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 INTRODUCTION

This paper was done as a part of NASAÕs Mars Millennium Project, a project to design a
colony for one hundred people on Mars in the year 2030. The project began in the spring of 1999
and was made for teams of students in kindergarten through 12th grade. I became involved with
the project when a commercial aired for it during ÒStar Trek: VoyagerÓ one night.

 The point of the project was to create a community for the first hundred colonists on
Mars, but I have expanded my project from just the colony to designing a ship with state of the
art propulsion systems to cut down on transit time, and terraforming Mars. This is entitled the
Emissary Project, as these 100 intrepid voyagers will be our ambassadors to the Red Planet.
Emissary is also the name of the ship transporting the crew to Mars. It will be launched in July
2030 to arrive at Mars, avoiding dust storms and catching Mars at its closest point in its orbit to
Earth.

I. Construction and Schematics

Emissary is approximately 400 metres in length with 17 decks. It was built at NASAÕs
Spacecraft Yards in the Sea of Vapours on the Moon. A Moon base for scientific study, 3He
mining outposts, and an engineering base for building spacecraft that would be highly expensive
to build on Earth were constructed in 2008. Since the Emissary has nuclear engines, being built
on the Moon keeps it from breaking the agreement signed after the Cold War about nuclear
anything in the atmosphere that could be a potential danger. The main parts of the ship, including
the body, rings, and engines were built on the moon, while the more delicate pieces, such as the
computer components, were constructed on Earth and shipped up to the Moon. Materials could
be mined on the Moon with which to construct the Emissary; during the Apollo Moon missions it
was found that moon rocks contained about 10% aluminium, magnesium and titanium in the
form of oxides. These could be refined using hydrogen for reduction. The ship is constructed
with titanium and magnesium alloys, aluminium, and carbon plus some other elements to help
shield the crew from radiation exposure.

The ship has two main components: the fuselage and the rings. The fuselage contains the
crew quarters and all of the shipÕs control functions. The rings rotate with the ship at 4 rpm,
which generates close to Martian gravity (0.38 g). The rings have an approximate diameter of
115 metres and encircle the entire ship except for a small section in the aft that contains the fuel
tanks and is the location of the exhaust nozzles.

On Mars, the fuselage of the ship would house crewmembers until the colony structure had been
completed. The rings would be used for material with which to construct the colony, as well as
material from the ship, materials sent to Mars beforehand, and materials mined on Mars (such as
magnesium, alloyed to create metal).

II. Propulsion Systems

The ship has three types of propulsion systems: nuclear fusion propulsion, ion engines,
and pulsed plasma thrusters. The nuclear engines run by a series of deuterium-3He fusion
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reactions occurring in a nuclear reactor core. Deuterium-3He fusion was chosen because it
produces the safest by-product, H4 and protons. A magnetic resonance field is generated on the
inside walls of the core to prevent it from becoming unstable. If for any reason the core were to
become unstable, it would be ejected and the auxiliary systems would kick in, which are the ion
engines.

Instead of using a chemical reaction, such as the combustion of hydrogen with oxygen,
these engines ionise atoms of xenon gas and then, with a strong electric field, expel these ions at
high speed. Ion engines have a very high efficiency when compared to chemical propulsion
methods, but the drawback is that the levels of thrust produced by these systems tend to be
several orders of magnitude lower than those produced by chemical methods. This means that to
achieve the same overall change in momentum the engine must operate for longer and must
therefore be more reliable than its chemical counterparts.

Nuclear Core

Figure 1.3 The Pulsed Plasma Thruster Operating Principle!

Pulsed plasma thrusters are used for orbit and precision positioning. The pulsed plasma
thruster system is composed of power and control electronics, a high-energy capacitor,
electrodes, and chlorofluorocarbon-based fuel bars. The use of solid, non-toxic propellant bars
eliminates fluid propellant systems and the complex ground handling used in traditional
propulsion methods. The fuel is ablated, ionised, and accelerated electromagnetically from the
pulsed plasma thruster during a high-voltage capacitor discharge across the face of the fuel bar.
The pulsed plasma thruster system offers a simple, lightweight, microthrust propulsion capability
with minimal spacecraft interface requirements for spacecraft attitude control, orbit-raising and
translation, and precision positioning.

