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Dear fellow space enthusiasts, 

 

This is a new turning point in the history of Aurora. A new publications team was formed 

and we are proud to bring it to you in the first quarter of  2010.  In this issue we focus on the 

ǾŀǊƛƻǳǎ ŀǎǇŜŎǘǎ ƻŦ ƴŜŀǊ ŜŀǊǘƘ ƻōƧŜŎǘǎ ŀƴŘ ǘƘŜ Ǌƛǎƪǎ ǿŜ ŦŀŎŜ ŀƴŘ  άǎŀǾƛƴƎ ǘƘŜ ŜŀǊǘƘ ŀǘ ŀƴȅ 

Ŏƻǎǘέ ƛǎ ǘƘŜ ǇƘǊŀǎŜΦ !ƴ ƛƴƴƻǾŀǘƛǾŜ ǘŜŎƘƴƛǉǳŜ ƻŦ ǳǎƛƴƎ ŀ ƎǊŀǾƛǘȅ ǘǊŀŎǘƻǊ ǎǇŀŎŜŎǊŀŦǘ ŀƴŘ ƛǘǎ Ǉƻπ

tential has been brought to the spotlight . 

While  we save us from the near earth objects, there is an unknown and  highly impor-

tant territory, the ever changing space and its environment, where we take you to feel the 

ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ǎƻƭŀǊ ŀŎǘƛǾƛǘȅ ǘƻ ǘƘŜ ŎƻƻƭƛƴƎ ƻŦ ǘƘŜ ŜŀǊǘƘΩǎ ŀǘƳƻǎǇƘŜǊŜ ŀƴŘ ƛǘǎ ŜŦŦŜŎǘǎΦ hƴ ǘƘŜ 

lighter side, the new concept of  open source space exploration and a crossword to test your 

knowledge. 

Before I finish, I take this opportunity to extend a warm welcome to the new publication 

team . 

 
Happy Reading! 
 
Joshua Jeeson Daniel 
editor@ukseds.org 
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Aliac Jojaghaian near the Space 

shuttle at Kennedy Space Centre, 

Member Focus : 

March 2010 

Cover Page: 
    An artists Impression of the 
Apollo asteriod colliding with 
the Earth. 
 (C) David A Hardy  

 

Taken From: www.orbit.zkm.de 
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Letter from the Chair ...  

 

Greetings all!   

Welcome to the first Aurora of the year with a new committee behind the scenes!   
 
WE hope to make sure Aurora this year improves on previous years, and can be said to be every 

ōƛǘ ŀǎ ƎƻƻŘ ŀǎ ǘƘŜ {95{ ¦{! ƻŦŦŜǊƛƴƎ άbƻǾŀέΦ   

 

UKSEDS committee this year hope to address some issues which have dodged the organisation 

in recent times.  Current focus in going towards producing content for our webpages, 'fixing' our 

member database, and improving relations with our (much beloved) branches.  If you are in-

volved in a UKSEDS branch and would like to get things fired up GET IN TOUCH!  We will be de-

lighted to hear from you! 

 

Also this session we are making sure we make good our pledge to communicate more by putting 

ǘƻƎŜǘƘŜǊ ŀ ƳƻƴǘƘƭȅ ƴŜǿǎƭŜǘǘŜǊΥ ά9ŎƭƛǇǘƛŎέΦ  ¢ƘŜ ŦƛǊǎǘ ƛǎǎǳŜ ƻŦ ǘƘƛǎ Ŏŀƴ ōŜ ŦƻǳƴŘ ƻƴƭƛƴŜ ŀǘΥ http://

tinyurl.com/Jan10Ecliptic . 

 

If you want to let us know your thoughts and opinions of UKSEDS ς what you expect from us, 

what you'd like to gripe about, praise or show appreciation for, or anything else at all ς then 

drop us a line.  We are on Facebook (a useful communication tool in this day and age ) or you 

can contact us via email (committee@ukseds.org).  Incidentally we are also on Twitter. 

