observed
one of the largest X-ray flares ever
recorded and it just so happens
to have come from Sagittarius A*,
the supermassive black hole in the
centre of the Milky Way galaxy. The
burst was so large it burned 400
times brighter than any other output
recorded from the large astronomical
radio source.

Recorded by the Chandra X-ray
Observatory space telescope, the event
was captured by sheer chance since
NASA was instead observing the
supermassive black hole to monitor
the effect of a passing cloud of gas.
“Unfortunately, the G2 gas cloud

The smaller star in the 
Eta Carinae system 

is still a whopping 30
solar masses

Around 7,500 light years from Earth
lies Eta Carinae. It’s a colossal binary
system, 120 times more massive
than the Sun and populated by two
huge stars whose unstable orbits
bring them unusually close every
five-and-a-half years. It’s fascinated
astronomers since it was discovered
in 1677; a long-term study by a team at
NASA’s Goddard Space Flight Center
has used ground-based telescopes
and satellites to create a series of
3D-printed models, which shed new
light on its destructive inner workings.

Despite landing Philae on Comet 67P 
in November of last year, the team are 
still unsure of its exact location

“We’re coming to understand
the present state and complex
environment of this remarkable
object, but we have a long way to go
to explain Eta Carinae’s past eruptions
or to predict its future behaviour,” said
Goddard astrophysicist Ted Gull.

Speaking at an American
Astronomical Society conference in
January, Gull and his team presented
some of the highlights of their 11 years
of research, including a focus on the
powerful emissions produced by the
tussle of these two stars. Interestingly,

didn’t produce the fireworks we were 
hoping for when it got close to Sgr A*,” 
said lead researcher Daryl Haggard of 
Amherst College in Massachusetts. 
“However, nature often surprises us 
and we saw something else that was 
really exciting.”

While the event took place on 20 
October, NASA has only now released 
an image of the burst alongside a 
number of theories as to what caused 
such an astonishing megaflare. One 
such theory surmises that an asteroid 
strayed too close to the black hole 
and was torn apart by its gravitational 
field, causing the huge flare of energy 
recorded by Chandra. 

Another theory 
suggests the burst 
was caused by 
tangled magnetic 
field lines

the data collected has enabled the 
team to re-create models of the solar 
struggle by using a combination of 
simulation software and a 3D printer.

“We think these structures are 
real and that they form as a result 
of instabilities in the flow in the 
months around closest approach,” 
added Thomas Madura, a theorist on 
the Eta Carinae team. “I wanted to 
make 3D prints of the simulations to 
better visualise them, which turned 
out to be far more successful than I 
ever imagined.” 
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Around 4.5 billion years ago, our Sun and all the
other objects that orbit around it were born from
an enormous cloud of interstellar gas and dust,
similar to the glowing emission nebulae we see
scattered across today’s night sky. Astronomers have
understood this basic picture of the birth of the Solar
System for a long time, but the details of just how
the process happened have only become clear much
more recently – and now new theories, discoveries
and computer models are showing that the story
is still far from complete. Today, it seems that not
only did the planets form in a far more sudden and
dynamic way than previously suspected, but also
that the young Solar System was rather different
from that we know now.

The so-called ‘nebular hypothesis’ – the idea that
our Solar System arose from a collapsing cloud
of gas and dust – has a long history. As early as
1734, Swedish philosopher Emanuel Swedenborg
suggested that the planets were born from clouds
of material ejected by the Sun, while in 1755 the
German thinker Immanuel Kant suggested that
both the Sun and planets formed alongside each
other from a more extensive cloud collapsing under
its own gravity. In 1796, French mathematician
Pierre-Simon Laplace produced a more detailed
version of Kant’s theory, explaining how the Solar
System formed from an initially shapeless cloud.
Collisions within the cloud caused it to flatten out
into a spinning disc, while the concentration of mass
towards the centre caused it to spin faster (just as
a pirouetting ice skater spins faster when they pull
their arms inwards).

Disturbed nebula
The birth of a star begins when a
cloud of interstellar gas and dust
passes through a galactic density
wave, or is compressed by shock
from a nearby supernova or tides
from a passing star.

In the broad strokes described above, Laplace’s
model is now known to be more or less correct, but
he certainly got some details wrong, and left some
crucial questions unanswered – just how and why
did the planets arise from the nebula? And why
didn’t the Sun, concentrating more than 99 per cent
of the Solar System’s mass at the very centre of the
system, spin much faster than it does? Solutions to
these problems would not come until the late 20th
century, and some of them are still causing doubts
even today.

Much of what we know about the birth of our
Solar System comes from observing other star
systems going through the same process today. Stars
are born in and around huge glowing clouds of gas
and dust, tens of light years across, called emission
nebulae (well known examples include the Orion
Nebula, and the Lagoon Nebula in Sagittarius).
The nebulae glow in a similar way to a neon lamp,
energised by radiation from the hottest, brightest
and most massive stars within them, and remain
active for perhaps a few million years, during which
time they may give rise to hundreds of stars forming
a loose star cluster. Since the brilliant, massive stars
age and die rapidly, it’s only the more sedate, lower-
mass stars like our own Sun that outlive both the
nebula and the slow disintegration of the star cluster.

Star birth nebulae develop from the vast amounts
of normally unseen, dark gas and dust that forms
the skeleton of our Milky Way galaxy, and subside
as the fierce radiation from their most massive stars
literally blows them apart. The initial collapse that
kick-starts formation can be triggered in several

ways – for instance by a shockwave from a nearby
exploding supernova, or by tides raised during close
encounters with other stars. However, the biggest
waves of star birth are triggered when material
orbiting in our galaxy’s flattened outer disc drift
through a spiral-shaped region of compression that
extends from the galactic hub and gives rise to our
galaxy’s characteristic shape.

Inside the nebula, stars are incubated in huge
opaque pillars of gas and dust. As these pillars
are eroded by outside radiation from massive
stars that have already formed, they break apart
into isolated dark globules whose internal gravity
is strong enough to hold them together – the
seeds of individual solar systems. Gas falling
towards the very centre of the globule becomes
concentrated, growing hotter and denser until
eventually conditions are right for nuclear fusion,
the process that powers the stars, to begin. As the
star begins to generate energy of its own, its collapse
stabilises, leaving an unpredictable stellar newborn
surrounded by a vast disc of gas and dust that will
go on to form its solar system. But how? That’s
where things get really interesting…

The first person to put Laplace’s hypothesis on
a sound theoretical footing was Soviet astronomer
Viktor Safronov, whose work was first translated
from Russian around 1972. Safronov’s modified
‘solar nebular disk model’ allowed the Solar System
to form from much less material, helping to resolve
the problem of the Sun’s slow spin. What was more,
Safronov provided a basic mechanism for building
planets out of primordial dust grains, known as
‘collisional accretion’.

This simple mechanism involves small particles
colliding and sticking to each other one at a time,
eventually growing into objects that were large
enough to exert gravitational pull and drag in more
material from their surroundings. This produced

“Much of what we know about the
birth of our Solar System comes from
observing other star systems”
How stars are formed

Flattening disc
Collisions between randomly 
moving gas clouds and dust particles 
tend to flatten out their motions 
into a narrow plane, creating a disc 
that spins ever more rapidly.

Slow collapse
Denser regions within the nebula start 

to collapse under their own gravity. 
As mass concentrates towards their 

centres, they begin to spin more 
rapidly, and their cores grow hotter.

Birth of the Solar System
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objects called planetesimals, the largest of which
might have been about the size of the dwarf planet
Pluto. A final series of collisions between these small
worlds created the rocky planets close to the Sun,
and the cores of the giant planets further from the
Sun. The difference between the two main types of
planet is then explained by the existence of a ‘snow
line’ in the early Solar System, around the location of
the present-day asteroid belt. Sunward of this, it was
too warm for frozen water or other chemical ices
to persist – only rocky material with high melting
points survived. Beyond the snow line, however,
huge amounts of ice and gas persisted for long
enough to be swept up by the giant planets.

It all sounds simple enough, and has been widely
accepted for the best part of four decades. But
now that seems to be changing. “There’s been the
beginning of a paradigm shift away from the two-
body build-up that Safronov modelled,” says Dr Hal
Levison of the Southwest Research Institute (SwRI)
in Boulder, Colorado. “The idea of things growing
by collisions hasn’t really changed but over the last
five years or so, new theories invoking the idea of
pebbles [are] coming to the fore. We’ve really only
now got to the stage where we can discuss these
ideas in any great detail.”

The new approach stems from a long-standing
problem: “The big question is how you get the first
macroscopic objects in the Solar System – things
that are bigger than, say, your fist,” explains Levison.
“Safronov’s idea was that you just did that through
collisions, but people have always recognised there’s
a problem we call the metre barrier.”

“You only have to look under your bed to see
plenty of evidence that when small things hit one
another, they can stick together, making these dust
bunny clumps that are held together by electrostatic
forces [weak attraction between innate static electric
charges]. And if you look at objects bigger than, say

Birth of a protostar
As more and more material falls into the 
core of the nebula, it starts to radiate 
substantial infrared radiation that pushes 
back against the tendency to collapse. The 
core of the nebula is now a protostar.

Ignition!
Finally, conditions at the heart of the 
protostar become hot and dense enough 
for nuclear fusion to begin converting 
hydrogen into helium. The star now begins 
to shine properly, but goes through violent 
fluctuations before it stabilises.

Known as N90, this emission nebula in 
the Small Magellanic Cloud shows many 

features associated with the birth of 
stars, with a central cluster dominated by 

heavyweight stars, and stalactite-like opaque 
pillars where star birth is still continuing

Bipolar outflow
Gas continues to fall onto the infant 

star, accumulating around its equator 
but being flung off at its poles in jets 
known as bipolar outflow. Radiation 

pressure starts to drive gas out of the 
surviving nebula.

Birth of the Solar System

www.spaceanswers.com 19

http://worldmags.net/
http://worldmags.net/


www.spaceanswers.com20

The birth of the planets
Our Solar System was cooked up in a 
swirling cloud of gas and dust

2Collapse begins
The trigger event for the formation of an emission

nebula typically produces condensation in several regions
of the cloud that happen to have higher densities. Each
may give rise to a whole group of stars – once the first
stellar heavyweights have begun to shine, their radiation
helps energise the nebula, and also sculpts its shape,
dictating where the younger generations of stars will
form. However, by blowing material out of the nebula,
these early giants also stunt the growth of their siblings.

1Shapeless cloud
About 4.5 billion years ago, the raw materials of the

Solar System lay in a shapeless cloud of gas and dust. Its
dominant components were hydrogen and helium, but
it was also enriched with elements created by previous
generations of stars, and scattered through the so-called
interstellar medium. These included carbon, oxygen and
nitrogen, as well as dust grains (often carbon-based) up
to one micrometre (0.001mm or 4x10-5in) across.

3 Individual systems
A single globule of collapsing gas and dust may give rise to a

single star of a multiple star system at its centre. As material falls
inward, collisions between gas clouds and particles tend to cancel
out movements in opposing directions, while an effect known as
the conservation of angular momentum causes the cloud’s central
regions to spin faster as most of the mass concentrates there.

“ The old idea of getting to Mars-sized 
objects by banging Moon-sized 
things together could be wrong” 

8Planetary migrations
During one or more phases of planetary 

migration, the giant planets of the outer Solar 
System change their configurations and locations, 
moving back and forth through a host of smaller 
bodies (asteroids, small comets formed between the 
giant planets, or ice dwarfs orbiting beyond). The 
havoc they wreak ultimately gives rise to the modern 
asteroid belt, Kuiper belt and Oort cloud, though the 
latter may also include comets captured from other 
stars born alongside the Sun.

9The Solar System today
The neat, near-circular orbits of

today’s planets are an inevitable result of
their formation from the merging of many 
objects in a disc around the Sun – while
many solar systems around other stars
seem to have planets in much wilder
orbits, this is probably a result of later
gravitational interactions and phases of
planetary migration like the ones that
once shaped our own Solar System.
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of the Solar System

a few kilometres across, gravity can hold things 
together. But if you’re looking at something, say, 
the size of a boulder, then it’s hard to imagine what 
makes those things stick.”

Fortunately about ten years ago, researchers 
including Andrew Youdin (University of Arizona) 
and Anders Johansen (now at Sweden’s Lund 
University) came up with an ingenious way 
around the problem. “What they’ve shown is 
that as dust grains settle into the central plane 
of the protoplanetary disc, that causes a kind of 
turbulence that concentrates the pebbles into large 
clumps,” continues Levison. “And eventually these 
clumps can become gravitationally unstable and 
collapse to form really big objects. This model 
predicts that you go directly from things the size of 
your fingernail to hundred-kilometre [62-mile]-sized 
objects, in just one orbit around the Sun.”

Over the past few years, as various teams 
including Levison’s group at SwRI have worked on 
the theory, they’ve found that the clumping process 
is even more effective than they first thought: 
“We’re talking about objects up to the size of Pluto 
forming this way, out of pebbles.” And that’s just 
the first stage: “Once you get up to that size, you 
get a body that can grow very effectively by eating 
the surrounding pebbles, pulling stuff in with its 
gravity and maybe growing into something the 
size of Mars. So the old idea of getting to Mars-
sized objects by banging a lot of Moon-sized things 
together could be wrong.”

This new theory could help solve several 
outstanding problems with the Solar System, such 
as the relative ages of the Earth and Mars. “Mars 
seems to have formed about 2 to 4 million years 
after the Sun formed, while Earth formed about 100 
million years later,” explains Levison. The theory, 
then, is that Mars was entirely formed by the two 
stages of the pebble accretion process, while Earth 
still had to go through a final phase of Safronov-
style planet-scale collisions in order to reach its 
present size.

“Pebbles can also help to explain how the giant 
planets formed as quickly as they did,” Levison 
enthuses. “Most astronomers accept the ‘core 
accretion’ model for the giant planets, where you 
start out with four objects the size of Uranus and 
Neptune, and two of those then accumulate gas 
and grow to become Jupiter and Saturn. But the 
problem is that you need to build those cores before 
all the gas goes away. In the traditional Safronov 
model, that’s hard to do, but again this new pebble 
accretion model can do it really quickly.” The 
difference in scale between the Mars-sized rocky 
objects and the much larger giant-planet cores, 
meanwhile, is still to do with availability of raw 
material, with copious icy pebbles surviving only in 
the outer Solar System.

But there’s one other big problem in matching 
the Solar System we know today with the original 
solar nebula – the positions of the planets, and 
in particular the cold worlds of the outer Solar 
System. Today, Uranus orbits at a distance of 2.9 
billion kilometres (1.8 billion miles) from the Sun, 
and Neptune at 4.5 billion kilometres (2.8 billion 
miles). Beyond Neptune, the Kuiper belt of small, 
icy worlds (including Pluto and Eris) extends to 
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4Flattening disc
The end result of the cloud’s collapse is a spinning disc with an 

orientation derived from the slow random rotation of the original 
globule. Dust and ice particles tend to concentrate more efficiently 
around the central plane of this disc, while gas forms a looser halo, 
and continues to fall in towards the central regions until conditions 
there become extreme enough to create one or more protostars.

5Protoplanetary system
A few million years after the 

initial cloud began to collapse, 
nuclear fusion has ignited in the 
central star, and most of the excess 
gas has disappeared – either 
dragged in by the Sun’s gravity, 
ejected in bipolar jets along the 
system’s axis of rotation. What 
remains lies closer to the plane 
of the Solar System, and it, too, is 
gradually being driven away by the 
Sun’s radiation.

6Planets from pebbles
 Within the nebula, the seeds of planets 

start to form – according to the latest 
theories, these are huge drifts of pebble-like 
particles herded together by turbulence in the 
surrounding gas. Rather like cyclists in a road 
race, they cluster into huge streams to reduce 
the headwinds they encounter. Eventually, 
these pebble clouds grow massive enough 
to collapse under their own gravity, forming 
protoplanets up to 2,000km (1,240mi) across.

7 Growing pains
As the new 

protoplanets continue to 
orbit the Sun, their gravity draws 
in huge numbers of remaining pebbles 
and they grow rapidly. In the inner Solar 
System, where material is limited, they reach the 
size of Mars – Earth and Venus subsequently form from 
collisions between several such worlds. In the outer Solar 
System copious ice allows them to reach roughly the size of 
Uranus. Two of these worlds then grow further by absorbing 
huge amounts of gas to create Jupiter and Saturn.
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more than twice that distance, and then there’s the
Oort cloud – a vast spherical halo of icy comets that
extends to around 15 trillion kilometres (9.3 trillion
miles). The solar nebula, meanwhile, would have
been most concentrated around the present orbit of
Jupiter, and trailed off from there – while computer
models suggest Uranus and Neptune could not have
grown to their present size unless they were closer
to Jupiter and Saturn.

All of which brings us to the work for which
Levison is perhaps best known – his contribution to
the so-called ‘Nice model’ of planetary migration.
This explains the current configuration of the Solar
System as the result of the dramatic shifting of the
planets that happened around 500 million years
after its formation.

“The Nice model goes back some ten years now,”
recalls Levison. “It postulated a very compact
configuration for the outer planets when they
formed, with Jupiter and Saturn, probably Neptune
next, and then Uranus all orbiting in the outer Solar
System, and beyond that, a disc of material with the
mass of about 20 Earths. The biggest objects inside
that disc would have been about the size of Pluto.”

In the Nice scenario, all four giant planets formed
within the present-day orbit of Uranus, with the
Kuiper belt extending to about twice that diameter,

yet still inside the current orbit of Neptune. But this
arrangement was doomed to instability, and around
4 billion years ago, Uranus and Neptune began a
series of close encounters that disrupted their orbits
and put them onto new paths around the Sun.

Now, for various reasons, the orbits of Uranus and
Neptune became unstable – they started having
encounters with each other that threw them into
orbits going all over the Solar System, and then
having encounters with Jupiter and Saturn.

“Before too long, they began having encounters
with Jupiter and Saturn,” continues Levison, “and
the gravity of these giant planets threw them out
into the disc of Kuiper belt objects. Gravitational
interactions between Uranus, Neptune and these
objects circularised the orbits of the giant planets,
and ejected most of the smaller objects either out
into the present-day Kuiper belt, or in towards the
Sun. It was a very violent, short-lived event lasting
just a few tens of million of years, and we think
we see the evidence for it on the Moon, where the
impact rate went up around 4 billion years ago in an
event called the Late Heavy Bombardment.”

Perhaps unsurprisingly, the Nice model has
been tweaked a little in the decade since its first
publication: “The exact mechanism that causes the
instability has changed a bit, and there’s work by

“The new pebble accretion model can
help to explain how the giant planets
formed as quickly as they did” Dr Hal Levison

Planetary systems caught in the act of formation 
have a lot to teach us about the origins of our own 
Solar System. This Hubble Space Telescope image 
shows a ring of protoplanetary dust with a possible 
planet moving through it around the young star 
Fomalhaut, some 25 light years from Earth

Comets are icy remnants left over from the 
early days of the Solar System, and may have 
a lot to tell us about its raw materials and early 
dynamics. However, Hal Levison has argued 
that the distant Oort cloud could also have 
been enriched by comets swept up from the 
Sun’s siblings in its birth cluster

Birth of the Solar System
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Japan’s Hayabusa 2 
probe plans to land on a 
near-Earth asteroid that 

originated in the main 
asteroid belt, bringing 

back samples that could 
tell us whether water from 

asteroids contributed to 
Earth’s oceans

“In the Nice 
scenario, all four 

giant planets 
formed within the 
present-day orbit 

of Uranus” 
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David Nesvorny, here at SwRI, arguing that you’re
more likely to end up producing the Solar System
that we see if there were initially three ice giants
instead of two, and we lost one during the process.”