III. Computer Systems

                                             
!  Source: NASA
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Figure 2.1" ÷
Emissary uses a holographic data storage system. A hologram is a photographic record of

the spatial interference pattern formed by the mixing of two coherent laser beams. One beam
carries the spatial information, called the ÒobjectÓ beam; the other is distinguished by its
particular direction of travel, called the ÒreferenceÓ beam.

Holographic data storage promises fast access times, because holograms encode a large
block of data as a single entity in a single write operation, and reading the hologram retrieves the
entire block simultaneously.

The HDS system can hold an incredible amount of data when compared to other methods
of data storage. For example, the new hard drives that just came out are 10-gigabyte drives. A
holographic cube the size of a sugar cube can hold 10 gigabytes per cubic centimetre. A block of
optical media the size of a deck of cards would hold a terabyte of data.

Fortunately, there are many advantages to holographic data storage. Reading out of
images instead of single hits serially provides a huge improvement in bandwidth. Also, the
ability for light to be launched through space and easily deflected will eliminate the need for
rotation of the medium. HDS is a convenient way to address a storage medium in three
dimensions while only scanning beams in two.

HDS also uses a relatively small amount of components to run, minimising the space they
take up. The main components are:
¥ Spatial light modulator to properly shape the object beam
¥ Optical beam scanner to point the reference beam
¥ Detector array to convert the reconstructed data output object data into an electronic bit
stream
¥ Electronics to control the entire process and condition the input/output electronic
information
¥ Sufficiently powerful laser to overcome the optical losses of the system

                                             
"  Source: NASA JPL
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Holography records information from a three-dimensional object in such a way that a
three-dimensional image may subsequently be constructed. Holographic memory uses lasers for
both reading and writing the data blocks into the photosensitive material. Recording the
interference pattern between a carefully modulated coherent wave front and a reference beam on
a photosensitive material forms a digital hologram.

Iron doped lithium niobate is currently the medium used for holographic storage.
Unfortunately, it has two main failings: a destructive readout of the data and a relatively low
sensitivity. Currently, it is the only material that has the optical quality that is critical for a
system application. Hopefully by 2030, we will have found a better medium for holographic
storage. Superfluid helium (4He) is beginning to look promising for this type of data storage, and
its use is still being tested.

The computer core contains 10,000 holographic data storage disks. Each of the disks is
9x6x1 centimetres and has a volume of 54 cm3. Each disk can hold a terabyte of data, which
gives the computer a maximum storage capacity of 10,000 terabytes. To break that down: the
computer has a capacity of 18,518,518,519 bytes per cubic centimetre, or 18.518518519
gigabytes. With 54 cm3 in a disk, each disk holds one trillion bytes, or a terabyte. This means
that the total storage capacity of the computer is 1016 (ten quadrillion) bytes! This is equivalent to
the amount of data that can be held on ~71,429 floppy disks. The core can process approximately
one trillion calculations per microsecond. To overcome the problem of computer error, computer
redundancy is used in the shipÕs computers. The computers must reach consensus before they
can issue a command.

Emissary has two-dimensional graphical interfaces and voiceprint technology. The verbal
controls are multi-lingual and work with English, Russian, Japanese and French. Either of these
methods can be used to access the shipÕs library, which contains all the data we have on Mars,
including photographs, videos, maps, and writings. Even H.G. WellsÕ The War of the Worlds is
stored in the library. Also stored are all of the crew profiles and mission data. Profiles include
biographical information, educational record (degrees, etc.), department aboard the ship, and
closest living relatives in case of emergency.

Security systems on board have two purposes: to protect the computer files and to keep
crewmembers where they belong. Sections of the ship that are restricted access areas are
protected by iris scanners, as are encrypted/restricted files. Also, no one can open your letters
from home except for you (and the commanding officer, if need be).