 

Anyway, enjoy this edition of Aurora and expect a new issue of Ecliptic soon, too  

 
Roger Duthie 
Chair of UKSEDS 
On Behalf of the UKSEDS Committee. 

http://tinyurl.com/Jan10Ecliptic
http://tinyurl.com/Jan10Ecliptic
http://www.facebook.com/group.php?gid=441929915023&ref=nf&v=info#!/group.php?gid=2226340263&ref=ts
mailto:committee@ukseds.org


²ƛŘŜ άhǇŜƴέ {ǇŀŎŜǎ 

                                                                                    

                                               By Dale Potts 
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A  ŦŜǿ ȅŜŀǊǎ ŀƎƻΣ DƻƻƎƭŜ Ǌŀƴ ǘƘŜƛǊ ŀƴƴǳŀƭ !ǇǊƛƭ CƻƻƭΩǎ 5ŀȅ ƧƻƪŜ 

in which they claimed that they had partnered with Virgin to form 

ά±ƛǊƎƭŜέΣ ŀ Ƨƻƛƴǘ ǾŜƴǘǳǊŜ ǘƘŀǘ ǿŀǎ ǘƻ ǳƴŘŜǊǘŀƪŜ ŀ ƳŀƴƴŜŘ Ƴƛǎǎƛƻƴ 

to Mars.  They pushed the stunt as being Open Source, replete 

with the ubiquitous Tux the penguin logo, well known to Linux 

ǳǎŜǊǎΦ  ²Ŝ ǿŜǊŜ ŀƭƭ ǎǳǇǇƻǎŜŘƭȅ ƎƻƛƴƎ ǘƻ ƘŜƭǇ ǘƘŜƳ ƎŜǘ ǘƻ aŀǊǎ Χ 

somehow!  The project motto said it all- "Things will get better. 

Eventually".  However, with time it now seems that their joke at 

the expense of community effort may prove to be slightly over-

zealous. 

 

Numerous examples of non-profit community space projects, 

run by volunteers and often using either free and/or open source 

software, hardware and often adopting a work-ethic to match ς 

such as pooling of information on a wiki for all to access ς have 

surfaced in recent years.  Website Spacehack.org ς άŀ ŘƛǊŜŎǘƻǊȅ ƻŦ 

ǿŀȅǎ ǘƻ ǇŀǊǘƛŎƛǇŀǘŜ ƛƴ ǎǇŀŎŜ ŜȄǇƭƻǊŀǘƛƻƴέ ς charts some of the 

participatory space projects in progress.  The international SEDSAT

-II project's remit is to build an affordable CubeSat as a follow up 

to the larger, original SEDSAT.  CSTART, the Collaborative Space 

Travel and Research Team, are a non-profit collaborative space 

agency producing open source projects from sounding rockets to 

plans for moon bases ς who hasn't dreamt of doing this?  UKSEDS 

are of course beginning to tackle their own long-term project. 

 

Amongst the innumerable free software packages available 

there are also distributed computing clients, modelling applica-

tions and data analysis tools that are being applied to space sci-

ence and technology.  Hardware has also become more cheaply 

and readily available for community space projects. Complete kits 

such as the Tube Sat offer short term (ie., month scale) self-

tidying degrading orbits, hardware and launch included, for less 

than US$8,000.  The increasingly popular Arduino electronics de-

velopment board is both open source in terms of the code used 

to run it and the hardware architecture it's built on; several vari-

ants are now available and without any licensing restraints, can 

be purchased from cheaper (although perhaps less morally and 

environmentally agreeable) sources. The importance of these 

development boards can not be understated; if they can be used 

to make everything from personal UAVs to fully automated, self-

watering gardens that update over Twitter, then they can be used 

for prototyping and writing code that will eventually be re-made 

into a rad-hard PCB for use in space.  All this without the extor-

tionate cost and labour involved in constantly re-soldering a pro-

totype in the development phase.  Presumably so goes the rea-

soning for SEDSAT-II, as their website boasts a picture of what 

ŀǇǇŜŀǊǎ ǘƻ ōŜ ŀ ϥǎǘǊƛǇǇŜŘ Řƻǿƴϥ !ǊŘǳƛƴƻ ώŀŎǘǳŀƭƭȅΣ ƛǘϥǎ ŀƴ ά!ǘƳŜƭ 

!±wонέΣ ǇǊŜǘǘȅ ǎƛƳƛƭŀǊ ƛƴ ŎƻǎǘΣ ŜǘŎΦ -Ed.].  They cost as little as £30 

and even the author, with abysmal coding ability and butterfin-

gers, has had some success with them. 