Mention of the Moon’s late bombardment
raises an interesting question – could some form
of planetary migration also help resolve the
long-standing question of where Earth’s water
came from? According to current theories, the
environment in which the planets formed was a dry
one, so the theory that our present-day water arrived
later from somewhere else in the Solar System is a
popular one. Yet measurements from comet probes
such as ESA’s Rosetta shows subtle but important
differences from the water found on Earth.

“In fact, Jupiter wields too big of a baseball bat
for comets to have made much of a contribution to
water on Earth,” points out Hal Levison. “Its gravity
simply forms too big a barrier between the outer
and inner Solar Systems, so at most ten per cent
of water on Earth could have come from comets.
We’ve known that for some time from dynamics

– we don’t really need the cosmoch
measurements taken by probes like
prove that. Instead Earth’s water pro
from objects in the outer asteroid belt, nd there’s a
separate planetary migration model called the Grand
Tack that offers one way to do that, though I think it
has some problems.”

The Grand Tack is part of the planet formation
story itself – it involves Jupiter moving first towards,
and then away from the Sun, due to interaction
with gas in the solar nebula. In the process, its
gravitational influence robbed Mars of the material
required to grow into an Earth-sized planet, but
later enriched the outer asteroid belt with water-
rich bodies that might later have found their way
to Earth. If that’s the case, then Japan’s recently

unched Hayabusa 2 probe, which aims to survey a
nearby asteroid and return samples to Earth around
2020, could provide more information if it discovers
Earth-like water in its target, a small body called
1999 JU3.

“The Grand Tack is one way of solving the
problem of why Mars has just ten per cent of the
mass of Earth and Venus, when most models predict
it should be just as massive if not more so, but the
pebble accretion work we’re doing may also solve it,”
argues Levison.

It seems clear, then, that it’s an exciting time for
scientists probing the origins of the Solar System
– who would have thought, a few short years ago,
that so many answers might lie in the realm of
seemingly insignificant interplanetary pebbles?

“Jupiter wie at
for comets of a
contribution Earth” Dr Hal Levison

Gas

Ice giant
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Types of planets

Outer atmosphere
The gas giants grew to enormous

sizes by soaking up leftover gas
from the solar nebula – today

this forms a deep envelope
of hydrogen and helium that
transforms into liquid under

pressure beneath the clouds.

Mysterious core
The cores of the gas giants are

poorly understood, though our
knowledge should improve

when the Juno probe arrives at
Jupiter in 2016. If new theories

are correct, they should show
some resemblance to the

nearby ice giants.

Inner ocean
The interiors of Jupiter
and Saturn are largely
composed of liquid
molecular hydrogen,
breaking down into liquid
metallic hydrogen (an
electrically conductive
sea of individual atoms) at
great depths.

Cold atmosphere
Unlike the gas giants, the ice
giants lack a deep envelope
of hydrogen and helium.
These light elements still
dominate their atmosphere,
however, while their
distinctive colour comes
from methane.

Slushy interior
The bulk of an ice giant is
a deep ‘mantle’ layer of
chemical ices (substances
with fairly low melting
points). These include water
ice, ammonia and methane.

Rocky crust
The rocky planets of the
inner Solar System formed
from high-melting point
‘refractory’ materials
that could survive close
to the young Sun. This
is mirrored in their
composition today.

Mantle
Heat escaping from the
core of a rocky planet
causes the semi-molten
rocks of the mantle
to churn very slowly,
carrying heat towards
the surface and creating
geological activity.

Metallic core
Heavy elements such as iron and
nickel sank towards the centre
of the newly formed planets,
where they formed molten cores.
Over time, the smaller ones have
begun to solidify.

Rocky core?
The ice giants probably have
solid rocky cores – while
they formed from drifts
of rocky and icy pebbles,
gravity and pressure will
have long ago separated
them into distinct layers.Rocky planet

xxxxxxxxxxxxx
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Who’s visiting what?

Who’s visiting what?
All major missions (except those around Earth and the 
Sun) currently en route, orbiting, exploring or breaking 
records on planets, moons, asteroids and in deep space

Dawn, 
March 2015

CERES JUPITER

MERCURY

VENUS

EARTH

MOON

Juno, 2016

Mars Express, 200

Messenger, 2011

Lunar Reconnaissance 
Orbiter, 2009

Akatsuki, 2015

Chang'e 3, 2013

ASTEROID BELT

Opportunity 
rover, 2004

It’s odd to think that it’s only since the 
first German V2 rocket was launched 
to an altitude of 175 kilometres (109 
miles) in 1942, that humankind has 
been able to send objects into space. It 
took another 15 years before Russia’s 
Sputnik became the first spacecraft to 
enter Earth orbit. So despite observing 
the planets for centuries, it’s been 
less than 60 years since we’ve started 
exploring space and the objects that 
orbit the Sun in the Solar System – yet 
look where we’ve been and how far 
we’ve travelled since then. 

At a relatively small, 384,400- 
kilometre (238,855-mile) step away 
from Earth, the Moon has seen dozens 
of manned and unmanned missions 
orbit and land on its surface. Beyond 
our own satellite, we’ve visited every 

single planet in the Solar System. The 
Voyager probes famously flew by the 
ice giants Uranus and Neptune in the 
Eighties, Pluto will be buzzed by New 
Horizons in July this year, Juno will 
arrive at Jupiter in 2016, the Rosetta 
spacecraft recently settled into orbit 
around Comet 67P, while most of the 
other planets currently have at least 
one spacecraft in orbit around them. 
Mars is, clearly, the current favourite of 
the space industry, with no less than 
five orbiters and two active rovers on 
the planet’s surface, plus more probes 
and manned mission in the pipeline.  

And flying the flag for Earth outside 
the Solar System, Voyager 1 and 2 have 
clocked up 40 billion kilometres (25 
billion miles) between them as they 
move into interstellar space. 
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Who’s visiting what?
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Rosetta, 2014

MARS

SATURN

URANUS

NEPTUNE

PL

COMET 67P 
CHURYUMOV/

GERASIMENKO

Mars Odyssey, 2001

Curiosity 
rover, 2012

Mars Reconnaissance
Orbiter, 2006

New Horizons, 
July 2015

No one visiting 
since 1989

No one visiting 
since 1986

Cassini, 2004

Voyager 1, 
1977

Voyager 2, 
1977

INTERSTELLAR 
SPACE
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A real 21st-century ray gun: the 
giant laser that could protect us 
from asteroids

Planetary
defence

“ These lasers can be focused 
into a small spot to vaporise the 
surface of a near-Earth object”

Beamed power
DE-STAR 4 would collect 

up to 100 gigawatts 
of power with its solar 

panels. When not needed 
for asteroid defence this 
could be sent to push or 
power other spacecraft.

Multiple beams
These lasers can be used 

in smaller groups to make 
multiple beams, which can 
be independently steered 
and focused by switching 

them on in sequence, 
known as a phased array.

Near-Earth 
object threat

Earth is at risk from 
a range of objects, 

including solid rocky 
asteroids up to the 

size of mountains 
and icy comets.

Interstellar broadband
Light-based communication 
can send information more 
quickly, DE-STAR could also 
be used to communicate at 
broadband data rates with 
distant space probes.
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The 2013 Chelyabinsk meteor provided a graphic 
demonstration of the real risk we face from near-
Earth objects (NEOs). International efforts are trying 
to map all the objects that could threaten us, so that 
we might know if an object is heading towards us 
and have time to do something about it. But what? 
Blow it up with a nuclear device, perhaps? 

While scientists have looked at concepts such as 
crashing missiles into NEOs or detonating bombs on 
their surfaces to push them off course, such ideas 
present a number of issues. They may still break up 
an NEO rather than divert it and they’d be single-
use missions for each threat, with the inherent risk 
posed by launching nuclear material from Earth. 

Professors Philip Lubin of the University of 
California at Santa Barbara and Gary Hughes of 
California Polytechnic State University decided 
to see if it might be possible to deflect, or even 
vaporise, NEOs with lasers. Their team found this is 
surprisingly feasible and the concept they proposed, 
DE-STAR (Directed Energy System for Targeting 
of Asteroids and exploRation), would be scalable, 
modular and useful for more than just one NEO.

DE-STAR is no Star Wars blaster, though. It 
consists of an array of solid-state lasers providing 
about 1kW of power per square metre (10.8 square 
feet) of array, powered by a solar panel about the 
same size as the laser array. These would be hinged 
together like a book and, depending how big an 
object you wish to attack, this ‘book’ could be a 
single unit one square metre (10.8 square feet) or 
ten kilometres (6.2 miles) across. This is DE-STAR’s 
greatest advantage, you don’t have to build one 
expensive, disposable mission, you can start small 
and build up with mass-produced modules. A more 
advanced DE-STAR 1 would be ten square metres
(3.9 square miles) and could be used to vaporise
space debris, but the ultimate goal is DE-STAR 4.

DE-STAR 4 would be ten square kilometres (3.9
square miles), with the solar panels collecting
100 gigawatts of power. The ingenious part of the
concept is how these relatively low-power lasers
spread over a large flat area can be focused into
a small spot to vaporise the surface of an NEO.
Laser light is special because it is one pure wave,
this is why it can travel so far without spreading.
DE-STAR exploits a principle called phased array
where the lasers are fired at very slightly different
times, the mismatch between the light waves
makes them focus together and even steer around,
despite coming from a flat panel. Those ten square
kilometres (3.9 square miles) will combine to make
a single spot 30 metres (98 feet) across, up to 148
million kilometres (92 million miles) away! This
huge range gives DE-STAR time to deflect an NEO,
or even vaporise it completely. If you need to tackle
a group of objects then subsections of the system
could be phased separately to make a number of
beams; and it might be doing something quite
different with one of those beams.

Crucially, for the viability of the system, having
a steerable, focusable laser in space can do other
things when not zapping NEOs. A DE-STAR 4 could
push a ten-ton payload to Mars in 30 days, beam
power to distant space probes or Earth, sample
asteroids, plus power and communicate with
interstellar probes using the same beam. ©

 A
dr

ia
n 

M
an

n;
 N

A
SA

; N
A

SA
/J

PL
-C

al
te

ch
/U

SG
S

Laser array
This bank of lasers would 
be assembled out of mass-
produced modules, probably 
1m2 (10.8ft2). These could 
be launched in stacks inside 
existing rockets.

Zapping asteroids
With solar power, a 
10km (6.2mi) DE-STAR 
can make a spot 
hot enough to start 
vaporising the surface 
of an NEO at up to 148 
million km (92 million 
mi), the distance from 
the Earth to the Sun.

NEO research
By vaporising only a small 
amount of an asteroid, 
DE-STAR could analyse 
the composition of NEOs; 
a telescope could then 
use light produced by the 
hot spot to tell what the 
asteroid is made of.
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Written by Shanna Freeman

We know a lot about space but there's more we can't explain, 
including these ten things that appear to defy known science 

10
Impossible  

cosmic
phenomena
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The star that spins too fast

There’s a curious anomaly that happens when space probes conduct flybys over
certain moons and planets in our Solar System: their speeds change slightly
beyond what scientists expect. For example, when the Rosetta probe flew by
Earth in 2005, it gained about 1.82 millimetres (0.07 inches) per second of
speed, while in 1998, the Near Earth Asteroid Rendezvous (NEAR) spacecraft
increased its velocity by 13 millimetres (0.5 inches) per second after an Earth
flyby. Spacecraft use these flybys as a gravity assist, which allow them to gain
momentum from the motion of a moon or planet in order to save fuel and reach
their ultimate destinations faster. Rosetta, which had help from the gravity
of other celestial bodies, was on its way to observe comet 67P/Churyumov–
Gerasimenko. So they’re supposed to speed up, but the point is that they’re doing
so by more than the expected amount – the numbers don’t add up. Although a
discrepancy of millimetres per second doesn’t seem to make much difference
and hasn’t caused any problems, scientists want to figure out what’s causing it.
We know that the flyby anomaly has occurred elsewhere, but we’re best able to
measure it when it happens around Earth because of our monitoring stations.
There are many hypotheses in the mix, including a halo of dark matter trapped
by the Earth’s gravity, or the influence of magnetic fields, tides, or solar radiation.

2 Themystery speed boost

Pulsars (pulsating radio stars) are rotating 
neutron stars that emit electromagnetic 
radiation, and while most of them make 
a few rotations per second, some are 

speedsters. Called millisecond pulsars, they can 
rotate at a rate of between one and ten milliseconds. 
Sometimes they’re called recycled pulsars because 
it’s thought that these stars originally had a slower 
rotation, but were sped up when they recycled, or 

accreted matter from a companion star. Until the 
discovery of PSR J1748-2446ad, astronomers believed 
that stars couldn’t spin faster than 700 rotations 
per second (700 Hertz). In 2005, astronomer Jason 
Hessels clocked this star spinning at 716 Hertz. 
Although theoretically a pulsar could spin at up to 
3,000 rotations per second before breaking apart, 
previously we thought that their speeds were limited 
by the emission of gravitational waves. So either PSR 

J1748-2446ad emits many, very strong gravitational 
waves, or the models are wrong. Figuring out 
the star’s size would be useful in solving this 
puzzle, because it’s believed that it can’t be over 16 
kilometres (9.9 miles) across – any larger and it would 
come apart at that speed. Although we believe it’s got 
a mass about twice that of our Sun’s, measuring its 
radius has proven difficult because it’s orbited by a 
large star that blocks its light much of the time. 

1. In a tango
A massive supergiant star 
and a main sequence star 
similar to our Sun orbit each 
other in a binary system.

2. Running out of fuel
The massive star exhausts its fuel, exploding 
into a supernova and leaving behind a neutron 
star as a remnant. For tens of millions of years, 
that neutron star behaves as a radio pulsar and 
spins at an incredible rate. It eventually slows 
down, turning itself off and cooling down.

The comet-chasing Rosetta 
spacecraft received a boost of 
energy when the probe flew 
by our planet in 2005

1
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“ Theoretically a pulsar 
could spin at up to 3,000 
rotations per second before 
breaking apart” 

This binary system is a real odd couple. Discovered in 2007, 
it contains a neutron star orbited by a white dwarf. The 
neutron star, PSR J0348+0432, is a pulsar that spins about 
25 times per second. It’s both very small and very massive, 
one of the most massive neutron stars ever discovered. 
Although it’s just an estimated 20 kilometres (12 miles) in 
diameter, this pulsar is twice as massive as the Sun and its 
gravity is more than 300 billion times that of the Earth’s. It’s 
unusual enough by itself, but then there’s the white dwarf 
in orbit around it – a very light star that is about a million 
times too faint to be seen with the naked eye. Its mass is less 
than one fifth of the Sun’s, creating a radically extreme mass 
ratio of 1 to 11.7. It also has an unusually short orbital period 
of just two hours and 27 minutes, and the stars are just 
830,000 kilometres (515,738 miles) apart from each other. 
Theoretically this binary system of extremes shouldn’t work 
– they shouldn’t exist together – but somehow they do. 

Two stars that don't 
belong together

3. A great survivor
After billions of years, and if the binary survived the 
supernova explosion, the smaller star evolves and 
expands into a red giant. Material from that star spills 
into a disc around the neutron star and eventually 
onto the neutron star’s surface in a process known 
as accretion. The neutron star then spins much more 
rapidly and spits out X-rays.

4. A super-spinning pulsar
The neutron star is now spinning 
rapidly and emerges as a 
millisecond radio pulsar.

Neutron star
New York

Neutron stars are the densest, 
yet smallest stars known to exist 
and  usually possess a radius of 
only 12 to 13 kilometres (seven 
to eight miles). They often have 
a mass of around two Suns 

3
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An alien world that should
be swallowed by its star
Discoveries of exoplanets have been coming thick and
fast thanks to NASA’s Kepler space telescope. Even more

interesting is the discovery of Earth-like planets – at least, ones that are
about the size of Earth and with a similar composition. Kepler-78b, tightly
orbiting its star less than 1.6 million kilometres (one million miles) away in
a speedy 8.5 hours, somewhat fits the bill of an Earth-like planet. It’s about
20 per cent larger than the Earth and is believed to also have an iron core
and a rocky surface – although the close orbit means that the surface is at
least 2,000 degrees hotter than the Earth’s surface. But Kepler-78b certainly
didn’t form the same way that Earth did. In fact, we have no idea how it
formed. It couldn’t have formed in place, because the younger and larger
star would’ve encompassed its current orbit. Nor could Kepler-78b have once
had a larger orbit and then moved in closer towards the star, because by this
time it should’ve gone all the way in. All we do know is that Kepler-78b will
eventually be swallowed by its star, and sooner rather than later.

4

RockyworldKepler-78b
completes an orbit around its

star in a speedy8.5 hours

On the edge
Slowed down by dust, the large planet
has the system to itself but begins to
fall in too. However, thanks to the dust
dissipating, it teeters on the edge of its
star in a close orbit.

Planet death
Three worlds are formed,
but a larger world circling
in its outer orbit attempts
to slow down those of its
inner companions until

they are shoved into their
parent star.
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Formed by the violentmerging of galaxy clusters, Abell
520 is located 2.4 billion light years away fromEarth. A

blend of blue and green at the centre of the image indicates
that darkmatter has somehowbeen left behind

Dark matter sounds ominous, but scientists believe that it comprises more than
80 per cent of all matter in the universe. It can’t be seen or directly detected
because it doesn’t emit light or any type of radiation, but we’ve inferred its
presence from how it affects objects that we can see. Typically, galaxies
are surrounded by clouds of dark matter. Yet astronomers have
found that a clump of dark matter located about 2.4 billion light
years away appears to be all alone – no galaxies attached. Nearby
galaxies collided and are now part of a merging galaxy cluster
called Abell 520, but for some reason they left their dark matter
behind. The clump was first detected in 2007 by the Canadian
Cluster Comparison Project. The CCCP’s findings were reviewed
by the Japanese Subaru telescope. Scientists were so puzzled
that it was also part of a 2012 investigation by the Hubble Space
Telescope – which confirmed that this clump of dark matter has
been abandoned. However, additional research by a team at Ohio
University found the ratio of dark to normal matter in the cluster to
be normal. Clearly, further observations are needed to reveal the exact
composition of Abell 520 and to figure out how it formed.

5 An unexplained lump of darkmatter

Dark energy 68%

Ordinary matter 5%

Dark matter
27%

At first, the star SDSS J102915+172927 (also known as
Caffau’s star, after its discoverer Elisabetta Caffau),
doesn’t seem like much of a standout. However, the
Sloan Digital Sky Survey (SDSS) noted that the star
had potential to be unusual due to its spectrum,
which indicates the mix of elements within the
star. It’s located in the Leo constellation and has a
very low mass (just 0.8 solar masses). Caffau’s star
is slightly hotter than our Sun, and it is believed
to be one of the oldest stars in the galaxy at 13
billion years of age – about 8.5 billion years older
than the Sun. Yet this star resides in what is called
the ‘forbidden zone’ of the theory of star formation
– meaning that according to what we know, it
shouldn’t exist at all. That’s because Caffau’s star
comprises almost entirely hydrogen and helium,
with only minute amounts of metals (elements
heavier than helium). It’s long been believed that
all stars contain certain elements necessary for
formation, and a very old Sun-like star like Caffau’s
star should have significant amounts of oxygen and
carbon, for example. But since it doesn’t, our current
recipe for star formation must be faulty – or maybe
there’s more than one way to make a star.