Iris scanning has many advantages over fingerprints and voiceprints. The iris has 266
measurable characteristics, while the fingerprint only has about 35. No two people have the same
irises; even your right and left irises are different. Fingerprints can be manipulated (and even
removed), and voices can be imitated, whereas irises cannot. Iris scanning works with glasses
and contacts, with an identification time of two seconds. Currently, this kind of scanning requires
512 bytes per eye for storage. Fingerprints require over one thousand bytes per print. For the
entire crew, it would only take up 102.4 gigabytes of the 10,000 terabytes in the shipÕs computer
(if data were stored for both eyes).
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The computer also has an advanced encryption standard from IBM called MARS. MARS
is a shared-key block cipher, with a block size of 128 bits and a variable key size, ranging from
128 to over 400 bits. It is a resilient system, because all of the known cryptanalytical attacks
(including linear and differential cryptanalysis) require more data than is available (2128), making
these attacks would be impossible against MARS.  MARS is also more secure than other systems
because it was designed using a mixed structure, where the top and bottom rounds were designed
differently than the middle rounds. This was done because different parts in a cipher play
different roles in assuring security. Top and bottom rounds usually have a different role than the
middle rounds in protecting against cryptanalytical attacks.

The computer has a Facial Action Encoding System on it. This is a system that analyses
the facial muscles to deduce the emotion of the user, and reacts with a series of pre-programmed
actions. For example, if the computer senses you are nervous or impatient, it speeds up its
response time. FACS (pronounced ÒfacesÓ) deals with what is clearly visible in the face and
ignores ÒinvisibleÓ changes or visible changes too subtle for distinction. FACS does not include
skin coloration, facial sweating, tears, rashes, pimples, and permanent facial characteristics in its
analysis. Specific actions are described: the movements of the skin, the temporary changes in the
shape and location of the features, and the gathering, pouching and wrinkling of the skin. FACS
has action units (which are numbers) that have assigned names to them and the muscular basis of
these actions, as seen here:

Single Action Units

AU No. FACS Name Muscular Basis

1 Inner Brow Raiser Frontalis, Pars Medialis
2 Outer Brow Raiser Frontalis, Pars Lateralis
4 Brow Lowerer    Depressor Glabellae; Depressor

Supercilli; Corrugator
5 Upper Lid Raiser Levator Palebrae Superioris
6 Cheek Raiser Orbicularis Oculi, Pars Orbitalis
7 Lid Tightener Orbicularis Oculi, Pars Palebralis
8 Lips Toward Orbicularis Oris

Each Other
9 Nose Wrinkler Levator Labii Superioris,

Alaeque Nasi
10 Upper Lip Raiser Levator Labii Superioris, Caput

Infraorbitalis
11 Nasolabial Furrow Zygomatic Minor

Deepener
12 Lip Corner Puller Zygomatic Major
13 Cheek puffer Caninus
14 Dimpler Buccinnator
15 Lip Corner Depressor Triangularis
16 Lower Lip Depressor Depressor Labii
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17 Chin Raiser Mentalis
18 Lip Puckerer Incisivii Labii Superioris;

Incisivii Labii Inferioris
20 Lip Stretcher Risorius
22 Lip Funneler Orbicularis Oris
23 Lip Tightner Orbicularis Oris
24 Lip Pressor Orbicularis Oris
25 Lips Part Depressor Labii, or Relaxation of

Mentalis or Orbicularis Oris
26 Jaw Drop Masetter; Temporal and Internal

Pterygoid
27 Mouth Stretch Ptergoids; Digastric
28 Lip suck Orbicularis Oris
38 Nostril Dilator Nasalis, Pars Alaris
39 Nostril Compressor Nasalis, Pars Transversa and

Depressor Septi Nasi
41 Lid Droop Relaxation of Levator

Palpebrae Superioris
42 Slit Orbicularis Oculi
43 Eyes Closed Relaxation of Levator

Palpebrae Superioris
44 Squint Orbicularis Oculi, Pars

Palpebralis
45 Blink Relaxation of Levator Palpebrae and

Contraction of Orbicularis oculi,
Pars Palpebralis

46 Wink Orbicularis Oculi

The table indicates where they have collapsed more than one muscle into a single Action Unit
from a single muscle.!

As an example, FACS would detect the action units 6 (cheek raiser), 12 (lip corner
puller), 14 (dimpler), 20 (lip stretcher), and possibly 44 (squint) and deduce from these that the
user is smiling.

