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Celestron’s innovative new SkyQ Link WiFi Module turns  
your iPhone or iPad into your own personal planetarium  
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StarSense Accessory!
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Blast-off to a universe 
of knowledge

Elizabeth Howell
  This issue 

our futuretech 
articles were 
both embraced 
by super tech-
savvy Elizabeth 

Gemma Lavender
  Gemma's 

long-running 
obsession with 
the JWST made 
her perfect for 
our cover feature

Laura Mears
  'All About' 

leaves the Solar 
System, destined 
for the Orion 
nebula, courtesy 
of Laura

Ben Biggs
Deputy Editor

" Our goal is to open up the 
space frontier to anybody who 
has the desire to go there”
48  Steve Isakowitz, President of Virgin Galactic
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It’s been just over a year 
since the biggest rover on 
Mars touched down in Gale 
Crater and began one of 
the most widely publicised 
space missions in recent 
history. Curiosity has had 
quite an incredible year. But 
seriously, has it really been 
all that great? What has 

the Mars Science Laboratory actually achieved 
that's beneficial to mankind? ‘Proof of a habitable 
environment’ – so what?

These were the questions posed to me by a 
disappointed friend. After realising the intrepid 
Martian rover hadn’t discovered extraterrestrial 
life, fossils of microbes, or even any direct proof 
that Mars once played host to life, but had simply 
discovered rocks that showed Mars once had 
the potential to support life, he wanted to hear 
justification for NASA’s MSL mission. 

Scientists and space-agency professionals learn 
to be sceptics first, so deal adeptly with this type 
of question. But, as a journalist embroiled in the 
creation of All About Space magazine, the notion 
that someone would question the pursuit of 
science for the sake of science left me reeling.   

The general rejoinder is, for sceptics scrutinising 
Curiosity's billion-dollar budget, that the spin-off 
technolgies created with every space mission 
alone both justify the cost and are of enormous 
benefit to the world. But that’s an argument for 
the professionals: for space fans, it’s a cheap 
defence. Curiosity is exploring Mars because we 
want to know and we are capable of sending it 
there, as human beings we shouldn't need further 
justification than that.

Jonathan O’Callaghan
  Jonny's poignant 

Hale-Bopp comet 
experience 
made him a keen 
volunteer for a 'Killer 
Comets' feature

Crew roster
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A decade of 
beautiful Venus
This fantastically detailed composite image of 
Venus was shot over the course of a decade of 
radar investigations by Earth’s Arecibo radar, which 
came together during the Magellan mission in the 
early-Nineties. The colours you see here have been 
added to represent elevation, from blue (low) to 
yellow and red (high), as well as highlight some 
of Venus’s most striking features. The squiggly 
pinkish part running across the planet’s equator, 
for example, is Venus’s highest mountain range, 
Maxwell Montes. It reaches 11km (6.8mi) above 
the Venusian surface and is also volcanic.
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Underwater spacewalk
Here, European Space Agency astronaut Thomas Pesquet is in 

training at the Neutral Buoyancy Lab in Houston, Texas. The lab 
is owned by NASA, of course, although as a part of training for 

International Space Station missions, NASA welcomes astronauts 
from other space agencies to come to this highly specialised, 

world-class facility. One of the best ways to prepare for EVAs and 
spacewalking around the ISS is by diving, where the buoyancy of 

the water mimics the weightlessness of space.  

LAUNCH PAD
YOUR FIRST CONTACT WITH THE UNIVERSE

Mount 
Doom of 
the Solar 
System
This is Olympus Mons, a 
Martian shield volcano 
that, some time in the far-
flung future, will probably 
feature among the top ten 
tourist attractions in the 
Solar System. It’s absolutely 
enormous, the tallest peak in 
the Solar System at around 
25km (16mi) high and 
certainly the biggest volcano, 
too. This image shows part of 
its southeastern flank, colour-
coded to represent elevation. 
The original image was 
shot by the High Resolution 
Stereo Camera on the ESA’s 
Mars Express. Olympus 
Mons is also extremely wide: 
at around 624km (374mi) 
wide, its surface area would 
cover most of France.

8 www.spaceanswers.com
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Ancient feeding frenzy
Peering through the European Southern Observatory's Very Large Telescope, scientists spotted 

this ancient curiosity that existed around two billion years after the Big Bang: it's a rare alignment 
between a galaxy and an even more distant quasar in the background. The light from the quasar 

passing through the stellar dust has allowed ESO scientists to investigate in detail the dynamics of 
the galaxy. Gas is being drawn towards its core, providing the fuel for star formation while driving 

galactic rotation. It's the best view scientists have had of a galaxy feeding yet. 
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ISS removal vehicle
The ESA's ATV-4, the fourth automated transfer vehicle to service the ISS, was launched 
at the beginning of June carrying the heaviest supply load yet. The vehicle took 2,489kg 
(5,487lb) of dry cargo, including food and oxygen, and arrived at the ISS at the beginning 
of August on board the 'Albert Einstein'. Once the crew has finished unloading the stores 
onto the station and filling 'Albert Einstein' back up with over 1,200kg (2,645lb) of rubbish, 
at the end of October 2013 it will detach from the station before burning up as it re-enters 
Earth's atmosphere.



Feature: Topic here

www.spaceanswers.com 11

©
 N

A
SA

; E
SO

; E
SA



 

LAUNCH PAD

www.spaceanswers.com12

Asteroid 
redirect 
mission 
concept 
complete
NASA has completed its internal 
review of the asteroid redirect mission, 
its plan to capture a near-Earth asteroid 
and bring it closer to Earth. The review 
brought space agency bosses from all 
over the US together to examine and 
assess the concepts for every phase 
of the mission, “The agency’s science, 
technology and human-exploration 
teams are working together to better 
understand near-Earth asteroids,” said 
NASA associate administrator Robert 
Lightfoot, “including ones potentially 
hazardous to our planet; demonstrate 
new technologies and to send humans 
farther from home than ever before.” 

The asteroid redirect mission 
is NASA’s plan to launch a small, 
unmanned probe to a near-Earth 
asteroid with an estimated diameter 
of 8.2 metres (27 feet) and a mass 
of about 500,000 kilos (1.1 million 
pounds), similar to that of the 
International Space Station. Once it has 
arrived, the current plan is to inflate a 
giant bag to capture the asteroid and 
then tow it into a high lunar orbit. 
Here, the scientists could conduct 
research on the asteroid. A manned 

mission could properly explore it and 
potentially, asteroid-mining techniques 
could be practiced on it. The current 
time frame for this is to have a capture 
mission in progress by the year 2019 
and an asteroid in orbit around the 
Moon by 2021.

Managers at the meeting also took 
into account over 400 responses to 
its request for ideas and information, 
drawn from industry, universities and 
also the public. NASA is considering 
these among the concepts it has rated 
most highly, with the asteroid redirect 
mission being included in US President 
Obama’s budget request for 2014.

The review hasn’t been without its 
obstacles though, and the mission is 
by no means a foregone conclusion. 
Politics barred the way to space 
progress as the Congressional science 
committee chose to shoot the asteroid 
redirect mission down in favour of 
a return to the Moon with a view to 
setting up a base there, before setting 
its sights on Mars. A full-house vote 
will ultimately determine the fate 
of this mission in its current form, 
although a tactfully worded version of 

YOUR FIRST CONTACT WITH THE UNIVERSE

bill might still give NASA license to go 
ahead and try to capture an asteroid.

Among the reasons to justify the 
$2.6-billion mission is that NASA will 
learn how to manoeuvre massive 
objects around in space, which will 
prove vital in any eventuality where a 
large asteroid is on a collision course 
with Earth. Lighter and thinner solar 
panels will also be developed for the 
mission, which could be used for 
upcoming missions like the proposed 
manned mission to Mars. Finally, if 
NASA can find an asteroid of particular 
interest, it will make a fine subject for 
a variety of scientific pursuits. 

But NASA’s plans to tow an asteroid into orbit around 
the Moon are caught in political crossfire

When it comes 
to near-Earth 

asteroids, we’re 
rather spoilt 

for choice

“[NASA is] 
working to 

understand 
near-Earth 
asteroids”

Robert Lightfoot

The 2016 mission to 
return a sample of 
an asteroid, OSIRIS-
Rex, has already 
been approved

The asteroid 
redirect 
mission aims to 
capture a space 
rock in a giant 
inflatable bag
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Fascinating space facts, videos & more

Sir Patrick 
Moore event
The Royal Astronomical Society 
and the National Space Centre 
is hosting an event to celebrate 
of the life of the late Sir Patrick 
Moore. On 28 September, Patrick 
At Night will include astronomy, 
science and xylophones! Find out 
more at www.spacecentre.co.uk. 

Lowest-mass 
exoplanet 
discovered
The lowest-mass exoplanet 
around a Sun-like star has been 
discovered. A team of astronomers 
used infrared data from the 
Subaru telescope in Hawaii to spot 
GJ 504b, which is several times 
the mass of Jupiter.

Next Mars 
mission 
prepared
NASA has started preparation for 
its next Mars mission, MAVEN. 
The Mars Atmosphere and 
Volatiles Evolution spacecraft will 
launch in mid-late November and 
will survey the upper atmosphere 
of the Red Planet.

Free entry to 
alien-life tour
Fancy learning a little more about 
astrobiology? Liverpool John 
Moores University is hosting a free 
public lecture on the origins of 
life on our planet, where it might 
exist elsewhere in the universe 
and a tour of the likely candidates. 
Register for your free ticket on 
www.astro.ljmu.ac.uk/lecture.

For full articles:
www.spaceanswers.com

Scientists uncover 
comet ‘graveyard’ 
Jupiter brings dead comets back to 
life in the main Asteroid Belt
A final resting place for Solar System 
comets has been discovered in the 
main Asteroid Belt between the 
orbits of Jupiter and Mars. A team of 
South American astronomers from 
three different universities made the 
discovery while investigating a dozen 
active comets found in this area of 
the Inner Solar System, “Imagine all 
these asteroids going around the Sun 
for aeons, with no hint of activity,” 
Professor Ignacio Ferrin from the 
University of Antioquia told the Royal 
Astronomical Society, “We have found 
that some of these are not dead rocks 
after all, but are dormant comets 

All About 
History 
magazine on 
sale now
Space and history are inextricably 
linked: did you know, for example, 
that Halley’s comet appeared in 
1066, shortly before the Battle of 
Hastings? It was interpreted by the 
people of England as an omen of 
the English King Harold’s demise. 
The story has it that he then died 
after taking an arrow in the eye at 
the Battle of Hastings and Halley’s 
comet was immortalized (not for 
the first time) by its inclusion in the 
famous Bayeux Tapestry. 

History can learn from space and 
vice-versa, which is why the all-new 
All About History magazine from 
the makers of All About Space and 
How It Works, makes the perfect 
complementary read to people 
interested in space. People like you. 

All About History magazine is 
packed with stunning illustrations, 
facts and insight into the past, with 
expert knowledge and eyewitness 
accounts of the most famous events 
in recent history from those who 
have lived to tell the tale. 

Discover the Tudors' military 
triumphs and disastrous defeats 
under King Henry VIII. Find out 
which ruler had the most blood on 
their hands in 10 Murderous Kings, 
learn how Napoleon’s descendant 
founded the FBI and re-live the 
devastation of the atomic bomb.

All About History magazine is 
available now for just £3.99 from 
imagineshop.co.uk and all good 
newsagents. Subscribe now and get 
your first three issues for just £1! 

that may yet come back to life if the 
energy that they receive from the Sun 
increases by a few percent.”

Curiously, these ‘Lazarus comets’ 
have been given a new lease of life 
after thousands or even millions of 
years by a massive influence in the 
Solar System – Jupiter. As the gas giant 
passes, its gravity can nudge the orbit 
of the dormant comets, resulting in 
an increase their temperature as they 
move closer to the Sun.

Comets are cosmic balls of rock and 
ice that often have extremely elliptical 
orbits, taking a few hundred or even 
thousands of years to circle the Sun. 

“ Some of these are not 
dead rocks after all, but are 
dormant comets that may yet 
come back to life”
Long-dead ‘Lazarus’ comets are given 
the energy to spring back to life 

Issue three of All About History 
magazine, available from 
imagineshop.co.uk
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On 31 July 2013 at NASA’s Marshall 
Space Flight Center in Huntsville, 
Alabama, USA, the agency’s new 
heavy-lift rocket, the Space Launch 
System (SLS), passed a key stage in its 
development. This ensures that it stays 
on schedule for a planned first launch 
in late 2017.

During the Preliminary Design 
Review numerous experts analysed 
the progress being made on SLS and 
studied the available data to see if 
there was any reason the SLS should 
not continue in its development. The 
rocket – on which Boeing, ATK and 
Aerojet Rocketdyne are partnering 
with NASA – passed with flying 
colours. The next milestone is Key 
Decision Point-C, which will see 
the programme move forward from 
formulation to implementation.

Brain Dump, a first-of-its-kind, 
digital-only science magazine for 
iPad, iPhone and Android devices is 
now available. This groundbreaking 
product can be subscribed to on 
Apple’s Newsstand and Google 
Play from just £0.69/$0.99. Built 
on a new digital platform designed 
by world-leading agency 3 Sided 
Cube, Brain Dump delivers a flurry 
of fascinating facts in every single 
awesome issue, reducing tough-
to-grasp concepts about science, 
nature and more into bite-sized, 
easy-to-learn articles. “Brain Dump 
is a milestone product for more 
than one reason,” said Aaron Asadi, 
Head of Publishing. “This is a brand-
new digital publishing initiative 
that will make everyone sit up 
and take notice – from its cutting-
edge subscription model to the 
bespoke design and shape of the 
content.” Dave Harfield, Editor In 
Chief, added: “It’s a proud moment 
for us. Since How It Works’ rise 
to dominance, we have worked 
tirelessly to build on its legacy. 
Brain Dump is very much a result 
of that passion, aiming to be as 
entertaining as it is educational, 
with breathtaking photography 
and illustrations. The editorial, 
design and bold price point make 
it truly accessible to all and sets 
a new standard for knowledge/
science magazines on tablet and 
smartphone.”

The new digital publication is 
the latest addition to Imagine’s 
expanding portfolio and a free 
sample issue will come pre-installed 

Spitzer discovers 
‘hula-hoop’ stars
Astronomers have found a young stellar 
duo that appear to ‘blink’ every 93 days
NASA’s Spitzer Space Telescope has 
spotted an unusual binary star system 
in the Rho Ophiuchi nebula 460 light-
years from Earth. It appears to contain 
a pair of stars dipping in and out of a 
disk of dusty material.

An Orion spacecraft is stacked to the 
Space Launch System rocket in this 
artist’s concept

The remarkable young stellar 
system called YLW 16A actually 
contains three stars, but only two are 
surrounded by material left over from 
stellar formation. The gravitational 
presence of the third star has been 

observed to be responsible for 
misaligning the disk of dust and gas 
surrounding the other two, giving 
rise to this ‘blinking’ system. As the 
two binary stars orbit each other they 
peek out from the disk every 93 days, 
causing the system to periodically 
brighten and darken when it is 
observed from Earth.

Spitzer found the stars by 
observing infrared light emitted from 
YLW 16A, with follow-up observations 
from the 2MASS survey and the ESO’s 
Very Large Telescope confirming 
the find. This discovery is the fourth 
of such star systems to be found, 
suggesting that they might be more 
common than previously thought. 

Studying these odd occurrences 
could help astronomers to discern 
how planets are able to form around 
binary stars, known as circumbinary 
planets. “These blinking systems 
offer natural probes of the binary 
and circumbinary planet formation 
process,” said Peter Plavchan, a 
scientist at the NASA Exoplanet 
Science Institute. The disk of material 
surrounding the stars will likely go 
on to form planets and other celestial 
bodies, making continued studies 
of these systems important, in order 
to understand more about how 
both these unusual stars and their 
accompanying planets form. 

Space Launch System 
gets the go-ahead
NASA’s new flagship heavy-lift rocket 
has been given the green light

The yellow arcs around the young 
stars in this artist’s impression 

shows how their movement 
causes them to peek out of the 

surrounding disk every 93 days

Brain Dump: 
try the new 
digital-only 
science mag

”You can feel that we’re going to 
go do this,” said NASA’s Exploration 
and Operations Mission Directorate 
deputy associate administrator Dan 
Dumbacher. “There’s no doubt in my 
mind, assuming the budget will come 
like we need it to and within the plan 
that we have, we’ll be flying SLS and 
Orion in 2017.”

The Space Launch System is 
NASA’s next foray into manned space 
exploration. In 2017 it will launch 
an unmanned Orion capsule on 
Exploration Mission 1, with a manned 
mission to follow in 2021. This initial 
configuration of the rocket is 98 
metres (321 feet) tall and can carry 
70 metric tons into orbit, but the 
rocket will be evolved to increase its 
capability to 130 metric tons, making it 
the most powerful rocket of all time. 
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Mid-Infrared 
Instrument 
Equipped with 
a camera and 
spectrograph, the 
MIRI will peer into 
the mid infrared 
at redshifted 
light from distant 
galaxies, new stars 
and faint comets 
for breathtaking 
astrophotography.

Solar panels
To keep it powered up, 
the JWST will sport a solar 
panel that is continually 
pointing towards the Sun 
on its elliptical orbit.

Near-Infrared Spectrograph 
The spectrograph – an incredibly 

sharp tool – will analyse light from an 
object, picking out properties such as 

temperature and mass as well as the 
types of atoms or molecules present.

Shade from the Sun
In its elliptical orbit, the telescope 

must block light and heat from 
the Sun with the help of a 

sunshield. JWST can then be 
kept cold enough to keep its 

observations accurate.

Gold-plated Primary Mirror
18 hexagonal beryllium mirrors coated 

in gold will be pieced together to 
make a giant primary mirror, seven 

times larger than Hubble’s, capable of 
collecting infrared light.

Instrument trio
Not only looking into the detection of first light, 

the near infrared imager and slitless spectrograph 
will detect exoplanets and characterise them. 

The fine guidance sensor will make sure that the 
telescope is pointing in the right direction.

www.spaceanswers.com16
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Launching in 2018, the James Webb Space Telescope is set to be like no 
other. All About Space takes a look in the infrared to grab unparalleled 

views from the very first stars and galaxies to the 
formation of planets around distant stars

to complete the project at a cool $8.8 
billion. “The project has been fully 
on-track and performing well since 
that time,” says Greenhouse.

So, what will this new telescope 
on the block actually be able to do? 
According to the JWST’s scientists, it 
will be an instrument like no other; 
raising the bar for future telescopes 
and aiming to provide us with the 
most awe-inspiring pieces to the 
puzzles posed by the universe to 
date. “The JWST’s unique capability 
is designed to enable astronomers 
to observe the first galaxies to form 
after the Big Bang – something that 
no other telescope can do,” explains 
Greenhouse. The very first structures 
– the first stars and galaxies – ended 
an era known as the dark ages when 

“If the James Webb Space Telescope 
(JWST) had been cancelled, it would 
have been a disaster for astronomers 
all around the world,” explains 
JWST project scientist Matthew 
Greenhouse, who is currently based 
at Goddard Space Flight Center’s 
Laboratory for Observational 
Cosmology. He’s referring to the year 
2011, when the mission was under 
review for cancellation by the United 
States Congress after the instrument 
went over its original $1 billion 
budget by over $5 billion in 2010. 
“There is no alternative facility with 
similar capabilities,” he adds. And, 
it seems that Congress had realised 
this too when they had a change of 
heart. Instead of axing the JWST, 
they capped any additional funding 

Written by Gemma Lavender
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“ JWST images use 
false colours that 
encode infrared 
light that our eyes 
cannot see”
Matt Greenhouse

they sprang into existence some 
400 million years after the Big 
Bang, providing points of light that 
peppered the endless realms of pitch 
blackness. The JWST intends to study 
every phase of the universe’s history. 
From finding out when this almost 
featureless dark time in the universe’s 
life ended and how the first galaxies 
were built, to delving into the birth of 
stars and planets before tackling how 
we, as life, came to be. The foundation 
for these astounding goals has been 
laid by none other than the Hubble 
Space Telescope. The instrument 
that has provided us with so much 
scientific data from its close orbit 
around our planet that it has pushed 
the boundaries of our knowledge. 
Hubble has laid the groundwork and 
acted as a stepping stone to finding 
out more about the cosmos. 

This great space telescope with 
an enormous 6.5-metre (21.3 foot) 
foldout telescope is currently working 
toward a launch date in 2018 from 
the Guiana Space Centre in Kourou, 
French Guiana, where it will be 
strapped to an Ariane 5 rocket. Delving 
deeper into infrared wavelengths than 
Hubble could master, the JWST is 
more accurately described as Hubble’s 
successor rather than its replacement.

“The JWST is completely unique 
in terms of its light-gathering power 
and wavelength coverage,” says 
Greenhouse. “It will have seven 
times the light gathering power of 
the Hubble Space Telescope and is 
optimised for observing infrared light 
with a wavelength ranging from 0.6 to 
28 microns.” In contrast, Hubble, which 
was carried into orbit by a Space 
Shuttle back in 1990, can only observe 

a little way into the near infrared. It 
spends most of its time observing in 
the ultraviolet and optical portions of 
the spectrum.

“The JWST will have the same 
angular resolution (the ability to see 
fine detail) as Hubble,” Greenhouse 
tells us of the brand-new telescope’s 
slight similarities to the former 
instrument. “However, it will have 
approximately eight times the angular 
resolution of Spitzer [infrared space 
telescope] which is the most advanced 
prior facility.”

With a resolution comparable to 
Hubble, Greenhouse suggests that 
the images we can expect to see 
from the new telescope will be quite 
similar to those produced by Hubble, 
but with one major difference. “The 
JWST images will use false colours 
that encode infrared light that our 
eyes cannot see and will reveal 
never-before-seen phenomena and 
morphologies on all categories of 
astronomical objects,” he says. 

Light strewn out by the first stars 
and galaxies is mostly emitted in 
the ultraviolet. However, as it speeds 
towards us, its wavelength is tugged 
and stretched by the expansion of 
space, causing it to arrive as infrared 
light. Serving as our infrared eyes, 
the JWST is able to look back in 

time to when the Universe was 
very young, in its early stages of 
evolution. “Infrared is also important 
for studying more local surroundings 
in space,” says Greenhouse. “Infrared 
light can see through clouds of dust 
that enshroud regions where stars 
are being born. By observing in the 
infrared, astronomers can see and 
study the star birth process in detail.” 
The same can be said for when it 
comes to studying the very cores of 
galaxies, along with the many atoms 
and molecules in interstellar space 
that oscillate in such a way that 
they hide from all wavebands apart 
from those pertaining to infrared. 
“Observing them enables us to study 
the chemistry and dynamics of the 
universe,” adds Greenhouse.

The JWST will be comprised 
of several scientific instruments 
including near- and mid-infrared 
cameras, sensors and spectrographs, 
working in unison to grab and process 
as much data as possible to a very 
high precision. But perhaps the most 
striking feature of this next-generation 
telescope is its gigantic segmented 
primary mirror. The mirror's surface is 
coated in unblemished gold, designed 
to capture enough light as possible 
from staring at its target objects for 
hundreds of hours. It will be carefully 

How big is the JWST?

Herschel Space Observatory
Primary mirror: 3.5 metres (11.5 feet)
The now-defunct Herschel, during 
its time, was the largest infrared 
telescope ever launched. However, it 
was smaller and lighter than the JWST 
at 3,400kg. 

Hubble Space Telescope
Primary mirror: 2.4 metres (7.9 feet)
It might be smaller than the JWST at 
13.2 metres (43.5 feet), but Hubble 
is much heavier at around 11,110kg. 
Its mirror has a collecting area of 4.5 
square metres (48 square feet).