The star that
shouldn’t exist6

Using the Sloan
Digital Sky Survey

(SDSS), astronomers
realised that the star

was very unusual

Caffau’s star can
be found in the

constellation Leo

Caffau’s star

“It resides in the ‘forbidden
zone’… meaning it

shouldn’t exist at all”
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Galaxy BX442 is the most distant known grand design spiral
galaxy (with well-defined and very prominent arms) in the
universe and is also believed to be a very old galaxy, forming
about 3 billion years after the Big Bang took place. Typically,
galaxies of this age are very messy looking; they’re asymmetrical,
lumpy, and very irregular. BX442, though, is beautifully
symmetrical and neat – closer in appearance to more recently
formed galaxies than ancient ones. The Hubble Space Telescope
first spotted this galaxy in 2012, and scientists had to double-
check that Hubble had really found a single grand design
spiral galaxy, and not, perhaps, two galaxies that happened to
be imaged while aligned. We thought that galaxies like this
couldn’t exist so early in the history of our universe, but BX442
is there rotating in its perfect glory all the same. One theory is
that gravitational interactions with its companion dwarf galaxy
have somehow influenced BX442’s spiral structure, but further
research will have to reveal what’s going on to keep the galaxy
looking so young.

8 The galaxy that’s
too neat and tidy

A black hole
that challenges
Einstein

Many of these impossible objects challenge the
most basic scientific theories and Sagittarius A*, the
supermassive black hole located at the centre of our
Milky Way, is no exception. Called Sgr A*, the black
hole has been observed releasing flares of energy
on the X-ray and infrared wavelengths – as many as
one a day. We aren’t sure yet why this happens, but
the flares may happen as Sgr A* ‘belches’ gas from
planets and asteroids that it consumes. Data from the
Event Horizon Telescope (EHT) project, the world’s
largest millimetre-wavelength radio telescope, has
also shown that Sgr A* has undergone structural
changes as a result of flares. If these bursts of energy
are really affecting the structure of this supermassive
black hole, they’re challenging Einstein’s theory
of general relativity. Although supermassive black
holes are supposed to have such strong gravitational
pull that nothing can escape, our view of Sgr A*’s
event horizon, or surface, has lots of electromagnetic
activity. These flares may mean that black holes don’t
grow exactly as we thought.

Thepuzzling flares that erupt fromour
MilkyWay’s black hole could be due
to themany celestial bodies – such as
asteroids – that it consumes

7
10 Impossible cosmic phenomena

“ We thought that 
galaxies like BX442 
couldn’t exist so 
early in the history 
of our universe” 
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For 70 years scientists have tried to work out why 
the Sun’s corona – the layer of plasma around 
it – is at least 1 million degrees Celsius (1.8 million 
degrees Fahrenheit) hotter than the Sun’s surface. 
The core of the Sun is around 16 million degrees 
Celsius (28.8 million degrees Fahrenheit), and 
the temperature decreases the further you get 
from the centre. The photosphere is an estimated 
6,000 degrees Celsius (10,832 degrees Fahrenheit). 
According to the second law of thermodynamics, 
the corona can’t be heated up through the Sun’s 
layers from the core. But that energy has to reach 

the atmosphere somehow. Despite its intense heat, 
the corona isn’t very dense, so it doesn’t need much 
energy. Scientists have several theories as to how 
this happens, but two main ideas have surfaced that 
are related to activities taking place on the Sun’s 
surface. One is that the corona gets energy from 
snapping loops in the magnetic field, and the other 
is that the heating comes from magneto-acoustic 
waves carrying energy from below the surface. 
Recent observations suggest it’s the latter, but 
figuring out the relationship between the corona 
and these waves is proving difficult.

9 A layer of Sun that’s too hot

Astronomers are still unsure why the Sun’s outermost layer is hotter than it’s supposed to be

Gravitational waves are a phenomenon predicted
by Einstein that – in theory – transport energy as
gravitational radiation, in the form of ripples that
produce curvatures in the space-time continuum.
These waves can’t be directly detected in space, but
have only been observed via inference – how they
affect other emissions – and even that’s difficult
to do. Then in 2012, some astronomers discovered
gravitational waves via changes in the light emitted
by a white dwarf binary system called SDSS
J065133.338+284423.37, or J0651 for short. These
stars are located about 3,000 light years away and

orbit each other at a distance that’s one-third the
distance between the Earth and the Moon. Their
close proximity means that they complete an orbit in
less than 13 minutes, eclipsing each other every six
minutes. The gravitational waves that they generate
carry energy away, speeding up their orbits and
causing the stars to move closer together. Because the
orbital period is so short and regular, scientists have
already noticed that it’s shrinking. In about 2 million
years, the stars in J0651 are predicted to merge.
Meanwhile, we can learn more about gravitational
waves by observing the system.

The gravitational waves
that speed stars up10

Gravitational waves transport
energy in the form of ripples

through the fabric of space-time

Albert Einstein
predicted the
existence of
gravitational waves

BX442 puzzles astronomers 
because it is too beautifully 

symmetrical and neat for a very 
old galaxy
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Could we turn Mars into a little Earth? Scientists are seriously
considering the possibility of transforming the Red Planet

Terraforming
planets

Warming the planet
Scientists know greenhouse

gases heat Earth so by initially
pumping these gases on Mars,
the planet could be warmed.

This would evaporate the
available CO2 trapped in ice,
into the atmosphere to keep

it warm.

Heading to Mars
It would be many millennia
before Mars was able
to match the conditions
experienced on Earth.
Space crews would initially
spend 18 months at a time
on the Red Planet.

Creating an
atmosphere
Mars’s atmosphere is over
95 per cent CO2, similar
to Earth billions of years
ago. As photosynthetic
bacteria developed, Earth’s
atmosphere eventually
became composed of 78.1
per cent nitrogen and
20.9 per cent oxygen. So
Introducing bacteria is key
to terraforming Mars.

Removing red dust
Mars is covered by a

red dust. If terraforming
worked, this would be

washed away. The ground
would be more fertile and

plants would flourish.

Using mirrors
One of the best heat sources in
the Solar System is, of course,
the Sun. Mylar mirrors, some

250km (155mi) across, could be
constructed in space to reflect

heat on to Mars’s ice caps.
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For a long time, astronomers have searched for 
Earth-like planets that could not only sustain life 
but become a new home for scores of humans. It has 
been a difficult task, given the rarity of such planets. 
Yet what if humans could live in a world much closer 
to Earth, such as Mars? A number of scientists want 
to transform the Red Planet’s current environment 
into one capable of supporting human life.

Terraforming is possible. In the case of Mars, it 
relies on two fundamentals: first, that the planet was 
once awash with water before the rivers, lakes and 
oceans dried up, and second, that Mars once had 
a friendly atmosphere but lost much of it, making 
the planet inhospitable. If we are to ever pave the 
way for a terrestrial-style Martian home, we need to 
understand what caused Mars to evolve into today’s 
cold and lifeless planet – and then reverse it.

To that end, numerous studies are taking place, 
chief among them NASA’s Mars Atmosphere and 

Volatile EvolutioN (MAVEN) mission. The aim is to 
accumulate more knowledge about past Martian 
processes and increase the viability of being able to 
reverse them, restoring Mars to its former glory. But 
the cost of such a project would be in the billions, if 
not trillions, of dollars, as terraforming would involve 
thickening Mars’s atmosphere and heating the planet.

Mars has an average temperature of -63 degrees 
Celsius (-81 degrees Fahrenheit), far lower than the 
average of 15 degrees Celsius (59 degrees Fahrenheit) 
on Earth. Life cannot flourish in such cold conditions 
so one possible solution is to melt Mars’s ice caps, 
releasing trapped carbon dioxide (CO2) into Mars’s 
thin atmosphere. 

This could be achieved by building factories that 
emit greenhouse gases, redirecting comets (which 
are made up of water and greenhouse gases) or by 
creating a gigantic mirror, sending it into Mars’s 
orbit and reflecting the Sun’s rays on to the ice. The 

released CO2 would have a warming effect. It would 
allow the frozen water to run freely and it would also 
increase Mars’s atmospheric pressure that, at 600 
pascals, is currently just 0.6 per cent of Earth’s.

As the Red Planet becomes warmer, astronauts 
will then be able to travel to Mars and seed the 
planet, introducing bacteria, algae and lichen. Later, 
flowering plants and trees would flourish thanks 
to the nutrition and oxygen in the soil. Rain would 
fall on Mars and the thickened atmosphere would 
provide protection against ultraviolet radiation.

Early human migrants on Mars would likely live 
in ‘shell worlds’. Engineers would create buildings 
which simulate Earth-like conditions, with artificial 
light, temperature control and atmosphere as well as 
radiation protection. But as time goes on, humans 
would be able to walk around without protection 
as the air becomes enriched with oxygen. That, 
however, would take many thousands of years. 

“ This could be achieved by 
redirecting comets or by 
creating a gigantic mirror”
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Living on Mars
Engineered shells would be 
created on Mars’s surface. 
These ‘shell worlds’ will contain 
a full, self-sustaining ecology 
based entirely on life imported 
from Earth.

Cloud formation
If Mars's ice caps 
were melted, not 

all of it would form 
flowing water. Some 
of it would vaporise, 

creating clouds and, in 
turn, produce rainfall.

Water everywhere
Terraforming could 

reintroduce flowing water 
– and there would need to 
be a lot of it to sustain life. 

Earth, which is twice the size 
of Mars, has 1.39 billion cubic 

kilometres (322.5 million 
cubic miles) of water.
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Cratered terrestrial desert or rocky Martian surface?
When considering the planets in the Solar System,
we often think of Earth separately, almost as if it
was a universe unto itself within space. While the
existence of life certainly sets our world apart from
others, Earth’s geology is naturally comparable to that
of many other rocky planets.

In this image, taken by ESA’s Mars Express orbiter,
the Martian surface could easily be mistaken for
a high-altitude shot of a rocky desert on Earth.
Certainly the conditions that led to the formation of

the ‘grabens’ (German for ditches or trenches) in this
part of the 950-kilometre (590-mile) long Claritas
Rupes escarpment, can be found in California’s Death
Valley or around the Upper Rhine Valley in Germany.
It’s caused by ancient volcanic activity, forcing the
crust to crack in places and slide into depressions. On
Mars, that same volcanic activity caused the massive
bulge of the nearby Tharsis Montes region and
formed the biggest volcano in the Solar System, the
26-kilometre (16-mile) high Olympus Mons.

Hills and valleys
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A snapshot of the ancient
foothills leading up to

the biggest volcano in the
Solar System

Approx 6km
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To bridge the infinite, we must split the 
infinitesimal. Find out how the power of the atom 

is driving the next wave of space exploration
Written by Luis Villazon
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High above the Earth, in a 1,300-kilometre (800-
mile) orbit, lies a defunct nuclear reactor. It was
launched in 1965 aboard an Atlas Agena-D rocket as
part of the SNAPSHOT project to develop alternative
power sources for spacecraft. Since nuclear energy
was discovered, it has been at the heart of some
of the most ambitious spacecraft ever designed.
The ones that made it to the launchpad have flown
further than any other man-made objects. And the
ones that didn’t, weren’t cancelled because they
didn’t work. In fact, their problem may have been
that they worked too well.

Most spacecraft get their electrical power from
batteries that are charged by solar panels. These are

relatively simple to manufacture, and reliable, but
they have one important drawback: the power they
generate drops off dramatically as you get further
from the Sun. By the time you reach the orbit of
Saturn, solar panels are only operating at one per
cent of their normal efficiency. The ESA Cassini
spacecraft that flew to Saturn in 2004 would have
needed 500 square metres (5,380 square feet) of solar
panels – around twice the size of a doubles tennis
court! To avoid the complexity and the extra weight
that this entails, deep space probes like Cassini must
turn to nuclear power.

Radioactive isotopes are unstable forms of the
chemical elements. When they decay to a more

Nuclear spacecraft

www.spaceanswers.com 45

http://worldmags.net/
http://worldmags.net/


stable state, they give off one or more types of
radiation and also some heat. For a power source,
the heat is the useful part and the radiation is an
unfortunate by-product that needs to be dealt with.
Different isotopes decay at different speeds and
produce different amounts of heat and radiation, so
choosing the right isotope can make a big difference.

Plutonium-239, for example, has a half-life of 24,100
years, which is much too slow to be useful, and it
also detonates in a nuclear explosion if you put more
than 11 kilograms (24 pounds) together in a single
lump. But plutonium-238, which differs by just a
single neutron, is the best isotope for spacecraft
power. It can’t be used for weapons, it emits none of

the most harmful gamma radiation, and its half-life
is just 88 years. That’s long enough that it will still
generate enough power at the end of a ten or 20-year
mission, but short enough that it produces a lot of
energy from a small mass. Plutonium-238 generates
so much heat that a lump of it will glow red hot all by
itself. The 33 kilograms (72.7 pounds) of plutonium
on board the Cassini probe provided more than
600 watts of electrical power to the spacecraft at a
fraction of the size, mass and complexity that would
have been required using solar panels.

So why aren’t all spacecraft nuclear powered?
One consideration is the risk of contamination if the

“Plutonium-238 generates so much heat
through radioactive decay that a lump
of it will glow red hot, all by itself”

NERVA systems
Nuclear-powered engines could offer at least twice
the efficiency of chemical rockets

Propellant tank
Liquid hydrogen isn’t

burned in a NERVA rocket; it
is simply the reaction mass
expelled through the nozzle
that provides thrust. Using a
light gas allows much higher

exhaust velocities.

Helium spheres
This is part of the propellant

pressurisation system. Helium
gas is pumped to the liquid

hydrogen tank to ensure
propellant flow when restarting

the engine in zero-G.

www.spaceanswers.com46

xxxxxxxxxxxxxNuclear spacecraft

http://worldmags.net/
http://worldmags.net/


Crew section
Mounted on a structural
pylon, as far away from
the reactor as possible
to minimise the shielding
mass necessary to protect
the crew.

spacecraft blows up on ad, or breaks up 
on re-entry to the atmosp ut nuclear power 
sources are actually much sa er than most people 
think. The radioactive fuel is packaged as multiple 
ceramic discs that don’t dissolve in water and are 
extremely heat resistant. Each disc is wrapped in 
iridium metal and sealed in a graphite block, and 
then all the blocks are packed into an aeroshell that 
can withstand atmospheric re-entry. When Apollo 
13 returned to Earth after its aborted mission, it still 
carried 3.8 kilograms (8.4 pounds) of plutonium-238 
that would have powered the Apollo Lunar Surface 
Experiment Package (ALSEP). Mission planners

deliberately timed the decoupling of the Lunar 
Module so that it fell into the Tonga Trench in 
the Pacific Ocean. The fuel container survived the 
re-entry and impact, and is currently lying in six 
kilometres (3.7 miles) of water, safe against sea-
water corrosion for at least another 800 years, by 
which time it will barely be radioactive. Even in 
the worst case, where a plutonium power source is 
incinerated during re-entry and spreads dust across 
the entire planet, the hazard is fairly small. NASA’s 
environmental impact study for Cassini estimated 
that this scenario could have caused an extra 5,000 
cancer deaths. Which sounds like a lot but is only a

0.0005 per cent increase of the existing global cancer 
death rate; for an event with an estimated likelihood 
of a million to one.

The much bigger drawback of nuclear-powered 
spacecraft is that the plutonium-238 used in RTG 
power sources is a by-product of the manufacture of 
bomb-grade plutonium-239. Since the end of the Cold 
War, the US and Russia have stopped making nuclear 
weapons and current stockpiles of plutonium-238 
are almost gone. NASA has just 16 kilograms (35 
pounds) left and almost a third of this is earmarked 
for the Mars 2020 rover. Restarting plutonium 
production will be a slow process – it can take about

When Rosetta’s Philae lander touched down on comet 
67P/Churyumov-Gerasimenko in November last year, 
it bounced into the shadow of a cliff that prevented its 
solar panels from functioning. This restricted scientific 
operations to the 64 hours of life provided by the 
on-board batteries. Could ESA have collected more 
data if Philae had been nuclear powered? Possibly not. 
The SNAP-19 power units carried by the Pioneer and 
Viking spacecraft generate 30W of electricity at the 
beginning of their life. After ten years of flight time, 
this would have dwindled to 27.5W – not enough to 
meet Philae’s 32W requirements by itself. And a SNAP-
19 weighs almost 16 kilograms (35 pounds), which is a 
very hefty chunk of Philae’s total 100-kilogram (220-
pound) mass. Philae was designed as a lightweight 
add-on mission to Rosetta. The extra cost and mass 
of a nuclear power source just to guarantee a longer 
mission life wasn’t justified, in this case.

What if Philae was 
nuclear powered?

Reactor engi e

Fast 
fact

The power available to Voyager 1 
has dropped from 470W at launch, 
to less than 285W, 37 years later, 

due to radioactive decay of the 
plutonium fuel. 

Reactor
The simplest system uses 
rods of nuclear fuel packed 
together with the hydrogen 
gas passing between them. 
More efficient designs using 
molten uranium fuel have 
also been proposed.

Reflector
Stray neutrons are 
bounced back into 
the reactor chamber 
to minimise the 
external radiation 
and keep the nuclear 
chain reaction going.

Propellant feed line
Cold hydrogen passes first

down to pipes running 
around the nozzle, which 

regeneratively cools the 
walls and prevents them 

from melting in the hot 
exhaust, before passing 

back up to the reactor.

Turbo pump
A small portion of the 

exhaust gas is diverted 
upward to drive the turbo 
pump that sends the cold 

hydrogen through the 
reactor core.

Radiation shield
Blocks the flow of deadly 
neutrons and gamma rays 
from the reactor core 
that could kill the crew 
and damage sensitive 
electronics.
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Project Daedalus
Travel to a nearby star in just 50 years?
It’s possible with fusion power!

1.5kg (3.3 pounds) of 
ring other radioactive 
241, which comes from 
er stations. NASA is 
d Stirling Radioisotope 
times more efficient 
thermocouples and 

el for every watt of 
.

pontaneous radioactive 
iny fraction of the 

n nuclear fuel. To 
ou need to initiate

nuclear fission. If you fire a neutron at an atom of 
uranium-235, it splits into an atom of krypton-92 
and an atom of barium-141. The reaction also 
releases three more neutrons, which can strike other 
uranium atoms to repeat the process. A nuclear 
reactor mounted in a spacecraft can use the energy 
released by fission to heat a stream of hydrogen gas 
and fire it out of the rocket nozzle at much higher 
speeds than you would get from simply burning that 
hydrogen with oxygen. This design is called a nuclear 
thermal rocket, and it has a theoretical efficiency at 
least double that of conventional chemical rockets. 
The US Los Alamos Scientific Laboratory built an

Radioisotope thermoelectric generators (RTGs) 
convert the heat of radioactive decay into 
electricity. A typical RTG houses a core of 
plutonium-238 surrounded by rows of metal 
alloys called thermocouples. One junction 
of each thermocouple sits next to the hot 
plutonium, the other is connected to a heat 
sink, exposed to the cold of space. The heat 
difference generates current. RTGs are only 
six per cent efficient and need four kilograms 
(8.8 pounds) of plutonium for every 100W of 
electrical power generated but they have no 
moving parts and are very reliable.

Electricity 
from 
radioactivity

Fast 
fact

The fallout from a single launch 
of an Orion spacecraft would 
have been equivalent to a ten 

megaton nuclear airburst.

Beryllium shield
This 50-ton disc protects 
the ship from erosion 
as it hurtles through 
the interstellar medium. 
Beryllium is relatively light 
but can absorb a lot of 
energy before vaporising.

Science payload
The 450 tons of science 
instruments would have 
just a few days to study the 
target star system because 
Daedalus only has the fuel 
for a flyby trajectory.

Upper stage
The first stage accelerates the 
ship to 7% of the speed of 
light over two years. It is then 
jettisoned and the smaller top 
stage burns for another year 
and nine months.

A plug of red-
hot, space-grade 
plutonium-238
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experimental engine, called NERVA (Nuclear Engine
for Rocket Vehicle Application) in 1966, as part of
NASA’s plans for a manned mission to Mars by 1978.
NERVA was cancelled in 1972 for budgetary reasons,
but the engine prototype itself was considered a
complete success. Although it never flew, the engine
was successfully tested on the ground, including

28 minutes running at full power. But there's an
even more efficient form of nuclear propulsion that
harnesses nuclear explosions directly.