 

With ς at least development ς costs being so dramatically 

reduced, perhaps the most essential requirement for many of 

the participatory projects out there is the devotion of some 

time from volunteers to progress the work.  In Virgle's own 

ŎȅƴƛŎŀƭ ǿƻǊŘǎΥ άȅƻǳǊ ŜƴǊƛŎƘŜŘ ŘŜǎŎŜƴŘŀƴǘǎ ǿƛƭƭ ŀǇǇǊŜŎƛŀǘŜ ȅƻǳǊ 

sacrifice, which should render worthwhile your choice to spend 

the rest of your (perhaps radically foreshortened) life in depri-

Ǿŀǘƛƻƴ ŀƴŘ ǳƴŎŜǊǘŀƛƴǘȅΦέ  

 

 



Ten to twenty years from now, a succession of clever new 

spacecraft will need to be ready to fly in Esa's continuing science 

ǇǊƻƎǊŀƳƳŜΣ ŘǳōōŜŘ ά/ƻǎƳƛŎ ±ƛǎƛƻƴέΦ ¢ƘŜȅ ǿƛƭƭ ǘŀŎƪƭŜ ǎƻƳŜ ƻŦ ǘƘŜ 

big scientific questions that are high on the agenda of research 

across Europe (and, indeed, worldwide) concerning the Universe 

and our place in it: 

 

¶ What are the conditions for planet formation and the emer-

gence of life? 

¶ How does the Solar System work? 

¶ What are the fundamental physical laws of the Universe? 

¶ How did the Universe originate and what is it made of? 

To ultimately explore our Universe, its mysteries and laws, and 

advance our understanding of nature, this vision has to capitalise 

on: 

 

¶ The current scientific challenges; 

¶ The prevailing priorities in space research; 

¶ The available know-how, resources and technological invest-

ment towards maximum scientific return; 

¶ The maintenance of European industrial and technological 

competitiveness; and, 

¶ ¢ƘŜ ŎƻƴǎƻƭƛŘŀǘƛƻƴ ƻŦ 9ǎŀΩǎ ŀōƛƭƛǘȅ ƛƴ ǿƻǊƭŘǿƛŘŜ ǎǇŀŎŜ ǎŎƛŜƴŎŜΦ 

 

A medium class mission is one which has a cost of up to ϵоллa ς 

as opposed to a large class (L-Class) which has cost of up to ϵсллa 

(however, these costs are usually exceeded, in reality).  The set of 

M-Class missions proposed will be whittled from six to three or 

four: these going on to a mission definition phase.  Only two will 

be ultimately selected (or three ς if price/complexity factors are 

agreeable) for the implementation phase and launch in 

2017/2018.  The Solar Orbiter is in a unique position regarding this, 

as it has already had most of it's mission parameters defined ς 

whether this is an advantage is debatable, however. 

 

The six proposed missions are: 

 

Euclid ï All-Sky Cosmology Surveyor : 

The survey will produce a visible image of the entire extra-

galactic sky (20 000 deg²) at a spatial resolution of ~0.3 arcsec 

down to 24.5 mag (a redshift of ~2 or equivalently ~10 billion 

years ago), and 

near-infrared 

images in one 

or more bands 

of the same 

area. It will 

also yield me-

dium resolution 

spec t ra  o f 

about a third of 

all galaxies 

brighter than 22 mag in the same survey area.  Euclid will meas-

ure the distance-redshift relation and the growth of structure by 

utilising two complementary dark energy probing methods. 

[Read more at http://sci.esa.int/euclid]  

 

Solar Orbiter ς Solar Observatory/In-Situ Measurement Plat-

form : 

By approaching as close as 48 solar 

radii, Solar Orbiter will view the so-

lar atmosphere with high spatial 

resolution and combine this with 

measurements made in-situ. Over 

the extended mission periods Solar 

Orbiter will deliver images and data 

that will cover the polar regions and 

the side of the Sun not visible from 

Earth.  An international mission with strong collaboration be-

tween Esa & Nasa. 

[Read more at http://sci.esa.int/euclid] 
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9{! ά/ƻǎƳƛŎ ±ƛǎƛƻƴέ Υ нлмр-2025 
 

                                                                                     By Roger Duthie 

                                                          -Excerpts courtesy of Esa  

  A series of formal presentations on the 6 medium-class (M-Class) candidate missions in 
the Cosmic Vision 2015-2025 plan was made to a large gathering of Europe's scientific com-
munity on 1st December in Paris [http://tiny.cc/CosVis_011209]. This meeting marked the end of the 
assessment phase and the start of the down-selection process for Cosmic Vision . 

http://sci.esa.int/euclid
http://sci.esa.int/euclid
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Marco Polo ς 'Hyabusha II' : 

A sample-return mission to a near-earth object, Marco Polo would 

characterise a near-earth object at multiple scales and return a 

sample. If approved, the mission would study the origins and evo-

lution of the Solar System, the role of minor bodies in the process, 

origins and evolution of Earth and of life itself. It would consist of a 

mother satellite which would carry a lander, sampling devices, 

reentry capsule as well as instruments.  If approved, the mission 

would be implemented in collaboration with JAXA. 