JWST
Primary mirror: 6.5 metres (21.3 feet)
JWST’s monstrous primary mirror has a 
collecting area seven times larger than 
Hubble. At a planned mass of 6,200kg, 
it will be also lighter. It will also sport a 
sunshield 22 metres (72 feet) in length!

Spitzer Space Telescope
Primary mirror: 0.85 metres (2.79 feet)
The extremely light Spitzer, which has a 
mass of 865kg, was originally the largest 
infrared observatory launched before 
Herschel back in 2003. However, by 
2018, the JWST will own that title. 

Deep space discovery
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The goals of JWST

Before the first stars and galaxies sprang into 
existence some 400 million years after the 
Big Bang, the universe was considered to 
be an extremely dark place. The Dark Ages, 
so called for obvious reasons, came to an 
end when light from the hot particle soup 
of the event that created the cosmos, cooled 
down to allow electrons and protons to come 
together to build our universe’s very first 
structures. What exactly happened after the 

4. Studying planets 
We have discovered a multitude of planets 
around other stars from large gas giants like 
Jupiter to smaller planets such as Super-Earths 
as well as worlds that are roughly Earth-sized 
or smaller. During their search, astronomers are 
continually holding out hope for planets that 
rest in their star’s habitable zone – the distance 
from a star where temperatures are just right 
for liquid water to exist. To get some concrete 
answers, the sensitive instruments carried by 
the JWST will be able to grab infrared images 
of gigantic planets and planetary systems. It 

will then be able to characterise the ages and 
masses from their spectra of these planets 
as well as the dust disks from which they 
originate. A disk’s spectra can provide a mine 
of information, allowing us to determine their 
makeup and how planetary systems are born.  
The JWST will also help us to learn more 
about our home by studying the chemical and 
physical history of how life came to exist on 
Earth. It will do this by studying comets and 
various other icy bodies found at the outermost 
reaches of our Solar System.

3. Unveiling the birth of stars and planets
Although we live so close to a star, our 
knowledge of star formation and the planets 
found around these burning balls of gas has 
a few gaps. The continual discovery of some 
of the most unusual planetary systems, with 
the help of NASA’s Kepler Space Telescope, 
has truly made us realise that we need 
a better picture of how stars and planets 
are born. That’s where the JWST comes in 
with its superior imaging and spectroscopy 
capabilities by allowing us to use infrared and 

peer into the hearts of the dense and dusty 
cloud cores where the life of stars begin. 
The telescope is also planned to image the 
disks around stars – thought to be the dusty 
construction yards of worlds like those in 
our solar neighbourhood – and hunt for the 
organic molecules that are crucial for life to 
develop. Whatever the JWST finds as part 
of this scientific goal could help us to gain 
a clearer picture of how our very own Solar 
System came into existence. 

2. Understanding galaxies and dark matter
We all know that galaxies are gigantic, with 
some hosting as many as a hundred trillion 
stars. But how did they get to be so big and in 
so many different shapes and sizes? Observing 
galaxies far back in time, the JWST hopes to 
tackle these questions by comparing some 
of the very first galaxies to the ones that are 
found to be littering our universe today. It is 
hoped that we will get a better understanding 
of their growth and dark matter as well as the 

different types of stars and evolution. The 
next-generation telescope also aims to find 
out how chemical elements are distributed 
though these galaxies along with details on 
how supermassive black holes – found at the 
very centres of galaxies – influence their hosts. 
Spectroscopy of hundreds and thousands of 
galaxies will help scientists to understand how 
elements heavier than hydrogen formed in 
these young structures.

1. Observing the first light of the Universe
Big Bang and how and when the first stars 
and galaxies formed are important questions 
that scientists are hoping to get answers to 
with the help of the JWST. Finding these 
first sources of light are critical as they act 
as the first seeds for the formation of later 
objects such as the giant structures we see 
in the cosmos today. The telescope will sniff 
them out by making ultra-deep, near-infrared 
surveys of the universe. 
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1. Cryogenic 
testing
A NASA engineer 
checks six of the 
18 Webb telescope 
mirrors in 2010. 
The mirrors are 
cryogenically tested 
at the Marshall 
Center’s X-ray and 
Cryogenic Facility.

2. NIRCam
Pictured here in 
May 2012 is an 
up-close view of 
the Near Infrared 
Camera (NIRCam), 
the instrument on 
board the JWST that 
will return stunning 
photographs of 
the universe.

3. Thermal shield
NASA engineer 
Acey Herrera checks 
copper test wires 
inside the thermal 
shield of the Mid-
Infrared Instrument 
(MIRI) in January 
2013, which shields 
the vital instrument 
from excess heat.

4. Mirror 
shipment
An engineer inspects 
the third shipment of 
the JWST’s advanced 
mirrors at NASA’s 
Goddard Space Flight 
Center in March 
2013. The mirrors will 
enable the JWST to 
peer deep into space.

5. External 
structure
The last backbone 
component, which 
provides support 
for the mirrors 
and instruments is 
completed at ATK’s 
facility located in 
Magna, Utah, USA in 
May 2013.

6. Optics module
Engineers Stephen 
Gauss (left) and 
Neil Becker take the 
optics module for 
the JWST’s primary 
imager, the Near 
Infrared Camera, 
into a clean room 
at NASA’s Goddard 
Space Flight Center.

7. Inside the 
camera
The heart of the Near 
Infrared Camera, 
a 16-megapixel 
mosaic of light 
sensors comprising 
four separate chips 
mounted together 
that will capture the 
cosmos in detail.

Building 
the JWST

5.

4.

6.
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folded up before the telescope gets 
outside our atmosphere and upon 
reaching its final vantage point the 
mirror will unfurl to begin its work. 

“We had to develop an architecture 
in which the mirror itself is composed 
of 18 hexagonal segments so that it 
could be folded in order to fit inside 
the rocket,” says Greenhouse. “Each 
segment is individually adjustable in 
tip/tilt, piston, and radius of curvature 
so that they can together exhibit 
optical performance that is equivalent 
to a mirror of the same collecting 
area (25 square metres, 270 square 
feet).” What’s more, those gold-coated 
beryllium mirrors offer maximum 
reflectivity in the infrared, operating 
at a frosty -223 degrees Celsius (-370 
degrees Fahrenheit). “Beryllium was 
chosen [as it can withstand] the small 
temperature changes that occur as the 
telescope points in different directions. 
The shape of the mirrors will then not 
be spoilt.”

At a distance of around 1.5 million 
kilometres (930,000 miles) from 
our planet and around four times 
farther than the distance between 
the Earth to the Moon, the JWST 

will be positioned at what is known 
as a second Lagrange point. This is a 
gravitationally-stable location between 
Earth and the Sun that will allow 
it to keep up with our planet as it 
pirouettes around the Sun. In order 
to keep cool enough to prevent stray 
thermal emissions interfering with 
accurate observations, the telescope 
has been designed with a gigantic 
sunshield to block out the intense heat 
from our star. While tanks are sized to 
hold around ten years of propellant, 
the JWST will still be operating on 
limited time. “The baseline mission 
duration is five years of science 
operations that will begin after a 
six-month check-out period during 
which the observatory’s systems are 
calibrated in flight,” says Greenhouse. 
“The life of the JWST is ultimately 
limited by propellant that is needed to 
maintain its orbit about the Sun-Earth 
second Lagrange point.”

To sniff out the very first galaxies 
whose distant light has been 
stretched into infrared wavelengths 
by the expansion of the universe, the 
telescope will go beyond the reach 
of current ground- and space-based 

instruments by building ultra-deep 
near-infrared surveys of the Universe. 
To lend a helping hand, the Near 
Infrared Camera, NIRCam for short, 
will pick up any far-travelling light 
from these young stars and galaxies 
during their formation. But that’s 
not all; the camera will also look at 
populations of stars in nearby galaxies 
and our own galaxy, the Milky Way, 
as well as icy objects lurking in the 
Kuiper Belt that rests billions of 
kilometres from our Sun, beyond the 
orbit of Neptune. 

The JWST is also equipped with 
chronographs, allowing astronomers 
to snap images of very faint objects 
in close proximity to intensely bright 
ones. “The JWST science instruments 
all have chronographs that are 

“ Such programmes 
make breathtaking 
discoveries that 
re-write textbooks”

Coated with gold, the James Webb Space Telescope’s 
primary mirror segment is just one part of eighteen 
pieces that will allow the telescope to possess a 
collecting area seven times larger than Hubble

Heidi Hammel

designed to block the light from a star 
so that its planets or debris disk can be 
observed,” explains Greenhouse. “We 
now know from NASA’s Kepler mission 
that essentially all stars have planets. 
The chronographs will enable the 
JWST to observe them and the debris 
disks in which they are formed.” 

JWST’s spectrographs, such as 
the Near Infrared Spectrograph 
(NIRSpec), will pick apart light that 
falls within its clutches. Incredibly, 
this instrument can find out the 
temperature, mass and what types 
of chemical elements are present, 
harvesting the physical conditions 
of the object stuck under the JWST’s 
gaze and blocking out any interfering 
light by using a microshutter to narrow 
its ‘eyes’ - just like we do in bright 
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sunlight. Uncovering these pieces 
of information about thousands of 
galaxies will hopefully help scientists 
to understand how elements much 
heavier than hydrogen were sparked 
into existence and progressively built 
up as these gigantic structures evolved 
through many generations of stars 
throughout the ages. 

The images that made Hubble so 
admired will be the job of JWST’S 
Mid-Infrared Instrument (MIRI). Its 
camera will provide wide-field imaging 
thanks to its ability to operate in the 
range of 5 to 28 microns and sensitive 
detectors that will be able to see the 
redshifted light of extremely far-out 
galaxies, newly forming infant stars as 
well as faintly visible comets whipping 
around our Solar System. Similarly to 
NIRCam, the frosty bodies that live in 
the Kuiper Belt can also be captured. 

But picking out the first cracks 
of light and taking images of our 
universe are not the only talents that 
the JWST is being built to possess. 
The telescope will also have a taste 
for exoplanets – distant worlds around 
other stars. Not only will it double up 
as an alien-world hunter similar to the 
likes of NASA’s Kepler Space Telescope, 
but it will also try and get to grips 
with characterising them. This will 
be achieved by finding out what lurks 
on their surfaces as they pass across 
the face of their stars, blocking out 
a portion of their stellar host’s light, 
in a transit. Could the JWST bring us 
closer to finding a world just like our 
Earth with emissions of biosignatures 
brought about by oxygen and water? 
The team behind the telescope think 

that it could be possible given the 
JWST’s sophisticated instruments. 

“The JWST is exactly the type of 
science project NASA should be doing,” 
says senior research scientist Dr. Heidi 
Hammel who is based at the Space 
Science Institute in Boulder, Colorado. 
“Its development is blazing trails 
through the frontiers of technology, 
and after launch JWST will blaze trails 
through the frontiers of the universe 

Distance from Earth
The JWST's Lagrange 
point is a distance of 

1,500,000km (930,000 
miles) from Earth. That’s 

around four times farther 
than the Earth-Moon 

distance.

Importance of Lagrange
The Sun-Earth system has five 

Lagrangian points. These positions 
are where there is a gravity balance 

between Earth and the Sun. The 
balance means that the JWST can 

keep up with the Earth as it moves 
around the Sun.

Where 
will it 
be? Elliptical orbit

The JWST will orbit the 
Sun on an elliptical, 
or halo, orbit about 
what is known as a 
semi-stable second 
Lagrange point. 

A full-scale model of the JWST was put on display in 
Munich, Germany in March 2013
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beyond Hubble. As its predecessors – 
Hubble, Chandra and the other Great 
Observatories – have shown, such 
ambitious science programmes make 
breathtaking discoveries that re-write 
text books and inspire us all to marvel 
at the universe around us.”

One thing is for sure, despite budget 
overruns, the JWST is paramount 
when it comes to furthering science 
after Hubble. “The Hubble Space 

Telescope or Spitzer took roughly 20 
years to develop,” says Greenhouse. 
“Without the JWST, a generation of 
astronomers would have no data from 
space-based facilities.” With an arsenal 
of goals in mind, and instruments 
poised ready to achieve them, this 
powerful telescope is certainly shaping 
up to be the premier observatory of 
the next decade, to serve thousands of 
astronomers worldwide. 
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JWST by 
numbers
Facts and figures about this 
giant space telescope

930,000 
The JWST will orbit the Sun at approximately 
930,000 miles beyond our planet. 

The primary mirror is 
made of 18 hexagonal-
shaped mirror segments of 
gold-coated beryllium.

2018

400

18

million
Until around 400 million years after the Big 
Bang the Universe was very dark. The JWST 
hopes to find out when the dark ages ended, 
giving way to the first stars and galaxies. 

7
The next-generation 
telescope will have a 

light-gathering power 
seven times greater 

than its predecessor, the 
Hubble Space Telescope.

The year that NASA intend 
to launch the JWST into 
space from the Guiana 
Space Centre.

4 The JWST’s 
Integrated 
Science 
Instrument 
Module (ISIM) 

will house four main 
instruments to sniff out 
light from distant stars 
and galaxies. 

10
While the design 

of the JWST is 
tipped to last for 

five years in orbit, 
scientists hope 

the telescope will 
last as long as its 
propellant does - 

up to ten years! 

Sun to the Earth
Our planet orbits the Sun 
at an average distance of 
150,000,000km. That equals 93 
million miles, or 1 Astronomical Unit.

Powered by Sun
In its orbit, the JWST 
will be in such a 
position that the Earth 
and Sun are behind it 
at all times but direct 
sunlight is powering 
its solar arrays.

Billions and billions of galaxies of unprecedented 
clarity litter this simulation due to the James Webb 
Space Telescope’s proposed sharp field of view

NASA’s Chamber A thermal vacuum testing chamber, once used for the 
Apollo missions, has been upgraded and remodelled to test the giant JWST
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They are remnants 
of exploded stars
A neutron star is a stellar remnant left behind after 
a much larger star goes supernova. They are made 
almost entirely of neutrons and have a mass of 
between 1.4 and 3.2 solar masses.

These stars are 
often smaller 
than a city
A neutron star typically measures around 20 
kilometres (12 miles) in diameter as they are so 
densely packed together, more so even than an 
atomic nuclei.

A teaspoonful 
weighs more than 
all of humanity
One neutron star can have twice the mass of the 
Sun, despite being miniscule in size in comparison. 
A cubic metre of neutron star material would weigh 
about 200 trillion tons.

Escape from their 
surface is pretty 
much impossible
Good luck escaping from a neutron star – they are 
so dense and their gravity so strong that the escape 
velocity of a neutron star is about one third the 
speed of light. By comparison, Earth’s is 0.000037 
the speed of light.

They look bigger 
than they are
Another effect of the strong gravity of neutron stars 
is that they warp light in their intense gravitational 
field which is known as gravitational lensing. This 
can have the effect of making the star appear to be 
bigger than it actually is.

Their crust is 
10 billion times 
stronger than steel
Underneath their very thin atmosphere, which can 
be just a metre thick, neutron stars have a hard and 
rigid crust that is a few kilometres in thickness and 
incredibly strong.

They can 
experience huge 
star quakes
The strong crust of a neutron star is put under 
pressure by the star’s magnetic fields. Over time 
it may violently crack and rupture, sending out 
massive blasts of gamma rays into the cosmos.

They are the 
smoothest things 
in space
The crust of a neutron star is so compact that it is 
thought to be one of the smoothest things in the 
universe, although there are tiny ‘mountains’ on its 
surface measuring just a few centimetres high.

Colliding neutron 
stars make gold
It is thought that many rare metals, including all of 
the gold on Earth, are created when two neutron 
stars collide (pictured), a rare cataclysmic event that 
also produces short gamma-ray bursts.  

10 AMAZING FACTS ABOUT

Neutron stars

A rapidly spinning neutron star known as a 
pulsar rests at the heart of the Crab Nebula
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How these balls of ice decimated the early Solar 
System, and why they might again
Written by Jonathan O’Callaghan

COMETS
KILLER

Killer comets
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Killer comets

Picture the scene: it’s four billion years ago, and 
around the Solar System there is devastation 
taking place on a massive scale. Over a period of 
200 million years the Moon will be hit repeatedly, 
turning its surface into a molten lake. Meanwhile, in 
the outer Solar System the planets and moons are 
pummelled by numerous comets themselves, thanks 
in no small part to Jupiter pushing a bunch of them 
into fluctuating orbits around the Sun. Perhaps also 
some stray comets bearing organics make their way 
towards Earth, sowing the seeds of life that would 
evolve into the species that inhabit our world today. 
This era of the Solar System is what we call the Late 
Heavy Bombardment [LHB] period, when comets and 
asteroids caused many of the craters we see today on 
various planets and moons.

"The LHB is thought to have been caused by the 
planetary migration of the gas giants about four 
billion years ago" says Nick Howes, an astronomy 
consultant who’s team were on the Minor Planet 
Circulars article for Comet ISON's discovery. “Jupiter 
was kind of migrating out and that was putting 
perturbations on the main belt of Kuiper-belt objects,” 
he said. That’s not the only theory for how this storm 
of comets began, though. “There could have been 
a supernova in our region that sent out all sorts of 
shockwaves and perturbed the Oort Cloud,” said 
Howes, among other theories. The migration of the 
outer planets is the preferred theory at the moment.

However the LHB was caused, its effects are pretty 
clear around the Solar System. Craters are strewn 
across many objects, including even Earth, and while 
its difficult to know which of these were caused by 
comets and which by asteroids, it’s still apparent that 
objects regularly struck various worlds. By studying 
samples returned from the Apollo missions, we 
discerned that a majority of the craters on the Moon 
were mostly formed in a period corresponding with 
the LHB, which is one of the main pieces of the 
evidence for this event occurring.

But while comets pummelled the Solar System 
in this period, many of them remained in the 
outer reaches of the Solar System. In the Kuiper 
Belt and the Oort Cloud, regions containing many 
planetesimals, there could be millions, billions or 
even trillions of comets. Of course, we’re not sure 
what percentage of these comets came into the 
Solar System during the LHB, so it’s difficult to 
know just how vast they are. “That’s the 20-billion-
dollar question,” said Howes. “Nobody’s imaged 
anything in the Oort Cloud yet, it’s still a hypothetical 
construct. Whether or not there is or was something 
at a distance of one light-year is all derived from 
cometary orbits, so we just don’t know how many 
objects are out there.”

While we cannot directly observe our own Oort 
Cloud, studying other planetary systems in the 
galaxy can provide us with helpful clues as to the 
structure of our own Solar System. One such place of 
interest is around the young star TW Hydrae. Found 
175 light-years away in the Hydra constellation, a 
large amount of water vapour has been seen in the 
star’s planet-forming disc in addition to icy grains, 
which are believed to be the ingredients for comets. 
In our own Solar System, comets are thought to have 
transported water to Earth; it may be that TW Hydrae 
is a prime example of how comets can influence the 
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formation of a planetary system. “TW Hydrae was 
imaged by the Herschel spacecraft about a year or so 
ago. They found a gigantic reservoir of protoplanetary 
cometary material with tons of water in it extending 
100s of AU from the star,” explained Howes. “There is 
loads of water ice in particular, so we think that could 
be a good model for the early formation of our own 
Solar System.”

The Kuiper Belt and Oort Cloud at the edge of our 
own Solar System are thought to be the remains of 
planet formation such as that taking place in TW 
Hydrae. It is here that many comets are still thought 
to reside. Occasionally, a comet is pushed or pulled 
out of this cloud and passes through the Solar 
System, which we can observe from Earth. If the 
estimates of trillions of comets in the Oort Cloud are 
correct, though, then there is a huge arsenal of these 
icy rocks lurking just at the edge of our Solar System. 

Proving that the Oort Cloud exists is an important 
step to understanding more about comets. “The 

Comet 
orbits

Oort cloud
Most comets are believe to 
originate in the Oort Cloud, a 
region of space one light-year 
from the Sun that could house 
billions of these icy planetesimals.

Kuiper Belt
Some comets are also thought 
to come from the Kuiper Belt, a 
region of space comparatively 
closer that stretches between 4.8 
and 8 billion kilometres (3 and 5 
billion miles) from the Sun.

Disturbed
Occasionally comets 
in these regions can 
become disturbed, and 
they get pushed towards 
the inner Solar System on 
long eccentric paths.

Halley's comet in 1986. European spacecraft Giotto was the 
first to encounter and photograph the nucleus of a comet
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Short-period
Comets from the Kuiper 
Belt generally have 
orbits of less than 200 
years, regularly swinging 
through the Solar System 
on their elliptical path.

Sungrazer
These comets pass so 

close to the Sun on their 
orbit, often just a few 

thousand kilometres 
from the surface, that 

they break apart into a 
multitude of fragments.

Long-period
Comets from the Oort 

Cloud are generally long-
period ones, with elliptical 

orbits around the Sun 
lasting thousands of years 

or perhaps they will pass 
without ever returning.

Decay
As comets approach the Sun their 
icy surfaces melt, leaving a trail 
of dust and gas in their wake in 
addition to a plasma tail.

“ Nobody’s imaged anything in the Oort 
Cloud. Whether or not there is or was 
something at a distance of one light-
year is all derived from cometary orbits”

[JWST] James Webb Space Telescope might be able 
to pick up stuff and look at the trans-Neptunian 
objects [TNOs] and the Kuiper Belt stuff that we’ve 
found in the last few decades,” explained Howes. “I 
think we’re going to be looking at larger telescopes 
like the E-ELT [European Extremely Large Telescope], 
OWL [Overwhelmingly Large Telescope] and JWST 
in particular to maybe pick things up in the infrared 
and start detecting objects out there.” 

Assuming the Oort Cloud does exist, there 
is a substantial threat that large-impact events, 
perhaps not on the scale of the LHB but at least 

comparable, could occur in future if the cloud is 
disturbed. ”If there are a hundred million comets in 
this hypothetical Oort Cloud swarming around at 
one light-year away, then if we were to encounter 
something that disturbed them, a shockwave out 
in the galaxy or a migrating star that we haven’t 
seen yet or a planet we don’t know about yet that’s 
taking millions of years to go round its orbit then yes, 
potentially [another LHB event could occur], but it’s a 
shooting gallery out there anyway,” explained Howes. 
“You only have to look at how many comets we’re 
finding now; C/2013A1 was a comet we detected only 

Comets by 
numbers
Facts and figures about these 
awesome fragments of space

4,894
As of July 2013 there are 4,894 
known comets in the Solar System.

1%A comet 
loses up to 
1% of its 
mass every 
time it orbits 
the Sun.

250,000 years
The orbital period of Comet West, one 

of the longest-period comets.

30trillion
kilometres
Estimated distance 
to the furthest edge 
of the Oort Cloud.

580
million kilometres
The length of Comet Hyakutake’s 
ion tail, one of the longest known.

1Upper estimate for the number of 
comets in the Oort Cloud.
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Inside a comet
When we study impact craters on Earth, and 
other worlds, it is hard to know which are caused 
by a comet or an asteroid. Comets are believed 
to have caused many impact events, including a 
large number of the craters on the Moon.

Comets regularly pass through the inner 
Solar System as they are plucked from the outer 
regions of the Solar System. It is thought that 
the Earth has been struck before, and is likely to 
again. However, as comets progress into the inner 
Solar System they often break apart, either into 
fragments or through the excretion of material 
in their tails. For this reason they are often too 
small to pose us much threat. The Earth often 
passes through the ejected material of a comet 
on its orbit, causing meteor showers in the sky.

On 30 June 1908, a comet is believed to have 
exploded above what is now Krasnoyarsk Krai 
in Russia. It caused an air burst at an altitude of 
about five kilometres (three miles), flattening an 
area of trees spanning 2,150 square kilometres 
(830 square miles). If such an event were to 
occur over a heavily populated area it would 
cause untold damage. For this reason there are 
organisations around the world tracking the 
progression of objects in the Solar System to 
ensure that, if there is one with our name on it, 
we can limit the damage. 