Called nuclear pulse propulsion, this essentially
involves flinging a series of small nuclear bombs
out of the back of the spacecraft and detonating
them just behind you. The blast pushes against

Non-nuclear 
alternatives
Solar panels
High efficiency photovoltaic cells developed by 
ESA can now generate useful power out as far 
as the orbit of Jupiter. The JUpiter ICy moons 
Explorer (JUICE) will use solar panels.

Batteries
Most spacecraft carry batteries to provide 
backup power, but the Huygens lander that was 
released by the Cassini probe above Saturn’s 
moon Titan, was entirely battery powered. 

Fuel cells 
These generate electricity from chemical 
reactions. Unlike batteries, they continue to 
produce power as long as they're topped up 
with hydrogen or methanol fuel.

Space tethers 
A conducting cable hundreds of metres long can 
convert some of a satellite's orbital energy into 
electricity. You can also reverse the process and 
supply power to the cable to create thrust.

“ This involves flinging a series of small 
nuclear bombs out the back of the 
spacecraft and detonating them”

Propellant storage
The spherical tanks hold coin-
sized fuel pellets filled with 
deuterium and helium-3. These 
are fed through the central pellet 
injector to the reaction chamber.

Reaction chamber
When the fuel pellets 
undergo nuclear fusion, 
they generate 7.5 million 
newtons of thrust – about 
one fifth of the thrust of a 
Saturn V rocket – sustained 
continuously for two years!

Electron guns
A ring of electron beams, 

powered by the plasma from 
the engine exhaust, fires 
inwards to compress and 

heat the fuel pellets until they 
trigger nuclear fusion.
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a heavy steel pusher plate, which is attached to 
damping pistons to smooth the explosive jolts into a 
continuous acceleration. Project Orion was a serious 
design study by the private space contractor Genera
Atomics in 1958 and led by physicist Freeman Dyso
It would have exploded one nuclear bomb per 
second and used 800 bombs to reach orbit. Each 
one was a specially designed shaped charge to 
direct as little of the blast sideways as possible. 
The plasma from the vaporised bomb fragments 
would hit the pusher plate at 67,000 degrees 
Celsius (120,000 degrees Fahrenheit) but tests 
showed that very little of this energy was actually 
absorbed by the pusher plate; a thin coating of oil 
was all that was needed to prevent it from being 
eroded by repeated explosions.

While ordinary rockets get harder to design as 
they get bigger, the challenge for Project Orion was t
build a small one. The minimum size is determined
by how small you can build an effective nuclear 
bomb. The smallest possible bomb of 0.03 kilotons 
(one five hundredth of the Hiroshima bomb) would 
give a ship mass of 880 tons – more than a Delta IV 
Heavy. Surprisingly, scaling Orion up to heavier ships 
doesn’t require more uranium, you just need to use 
more of the conventional explosives in the design of
the nuclear bombs to compress the uranium to much
higher densities for more efficient fission. The largest
of the proposed Orion spacecraft weighed 8 million
tons and was 400 metres (1,310 feet) across. That
would be like launching a city block into space!

Project Orion demonstrated the basic principles
with a flight test model that used conventional
explosives instead of nuclear bombs but it was
ultimately killed off by the 1963 Test Ban Treaty that
prohibited above-ground nuclear detonations. Partly
as a way of getting around this restriction, in 1973 the
British Interplanetary Society began work on a design
for a nuclear-powered interstellar probe that would be
assembled in orbit. Project Daedalus would have used
50,000 tons of deuterium and helium-3 fuel ignited
into nuclear fusion by electron beams to accelerate a
450-ton payload to 12 per cent of the speed of light
for a 50-year journey to Barnard’s Star, about six light
years away. Although the science behind Daedalus
was sound, the engineering challenges were far
beyond what could be attempted – then or now. Just
gathering enough helium-3 fuel would have involved
robotic mining factories suspended by balloons in
the atmosphere of Jupiter, working for 20 years.

Pulsed nuclear fusion may still be some way
into the future but electric ion drives are proven
technology. NASA’s Dawn spacecraft and JAXA’s
Hayabusa 2 have shown that electric propulsion can
deliver very high efficiencies at the cost of much
lower thrust. But if the ion drives are powered by a
nuclear reactor instead of solar panels, the available
thrust increases dramatically. The Keldysh Research
Centre in Russia is developing a nuclear electric
propulsion system powered by a one megawatt
nuclear reactor. That’s 750 times more power
than Dawn can generate from its solar panels. The
prototype is scheduled for flight tests in 2020 and
it could be used as a nuclear-powered space tug,
taking satellites to higher orbits or removing space
junk. When it comes to spaceflight, it seems that the
nuclear age may have only just begun.

Space race
How do nuclear spacecraft compare to 
current chemical propulsion technology?

Fusion pulse
propulsion
Daedalus
Exhaust velocity
10,600km/s
Travel rating
Daedalus cruises
at 12% light speed
and could get to
Barnard’s Star in
around 50 years.

Chemical rocket
Falcon 9
Exhaust velocity
2.8km/s
Travel rating
SpaceX’s Falcon
9 isn’t suitable for
anything beyond
lifting up to 13
tons of cargo into
geostationary orbit.

Nuclear thermal
rocket
NERVA
Exhaust velocity
8.3km/s
Travel rating
A Saturn V rocket
with a NERVA
upper stage could
lift 150 tons to low
Earth orbit.

Fission pulse
propulsion
Orion
Exhaust velocity
31km/s
Travel rating
Orion’s efficient
engines could allow
it to reach Saturn
in months, rather
than years.

Nuclear electric
Prometheus
Exhaust velocity
49km/s
Travel rating
Coupling a nuclear
reactor to an ion
engine such as
VASIMR, could
allow trips to Mars
in 39 days.

Proposed

Current tech

Cancelled
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Cosmic forces
Learn about the four forces that control our universe, from the 
movement of galaxies to formation of elements in a supernova

The four fundamental forces in space underlie 
every type of natural behaviour so far discovered 
and described by laws of physics. They vary hugely 
in terms of strength, range of operation, and the 
type of objects that they affect. Two of these forces 
are familiar to us from everyday life – gravitation, 
which attracts objects with mass to each other, and 
electromagnetism, which influences the movement 
of objects with electric charges. The other two, called 
the strong and weak interactions, have a less obvious 
influence on us – they are responsible for holding 
together the protons and neutrons in atomic nuclei, 
and for occasionally allowing them to disintegrate in 
radioactive decay events. 

Gravitation was the first of these forces to be 
discovered, but it’s still the most mysterious since 
it seems to operate in a very different way from 
the other three. It influences all objects with mass, 
and is responsible for everything from the fall of 
an apple or the orbit of a planet, to the extreme 
conditions around a black hole. Compared to the 
other fundamental forces it’s actually very weak, only 
making its presence felt when matter is present in 
large amounts, but it operates over very long ranges. 
Moreover, while other forces work by the exchange of 
signal particles called ‘gauge bosons’, Einstein showed 
that gravity exerts its influence by distorting space 
and time themselves. So the paths of objects moving 
through a gravitational field, even massless photons 
of light, are deflected from straight lines.

Electromagnetism is also familiar. It explains the 
interlinked electrical and magnetic effects: electricity 
is simply the flow of charged particles, while 
magnetic forces act on electrically charged particles 
inside certain objects. In general, electromagnetism 
is stronger than the force of gravity but the range 
of its effects is less. In order to be influenced by 
electromagnetism at all, particles need to be imbued 
with either a positive or negative electric charge.

Light and other types of radiation such as infrared 
and X-rays, are electromagnetic waves generated by 
materials that are heated (like the surface of stars), 
or otherwise energised (like interstellar nebulae). 
Particle-like packages of waves, known as photons, 
are responsible for transmitting electromagnetic 
forces across space at the speed of light. 

The two other forces only make their influence 
felt at unimaginably small scales, of around 1 million-
billionth of a metre (a femtometre, or fm). Even at the 
relatively large scale of atoms, around one billionth of 
a metre, it’s still the electromagnetic force that holds 
the negatively charged electron particles in orbit 
around the positively charged atomic nucleus.

The strong interaction acts on particles with a 
property called ‘colour charge’, though it has nothing 
to do with everyday colour. This is transmitted 
between them through the exchange of ‘gauge 
bosons’ called gluons. It is strongly attractive between 

particles at distances of around one femtometre, 
but repels particles when they try to get much 
closer than that. Strong interactions bind together 
elementary particles called quarks in trios to make 
protons and neutrons, which are the two types of 
‘nucleon’ typically found in an atomic nucleus at 
the core of an atom. They also ‘leak out’ at slightly 
larger scales to create a nuclear force that binds 
these nucleons together. It’s the number and type 
of nucleons in an atomic nucleus that determine its 
chemistry, and therefore its identity as an element.

The weak interaction (sometimes called the weak 
nuclear force), meanwhile, is a unique effect that acts 
over short scales and has three different types of 
force-carrying ‘gauge boson’ particles. These allow it 
to change the ‘flavour’ of a quark from one kind to 
another, changing the identity of nucleons in turn. 
The typical weak interaction transforms a neutron 
into a proton, and the change in balance between 
these two particle types can make the entire atomic 
nucleus unstable. The result is radioactive decay, a 
process that releases excess particles and energy, 
transforms atoms into different elements, and helps 
heat the interiors of planets like our own.

Therefore, all four forces play a vital role in 
forming the stars, planets and galaxies 
and their nature from the smallest 
particle upwards, but there are 
still many aspects of their 
behaviour that we need to 
understand further. 

Warping space-time
Gravity is felt through 
concentrations of mass 
that warps space-time. 
This can be envisaged in 
terms of dents in a two-
dimensional ‘rubber sheet’  
or a pinching-together of a 
three-dimensional grid.

Bending light
An effect known as 
gravitational lensing is key 
evidence for the way gravity 
works – it involves the 
deflection of mass-less light 
from distant stars as it passes 
close to nearby massive 
objects like the Sun.

Solar field
Our Sun has an enormous 

and powerful magnetic field 
created by the movement of 

huge masses of electrically 
charged plasma (hot gas) 

beneath its surface.

Key

Electromagnetism

Gravitation

Strong force

Weak force

Trapped in orbit
Planetary orbits like that of 

Earth around the Sun can 
be thought of as ‘dents’ 
in space-time, where an 

object moving at the right 
speed can remain stable on 

an elliptical path.
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Unifying the forces
In their quest to understand the four 
fundamental forces of today’s universe, physicists 
use both theory and experiment. Machines 
like the Large Hadron Collider slam particles 
into each other at tremendous speeds, briefly 
re-creating conditions last seen in the Big Bang. 
At these extremes, the electromagnetic force and 
weak interaction, for example, are unified in a 
single ‘electroweak’ force. Theorists believe that 
the four forces all emerged from a primordial 
superforce that split apart in the earliest 
moments of the universe after the Big Bang, and 
hope to ultimately combine the strong interaction 
with the electroweak force to model the 
‘electronuclear’ force. This would be the elusive, 
so-called Grand Unified Theory that scientists 
cannot yet agree on. Gravitation, however, seems 
so different from the other forces that unifying 
all four into a ‘theory of everything’ is currently 
more of a dream than a realistic prospect.

Fast 
fact

Some cosmologists think that 
gravitation’s strange properties 

can be explained by much of 
its strength ‘leaking out’ into 

different dimensions, 
known as branes.

Inner magnetism
Electromagnetism is the 
dominant force holding 

entire atoms together, the 
positively charged protons 
of the nucleus generate an 
electromagnetic field that 

trap negatively charged 
electrons in orbit.

Strong interaction
The strong interaction 

binds small particles 
called quarks together 

in twos and threes. 
The triplets create the 

protons and neutrons of 
the atomic nucleus at the 

core of every atom.

Residual nuclear force
On slightly larger scales, the 
strong interaction makes 
itself felt as a residual 
force bonding protons and 
neutrons together.

Weak interactions
Different types of weak-

force carrier triggers 
the transformation of 

susceptible particles 
– typically changing a 

neutron into a proton.

Radioactive decay
In order to remain stable 
after a weak interaction, 
a nucleus may release 
excess particles and energy, 
transmuting into the nucleus 
of another element.

A technician attends to a section of the 27km (16.5mi) 
beam line of the Large Hadron Collider
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Written by Gemma Lavender

Witness the awesome power of Jupiter’s great eye and other 
cosmic weather, as All About Space chases the biggest 

cyclones and most extreme temperatures in the cosmos
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Inside theGreat Red Spot on
Jupiter, as depicted by this

artist’s illustration

Giant space storms
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As we fight against the high winds, lashing rain
and deafening thunderstorms on our planet, it’s
quite easy to think that there’s nothing worse
than the dreadful weather that can batter Earth’s
landscape. That is, until you leave the envelope of our
atmosphere that serves as a gateway to space. Here,
even a windproof umbrella and a faithful waterproof
windcheater jacket that served you so well on Earth
won’t save you. That’s because the weather that
can be found in space is monstrous, making our
planet’s occasional crashes of thunder sound like
low grumbles and the great lashes of rain, capable of
flooding the lowlands, appear as nothing more than
puddles made by light drizzle.

No more than an astronomical stone’s throw away
– at an average distance of 108 million kilometres (67
million miles) away – from our planet, things turn
quite nasty on planet Venus. Nicknamed ‘Earth’s evil

twin’ with good reason, the second world from the
Sun is a toxic and barren wasteland. Thick, heavy
clouds laden with sulphuric acid hang in the hot,
pressurised Venusian sky, topping the odd active
volcano, which burp additional heat and toxicity.
The scene is one of high pressures and poisonous,
choking fumes, making us somewhat grateful for
Earth’s much more forgiving weather fronts.

In the opposite direction to Venus, things aren’t
much better on Mars. It’s quite easy to think that
nothing much happens on the Red Planet, as its
robotic inhabitants – including NASA’s Curiosity

“A calm day can turn into one that’s
rife with dust devils and great haboobs
capable of engulfing the entire globe”

A dust devil stalking 
the Martian landscape 
as imaged by the Mars 
Reconnaissance Orbiter 

rover – ping back images showing stretches of barren 
landscape beneath a somewhat dull pink sky. The 
truth is, if you thought that we struggled to make 
an accurate prediction of the weather here on Earth, 
then we would be even more at a loss with the 
Martian weather system, leaving many weather 
forecasters tearing their hair out. 

That’s because Mars’s weather is as unpredictable 
as it gets – and that’s quite surprising for a planet 
with an atmosphere that’s only about one per cent as 
dense as Earth’s. Being so thin ensures that whoever 
dares to walk its dusty surface is sure to receive 

An artist’s impression of a 
Martian dust storm as seen 
from the Viking lander
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The trail of a great northern storm of thunder 
and lightning on Saturn in 2011, which was 
estimated to be able to suck out the entire 
volume of our planet's atmosphere in just 
150 days with its updraft alone

The persistent weather 
pattern that is Saturn’s north 
polar vortex has six sides, 
each measuring around 
13,800km (8,600mi) long

fatal doses of space 
radiation, whether its origin 
is the deeper recesses of our 
galaxy or the Sun. There is good 
news, though: it never rains on the 
Red Planet, even though clouds do form 
and snow does fall, but that evaporates before 
it has a chance to reach the ground. 

In general, Mars is pretty cold with temperatures 
not getting much higher than 20 degrees Celsius 
(68 degrees Fahrenheit), even during the summer. 
Day to day, or even as quickly as hour to hour, an 
otherwise calm day can turn into one that’s rife with 
dust devils and great haboobs capable of engulfing 
the entire globe in a red haze for weeks. Kicking up 
such great amounts of dust is all thanks to a drop in 
temperature, as Martian sunsets give way to Martian 
nights, sending the lukewarm world’s summer 
plummeting into a harsh -140 degrees Celsius (-220 
degrees Fahrenheit). 

Such a change in temperature drives hard and 
fast winds, which blow red dust up to speeds of 
over 160 kilometres (100 miles) per hour. The same 
thing happens on Earth, with moisture arming these 
swirling storms. But given that all there is to pick up 
on Mars is loose, red soil, raging storms throw dust 
into the air, supplying the Red Planet with a pinky-
red atmosphere. With dust polluting the air, it can 
get warm on Mars, propelling the winds even faster 
and throwing more and more dust into the thin 
atmosphere, sometimes creating the snap and crackle 
of electricity in their wake. Then, just as quickly as it 
appeared, the storm can die down again – perhaps by 
blocking out the Sun’s light – causing temperatures to 
cool and the soil that was once on a whirlwind trip 
around the globe to settle back down to the ground. 

Dust storms are about as extreme as the weather 
gets on Mars. Trouble is, the rovers and landers that 
have touched down on its surface hate it. In a world 

of 
swirling 
dust and 
limited sunlight, 
they have no choice but 
to wait for the storm to be over 
in order to pursue their exploration of 
Mars as the solar panels that power them to 
scout the Red Planet become covered in soil.

The bigger the planet, the more heavy-handed the 
storms. On these giants, just a small percentage of 
the wind power is capable of more than blowing your 
umbrella inside out – it can pick up houses and throw 
them like dice. Surprisingly, grabbing a view of some 
of this weather-based action is difficult, as it can go 
undetected below cloud cover on some worlds.

There is one planet that’s not shy about showing 
off the forces it wields in its upper cloud layers – and 
that’s Jupiter. Compared to the other worlds of gas 
that make up the outer portion of our Solar System, 
this majestic planetary king is a bit of a poser, 
proudly revealing swirls and bands that depict its 
chaotic nature. The most famous of these is the Great 
Red Spot, an anticyclone that’s so large that three 
Earths are able to fit inside it. We’re able to see this 
great storm system using Earth-based telescopes, 
and we’ve been watching in awe as the winds have 
raced at over 400 kilometres (250 miles) per hour 
for the past 350 years, rotating in an anticlockwise 

direction due to 
the crushing high 
pressure on the gas giant.

But inside this behemoth of a storm, things are 
quite a bit different. At its heart, gone are the gale 
force winds, giving way to a more gentle breeze, but 
where temperatures are also a chilly -160 degrees 
Celsius (-256 degrees Fahrenheit). To last for as long 
as it has, this extreme hurricane is held together by 
jet streams, retaining its structure to travel multiple 
times around the stormy planet. However, scientists 
have noticed that Jupiter’s trademark feature is not as 
great as it once was: the Great Red Spot is shrinking.

In the 1800s astronomers measured the Great Red 
Spot to be 41,000 kilometres (25,500 miles) across. 
By 1979 when the Voyager 1 and 2 spacecraft reached 
the gas giant, the massive storm had been whittled 
down to around 23,300 kilometres (14,500 miles) 
across. Much more recently, NASA’s Hubble Space 

Saturn’s southern hemisphere 
plays host to unusually shaped 

tempests known as Dragon Storms, 
which flare up periodically 
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If you thought Earth’s weather was bad, here’s the
forecast for the other worlds in our Solar System

The Solar System’s weather

A very cloudy start with
acid rain only affecting the
planet’s highlands. There
are likely to be strong
winds, hitting speeds up
to 360 kilometres (224
miles) per hour. High
temperatures guaranteed.

Venus

Average temperature
462°C (864°F)

Generally cold, dry and
clear all day. A change in
temperature could see dust
devils and dust storms
become prevalent in the
evening. Very cold during
the night, with sub -60°C
(-76°F) temperatures.

Mars

Average temperature
-55°C (-67°F)

Very strong persistent
winds of around 360
kilometres (224 miles) per
hour in most places on
the globe and especially
around the Great Red Spot
area. Likely to be very cold
all day.

Jupiter

Average temperature
-150°C (-238°F)

Extremely hot, with angry
outbursts of coronal mass
ejection – a massive burst
of solar wind and magnetic
fields. High temperatures
will persist for the
foreseeable future with the
possibility of solar flares.