[Read more at http://sci.esa.int/marcopolo] 

 

SPICA ς 'Herschel ST II' : 

Spica is a proposed medium- and far-infrared observatory with a 

large-aperture cryogenic telescope. The mission would address 

planetary formation, the way the solar system works and the ori-

gin of the universe. It would perform wide field, high sensitivity 

photometric mapping at high spatial resolution, spectral analysis 

as well as coronography of planets and planetary disks. Spica is 

proposed in collaboration with the Japanese Aerospace Explora-

tion Agency, JAXA, with ESA providing the telescope and a contri-

bution to the operations. 

[Read more at http://sci.esa.int/spica] 

Cross-Scale ς 'Cluster/Double Star ++' : 

Cross-Scale, proposed to employ 12 spacecraft, would make 

simultaneous measurements of plasma ς the gas of charged 

particles surrounding Earth - on different scales at shocks, re-

connection sites, and turbulent regions in near-Earth space. It 

will address fundamental questions such as how shocks accel-

erate and heat particles or how magnetic reconnection phe-

nomena generate or convert energy.  If approved, the mission 

would be implemented in collaboration with JAXA. 

[Read more at http://sci.esa.int/crossscale] 

 

PLATO ς 'Corot ++' : 

The proposed next-generation planet finder is a photometry 

mission that will detect and characterise transiting exoplanets 

as well as measure the seismic oscillations of their parent stars. 

It will be capable of observing rocky exoplanets around 

brighter and better characterized stars than its predecessors. 

Observations of the mission will be complemented by ground- 

and space-based follow-ǳǇ ƻōǎŜǊǾŀǘƛƻƴǎ ǘƻ ŘŜǊƛǾŜ ǘƘŜ ǇƭŀƴŜǘΩǎ 

masses and study their atmospheres. 

[Read more at http://sci.esa.int/plato]   

http://sci.esa.int/marcopolo
http://sci.esa.int/spica
http://sci.esa.int/crossscale
http://sci.esa.int/plato
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The current solar cycle (24) has been pretty boring, but a new sunspot τ 1035 τ is growing rapidly and now is seven times 

wider than Earth. Solar astronomers are predicting it could grow to be the largest sunspot of the year. There's not been a lot of 

competition for the biggest sunspot, though: for 259 days (or 74%) of 2009, the sun has been spotless. But maybe the (solar) tide is 

turning. There's been other action recently besides the new sunspot. A long-duration C4-class solar flare erupted from around the 

sunspot, which hurled a coronal mass ejection (CME) towards Earth. (See below for image of the CME that blasted off the sun on 

Dec. 14). Keep cheering; maybe the sun will come out of its doldrums. 

                                         CME on Dec. 14, 2009. Credit: NASA, SoHO  

 

    Solar Activity is Picking Up 
                                            by Nancy Atkinson  

    Earth's Upper Atmosphere is Cooling 
                                                               by Nancy Atkinson  

New measurements from a NASA satellite show a dramatic 

cooling in the upper atmosphere that correlates with the 

declining activity of the current solar cycle. For the first time, 

researchers can show a timely link between the Sun and the 

climate of Earth's thermosphere, the region above 100 km, an 

essential step in making accurate predictions of climate change 

in the high atmosphere. This finding also correlates with a 

fundamental prediction of climate change theory that says the 

upper atmosphere will cool in response to increasing carbon 

dioxide. 

Earth's thermosphere and mesosphere have been the least 

explored regions of the atmosphere, in fact some have called it 

the "ignorosphere." The NASA Thermosphere-Ionosphere-

Mesosphere Energetics and Dynamics (TIMED) mission was 

developed to explore the Earth's atmosphere above 60 km 

altitude and was launched in December 2001. One of four 

instruments on the TIMED mission, the Sounding of the 

Atmosphere using Broadband Emission Radiometry (SABER) 

instrument, was specifically designed to measure the energy 

budget of the mesosphere and lower thermosphere. The SABER 

dataset now covers eight years of data and has already provided 

some basic insight into the heat budget of the thermosphere on 

a variety of timescales. 