EmissaryÕs computer has a sort of artificial intelligence: it can answer questions (i.e. ÒAre
the deuterium injectors performing within tolerable parameters?Ó) and process commands (i.e.
ÒAccess the internal sensors.Ó). The computer uses the bottom-up approach. Bottom-up is the
top-down approach (a heuristic IF-THEN method, which uses decision trees) plus induction and
many of the subtle nuances of human thought. It codes known human behaviours and thought
patterns into the computer as symbols and instructions. It learns from what it does, devises its
own rules, and creates its own data and conclusions. The computer adapts and grows in
knowledge based on the network environment in which it lives.

                                             
!  Source: http://www.cs.wpi.edu/~matt/courses/cs563/talks/face_anim/ekman.html
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IV. Flight Plan D

Figure 4.1 Flight Plan of Emissary

The flight plan includes a Venus swing-by, which involves a Hohmann transfer to a
specific point in space near Venus so that the trajectory of the ship is redirected toward Mars.
The main problem with this is that the ship will come toward Mars at a high velocity, which
could require a large amount of fuel to slow down the ship at Mars. The way out of this problem
is to bring along a heat shield and use the upper atmosphere of Mars as friction to slow down to a
gradual stop as opposed to using up propellant (Emissary has an inflatable heat shield, stored in
the front of the ship). Emissary will also slow down to a calculated speed before encountering
Venus so that the velocity of the ship after encountering Venus is the same as it was before the
encounter.

The Emissary has a somewhat complicated landing procedure. When the ship reaches
Mars, it uses the pulsed plasma thrusters to insert itself into a parking orbit. The clasps that
connect the rotating rings to the ship are released, and the rings are jettisoned down to the planet
near the landing spot at Utopia Planitia. This leaves the crew in microgravity for the descent. The
ship angles itself so as not to burn up in the atmosphere, coming in at a slow speed. Four large
landing braces, two at the fore and two at the aft, are deployed. Since there are obviously no
runways on Mars and most of the landscape is rock-strewn, traditional wheel landing gear would
not be appropriate for landing on Mars. As the ship levels out horizontally, retrorockets on the
bottom of the braces are activated to slow the descent even further. The final landing is a bit
rough, so the crew is instructed to hold onto something. After landing, ramps are lowered from
the airlocks on the bottom deck (the same place that the landing braces are stored during the trip)
so the crew can get out of the ship and set foot on Mars.

V. Complications
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Now, there are a few problems with this ship. First of all, it has an exhaust velocity of
26,400 km/s, which is 95,040,000 km/hr. With speeds this high, gravitational forces would crush
the crew long before reaching Mars (donÕt forget, ships usually travel twice as fast as their
exhaust velocity). Also, it would take awhile to accelerate, and if one were cruising along at
95,040,000 km/hr in a place with no friction, deceleration would take an incredibly long time.
So, one could not accelerate all the way for a trip as short as to Mars. And if one wanted to go at
top speed, theyÕd need to get a hold of Captain Picard and the Enterprise and ask how those
inertial dampers work.

As you go faster, your length begins to shorten. The Emissary is 400 metres long, but
travels at ~6.8% the speed of light. Since the ship would shrink by a factor of gamma, which is:

______1_______                                                  (1.1)
!1-( v2/c2)

where v is the velocity of the object and c is the speed of light, the shipÕs gamma equals
1.003900073. Take the original length of the ship and divide by gamma. Emissary would end up
being 398.4460314 metres long. Everyone and everything aboard would also shrink by the same
gamma, but it is not always the same amount. The Emissary shrinks by about two centimetres,
but when I put in my height:

150 cm/_=149.4173       (1.2)

 I only shrink by less than a centimetre. And the trip to Mars shrinks by 304,577.85 kilometres.
This means that if the ship were going at 26,400 km/s, it would take approximately 50 minutes to
reach Mars.

When one goes faster, time slows down as well. Going at 6.8% the speed of light would
cause a small time dilation. The equation for time dilation is:

#t=___#t1___    (1.3)
      $1-(v2/c2)

where #t is the observerÕs time (the time on Earth) and #t1 is the time on the moving system (the
time aboard the ship). Using this equation, we find that the time dilation if the ship were going at
top speed the entire trip would only be 11.47 seconds.
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THE COLONY

I.Construction and Schematics

Figure 2.1 Colony Base at Utopia Planitia!