The Sun

Average temperature
5,500°C (9,932°F)
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Telescope has measured the Great Red Spot to be 
16,500 kilometres (10,250 miles) wide. What’s more, 
the storm seems to be taking on a more circular 
appearance these days. Just what will happen to 
the storm next is anyone’s guess, with astronomers 
wondering if it will vanish completely. 

Jupiter’s not the only planet in the vicinity to have 
a rampant weather system. Its neighbour, ringed 
Saturn, also has a huge weather system, although 
you’d be hard-pressed to see it from Earth. On the 
whole, its gaseous surface looks pretty bland, almost 
as if the winds and great powerful lightning bolts 
thrown from its cloud decks are non-existent. But 
underneath that creamy and misleading atmosphere, 
Saturn is fairly wild. Gusts topping 1,800 kilometres 
(1,118 miles) per hour race and force this world’s 
collection of gases and ices around it at break-neck 
speed, making Jupiter’s Great Red Spot seem like 
a light gust of wind. Up close and personal though 
– and with the helping hand of a fleet of space 
telescopes – we can get a good look at what makes 
Saturn’s storms so mega. At the planet’s north pole 
circulates a hexagonal storm with its six sides each 
measuring a whopping 13,800 kilometres (8,600 
miles) long and making our planet look fairly small. 
To look at, this unusual anticyclonic disturbance 
seems unreal but it’s undeniably present, with 
proof from the likes of NASA’s Voyager and Cassini 
spacecrafts thrusting photographic evidence into the 
hands of astounded scientists.

The hexagon has bemused planetary scientists, 
but it seems to be some form of jet stream created by 
an area of turbulent atmosphere. Inside the hexagon 
is a whirlpool of air, which is matched at the south 
pole too and also on Saturn’s hazy moon Titan – the 
only moon in the Solar System with a substantial 
atmosphere. On Titan, winds struggle to reach much 
of a pace blowing at just a few kilometres per hour as 
they battle through the dense nitrogen atmosphere, 
while it rains droplets of black methane that settles 
into rivers and lakes. If you were to take a tour of this 
moon, you would definitely need your umbrella and 
your thermals: it’s bone-chillingly cold at -180 degrees 
Celsius (-292 degrees Fahrenheit).

Heading out of the Solar System at around 2.9 
billion kilometres (1.8 billion miles) away, we hit the 
featureless face of the seventh planet from the Sun, 
Uranus. This collection of gas and ice might look like 
a boring world but underneath that placid turquoise 
cloud layer, a whole different story unfolds, even if 
it’s not as enraged as the other planets we’ve met so 
far. Beneath its clouds, scientists think that it might 
actually rain on Uranus but we’re not talking water 
like Earth or liquid organics like Titan – experts are 
hinting at diamonds. It’s a jeweller’s paradise, but 
perhaps not a rainstorm that you’d want to get caught 
in when it’s in full force. An umbrella won’t help you 
here either, you would need a shield, as priceless 
chunks rain from the heavens, making any painful 
hailstorm that you’ve been caught up in seriously 
pale in comparison. This torrent of diamonds – or 
crystallised carbon – is made by methane, being 
squashed under enormous pressures, hundreds of 
thousands of times greater than those on Earth. 

They say that you shouldn’t judge a book by its 
cover and Uranus is no exception – even if it does 
appear serene with very little activity other than the

Storms possible with a 
chance of diamond rain, 
which will become heavy 
and persistent. Upper 
atmosphere is likely to be 
calm but on the whole, 
there will be high pressure 
and cold temperatures.

Uranus

Average temperature
-224°C (-371°F)

Very blustery with 
diamond rain forecast. Very 
cold with temperatures 
dropping to as low as -214°C 
(-353°F) at times. Winds 
will become stronger and 
very persistent throughout 
the day.

Neptune

Average temperature
-200°C (-328°F)

Winds hitting at least 1,600 
kilometres (994 miles) per 
hour will make the air feel 
very cold wherever you are 
in the planet’s atmosphere 
due to windchill. Very 
strong electrical storms 
forecast. 

Average temperature
-168°C (-270°F)

Saturn
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occasional angry outburst.
Fellow ice giant Neptune is outwardly much more

interesting than Uranus. It too has diamond rain
deep inside, but the smallest of the outer planets
also tries to emulate its bigger brother with its own
great spot. Here, instead of Jupiter’s embarrassed red
hue, Neptune’s is cool and dark. It was discovered in
Neptune’s southern hemisphere when Voyager 2 flew
past the last planet from the Sun in 1989 and is an
anticyclonic storm like Jupiter’s Great Red Spot, and
about the same size as Earth at 13,000 kilometres
(8,100 miles) across. White cirrus clouds form around
its fringes, made from crystals of frozen methane.
Yet while Jupiter’s eye is shrinking, Neptune’s spot
did its own vanishing act in 1994, disappearing
completely when the Hubble Space Telescope looked
for it. However, this magic act was not permanent, as
a new dark spot sprang to life in Neptune’s northern
hemisphere and is still blowing today at 2,400
kilometres (1,500 miles) per hour. Even faster clouds
have been seen on Neptune, called scooters because
they scoot around Neptune far faster than the
lumbering dark spot.

Everything in the Solar System, even as far out
as Neptune, experiences the effects of the Sun’s
weather. The solar wind doesn’t blow air like on
Earth or Jupiter or Titan, but streams of particles that
wash out of our star. Occasionally the Sun burps,
and unleashes storms of plasma from active regions
with sunspots that can batter our magnetic field
and atmosphere, generating the beautiful aurorae
that illuminate the poles of our planet. These storms
though can also be deadly, for the radiation can kill
astronauts, short-circuit satellites and knock out

How the Great
Red Spot works

According to observationsmade byNASA’s
Hubble Space Telescope, Jupiter’s iconic
Great Red Spot is shrinking in size andwill
continue to do so as years pass by

Constant spinning
Hot gases in the gas
giant’s atmosphere are in a
constant twirl, continually
rising and falling.

Dropping the
cool gas
The cooler gases fall
through Jupiter’s
atmosphere and then
forces start to cause
the area to begin
whirling, creating
eddies that last for a
long period of time
since there is no solid
ground on Jupiter to
create friction.

The shifting and
merging of eddies
Eddies that are made
are able to move
around and merge
together, creating
bigger and much more
powerful storms.

High winds
If you were to stand
inside the Great Red

Spot, you would
find that wind

speeds are able to
reach 400km/h

(250mph).

1995

2009

2014
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communications and power systems on the ground.
For these reasons the Sun’s weather is the most
scrutinised outside Earth, with many Sun-watching
space missions such as NASA’s STEREO and the
joint NASA-ESA mission SOHO, giving early warning
of any solar storms that may be heading our way to
cause mischief.

Our Sun is just one star, but what about a galaxy
of hundreds of billions of stars? Their winds can
combine into super winds that can blow all the gas
used for making stars out of a galaxy, dispersing it
many thousands of light years away. There are also
storms at the centres of galaxies with giant lightning
bolts that even Thor, the Norse God of Thunder,
would be impressed by. In the distant galaxy IC 310,
which is 260 million light years away, astronomers
have detected huge bursts of gamma-ray radiation
coming from enormous flashes of lightning emitted
by the hot gas encircling the forbidding black hole
at the centre of the galaxy. In this gas are powerful
electric fields that can unleash electrical discharges
every few minutes across an area of space the size of
our Solar System, dwarfing all the weather familiar to
us from our planetary neighbours.

On Earth, lightning is assisted by moisture in the
atmosphere, and huge amounts of water have been
detected as vapour in the gas around supermassive
black holes at the hearts of galaxies. Galaxies with

active black holes that are hungrily consuming
gas and producing brilliant light are called
quasars. In 2010, US astronomers announced the
discovery of the oldest and most massive cloud
of water vapour ever seen in a quasar, 12 billion
light years away, which existed less than 2 billion
years after the Big Bang. Far bigger than any cloud
on Earth, it contains 4,000 times more water than
the total found in our Milky Way galaxy. This will
probably never make it into oceans or rivers, or fall
as rain on a planet, but will most likely fall into the
black hole instead.

There is more weather in our own galaxy besides
the weather on the planets of our Solar System. The
stars in our galaxy have their own planets, including
a particular breed that like it especially hot. Take
Jupiter with its Giant Red Spot, move it 770 million
kilometres (480 million miles) closer to the Sun
and you get a ‘hot Jupiter’. Astronomers have found
hundreds of these hot Jupiters around other stars –
and they are scorching, with temperatures as great as
3,200 degrees Celsius (5,800 degrees Fahrenheit) in
the case of the exoplanet WASP-33b, which is so close
to its star that its year lasts just 29 hours. The close
proximity to their parent star means that they’re
‘tidally locked’ by gravity, so that they rotate at the
same speed that they take to orbit their star. This
means they always show the same face to their stars,

the
same
way the
Moon’s face is always the same as seen from Earth.
Because of this, the dayside of worlds like WASP-33b
are always in their star’s light, causing huge storms to
arise, bigger than anything in our Solar System. The
hot Jupiter exoplanet HD 189733b has a huge storm
on its dayside, practically the size of its sun-facing
hemisphere, where temperatures directly underneath
the sun reach as much as 1,500 degrees Celsius
(2,730 degrees Fahrenheit). This creates winds that
outpace anything in our Solar System at 9,700
kilometres (6,000 miles) per hour, whipping around
the dark side of the planet, which always faces away
into space and never sees the light of its star – a dark
and windy place, but never cold.

We often view the weather as an inconvenience,
soaking us with rain, blowing our hair around with
wind, frying us in hot and sunny climes and freezing
us when snowflakes drift downwards. But when we
are complaining about what the weather is doing
here, spare a thought for the places experiencing
far worse, not just within the confines of our Solar
System but beyond it too.

“ Astronomers have detected huge bursts 
of gamma-ray radiation from flashes of 
lightning around a black hole” 

A gigantic reservoir of water, which 
astronomers know to be quasar APM 

08279+5255 holds 140 trillion times 
the mass of water in Earth’s oceans

Ice giant Neptune is home 
to anticyclonic storms, 

which appear as dark spots 
and then vanish  
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Microgravity

It makes water 
act strangely
Did you know that water boils into one big bubble 
in microgravity? On Earth, boiling water in a kettle 
creates tiny vapour bubbles that rise to the surface, 
but in the absence of convection and buoyancy – 
two terrestrial phenomena caused by gravity – they 
simply cling to the kettle’s element and merge to 
create a single bubble. 

There is gravity 
everywhere in 
space
The further you move away from an object with 
mass, the weaker its gravitational influence 
becomes. But there is gravity everywhere in space, 
whether it’s the Sun or the core of the Milky Way, it 
will always have some influence over you.

Your head swells 
in microgravity
On Earth, gravity pulls fluids in the body down into 
the legs. In microgravity, however, blood and other 
fluids shift to be redistributed throughout the body, 
including astronauts’ heads, causing them to swell.

Microgravity 
makes you taller
In microgravity, the vertebrae in your spine are 
no longer compressed by Earth gravity, causing 
the discs between them to expand and the spinal 
column to lengthen, making you taller.

Flight engineer Chris Hadfield 
plays with water in the 
microgravity environment of 
the International Space Station 
(Expedition 34, January 2013) 

It doesn’t make 
people weightless
People aren’t weightless on the ISS. In fact, 90 per 
cent of Earth’s gravity still affects the ISS, so people 
weigh 90 per cent of what they would on Earth. The 
reason they float is because the ISS is in perpetual 
free-fall around the Earth, an orbit in which 
microgravity takes effect because people and objects 
inside fall at the same rate as the ISS itself.

5 AMAZING FACTS ABOUT
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Astronaut Walt Cunningham, who piloted the first crewed mission
in the Apollo programme, tells All About Space about the dangers
he faced when making his way into space

Apollo’s first
crewed flight

Could you tell uswhy you became an astronaut?
I can tell you, it wasn’t for the money. My starting salary
when I went to work for NASA was $13,050 a year.
When I left eight years later, I had worked my way up to
$25,000. I did sit down once and calculate that if I got
paid 50 cent a mile, I would have made $2.24 million.

I should mention that we weren’t covered by NASA’s
flight insurance. If we had been, the payment would
have been too high for the other employees of NASA. But
overall, let me tell you, it was one of the world’s greatest
jobs. The Sixties through to the Seventies was the golden
age of manned space flight. It was very much like the
Twenties, which saw the development of aeroplanes. We
weren’t flying planes with silk scarves but, you know, we
felt like it.

Did you alwayswant to be an astronaut?What
does it take to become an astronaut?
Well, in 1963 I was a US Marine Corps fighter pilot,
working on a doctorate in physics at the University of
California, Los Angeles (UCLA). When I applied to NASA
to become an astronaut, it turned out I was one of 770
qualified applicants and one of the eventual 14 that
would later go into space.

Well, some good people didn’t make it. I will never
forget we were down to 34 people when we showed
up for our eight-day physical. I thought that my friend,
a Navy lieutenant who went by the name of Bob
Shoemaker, was a sure thing in being selected.

Well, when we left after eight days, I went home and
Bob went home. But Bob was out of the running to
become an astronaut – he had been diagnosed with bone
tuberculosis. It took him six months to get his wings back
and he was then transferred to Vietnam. The next time I
saw him, it was in a picture and he was being led through
a Vietnamese village with his arms tied behind his back.
Bob was shot down in Vietnam.

So who does make it? I think we were all bright,
healthy, in good physical condition, motivated and self-
starters, with a feeling of strong self-confidence. We knew
where we were going and how we were going to get

there. I think a lot of people would call that ego [laughs].
At the time, spaceflight was considered too tough for

anyone that was over 30. It was thought that a younger
fighter pilot could endure the wear and tear of space
travel. It was a young man’s game. Or so we thought.

Today, the average age in astronaut office is 45 years of
age. Back in those good old days we were hired based on
experience and qualifications. I had military training and
so had spent much of my life facing risk. In essence, we
didn’t shy away from the unknown and we were willing
to take a risk. Surviving a very dangerous profession,
where we were well aware of where we were going and
how we would get there. And, we depended on each
other with our lives.

The first Apollomission ended in disaster with
its astronauts being killed in a cabin fire.Were
you afraid that something similar would happen
with Apollo 7?
Three men [Gus Grissom, Edward White and Roger

Interviewed by Gemma Lavender

WaltCunningham
Walt Cunninghamwas the
LunarModule pilot on the
Apollo 7mission. Before
his career with NASA,

Cunninghamwas a fighter
pilot with the USMarine
Corps and successfully
gained a doctorate in

physics. After his flight
into spacewithWalter

Schirra Jr and Donn Eisele,
Cunninghamworked in a
management role for the

space station Skylab.

INTERVIEWBIO

Cunninghamsays that the next
chance for dangerous adventure
is the exploration ofMars

Interview Walt Cunningham 

www.spaceanswers.com64

http://worldmags.net/
http://worldmags.net/


Cunningham was one of 
14 astronauts selected by 

NASA in 1963

Apollo’s first crewed flight
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Did the Apollo 1 disaster set the programme back
a considerable amount?
Absolutely. The Apollo programme schedule slipped
and it was eventually cancelled. We also used a
different model of space capsule from that time on. It
took 21 months to recover and make all of the changes
necessary that we thought could have caused that fire.
There were a lot of operational changes on the spacecraft
in the meantime.

So Apollo 7 was considered – at the time – to be a
very ambitious effort to make up for lost time. It was
planned for 11 days to test all of the propulsion and all
of the spacecraft systems, all of the docking, all of the
rendezvous manoeuvres, ground systems… you name
it, it was tested. To this day, Apollo 7 is one of the most
ambitious and most successful test flights of one of the
first new flying machines ever. That spacecraft was near
perfect. It was a wonderful accomplishment.

What reception did you get when you returned
to Earth?
As astronauts, we were at the tip of the spear and we
got the glory. The success of our Apollo programme,
though, was really down to the collective effort of
400,000 members of our team of the US government
and private industry. Against enormous odds, with the
whole world watching, a group of engineers, scientists
and managers accepted a challenge and took the risk
and that team changed the way that we perceive

our world. I’m proud to have played a small role in a
historical accomplishment.

What are yourmemories of Apollo 11?
When Apollo 11 touched down with only 17 seconds
of fuel, we all started breathing again. It really was
something – and, of course, Neil Armstrong’s footprint
on the lunar surface has gone down in history. When I
mention the Apollo programme, everyone thinks of ‘one
small step for man, one giant leap for mankind’. That’s
certainly one mission for the history books.

There are other things that I remember from that
time, too. For example, you might not know that Apollo
11 carried tubes of microfilm with it with messages from
many nations of the world. Some time after the mission,
I got the chance to review those messages. One of them,
which was praise from the Australian Prime Minister, I
carried around in my pocket with me for years. He said:
“The chance of dangerous adventure is available to all.”
What a wonderful statement. The chance of dangerous
adventure means accepting the risk of failure. If you’re
not willing to risk failure, you don’t deserve to win. But
when you do win, you win big. I believe that is true in all
fields of human endeavour.

Apollo 11 is a technological achievement, built by men
that think and work like machines. But I don’t think
we were computers or robots. We were warm, feeling,
committed individuals. For a time, after landing on the
Moon, we felt together and confident in our abilities to do
anything we set our minds to. It was an accomplishment

“In the next century they won’t care
how carefully and cautiously you
survived the 21st Century”

Cunningham, along with
fellow Apollo 7 astronauts

Walter Schirra and Donn Eisele,
participate in water egress

training in the Gulf of Mexico

Walt Cunningham at 
the Starmus astronomy 

festival in September 2014

Chaffee] paid the price of progress and I lost three good 
friends in that fire. But was I afraid of the mission? No. 
The only thing I can recall having was a fear of failure. 
Each of our team had the same thought: “If this mission 
fails, it won’t fail because of me”. We weren’t afraid of 
accepting the challenge – we had already accepted that. 
We were afraid to be found lagging behind our peers.

Apollo 7 was really the first step in a plan to land man 
on the Moon. That plan had five giant steps. Apollo 7 
was built for test and operations, systems and spacecraft, 
then Apollo 8 had to overcome the psychological barrier 
of leaving the Earth’s gravitational field and heading to 
the Moon. Apollo 9 had to overcome another barrier in 
testing the Lunar Module in Earth orbit, so its astronauts 
[James McDivitt, David Scott and Rusty Schweickart] 
spent a lot of time in the Lunar Module separated from 
the Command/Service Module. Apollo 10 was a complete 
dress rehearsal of landing on the Moon.

www.spaceanswers.com66

Interview Walt Cunningham 

http://worldmags.net/
http://worldmags.net/


©
N

A
SA

that expanded the envelope of human experience.

Youmention that NASA took quite a few risks
with the Apollo programme, is that still true of the
agency todaywhen it comes to spaceflight?
Today NASA has evolved into a less-efficient agency.
Management today seems intent on eliminating risk
and looking for absolute assurance that something could
actually be done before committing to do it. Actually
I believe that the American space programme is more
of a reflection on today’s risk-averse society. That once
rambunctious spirit of innovation and adventure is being
paralysed by the desire for a risk-free society. Well, I tell
you this, exploration is not about eliminating risk. It’s
about managing risk. We’re overwhelmed today with
politically correct decision making. The only real limits,
other than funding these endeavours, are the risks
that we place on ourselves. I don’t think we should be
worrying about what is politically correct; we have to do
what’s right – even if it’s unpopular.

NASA has been sliding down this hill for some
time and this new attitude may have opened the door
for so-called commercial space companies. NASA
has always depended on private industry and most
of today’s commercial space companies are really
government subsidised. Today, however, NASA will have
far less control over the development, operations and the
outcome of what’s going on in private space companies.
Commercial space companies explore space by the
return of investment and profit margins and, believe
me, the exploration of space does not satisfy either of
those criteria. The financial return really comes from
the commercial spinoffs, utilising the technology that
was developed to make exploration possible. That’s why
we have many of the things that we’re enjoying today
because of what went on with the Apollo programme. I
think it’s going to be that way for the foreseeable future
anyway. Safety can never be guaranteed when we
explore the unknown to venture out into the unexplored
frontiers, it has always been necessary that explorers
should be willing to die for their efforts.