Impact Earth?

The Moon was pummelled by comets 
during the Late Heavy Bombardment period

The young star TW Hydrae has a planet-forming disc that may 
bear similarities to how our own Solar System began

The Tunguska Event saw a comet flatten a huge 
unpopulated area in Russia

a few months ago and, for a short time, there was a 
very strong possibility it was going to hit Mars.

”My take on it is our Solar System is orbiting the 
galaxy every 250 million years,” continued Howes, 
“and we’re dipping up and down through the galactic 
plane and we’re going to get perturbed as we’re 
wandering round. So whether or not we are hitting 
something periodically that’s really impacting on 
the Oort Cloud itself and flinging stuff in is another 
matter. We are well overdue a big impact though, 
that’s for sure.”

The effects of another LHB on the Solar System 
would be catastrophic, to say the least. We’re 
fortunate to have large planets like Jupiter that sweep 
up a lot of the incoming objects, but this in itself 
should be a warning. In July 1994 a comet known 
as Shoemaker-Levy 9 broke apart into a series of 
fragments measuring up to 2 kilometres (1.2 miles) in 
diameter and impacted Jupiter. The fragments caused 
visible scars on the gas giant and, if a comparable 
impact event were to hit Earth, the events would 
have been devastating. “Shoemaker-Levy 9 should 
have been the wake-up call in terms of really taking 
these threats seriously,” said Howes. “To me the 
comets are a much bigger threat than the asteroids. 
We’re finding them all the time, and one of them 
is going to have our name on it. We only need one 
object the size of Shoemaker-Levy 9 and there’s 
no more Earth. One object that size in the 30-50 
kilometre (18-30 miles) region and we’re gone. [Such a 
comet] could be 100 million years away or it could be 
next week. We just don’t know.”

While we are still unable to definitively observe 
the Oort Cloud, our methods of finding comets 
have improved considerably in the last few decades 
and will continue to do so in the future. In the last 
three years alone around 70 new comets have been 
discovered traversing the Solar System. Detecting and 
studying more of them can give us a much better 
understanding of how many comets there are in the 
Solar System, and how many we can expect to see 
in future. One object of particular interest this year is 
Comet ISON, which will make its closest approach to 
the Sun in November, making it a sungrazer comet. 
It’s still unclear what will happen to the comet as it 
enters the Solar System; some say it may break up 

Vaporise
As a comet approaches 
the inner Solar System 
its volatiles begin to 
vaporise, streaming out of 
the nucleus and carrying 
dust with them.

Solar wind
The Sun's radiation in the 
form of solar wind pushes 
the coma of a comet into 
a tail that trails behind its 
orbital path.
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Composition
Comets are made of 
a mixture of rock, ice, 
dust and frozen gases 
including carbon dioxide, 
methane and ammonia.

Nucleus
The solid nucleus of a comet is 
mostly formed of ice and gas, 
and can range in size from 0.1 
to 40 kilometres (0.06 to 25 
miles) across. 

Tail
Comets have two main 
tails, one formed by the 
dust particles and the 
other by the ionised gas 
from the coma. They 
are pushed by the Sun’s 
radiation and extend 
behind the comet.

Coma
The vaporisation of 

volatiles creates a 
coma of dust and gas 

around a comet.

Ancient
In ancient Western cultures, comets were believed 
to have some kind of religious significance. The 
arrival of a comet in the night sky was seen as a 
harbinger of evil and it was believed to indicate 
that doom was to come from the heavens.

Medieval
The first observation of a comet was made by a 
Danish astronomer by the name of Tycho Brahe 
in 1577. He correctly deduced that comets must 
originate out of Earth’s atmosphere, and further 
surmised that they must come from very far away.

Modern
In the modern day many astronomers around the 
world observe comets. Almost all must be viewed 
with advanced telescopes but some rare comets 
known as the Great Comets can be so bright that 
they are visible to the naked eye in the night sky.

Comet history

“Studying 
other planetary 

systems in the 
galaxy can 
provide us 

with clues as to 
the structure 

of our own 
Solar System”

http://www.spaceanswers.com


Rosetta 
mission
The ESA’s Rosetta spacecraft is currently on a 
mission to study the comet 67P/Churyumov-
Gerasimenko. Launched on 2 March 2004 
on an Ariane 5 rocket, the spacecraft has two 
main components: the Rosetta space probe 
itself, which will orbit and study the comet, 
and the Philae lander, which will touch down 
on the surface and perform detailed analysis. 
By studying the comet the ESA hopes to help 
uncover what the Solar System was like in its 
early period of formation. The spacecraft is 
currently in a hibernation mode and will begin 
its approach to the comet in early 2014. 

precisely what they want’, and that’s never been so 
true as this.”

In our continued efforts to understand the nature 
of comets, from their past influence on the ancient 
Solar System, to whether they could pose any kind 
of significant threat in the future, comets like ISON 
and extrasolar systems like TW Hydrae provide us 
with some excellent opportunities for further studies. 
Although the exact components of the Oort Cloud are 
not fully understood yet, if indeed it's proved beyond 
doubt that it exists a light year from the Sun, we 
know that there must be something out there that 
could potentially threaten the Earth some day. Even 
if there is no specific region of space plotting our 
demise, the presence of a reservoir of icy rocks left 
over from the formation of the Solar System could 
still provide us with some vital clues about our own 
curious beginnings.  

into pieces at Mars, while others think its tail may 
be illuminated by the Sun, thus making it visible to 
observers on Earth in the night sky. Whatever its fate, 
comets like this are very useful to study.

“If you’ve got a comet like ISON that hasn’t come 
into the inner Solar System before then you’re looking 
at a fresh surface and fresh volatiles” said Howes. 
“With detailed [analysis] from orbiting or ground-
based observatories you can really find out a lot more 
about the primordial construct of what is out there 
in the Solar System.” Aside from the scientific aspect 
of it, Comet ISON could also be set to give observers 
on Earth a fantastic sight but, as Howes explains, 
nothing is set in stone: “If the tail really does start to 
kick off after [its closest approach to the Sun] then 
we could be in for a good show, but who knows, it’s 
a guessing game. [Canadian astronomer] David Levy 
said ‘comets are like cats; they have tails, and do 

“ We’re finding [comets] all 
the time, and one of them is 
going to have our name on it”
Nick Howes

Comet 
harpoon
To further study comets, NASA 
has been devising a mission that 
would fire a harpoon into a comet 
and retrieve a sample. This would 
be returned to Earth where it could 
be studied. Such a mission would 
enable us to study the interior of 
a comet more closely and discern 
some of the characteristics that we 
are currently unsure of. Obtaining 
a sample from a comet is an 
important goal for scientists, and 
this method is much easier than 
some others, such as landing on 
the surface. If the mission gets the 
go-ahead, we could expect to see it 
some time in the 2030s.

Killer comets
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Comet Hale-Bopp, seen here, 
was visible to the naked eye for 

18 months starting in April 1997 
when it passed perihelion

Scars were visible on Jupiter 
after Comet Shoemaker-Levy 9 

broke apart and impacted the 
gas giant planet

C/2011 L4 (PANSTARRS) was 
discovered in June 2011 and was 

visible in the night sky

Comet Hartley 2, as seen from 
NASA’s Deep Impact spacecraft as 
part of the EPOXI mission

An image of the famous Halley’s 
Comet taken on 6 June 1910

An enhanced image of Comet 
ISON taken by the Hubble Space 

Telescope on 10 April 2013

Amazing 
comets

The non-periodic Comet 
C/2002 V1 (NEAT) appeared 
in November 2002

Killer comets
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What caused the Late Heavy 
Bombardment period [LHB]?
A group of astronomers discovered 
that the large planets Jupiter, Saturn, 
Uranus and Neptune were not at a fixed 
position in the Solar System after they 
formed. They tended to drift closer 
towards the Sun, and then later further 
away. When that process was going 
on very long after the formation of the 
Solar System, about 700 million years 
after, this model says that Jupiter and 
Saturn got into a 2:1 mean motional 
resonance, which means that Jupiter 
goes twice around the Sun when Saturn 
goes around once. When you get into 
that specific ratio, called a resonance, it’s 
like when your car starts to shake as it 
speeds. It’s bad because the net effect of 
the resonance is that orbital dynamics 
in the Solar System change. In this case 
the orbital sphere of Neptune changed 
and that caused it to go through the 
Kuiper belt and for a short period of 
time all the stuff that was left over 

Understanding 
the Oort Cloud

NASA astronomer Dr. Peter Jenniskens talks to All About 
Space about the origins of the Oort Cloud and the cause of 
the Late Heavy Bombardment period

there got scattered around and a lot of 
it came our way. We think that’s what 
created the LHB, and so everything in 
our Solar System got pummelled.

Why did the LHB stop?
The LHB stopped basically because the 
accretion process [of Jupiter and Saturn] 
continued on, so Jupiter and Saturn 
continued to move past a 2:1 resonance. 
They are close to 2:1 today but are not 
in resonance. Saturn orbits in about 30 
years and Jupiter about 12 years. 

How did comets form?
We think they are the leftovers from 
the planetary disc. So they are material 
out of which all the planets formed. 
When a crowd of gas and dust has 
a little bit of rotation to it and you 
compact it, that rotation becomes faster 
and faster and the effect of it is that 
the clouds go flat and they’ll ultimately 
form disc-like structures. It’s in that disc 
that material accumulates and planets 

form. That’s why you have a load of 
planets in [the same] plane. Outside of 
Neptune’s orbit the accumulation was 
too slow so things didn’t come together 
fast enough, so the material stayed in 
the form of planetesimals, chunks of 
material that we now call comets.

Why do comets fall into the inner 
Solar System?
The idea is that the Oort Cloud is very 
weakly bound to the Sun, so it’s very 
easy to change their orbits. You need 
only a very small push or pull, and 
we think that happens in part by the 
Sun going through the interplanetary 
plane. All the dense molecular clouds 
and things that are around us affect the 

orbits of the outermost regions of the 
Oort Cloud. That’s enough motivation 
to send some of these comets towards 
the inner Solar System. Others are 
ejected out, so it goes both ways.

Why are most comets located in 
relatively stable regions at the edge 
of the Solar System?
The old idea was that the Kuiper Belt 
was just the leftovers of the debris disc 
[that formed the planets], while the 
Oort Cloud comets were created by 
planetesimals travelling too close to 
Jupiter and Saturn. They passed very 
close and some of those comets would 
stay in stable orbits in what is now 
the Oort Cloud. But there are a lot of 
issues with that scenario, and recently 
an article by scientist Hal Levison 
suggested that maybe the Oort Cloud 
is not a product of processes in the 
Solar System, but maybe it is a result 
of the Sun being born in a cloud with 
other stars. The Oort Cloud could be the 
result of the Sun accumulating comets 
while travelling through this cloud. 
That’s an interesting idea because that 
means the Oort Cloud comets may not 
have originated from the Solar System, 
but from other systems under quite 
different circumstances.  

“  The things around us affect 
the orbits of the outermost 
regions of the Oort Cloud”

The Oort Cloud is believed 
to be a region of space at the 

edge of the Solar System 
containing many comets
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FutureTech Space factories

www.spaceanswers.com36

Space factories
3D printing Moon bases, 
rockets, and… food? Using local resources

Any manufacturing process 
on the Moon will likely make 
use of local resources – such 
as the regolith, or lunar soil – 
to reduce the cost.

Helping human exploration
3D printing is expected to make it easier 
for human missions to occur on the Moon, 
and other places outside of Earth.

Next-generation lunar base
This base would be a combination 
of an inflatable structure as well 
as a 3D-printed shield to prevent 
micrometeroids and radiation 
from penetrating.

http://www.spaceanswers.com
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Every kilogram that must be hauled into space for 
human crew requirements represents one kilogram 
less that can be used for science experiments, for 
example. More capable rockets is one solution to 
this problem. But what about actually making the 
components and food you need on site?

The idea actually isn’t as far-fetched as it sounds. 
The European Space Agency (ESA), NASA and others 
are testing out 3D printing as a way to manufacture 
structures, rocket parts – and even pizza.

Looking really far ahead, ESA recently suggested 
that 3D printing could reduce the cost and 
complication of future lunar bases. “3D printing 
offers a potential means of facilitating lunar 
settlement with reduced logistics from Earth,” said 
Scott Hovland, of ESA’s human spaceflight team.

The first step is to find a structure that works. 
Astronauts could haul an inflatable dome with them, 
perhaps, but they would still require a heavy shield 

The prime challenge of living in space – besides 
the inherent danger – is figuring out how to bring 
enough with you to survive. Equipment, oxygen, 
food and water all need to be hauled there: or could 
there be an alternative solution?

Machine making
It’s possible that machines 

could even be partially or 
completely manufactured from 

3D-printing processes, although 
it’s too early to say for sure.

Foster + Partners recently 
created this 1.5-ton  building 
block using 3D printing

to protect against radiation and micrometeroids. A 
proposal from Foster + Partners suggests a shield 
with a structure similar to what you would see in a 
bird’s bone: lightweight hollow cavities, plus strength 
to hold itself up.

A 3D printer would build up the layers gradually, 
but right now the technology is a little slow: perhaps 
two metres per hour (6.6 feet per hour). A next-
generation printer proposed by the UK’s Monolite 
could attain speeds of 3.5 metres per hour (11.5 feet 
per hour), or enough to put together a reasonable-
sized building in a week.

Structures are one issue, but feeding astronauts 
is a more pressing one. For those of us who know 
how full the fridge gets after only a few shopping 
trips, imagine how much would need to be hauled to 
survive months or years on the road.

In recent months, NASA gave a Phase 1 contract 
to Texan company Systems and Materials Research 
Consultancy, to explore the possibility of making 
food in space. One of NASA’s main aims is to “enable 
nutrient stability and provide a variety of foods from 
shelf stable ingredients,” the agency stated.

The food definitely has applications for space 
travel, but with NASA being an agency that 
advertises spinoffs, you can guarantee it’s also 
thinking of Earthly applications for the technology.

If food could be manufactured reliably and safely, 
imagine the difference it could make in handing 
out assistance in an area devastated by a hurricane, 
flood or other natural disaster. 

Countries that are also having regular problems 
feeding the populace through their own agriculture 
could supplement their own efforts with 3D-printed 
food. It’s perhaps a little audacious to hope it could 
eliminate world hunger, but manufacturing food in 
this way would be a start towards it.

Or how about making rocket components 
themselves out of 3D-printed technology? It could 
reduce the cost of space missions because it 
could lead to on-site printing, making it easier to 
manufacture. No need to order out for special parts.

In July, NASA and Florida’s Aerojet Rocketdyne 
tested a rocket engine injector created through 3D 
printing. Happily, the tests went just fine: the agency 
and contractor put the component through a series 
of firings and were pleased with the results. If the 
process works in future tests, NASA says the injector 
could be made in a third of the time – four months, 
instead of over a year with traditional processes – 
and cost 70 per cent less.

While still in its infancy, 3D printing provides a 
possible route to solving a lot of problems in space 
exploration such as manufacturing things, and 
also hauling food and other items on long-distance 
voyages. Next job: making sure there’s a technician 
on hand to fix the printer off-planet if it breaks down 
from overuse! ©

 E
SA

Future Moon bases could be partially 
constructed from 3D-printed materials
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The Orion Nebula is one of the most spectacular star-forming 
regions in the sky. Journey inside this vast cloud of dynamic 

gas and dust to discover the secrets of this stellar nursery
Written by Laura Mears

ORION 
NEBULA

All About…
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Orion the Hunter is located on the 
celestial equator, and dominates the 
sky between November and February 
in both the Northern and Southern 
Hemispheres. Composed of seven 
main stars, it forms an hourglass 
shape, which is easily identifiable by 
the three bright stars of Orion’s Belt, 
Alnilam, Mintaka and Alnitak.

These stars are three of the brightest 
in the sky and with the exception 
of Betelgeuse, all of the main stars 

in the Orion constellation are bright 
blue giants or supergiants. Betelgeuse 
itself is a red giant, and is also one of 
the largest-known stars in the galaxy. 
Together, these bright objects make 
Orion easily visible in the night sky.

Projecting downwards from 
Orion’s Belt are three fainter objects, 
collectively known as Orion’s Sword. 
Two are stars, but a closer look at the 
central object reveals the green haze of 
Orion’s Nebula, and the bright glow of 

its four main stars – the Trapezium.
The Orion Nebula (Messier 42, or 

M42) is the closest, bright star-forming 
region to Earth. It is a stellar nursery, 
where clouds of dust and hydrogen 
gas are collapsing to form new stars. 
The clouds are illuminated by massive 
O- and B-class stars, which shower 
the dust and gas of the nebula with 
radiation and stellar winds. This 
creates the distinctive colours of the 
nebula, and the mesmerising bubbles, 
waves and shocks that are visible 
throughout the dust cloud.

The Orion Nebula lies in our spiral 
arm of the galaxy and is one of the 
easiest nebulae to locate in the night 
sky – on a clear night it can even be 
observed with the naked eye. Using 
a small telescope, the nebula looks 

like a grey bat-shaped cloud, lit up by 
hot blue-white stars, and in a larger 
telescope hues of green and red from 
the ionised gasses can be identified. 

Other star-forming regions border 
the Orion Nebula. The Horsehead 
Nebula is located to the east, just 
beneath Alnitak in Orion’s Belt. It is 
a dark, dusty nebula with a pinkish 
glow, given off by ionised hydrogen 
gas. This nebula is also a stellar 
nursery, and at its heart low-mass stars 
are forming. Surrounding the main 
nebulae is an arc of gas known as 
Barnard’s Loop, sculpted into a semi-
circular shape by radiation pressure 
from the Orion Nebula.

Together, these nebulae make 
up part of the much larger Orion 
Molecular Cloud Complex. The 
complex lies around 1,500 light years 
from Earth, and is several hundred 
light years across. It contains several 
nebulae, lit up by a group of hot, giant 
O- and B-type stars known as the 
Orion OB1 Association.

The Orion Nebula is one of the most 
heavily scrutinised objects in the sky. 
The National Science Foundation’s 
‘Very Long Baseline Array’ (VLBA) 
is a continent-sized radio telescope 
with ten antennae, spanning over 
8,047 kilometres (5,000 miles) across 
North America. It has been used to 
determine the distance from Earth to 
the Orion Nebula. 

The VLBA picks up radio waves 
amplified by masers – areas of space 
rich in water and methanol. Using 
these waves it is able to pinpoint the 
locations of stars and other objects. 
Astronomers are then able to use an 
effect known as stellar parallax to 
measure the distance to the stars. 
As the Earth orbits the Sun, nearby 
stars appear to move relative to 
more distant stars. By taking two 
measurements, six months apart, 
scientists can calculate the apparent 
change in position of the star at the 
opposite ends of Earth’s orbit.  

The distance from Earth to the 
Sun is known, so by determining the 
parallax angle, astronomers can use 
trigonometry to calculate the distance 
from the Sun to a neighbouring star. 
Using this method, the VLBA telescope 
determined that the Orion Nebula is 
1,350 light years from the Sun. 

The close proximity of the Orion 
Nebula to Earth means that it is one 
of the most intensely studied objects 
in the sky. It is packed with rare stars 
in various stages of development, and 
has provided astronomers with an 
unrivalled view of the mechanics of 
star and planet formation. 

Where is 
M42 in 
Orion?

Typical telescope 
point of view

“ It's a stellar nursery 
where clouds of dust and 
hydrogen gas are collapsing 
to form new stars”

Orion's Sword 

NGC 1981

Orion Nebula

Iota Orionis

Rigel

Salph

Orion's 
Belt
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The green haze of the Orion 
Nebula can be observed within 

Orion’s Sword, beneath the three 
bright stars of Orion’s Belt
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M42's  
curiosities

The Horsehead Nebula
A strong magnetic field funnels jets 
of gas as they leave this star-forming 
nebula, twisting the cloud into 
the distinctive shape of a horse’s 
head. It is considered to be a stellar 
oil refinery because it contains 
petroleum-like hydrocarbons. 

The Flame Nebula
The Flame Nebula is heated by 
ultraviolet radiation emitted from 
the star Alnitak, in Orion’s Belt. This 
light ionises the gas of the nebula, 
causing it to glow.

Barnard’s 
Loop
An arc of gas 
created by 
an exploded 
supernova 
surrounds 
the edges 
of the Orion 
Nebula. 
Radiation 
emitted 

from the nebula has shaped the arc, 
pushing the gas outwards in a curve.

Messier 78
Two stars in this particular nebula 
are not strong enough to ionise 
its gas cloud, but the visible light 
that they emit is reflected by the 
particles of dust.

How far?

Determining 
the distance

December
June

2. Parallax 
As the Earth moves 
around the Sun, 
nearby stars appear 
in slightly different 
positions in the sky 
relative to the distant 
stars behind them.

1. VLBA telescope
The vast array of 
radio telescopes that 
make up the VLBA in 
North America is able 
to resolve objects 
in space in very 
fine detail, enabling 
precise measurements 
to be made.

3. Trigonometry
By using the known distance from Earth to the 
Sun and the parallax angle, astronomers can use 
trigonometry to calculate the distance from the 
Sun to a nearby star.

Betelgeuse 429

Alnitak 826

Saiph 724

Meissa 1069

Alnilam 1360

Rigel 777
Bellatrix 243

Mintaka 919

M42 1350

4. GMR A
A Sun-like star 
in the Orion 
Nebula called 
GMR A was used 
as a static point 
for the VLBA 
telescope to 
focus on, which 
enabled the 
distance to the 
nebula to 
be calculated.

How many light years to the stars in the 
Orion constellation?
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Nebulae like Orion evolve from 
clouds of cold hydrogen gas. These 
can exist undisturbed in space for 
extended periods of time in a state 
of equilibrium. The gravitational pull 
of the gas molecules is counteracted 
by the pressure of the gas itself, 
preventing collapse.

If the cloud experiences a shock, 
either by collision or from an 
external supernova shockwave, the 
equilibrium breaks down. Clumps 
of hydrogen come together and 
nuclear fusion begins, forming 
heavier elements and producing a 
molecular cloud. Instability within 
the cloud causes regions to collapse 
in on themselves, forming disks of 
dust and gas that eventually go on 
to create stars. The Orion Nebula is a 
stellar nursery, currently in this stage 
of molecular cloud collapse, and new 
stars are forming all the time.

Four massive stars, together known 
as the Trapezium, formed on the edge 
of the molecular cloud, generating 
intense heat and ultraviolet 
radiation strong enough to ionise 
the surrounding gas. The ionised 
hydrogen atoms attract free electrons, 
and as the particles reassemble, 
photons of visible light are released, 
giving the nebula a red glow.

For years the green hue of the dust 
puzzled astronomers. It is now known 
to be the result of the presence of 
doubly-ionised oxygen (O2+) – oxygen 

Discover M42's dynamics, evolution and the 
science behind the spectacular ripples and 
colours of this cosmic cloud

Exploring the
dusty cloud

atoms that have had two electrons 
removed. As the excited oxygen 
atoms transition to a lower energy 
state they emit photons of green light. 
This transition does not occur on 
Earth and is known as a ‘forbidden 
line’, however in the extremely low-
density gases of the Orion Nebula 
there are few collisions between gas 
molecules allowing this forbidden 
transition to occur.

The stars of the Trapezium ejected 
huge amounts of mass after their 
formation, at very high speed. These 
supersonic stellar winds created 
violent shock waves that shaped the 
edge of the nebula.

The massive stars also emit so 
much ultraviolet radiation that they 
push away the surrounding dust. 
This phenomenon is known as 
photoevaporation – the molecules 
are excited by the UV light and gain 
enough energy to achieve escape 
velocity, helping them to move 
away from the stars. In this way, 
the Trapezium stars of the nebula 
have essentially carved out a hollow, 
filled with ultraviolet radiation and 
surrounded by escaped, ionised 
hydrogen gas.

