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David A Hardy 

BIS Retro Rocket 

‘From imagination to reality’ 
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The Moon 

• “Space is 
there, and we 
are going to 
climb it.” 

• President John F 
Kennedy, 1962. 

• Set out the vision 
for landing a 
man on the 
moon before the 
end of the 
decade and 
returning him 
safely to earth. 

 NASA 

http://upload.wikimedia.org/wikipedia/commons/f/fe/Apollo_15_flag%2C_rover%2C_LM%2C_Irwin.jpg
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The Long Term Vision 

Mars presents both the 

problem and the solution to 

reaching the distant stars. 

http://visibleearth.nasa.gov/view_rec.php?id=2429
http://en.wikipedia.org/wiki/Image:M104_ngc4594_sombrero_galaxy_hi-res.jpg
http://upload.wikimedia.org/wikipedia/commons/7/76/Mars_Hubble.jpg
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Hypothesis! 

Mars is the key to opening up the Universe to 
humanity.  

 The gateway to the stars and beyond. 

http://upload.wikimedia.org/wikipedia/commons/7/76/Mars_Hubble.jpg
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Project Mars – A Technical Tale 

 
• “Despite our preoccupation 

with the problems of today, we 

must not neglect those of 

tomorrow. It is the vision of 

tomorrow which breeds the 

power of action.” 

• Wernher von Braun, 1949. 

• What’s next: the human 

exploration and settlement of 

Mars. 

• We all know this – what are 

we waiting for? 

 

                              

                                  

http://www.amazon.com/gp/product/images/0973820330/ref=dp_image_0?ie=UTF8&n=283155&s=books
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The Future: Human Planetary Exploration  

• We need to develop a human presence in space that is 
sustained by economic and practical self-sufficiency. 

• We must use the resources of other solar system bodies 
to provide the consumable propellants and life support 
materials to reduce the costs and increase the 
performance of space missions. 

• Future missions should be defined by scientific and 
economic returns. 

• We must adopt a ‘live off the land’ approach to human 
planetary exploration. 

• We must plan for a permanent presence, not just a short 
visit or flag waving exercise. 

• We must take measured risks in human space 
exploration using innovative technology, if we are to 
achieve high gains in the short term. 

• We must not constrain human access to space. Private 
industry must pioneer the way, motivated by government 
support. 
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Mars Direct Plan 

• Zubrin & Baker, $55billion over 10 years 

• Launch heavy lift booster carrying 
– Earth Return Vehicle ERV (chemical plant, nuclear 

reactor, Hydrogen) 

– Arrive Mars 8 months later, conjunction trajectory. 

• On Mars ERV react H with CO2 at elevated 
temperatures/pressures 
– CO2+4H2CH4+2H2O 

– Creates methane and water 

– Extract Oxygen by electrolysis from water 

– Create Oxygen with Methane for rocket fuel 

– Takes 10 months to make rocket fuel  

• Launch Mars Habitat Module 26 months later 
– Carries crew of 4 

– Reach mars in 6 months 

– Spent upper stage-HAB tethered for artificial gravity 

• Reach Mars 
– Jettison spent booster 

– Land HAB 

– Crew stay for 18 months doing science 

• Return to earth in ERV 

http://upload.wikimedia.org/wikipedia/en/1/1a/Caseformars.jpg
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The settlement of Mars 
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http://upload.wikimedia.org/wikipedia/commons/7/76/Mars_Hubble.jpg
http://upload.wikimedia.org/wikipedia/commons/1/1c/ISS_after_STS-117_in_June_2007.jpg
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The Long Term Vision 

Rate of mars launch=rate 

of arrive from earth – rate 

of return to earth – rate of 

launch into outer space 

http://visibleearth.nasa.gov/view_rec.php?id=2429
http://upload.wikimedia.org/wikipedia/commons/7/76/Mars_Hubble.jpg
http://en.wikipedia.org/wiki/Image:M104_ngc4594_sombrero_galaxy_hi-res.jpg
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Phases of Martian Colonisation 

• Phase 1: Initial landings and 

establishment of exploration base. 