What qualities should an astronaut have?
It takes those willing to accept the challenge and who
are prepared to pay the price. When we look back
at the Apollo programme, we can see that it had it
all: competition, challenge, imagination, leadership,
teamwork, and technological breakthroughs. It also
had its risk and uncertainty, its chance of dangerous
adventure and it wasn’t just the risk of dying – men
did die in their heroic efforts. The Apollo programme
advanced man’s knowledge in dozens of fields
of endeavour. Each mission was uncertain until
splashdown. So they certainly measured up to the
criteria of adventure.

What do you think isman’s next greatest
adventurewhen it comes to space exploration?
For today’s generation, the chance for dangerous
adventure is the exploration of Mars. We have the
resources, and the technology can be developed, but it’s
up to them to have the will to tackle this next frontier.
Believe me, in the next century they won’t care how
carefully and cautiously you might have survived the
21st Century but they will celebrate your willingness to
expand our universe and to change the way that we look
at another world.

Cunningham and his crew
mates were launched
from Cape Canaveral,

Florida, in 1968

Apollo 7 was the first manned Apollo 
space mission. Cunningham (right) is 
pictured with Command Module pilot 
Donn Eisele (left) and Commander 
Walter Schirra (middle)
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The 34th President of the
United States, Dwight

Eisenhower, authorised the
establishment of NASA

HowwasNASA formed?
John Bell
The National Aeronautics and Space
Administration (NASA) formed in
October 1958, heavily influenced by the
successful launch of Sputnik in 1957 by
the Soviet Union.

With the United States engaged in
the Cold War with the Soviet Union,
the pressure to prove the scientific
and technological leadership of the
United States was paramount. Space
exploration was a point of major

contest between the two, ultimately
leading to the Space Race. For reasons
of national defence, it was seen to be
necessary for a responsible governing
body to be founded. The formation of
NASA brought together already existing
groups and research facilities, such as
the National Advisory Committee for
Aeronautics (NACA), the Langley and
the Ames Aeronautical Laboratory, to
create the beginnings of the NASA we
know today. ZB
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ossible for Neptune 
and Pluto to collide given 
that their orbits cross?
James Rosato
It is true that the orbits of Neptune 
and Pluto cross, with the two objects 
swapping positions in the Solar System. 
Despite this, however, there is no 
chance of them colliding. 

This is because the travel paths of 
Neptune and Pluto are actually tilted 
with respect to each other. This means 
there is never a point in which the 
pair get too close. Interestingly, due 
to Pluto’s size, collision may not be 

the only issue. Since it is so small in 
comparison to Neptune, there could 
be a risk that it would be influenced 
by the larger planet’s gravity, and the 
dwarf planet could be thrown out of its 
orbit on a new course. JB

SOLAR SYSTEM
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Susan James
After he completed his first reflecting
telescope in 1668, Isaac Newton found
that he could observe the four Galilean
moons of Jupiter – Europa, Ganymede,
Io and Callisto – as well as the crescent
phase of the second planet from the
Sun, Venus.

Newton’s intention wasn’t to
discover new objects with his
telescope. He built his instrument with
the aim of proving his theory that
white light is made up of a spectrum
of colours. When we observe bright
white targets, some telescopes reveal
colour-fringing or chromatic aberration
around the object’s edges, caused by a
defect in a telescope’s optical system.
It’s this problem that Newton was
looking for to use as proof.

Newton didn’t find the colouration
because his telescope was a reflector,
which employs mirrors. He soon
realised that it was the refractor
that suffered from chromatic
aberration, helping us to grab a better
understanding of telescope design. GL
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What could 
Isaac Newton 
see through 
his telescope?

What colour are comets when 
they aren’t near the Sun?
Sam Harvey
The heart, or nucleus, of a comet is a collection of frozen 
water and gases as well as other carbon-based materials. 
As a result, comets far away from our Sun are effectively 
black since they have one of the lowest albedos – a 
measure of how much light they reflect – of any 
object we have observed.

As a comet gets closer to the Sun, some of these 
frozen gases sublimate creating the coma – the 
envelope of atmosphere that surrounds a comet. 
These gases can reflect sunlight and turn our 
dark object into a bright, yellow-white body. One 
of the two tails a comet produces, the ion tail – a 
collection of charged particles pushed away by the 
solar wind – will begin to glow with a blue tint. JB

ASTRONOMY

ASTRONOMY

Comets are black before they 
near the Sun but when they 
approach it, they burst into 

bright colours just like comet 
ISON (pictured)

Despite their 
intersecting orbits, 
Neptune and Pluto 

are unlikely to collide

http://worldmags.net/
http://worldmags.net/


www.spaceanswers.com72

Can you
recommend 
some naked 
eye targets in 
the southern 
hemisphere?
Paul Duke
Without a telescope some of the best 
things to look for are constellations. 
Southern circumpolar constellations 
such as Centaurus or the Southern 
Cross are good patterns to spot all 
year and can only be viewed from 
the southern hemisphere, while 
constellations nearer the ecliptic can 
be seen from both the northern and 
southern hemisphere depending on 
the time of year. 

If you can get a viewing position 
away from light pollution there are 
also deep sky targets visible to the 
unaided eye, such as the Large and 
Small Magellanic Clouds, two nearby 
dwarf galaxies. Sights such as the 
Milky Way can also be enjoyed in the 
southern hemisphere under the right 
viewing conditions. ZB

What is ESA’s
ATHENA mission?
Matt Range
A space observatory that’s yet to be launched 
by the European Space Agency (ESA), 
ATHENA (Advanced Telescope for High 
ENergy Astrophysics) will observe the hot and 
energetic universe in X-rays. The spacecraft 
will be 100 times more sensitive than our best 
X-ray telescopes to date – the Chandra X-ray 
Observatory and XMM-Newton.

It’s hoped that the mission will transform 
our understanding of two major questions in 
astrophysics: how ordinary matter assembles 
into large structures such as galaxies and how 
black holes grow and shape the cosmos. 

When the mission launches during the 
2020s, it will be lifted to Lagrange Point 
2 – a stable point in space on the night side 
of Earth and beyond our planet’s orbit, which 
possesses good sky visibility – on board an 
Ariane 5 rocket. In orbit, ATHENA will perform
continuous observations of up to 300 celestial
point targets, lasting anywhere from 30 minutes
to over 11 days. GL

Questions to… @spaceanswers /AllAboutSpaceMagazine questions@spaceanswers.com@

The Large and Small Magellanic 
Clouds are good naked eye targets 
visible in the southern hemisphere

ASTRONOMY

Similar to the Chandra 
X-ray telescope (pictured) 
ATHENA will observe hot 

and energetic objects in 
the universe

When was Polaris first discovered 
as the North Star?
Anna Weston
Polaris was first catalogued in 169 AD 
by Ptolemy. However it was not used as 
a navigation tool until at least the 5th 
Century when the Macedonian writer 
and historian Stobaeus described it as 

‘always visible’. The interesting thing 
was that Polaris was not always the 
Pole Star, nor will it always be. The 
‘wobble’ of the Earth’s axis, also known 
as precession, means that over time 
the star the North Pole points to will 

change. In fact, it was not until around 
the 12th Century that Polaris could be 
reasonably used as the Pole Star. And 
by the year 4000, the precession effect 
means that we will have a new Pole 
Star – Gamma Cephei. SA

Polaris is the northern 
hemisphere’s Pole Star – all 
of the stars in the northern 
sky appear to orbit it

ASTRONOMY
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Which is the densest
planet in our Solar
System?

With an average density of 5.51
grams per cubic centimetre,
planet Earth is the densest planet
in our Solar System. That’s 5.5
times denser than water.

Are there other
universes?

Unfortunately, we don’t have
direct evidence that suggests
other universes exist. However,
many scientists – with the help
of theories in cosmology and
quantum physics – believe that
it could be likely that other
universes exist.

What is the brightest
galaxy in the northern
hemisphere?

With a magnitude of +3.44, the
brightest galaxy in the northern
hemisphere is the Andromeda
Galaxy (M31). Under very good
night sky conditions, you can see
this galaxy with the naked eye.

How far away is the Cat’s
Eye Nebula?

The Cat’s Eye Nebula (NGC 6543)
is a bright planetary nebula and
can be found 3,300 light years
away in the constellation of Draco.

What is the largest
constellation in the
night sky?

Out of the 88 constellations of
both hemispheres, Hydra (the
water snake) is the largest.

What is MOND?
The Modification of Newtonian
Dynamics (MOND) is an
alternative theory that tries to
explain away the need for dark
matter. However, it is not a widely
accepted idea.

   Does Neptune have 
rings?

The eighth planet from the Sun 
has five faint, dusty rings. They 
were discovered in 1984 at the 
European Southern Observatory’s 
La Silla Observatory in Chile.

Quick-fire
questions

@spaceanswers

How do we 
find exoplanets 
using their 
star’s speed?
David North
When a planet moves in its orbit, its parent star will 
also move in its own small orbit in response to the 
alien world’s gravity. This then causes the speed – 
known as its radial velocity – at which the star moves 
towards or away from the Earth to vary. 

It’s this variation that tells astronomers that a 
planet could exist around a star and they quite 
fittingly call this technique the radial velocity 
method. Instruments affixed to ground-based 
telescopes such as ESO’s La Silla Observatory in Chile 
and the Keck telescopes on Mauna Kea in Hawaii 
employ this method to find exoplanets. So far, over 
300 planets, over 30 of which have been confirmed 
as exoplanets, have been uncovered using the radial 
velocity method. GL

Are planetary 
nebulae made by 
supernovae?
Jamie Clews
Planetary nebulae are not made by supernovae. 
A planetary nebula is born when a low-mass 
star (less than around eight times the mass of 
the Sun) dies, while a supernova is the result of 
the death of a massive star.

The low-mass stars that make planetary 
nebulae puff off their outer envelopes when 
they run out of fuel, leaving behind their hot 
cores that astronomers refer to as white dwarfs. 
Over time, the envelope expands away from 
the central star to make the stunning nebulae 
that we see in images brought back by the 
likes of NASA’s Hubble Space Telescope. 

Supernovae are made in an entirely different 
way. The heavy stars that make them build
iron using their elements. When these stars are
no longer able to make iron, the star collapses
– sending the shock waves associated with the
titanic explosion of a supernova. GL

An artist’s impression 
of Upsilon Andromedae 

b, a gas giant that was 
discovered using the radial 

velocity method

The Hourglass Nebula is a 
planetary nebula made by the 
death of a low-mass star 
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Can binary stars make gravitational waves?
Keith Bradford
Yes, they can. Gravitational waves 
are ripples in the fabric of space-time, 
created by an object of a substantial 
mass accelerating through it. Binary 
stars fall into this category so it’s thought 
they generate these waves. The celestial 
pairing we think would generate the 

strongest output of gravitational waves 
would be a pair of merging neutron stars. 
However, we’ve been unable to detect 
these ripples directly. As theories develop 
and detection methods improve, one day 
we hope to strike lucky. If our search 
remains inconclusive, then theories will 
be adapted to any evidence we find. JB

Jonathan Davis
Astronomical filters are an excellent
piece of kit for playing up features
of the Solar System and deep sky
targets. They can also be used to
reduce light pollution, making them
a must-have for many astronomers.
More specialised filters – such as
those made for solar observers – are
also vital not just for observing our
Sun’s surface but promoting safety.

Beginners to astronomy may
feel that filters are a piece of kit
they can live without. However,
if and when you decide to break
into astrophotography or you
become more skilled in your
hobby, the filter will help you to
see the universe in a much more
breathtaking way – assisting you
with creating stunning night sky
shots and helping to add colour
to faraway nebulae and galaxies
as well as adding definition to
planetary features. GL

Can filters really
make my observing
experience better?

Hibernation could be
the way forward when it
comes to travelling long
distances through space

What is a catadioptric
telescope?

Catadioptric telescopes
combine refraction and reflection
in their optical systems using
lenses and mirrors. They can be
likened to both a refractor and a
reflector telescope.

What is the name
of Saturn’s recently
discovered moon?

Aegaeon, also known as Saturn
LIII, was found in 2009 by NASA’s
Cassini spacecraft. It’s thought
that the moon was formed by the
ringed planet’s G ring.

How many stars are in
the Triangulum Galaxy?

The Triangulum Galaxy is a spiral
structure of an estimated 40
billion stars. In comparison, the
Milky Way has 400 billion stars.

What is the hottest
planet we know of?

Kepler-70b, which rests over 3,500
light years away, is the hottest
world we know of so far at an
average surface temperature of
around 6,870°C (12,400°F).

What is the universe
made of?

About 95 per cent of the universe
is made up of dark matter and
dark energy – two entities we
can’t see. Five per cent is made of
atoms – more precisely, everything
we can see in the cosmos.

What is a red dwarf star?
Ranging in mass from 0.075 to
around 0.5 solar masses, red
dwarfs are small and cool stars,
with temperatures of less than
3727°C (6,740°F).

  How old is the Hubble 
Space Telescope?

On 24 April 2015, the Hubble 
Space Telescope will be 25 years 
old. The telescope was launched 
on 24 April 1990.

Quick-fire
questions

@spaceanswers

 hibernation 
assist with space travel?
Jenny Wright
Space hibernation is often touted as a 
way to solve the problem of survival, 
let alone the boredom, of trying to 
explore the infinite size of the 
universe. Even with the best rocket 
technology available to us, it has been 
estimated that a journey to our next 
nearest star would take approximately 
50,000 years. Ignoring our own 
lifespans, some people struggle to 
manage two weeks on a cruise ship 

and they are much larger than your 
average spaceship! 

To avoid people getting cabin fever 
or having issues with regard to crewing 
a spacecraft as each generation passes, 
hibernation has been suggested. In 
theory the travellers on board the craft 
sleep for the majority of the journey as 
they travel across the vastness of space. 
They are then woken up for the close 
approach to a target of interest – such 
as another world to land on. JB

The astronomical filter is a must for 
many astronomers

SPACE EXPLORATION
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It’s thought that merging 
neutron stars would 
create the strongest 
gravitational waves

ASTRONOMY
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The existence of the Red Planet’s 
poles support the theory that Mars 
once had a wet and warm history

How did Mars get its polar ice caps?

e flat or curved?
Jack Branson
On a local scale, the fabric of space-
time is warped around every object 
that has mass in the universe thanks 
to gravity. The shape of the universe 
overall though is different. Given our 
observations using the likes of the 
Wilkinson Microwave Anisotropy Probe 
(WMAP), which measured fluctuations 
of the universe’s radiation, we think 
that it’s fairly flat.

Just like on a local scale, the mass 
of the universe has an influence on 
the overall geometry of the cosmos. 
Knowing its density of matter and 
energy tells us whether it’s open (like 
a saddle shape), closed (like a sphere) 
or flat (like a sheet of paper). With 
an idea of its shape, we can work out 
the universe’s fate. In the case of a 
flat universe, it’s predicted that it will 
expand forever. GL

Using measurements of the Cosmic 
Microwave Background, it’s likely that the 

universe is flat with zero curvature

Thomas Green
The average temperature on Mars is around -60 degrees Celsius (-76 degrees 
Fahrenheit) and can get even colder at the poles. This gives Mars permanent polar 
ice caps consisting primarily of water ice. 

Like on Earth, there is seasonal variation on Mars which causes annual 
changes of the Martian ice caps. During the Red Planet’s winter, a pole will exist 
in extended periods of darkness. This makes it cold enough to allow layers of 
carbon dioxide to freeze, building up the ice caps. During the summer this carbon 
dioxide ice sublimes and the polar ice cap shrinks. The existence of these poles 
support the theory that Mars once had a wet and warm history on its surface. ZB
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There are many stars in the night sky that are 
associated with others in fairly closely knit groups, 
known as clusters. There is a huge variety of shape 
and form of these clusters, from very loose, or open 
clusters, to tightly bunched balls of stars, known 
as globular clusters. The age range of these stellar 
groups can vary from some of the most recently 
born stars, only a few million years old, to some of 
the oldest stars in the known universe. 

Star clusters appear in two main categories; open 
and globular. Within the category of open clusters, 
they can also be described as loose or tight. Open 
star clusters can have a population of anything 
from just a handful to a few hundred and, as the 
name suggests, usually have a fair amount of space 
between each member of the group, making it easier 
to see individual stars. They are often quite young 
stars, cosmically speaking. Globular clusters, on 
the other hand, are usually densely packed objects 
which can contain millions of stars. Unlike their 
‘open cluster’ counterparts, globulars are not found 
within the confines of the Milky Way galaxy but 
follow their own orbits around the core of their host 
galaxy in the halo, which is a roughly spherical 
component of the galaxy beyond the visible plane or 
disc. Globular star clusters have been found orbiting 
the Andromeda Galaxy too, so it may be safe to 
assume that they can be found associated with most 
galaxies. It is thought that these objects may be 
protogalaxies, which never acquired enough stars to 
become fully fledged galaxies in their own right and 
ended up being gravitationally attached to larger 
host galaxies. Nearly all globular clusters are made 
up of some of the very oldest stars known and can 
be up to, or even more than, 13 billion years of age.

How to see 
star clusters
Star clusters are among some of the most 
numerous objects we can see in the night sky. This 
guide will explain what they are and give you all 
the information you need to spot them 

92 Astronomy 
kit reviews 
The latest essential astronomy 
gear and telescopes reviewed
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Averted visio
Nearly all star clusters are faint, with a
notable exceptions, and therefore diffic
see. There is a trick, however, which sh
help you. Instead of looking directly fo
object, look slightly away from it, to th
about 20 to 30 degrees. This puts the
the most sensitive part of the retina, th
of your eye which registers the light en
it. It can make all the difference to bei
to see something and not seeing it. It’s
‘averted vision’ and is used by astrono
to detect difficult-to-spot objects.

Key

Star cluster
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Like globular clusters, open star clusters move
through space, however, unlike globulars, as they
do so they can become disrupted, severing their
gravitational bonds to each other, but still move in
the same general direction. When this happens they
are known as stellar associations.

So what do we need to do to see these amazing
objects? Some of them are visible to the naked eye,
such as the famous Pleiades or Seven Sisters star
cluster, many more are available to observers with
simple binoculars or small telescopes, whereas others
will need a moderately large telescope to show them
up well. The other item you will find invaluable if
you plan to go cluster hunting, is a star chart that
shows the positions of these objects, or suitable
software. Free desktop planetarium software such
as Stellarium will show the positions and details of
many such clusters.

Let’s look at the naked-eye star clusters first. How
these appear depends entirely on their age and their
distance away from us. The Pleiades, also known
as Messier 45, can be found in the constellation
of Taurus (the Bull) and is around 400 light years
from us and is thought to contain up to 1,000 stars.
These stars are all less than 100 million years of age,
therefore relatively young. Probably the best way
to appreciate this star cluster is through binoculars:
7x50 or 10x50 instruments work well as these give
a reasonably large field of view. This is useful, as
the clusters cover around 110 arcminutes of sky, or
roughly four times the size of the full Moon. The
bluish-coloured nebula that shows up on long-
exposure photographs is thought to be a dust cloud
through which the stars are currently passing.

Nearby and still in Taurus, is the very loose cluster
of the Hyades. This group has a rough ‘V’ shape to
the naked eye and makes up the ‘head’ of the Bull in

Globular clusters vs open clusters:
How can I tell the difference?
Globular cluster
Globular clusters, as their name suggests, are tightly
packed balls of stars. It will need the magnification
and resolving power provided by a telescope before
you can make out any individual stars in such a
cluster. Even in quite large telescopes the centre of
these clusters can become indistinct.