As the ultraviolet light moves away 
from its source, photons generated 
by excited hydrogen atoms generate 
an ionization front, behind which 
most of the hydrogen gas has been 
ionised. Dark areas in the nebula, 

like the Northeast Dark Lane, and 
the Dark Bay represent regions of gas 
that have yet to be ionised, and thus 
do not emit visible light. The coldest 
material is made up of polycyclic 
aromatic hydrocarbons – the same 
type of carbon-rich molecules which 
are found in soot.

Less than 10% of the gas in a 
molecular cloud forms stars, the rest 
is ejected into space. It is predicted 
that the majority of the dust that 
shrouds Orion’s Nebula will have 
dissipated within the next 100,000 
years, leaving behind an open star 
cluster like Pleiades. 

Stellar winds

“ Instability within the cloud 
causes regions to collapse 
in on themselves, forming 
disks of dust and gas that 
eventually create stars”
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Stellar winds from clusters of stars 
in the nebula carve out the swirls 
and ridges of Orion’s massive dust 
cloud. The intense heat in the 
outer atmosphere of stars energises 
particles, enabling them to escape 
the star’s gravitational field. 
Streams of charged particles pour 
out of the stars, forming shock 
waves and regions of instability in 
nearby gas clouds.

In the Solar System, winds 
generated by the Sun create the 
heliosphere – a magnetic bubble 
of charged particles that envelops 
the Solar System, repelling charged 

particles from galactic winds and 
shielding the Sun’s planets from 
dangerous bombardment.

Matter ejected from young stars 
in the Orion Nebula generates 
shockwaves – compression caused 
by material travelling faster than 
the local speed of sound. These 
waves can be easily observed in the 
BN/KL region, and the Orion-South 
cloud where recent star formation 
has generated intense stellar winds. 
The outflows of stellar wind from 
hot, young stars can be seen as 
ripples pushing outwards in the 
surrounding molecular gas.



Evolution of M42

M43
De Mairan’s Nebula is a bright 
cloud of gas near the core of 
the Orion Nebula. An irregular 
young star at its core is 
responsible for its brightness.

Main ionization front
As massive stars are born 
in the Orion Nebula, the 
heat released ionises the 
surrounding gas, creating 
a wave of photons that 
sweeps outwards through 
the molecular cloud.

Northeast Dark Lane
The dark lane is a thick 
lane of dust that separates 
the main Orion Nebula 
from the smaller M43 De 
Mairan’s Nebula.

Rim
The Orion Nebula is 
surrounded by a thin 
veil of dust and gas that 
forms a visibly lighter 
rim at the edge.

X-ray South
This is a bubble of 
x-ray-emitting plasma 
which is generated 
by the massive shock 
waves released by 
the young stars that 
formed the nebula.

Dark Bay
The Dark Bay is a thick 
cloud of neutral dust 
that has yet to be 
ionised, so it reflects 
little visible light.

The 
Trapezium
A cluster of 
four massive, 
young stars at 
the core of the 
Orion Nebula 
generate enough 
ultraviolet 
radiation to ionize 
the surrounding 
gas cloud, 
creating a bubble.

Ionisation 
front
The UV radiation 
advances across 
the neutral 
gases. As the 
hydrogen gas is 
ionised it gains 
energy, achieving 
escape velocity 
and moving 
out of the stars' 
gravitational pull. 

Bowl
Eventually, the 
dust and gas is 
all blown from 
the region that 
surrounds the 
stars. As this 
happens, it 
leaves behind 
an empty cavity 
that is filled 
with ultraviolet 
radiation.

Bowl
Nebula

The Orion Nebula
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Within the molecular cloud, M42 is home to a host of 
unusual stars and fascinating infant star systems
Although there are a few unrelated 
stars between Earth and the Orion 
Nebula, most of the observable stars 
in that direction actually belong to 
the cluster. The nebula is a stellar 
nursery and is packed with stars 
of varying sizes, and in different 
stages of development. This provides 
astronomers with a wealth of 
knowledge about the process of star 
formation and dynamics.

Inside the nebula
One of the most interesting features 

of the nebula is its array of rare and 
unusual stars. It contains a number of 
hot O- and B-class giants, and also has 
the highest-observed concentration 
of brown dwarfs – stars below 8% 
of solar mass. Also known as ‘failed 
stars’, brown dwarfs are so small that 
they never produce enough heat to 
sustain hydrogen fusion. Brown dwarf 
binaries, where two brown dwarfs orbit 

01

01

02

02

03

one another in a two-star system, have 
also been seen in the Orion Nebula.

Even lighter than the brown 
dwarfs are rogue planets known as 
‘planetars’, which do not orbit a star at 
all. These gas giants are too small to 
burn hydrogen, but they often have a 
surrounding disk of dust, not unlike 
a protoplanetary disk. This indicates 
that they may have formed in a similar 
way to stars. 

There are over 2,000 stars in the 
region surrounding the Trapezium 
cluster – collectively known as the 
Orion Nebula Cluster. A further three 
runaway stars, moving away from 
the nebula at speeds of over 100 
kilometres per second, are thought to 
have been part of this cluster around 
two million years ago.

The intense star formation activity 
at the core of the nebula generated 

1. LL Ori
The star LL Ori produces stellar 
winds that are so strong that it has 
generated a bow shock measuring 
half a light year in width. Here, the 
winds ejected from the star collide 
with the slow gas that is moving 
away from the Trapezium.
2. Orion Bullets 
Huge balls of gas ejected by high-
energy events in the core of the Orion 
Nebula carve out glowing trails of 
excited hydrogen gas as they speed 
through the dust cloud. 
3. New stars
The bright-blue stars in this image are 
newly formed stars. The stars give off 
intense flares of x-rays, allowing them 
to be observed with x-ray telescopes. 
4. Proplyds
Infant star systems appear to be 
forming within the Orion Nebula, 
with dust and gas forming disks that 
surround many of the young stars. 
Dust grains within the disks are 
gradually growing in size and will 
eventually form protoplanets.
5. Shock waves
The arcs and bubbles that swirl 
through the dust and gas that make 
up the Orion Nebula are generated as 
streams of charged particles ejected 
by stars collide with stationary gas.
6. Free-floating planets
The Orion Nebula contains many 
brown dwarfs and rogue planets. 
They are eight times as massive as 
Jupiter, but these low-mass objects 
are too small to burn hydrogen gas.

05
06

Orion's key 
features

04
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“ Star formation at the core of the 
nebula generated Orion Bullets – 
enormous balls of gas”

03

05 06

Orion Bullets which are enormous blue balls 
of gas and iron. Each bullet is ten times the 
size of Pluto’s orbit and travels at speeds of 
hundreds of kilometres per second, leaving 
a trail of shocked hydrogen gas in its wake. 

Many of the stars in the Orion Nebula 
have protoplanetary disks, named proplyds. 
These systems are in the earliest stages of 
star system formation, and infrared imagery 
has shown that the dust grains within some 
of the disks are beginning to aggregate, 
forming planetesimals – the precursors of 
planets. The Solar System is thought to 
have formed in a similar nebulous region 
of space, which has since dispersed, so the 

04

Orion Nebula should be able to provide us 
with clues about our own origins.

The ultraviolet radiation, winds and 
shocks emitted by the massive stars of the 
Trapezium erode nearby protoplanetary 
disks. A fair proportion of the Nebula's 
stellar objects have a comet-like tail of gas 
pointing away from the four massive stars. 
These tails are generated as the material in 
the disk is heated and skewed by ultraviolet 
radiation – as the disks gain energy they 
begin to escape outwards. Many of the disks 
will eventually be blown away, but those 
that survive long enough could go on to 
form planets. 

M42 by 
numbers
Surprising facts and statistics 
about the Orion Nebula

2000

24ly

100,000

300,000

Within 100,000 years, most of the dust and gas will have 
been blown away from the nebula, leaving behind an open 
star cluster.

104

ye
ar

s 
The Orion Nebula 
Cluster contains a 
collection of 2,000 
stars in a group 20 light 
years across.

The brightest stars in the nebula are very 
young, most less than 300,000 years old.

10,000K

x2000

The hottest regions of gas in the nebula 
reach temperatures of 10,000 degrees Kelvin.

The Orion 
Nebula has 

2,000 times 
the mass of 

the Sun.

It took the Hubble 
Space Telescope 104 
Earth orbits to complete 
its most detailed image 
of the Orion Nebula.

The Orion Nebula is 
estimated to measure 24 

light years across at its 
widest point.

The Orion Nebula
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The Orion Nebula is an emission 
nebula. Ionised gasses release light in 
the visible spectrum, which can be 
detected by equipment like the Hubble 
Space Telescope. Hubble is beyond the 
reaches of the Earth’s atmosphere in 
low-Earth orbit, and is able to record 
detailed visible-light images without 
interference from Earth. Hubble’s 
amazing high-resolution images 
enabled the identification of many of 
the proplyds – young stellar systems – 
within the nebula.

Although a lot of information has 
been gathered using visible light, the 
gas that makes up the Orion Nebula 
is mostly impermeable to the visible 
spectrum, shrouding many of the 
features of the nebula in a thick cloak 
of dust.

Infrared light emitted by star-
forming regions within the nebula 

The instruments that capture the 
multi-spectral light emitted by M42's 
many fascinating stellar objects

Imaging 
the nebula

has a longer wavelength than visible 
light and is able to pass through the 
dust. Several infrared telescopes have 
been used to probe the depths of 
Orion. Hubble itself carries an infrared 
instrument called the Near Infrared 
Camera and Multi-Object Spectrometer 
(NICMOS). It is able to see through 
the dust, and by detecting the near 
infrared spectrum, provides heat-maps, 
picking out the hot young stars against 
the cold gas and dust.

Longer infrared wavelengths are 
detected by the European Space 
Agency’s Herschel Space Observatory 
– by observing the far infrared 
end of the spectrum, Herschel can 
detect cooler areas of dust where 
the youngest protostars are forming. 
It has shown that the brightness of 
these young objects is not constant, 
as predicted, but fluctuates as gas is 

The Spitzer Space Telescope captures carbon-
based molecules (orange) and newly formed 
stars (yellow) in among the gas (green)

The instruments on board the Hubble Space 
Telescope captured the Orion Nebula in 
unrivalled detail, revealing over 3,000 stars

The Wide-field Infrared Survey Explorer 
(WISE) captured this huge image, showing 
hot stars (blue) against the cool dust (green)

This image from Hubble’s Wide Field and 
Planetary Camera is in true colour, showing 

the visible light emitted by the nebula

channelled towards the newly forming 
star, casting shadows and indicating 
that star formation is a much more 
chaotic process than first thought.

The Spitzer Space Telescope detects 
wavelengths in the mid-infrared range, 
enabling it to pick out older, hotter 
objects than Herschel. By combining 
images taken by Herschel and Spitzer, 
a picture can be built up to depict the 
stages of early star formation. 

Visible and infrared light are not 
the only forms of electromagnetic 
radiation emitted by the nebula. The 
Chandra X-ray Observatory is able to 
detect the X-rays emitted by objects at 
very high temperatures – our own Sun 
periodically releases x-ray bursts. The 
x-ray emissions from the stars in the 
Orion Nebula are much stronger and 
more frequent, driven by the highly 
energetic new stars. 

Radio waves emitted by normal 
stars are difficult to detect at long 
distances, however young stars within 
the Orion Nebula emit synchrotron 
radiation, enabling radio telescopes 
to peer into the dust. Radio-bright 
stars have been tracked by the VLBA 
telescope array in order to determine 
the distance from the Sun to the 
nebula, and also to follow the motion 
of components of the nebula in space.

Using just part of the 
electromagnetic spectrum only gives a 
partial picture of the dynamics of the 
Orion Nebula, but together they form 
a comprehensive account. The wealth 
of images that have been collected 
by various instruments around the 
globe, and in space, provide one of 
the most detailed resources available 
to astronomers for the study of the 
mechanics of star formation. 

All About The Orion Nebula
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Filters
The telescope can 
view light through 
an array of filters, 
which separate 
the incoming 
electromagnetic 
spectrum by 
wavelength, allowing 
different colours to 
be observed in detail.

Hubble
space 
telescope

Hubble Space 
Telescope

Mission 
Profile

Launch: 24 April 1990
Launch vehicle: Space 
Shuttle Discovery
Mass: 11,110kg (24,500lbs)
Length: 13.2m (43ft)
Orbit type: Low-Earth Orbit
Earliest deorbit date: 2014 
Major discoveries:
Investigating the Orion Nebula 
has been just one of Hubble's 
many objectives. Its major 
missions have included the 
Hubble Deep Field, Ultra-Deep 
Field and Ultra-Deep Field IR, 
which has revealed images of 
space from less than 500 million 
years after the Big Bang.

Advanced Camera 
for Surveys
The primary imaging 
instrument on board the 
Hubble telescope is highly 
sensitive and covers 
the electromagnetic 
spectrum from ultraviolet 
through to visible light.

Near Infrared Camera and 
Multi-Object Spectrometer
Using light from the near-infrared part 
of the spectrum, the NICMOS is able 
to generate images which show the 
temperature of objects in space.

Light shield
The front of the telescope 
has a light shield that blocks 
out stray light, with an 
aperture door covering the 
opening when not in use.

Solar panels
Hubble’s solar panels were 
upgraded by the Space 
Shuttle STS-109 mission in 
2002, making them smaller 
and more efficient.

Primary mirror
The primary mirror, 
made of silica glass 
and coated in pure 

aluminium, is 2.4 metres 
(7.9 feet) across and 

weighs 826 kilograms 
(1,820 pounds).

Wide Field Camera
This camera is the most 
advanced on board the 
telescope. It captures images 
in the visible light spectrum 
and has a large field of view.

©
 N

A
SA

; S
PL

; J
PL

-C
al

te
ch

; R
og

el
io

 B
er

na
l A

nd
re

o;
 S

ay
o 

St
ud

io
/

N
ic

ol
le

 F
ul

le
r; 

ST
Sc

l; A
U

R
A

: O
rio

n 
G

EM
S;

 U
K

IR
T;

 E
SA

; U
CL

A

The Orion Nebula

www.spaceanswers.com 47

http://www.spaceanswers.com


48

On board with 
Virgin Galactic

Why are space planes like Virgin Galactic’s 
SpaceShipTwo so important for the exploration  
of space?
Well I think it’s going after one of the toughest 
problems in space exploration, which is that if you’re 
ultimately going to reduce the cost of getting people 
into space, one needs to demonstrate a routine 
ability to reuse hardware and to fly things over and 
over. [Space travel is] really the only transportation 
mode, whether it’s submarines, ships, cars or planes, 
where we throw everything away every time we fly. 
And until we demonstrate the ability to reuse the 
hardware we’ll never get the cost down to where it’s 
affordable for anybody, whether it’s governments or 
individuals, to be able to fly into space. What we’re 
trying to achieve at Virgin Galactic is the ability 
to fly into these suborbital flights, bring down the 
hardware, turn it around quickly and re-fly it over 
and over again. It’s a necessary first step to prove the 
ultimate economics of space travel.
 
Will the cost of a ticket on SpaceShipTwo 
come down from its current price of $250,000 
(£163,000) in the future?
I’m confident it will. It’s like any new product that 
pushes the boundaries of technology; the first users 
are always going to have to pay a premium as you’re 
accepting a higher risk of developing that technology 
and bringing it to market. But as the product gains 
acceptance over time and demand grows then prices 
will inevitably come down. That is our plan. Our goal 
is to open up the space frontier to anybody who has 
the desire to go there. [SpaceShipTwo] is a second-
generation vehicle for us - the first-generation was 
SpaceShipOne, which was the prototype that proved 
itself. The second-generation is the one we’re now 
making commercial, which will carry six passengers. 
And once we prove this one out we expect to have a 

Interviewed by Jonathan O’Callaghan

Interview Steve Isakowitz
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Steve Isakowitz  
Steve Isakowitz was 

appointed as the President 
of Virgin Galactic in July 
2013, having served as 

both their executive 
vice president and chief 

technology officer. He is an 
aerospace graduate from 

Massachusetts Institute 
of Technology, and has 

previously worked for the 
US government, NASA, 

Lockheed Martin and the 
CIA. He now heads up 

the efforts being made by 
Virgin Galactic to use their 

new fleet of vehicles to 
launch people and cargo 
into space, starting with 
SpaceShipTwo in 2014.

“ The things we’re designing today will 
lend themselves to future spaceships 
that’ll be even better.”

INTERVIEW BIO

We spoke to the President of Virgin Galactic, Steve 
Isakowitz, about the work this pioneering private space 
company is doing and what we can expect in the future

third, fourth and a fifth generation that will continue to 
drive down costs and improve reliability.

Has work on SpaceShipThree begun already?
We’re thinking about it. Right now we’re 95% focused 
on getting [SpaceShipTwo] up and flying and working. 
But we’ve given it some thought. We think about how 
the things we’re designing today will lend themselves to 
future spaceships that’ll be even better.

Now that you’ve done your first powered flight, 
how long will it be until proper suborbital flights?
Well right now we’re in the test phase. We had our 
first powered flight [on 29 April 2013], and we need 
to incrementally increase the altitude and understand 
the envelope from which this spaceship needs to fly 
within. That’s going to take some time. We expect that 
sometime probably in 2014 we hope to get to a point 
where we will have achieved what we need to achieve 
in our test programme so that we can start flying some 
commercial customers. And that’ll be driven by what 
we see in the test programme, and at the same time 
in parallel with that we also seek to get our operating 
licence from the FAA [Federal Aviation Administration]. 
Having those two things in hand will enable us to start 
flying commercially.

What makes SpaceShipTwo unique from other 
space planes currently in production like the 
Dream Chaser and Lynx?
Well first of all it’s important to differentiate between 
those that want to go to orbit and those that are 
suborbital. Today, for those that want to go to orbit 
they’re only being offered essentially for government 
use, because the costs are still rather high. When we 
used to fly the Space Shuttle it literally cost a billion 
dollars every time you flew it. With these newer 
vehicles the costs will come down to a few hundred 
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The WhiteKnightTwo carrier aircraft takes 
SpaceShipTwo into the sky before the latter 
detaches and rockets into space
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million dollars. The only rides you can get today if 
you want to go into space are with the Russians, and 
they’re charging NASA $60 or $70 million a seat. 
So that’s still quite expensive. When you mention 
things like Dream Chaser, that’s an orbital vehicle 
that is being designed really for NASA’s use, although 
I know they have aspirations to fly individuals some 
day. In the suborbital area, because it doesn’t require 
the same high energies of getting to orbit, you can 
come up with a design that doesn't have to be nearly 
as exotic in terms of high temperature materials 
and all that which goes with getting to orbit. And 
consequently we can say that, although not cheap, it’s 
certainly a lot less expensive by orders of magnitude 
by not going to orbit but still getting the opportunity 
to fly into space. So something like the Lynx that you 
mentioned, that’s suborbital, so they’re going to do 
some of what we’re going to do but I think the thing 
that differentiates them from us is that we’re giving 
people the opportunity to unbuckle from their seats 
and float within the cabin and experience both the 
euphoria of zero-g and looking out the windows and 
seeing an incredible view. And plus I think we’re 
offering an overall experience that will make one feel 
as the astronauts would feel in terms of the training 
and the flights and the recovery from that. We think 
we can really replicate what one would feel going up 
to orbit without nearly the cost of having to do so.

Will you have tourist orbital flights eventually?
Yeah, we hope to. I think we aspire to do that. We’re 
very excited about what we’re seeing in the rest of 
the industry. It’s only great news for us when we see 
companies like SpaceX and Orbital Sciences trying 
to do their unmanned missions, I think that’s only 
good news for us because we hope that as these 
technologies are developed and competition grows 
over time that we’ll be in a position one day to start 
flying people into orbit. You know Bob Bigelow 
[President of Bigelow Aerospace] is talking about 
putting up orbital hotels and labs that are privately 
funded. That to me is kind of the stepping stone that 
is needed to ultimately get more than just a handful 
of people that we see today going to orbit, into the 
hundreds and thousands.

Why has no one done what you’re doing before?
In part because you know it is rocket science, it is 
something that to get into the business in the past 
truly did require a government to undertake it. The 
risks were high, it was the kind of venture that 
private companies saw as being too much of a hurdle 
to [invest in]. But I think in the last ten years the 
technologies have become sort of prevalent enough 
that individuals see that there’s an opportunity there 
but it’s still not easy. That’s why you don’t really 
see dozens of companies [doing this] and most 

of these companies are funded by high network 
individuals who sort of see the opportunity, although 
I argue that’s sort of made the early days of how the 
aerospace industry were started in much the same 
way. And I think it’s through demonstrations like 
we saw through SpaceShipOne that where people 
thought this was only the province of governments 
that could do this, someone put out a prize [the X 
Prize foundation for $10m] and lo and behold you 
get smart guys like Burt Rutan who thought of it. He 
comes up with a design called SpaceShipOne and 
I think it kind of changed the view of everybody, 
like holy cow we can do this. And I think [SpaceX 
CEO] Elon Musk and other people sort of followed 
that route. When Elon managed to get a spaceship 
[Dragon] to the space station, again that’s another 
example of people who thought maybe this can be 
done by the private sector. I personally believe in 
terms of flying into low-Earth orbit it is within the 
realm of private investment to achieve that. I think 
going to the Moon and other things, that’s still tough, 
and that’s why you still see governments leading the 
way, although you do hear individuals who are trying 
to reach further out and pursue that.

What is the biggest challenge faced when 
building a space plane?
In terms of getting it built, I think it’s actually a 

Virgin Galactic operates from 
Spaceport America in the 
Jornada del Meurto desert basin 
in New Mexico, United States

”We’re offering an overall experience 
that will make one feel truly as the 

astronauts would feel”
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couple of things. One is what I mentioned earlier, 
the reusability. They are not a lot of examples in the 
space industry of things being reused economically. 
I mean the one big example is the Space Shuttle, 
which was an amazing engineering achievement, 
but holy cow was it expensive. It needed thousands 
of people to not only build it but to operate it. So 
what we’re trying to [build] is something that can 
also achieve reusability, but that does not quite need 
the same ‘army’ [of people] to do it. So just like when 
an aeroplane lands and you check the basics before 
you turn it around, [we’re aiming for these] sort of 
airline-like operations. It’s not exactly an airline, so 
we’re not going to be turning it around in an hour. 
It’s going to take more work, but that’s sort of the 
philosophy of what we’re trying to achieve. And I 
think the second thing is just from a government 
standpoint, this is very new for the government to 
allow [private] entities to operate if you will in space 
flying. So in many ways we are a pathfinder in terms 
of the kind of regulatory process that a government 
needs to go through if you’re going to choose the side 
of commercial operations.

Why did you choose the feathered re-entry 
design for SpaceShipTwo?
This dates back of course to SpaceShipOne and 
Burt Rutan, who’s not only the owner and founder 
of Scaled Composites [the aerospace company 
in a partnership with Virgin Galactic that built 
SpaceShipOne] but really the chief designer and chief 
engineer. He had for years struggled with how to 
practically get something into space and bring it back. 
And one day he just had this epiphany of this motion 
of what he called the feathering, were you bend 
the wing in a way that sort of spreads the load and 
the heat load of the vehicle as it comes back, and it 
automatically puts the vehicle in an inherently stable 
configuration for re-entry. It’s something that’s really 
hard to do for a winged vehicle like ours. But with 
this so-called feathering technique it enables us to do 
it. That for him was the breakthrough that enabled 
SpaceShipOne, and it’s now also been designed for 
SpaceShipTwo.

Is space tourism going to be one of the big 
industries in private space travel in the future?
I think it will. I think it’s certainly what’s needed to 
anchor this new industry. I do think they are going 
to be future applications, like right now we have a 
contract with NASA to actually do research on the 
spaceship to allow principle investigators to fly their 
payloads and be able to do the kinds of things that 
[they would] hope to achieve with longer durations 
on the [International Space Station] but at a fraction 
of the cost and much more accessible. So I think 
even with regards to research and science, and even 
education opportunities, I think it has a terrific 
opportunity to expand. 