The extent of current solar minimum conditions has created a 

unique situation for recent SABER datasets. The end of solar 

cycle 23 has offered an opportunity to study the radiative 

cooling in the thermosphere under exceptionally quiescent 

conditions. 

http://www.universetoday.com/guide-to-space/the-sun/solar-cycle/
http://www.universetoday.com/guide-to-space/the-sun/sunspot/
http://www.universetoday.com/guide-to-space/earth/
http://www.universetoday.com/guide-to-space/the-sun/
http://www.universetoday.com/guide-to-space/the-sun/solar-flares/
http://www.universetoday.com/guide-to-space/earth/volcanic-eruption/
http://www.universetoday.com/guide-to-space/the-sun/coronal-mass-ejection/
http://www.universetoday.com/guide-to-space/the-sun/
http://www.universetoday.com/2009/12/16/solar-activity-is-picking-up/
http://www.universetoday.com/author/nancy/
http://www.universetoday.com/2009/12/17/earths-upper-atmosphere-is-cooling/
http://www.universetoday.com/author/nancy/
http://www.universetoday.com/guide-to-space/the-sun/solar-cycle/
http://www.universetoday.com/guide-to-space/the-sun/
http://www.universetoday.com/guide-to-space/earth/
http://www.universetoday.com/guide-to-space/the-sun/solar-minimum/
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"The Sun is in a very unusual period," said Marty Mlynczak, 

SABER associate principal investigator and senior research 

scientist at NASA Langley. "The Earth's thermosphere is 

responding remarkably τ up to an order of magnitude 

decrease in infrared emission/radiative cooling by some 

molecules." 

The TIMED measurements show a decrease in the amount of 

ultraviolet radiation emitted by the Sun. In addition, the 

amount of infrared radiation emitted from the upper 

atmosphere by nitric oxide molecules has decreased by nearly a 

factor of 10 since early 2002. These observations imply that the 

upper atmosphere has cooled substantially since then. The 

research team expects the atmosphere to heat up again as 

solar activity starts to pick up in the next year. 

While this warming has no implications for climate change in 

the troposphere, a fundamental prediction of climate change 

theory is that the upper atmosphere will cool in response to 

increasing carbon dioxide. Emissions of carbon dioxide may 

warm the lower atmosphere, but they cool the upper 

atmosphere, because of the density of the atmospheric layer. 

As the atmosphere cools the density will increase, which 

ultimately may impact satellite operations through increased 

drag over time. 

The SABER dataset is the first global, long-term, and 

continuous record of the Nitric oxide (NO) and Carbon dioxide 

(CO2) emissions from the thermosphere. 

 

"We suggest that the dataset of radiative cooling of the 

thermosphere by NO and CO2 constitutes a first climate data 

record for the thermosphere," says Mlynczak. 

 

The TIMED data provide a fundamental climate data record 

for validation of upper atmosphere climate models which is an 

essential step in making accurate predictions of climate change 

in the high atmosphere. SABER provides the first long-term 

measurements of natural variability in key terms of the upper 

atmosphere climate. As the TIMED mission continues, these 

data derived from SABER will become important in assessing 

long term changes due to the increase of carbon dioxide in the 

atmosphere. 

The findings were presented at the American Geophysical 

Union fall meeting in San Francisco. 

http://www.universetoday.com/guide-to-space/the-sun/
http://www.universetoday.com/guide-to-space/physics/order-of-magnitude/
http://www.universetoday.com/guide-to-space/physics/infrared-light/
http://www.universetoday.com/guide-to-space/physics/ultraviolet/
http://www.universetoday.com/guide-to-space/the-sun/solar-activity/
http://www.universetoday.com/guide-to-space/earth/troposphere/


Scientists recently discovered something about auroras 

they never knew before. "Our jaws dropped when we saw the 

movies for the first time," said Larry Lyons of the University of 

California-Los Angeles,(UCLA) describing how sometimes, vast 

curtains of aurora borealis collide, producing spectacular 

outbursts of light. "These outbursts are telling us something 

very fundamental about the nature of auroras." These collisions 

can be so large, that isolated observers on Earth τ with limited 

fields of view τ have never noticed them before. It took a 

network of sensitive cameras spread across thousands of miles 

t o  g e t  t h e  b i g  p i c t u r e .                                    

 

This network of 20 cameras, set up by NASA and the Canadian 

Space Agency was deployed around the Arctic in support of the 

THEMIS mission, the "Time History of Events and Macroscale 

Interactions during Substorms." THEMIS consists of five identical 

probes launched in 2006 to solve a long-standing mystery: Why 

do auroras occasionally erupt in an explosion of light called a 

substorm?  

The cameras would photograph auroras from below while 

the spacecraft sampled charged particles and electromagnetic 

fields from above. Together, the on-ground cameras and 

spacecraft would see the action from both sides and be able to 

piece together cause and effectτor so researchers hoped. It 

seems to have worked. 

 

The breakthrough came earlier this year when UCLA 

researcher Toshi Nishimura assembled continent-wide movies 

from the individual ASI cameras. "It can be a little tricky," 

Nishimura said. "Each camera has its own local weather and 

lighting conditions, and the auroras are different distances from 

each camera. I've got to account for these factors for six or 

more cameras simultaneously to make a coherent, large-scale 

movie." 