Open cluster
It is usually fairly easy to make out individual
stars in an open cluster, although there are a
few examples of some quite tightly packed open
clusters where it is at first harder to tell. Open
clusters don’t have a core of stars and there is more
space between individual members of the group.

www.spaceanswers.com

The Pleiades is a famous 
open star cluster full of 
hot, blue stars
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How to find the 
Pleiades star 
cluster

1 Look for the belt of Orion
Orion’s belt is probably one of the most easily 
recognisable star patterns in the night sky. 

You can find the three bright stars in a row on 
clear winter’s nights midway up in the southern 
sky at mid-evening in January and February.

2 Use Orion’s belt as a guide
Draw an imaginary line westward through 
Orion’s belt starting at the easternmost star 

called Alnitak and on to the next brightest star 
you can find. This is the star Aldebaran, the ‘eye’ 
of Taurus (the Bull), a bright, orange-coloured star.

3 On to the Pleiades
Continue this imaginary line for roughly the 
same distance westward as you went from 

Orion’s belt to get to Aldebaran. You will come to 
a packed group of stars: the Pleiades. On a clear 
night five to seven stars should be visible.
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At a dark sky site,
dozens of clusters
will be visible to the
naked eye

the constellation. This is in fact the nearest known
star cluster to our Solar System at 153 light years
distance and is one of the best studied. The bright
star Aldebaran that marks the ‘eye’ of the Bull is not,
in fact, part of this cluster, being only 65 light years
away from us. Again, binoculars will help enhance
the view, showing many stars too faint to be detected
by the naked eye alone. This group is considerably
older than the Pleiades, at around 625 million years,
which also helps explain why it appears much looser.

Another naked-eye cluster but this time a bit
harder to detect, is the Beehive Cluster, also known
as Praesepe, in the constellation of Cancer (the Crab).
This is of a similar age to the Hyades but further
away at 577 light years. This one shows up well in
binoculars or a small telescope at low power. Of
course, there are hundreds of other open clusters
at much greater distance. They all have their own
unique appearance, and a series of three such
clusters can be found in the constellation of Auriga
(the Charioteer), designated M37, M36 and M38, if
you observe them in sequence running south to
north, as they run in a line through the constellation.
M37, the southernmost, has the most compact
appearance of the three and is one of the richest
with regard to the number of stars that it contains.
Compare this to M36, which has fewer stars and is

much looser in composition. The last cluster in the 
chain is M38, which most observers using a telescope 
report as having a cross shape. One of the most 
visually alluring objects in the northern hemisphere 
is the Double Cluster in the constellation of Perseus. 
The stars in this group are around some 7,500 light 
years distant from us, but lie only a few hundred light 
years apart. They show up well in binoculars; a small 
telescope at medium power will resolve many of the 
stars in both groups, each containing a few hundred 
stars. They are mostly hot, bright and young stars, 
thousands of times more luminous than our Sun.

Perhaps some of the most visually spectacular 
and interesting star clusters in the heavens, though, 
are the globular clusters. The biggest and brightest 
of these can only be seen from the southern 
hemisphere and is known as Omega Centauri. This 
is easily visible with the naked eye and binoculars 
show it up well. A telescope will help to resolve many 
of the stars in the cluster. This is the nearest globular 
cluster to us at 15,800 light years distance and is 
thought to be 12 billion years old. It has a counterpart 
in the northern hemisphere, M13 or the Hercules 
Cluster. This isn’t as bright as Omega Centauri, 
being just visible with the naked eye on a clear dark 
night, but binoculars will show it as a distinct fuzzy 
ball of light. A small telescope will show up many 

of the stars at the edges of the cluster. The larger 
the telescope you have, the more stars you will be 
able to see. It is about the same age as its southern 
hemisphere cousin. 

Most other globular clusters will need at least 
binoculars to spot, let alone resolve any of the stars 
they contain, but you will not be short of candidates 
to hunt for. A fine example is that of M92. This 
can be found not too far from M13 in the Hercules 
constellation. It is fainter than its larger sibling, but 
visually very attractive and often overlooked due to 
its proximity to M13. It is thought to contain some 
of the oldest stars in the universe at nearly 14 billion 
years of age. So these stars must have formed very 
soon after the birth of the known universe.

These are just a few of the many and various star 
clusters available for viewing to observers armed 
with simple binoculars or small telescopes. There 
are dozens more. Each is unique and has a story 
to tell. Whether open clusters or globular, they are 
usually visually attractive and with a little patience, 
not too difficult to find. Every season will bring into 
view a wide selection of such objects and if you like 
working with lists, there are plenty to choose from in 
the Messier catalogue (the list of 110 bright objects in 
the night sky compiled by the 18th century French 
astronomer, Charles Messier) alone. 
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Your top five targets
Here are a list of the most interesting star clusters and
suggestions on how to find them

The Double Cluster
Best season(s) or month(s) of
observation: Autumn/winter
Magnitude: +3.7 and +3.8
Constellation: Perseus
Directions to find the cluster:
The Double Cluster lays on a
line between the ‘W’ shape of
the constellation of Cassiopeia
and the top of the inverted ‘Y’
shape of Perseus. Find the left-
hand (eastern) side of Cassiopeia
and head towards the bright
star Mirfak or Alpha Persei and
the cluster is roughly halfway
between these two points.
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M3 (globular star cluster)
Best season(s) or month(s) of
observation: Spring/May
Magnitude: +6.2
Constellation: Canes Venatici
Directions to find the cluster:
Nestling just at the junction of
the constellations of Boötes,
Canes Venatici and the asterism
Coma Berenices is globular star
cluster M3. It can be found a few
degrees to the north-west of the
bright orange star Arcturus. Head
towards the star Cor Caroli, or
Charles’s Heart, in Canes Venatici
and you’re bound to spot it.

M15 (globular star cluster)
Best season(s) or month(s)
of observation: Autumn/
September
Magnitude: +6.2
Constellation: Pegasus
Directions to find the cluster: You
can find M15 by taking a line from
the star Biham, or Theta Pegasi,
the south-westernmost star in
the constellation of Pegasus (the
Winged Horse), through the star
Enif, or Epsilon Pegasi, pointing
up towards the constellation of
Cygnus (the Swan). You will find
the cluster not far along this line.

M92 (globular star cluster)
Best season(s) or month(s) of
observation: Summer/July
Magnitude: +6.3
Constellation: Hercules
Directions to find the cluster:
M92 is not too far from its
illustrious neighbour M13 but
further to the north-east. It’s
found on a line taken from M13
towards the star Iota Herculis,
about two thirds of the way
along. Binoculars show it as an
intense fuzzy ball of light. Small
telescopes will start to resolve
many of the cluster’s outer stars.

M35 (open star cluster)
Best season(s) or month(s) of 
observation: Winter/January is 
optimum
Magnitude: +5.3
Constellation: Gemini
Directions to find the cluster: 
This lovely open cluster can be 
found just near the top of the 
‘foot’ of the twin Castor, the 
northernmost of the pair, and not 
too far from the southernmost 
‘horn’ of Taurus (the Bull). It’s 
high in the southern sky at mid-
evening in mid-January.

Key
Naked eye

Small telescope

Binoculars
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where only one probe has been before: into orbit
around Jupiter. In July 2016 it will arrive at the Solar
System’s largest planet and beam back beautiful
images of its atmosphere. But you don’t need to
spend the estimated £724 million ($1.1 billion) cost
of the mission to see Jupiter’s wonders for yourself.

Towards the end of 2014 the king of the planets
went through a period of absence from the pre-
midnight sky but now it’s back with a bang. The
planet will reach ‘opposition’ in early February 2015
– it will be on exactly the opposite side of Earth to
the Sun. Such alignment makes Jupiter primed for
viewing all night long, rising around sunset before
setting in the pre-dawn sky. It also means the planet
is relatively close to us, making it easier to see more
detail. In fact, Jupiter won’t be this close to us again

Observer’s
guide to
The king of the Solar System is at
its best for observation this month
– here’s how you can see it tonight

Jupiter as it appears
through a seven-inch
Maksutov-Cassegrain
telescope, imaged by
astrophotographer

Bill Schlosser

JargonBuster
Opposition
An astronomical alignment
when a planet is on the
opposite side of the Sun to the
Earth – a prime viewing target.

Magnitude
A measure of how bright an
object appears in the sky. The
lower the number, the brighter
it appears.

Aperture
The opening at the front of a
binoculars or telescope through
which light enters, controlling
sharpness and light collection.
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What 
to see

Look out for these 
famous surface features

Know your
filters
Red:
Good for reducing sky brightness,
red filters will help to improve the
contrast of cloud layers.

Deep yellow:
Improves the resolution of the gas
giant’s polar regions.

Dark green:
Ideal for improving the visibility
of the Great Red Spot and other
features in the Jovian atmosphere.

Medium blue:
These filters are good for enhancing
the definition between features in
Jupiter’s atmosphere.

The Great Red Spot
A huge anticyclone in Jupiter’s southern

hemisphere, several times larger
than Earth. Hubble Space Telescope

observations show it is shrinking and
becoming more circular, however.

01

Equatorial belts
Distinctive orange bands on either side

of the planet’s equator, they fade and
brighten over the course of several

decades. Back in 2010 the southern
belt temporarily vanished.

02

Flattened poles
Jupiter’s rapid rotation – it completes 
one spin in under ten hours – means 

that the planet appears flattened at the 
poles and bulges at the equator.

03

03

03

01

02

02
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Tracking the Solar
System’s king
Jupiter is constantly moving across our
sky: here’s where and when to look for it

Jan
Dec

Nov

Oct

Sep

Aug

Jul

Jun

May

Apr
Mar

Feb
Jan
2015LEO

HYDRA
SEXTANS

Opposition
Jupiter is primed for viewing on the nights surrounding
opposition on 6 February.
Declination: +16° 31'
Right ascension: 09h 20m 40s
Magnitude: -2.6
Minimum equipment required: Naked eye

01

Changing direction
On 8 April, Jupiter will end its retrograde motion and
appear to double back on itself in the sky.
Declination: +17° 56'
Right ascension: 09h 01m 21s
Magnitude: -1.85
Minimum equipment required: Naked eye

02

Shadow transit
Jupiter's moon Io will cast its shadow onto the disc of
the planet, beginning at 21:30 UTC on 5 March.
Declination: +17° 28'
Right ascension: 09h 08m 24s
Magnitude: -2.0
Minimum equipment required:Moderate-sized scope

03

01

02

03

ANewtonian reflector
telescopewill allowyou to
observe Jupiter's features in
greater detail84
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at opposition until 2019. While slowly moving away
from opposition after 6 February, it will remain in our
skies for many months to come.

So where should you be looking? At a dazzling 
magnitude of -2.6, Jupiter will be one of the first 
things you see in the east as it gets dark. At first 
glance you may mistake it for a plane. Watch for a 
few minutes, however, and it won’t move. Nor will it 
twinkle like a star. Stars twinkle because their huge 
distance from us means that we only ever see them 
as pinpricks of light. We see stars flicker on and off as 
dust and gas in our atmosphere temporarily blocks 
them out. As planets are so much closer to us, our 
atmosphere can never block out all of their light at 
once – they don’t twinkle. As the night wears on, 
Jupiter will rise towards the south before heading 
towards the west after midnight. While it is located 
in the constellation of Cancer (the crab), at opposition

it will sit almost directly above Regulus, the brightest
star in neighbouring constellation Leo.

The simplest equipment you can use to get a 
better view is a pair of binoculars. If you’ve not 
used binoculars before, they come in different 
‘sizes’ denoted by two numbers with an ‘x’ in 
between, for example 10x50. The first number is the 
magnification, the second the aperture of the lenses. 
Through binoculars, Jupiter will be revealed as a disc 
rather than a point-like star. You should be able to 
make out up to four bright lights on either side of the 
planet. These are the four biggest moons of Jupiter, 
collectively called the Galilean moons after Italian 
astronomer Galileo Galilei. One of the best things 
about these moons – Io, Europa, Ganymede and 
Callisto – is that they move around Jupiter at a rapid 
pace. Io, the innermost moon, takes just 1.8 days to 
complete an orbit, making the Jovian system a very

dynamic thing to watch over a few nights. A good tip
is to mount binoculars on a photographic tripod for
stability – even small wobbles in your hands translate
to big wobbles under magnification.

The next step up would be to observe Jupiter
with a telescope. Magnifications of 50x and upwards
will begin to reveal the distinctive orange-banded
structure of the planet’s atmosphere. You may even
be able to make out Jupiter’s famous Great Red Spot
in the southern hemisphere. It may be hidden from
view, however. The planet’s rapid, ten-hour rotation
means the spot gets quickly carried to the other side.
It should return in the nights after though, so keep
checking back. The rapid rotation also leads to Jupiter
bulging at the equator, and you should be able to
discern this shape even through a modest telescope.
More advanced observers might want to play around
with coloured filters which can alter the contrast,
often leading to a sharper view.

However you choose to view Jupiter, make sure
you make the most of it: it won’t be this good for
another four years.

The dance of Jupiter’s moons
The joy of Jupiter’s moons is they change position very 
rapidly, meaning you regularly see different configurations

“You may even be able to make out 
Jupiter’s famous Great Red Spot” 
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Key
G – Ganymede
I – Io
E – Europa
C – Callisto
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A glut of night sky treasures can be found in the winter skies of the 
northern hemisphere and the warmer summer skies at southern latitudes

What’s in the sky?
STARGAZER

Open Cluster, M
Viewable time: After dark
This is an attractive open
constellation of Hydra. Ch
discovered M48 in 1771, al
incorrectly, meaning that
sometimes given to Caroli
it in 1783. The cluster resid
from us and is thought to be 300 million years old. It’s
just visible with the naked eye from dark sky sites, but
binoculars will pick it up quite easily.

Northern
hemisphere

www.spaceanswers.com86

Using the 
sky chart

orange colour to the naked eye. The astronomer Tycho
Brahe in the late 16th Century described it as ‘Cor 

Hydrae’, which means the ‘heart of the snake’.

Open cluster, M67
Viewable time: After dark until shortly before dawn

This lovely open star cluster shows up as a misty 
patch in binoculars, but a telescope will resolve a good 

proportion of its stars It contains over 100 members

Galaxies, M81 & M82
Viewable time: All through the hours of darkness
Neighbouring galaxies M81 and M82 are very different and
can be seen to be quite close together in the sky. M81 is a
glorious tightly wound spiral galaxy. The spiral structure is
hard to make out in a small telescope, but the bright core is
obvious. M82 is an irregular, ‘starburst’ 
galaxy – stars are being born 
here at a rate ten times 
faster than in our 
own galaxy. 

Please note that this chart is for 
midnight mid-month and set 
for 45° latitude north or south 
respectively.

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.

01

02

03

South

Open cluster M48
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What’s in the sky?
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Nebula, IC 2944
Viewable time: All through the hours of

darkness
erhead as
the open
a nebula

Way. This
Chicken

s up best
graphs. It
nown as
sible star

regions.

Open 
cluster, IC 

2391 
  Viewable time: After Sunset 

to the early hours
IC 2391 was first described by the 

Persian astronomer Al-Sufi in 964. It 
contains around 30 stars in an area of sky 

just less than the full Moon and it rests in a 
region of the Milky Way that was once part of the 

largest constellation in the heavens called Argo 
Navis. This constellation was later broken up into 

more manageable parts – Carina (the keel), Puppis 
(the stern), Vela (the sails) and Pyxis (the compass).

Globular cluster, 
Omega Centauri
Viewable time: All through the hours 
of darkness
The Omega Centauri globular cluster is one 
of the great showpiece objects of the night 
skies. It is also the largest such cluster in 
the Milky Way galaxy and was recorded 
by Edmond Halley in 1677. It is 
thought to be the core remnant of 
a disrupted dwarf galaxy as it 
seems quite different from 
other globular clusters. 
It’s located 15,800 light 
years from us and is 
probably around 11.5 
billion years old. 

Globular 
cluster, 
NGC 6397
Viewable time: Mid evening
until dawn
NGC 6397, in the constellation of Ara 
(the altar), is one of the nearest globular star 
clusters to us at a distance of about 7,200 light 
years away. Visible with the naked eye in dark skies 
as a diffuse patch, it shows up well in binoculars and small 
telescopes. Containing around 400,000 stars, it has undergone 
a ‘core collapse’ and has some of the oldest known stars, around 
13.6 billion years of age. Almost as old as the universe itself!

Southern
hemisphere

www.spaceanswers.com
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Send your astronomy photos and pictures 
of you with your telescope to photos@
spaceanswers.com and we’ll showcase 
them every issue 

Me & My 
Telescope

www.spaceanswers.com88

Tanja Schmitz
Johannesburg, South Africa
Telescope: Officina Stellare Hiper 
105 APO & Orion 8” Astrograph
“I've been photographing 
the night sky for three years. 
Although it’s a tough balancing 
act between daytime life and 

pursuing astrophotography at night, it’s well 
worth the time spent outside. Being based in 
the southern hemisphere gives me access to 
some exquisite targets and dark skies, although 
I often have to travel far to access them. This is 
something I do with my husband Cory, who is 
also an astrophotographer. The more I observe 
and shoot the night sky, the more I realise that it’s 
not necessarily the quality of your equipment, but 
rather your determination and commitment to the 
hobby that results in great images.”

Carina Nebula (NGC 3372)Running Chicken Nebula (IC 2944)
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Mike Joy
Cwmbran, South Wales
Telescope: Celestron
AstroMaster 130EQ, Sky-
Watcher 200PDS & Sky-
Watcher Skymax 127
“I’ve always had an
interest in astronomy

and space from a very young age. My
parents bought me my first telescope and
a few years later I upgraded to a Celestron
AstroMaster 130EQ. I managed to see
Jupiter and its four major moons, as well
as Saturn and its rings. The view simply
blew me away. Eventually I ordered a
Sky-Watcher 200PDS on an EQ5 mount. I
purchased a GoTo mount separately and
started taking single shots with my DSLR.”

Orion Nebula (M42)

www.spaceanswers.com 89

Steve Coates
Ocala, Florida

Telescope: Explore 
Scientific 127 APO 

“It was after I bought 
my first telescope back 

in 2010 that I began 
pursuing my hobby 

in astrophotography. I 
learned how to shoot and process my images 

of the night sky by scrolling through multiple 
websites for advice as well as through much 

trial and error. At first I was pleased with my 
images of Solar System targets but I quickly 
found myself photographing objects such as 

galaxies and nebulae with great success.”Soul Nebula (IC 1848)

Me & My Telescope
STARGAZER
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Email the story of how you got
into astronomy to photos@
spaceanswers.com for a chance to
feature in All About Space

Stargazing
stories

“From a very early age, I have been
interested in astronomy. My dad used
to have a small telescope and he
would set it up on the windowsill so
that we could look at the Moon. When
I was at school, my science projects
would always be about the planets.

“I joined Cotswold Astronomical
Society (CAS) in October 2011 with
a friend who is also interested in
astronomy and I haven’t looked
back since – only up! Today I own a
Celestron FirstScope 114mm reflector
telescope, Celestron 15x70 binoculars,
a solar projector and a Nikon D3100
camera. I enjoy using them to observe
and image Jupiter, Saturn and the
Moon as well as my favourite target,
the Orion Nebula.

“A party of us from CAS try to meet
up a few times a month through the
winter on clear nights to observe
at a local nature reserve. It’s a great
opportunity to observe from a dark
site as well as to use other telescopes
owned by others in the group.

“Slowly but surely, I am learning
my way around the night sky. I like
to set challenges for myself and other
beginners at my astronomical society.
This year we hope to recognise more
constellations and name the brightest
stars in the northern hemisphere.

“Recently I tried my hand at very
basic astrophotography. There is
definitely room for improvement but I
am pleased with what I have achieved
so far on a limited budget.”