Aside from SpaceShipTwo, are you working on 
anything else at the moment?
We’ve announced plans to build a small launch 
vehicle [LauncherOne] to take small satellites into 
orbit as sort of a second product area and I have the 
responsibility for assembling the team and design 
that will enable us to do that. It’s very different; the 

Isakowitz stands with Virgin Galactic’s SpaceShipTwo, 
which can take six passengers and two pilots into space

only thing it has in common with SpaceShipTwo 
is that both that of them will be using the carrier 
aircraft WhiteKnightTwo, but in terms of design 
they’re quite different. [SpaceShipTwo] is going to be 
reusable and it’s going to carry people. [LauncherOne] 
is going to be expendable, so every time we go to 
orbit we’re not bringing it back down so we throw it 
away each time.

Will space planes eventually become the main 
method of travel into space?
I think for a while they [space planes and capsules] 
will be side by side, but as I mentioned earlier the 
true breakthrough in space travel is reusability. 
I think winged vehicles lend themselves to that. 
And again I think there are some novel ideas out 
there. Some people have been trying to vertically 
land a capsule-shaped vehicle, but that requires a 
tremendous amount of energy because you have to 
carry the fuel with you to do that, whereas a winged 
vehicle takes advantage of the atmosphere itself. So 
if you can achieve high flight rates a winged vehicle 
will prove superior over time and is the right way 
to go. Another thing I would add with interest to 
winged vehicles, where we might be in the longer 
term, is point-to-point travel – the idea of flying 
between two very distant cities but at a fraction of 
the time that it takes a commercial airline to do it. I 

think that once we can prove that out on a practical 
approach, to be able to fly from like Tokyo to Los 
Angeles in half or one third of the time it currently 
takes will be a huge industry that one could tap in to 
with some of the very technologies that we’re trying 
to develop.

When could we expect to see something  
like that?
I think we’re a bit far off on that. I’d hope that 
sometime in this decade we will be able to prove out 
some of the very technologies that’ll be important 
for that and then start to build up real interest in the 
industry and actually develop it. I hate to put a date 
on it at this point, but I think it’s something that we 
will certainly see practically in our lifetimes. 

Interview
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Virgin Galactic’s next project is LauncherOne, an 
unmanned rocket launched on WhiteKnightTwo 
that will take payloads into orbit

SpaceShipTwo successfully 
tested its rocket engine for the 

first time on 29 April 2013

Steve Isakowitz, seen here in Seattle, became 
the President of Virgin Galactic in July 2013

http://www.spaceanswers.com
http://MarsScientific.com/ClayCenter


Space kitchen ISS

The many challenges of preparing and eating food on board a space station
The environment of space, and 
particularly its lack of Earth-like 
gravity, provides its own peculiar set 
of challenges and hazards for any 
otherwise-normal terrestrial activity. 
Cooking and eating in space is no 
exception. Whether it’s catering for 
the effect that microgravity has on 
human taste buds or stopping any 
stray crumbs from shorting out 
sensitive electronics, space agencies 
have evolved culinary techniques and 
protocols over the decades, with a little 
help from the astronauts. 

Space food has certainly come a 
long way since Yuri Gagarin squeezed 
meat paste from a tube into his mouth 
on mankind’s debut space flight in 
1961. While nutritional appropriateness, 
ergonomics, weight, shelf-life and 
practicality for eating in a zero-gravity 
environment are prioritized, how 
appetising food is to the crew of 
the ISS is also an important part of 

the ISS crew prepares its meals. Much 
of the food can be eaten straight 
from their packets and all the drinks 
are dehydrated. Coffee, tea, milk 
and juices are rehydrated using a 
valve attached to the station in the 
ISS Service Module, while a similar 
process is employed for rehydrating 
the soups, pastas and other dried 
meals. Despite culinary limitations 
and regulations, astronauts are free to 
combines foodstuffs to their heart's 
content. Expedition 18 ‘Iron Chef’ 
Sandy Magnus was notable in her 
creative combination of everyday ISS 
food items to form tasty dishes. For 
example rehydrated rice, chicken, 
olives, sundried tomatoes, cheese, 
garlic, onions and pesto came together 
to form a tasty Mediterranean dish 
for her ISS ‘Italian night’. Her talents 
with their limited ingredients also 
enabled her to cater for the crew 
around Christmas time. She proved 
that having a good cook on board can 
make a huge difference to morale.    

Space food falls into basic categories 
that include food thermostabilised 
with heat to destroy microorganisms 
that may cause it to spoil, dehydrated 
foods to reduce volume and the 
survival rate of microorganisms, 

every space agency’s food-research 
programme. In general, any food taken 
aboard the ISS should excel in all of 
these criteria, as well as being quick 
and easy to serve, simple to clean up 
and leave little waste behind.

Astronauts have long reported that 
food tastes different in microgravity 
and it’s suspected that this has 
something to do with weight shifting 
to the upper body and the head. Here, 
fluids that would normally pool in the 
lower limbs in Earth gravity disperse 
more evenly, causing tissues in the 
face and upper body to swell slightly. 
This can result in nasal congestion and 
a decrease in the perception of flavour, 
making many foodstuffs taste blander 
than usual to the palate of the average 
astronaut. This is why ISS crews often 
crave spicy sauces and strong flavours 
to liven up their mealtimes.

‘Cooking’ is a somewhat 
euphemistic way of describing how 

Space kitchen ISS

“ A future manned mission to 
Mars and beyond will require 
low-mass, high-quality and 
longer shelf-life foodstuffs”

Expedition Two commander Yury 
Usachev gets to grips with the 

kitchen on board the ISS 

natural form foods such as nuts that 
are already stable, and beverages. This 
doesn’t include beer or carbonised 
drinks, because without gravity the 
gas and liquid in fizzy drinks is unable 
to separate in the stomach, resulting 
in a nasty ‘wet’ burp that is distinctly 
unpleasant in the ISS environment!

The development of food fit for 
space goes beyond feeding astronauts 
and keeping morale high aboard the 
ISS. The Advanced Food Technology 
Project is NASA’s programme for 
researching foods with much longer 
shelf lives than those required aboard 
the ISS, for missions lasting several 
years where a resupply from Earth 
is impossible. A future manned 
mission to Mars and beyond will 
require low-mass, high-quality and 
longer shelf-life foodstuffs. Part of a 
long-mission duration astronaut’s diet 
will also be harvested from plants 
in a hydroponics bay aboard the 
spacecraft. While food research and 
technologies for space exploration are 
far more sophisticated today, the basic 
challenges of feeding the crew on a 
year-long mission to a distant world 
are pretty much the same as those 
faced by Christopher Columbus, over 
500 years ago. 
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Cooking and 
eating utensils

1. Dodgy dinners
Early NASA missions, Mercury 
and Gemini (1961-1966), 
weren’t known as a high point 
in culinary exploits
2. Take out
A Russian ISS resupply vehicle 
is prepared, with a cargo that 
includes three tons of food
3. Kitchen cupboard 
Space is at a premium on 
board the ISS, so food must be 
packed efficiently 
4. Space feast
A resupply brings the ISS 
Expedition 28 crew together: 
good food is vital for morale on 
long missions
5. Fresh supplies
An amount of fresh fruit comes 
with every ISS resupply, which 
is eaten quickly before it spoils

01

02

03

04

05

Rehydration point
Microgravity 
means water must 
be supplied via a 
one-way valve for 
hydrating dried foods 
and diluting drinks.

The hob
Individual switches 

control elements 
within the tray, for 

heating prepackaged 
food and beverages.

Shelf-life
Food can be stored in 

hermetically sealed 
tins, tubes and 

packets but all must 
be easily opened, 

clean and efficient.

Space tray
Aboard the first 
space station Skylab, 
astronauts had 
individual food trays, 
as opposed to the 
ISS Service Module’s 
communal table. 
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FutureTech Europa drill
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Geysers
Geysers on the surface of 
Europa could hint at what lies 
below the surface, if they are 
connected through the ice.

Europa drill
What lies under Europa’s ice? Astronomers have been 
asking themselves that question for decades, ever since 
two NASA Voyager spacecraft swung by the Jovian 
moon in 1979 and imaged the icy surface

A compact drill
This proposed drill would be only 1.5m 

(5ft) long, making it easy to fit into a 
spacecraft and light enough to take the 
long voyage to Jupiter’s moon system.

Digging in
Getting through the ice could 
require heat, vigorous drilling, 
or a bit of both, depending on 
the design of the drill.

Mystery ocean
One major expectation of many scientists 

is that an ocean lies below the surface of 
Europa’s ice. It’s unclear what the ocean is 

made of, and what lies within.

http://www.spaceanswers.com
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Europa drill

If there’s water or some similar liquid under the 
surface, it’s possible that Europa could host life. It 
would most likely be microbial life, something that 
is suited to living in cold temperatures. But we can’t 
know for sure without drilling.

The American movie Europa Report (released this 
summer) explored this possibility in detail, when the 
crew needed to drill several kilometres into the ice. 
However, it would take quite a robust drill to make it 
that far. How best to design it?

There’s no current mission on the books to reach 
Europa’s surface, but that’s not to say there aren’t 
proposals out there. 

A few years ago, representatives from New 
York City-based Honeybee Robotics proposed an 
Inchworm Deep Drilling System (IDDS) that could 
potentially handle the kilometres of ice between the 
spacecraft and the water below.

In papers presented as part of a Lunar and 
Planetary Institute workshop on Europa exploration, 
the drill was showcased as a way to head deeper 
than one kilometre (0.62 miles) without the need of 
a tether or other securing system.

“Once deployed by a lander on the surface, the 
IDDS autonomously drills into the ground under its 
own power,” the paper stated. 

“The inchworm motion of the device’s two 
segments both walks it forward and provides the 
thrust necessary for drilling. Feet on each segment 
grip the walls of the hole. Flights along the body 
pass cuttings to the rear.”

The drill, which would likely take weeks to 
make the plunge, would do observations of the 
surrounding environment once it arrives on Europa. 
It could even return to the surface when it was 
finished, since the ‘burrowing method’ doesn’t need 
gravity, Honeybee Robotics stated.

At one time, NASA and the European Space 
Agency were considering leading a joint mission 
called the Europa Jupiter System Mission, that could 
have included a Russian lander, to head through 
the ice. With the mission proposed to cost billions 
of dollars, the project was eventually shelved when 
NASA ran into budgetary concerns. It did, however, 
bring public attention to another drill that could be 
used on the Jovian moon.

This drill would have heated up the ice to melt it, 
with rotating drill blades disposing of any debris as 
it buried deeper into the ice. In this case, however, 
NASA only planned to go about ten metres (33 feet) 
into the surface of the moon “because of the current 
state of technology”. The drill would have required 
a cable, which could only be so long based on what 
the probe was able to carry.

Scientists eager to explore Europa could also take 
inspiration from Russian drills that were used to 
plumb beneath the icy surface covering Lake Vostok 
in Antarctica in 2012. It’s possible that the expedition 
could provide clues for bacteria in the lake that has 
been separated from the outside world for millennia 
– similar to hypotheses about Europa.

Whatever form the drill takes, it’s going to need to 
hitch a ride to Europa somehow. 

Perhaps findings from the upcoming Jupiter Icy 
Moons Explorer, which launches around 2022, will 
provide the push for a space agency or two to make 
the long voyage to the surface. 

55

A small window
The modest 15cm (6in) opening 
that the drill provides is enough 
to get the machine through, 
and also provides a minimum of 
debris that must be flung aside 
to burrow deeper.
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Jupiter radiation
The planet Jupiter is 
close to Europa and 
could make for a tricky 
radiation environment 
on the surface. Radiation 
could short out unshielded 
electronics, for example.

On thin ice
Scientists aren’t sure how thick 
the ice is, meaning that it could 
be perilously thin in places. The 
safety of any drill will need to be 
confirmed before penetrating.

This 'Cryobot' prototype has already been 
tested in Antarctica, melting through ice 
sheets nearly 4km (2.5 miles) deep
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Focus on Diamond-squashing cluster
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The crushing truth of neutron stars revealed to 
scientists by the galaxy’s biggest cluster
At 120 light years in diameter and about 15,000 light 
years from Earth, 47 Tucanae (or NGC 104) is visible with 
the naked eye from Earth’s southern hemisphere: in clear 
skies and with low light pollution, from the bright core to 
its diffuse outer edges it’s roughly the same size as the full 
Moon. As one of the largest globular clusters in the Milky 
Way, it contains millions of stars across the spectrum of 
stellar evolution. The most massive stars burn fiercely at 
its centre, including many stars known as blue stragglers. 
These are anomalous main-sequence stars several times 
more massive than expected for the stage of evolution 
within the cluster, each forming either out of two merging 
stars or as a star captured by the cluster. 47 Tucanae is 
also home to over 20 known millisecond pulsars, a type of 
rapidly spinning star that has a rotational period of one to 
ten milliseconds, whose precise origin is still unknown. 

Diamond-
squashing 
cluster

A particular source of X-ray emissions from 47 Tucanae 
is of some scientific interest. NASA’s Chandra and RXTE 
(Rossi X-ray Timing Explorer), as well as the ESA’s X-MM 
Newton have observed a neutron star in a system called 
X7 gradually stripping away gas from its companion 
star, which has a mass many times less than the Sun. 
By measuring the X-ray emissions at different energies 
from this interaction, the three telescopes have been able 
to provide scientists with enough data to calculate the 
surface area of the neutron star. In turn, they have been 
able to use this information to determine the immense 
forces at work in X7. It’s now known that the core of a 
neutron star is eight times denser than nuclear matter 
found in Earth-like conditions: that’s a pressure over 10 
trillion trillion times that required to turn carbon into 
diamonds inside the Earth. 

http://www.spaceanswers.com
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Vostok 1

Strapped to a Vostok 8K72K launch vehicle, spacecraft 
Vostok 1 made history as it launched the first man, Yuri 
Gagarin, into space

Vostok 1 and the 
first man in space

It was a clear day on 12 April 1961 as 
soon-to-be cosmonaut, Soviet pilot 
Yuri Gagarin stepped out to board the 
vessel that would make him the first 
person to not just pass the boundaries 
of our atmosphere into space but to 
also the first to orbit the Earth. The 
spacecraft that would make this a 
reality? Vostok 1 – a 4,725kg spacecraft 
that would mark the beginning of 
the Vostok programme; a fleet of six 
manned spacecraft that would launch 
humans into space.

Before climbing through the hatch 
of Vostok 1 at the world’s first and 
largest operational space launch 
facility, the Baikonur Cosmodrome 
in Kazakhstan, Gagarin would have 
just been about to board the most 
basic manned spacecraft possible. 
The fruits of labour from a team of 
scientists and engineers led by the 
Soviet Union’s pioneering aerospace 
engineer, Sergei Korolev, Vostok 
1 consisted of two modules. The 
manned module in which Gagarin 
sat during his history-making 
flight consisted of a spherical cabin 
concealed with a shielding material 
that would withstand the intense heat 
as the spacecraft tumbled through our 
planet’s atmosphere on re-entry after 
its single orbit around Earth. Three 
small portholes dotted around the 
cabin would afford the cosmonaut a 
look at the Earth or to peer into the 
realms of space during spaceflight 
while external radio antennas, 
protruding from Vostok, 1 would 
keep Gagarin in contact with mission 
control. Attached to his cabin by 
metal straps was a module carrying 
chemical batteries, small altitude 
control thrusters for orientating the 
spacecraft and the main retro system 
to brake the spacecraft out of orbit. 
Bottles of high-pressure nitrogen and 
oxygen that would make the air that 
Gagarin would breathe ringed the 

outer edge of the craft between both 
of the modules.

After a series of tests and checks, 
the voice of mission control 
crackled over the radio at 9:07am 
Moscow time. “Preliminary stage… 
intermediate… main… Lift off! We 
wish you a good flight. Everything is 
all right.”

“Let’s go!” Gagarin replied, before 
lifting from the ground. The four 
booster sections of the Vostok rocket 
exhausted their propellant and fell 
away from the core vehicle. Some 
five minutes into flight, the craft’s 
rocket core stage had also used up 
its propellant, switched itself off and 
tumbled back down to Earth, leaving 
Vostok 1 to propel itself into orbit

During his final push into 
Earth’s orbit, Gagarin lost radio 
communications with the Baikonur 
Ground Station and it wasn’t until 
25 minutes after launch that mission 
control were aware of the news: 
Vostok 1 had made it.

Watching the Earth through the 
window at his feet, Gagarin passed 
over Siberia before embarking on 
a diagonal crossing of the Pacific 
Ocean. Inside his module, he was 
surrounded by manual controls that 
had been locked and were controlled 
by ground personnel. This was due 
to concerns of any adverse reaction 
he may have had brought about by 
weightlessness. However, using the 
control panel in his cockpit, Gagarin 

was able to keep up-to-date of his 
immediate conditions. “The lights are 
on on the descent mode monitor,” he 
radioed. “I’m feeling fine, and I’m in 
good spirits. Cockpit parameters [are] 
pressure 1; humidity 65; temperature 
20; pressure in the compartment 1… 
pressure in the retro-rocket system 
320 atmospheres…”

In and out of communication 
with ground control, Gagarin passed 
over the South Pacific Ocean before 
crossing the tip of South America 
leading him to the breathtaking sight 
of the Sun rising as Vostok 1 entered 
daylight over the South Atlantic. 
The spacecraft, at this point, was 15 
minutes from re-entry with Vostok 
1’s automatic systems bringing it to a 
required altitude.

Falling through the Earth’s 
atmosphere, Gagarin was able to put 
his ejectable seat into action around 
7,000 metres above the ground 
and, with a release of the hatch, 
the cosmonaut was thrust from the 
spacecraft where both he and Vostok 
1 deployed their parachutes, drifting 
safely to the ground.

Ten minutes later he landed in his 
bright orange suit and gigantic white 
helmet, baffling a farmer and her 
daughter who were about to run away 
in fear. “Don’t be afraid,” he reasoned. 
“I am a Soviet like you, who has 
descended from space and I must find 
a telephone to call Moscow!” 

Slowing down
At around 2,500 
metres, Vostok 1’s 
chute is deployed 
to slow the craft 
down for landing.

A safe landing
Ten minutes after being ejected, 

the cosmonaut lands safely.

Preparing for re-entry
Commands are sent for the instrument 
module to separate around ten 
minutes before Vostok 1's re-entry into 
the Earth’s atmosphere.

Ejection
Around 20 minutes 
after re-entry, the 
cosmonaut ejects 
from Vostok 1, a 
short two seconds 
later after the 
jettison hatch at 
around 7,000 
metres altitude.

Vostok 1 
flight

Launch
The take-off aboard the 

Vostok-K rocket to the 
landing of Vostok 1 took 

just 108 minutes.
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Inside 
Vostok 1

A selection of monitors
A combination of instruments 

allowed the pressure, temperature 
and position to be monitored.

Antennas
Providing a means 
of communication 

between ground 
control and 

Gagarin, external 
antennas meant 
that the lines of 
communication 

were open (when 
possible) via radio.

Air supply
Oxygen and nitrogen 
which provided 
Gagarin's air were 
contained in these 
spherical tanks.

Instrument 
Module
Vostok 1's suite of 
instruments was 
jettisoned prior 
to atmospheric 
re-entry.

Ejected to safety
An ejector seat, which 

catapulted Gagarin to safety 
on re-entry before drifting 

down to the ground by 
parachute, was located 

behind this entry hatch.
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Windows to space
Three circular windows, 

known as portholes, 
allowed Gagarin to peer at 
our planet and into space.

The control panel of the Vostok 1 spacecraft that was manned 
by 27-year old Yuri Gagarin. He was able to learn information 
about the temperature, pressure and humidity around him

http://www.spaceanswers.com


Sending humans to the largest planet in our Solar System 
might sound like something plucked from the annals of 
science fiction, but if the experts are to be believed it’s a 
goal that could be achieved this century
Written by Jonathan O’Callaghan

JUPITER
Mission to
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“ I believe it’s part 
of our destiny 
to explore and 
expand the 
sphere of human 
influence into the 
Solar System”
Patrick Troutman 

Exploration of Jupiter 

Patrick Troutman and his team are 
pictured here out in the Arizona desert 
working on exploration architectures

1973 – Pioneer 10
The first 
spacecraft 
ever to visit 
Jupiter was 
Pioneer 10, 
which passed 

the gas giant on its way out of 
the Solar System.

1979 – Voyager 1
On its journey 
to the edge 
of the Solar 
System, 
Voyager 1 
returned the 

first detailed images of Jupiter 
and its moons.

1995 – Galileo
On 8 
December 
1995 Galileo 
became 
the first 
spacecraft to 

orbit Jupiter, and it also sent a 
separate probe into the planet.

2006 – Juno
Launched 
in 2006, 
the solar-
powered Juno 
spacecraft is 
NASA’s latest 

mission to Jupiter. It will arrive 
at the planet in July 2016. 

2022 – JUICE
This ESA 
proposal 
will study 
Ganymede, 
Callisto and 
Europa, and 

might also include a Russian 
Europa lander.

”It’s my job to make sure Star Trek 
happens.” At first we’re sure Patrick 
Troutman is joking. He’s the human 
exploration strategic analysis lead at 
NASA’s Langley Research Center, a 
subset of America’s national space 
agency responsible for researching the 
technologies required to send humans 
into the unknown. And we’re not just 
talking Mars; Troutman and his team 
assess the possibilities of manned 
missions to Jupiter, Saturn and even 
beyond the Solar System. But the 
more we talk, the more we realise 
that Troutman is serious. Deep space 
missions to destinations like Jupiter, 
while not quite possible with modern 
technologies, can be enabled by 
developments in just a few key areas.

Troutman’s ideas sound like the 
stuff solely reserved for science fiction. 
A fusion-powered ship destined for 

the Jovian system; a proposal to land 
a crew on Jupiter’s moons; human 
interstellar travel. But for all its fanciful 
connotations, Troutman’s work is 
anything but fiction. His goal has 
been to analyse the possibility of such 
missions becoming feasible in the 
future, and on the subject of a manned 
mission to Jupiter at least, things are 
not as far-fetched as they might seem. 
“If we get a breakthrough in energy 
production where I can produce 100 
megawatts in the palm of my hand, 
then we’ll have little sports cars that 
we can send out to Jupiter,” Troutman 
says. It’s comments like these that 
make us think that, despite all the 
obvious hurdles, things we usually 
associate only with science fiction 
could one day become science fact.

We’re sure most of you have seen 
Stanley Kubrick’s groundbreaking 

film 2001: A Space Odyssey, but for 
those not in the know it sees two 
intrepid explorers set out for Jupiter 
in search of a mysterious obelisk in a 
futuristic spaceship that, at the time 
of the film’s release in 1968, preceded 
even the Apollo missions to the 

Moon’s surface. Kubrick was at pains 
to ensure that the ship itself, from its 
propulsion system to its elongated 
shape, mimicked the expected reality 
of a deep space mission as closely as 
possible. As it turns out, even half a 
century later, he was not that far wide 

Mission to Jupiter
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2 Uncover 
Jupiter’s 

secrets
There is still a lot we don’t know about 

Jupiter. Much of its interior remains a 
mystery, while some of its notable features 

such as the Great Red Spot, a storm that 
has been raging for hundreds of years, 

are not fully understood. Humans could 
study the planet close-up like never before 

to help uncover some of its secrets.

3 Explore the 
icy moons

Jupiter is like a mini Solar System, and 
in turn each of the moons like a minor 

planet. Three of the four Galilean moons 
– Europa, Ganymede and Callisto – are 

icy, and are thought to harbour 
liquid oceans beneath their 

surface. Landing humans on 
the moons would enable us 

to study them in a whole 
new light.