• Phase 2: Permanent presence, self 

sustaining energy reserves (fuel, 

food, oxygen) 

• Phase 3: Exploration of many sites, 

establishment of multiple 

communities. 

• Phase 4: Establishment of first 

Martian cities. 

• Phase 5: Exploration of near Mars 

orbit. 

• Phase 6: Exploration beyond Mars.  

No. launches from Mars ×10 
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Mars Earth 

Gas 

giants 

Asteroid belt 

The Long Term Vision 
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Terminology 

• BCT: Before Colonisation Time 

• ACT: After Colonisation Time 

• Definition of colony: 

–  A self sustainable community of >>1000 

people not dependent on earth for any 

resources, (including water, food, oxygen) 

other than medical supplies, generating its 

own trade economy, satellite governance and 

with earth as a customer base. 
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No. Missions 

Launched 

Time 10’s years 

Critical Time 

Maintain 

status 

BCT ACT 

Era of human 

interplanetary 

travel begins 

Launch colour key 

Earth to Mars                                                       

Earth to deep space                                            

Mars to Earth                                                        

Mars to deep space                                                        

Possible Future 

Establish 

colony 

Permanent 

settlement 
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No. Missions 

Launched 

Critical Time 

ACT 

Era of 

human 

interstellar 

travel 

begins 

Era of human 

interplanetary 

travel begins 

Time 10’s years 

Possible Future 

http://upload.wikimedia.org/wikipedia/commons/6/61/NASA-project-orion-artist.jpg
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Attitude BCT 

• Too expensive 

• Too difficult 

• There be dragons 

• Too far 

• Why should we 

• We are limited 

• Focus inwards 

• Stay at home 

• stagnate 

 

Attitude ACT 

• Can be done cheap 

• Its doable 

• The dragons are slain 

• Only weeks/months 
away 

• Why we must 

• We can do anything 

• Focus outwards 

• Where next 

• To the stars 

 

It’s a question of having the 

confidence to “climb space” 
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Possible Futures 

• Predicting the future of space exploration a difficult challenge, due to the multi 
variable nature of the problem and time evolving technology 

• Also have external parameters, such as world crisis (war, famine, disease, natural 
catastrophe, changing political priorities/funding) which makes any linear 
extrapolation difficult. 

• Space itself is complex, many planets, dwarf planets, moons, asteroids, comets… 

• The future exploration route that one takes has billions of optional variations from 
exploration order alone. 

• So to make progress, we must make assumptions and study a subset of possible 
futures. 

• Future A: 
1) Successful orbiting stations/satellites, remote stations on moon, robotic probes to solar 

system bodies.  

2) Man confined to earth orbital space. 

• Future B: 
1) As for A(1) 

2) Colonise mars & moons  

3) Colonise near asteroid belt 

• Future C: 
1) As for B(1-3) 

2) Colonise other solar system planets and associated moons 

• Future D: 
1) As for C(1) 

2) Extend human presence into the Kuiper belt & Oort cloud 

3) Reach the nearest stars 
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Possible Futures – negative view 

• Stagnation scenario: 
Man never settles mars, but retreats back to earth, like the 
Ming dynasty in China (1403-1433) after the death of the 
emperor. Could have become dominant world power. 

• Divergence of interest scenario: 
The divergence of interests, political, economic, territorial, 
technological or spiritual, between men on earth and men 
on mars allows for the possibility of interplanetary tension. 
This could imply that a future war between earth and mars 
is not impossible, in theory. This is man nature. 

• ET scenario: 
ET arrives, see’s that earth is habited, so colonises mars 
before man. 