Christine Beale
Location: Cotswolds, Gloucestershire
Twitter: @ChristineBeale3
Info: Astronomer for three years
Current rig
Telescope: Celestron FirstScope 114mm reflector
Mount: Equatorial mount
Other: 15x70 Celestron binoculars, Nikon D3100 camera,
AstroMedia solar projector

Christine’s top three tips
1. Plan your evening
Before you head out,
have an idea of what
you would like to
observe and how
you intend to find it –
especially if you’re using
a manual mount.

2. Learn your
constellations and
star-hop
This saves a great deal of
time if you know where
to point your telescope
to start so that you can
‘hop’ to the next sight.

3. Wrap up warm
A simple one: it can
get very cold at night,
especially in winter,
so ensure that you are
wrapped up warm.
Getting too cold can ruin
your evening.

“Using theNikon camera
to capture the Plough – also
knownas theBigDipper – from
myback garden”

“I joined Cotswold Astronomical
Society in October 2011 and acquired
my first telescope inMay 2012”

“Iwas very pleased
with this photo I took
of theMoon”

Sendyour stories andphotos to… @spaceanswers photos@spaceanswers.com@

“I am learning my way
around the night sky”
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“I have trodden no end of creepy
trails, jagged cliff sides and deserted
beaches throughout the UK. In the
small hours, I hunt for the perfect
dark and clear skies often questioning
my own sanity, thinking to myself
that my passion may also be my
demise. I usually venture alone and
have encountered all sorts of things
on my shadowy travels. I’ve been
stopped by the police, flown into by
bats, and I have also been charged
by a marauding badger, ending in it
colliding with my tripod and ruining a
long panoramic exposure.

“I am a landscape photographer
based in Dorset. I have been
photographing landscapes with the
emphasis on the night sky since late
winter 2011 after shooting aurorae in
Iceland – something I had longed to
do for years. Upon returning to the

UK, I decided to pursue my interest
further after learning how to expose
in order to capture the spiral arm of
the Milky Way. I slowly developed my 
photographic style around the skies
of the southwest coast. In the right
places, the southwest coast opens up
to dark skies that appear to stretch out 
to eternity – just perfect for stargazing.

“The use of apps to pinpoint the
outer band of our galaxy allows
me to align it with landmarks and
landscapes to generate nightscapes
with part of the galaxy as a focal point. 
This has also led me to gain a little
knowledge of constellations and it has 
also opened my eyes as to just how
visible some of the planets are within 
the night sky. I’m hooked – I find
myself out from twilight to twilight
and friends and family think I have
morphed into a vampire!”

Ollie Taylor
Location: Isle of Portland, Dorset
Twitter: @twilite2twilite
Info: Interested in astronomy for over ten years 
Current rig
Telescope: N/A
Mount: N/A
Other: Nikon D810, Nikon D7100, Fuji XE 1, Fuji & Nikon 
lenses, sturdy tripod, remotes, powerful head torch, iPad, 
iPhone (star and weather apps)

“Faint aurora captured in 
northwest Iceland in 2011 

and during the spark of my 
nocturnal adventures” 

“I’ve been stopped by police 
and flown into by bats”

“One of the darkest spots on the 
Dorset coastline – Kimmeridge Bay – 
with minimal processing to the sky”

“Very high colour processing 
and foreground of Durdle 
Door lit up – a style I tried to 
move away from”

Stargazing stories
STARGAZER
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Visionary Mira 
Ceti 150 1400
An affordable telescope for the novice astronomer, the Mira Ceti is capable of 
viewing a myriad of Solar System and deep sky targets

The equatorial mount on the Visionary 
Mira Ceti might put off many
beginners to astronomy, but this
doesn’t make it any less of a novice’s
telescope than one that uses as an
alt-azimuth mount. Setting up the Mira 
Ceti is straightforward, with no need
for a toolkit. And at a weight of just 12
kilograms (26 pounds), it was easy to
pick up and take outside for observing, 
offering a good degree of portability.

For the price the build of this
reflector is fair but, sadly, what lets
it down is its over-light aluminium
tripod, as well as the 6x30 finderscope. 
But it isn’t just the materials from
which the finderscope is made that are 
the problem, it’s also the functionality. 
When we looked through it, we
noticed quite a bit of colour-fringing
(also known as chromatic aberration)
and we were unable to see the faintest 
stars, rendering it useless when trying 
to locate targets other than those
that appeared bright to the naked
eye. If you plan to use this telescope,
especially in areas with moderate
light pollution, we recommend getting

a red-dot finderscope to assist with 
locating targets.

When it came to polar aligning 
the Mira Ceti, we found it to be quite 
straightforward using the EQ3 mount, 
despite there being no room to fit 
a polarscope to it to make the job 
even easier. Instead, we roughly polar 
aligned the telescope with the Polaris 
in the constellation Ursa Minor and 
appreciated the telescope’s ability to 
track objects, while we used the slow-
motion hand controls. Unfortunately 
we did notice that the mount, in both 
directions of right ascension and 
declination, was quite loose and when 
it came to observing Copernicus crater 
on the Moon, the telescope did have 
a habit of drifting off target when we 
released the controls. In the end, we 
had to tighten the locking screws to a 
fairly high degree to avoid this from 
happening.

The Mira Ceti comes with two 
basic Plössl eyepieces – a 25mm and a 
6.5mm – that supply a magnification of
56x and 215x, respectively. We thought
that the addition of a 6.5mm was an

STARGAZER

Telescope 
advice
Cost: £299.99 (approx. $455)
From: Optical Hardware Ltd
Type: Reflector
Aperture: 5.9″
Focal length: 55.1″

Best for...
Beginners and intermediate 

Low budgets

Planetary viewing

Lunar viewing

Bright deep sky objects

£

unusual choice, and that perhaps 
a 10mm Plössl should have been 
included with the telescope to provide 
a better range of magnifications. 
Popping the 6.5mm into the 1.25” 
eyepiece holder and turning the 
telescope to the Moon, we noted the 
fuzzy image no matter how much 
we tried to bring the cratered lunar 
surface into focus. To see if this was 
true of other targets, we targeted 
Jupiter, currently in the constellation 
of Cancer (the crab) and shining at a 
brilliant magnitude of -2.4. Sadly, our 
view of the gas giant and its Galilean 
moons was no better despite our best 
efforts to bring the planet into focus. 
As a result, we relied mainly on the 
25mm eyepiece and didn’t push the 
magnification of the telescope too 
high throughout our review. 

Returning to the Moon, the Mira 
Ceti picked out ridges, mare and 
craters on the lunar surface very well 
and targeting Jupiter again revealed 
a couple of the planet’s belts when
we added the supplied 3x Barlow.
Using the 25mm eyepiece, we realised

“ Targeting Jupiter revealed a 
couple of the planet’s belts 
with the supplied 3x Barlow”

The Mira Ceti is capable of 
observing a selection of Solar 
System and deep sky objects 
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Sadly, the 6x30 
finderscope let the 
Mira Ceti down with 
excessive colour-
fringing and blotting 
out all but the 
brightest of stars 
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The EQ3 mount is easy 
to use but did cause the 
telescope to wander off 

target when we released the 
controls, unless we tightened 

the locking screws

that only about 50 per cent of the 
central region of the field of view was 
sharp, in comparison to other six-inch 
Newtonian telescopes. Anywhere 
beyond around 70 per cent of the 
field of view, and we quickly began 
to notice that there was a degree of 
distortion close to the edge of the field 
of view. All in all though, the Mira 
Ceti’s ability to view Solar System 
targets is pleasing.

Turning our attention to the Orion 
Nebula, we were keen to try out the 
Mira Ceti’s ability on deep sky targets. 
Views of the Trapezium star cluster at 
the star-forming region’s centre were 
fair and the reflector drew in faint light 
well when we observed the ghostly 
Merope Nebula (NGC 1435) within the 
Pleiades star cluster (M45). 

Bode’s Galaxy (M81) and the Cigar 
Galaxy (M82), around 12 million light 
years away in the constellation of Ursa 
Major, were excellent targets for the 
Mira Ceti and it wasn’t long before 
we had detected them using the six-
inch aperture. With the 25mm and 
combined 3x Barlow, we were pleased 
to see knots of star formation along 
the disc of M82 and we could just 
about detect the bright nucleus at the 
centre of M81. 

The Mira Ceti is a good, affordable 
telescope for the beginner and, 
although the mount and finderscope 
are a disappointment, its ability to 
pick out a good selection of targets 
will please the novice astronomer. 
The Newtonian can be accessorised 
with 1.25” eyepieces, lenses and filters. 
However, we advise not pushing the 
magnification too high for the best 
observations with this instrument. 

Telescope advice
STARGAZER
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For best 
observations, we 
viewed targets 
using the 25mm 
eyepiece to keep the 
magnification low
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VisionaryClassic20x60

Engineered to a good standard,
the Visionary Classic 20x60s are
a very capable pair of binoculars
for anyone on a budget. We
also discovered that they are
reasonably light but we would
still recommend fitting them
to a tripod for a much more
comfortable viewing experience.

Eye relief is pleasing and
views of craters and lunar mare
were quite clear. However, we
did notice a degree of colour-
fringing following the limb of the
Moon. The same could also be
said when we viewed gas giant
Jupiter and its four major moons
– Io, Europa, Ganymede and

Callisto – but this didn’t ruin our
observing experience.

The light gathering ability of
these binoculars was good when
we targeted the Merope Nebula
(NGC 1435) in the Pleiades star
cluster (M45), since it was able
to pick out the nebula’s ghostly
shape around some member stars.

Cost: £59.99 (approx. $91)
From: Optical Hardware Ltd

These Visionary HD-T 20x80s are hefty, so you’ll
need to make use of the stabilising bar and fit
them to a tripod. This bar worked well, on the
whole, keeping this instrument stable enough to
make decent observations.

Taking a tour of the Moon’s surface using
the 3.2 degree-wide field of view, we had the
opportunity to try out the multicoated lenses
and BAK4 prisms. The views are very sharp,
crisp and clear across over 70 per cent of the
field of view but when we moved over to Jupiter,
which currently shines at a magnitude of -2.4,
we did notice a degree of internal reflections and
ghosting. There was also slight colouration to the
gas giant’s disc. Keen to test these binoculars on
fainter targets, we positioned them to observe the
Cigar Galaxy (M82). This object showed up as an
obvious smudge on the night sky, boasting the

excellent light-gathering ability
of these 20x80s.

Visionary HD-T
20x80
Cost: £299.99 (approx. $455)
From: Optical Hardware Ltd

Star-spotting binoculars
With scope for observation beyond the Solar System, we put two of
Visionary’s high-magnification binoculars to the test

Verdict
Winner: Visionary HD-T 20x80
The Visionary Classic 20x60s binoculars
are good for the price, offering value for money,
since they can be used for both astronomy and
nature observations during the day. However,
we welcomed the extra 20mm provided by the
Visionary HD-T 20x80’s objective lenses, for
observing deep sky objects. They are quite costly,
but the exquisite barrel build and stunning high-
definition views they provide will please many.

STARGAZER
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3Eyepieces
Sky-Watcher
SuperPlössl

Cost: from £21.99 (approx. $33)
From: Sky-Watcher
We tested the 10mm and 25mm Super
Plössl eyepieces from Sky-Watcher
and found them to have pleasing eye
relief. These eyepieces are not the best
we’ve used but they are good enough
to provide great views of Solar System
targets like the Moon, Jupiter, Saturn
and ‘bright’ deep sky objects.

The rubber eyepiece cups mean
that it’s possible to keep any stray light
to a minimum – something that these
Plössls did fairly well. The lenses are
multicoated and provide a decent field
of view, however, there was a slight
degree of internal reflection especially
when we looked at other, higher
magnitude objects.

It was possible to get a clear view of
the Moon’s surface and we got a good
contrast of the lunar mare against the
whiter lunar back when we teamed
the 10mm eyepiece with a Moon filter
and observed its cratered surface with
our in-house telescope.

4App
SkyView

Cost: Free
From: iTunes & Google Play
Even if SkyView came with a cost, we
wouldn’t have been put off – this app
is a fantastic guide to the night sky
for any beginner to astronomy and
it’s absolutely free. So if you haven’t
downloaded it, you really should!

We used SkyView on our iPhone
to see if it could help us find Comet
Lovejoy (C/2014 Q2), which was at its
best in the northern hemisphere in
January. The version that we used –
which was 3.2.0 – helped us to locate
the comet with ease. And that’s not
all: just by pointing the iPhone at
the sky, we were able to identify a
menagerie of galaxies, constellations
and stars coupled with fun facts and
digestible stats. SkyView picked out
Jupiter with ease and we enjoyed
setting reminders for the next big
events in the night sky. The design
of the app is simple, but that’s what
makes it easy to use and helps it to
run smoothly without taking up too
much space on our device.

2Book
HowToBuild
AUniverse

Cost: £17.99 (approx. $27)
From:Waterstones
Ben Gilliland’s How To Build A
Universe is well illustrated and
written in a fun and engaging style,
explaining how our cosmos came into
existence and what we think to be its
ultimate fate.

Its reference to black holes as
“galaxy gardeners” and its styling in
such a way that it’s like you’re reading
a cookbook, had us charmed from
chapter one. What’s more, it was very
comprehensive – it can be digested
and enjoyed even by those who don’t
have much knowledge about our
universe. In fact, we think that How
To Build A Universe is a book that
will spark an interest in space and the
objects within it.

We were thoroughly impressed
as Gilliland dodged heavy jargon
without compromising on parts of
the story that chronicles the birth
of the universe. Definitely a highly
recommended book.

1Tripod
Meade#884Deluxe
FieldTripod

Cost: £194 (approx. $294)
From:Harrison Telescopes
A telescope needs a stable mount
that’s built to last and the Meade
#884 Deluxe Field Tripod lives up
to this important criterion. With its
chrome-plated steel legs, the build of
this mount is excellent and provides a
strong yet lightweight design. It’s also
versatile since it accommodates an
equatorial or alt-azimuth positioning.
You really can’t go wrong with this
piece of kit – that is if you’ve got the
right kind of telescope.

This tripod is only compatible with
the Meade ETX series of telescopes,
but its rigid mounting platform was
certainly a massive plus point. Sadly,
the mounting bolts had a tendency to
slip off and this did become a problem
when trying to find them in the dark,
which is sure to frustrate users.

This mount is wonderfully built, but
pricey – especially compared to other
mounts capable of a similar job – and
it’s also easy for beginners to use.

Astronomy
kit reviews
Stargazing gear, accessories, games
and books for astronomers and
space fans alike

STARGAZER
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WIN
Tour the night sky in hi
definition with our late
Featuring a central stabilising bar for 
an excellent hands-free and steady 
observing experience, the Visionary 
HD-T 20x80 binoculars provide a 
3.2-degree field of view, along with 
multicoated optics to give you bright, 
crisp, high-definition sights of a host of 
astronomical targets.

You can split double stars, get up close 
to a variety of deep-sky objects, or stay 
within our Solar System and observe the 
planets and craters of the Moon. With a 
80mm aperture and 20x magnification, 
you’ll find there’s really no limit to what 
you can observe. 

And, courtesy of Optical Hardware 
(www.opticalhardware.co.uk) we’re 
pairing these with a Visionary T-830 
tripod – to give away!

VISIONA
20X80 BI
AND T-83

To enter, all you need to do 
is answer this question:

A: The Andromeda Galaxy
B: The Pinwheel Galaxy  
C: The Supernova Galaxy 
Enter online at: spacean

What is the spiral
galaxy Messier 10
which rests in the
constellation Ursa
Major, also known

WORTH 
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How one dog went from being a stray
on the streets of Moscow to the first
animal to orbit the Earth

Laika the space dog

98

The year was 1957 and the Space Race
between the Soviet Union and the
United States was just starting to gain
speed. After the success of Sputnik
1, the first artificial Earth satellite,
Soviet leader Nikita Khrushchev was
keen to instate Soviet domination of
space. The 40th anniversary of the
Bolshevik Revolution on 7 November
provided the perfect opportunity for
another successful Soviet launch,
and Khrushchev demanded a “space
spectacular” to stun the world. It came
in the most unlikely of packages – a
three-year-old dog named Laika.

Laika had spent her life as a stray on
the streets of Moscow, and stray dogs
had already been adopted by the space
mission due to their ‘scrappy’ natures
and ability to withstand extreme
temperatures and hunger. Laika stood
out from other dogs as she had a calm
temperament and small size, weighing
about five kilograms (11 pounds).
Vladimir Yazdovsky, who prepared
Laika for her flight, described her as
“quiet and charming.”

Laika was not the first dog that
was to be sent into the sky, both the
US and the Soviet Union had sent

OF
SP
A

E

animals into sub-orbital flight, and
two other dogs – Mushka and Albina
were also trained for the Sputnik
2 launch. Laika and the other dogs
embarked on an intensive period of
training before the much-anticipated
flight. Over their training they were
enclosed in progressively smaller cages
to prepare them for the confines of the
spacecraft. Laika was trained to eat a
special gel high in nutrition that would
serve as her food during her flight
and was also placed in machines that
stimulated the noise and acceleration
she would experience during launch.

The spacecraft itself was similarly
prepared for its passenger. Although
there were only four weeks to build
the craft, it was fitted with a variety of
devices to keep Laika alive. There was
an oxygen generator to absorb carbon
dioxide, a temperature-activated
fan and it was stocked with enough
gelatinous food to keep the dog alive
for seven days.

Laika was chosen, while Albina
would be the backup and Mushka
the control dog. All the animals were 
fitted with cables to monitor heart rate 
and blood pressure. However, nobody 

involved was under the impression
that Laika would survive, as the
technology to de-orbit had not yet
been developed. Before she was placed
in the spaceship Laika enjoyed her last
day of freedom in the home of one of
the scientists, who took her home to
play with his children.

Laika was placed in the satellite on
31 October 1957 and was fitted with a
harness and chains that would control
her movement. While in Sputnik 2
Laika could stand, sit and lie down,
she would be unable to turn around.
In the early hours of 3 November
liftoff finally occurred, but there were
immediate problems. Laika’s heart
rate jumped to 240 beats per minute,
compared to 103 before launch, while
her respiration was almost four times
faster. Crucially, the Blok A core of
Sputnik 2’s nose cone didn’t separate,
which stopped the thermal control
system operating properly, raising the
temperature to 40 degrees Celsius (104
degrees Fahrenheit). Although Laika’s
pulse slowly returned to normal, after
five to seven hours she was dead.

For years after there would be
conflicting reports on the nature of
Laika’s death. However, the truth
eventually emerged – the fact that it
had always been known that Laika
would die on the flight sparked
a wave of outrage among animal
welfare groups. Although the ethical
justification of the mission is still 
disputed today, Laika paved the way 
for human exploration of space. 

Laika had several 
nicknames before 
they settled on 
her name. The 
American press 
called her ‘Muttnik’ 
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TECHNOLOGICALLYSUPERIOR

The first ever Schmidt-Cassegrain
Telescope with fully integrated WiFi

iPAD and iPHONE SHOWN NOT INCLUDED

Now you can leave your hand control 
behind and slew to all the best celestial 
objects with a tap of your smartphone 
or tablet. Connect your device to NexStar 
Evolution’s built-in wireless network and 
explore the universe with the Celestron 
planetarium app for iOS and Android. 
 
6”, 8”  or 9.25” SCT.
 

Celestron® and NexStar® are registered trademarks of Celestron Acquisition, LLC in the United States and in dozens of other countries around the world. All rights reserved.  
David Hinds Ltd is an authorised distributor and reseller of Celestron products. The iPhone® and iPad® are trademarks of Apple Inc., registered in the U.S. and other countries. 

THE WORLD’S 
MOST LOVED 
TELESCOPE 
HAS EVOLVED

www.celestron.uk.com

Available from specialist astronomy retailers and selected other dealers nationwide.
Celestron is distributed in the UK & Ireland by David Hinds Limited. Trade enquiries welcomed.
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