4 Advance 
human space 

exploration
As Patrick Troutman points out, humanity will 

at some stage in the near or far future have 
to vacate Earth. Developing and testing the 

technology required for deep space exploration 
to the outer planets now could enable us 

to perform missions even further, perhaps 
beyond the Solar System, in the future.

1 Develop new 
technologies
By setting the ultimate goal of getting 
humans to Jupiter, it will require us 
to research and develop new forms of 
propulsion, and other technologies, that do 
not exist today. Even if the Jupiter mission 
doesn’t happen, the research may spur the 
invention of new innovative technologies 
useful not only for space exploration but 
also everyday life. 

reasons 
to go to 
Jupiter5

What do we have to gain from 
exploring the Jovian system?

5 Because 
we can
Humanity now has the 
intellectual capability to explore 
and understand the universe 
like no species that has ever 
preceded us on Earth. We 
should be looking to study and 
explore the cosmos at every 
opportunity, and a manned 
mission to Jupiter is a vital 
stepping stone in that journey.
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Journey 
to Jupiter 

6 Callisto
Of Jupiter’s four Galilean moons 
Callisto is the furthest from the 
gas giant so it receives the least 
amount of radiation, making this 
the safest mission for the crew.5 Arrival at Jupiter

The spacecraft would be able 
to visit one of Ganymede or 
Callisto (here we’ve chosen 
the latter), but not both. Once 
arriving at Jupiter, it would 
manoeuvre into orbit around 
the chosen moon.

  

1 Lunar flight test
The spacecraft would first fly to the 
Moon in 3.4 days to allow six crew 
members to flight test the lander 
modules and the spacecraft itself.

3 Reusable
The spacecraft is 

designed to be 
reusable, with 
a crew of four 
launching and 

rendezvousing 
with it in orbit after 

the lunar mission 
to embark on the 

journey to Jupiter.

2 Parking orbit
After completing lunar 
operations the spacecraft 
returns to Earth and remains 
in orbit, with the crew 
returning to Earth in the 
re-entry module.

4 Trans-Jupiter Injection
The spacecraft uses its nuclear 
thermal rocket engines to travel 
to Jupiter, dropping used fuel 
tanks on the way, with the 
journey lasting one year and 
nine months.

7 Landing
Once in orbit around Callisto the 
four crew members take turns, 
in teams of two, to spend 30 
days each on the surface of the 
moon in a lander module.

8 Return to Earth
After six months in the Jovian 

system the spacecraft would 
depart for Earth, with the 

journey again taking one year 
and nine months.

9 Approach
The spacecraft would not have 

enough fuel to return to Earth orbit, 
and therefore would instead release 

the re-entry module containing 
the crew at a distance of 

800,000km (500,000mi).

10 Disposal
While the crew returns 
safely to Earth, there is 

no further use for the 
main spacecraft and so 
it is left in a large solar 

orbit to prevent a 
possible impact 
with our planet.

6 months

6 months

This diagram shows how Mike Benton's 
proposed mission to Jupiter would work
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of the mark. ”Stanley Kubrick’s Space 
Odyssey ships are basic things that 
[inspire] a spacecraft configuration 
[designed for] people on long voyages,” 
says Troutman. “Whatever we have 
in the future I think will look like 
[Kubrick’s ships] in some way, it will be 
of that size and scope.”

A 2009 paper written by Boeing’s 
Mark Benton titled ‘Crew Exploration 
Lander for Ganymede, Callisto and 
Earth’s Moon’ lends itself heavily to 
a Kubrick-style spaceship. Benton 
conducted a highly detailed analysis of 
the various components, technologies 
and equipment that would be needed 
to send humans to Jupiter and land on 
Ganymede or Callisto, and thanks to 
his attention to detail we’ve been able 
to illustrate some of his designs in the 
artwork throughout this feature.

For a mission to Jupiter Benton 
envisioned a long ship, which he calls 
Spaceship Discovery (a throwback 

The 
Galilean 
moons
Io
With hundreds 
of active 
volcanoes Io 
is the most 
geologically 
active body 
in the Solar 
System. This 
is because it is 
the closest of the 
four Galilean moons to 
Jupiter, so it gets pulled around by 
the gravity of the giant planet and 
experiences tidal heating.

Europa
This icy 
moon is the 
smallest of 
the Galilean 
moons and 
one of the 
smoothest 
objects in the 
Solar System, 
although its surface is littered with 
cracks that could be the evidence 
of a subsurface ocean, which in turn 
might play host to some form of 
microbial life.

Ganymede
Ganymede is 
the largest 
moon in 
the Solar 
System, 
larger even 
than Mercury, 
and like Europa 
it's possible that it 
may harbour an ocean 
beneath its icy surface. It also has a 
thin oxygen atmosphere, with some 
observations suggesting it has an 
ozone layer like Earth.

Callisto
This barren 
moon is the 
most heavily 
cratered 
body in the 
Solar System 
and it is the 
furthest of the 
four Galilean moons 
from Jupiter, meaning it is exposed 
to the least amount of radiation and 
therefore is a prime candidate for a 
future manned mission.

to the Discovery One ship in 2001: 
A Space Odyssey) composed mostly 
of propellant tanks, sandwiched 
between a nuclear thermal rocket and 
a crew habitation module containing 
everything from an artificial gravity 
centrifuge to multiple landing craft. 
Benton’s ship would traverse the 
Jovian system, sending two-person 
crews to the moons of Ganymede 
and Callisto. “[This design] is based 
on reliable and proven technology,” 
Benton wrote in his paper, stressing 
that “safety and redundancy” should 
be at the forefront of any such mission. 
Indeed, his paper includes a number 
of features, such as abort mechanisms 
during a landing on one of Jupiter’s 
moons and rescue scenarios to recover 
a stranded crew, which would prevent 
any casualties occurring.

It is Troutman’s job to ensure 
that visions such as this eventually 
see the light of day. His team has 

Patrick Troutman suggests that some sort 
of fusion-powered spacecraft could be 
used to send humans to Jupiter

been responsible for some of the 
groundwork on NASA’s upcoming 
Orion spacecraft, in addition to the 
cancelled Constellation programme, 
but while those projects tentatively 
opened the door to expanding the 
human presence beyond Earth it is the 
proposals to send missions to other 
planets that bust the door wide open.

“Some day, whether it’s through an 
asteroid impacting the Earth or the 
Sun turning into a red giant, we’re 
going to have to get off this planet,” 
says Troutman. “Of course that’s 
thousands of millions of years off 
to ten years off, depending on who 
you talk to, but we’re never going to 
get there unless we start [planning]. 
For us to survive as a species we 
have to be a multi-planet, multi-star 
system species. I believe it’s part of 
our destiny to explore and expand the 
sphere of human influence into the 
Solar System.”

Mission to Jupiter
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Engines
A spacecraft travelling to Jupiter would 
need an advanced form of propulsion, 
such as nuclear thermal or targeted 
fusion, in order to keep the duration 
below six years and therefore keep the 
crew safe from harmful radiation.

Drop tanks
Expendable tanks mounted around 
the spacecraft would be dropped 
throughout the journey once their 
fuel is exhausted.

Surface operations
Two crew members would remain 
in the crew module during surface 

operations while the other two crew 
members explore the moons.

Mission
The spacecraft 
is designed for 

a preliminary 
mission to 

Earth’s Moon, 
where the crew 

can test the 
landers, before 

being reused 
for a mission to 

either Ganymede 
or Callisto.

The spacecraft

 For all the public attention that 
proposed missions to Mars garner, it 
will ultimately fall upon the shoulders 
of our descendants to take humans to 
new destinations in the Solar System 
and beyond, and once Mars has been 
reached the obvious port of call is 
Jupiter. “If you look into a lot of the 
NASA mantra, Mars is the ultimate 
destination,” continues Troutman. 
“That comes and goes; sometimes it’s 
Mars, sometimes it’s the Moon.” But 
while NASA tos-and-fros over its true 
direction, Troutman and his team have 
quietly put together a sound strategy 
for an eventual mission to Jupiter. “As 
a destination it looks within reach 
given stretches in technologies,” 
Troutman points out.

Joseph Shoer, a spacecraft guidance 
and control engineer for a major 
commercial spacecraft company who 
drew up his own proposal for an 
unmanned Europa lander mission, is 
quick to agree. “There’s a lot of extra 
technical challenges that come with 

a manned mission, but you do gain 
something for that,” he says. “[If you] 
compare the amount of work, say, one 
of the Mars rovers can accomplish and 
the amount of work a human geologist 
can accomplish, then the human blows 
the robot away. If you send people 
you get this additional understanding, 
you get this ability to solve complex 
problems in a way that a robot can’t.”

Before we get too excited about a 
human being setting foot on worlds 
in the outer Solar System, we should 
point out that experts including 
Troutman and Shoer are well aware 
of some of the challenges of sending 
humans to Jupiter. It’s a daunting 
prospect that not only requires 
significant financial investment 
but also considerable advances in 
technology. “The downside of sending 
people is that you have to deal with 
all the needs people have,” explains 
Shoer. “You have to provide food, you 
have to shield them from radiation, 
things like that. And going to Jupiter is 

Callisto is a prime candidate for 
exploration as it is exposed to less 
radiation than the other moons
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The Spaceship Discovery, as proposed 
by Mike Benton, is illustrated here

Core tanks
Tanks full of liquid hydrogen propellant 
would be used as fuel for the power-
hungry engines, with the fuel stored 
within a cryogenic system to ensure its 
efficiency throughout the mission.

Service module
Here the crew would store 
cargo and supplies to be used 
during the mission. They will not 
have the luxury of supply ships 
replenishing their stock, so they 
must take everything they need 
with them.

Centrifuge
The ship would rotate 
along its axis from 
the front to the back 
to provide artificial 
gravity similar to that 
on Earth within the 
crew module.

Crew module
This spacecraft would support 

a crew of four on a four-year 
return mission to Jupiter. The 
crew module contains all the 

amenities needed by the crew.

Landers
Three landing 

vehicles are docked 
to the spacecraft. 

The two sets of 
two crew members 

would each spend 
30 days on the 

surface of a moon 
in a lander, with the 

third being reserved 
if a rescue is needed. 

Re-entry module
When the spacecraft arrives 

back at Earth, the four-person 
crew returns to Earth in the 

re-entry module, leaving the 
main spacecraft in an orbit 

around the Sun.

“ If you send people you get 
this ability to solve complex 
problems in a way that a 
robot can’t”
Joseph Shoer

a really long trip; this might be a full 
career for an astronaut.”

While the good news is that 
humanity is almost capable of 
mounting an expedition to Jupiter, 
the bad news is that you might not 
be around to see it. “Technology 
wise I think [the next 50 years] is 
possible,” says Shoer. “We’ve got all 
the disparate technologies, we just 
haven’t necessarily proven them all 
together, but I think once we know 
what has to happen in principle then 
it’s just a matter of implementation.”

To work out just how achievable 
such a goal might be, Troutman 

conducted a study in 2003 with 
Kristen Bethke from Princeton 
University titled ‘Revolutionary 
Concepts for Human Outer Planet 
Exploration (HOPE)’. In it, the two 
proposed a mission, namely one to 
Jupiter, that would require significant 
technological advancements and set 
NASA a stretch goal that they could 
have on the back burner, ready and 
waiting to be completed once the 
appropriate technology and financial 
means were available. 

To get humans to Jupiter Troutman 
and Bethke concluded we would need 
significant developments in key areas 

of technology. Not since 1972 have we 
ventured beyond low Earth orbit, and 
while astronauts have lived on the 
ISS for over a decade testing, among 
other things, how humans cope 
with prolonged time in space, it has 
not provided us the opportunity to 
design new spacecraft and propulsion 
systems as we simply haven’t had the 
need for it. Even the Moon and Mars 
can be reached with “the limits of 
today’s technology,” says Troutman.
To truly enable us to become a space-
faring species, setting Jupiter as a 
stretch goal will allow us to begin 
researching advanced technologies. 

“The two big hurdles are advanced 
propulsion and making sure crews 
can survive for long durations away 
from Earth,” Troutman explains. 
“When you start talking about the 
Jovian system and the combination 
with exposure to radiation, we cap 
the missions at five to six years to 
drive the propulsion up. So now you’re 
getting to the point where we’re going 
from traditional chemical and nuclear 
thermal rockets to high specific 
impulse electric propulsion, and we’re 
talking megawatts of power.”

In his study, Troutman looked 
at a number of different methods 
to carry out a mission to Jupiter in 
a suitable time frame. ”One of our 
options was magnetised fusion, or 
targeted fusion, and that was basically 
a deuterium beam imploded by lasers 
for a fusion reaction that pushed the 
spacecraft,” says Troutman. “That had 
a really high specific impulse, and 
we could do a mission to Callisto in 
two years with that system. If you 
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Surface operations
A ladder extends from an 
airlock to the surface that 
enables the crew to don 
spacesuits and perform 
operations on the moon.

Landing 
on Callisto

” If we had 
unlimited 
investment 
we could 
have people 
walking on 
the surface 
of Callisto in 
under 
30 years”
Patrick Troutman

took that same system and applied 
it to Mars, you’re doing Mars and 
back in three months!” The other 
hurdle to overcome is Jupiter’s intense 
radiation environment. Although the 
exact effects of sending a human to 
the vicinity of Jupiter are not fully 
understood, it is generally agreed 
in the scientific community that 
the radiation emitted by Jupiter, in 
addition to the absence of a protective 
magnetosphere like that around 
Earth, would pose significant health 
problems for prospective astronauts. 
“We still haven’t solved that problem,” 
agrees Troutman, “so that’s why we 
need to get some folks out in deep 
space beyond low Earth orbit and 
build up an experience base there.” 
One proposed solution has been to 
encase one area of the ship’s habitat 
in a layer of water, which does an 
excellent job of stopping radiation 
passing through. During periods 
when the spacecraft passes through 
an area of more intense radiation, 
the crew could move into this safe 
area to alleviate the damaging effects 
radiation is known to cause.

The arguments for carrying out a 
manned mission to Jupiter are varied 
and numerous. Aside from continuing 
the human exploration of the Solar 
System, the Jovian system itself is a 
fascinating place full of secrets just 
waiting to be discovered. “It’s like a 
mini Solar System with its own cold 
Sun and a bunch of minor planets 
floating around it,” says Troutman. 
And it is these ‘minor planets’, or 
moons, that are of most interest. 
Europa is thought to harbour an ocean 
containing more water than there is 
on Earth beneath its surface, where 
there is a “great opportunity for life” to 
exist. Other moons such as Ganymede 
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Spaceship Discovery would carry several 
landers that could explore Jupiter's moons

Lander
The lander module can 
house three astronauts, 
but only two are used 
for a mission. If a 
rescue is needed then 
a third astronaut can 
rescue the other two in 
a separate lander.

Descent stage
Tanks of liquid hydrogen and 

liquid oxygen provide fuel for 
the thrusters as the lander 

descends to the surface.

Habitat
The habitat contains utilities 

like hygiene facilities and beds 
for the crew to use. It is also 

pressurised, so they don’t need 
to wear spacesuits when inside.

Roving
The lander module 
would be equipped 
with four wheels 
that would enable it 
to move about 1km 
(0.62mi) every day 
on the surface.

Ascent stage
The ascent stage returns 
the crew to the orbiting 
spacecraft after 30 days, 
but it can also return them 
at any point in the mission, 
even during descent, if 
there is a problem.

Cargo
The cargo bay has a capacity 

for 500kg (1,100lb) of payload 
including exploration equipment 

and scientific experiments.

Shielding
The crew cabin is 
encased in water to 
protect the astronauts 
from Jupiter’s intense 
radiation environment.
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From left to right: Dale Arney, 
Patrick Troutman and Sharon 
Jefferies at NASA

and Callisto are “giant snowballs” and 
it is this abundance of water, whether 
it's frozen or not, that makes Jupiter 
such an attractive destination. “Water 
is what we need to drink, it’s what we 
need for oxygen to breathe, and you 
can make great rocket propellant out 
of it. So given that there’s plenty of 
water, given that it’s the next closest 
major ‘planet cluster’, given there’s an 
opportunity for life out there, then 
why wouldn’t [Jupiter] be a good place 
to send humans?”

Of course, apart from the scientific 
knowledge that could be gleaned 
from such a mission, the survival 
of the human species in the case 
of impending Armageddon would 
rally the globe like never before. “If 
we detected a killer asteroid that 
was going to wipe out the Earth, I 
do believe that if we combined the 
resources of Earth with political will 
we could come up with a solution in 
five years to save the planet,” says 
Troutman. “However, there is no 
such desire or need or urgency with 
respect to sending humans out into 
the great beyond [right now].” Without 
such an impending event, and instead 
just with unlimited funds, Troutman 
thinks “we could have people 
walking on the surface of Callisto 
and submarines in Jupiter in under 
30 years. In a realistic world, it’ll be 
the end of the century before we do 
something like that, unless there is a 
huge breakthrough in technology or 
physics that we are about to discover.”

To paraphrase John F Kennedy, 
we do these things not because they 
are easy, but because they are hard. 
Fifty years ago the suggestion that 
humans could be sent to Jupiter 
would be scoffed at; now it’s met with 
cautious interest. For while we are yet 
to explore some closer destinations, 
including asteroids and Mars, there’s 
little doubt that the Jovian system is 
one of the most intriguing places in 
the Solar System. Sure, it’s unlikely 
we’ll see humans venture there in 
the next 10, 20 or even 30 years 
but it’s comforting to know that a 
manned mission to Jupiter is not only 
plausible, it’s downright achievable, 
albeit with a ton of money and a 
truckload of ingenuity. Nonetheless, 
once humans have set foot on Mars 
and the public grows weary with more 
missions to the Red Planet, we’ll be 
safe in the knowledge that NASA and 
other agencies will have the work of 
Troutman, Benton et al to thank when 
they begin planning the next leap in 
human space exploration: a manned 
mission to Jupiter. 

Any spacecraft 
attempting 
a manned 
mission to 
Jupiter is going 
to have to be 
pretty big…
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Planet Earth Education

www.planeteartheducation.co.uk
0161 653 9092

One of the UK’s most popular 
and longest standing providers 
of astronomy distance learning 

separate astronomy courses, 
suitable for complete beginner 

university standard, including 

issued for each completed course. 

for each of the courses available, 
along with other details about 
each course, and the necessary 
enrolment information on our 
website. There is a ‘Student 
Feedback’ link where you can 
view some of the unsolicited 
comments we have received from 

offer very attractively priced services, of the highest standards, and we 
work hard to provide you with what you want. Of paramount importance 

has been growing over many years with various home educators who have 
used our courses in the education of their own children, many obtaining 

TELESCOPES, BINOCULARS, SPOTTING SCOPES, MICROSCOPES 
& A WIDE RANGE OF CCD & DSLR CAMERAS & ASTRO 
PHOTO ACCESSORIES FOR SCIENTISTS & ENTHUSIASTS

Call 020 33 845 187 between 9am – 8pm 7 days a week.

www.365astronomy.com

Best-selling telescopes, binoculars, spotting scopes and microscopes 
always in stock
The widest range of visual & astrophotography accessories
Great gift ideas: astronomical globes, mini planetariums, desktop and 

watches and more
Telescopes for beginners, amateurs & professionals from CELESTRON, 

Astronomik, Astrotrac,
Baader, Barr & Stroud,

Celestron, Farpoint, Minox,
Lacerta, Sky-Watcher,

Teleskop-Service

http://www.planeteartheducation.co.uk
http://www.365astronomy.com
http://www.harrisontelescopes.co.uk
http://www.sherwoods-photo.com


Focus on The Antares rocket
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The Antares launched on its 
maiden flight on 21 April 2013 
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The Antares rocket
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The new private, 
disposable rocket set to 

replace NASA's Space 
Shuttle to the ISS

The Antares rocket is an expendable launch system 
being built by Orbital Sciences Corporation based 
in Virginia, USA. Orbital Sciences was awarded a 
Commercial Orbital Transportation Services (COTS) 
contract by NASA in 2008 with the goal of creating 
a rocket that could launch cargo to the space 
station in the absence of the Space Shuttle, and the 
company will be duly obliging very soon.

This rocket has completed one test flight so 
far, launching successfully on 21 April 2013 with a 
dummy payload. It is due to carry Orbital’s cargo 
spacecraft, known as Cygnus, in September of this 
year in a demonstration flight to the ISS for NASA.

The rocket itself is 40.5 metres (133 feet) tall 
and can take a payload of 5,000 kilograms (11,000 
pounds) to low Earth orbit. The first stage of the 
rocket uses a combination of rocket-grade kerosene 
and liquid oxygen as its fuel, while the second stage 
uses solid fuel to feed a Castor 30 engine developed 
by Alliant Techsystems. Unlike comparable 
spacecraft like SpaceX’s Dragon, the Cygnus does 
not return to Earth, but instead burns up on 
re-entry. It can take about 1,700 kilograms (3,750 
pounds) of cargo to the ISS.

Under the COTS contract, Orbital Sciences is 
to supply eight pressurised cargo missions to the 
ISS. The first proper cargo flight to the ISS, under 
contract with NASA in its Commercial Resupply 
Services programme, will occur some time towards 
the end of the year after the first test of Cygnus in 
September 2013. 

The  
Antares  

rocket
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What is the longest-period 
comet we know about?
Sherwin Adams
Comets can have short periods of 
up to 200 years or long periods of 
between 200 to potentially millions 
of years. As far as the longest period 
comets go, the current leaders are: 
Comet Hyakutake with an orbital 
period of 70,000 years, Comet C/2006 
P1 with an orbital period of about 

Comets regularly enter the 
inner Solar System

92,000 years and Comet West with an 
orbital period of about 250,000 years.   

Ideally, to measure the period of 
a comet you’d need to observe it 
twice and measure the time between 
observations. However, while comets 
have been observed for thousands of 
years it is very difficult to be certain 
whether a long-period comet observed 

today could be one we’ve seen before. 
Consequently scientists have to map 
the trajectory of a comet and extend it 
to estimate its period. This process is 
by no means accurate as interactions 
with other Solar System bodies and 
loss of mass due to evaporation of 
volatile materials can all alter the 
orbital properties of comets. SA

ASTRONOMY

The Chelyabinsk meteor 
streaked across Russia in 
February 2013
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Gemma Atkins
The different names simply refer to 
whether a piece of space rock makes 
it into our atmosphere or not, and 
further to that whether it then goes on 
to fall to the surface of our planet.

A meteoroid is a piece of space rock 
about a kilometre in size or smaller. 
In fact the majority of meteoroids are 
the size of a grain of sand or smaller – 
known as a micrometeoroid.  

The name meteor refers to the 
flash of light, the ‘fireball’, that can be 
observed when a meteoroid enters the 
atmosphere and begins to burn up as 
a result of the compressed gas ahead 
of it getting very hot and becoming a 
superheated plasma. 

And finally, a meteorite is a piece of 
space rock (and remember, sometimes 
it can be space metal too in the form 
of iron) that survives the meteor phase 
of atmospheric entry and lands on the 
surface of our planet.

So, a simple guide is: meteoroid in 
space, meteor as it falls through the 
atmosphere and meteorite if it lands 
on the Earth’s surface. SA

What’s the 
difference 
between 
a meteor, 
meteorite and 
a meteoroid?

DEEP SPACE
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What effect would a shock wave, like the 
Chelyabinsk meteor one, have on flying aircraft?
Danilo Borko
The Chelyabinsk meteor that fell in 
February was slightly unusual. Rather 
than collide with the Earth we had 
what is called an ‘airburst’. This is 
when a meteor has gas trapped inside 
it, and as the meteor heats up the gas 
expands. If there is enough gas inside 
it can expand so much that it causes 
the rock to explode. We’ve known 
about airbursts for a while but they 
raise some interesting questions. A 

recent news story pointed out that as 
the Chelyabinsk meteor exploded it 
created a shock wave that travelled 
twice around the globe. A shock wave 
from such a huge explosion could have 
devastating effects. 