The colony structure, built at Utopia Planitia, is circular in shape with a diameter of
approximately one kilometre. The inner section holds all of the colonyÕs control functions and
duty stations; the outer ring holds crew quarters and recreational facilities, such as the
gymnasium. It is composed of aluminium, titanium, and magnesium alloys, and a few various
carbon compounds to protect against the sunÕs deadly UV rays. The colony will be constructed
underground to help protect the crew from radiation as well. Mirrors are used to reflect sunlight
down to the baseÕs greenhouse to allow for photosynthesis, as well as a place for the crew to
walk around in ÒnaturalÓ light somewhat safely.

The base has safeguard systems in case of emergency. If a containment breach occurs,
alarms go off and the computer shows the location of the breach. All crewmembers put on
environmental suits and wait for the breach to be repaired. If a quarantine situation were to
occur, everyone would change into environmental suits and evacuate the structure. The station is
then flooded with ozone to clean it.

II. Life Support System and Aspects Requiring a Technological Solution

                                             
!  Photograph of a model of the base
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There are many challenges with creating contained biospheres on Mars.  The first, which
was noted in the Biosphere 2 project, is the amount of power used per person. The world average
primary power is ~2 kWe/person, and the world average electrical power is ~0.2 kWe/person. In
Biosphere 2, a whopping 100 kWe/person was used! A settlement designed by the Obayashi
Corporation in Japan for 150 Martian colonists estimated a power consumption of ~50
kWe/person, including life support and routine use, energy for mobility, expansion and
emergencies. Either way, this is significantly more power than the amount used regularly on
Earth. This is why the station has solar and wind power: to regenerate enough power for the 100
colonists. Since Mars will not be exactly hospitable to the colonists when they first arrive, there
are aspects requiring a technological solution:

*Maintenance of habitable enclosure

*Replacement of leaked gases

The loss of the artificial atmosphere to the outside on Mars would not be a severe
problem since Mars has an atmosphere of its own that can re-supply the base. If the artificial
atmosphere in the structure leaks out due to a breach, particle generators will generate the
atmosphere and the computer will notify the crew as to when the amount of oxygen, nitrogen and
trace gases is suitable for them to return to the base (or to remove their EV suits). If noxious
gases leak into the structure, or the nitrogen/oxygen/trace gases levels in the atmosphere become
harmful to the crew, the entire atmosphere will be vented out in the section with the problem
(after that section has been sealed from the rest of the structure to prevent total depressurisation)
and generators will be reconfigured to correct the malfunction. The entire stationÕs atmosphere is
vented if the problem becomes widespread. The artificial atmosphere system must be carefully
monitored and controlled, since minor imbalances can have significant affects on all of the
baseÕs inhabitantsÑhumans, plants and microbes.

*Radiation protection

The radiation that reaches the Martian surface is approximately 2,000 times that of Earth!
The materials the station is composed of give radiation protection, as well as the location on the
planet (Utopia Planitia is located in what appears to be an ancient ocean bed, giving it a low
elevation, and the colony is underground there).

*Temperature regulation

Temperature regulation systems must be installed due to the lack of natural weather to
keep circulating fresh air.

*Hydrological cycle

An artificial hydrological cycle must be created due to the inability to form clouds and
rain inside of an enclosed habitat. After transpiration by plants, water is condensed from the air
and piped back into the greenhouse sprinklers and the colonyÕs Òwatershed.Ó Aquifers will be
placed near the colony to reach MarsÕ groundwater (if there is any), and machines will be placed
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outside to create water from elements in the Martian atmosphere. Water is recycled/conserved as
much as possible; the colony has employed sonic showers, which would be more sanitary and
require only electricity (to generate the sound waves) to run.

*Trace contaminant control

*System stabilisation

*Solid waste recycling

*Management of horticulture

The hydroponics bay will house the agricultural departmentÕs food and plant species.
Most will grow under blue or red lights, since experiments have shown that blue and red lights
promote larger crops with less of the wasted, inedible parts of the plants. In fact, radishes,
potatoes, and wheat grown very well in NASAÕs simulated Martian soil. When the colony (and
eventually colonies) becomes larger, biodomes will be built. The biodomes are composed of H2O
and silicon. More plant life can be grown in these biodomes to support more humans on Mars.
Recycled water (from human waste) would be used as rain inside these domes.