The first movie he showed Lyons was a pair of auroras 

crashing together in Dec. 2007. "It was like nothing I had seen 

before," Lyons recalled. "Over the next several days, we 

surveyed more events. Our excitement mounted as we became 

convinced that the collisions were happening over and over." 

 

The explosions of light, they believe, are a sign of something 

dramatic happening in the space around Earthτspecifically, in 

Earth's "plasma tail." Millions of kilometers long and pointed 

away from the sun, the plasma tail is made of charged particles 

captured mainly from the solar wind. Sometimes called the 

"plasma sheet," the tail is held together by Earth's magnetic 

field.  

The same magnetic field that holds the tail together also 

connects it to Earth's polar regions. Because of this connection, 

watching the dance of Northern Lights can reveal much about 

what's happening in the plasma tail. 

THEMIS project scientist Dave Sibeck of NASA's Goddard 

Space Flight Center, Greenbelt, Md. said, "By putting together 

data from ground-based cameras, ground-based radar, and the 

THEMIS spacecraft, we now have a nearly complete picture of 

what causes explosive auroral substorms," 
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This is a locations and field of view map of the twenty all-sky 

imagers used in support of the THEMIS mission. Twenty all-sky 

imagers (ASIs) were deployed by researchers from the University 

of California Berkeley, the University of Calgary, and the 

University of Alaska in support of the THEMIS mission. Credit: 

THEMIS/UC Berkeley 

                 Colliding Auroras Create Explosions 
                                                                   by Nancy Atkinson  

                                                          -Excerpts courtesy of Esa  

http://www.universetoday.com/guide-to-space/earth/aurora-borealis/
http://www.universetoday.com/guide-to-space/earth/
http://www.universetoday.com/guide-to-space/space/
http://www.universetoday.com/guide-to-space/earth/volcanic-eruption/
http://www.universetoday.com/guide-to-space/the-sun/
http://www.universetoday.com/guide-to-space/the-sun/solar-wind/
http://www.universetoday.com/guide-to-space/spaceflight/
http://www.universetoday.com/2009/12/17/colliding-auroras-create-explosions/aurora-camers/
http://www.universetoday.com/2009/12/17/colliding-auroras-create-explosions/
http://www.universetoday.com/author/nancy/
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Colliding auroras photographed by THEMIS all-sky 

imagers (ASIs) on Feb. 29, 2008. Credit: Toshi 

Nishimura/UCLA 

Lyons and Nishimura have identified a common sequence of 
events. It begins with a broad curtain of slow-moving auroras 
and a smaller knot of fast-moving auroras, initially far apart. The 
slow curtain quietly hangs in place, almost immobile, when the 
speedy knot rushes in from the north. The auroras collide and 
an eruption of light ensues. 

How does this sequence connect to events in the plasma tail? 
Lyons believes the fast-moving knot is associated with a stream 
of relatively lightweight plasma jetting through the tail. The 
stream gets started in the outer regions of the plasma tail and 

moves  rapidly inward toward Earth. The fast knot of auroras 
moves in synch with this stream. 

Meanwhile, the broad curtain of auroras is connected to the 
stationary inner boundary of the plasma tail and fueled by 
plasma instabilities there. When the lightweight stream reaches 
the inner boundary of the plasma tail, there is an eruption of 
plasma waves and instabilities. This collision of plasma is 
mirrored by a collision of auroras over the poles. 

http://science.nasa.gov/headlines/y2009/images/whenaurorascollide/asi_movie_29feb09_big_gif.gif
http://www.universetoday.com/guide-to-space/earth/volcanic-eruption/
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 During my third year of university study (2008-2009) I put 

ǘƻƎŜǘƘŜǊ ŀ ǊŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘ ŜƴǘƛǘƭŜŘ ά! {ȅǎǘŜƳ 5ŜǎƛƎƴ ƻŦ ŀ DǊŀǾπ

ƛǘȅ ¢ǊŀŎǘƻǊέ ǘƻ ǘŜǎǘ ǘƘŜ ŦŜŀǎƛōƛƭƛǘȅ ƻŦ ŀ ƎǊŀǾƛǘȅ ǘǊŀŎǘƻǊ ǎǇŀŎŜŎǊŀŦǘ 

in deflecting the asteroid Apophis, such to avoid a collision with 

the Earth. This was one of the first overall system designs of 

such a type of spacecraft. EADS Astrium itself has had great in-

terest in this subject, having submitted competition winning 

proposals of similar spacecrafts APEX and A-Track and since 

then has plans to develop the idea of a gravity tractor spacecraft 

at its facility in Stevenage.  