The Chelyabinsk meteor explosion 
released approximately 30 times 
more energy than that released in 
the Hiroshima atomic bomb. Luckily 
because it exploded in the atmosphere 
rather than on the ground the 

atmosphere absorbed much of that 
energy. That being said the shock 
wave was powerful enough to shatter 
windows despite it being 23 kilometres 
(14 miles) above ground. Although the 
shock wave was detected making two 
loops of the Earth its strength would 
drop off rapidly. Any aircraft within 
the 30-kilometre (19-mile) range would 
probably have felt serious effects 
but anything out of that range was 
unlikely to have been affected at all. JB

Planets too close to a star 
are probably too hot for life 

as we know it to exist

There are thousands of 
these space rocks in the 
Solar System

Could life on a planet exist near 
one of the hypergiant stars?

DEEP SPACE

Bella James
It’s possible, just not very likely. Alien life is a 
topic that attracts a huge amount of attention 
despite the fact we still haven’t found any 
evidence of it. This has led to lots of speculation 
as to what alien life is like, what it may look like 
and how different it may be from life on Earth. 
Our initial searches for life usually follow the 
lines of looking for the conditions that would be 
suitable for life as we know it to survive. Liquid 
water, sources of energy and particular chemistry 
are all things we look for. 

There is nothing that says these conditions 
could not be present around all stars. Obviously 
planets would need to be closer if its parent 
star is cooler and further way if it’s hotter, but 
we know planets sit at a range of orbits so this 
is possible. One problem with planets around 
hypergiant stars is that often these stars can have 
very strong solar winds, as well as a tendency 
to lose a lot of material into space around them. 
This has the potential to make the surface of any 
planets very turbulent as they are bombarded 
with stellar material. This has a strong potential 
to stop the formation of life on the surface planet, 
but as a counterpoint we know life forms on 
Earth have adapted to extreme environments 
so it may be possible. We still won’t know for 
sure until we detect evidence of life, or life itself 
around one of these exotic stars. JB
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How do galaxies move 
around the universe?
Harry Morgan 
There are at least 100 billion galaxies 
in the observable universe. Most 
of these are moving away from 
humanity, and the most distant 
galaxies are travelling at faster speeds. 
This type of movement is not the 
only one that galaxies experience. 
Galaxies are not spread out evenly 
around space, the large scale structure 

of the universe shows that galaxies 
are collected together in clusters, 
connected by long structures called 
filaments and around areas with 
no galaxies called voids. When 
galaxies are relatively close together 
in structures like clusters they 
have gravitational effects on each 
other and can move towards each 
other, sometimes ending in galactic 

collisions. Galactic collisions are 
not collisions in the most obvious 
sense – they do not involve individual 
stars smashing into one another. The 
huge space between stars within 
galaxies means colliding galaxies can 
be pulled into very strange shapes 
by gravity and eventually end up 
merging into one. These collisions can 
lead to some fantastic images. MW

Why are some planets 
considered to orbit in 
the ‘wrong’ direction?
Lori Amos
Current planetary formation theory asserts that planets form from a disc of dust 

and gas swirling around the host star. This ‘protoplanetary disc’ is believed to 
come from the same cloud of gas and dust (nebula) that the star itself formed 

from. This means the disc has the same direction of angular momentum as 
the star; the star spins in the same direction as the disc’s overall movement. 
As planets form out of this disc, they will inherently have the same 
direction of movement as the disc, and therefore are expected to form 
orbiting in the same direction around the star as the star spins. It has 
been discovered that this is not always the case. If the star’s spin and the 
planet’s orbit are opposite directions to each other then this is considered 
the ‘wrong’ direction. In these cases it is expected that the planet has 
undergone some sort of interaction, perhaps a collision or gravitational 
slingshot, which has caused the direction of its orbit to change. This is an 

area of ongoing research, and as more is discovered about planetary orbits 
and stars’ spins, the cause(s) of this effect will become clearer. MW

SOLAR SYSTEM
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Earth's orbit is in the same direction 
as the rotation of the Sun

Some galaxies have been 
known to collide

SOLAR SYSTEM
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Does Earth 
spin slower 
now than it 
used to?
Morwenna Williams 
Thanks to thousands of years’ 
worth of observations recorded 
by astronomers, we know that the 
Earth’s rotation has slowed down 
over the years. The rotation – or 
the length of a day – can vary by 
as much as a millionth of a second. 
It hasn’t been a steady decline, but 
over that period of time the decline 
has been up to 25 millionths of a 
second per year. This is all due to 
the way that the moon interacts 
with the tidal bulges on our planet, 
but there’s also a relationship 
between the weather and the 
Earth’s rotation. SF

The Earth’s rotation is slowing, 
albeit by a miniscule amount

James Blanchard 
The Earth is the only planet in our 
Solar System with huge amounts 
of water that has mostly remained 
in the same liquid state ever since 
it first formed. The latest theory 
explains that, after the world formed 
– but before it had developed an 
atmosphere – a variety of gases 
were released from the interior. This 
‘degassing’ process lasted for about 
100 million years, after which time 
enough gases (including carbon 
dioxide, methane and ammonia) 
existed to form the atmosphere, as 
well as the vast oceans that cover 
so much of our planet today (70 
per cent). Gravity held the gases to 
the surface, and the temperature 
lowered below the boiling point 
so the gases could condense into 
water. Other possible contributors 
include water-rich meteorites and 
comets colliding with the Earth’s 
atmosphere, and the photosynthetic 
processes of bacteria that existed 
early in the planet’s life. SF

If the Earth 
was once 
molten, 
where did 
all the water 
come from?

Make contact: @spaceanswers /AllAboutSpaceMagazine questions@spaceanswers.com@

The young Earth was likely a hostile 
and barren place
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  What is a ‘GRB’?
In astronomy this stands for 
‘gamma-ray burst’. This is an 
enormously energetic explosion 
from the core of a distant and 
massive star. They are the 
brightest, high-energy cosmic 
events ever recorded.

  When was NASA 
formed?

The USA’s National Aeronautics 
and Space Administration was 
established in 1958 by President 
Eisenhower, out of a need for a 
civilian, rather than a military, 
agency for space science.

  What is the Moon 
made of?

The Moon has layers, like the 
Earth, made up of a solid iron 
inner core, liquid iron outer core, 
a more iron-rich middle layer 
called the mantle and the crust, 
mostly made of igneous rock. 
It’s definitely not made of Swiss 
cheese, sorry.

  What’s the next 
target for a manned 
spaceflight?

At the moment it’s Mars, with 
numerous plans in place by 
government agencies and private 
companies to get there first. 
NASA boss General Bolden has 
already said NASA intends to 
have astronauts in the Martian 
environment by the mid-2030s.

  Why is gold so rare? 
Gold is rare everywhere in 
the universe because, even in 
the extreme environment of a 
supernova where it’s forged, it’s 
a difficult atom to produce. All 
the gold mined across history on 
Earth would fit into a cube with 
20-metre (66-foot) sides.

  What is the 
‘heliopause’?

This is a boundary where the 
solar wind emanating from the 
Sun is too weak to prevail against 
the winds from other stars – the 
interstellar medium. Voyager 1 
made it past this threshold on 25 
August last year.

Quick-fire
questions

@spaceanswers

What’s stopping us from building 
a tower that goes up to space?
James Graham
The main challenge in building a 
tower that extends past the upper 
reaches of Earth’s atmosphere is there 
are currently no known materials that 
would be strong enough. However, this 
hasn’t stopped many scientists and 
engineers devising ways that it could 
be possible, along with high-profile 
bodies such as NASA investing in 
research into how it could be done. 

The accepted view of how this 
might work involves building from 
the top down, where the top would 
be a large mass in geosynchronous 
orbit around Earth (orbiting the planet 
yet staying in the same position). 
The ‘tower’ would most likely be a 
thin yet strong cable or tether that 
could be climbed by mechanical 
means to deliver payloads into 
space. Building from the top down 

How much junk 
is there in space?
Greg Stapleton
The simple answer: too much. It is extremely difficult to calculate or observe 
how much there actually is, but the latest numbers have found more than 
20,000 objects larger than ten centimetres (four inches) being tracked, and 
an estimated 500,000 objects larger than one centimetre (0.4 inches), not to 
mention over 100 million objects smaller than one centimetre (0.4 inches). 
Due to the high speeds of these objects even tiny debris can seriously 
damage operational spacecraft. The amount of debris left over in orbit 
around the Earth is becoming a significant concern for many organisations 
and governments. If the 1,000 active satellites were lost the replacement 
cost is estimated at around $130 billion (£86 billion), and that is without 
considering the knock-on effects on wider society. With this in mind, there 
have been many proposed missions to help clean up debris from around the 
Earth. One of the more popular ideas is a space harpoon; a ‘chasing’ satellite 
could harpoon larger debris before dragging it down to burn up in Earth’s 
atmosphere. Whether this design works or not, this type of space mission 
will certainly see great advances over the next five to ten years. MW

SPACE EXPLORATION

The Earth is surrounded by 
man-made space junk

The visible universe might just 
be a portion of the whole thing

SOLAR SYSTEM

How big is 
the universe?
Aaron Hardy
The current best estimate for the size 
of the observable universe is around 
94 billion light years in diameter. 
This puts the Earth around 47 billion 
light years from the observable edge. 
However, this number only measures 
the visible part of the universe which 
isn’t necessarily the very edge of the 
universe. The entire universe could 
be much bigger, but because the light 
hasn’t had enough time to reach 
Earth, it hasn’t arrived yet. JB

ASTRONOMY

(towards the ground) would need to 
be balanced by building up (away 
from Earth), where the upwards 
building would act as a counterweight 
to keep the geosynchronous orbit in 
check. Exciting developments in the 
manufacture of new materials such as 
carbon nanotubes could be the perfect 
candidate. However, finding the huge 
amount of carbon that we would need 
is the next hurdle to overcome. RS

Will we ever be 
able to build a 

space elevator?
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  What is a ‘brown dwarf’?
A brown dwarf is a kind of star 
occupying a mass range between 
heavy gas giants and light stars. 
They are around 15 to 75 Jupiter 
masses, which is too low in mass 
to sustain hydrogen fusion in 
their core and become a main-
sequence star.

  What is Moon soil like?
Apart from being extremely 
dusty, it’s also quite sticky: 
multiple meteorite impacts 
have electrically charged the 
uppermost layer of the Moon so 
that the dust sticks to any surface 
it makes contact with – including 
astronauts’ spacesuits.

  How much does rocket 
fuel cost?

Not as much as you might 
think. The aviation kerosene and 
liquid oxygen used to launch 
the Russian Soyuz 2 spacecraft 
cost around $8 per pound or 
£10 per kilogram. However, the 
real cost per kilogram launched 
comes from manufacturing, 
labour, transport and other costs 
attributed with going into space.

  Why are some stars 
different colours?

A number of different factors 
affect the wavelength of starlight 
and the colour that we see, but 
the most significant factor is its 
temperature: it takes more energy 
to create short-wavelength blue 
light than it does to create long-
wavelength red light, which is 
why hot stars tend to be blue and 
colder stars, red.  

 What is plasma?
Plasma is a state of matter with 
its own distinct properties, just 
like solids, liquids and gases. In 
plasmas, an energy source has 
caused a number of its atoms to 
lose their electrons, which then 
move around freely. It’s a state 
known as ‘ionisation’.

Quick-fire
questions

@spaceanswers

What would 
Saturn’s rings look like 
from the surface of the planet?

Mick Turner
Since Saturn is a gaseous planet, 
it’s not possible to send any sort of 
spacecraft to the surface. However, 
several probes have performed 
flybys. The first was NASA’s Pioneer 
11, which came within 21,000 
kilometres (13,000 miles) of Saturn’s 
cloud tops. It passed under the 
ring planes, and images showed a 
reversal of what we see from Earth 
through a telescope: the rings 
looked dark and the gaps between 

them looked bright. This is probably 
because sunlight was passing 
through the gaps, and not reflecting 
off the icy dust particles in the rings. 

Further probes, including the 
recent Cassini, have shown us there 
are seven main groups of rings, 
but the total number is unknown. 
There are also moons embedded in 
the rings, and the particles within 
the rings are always moving and 
reforming. Information from Cassini 
led astronomers to speculate that 

Is Earth’s gravity lessened 
every time we launch objects 
into space?
Gary Pitt
One thing to remember about 
objects we launch into space is that 
most will fall back down to Earth 
again. Low Earth orbit satellites 
eventually decay and return to us 
under the attraction of gravity.  

Add to this the fact that satellites 
never go very far, in terms of the 
Earth’s gravisphere (the region of 
dominant gravitational influence), 
and as far as interactions with other 
Solar System objects can still be 
considered part of the Earth’s mass.

We’ve sent relatively few objects 
out into the deeper Solar System 
and the mass attributed to this is 
negligible. This includes around 40 
Mars missions, the six successful 
Moon landings and a range of light 
scientific craft sent to explore other 
planets and moons, or like Voyager 
1 and 2 heading beyond the outer 
edge of the Solar System.

Add to this the fact that the Earth 
accumulates around 50,000 tons of 
space dust and material, the effect 
of space launches is negligible. SA

SOLAR SYSTEM

some of the rings even have their 
own atmosphere. Add to all this 
the fact that the rings move, some 
of them are tilted, and that Saturn 
has its own movements, and you’ll 
see why the planet’s rings continue 
to be so mysterious and why it’s 
difficult to say how they’d look if 
you could stand on Saturn. You’d 
probably see both light and dark 
depending on where you stood and 
what was happening in the various 
orbits and gravitational forces. SF

Saturn’s rings are seen here 
in natural colour

Are rockets significantly 
reducing the mass of our 

planet? Probably not

ASTRONOMY
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How will we travel 
through space in 
the future?
Adrian Dunn
Despite being some of the fastest probes we 
have ever launched and having travelled for 
over 35 years, the Voyager probes are only just 
reaching the edge of our Solar System. Clearly 
conventional rocket technology is nowhere near 
adequate enough to carry humanity through 
the stars. But if rockets don’t quite cut it, what 
technology are we relying on?

Currently there are several novel propulsion 
techniques under investigation. Two of the 
major ones are solar sails and ion drives. The 
former uses highly reflective material to reflect 
the Sun’s light and generate a thrust. The latter 
uses electric fields to accelerate particles out the 
back of the spacecraft giving it thrust. Another 
exotic method of propulsion was inspired by 
Star Trek. Physicist Miguel Alcubierre found 
a theoretical way to exceed even the speed of 
light, potentially finding a path to ‘warp’ drives. 
It works by distorting space-time around it. 
NASA has even confirmed that it is looking at 
small-scale experiments to test this idea. While 
we are still a long way from exploring our 
galaxy, novel ideas like this one may bring that 
day sooner than expected. JB

SPACE EXPLORATION

Can anything withstand the 
immense heat of the Sun?
Arthur Mayhurst 
The Sun is surrounded by a layer 
of plasma that extends millions of 
miles into space, in some places 
reaching up to 3 million degrees 
Celsius (5.4 million degrees 
Fahrenheit). There are no known 
materials that can exist as solids, 
liquids or gases at such extreme 

SOLAR SYSTEM

temperatures. Protons, neutrons and 
electrons can withstand this heat 
as they are virtually indestructible, 
however they can only exist as 
plasma. If you could somehow get 
past the corona to the surface of the 
Sun, where it is ‘only’ 5,500 degrees 
Celsius (9,900 degrees Fahrenheit), 
some liquids could exist. RS

A next-generation ion-
thruster: a slow, but 
enormously efficient way of 
moving through space

The Sun is a 
pretty hostile 

place, to say 
the least…
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All About… 
Maksutov-
Cassegrain 
telescopes
There are many types of telescope 
designs available to the amateur 
astronomer. Here is an explanation of 
a type now in common use… 

In this 
issue…

82 Maksutov-
Cassegrains 
A look at this increasingly 
popular type of telescope

84 What’s in 
the sky? 
The top sights to view in 
this month’s skies

86 Seeing meteor 
showers 
Learn how to get fantastic 
views of meteor showers

88 Me and my 
telescope 
Our readers showcase their best 
astrophotography images

93 Astronomy 
kit reviews 
This month’s essential 
astronomy kit revealed

GUIDES AND ADVICE TO GET STARTED IN AMATEUR ASTRONOMY
STARGAZER

property known as surface tension. 
This gives the surface of the water a 
curved profile – this is the meniscus. 
Maksutov found that this steeply 
curved shape was needed to give the 
proper correction and had the added 
benefit that it was possible to silver a 
small circle on the back of this lens 
to produce a secondary mirror. This 
curved secondary mirror would further 
correct the light rays and reflect it 
back through a hole cut in the centre 
of the primary and out to the focal 
plane where the image is formed. This 
design had the advantage of offering 
a fairly long focal length telescope in a 
compact package as the light was being 
reflected up and down inside the tube. 

You can find this type of optical design 
used not only in telescopes, but also in 
longer focal length camera lenses.

The design has been developed 
further to add versatility. For example, 
by using a secondary mirror inserted 
through the meniscus lens allowing 
the secondary to be shaped slightly 
differently for even more optical 
corrections, as well as allowing the 
designer to produce differing focal 
ratios and so producing differing 
fields of view, while still keeping 
the advantages of the basic optical 
layout of Maksutov. The addition 
of the meniscus lens though, with 
its thick piece of glass, makes 
these instruments quite heavy, but 
nevertheless, compact. Because glass 
can take a long time to cool down to 
ambient temperature, larger aperture 
Maks often have cooling fans built in 
to aid the process.

Are there major advantages of 
Maksutov-Cassegrain telescopes 
over say Newtonian reflectors or 
simple refractors? One of the major 
advantages of these systems is 
the longer focal lengths available 
in a compact tube. This leads to 
Maksutovs being excellent telescopes 
for viewing and imaging the Moon 
and planets. Such telescopes are now 
manufactured and sold to beginners 
and advertised as being good for just 
this type of observing. 

82

Meniscus 
lens
This lens sits at the aperture 
of the telescope and is shaped 
like the meniscus you get at 
the surface of a glass of water, 
in other words a fairly steep 
concave shape. It is there to 
alter the light path to correct the 
aberrations introduced by the 
spherical primary.

Spherical 
primary 
mirror
The primary mirror is made to 
a spherical cross-section. This 
introduces optical aberrations 
corrected by the meniscus lens 
at the front of the telescope. 
The mirror has a central hole 
through which the light from 
the secondary mirror can pass.

Cooling fan
In larger Maksutov-Cassegrain 
telescopes, the glass can take a 
long time to cool down to the 
ambient temperature of the 
night air. This can affect the 
quality of the images until it has 
reached thermal equilibrium. To 
aid the process of cooling, small 
electric fans are often built in to 
the telescope.

Secondary 
mirror
The secondary mirror in a 
Maksutov-Cassegrain telescope 
can be either part of the rear 
of the meniscus lens or made 
to be held in a ‘cell’ suspended 
through it. This mirror, apart 
from reflecting the light back 
through the hole in the primary 
mirror and through to the 
focuser, also helps to correct 
other optical aberrations.

Jargon Buster

As the name suggests, the Maksutov-
Cassegrain telescope is a hybrid or 
compound design of instrument which 
uses both lenses and mirrors. At first 
glance a ‘Mak’, as this type of telescope 
is often affectionately known, can look 
very much like its cousin, the Schmidt-
Cassegrain. There are, however, some 
important differences.

Both Maksutov and Schmidt-
Cassegrain telescopes use a spherical 
primary mirror. However, because a 
spherical mirror does not bring all the 
light rays that reflect from it to exactly 
the same point – which is necessary for 
a sharp, clean image – the light entering 
the telescope needs to be altered a little 
to account for this and give the user 
the good image required.

The Russian optician Dmitri 
Maksutov in 1936 designed a telescope 
which uses a spherical primary mirror 
with a small hole cut centrally, similar 
to a Cassegrain telescope, and a lens 
which would give the necessary 
correction to the light path. The lens 
had the shape of a meniscus. If you 
look closely at a glass of water, you’ll 
notice that the water seems to cling 
to the sides of the glass through a 



Maksutov-Cassegrain telescopes
STARGAZER
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Anatomy of a Maksutov-
Cassegrain telescope 

Pros 
and Cons
Maksutov-Cassegrain telescopes 
make great instruments for 
observing the Moon and planets 
in particular. That isn’t to say that 
they aren’t any good for deep-sky 
observations – they are, but due 
to their longer focal lengths they 
can give a restricted field of view. 
This isn’t a problem for planetary 
viewing because of their relatively 
small size on the sky. The longer 
focal length also allows for 
increased magnification potential; 
again this is beneficial to lunar and 
planetary observing. Because of 
the design of the optics, Maks have 
hardly any optical aberrations and 
produce a nice flat field of view.

On the down side, due to 
the larger pieces of glass, they 
can take longer to cool down to 
ambient temperature than say a 
Newtonian reflector or a similar-
sized refracting telescope. In larger 
aperture instruments, this process 
of cooling can be aided by the 
addition of small electric fans.

Secondary mirror
In a Maksutov-Cassegrain, 
the secondary mirror is often 
seen as a small silver circle on 
the reverse of the meniscus 
lens. In larger instruments it 
can be held in a ‘cell’. 

Cooling fan
In larger commercially made 
Maksutov-Cassegrain telescopes 
one or more cooling fans are 
built in to the body of the 
instrument to get the glass to 
cool down more quickly, which 
helps stabilise the images.

Spherical primary mirror
Unlike a Newtonian telescope, 
the Maksutov-Cassegrain 
primary mirror is made to a 
spherical curve cross-section. 
The aberrations this produces 
can be easily corrected to give 
a good image.

Visual back
In many Maks, the hole at the 
back of the telescope is threaded 
to accept a variety of accessories 
including the eyepiece. Cameras 
can also be added using adaptors.

Meniscus lens
This is the lens at the front of 
the telescope which alters the 
light rays to compensate for the 
aberrations introduced by the 
spherical primary mirror.

“Maksutovs 
are excellent 

telescopes 
for viewing 

and imaging 
the Moon 

and planets”

The meniscus lens 
can be seen here at the 
front of a Maksutov-
Cassegrain telescope
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Autumn night skies are full of riches and wonders. 
Here are just a few of the best…

What’s in the sky?
STARGAZER

The Andromeda Galaxy
Viewable time: From an hour or two after 
dark until dawn
Messier 31, better known as the Andromeda 
Galaxy, is without a doubt the most famous 
galaxy in the entire night sky. Visible to 
the naked eye as a faint smudge of light, 
binoculars will show the bright central core 
and a small telescope will give you an 
impression of just how large this 
object is. It lies 2.5 million light 
years from us and contains 
around 1 trillion stars, twice 
that of our own Milky 
Way Galaxy.

The 
Triangulum 
Galaxy M33
Viewable time: Best seen an hour 
or two either side of midnight
Sometimes known as the Pinwheel 
Galaxy, M33 is notoriously difficult to find 
and observe due to its low surface brightness. It 
does show up well in long-exposure images, though. 
Through a small telescope you can pick it up as a 
faint, misty patch of light. It lies about three million 
light years away and is the third-largest member 
of the ‘Local Group’ of galaxies, which includes the 
Andromeda Galaxy and our own Milky Way Galaxy.

Elephant’s 
Trunk Nebula 

IC 1396
Viewable time: All through 

the hours of darkness
The ‘elephant’s trunk’ which gives this 

nebula its name, sits within a larger region 
of interstellar gas and dust. It’s found in the 

constellation of Cepheus and lies some 2,400 light 
years away. This dense area of gas is illuminated by a 

very bright and massive star. It is a star-forming region 
as it contains several very young – less than 100,000 

years old – hot stars. The nebula is not visible to the 
naked eye, but shows up well in long-exposure images.