• ‘Never to be' scenario: 
Man tries to colonise mars, fails. 
Tries to explore and pioneer outer solar system and 
beyond, fails. Gives up. 
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Daein Ballard 

The Grand Vision: The Terraforming of Mars 

http://upload.wikimedia.org/wikipedia/commons/6/6e/TerraformedMarsGlobeRealistic.jpg
http://commons.wikimedia.org/w/index.php?title=User:Ittiz&action=edit&redlink=1
http://commons.wikimedia.org/w/index.php?title=User:Ittiz&action=edit&redlink=1
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Projects today 

considered not viable 

may one day be revisited 

 i.e. ORION 
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The colonisation of 

mars will bring about 

a paradigm shift in 

thinking about the 

wider exploration 

opportunities. 

http://upload.wikimedia.org/wikipedia/commons/e/e3/Saturn_from_Cassini_Orbiter_%282004-10-06%29.jpg
http://upload.wikimedia.org/wikipedia/commons/7/76/Mars_Hubble.jpg
http://upload.wikimedia.org/wikipedia/commons/e/e2/Jupiter.jpg
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Travelling to other stars will be 

seen as a natural technology 

progression of humanities 

expansion into the cosmos, 

bringing about advances in new 

space propulsion systems. 



33 

Saturn 5 Shuttle Electric Daedalus VASIMR 

Advancing Space Propulsion Technology 

Orion 

NOT TO SCALE 

High Isp Low Isp 

VASIMR = KEY TECHNOLOGY DEMONSTRATOR 
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VASIMR 

• Variable Specific Impulse Magnetoplasma Rocket. 

• Highly developed technology. Could be scaled for 
fusion design. But large improvements in power, field 
control and shielding required. 

• Bridges the gap between high thrust-low specific 
impulse and low thrust-high specific impulse 
propulsion systems. Can function in either mode  

• Exhaust velocities ~290km/s (0.001c) possible. 

Ad Astra Rocket Company 
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VASIMR 
• August 2008 

• VASIMR doesn’t have P/W for 
reaching orbit, but useful for other 
missions, given sufficient 
electricity powered fro solar 
panels 

– Ideal for Earth-Moon missions 

– Useful for Earth-Mars 
missions 

– Idea for Earth-Mars missions, 
if electricity supplied by small 
fission reactor. 

• Mainstream plans for ISS is to use 
solar power generated energy to 
power orbit raising manoeuvres 

• May be launched to ISS on 
SpaceX Falcon rocket, NASA 
spin-off Ad Astra Rocket 
Company. 

• High Isp high Ve, so can use for 
interplanetary missions 

• VASIMR with 12MW reactor get 
crew to mars within 39 days 

 

• October 2008 

• Key milestone reached in ground testing 
engine prototype 

• ‘helicon first stage’ generates the plasma 
for acceleration  

• Achieved its full rated power of 30KW 
using Argon propellant 

• Testing of 2nd stage planned, ‘ion-
cyclotron’ boosting plasma stream to 
200kW.  

•VASIMR concept 
vehicle, for carrying 
crew to gas giants 
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VASIMR Technology Roadmap 
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Conclusions 

• Opening up the rest of the universe to human 
kind is a question of confidence.  

• Achieving the colonisation of mars would give 
this confidence. 

• In short, mars is the gateway to human 
exploration of the outer solar system and 
beyond. 

• Once we have settled mars, the apparently 
impossible will become the definitely possible. 

• Mars should be the immediate focus of human 
spaceflight efforts in coming decades. 

• The rest will follow naturally, if we succeed.  
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ABSTRACT:  

The robotic exploration of Mars is under way; the dream of humans 

walking upon its surface is no longer fantasy but a real term prospect 

for the coming decades. This will be a momentous event in human 

history and will begin our slow technological progression into the 

cosmos. A necessary part of our evolutionary survival as a species. 

But what does a human settlement of Mars imply for the future of 

wider space exploration? Do we stop at Mars and be content with the 

settlement of our second home? Or do we think beyond Mars to the 

outer solar system and eventually the nearby stars. In this paper we 

explore what deeper meaning the settlement of Mars has for these 

longer term goals. We discuss the impact of a Martian settlement on 

our confidence for space exploration; technologically, culturally and 

psychologically. We discuss how the symbol of Mars inspires the 

courage to push further, even into risk as we struggle to understand 

our place in the universe and whether we are truly alone. It is argued 

that the colonisation of Mars will be a turning point in human thinking, 

changing conventional views forever about what is possible for our 

future as a species.  