The basic principle of the idea is to have a spacecraft rendez-

vous with a potentially Earth bound object and follow its orbit 

whilst remaining close to the object. The resulting gravitational 

force between the body and the spacecraft causes an accelera-

tion to occur. This results in a small velocity change of the ob-

ject, deflecting it away from Earth and avoiding a collision re-

sulting in the saving of thousands if not millions of lives.  

The scope of the project involved researching and designing a 

potential spacecraft that could be used for such a mission. This 

led to several major challenges which required creative thinking 

to overcome. Perhaps the hardest of these challenges was the 

mission analysis section. In order for a spacecraft to reach Apo-

phis complex celestial optimisation calculations had to be tack-

ƭŜŘΦ CǳǊǘƘŜǊƳƻǊŜ ƴŀǾƛƎŀǘƛƴƎ ŀǊƻǳƴŘ !ǇƻǇƘƛǎΩ ǘǊƛŎƪȅ ƎǊŀǾƛǘŀǘƛƻƴŀƭ 

field required much computational modelling with all known 

force perturbations on the spacecraft.  

Some of the unique ideas about the spacecraft included vary-

ing angle ion thrusters which would have to be developed with 

high thrust and exceptional control. These thrusters would point 

at very slightly different angles during the tractor phase in order 

to counter external forces such as solar radiation pressure. 

Other ideas on the spacecraft included partial folding solar pan-

els for orbit tracking and unique scientific payloads designed to 

ƳŀǇ !ǇƻǇƘƛǎΩ ƎǊŀǾƛǘŀǘƛƻƴŀƭ ŦƛŜƭŘ όǎƛƳƛƭŀǊ ǘƻ Dh/9ύ ŀƴŘ ǘƘŜ ǾƛǎƛōƭŜ 

and IR spectrum reflected/emitted of Apophis.  

In order for a spacecraft to be feasible it would require a radi-

cal new design philosophy. Instead of the current minimum 

mass design constraint the spacecraft would have to be de-

signed with a higher mass as possible (as to increase the gravita-

tional attraction) and impeccable reliability.  

Throughout the project there were many ethical questions 

that would have to be addressed if the mission was to go ahead. 

CƻǊ ŜȄŀƳǇƭŜ ǿƘƛŎƘ ƴŀǘƛƻƴΩǎ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ƛǎ ƛǘ ǘƻ ŘŜŦƭŜŎǘ ŀƴ 9ŀǊǘƘ 

bound asteroid? Ideally such an important project would be 

multinational however this may not be the case. If the impact 

was over a certain country is it their responsibility? What could 

happen if something went wrong? The moral impact of these 

questions is obvious.  

My own view of the subject is that there is a need for much 

greater study in this area. For the first time humanity has the 

ability to avert a natural disaster only if the time, research and 

resources go into such a project. Although there are other de-

flection techniques the main advantage of the gravity tractor is 

its control and relative simplicity in moving objects and one that 

ƛǎ ǇƻǎǎƛōƭŜ ǿƛǘƘ ǘƻŘŀȅΩǎ ŎǳǊǊŜƴǘ ǘŜŎƘƴƻƭƻƎȅΦ  

                  

                       System Design of a Gravity Tractor Spacecraft  
                                                                            By Adam White 
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There are large numbers of objects in orbit around the Sun 

(asteroids and comets) which come close to, or cross the orbit of 

the Earth.   Referred to as near-Earth objects (NEOs), these celes-

tial bodies pose an impact hazard to the Earth which has the 

potential to cause a natural disaster, requiring consideration 

along-ǎƛŘŜ ƻǘƘŜǊ ΨƳƻǊŜ ŦŀƳƛƭƛŀǊΩ ŎŀǘŀǎǘǊƻǇƘŜǎΣ ǎǳŎƘ ŀǎ ŜŀǊǘƘπ

quakes, floods or hurricanes.  Although NEO impact events are 

much less frequent, there is nevertheless a growing awareness 

of the threat that they pose to populations and infrastructure, 

and governments are beginning to consider what measures they 

need to take to protect their citizens. 