Open Cluster M39
 Viewable time: After dark and through

 to the early hours
This loose, open cluster of stars lies not far 
from the star Deneb in Cygnus (the Swan). 

It’s one of the nearer star clusters to us at 
around 800 light years away. It is thought 
to be between 200 and 300 million years 

old. There are about 30 stars in this 
group and all contained in a volume 

of space about seven light years 
across. It’s just visible to the 

naked eye from a dark sky 
site and binoculars will 

show it up well.

Northern 
hemisphere
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What’s in the sky?
STARGAZER

Emission 
Nebula NGC 

6188
Viewable time: All 
through the hours 

of darkness
In the constellation of Ara 

and close to the border with the 
constellation of Norma lies the emission 

nebula NGC 6188. It is associated with the 
star cluster NGC 6193 and is a star-forming 

nebula. The cluster is visible to the naked eye, 
but the nebula only shows up in long-exposure 
astrophotography. It occupies a region of space 

around 600 light years across and can be found 
some 4,000 light years away from the Earth. 

Open 
Cluster NGC 
3532
Viewable time: All 
through the hours 
of darkness
Also known as the ‘Football 
Cluster’, NGC 3532 lies around 1,320 
light years away and contains 150 stars 
of seventh magnitude or fainter and so needs 
binoculars or a small telescope to be seen well. 
It was first catalogued by Nicolas Lacaille in 
1755 and was the first object to be observed 
by the Hubble Space Telescope in 1990. 
John Herschel considered it one of the finest 
irregular clusters in the night sky. 

Globular Cluster 
NGC 1261
Viewable time: All through the hours of darkness
Globular clusters are tight balls of stars which orbit 
around the plane of our Milky Way Galaxy. 
NGC 1261 is a fairly faint example at eighth 
magnitude, but is visible in binoculars 
and small telescopes. It lies in the 
constellation of Horologium (the 
Clock) and in a fairly barren 
part of the sky for deep-
sky objects accessible to 
amateur instruments. 
It is thought that this 
cluster is around 12 
billion years old, 
making the stars 
in it some of the 
oldest in the 
universe.

Globular Cluster M2
Viewable time: All through the 

hours of darkness
If you observe from a really dark sky 
site, you might just pick up M2 with 
the naked eye. However, binoculars 

show it up well, as does a small 
telescope. This is one of the largest 

globular star clusters known, 
being some 175 light years 

across. It is estimated to 
contain around 150,000 

stars and is 13 billion 
years old. Catalogued 

by Charles Messier 
in 1760, this 

cluster lies 
33,000 light 

years away 
from us.

Southern 
hemisphere
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Meteors consist of tiny particles, often no larger than 
a grain of sand or, at most, a pebble. This material 
is shed from comets as they orbit the Sun and if a 
comet’s orbit happens to cross the orbit of the Earth, 
every year at around the same time we will pass 
through this stream of debris in space.

There are several of these debris fields through 
which the Earth passes. As we travel through the 
densest part of the field it leads to a peak of intensity 
in the meteor shower. This means that showers 
can be predicted with some accuracy although not 
perfectly. The number of meteors we are likely to 
see from these encounters is known fairly well, 
but is never definite. The peak of a meteor shower 
usually lasts for several hours, which is the best time 
to observe them. As the Earth moves through this 
field it causes the meteors to appear as if they are 
all radiating from one point in the sky. This point in 
the sky will seem to lay in a particular constellation 
and so the shower takes the name of its ‘parent’ 
constellation, for example, the Geminids appear to 
emanate from a point in the constellation of Gemini. 

Here are some of the most spectacular meteor 
showers and how to get the best views of them.  

Meteors, commonly known as ‘shooting stars’, often come in regular showers. 
Here we’ll look at how to get the best views of them

Seeing meteor showers
STARGAZER

The Quadrantids
Month: January

Hemisphere: Northern
The name of this shower can be 

confusing as there is no constellation 
called the Quadrant, but there used to 

be. It occupied a region of sky near the 
constellation of Boötes (the Herdsman) 

and this is where the Quadrantid 
meteors appear to come from. The 

Quadrantids have a sharp peak, which 
means that it may only last a few hours 
and so you have to be in the right place 

and observing at the right time to see 
them at their best. It is thought that 

this shower too, has its origins with an 
asteroid rather than a comet, similar 

to the Geminids, although this still 
remains uncertain. The shower peaks on 
4 January and some 10 to 60 events per 

hour can be seen in good conditions.

86

The Orionids
Month: October
Hemisphere: Northern and southern
As the name suggests, the radiant point for the Orionid meteors is in the 
constellation of Orion (the Hunter), just above the bright red supergiant 
star Betelgeuse. The shower peaks on 21 October each year and can 
produce fireballs, where a meteor explodes in the upper atmosphere due 
to the intense heat generated by the speed at which these small grains 
of material enter it, travelling at some 230,000 kilometres per hour 
(140,000 miles per hour)! There is only one other shower known to 
produce faster moving meteors. The parent comet for the Orionids is the 
famous Halley’s Comet. These meteors are not particularly numerous; 
you might see as many as ten events per hour in a dark sky. The setting 
of the late autumn sky makes this shower very attractive.
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Meteor showers
STARGAZER

The Perseids
Month: August
Hemisphere: Northern
Probably the most famous meteor shower of the entire year, the Perseids reach their peak in early August 
and so can often be seen on balmy summer evenings. The parent comet which gives rise to the dust and 
debris for this shower is called Swift-Tuttle and swings by every 133 years to replenish the stock of material. 
Depending on which part of the meteor stream we pass through, we see more or fewer shooting stars, the 
thickest part of the stream obviously producing more events. The Perseids are often fast and bright and can 
leave persistent trains across the sky – another reason they are popular. As with all meteor showers, they are 
best observed after midnight, when the rotation of the Earth turns us into the body of the stream.

The Leonids
Month: November
Hemisphere: Northern and southern
The Leonids are another meteor shower known to produce 
very bright ‘fireball’ events. What’s more, the actual shower is 
known to produce meteor ‘storms’! Every 33 years, the Earth 
passes through a thicker part of the debris field and so the 
number of shooting star events we can see here from the 
surface of the planet increases dramatically. The last time this 
happened was during the years 1998 through to 2002. The 
highest recorded peak was in November 1833 when thousands 
of meteors per hour could be seen – it looked as if it was 
raining meteors! The peak of the shower is usually on the 
night of 17/18 November and it is well worth spending some 
time outside to see how many you can spot.

Observing 
tips
Meteor showers can be difficult 
things to observe. Sometimes they 
peak during the day, sometimes 
a bright Moon will wash out the 
fainter events and sometimes the 
weather will conspire to prevent 
you looking. Here are some tips 
that will help you maximise your 
chances of seeing some.

Check to see when the peak of a 
particular shower is likely to occur. 
You’ll find lots of information on 
the internet about this as well as 
prospects for a good show with 
regards to the position and phase 
of the Moon. Check your local 
weather forecast and always wrap 
up warm – it can get cold at night, 
even in the summer. Be prepared 
to stay out for at least 20 minutes 
– the longer the better. Don’t 
look directly at the radiant point, 
you’ll do better viewing about 30 
degrees away in any direction, or, 
alternatively, just look straight up.
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The Geminids
Month: December
Hemisphere: Northern and southern
The object which gives rise to the Geminids is not a comet, but an 
asteroid. It is known as 3200 Phaethon. It is one of the most consistent 
of the regular meteor showers with 120 to 160 events per hour being 
observed, although this is at the peak and in perfect conditions. This 
is one of the best showers of the year and seldom disappoints. These 
are slower meteors than some of the other showers, with the particles 
travelling at a mere 126,000 kilometres per hour (79,000 miles per 
hour)! Because of the slower speed of these events, observers often 
find them easier to spot and their trains have been reported to be 
colourful. They peak on the night of 13/14 December and make a lovely 
pre-Christmas light show if conditions are good.
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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

STARGAZER
Paolo Porcellana

Asti, Italy
Telescope: Vixen ED100SF 

and A&M TMB 115
“I have been an amateur 

astronomer since I was 15 
years old. I dedicate my 
free time to astronomy, 

in particular photography, which has 
always fascinated me and I always try to 

experiment on the image techniques to 
achieve better results. I managed to build 

this image by capturing eight movies with 
exposures for the disc details, and seven 

for the prominence, then I joined the two 
mosaics and worked in Photoshop."
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Me & My Telescope
STARGAZER
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Send your photos to… @spaceanswers photos@spaceanswers.com@

Leon Gelyanah
London, UK
Telescope: Jessops 800-80 reflector
“This week has had lots of clear skies at night and I could see 
the Moon fully. I decided to use my telescope and my camera 
to take these photos and they turned out really well. You don’t 
need £1,000 telescopes to do astrophotography, just a telescope 
and a camera.”

Brian Johnson
Brighton, UK
Telescope: n/a
“This image [of Andromeda and Comet PANSTARRS] was 
taken at Wiveton Park on the north Norfolk coast before 
I went to the spring Star Party at Kelling Heath. I had to 
wait until the galaxy was above the trees. This was the 
last photo I took mounted on an AstroTrac, as shortly 

afterwards it blew over in a freak gust of wind and smashed to pieces. The 
photo was taken with a Canon EOS 50D using a 70-200mm L-Series lens. 
The Comet PANSTARRS does not return for approximately 110,000 years so 
I was glad it was not cloudy and that I had the chance to capture the image.”

Chris Westphal
Jacksonville, Florida

Telescope: n/a
“This shot near the Milky Way centre was taken from a dark 
sky site an hour from Jacksonville in the Osceola National 
Forest. In early June we get beautiful views of the summer 
nebulae and clusters in this region around midnight. This 
particular image of M16, M17 and M24 was taken with a 
135mm Konica Hexanon AR lens and Olympus PEN E-PM1 

camera. I took three four-minute exposures at ISO 1600 and stacked them with 
the program DeepSkyStacker. Post-processing was achieved using Maxim DL 
and Photoshop CS5 with the help of Northeast Florida Astronomical Society 
[NEFAS] member Curt Morton and club president Andre Cruz.”
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Two amateurs try out two 
very different, beginner-
friendly telescopes

STARGAZER
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Tested by: 
Jim Mair
Cost: £750/
$1,150
From: www.
hama.co.uk
“I've used small 
telescopes quite 
extensively as 

a kid and I've been meaning to pick 
up the old hobby for a while now. I 
was looking for a really decent piece 
of computerised hardware that would 
afford me good general views yet be 
relatively easy for a beginner like me 
to set up and use. That's why I chose 
the Skyprodigy 90. It was actually a 
little lighter than I expected despite 
its size, while being easy to screw 
together and assemble – again, to my 
surprise. If it wasn't for the fact that 
it isn't supplied with batteries for the 
battery pack (to my annoyance!) it 
would have been no more than around 
30 minutes from opening the box to 
seeing my first star with it (I went 
straight to Polaris). 

“The computerised bit was new to 
me: I was amazed how far telescope 
technology has come in 20 years! The 
camera for calibrating the Skyprodigy 
90 is really cool and although I want 
to learn how to sky-hop and locate 
celestial objects myself, as a cheat to 
get stuck straight into seeing stars, 
nebulae and the planets, you can't 
fault it. I even spotted moons around 
Jupiter, albeit as tiny specks of light. 

“There are a few things I didn't like 
about this telescope though, starting 
with the tripod, which is way too short 
even for an average-sized guy like 
me. I was constantly bending over or 
crouching low to get a good view, it's 
really not a well thought-out design 
in that respect. I'm just wondering 
whether a some kind of diagonal 
mirror or something should have been 
supplied with it. 

“Overall though, it was great to see 
the night sky in detail with this scope 
and I look forward to getting to grips 
with the computer system and finding 
out what else it can do.”  

First-time 
astronomers

Me & My Telescope

Celestron 
Skyprodigy 90

The alignment 
camera is a funky 
bit of technology

They're common these days, 
but the handheld computer 
was new to Jim

Unfortunately the 
tripod is far too short
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First-time astronomers
STARGAZER
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“ I got great views of craters 
and mares, which was cool 
for a starter telescope”

Tested by: 
Charlotte Crooks
Cost: £50/$77
From: www.
opticalhardware.co.uk
“I'm an absolute 
beginner when it 

comes to telescope astronomy, no 
experience viewing the sky except 
the odd time when I've used my 
binoculars to look at the Plough, 
although they're not very powerful 
so I didn't see very much! Anyway, I 
wanted something reasonably cheap 
and simple to give me an entry into 
the hobby and find out if I wanted 
to pursue it further. The Visionary 
FirstView looks like it's intended for a 
much younger age group than mine, 
but it seemed to have everything I was 
looking for in a telescope. 

“Using the instructions in the box 
it was dead easy to put together and 
get started pointing the telescope at 
obvious things to look at such as Orion 
and the Moon. For someone who has 
never used a telescope before, this one 
was no sweat. Once I figured out that 

the little scope [viewfinder] could be 
used to help me point the Visionary 
FirstView at exactly the right spot, I 
was away.

“Still, though using the scope was 
easy enough, finding some of the 
more difficult stars could be a real 
pain. I resorted to looking at the Moon 
most of the time, which you can 
hardly miss even with this little thing, 
when it's bright and full. I got some 
great views of the craters and mares, 
which was cool considering this is a 
proper starter telescope.

“I didn't mind having to search 
around for specific things to look at 
so much as I stumbled across a lot 
of interesting objects in the sky in 
the process. My main problem was 
the size of it, a bit too small to use 
comfortably even when sitting at a 
table. It means I had to get down on 
my knees some of the time when the 
telescope was pointing directly up 
[zenith] to get it aligned properly. I'd 
say it's a good value starter telescope 
overall though. I'm certainly pleased 
with it.” 

Visionary 
FirstView

The Firstview is a 
good choice for a 

young beginner

Charlotte got some lovely views 
of the Moon and its craters

Aligning with the view finder is 
awkward and uncomfortable

Scanning the sky for new and 
interesting objects is great fun
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Telescope 
advice
A solidly built and great all-round 
telescope for astronomy and 
terrestrial observing 

Altair 
Lightwave 
80ED f6.25 
Doublet 
refractor 
telescope
Cost: £549/$840
From: www.altairastro.com
Type: Refractor
Aperture: 80mm
Focal Length: 500mm
Magnification: 160x
Refractors by their very nature 
make good telescopes for general-
purpose viewing, so to own a quality 
refractor scope is to own something 
dependable you can fall back upon. 
Altair’s Lightwave 80ED is a doublet: 
a two-lens objective, or achromatic 
refractor designed to remove some of 
the chromatic aberration that innately 
occur in this type of telescope. On 
board, an 80mm lens coupled with 
500mm focal length does a great job 
of colour-correcting, while delivering 
high contrast images. The dual speed 

focus is easily fast enough and allows 
for a satisfactory degree of fine tuning, 
while a rigid imaging-compatible 
interface allows astrophotographers to 
mount their CCD and DSLR cameras 
on. The Lightwave 80ED doubles up 
as a great instrument for terrestrial 
observations too, making it a more-
than-adequate replacement for many 
expensive spotting scopes. 

The standard package comes 
with no tripod, mount or eyepieces, 
so we coupled ours with a 20mm 
Altair Astro SV 20mm eyepiece and 
a dielectric 2-inch diagonal mirror 
for more comfortable zenith viewing, 
as well as the Ioptron Minitower 
v2.0 GOTO Mount (a serious piece of 
hardware that combines a portable 
mount and SmartStar computer). With 
the scope ready to roll, we trained our 
sights on the celestial objects it’s best 
at: planets and moons. Saturn was 
an easy target once we’d got away 
from the street light, but the Moon in 
particular was a joy to explore with 
this telescope, despite the spotting 
options that were on offer. 

The Lightwave 80ED has a superb 
build quality too – it should be quite a 
contender for those in the market for a 
quality refractor telescope.. 

Focuser
The dual speed 
focuser is smooth 
and strong.

Lens
A 80mm doublet 
lens with an FPL-
53 ED element 
provides a very 
high level of 
colour correction. 

Weight
Fairly hefty 

at 3.4kg, but 
comes with a 
foam-padded 

flight case.

Adapter
Push-fit adapter 
allows for the 
use of standard 
2” eyepieces 
and diagonals.

Telescope advice
STARGAZER

A top telescope for lunar viewing 
and spotting planets

A quality piece of reliable 
kit  for viewing the skies
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1   Binoculars
  Hilkinson Dartmouth 

10x50
Cost: £60/$92
From: www.sherwoods-photo.com 
Budget might be a crude way to 
describe these general-purpose 
binoculars as they’re actually good 
value for money. A 6.5-degree field 
of view with a 50mm aperture and 
10x magnification plants it firmly in 
the astronomy category for entry-
level binoculars. The Dartmouth 
incorporates Bak4 Prisms and fully 
multicoated lenses and though 
they’re certainly not the best we’ve 
experienced, for simple portability 
and the convenience of scanning 
the sky, the Hilkinson Dartmouth 
is more than up to the task. The 
hinges look a little plastic-y but 
the build is solid with smooth 
movements and a rubberized body. 
Generally, it’s a good quality pair of 
all-round binoculars for astronomy 
and terrestrial observing. 

2  Eyepiece & filter kit
  Ostara Planet View eyepiece 

and filter set
Cost: £150/$229 
From: www.opticalhardware.co.uk 
Looking to upgrade and expand your viewing 
options? The Ostara Planet View eyepiece and filter 
set has five Plossl eyepieces and a 2x achro barlow, 
plus seven different filters. The kit is designed 
with lunar and planetary observation in mind: the 
eyepieces have got your ranges covered from 4mm 
right up to 32.5mm, while the filters are best used 
for viewing the different regions of Mars, Jupiter, 
Venus and Saturn, with a Crystalview Moon filter 
for getting the best out of lunar viewing.  

Considering the cost of buying these items 
individually and the fact that they’re supplied in a 
padded aluminium case, this Ostara Planet View kit 
represents excellent value for money. 

3    Filter
  Ostara 1.25” Skyglow 

Moon Filter
Cost: £10/$15
From: www.opticalhardware.co.uk 
While there’s no substitute for a really good dark 
sky site (Atacama Desert, anyone?), sometimes 
you just have to make the most of your hardware. 
The Ostara Skyglow Moon Filter is an inexpensive 
solution to filtering out the worst light pollution 
and bringing the most prominent celestial objects 
into contrast. It comes in a 1.25-inch (31.7mm) and 
2-inch (50.8mm) version (a little more expensive 
than its smaller sibling), and although its primary 
job is to enhance lunar viewing, it can easily be 
used to clear up views of other celestial objects and 
filter out some of the ambient glow of streetlight. 
Considering what it can do for your viewing 
experience, it’s a bit of a bargain for the price. 

4 Digital Compass
 König Electronic KN-CP50
Cost: £20/$31
From: www.sherwoods-photo.com 
If you’re an avid gadgeteer with a bit of cash to 
splash, you might fancy this: a König Electronic 
digital compass complete with date, time and 
digital thermometer. Many astronomers in 
either hemisphere might consider this a bit of 
an extravagance, as its main feature is made 
somewhat redundant for beginners by computers 
and basic knowledge of the skies, while advanced 
users might have some use of it for aligning their 
telescopes – although experience will allow them 
to easily find north without any aid at all. As it 
stands, if you want to set your scope up in advance 
in a cloudy and unfamiliar area, the KN-CP50 
might help, but it’s just far from being a mandatory 
piece of astronomy kit. 

STARGAZER
Astronomy 
kit reviews

Must-have products for budding and 
experienced astronomers alike
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Win a Visionary 
telescope
We’ve got an excellent 
Saxon 6 telescope up for 
grabs this month

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

Our friends over at Optical Hardware (www.opticalhardware.co.uk) have 
kindly supplied us the fantastic Visionary Saxon 6 telescope as a prize this 
issue. The Saxon 6 is a wonderful manual telescope, and the winner will 
receive everything they need to view the night sky including an Equatorial 
Mount, eyepieces and the scope itself. 

Q:  How many men have 
walked on the Moon?

Enter online at: 
spaceanswers.com/competition
Visit the Space Answers website for full terms, conditions and specifications.

A. 0
B. 12
C. 100

Visionary binoculars and telescopes are manufactured 
and distributed by Optical Hardware Ltd and are available 
from stockists throughout the UK and Ireland. For more 
information, and to find your nearest stockist, please visit 
www.opticalhardware.co.uk/astronomy.
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How the ‘Father of Rocket Science’ 
went from working for the Nazis to 
becoming an American space hero

Dr Wernher 
von Braun

www.spaceanswers.com98

Von Braun is a man who splits opinion, 
to say the least. Having helped the 
Nazis develop the V-2 missile in 
World War II that was responsible for 
thousands of deaths, he went on to 
become a pivotal figure in America’s 
space programme – without him the 
manned missions to the Moon would 
likely not have been possible. Some 
are willing to forgive him for his role 
in the war, a role he claimed he took 
only because of his love for science, 
while others are less well inclined. 
Whichever side of the fence you sit on, 
it’s hard to deny that von Braun was 
one of the most important figures in 
rocketry in the 20th Century.

Wernher von Braun was born on 
23 March 1912 in the town of Wirsitz, 
then part of the German Empire. He 
was part of an aristocratic family, 
with his father serving as Minister 
of Agriculture during the Weimar 
Republic and his mother having 
ancestry across Europe. His mother 
gave him a telescope at a young 
age, which inspired his passion for 
astronomy, while his love of rocketry 
was apparent from the age of 12 when 
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he accidentally blew up a firework-
powered toy car in a crowded street. 

At the end of World War I, when 
Wirsitz was renamed Wyrzysk and 
became part of Poland, von Braun and 
his family moved to Germany and it 
was at school in Weimar, and later the 
island of Spiekeroog, that von Braun 
took up physics and mathematics to 
learn more about rocket engineering. 
In 1932, he graduated from the Berlin 
Institute of Technology with a degree 
in aeronautical engineering, and two 
years later he had a PhD in physics 
from the Frederick William University.

While studying for his PhD von 
Braun had begun working as a rocket 
engineer for the German army. He 
became integral to the army and, 
during the Thirties, von Braun and his 
team successfully built and launched 
rockets that flew a few kilometres 
high. By 1944 the German army had a 
working V-2 rocket, which they used to 
devastating effect against the Allies.

Around this time von Braun realised 
that Germany would not win the 
war, and began making procedures to 
transfer to the US. In a daring escape 

in 1945, von Braun led his team 
from the German rocket facility at 
Peenemünde to American forces and 
duly surrendered.

Von Braun and his team were taken 
to the US in what was known as 
Project Paperclip. He was employed by 
the US Army for 15 years developing 
ballistic missiles, but in 1960 he 
transferred to the newly created 
National Aeronautics and Space 
Administration (NASA). He was tasked 
first with developing the unmanned 
Mercury-Redstone programme before 
starting work on the development of 
the Saturn rockets. After the successful 
manned Mercury and Gemini projects, 
von Braun’s dream of seeing man 
walk on the Moon was realised when, 
launching atop his Saturn V rocket, the 
crew of Apollo 11 ventured to the lunar 
surface in July 1969.

Von Braun retired from NASA in 
1972 at the culmination of the Apollo 
programme, joining the aerospace 
company Fairchild Industries in 
Maryland. A few years later he helped 
establish the National Space Institute 
(now the National Space Society), 
before being diagnosed with cancer 
and passing away on 16 June 1977 
at the age of 65. Von Braun’s legacy 
continues to cause controversy to this 
day, and though he always insisted he 
was not a Nazi sympathiser there are 
some who do not forgive him for his 
actions during the war. Nonetheless, 
his work in helping America land on 
the Moon was undoubtedly pivotal 
for the success of the Apollo missions, 
and it is for this reason he is revered 
by many for his work in comparatively 
peaceful rocket endeavours. 
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