 

NEO impact research is currently inhibited by a lack of funding, 

and the relatively small resource available is being devoted to 

NEO survey work, and feasibility studies of spacecraft mission 

strategies designed to deflect objects which pose an impact risk 

to the Earth.   The survey work involves the discovery, observa-

tion and orbit determination of NEOs in solar orbit, which is a 

very necessary process required to help us assess the scale and 

magnitude of the threat.   This research suggests that currently 

there are roughly 1,000 near Earth asteroids of diameter greater 

than 1 km, and about 100,000 with diameters greater than 100 

m. However, the numbers are very uncertain, which underlies 

the requirement for more and better observations.   Such survey 

work is excellent at identifying and tracking the larger objects, so 

it would be very unlikely that an object in excess of 1 km in size 

would suddenly be discovered to be on trajectory leading to an 

Earth impact in the near-term, say within weeks.   However, the 

sensitivity of the survey techniques is such that huge numbers of 

smaller objects (say in the diameter range 50 to 250 m) remain 

undetected.   Consequently it is possible for one of these smaller

-ǎŎŀƭŜ ƛƳǇŀŎǘƻǊǎ ǘƻ ǎǳŘŘŜƴƭȅ ΨŎƻƳŜ ƻǾŜǊ ǘƘŜ ƘƻǊƛȊƻƴΩ ŀƴŘ ǇƻǎŜ ŀ 

short-term impact threat. 

 

Research indicates that even a small object (50 m diameter) 

falling to Earth would cause a disaster, with loss of life and cost 

ǘƻ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƎǊŜŀǘŜǊ ǘƘŀƴ ƳƻǊŜ ΨŎƻƴǾŜƴǘƛƻƴŀƭΩ ŘƛǎŀǎǘŜǊǎΦ   

The frequency of such an event is not insignificant, the last one 

occurring in an uninhabited region of Siberia in 1908.  The object 

broke up in the atmosphere ς ŀƴ ΨŀƛǊōǳǊǎǘΩ ς which literally flat-

tened 2000 km2 of forest, an area equivalent to that inside the 

M25 London orbital motorway.    

Research in the School of Engineering Sciences at the Univer-

sity of Southampton, led by postgraduate student Nick Bailey 

and supervised by Graham Swinerd and Hugh Lewis, is aimed at 

assessing the social and economic cost of the impact of small to 

moderate sized objects (50 to 500 m diameter).   The research 

shows that a worst-case scenanio is an ocean impact of an object 

around 500 m, which would cause a disaster on a global scale, 

principally because of the impact-ƎŜƴŜǊŀǘŜŘ ǘǎǳƴŀƳƛΩǎ ŀōƛƭƛǘȅ ǘƻ 

propagate the impact energy efficiently to very distant shores.  

The research has led to the development of a software tool to 

estimate casualty numbers and the cost of infrastructure dam-

age as a consequence of such an event.   Both land and ocean 

impacts are simulated, and a diversity of impact-generated ef-

fects are modelled, including crater formation, ejecta effects, 

fireball radiation, and the propagation and damaging effects of 

blastwaves, seismic shockwaves and tsunamis.  

 

The simulation software provides estimates of human casual-

ties, and the cost of infrastructure damage.   However, in the 

absence of detailed experimental evidence (clearly we have yet 

to witness such an event in a significantly populated area!), the 

coupling between the impact-generated effects and population/

infrastructure was very difficult to model.   As a consequence, 

there was no way to ensure the reliability of the absolute values 

of these estimates.   To overcome this difficulty, methodologies 

ƎƛǾƛƴƎ ΨǊŜƭŀǘƛǾŜ ŜǎǘƛƳŀǘŜǎΩ ǿŜǊŜ ŀŘƻǇǘŜŘΦ   hƴŜ ǎǳŎƘ ƳŜǘƘƻŘ ƛǎ 

illustrated in Figure 1, which shows the result of simulations in-

volving impacting objects with radii of 25 m, 125 m and 225 m, 

corresponding to local-, regional- and global-scale impact 

events.These objects were assumed to be spherical, stoney-iron 

asteroids with an impact speed of 12 km/sec.   A grid comprised 

of longitudinal and latitudinal cells about 5o in size was superim-

posed upon the global geography, and an impact was simulated 

into the centre of each of these cells.   The casualty and infra-

structure damage estimates were calculated for each such im-

pact, and then the grid cell coloured according to the severity of 

the impact consequences.   Figure 1 shows the estimates of hu-

man casualties.  Although the absolute values cannot be vali-

dated, nevertheless the method allows an assessment of which 

geographical regions are most at risk from land and ocean im-

pacts. 

    

                  

           Near-Earth object impact ï the ónewô natural disaster! 
                                                         By  Dr. Graham Swinerd 
              Reader in Astronautics 
                                                          SES, University of Southampton 
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Figure:  Global grid simulations of casualty estimates for impactors of a specified size.  