*Pest and disease control

*Artificial atmosphere maintenance and air revitalisation!     

Oxygen is produced from H2O by electrolysis:
2 H2O_2H2+O2             (2.1)
CO2 scrubbers will be in place like on nuclear submarines, to keep the levels of carbon dioxide in
the atmosphere at a safe level. The CO2 scrubbers run by precipitating calcium carbonate in two
steps:
CO2+2NaOH_Na2CO3+H2O                                      (2.2)
Na2CO3+CaO+H2O_CaCO3+2NaOH                        (2.3)

After removal from the air, CO2 is reduced by using the Sabatier process, converting the
CO2 to methane at 370¡C in the presence of a catalyst:
4H2+CO2_2H2O+CH4       (2.4)
Combining respiration, electrolysis, and the Sabatier process, the overall reaction is:
(CH2O)+H2O_ CH4+O2                                       (2.5)
Food and water are consumed, producing oxygen and excess waste methane. When combining
the Sabatier process with a hydrazine-based nitrogen generation subsystem for maintenance of
cabin pressure in the base:
N2H4_ N2+H2                         (2.6)

Hydrogen is provided for CO2 reduction, conserving water. The dispensable atoms from
this are carbon and hydrogen. The advantages of using the Sabatier process (over the option of

                                             
!  Equations: Fogg, Martyn J. Terraforming: Engineering Planetary Environments. 1995 by SAE
International, Warrendale, PA, pgs. 44-46, 51.
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the Bosch process, which is used in some systems to minimize the loss of hydrogen) are that the
machinery employed is lightweight and the reduction of CO2 occurs at a highly efficient rate.

 Fans circulate the air inside of the base. There is also an emergency oxygen injection
system in case of breaches in containment. The oxygen generators run by using hydrogen,
brought to Mars from Earth (and eventually mined from the asteroid belt), and mixing it with
carbon dioxide from the Martian atmosphere to create oxygen (and methane rocket propellant,
according to ZubrinÕs Mars Direct plan).

*Emergency life support

There are backup emergency environmental controls and life support in case of
emergency (i.e., if the solar panels that collected the energy to run the base were hit by
meteorites, which hit Mars about 1000 times a day).

III. Rovers and NIMFs

Outside of the station is the rover bay, which holds the colonyÕs twenty solar-powered
land rovers, each with a five person maximum capacity. They must be checked out to use them
and communications is kept open with the base so that if anything happens, they know where the
crewmembers are and how to find them. Each rover is equipped with a microchip that keeps
track of where the rover is on the planet. The coordinates are transmitted back to the command
centre.

The rovers, unlike those used on the Moon when Apollo 11 landed there, are totally
enclosed and pressurised, sort of like a high-tech Martian car. If the crew wanted to ride in the
rovers without environmental suits on, they could do so, but theyÕd need one to leave the rover,
so the rovers are equipped with two environmental suits. The extra suits could also come in
handy if there was a containment breach in a crewmemberÕs suit.
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Figure 2.2 NIMF Design

To provide quick, efficient access to other parts of Mars, the base is equipped with two
NIMFs, which stands for nuclear rocket using indigenous Martian fuel. The idea of NIMFs was
invented by Robert Zubrin. NIMFs use raw carbon dioxide from the Martian atmosphere as a
propellant. The carbon dioxide is heated by an onboard nuclear thermal rocket, or an NTR,
creating a hot rocket exhaust. NTRs donÕt convert their heat into electricity, allowing the NIMFs
to be both lightweight and small. Since the propellant is raw carbon dioxide, chemical synthesis
gear is also eliminated. NIMFs have total global range because they make their own fuel After
more colonies has been established on Mars, NIMFs could be used for cargo transport, and for
transporting people from city to city.

NIMFs could also be used to transport crewmembers to various spots on Mars to set up
weather monitoring stations to keep track of the infamous dust storms. Mars Global Surveyor (or
the newer version of it in 2030) would also assist by transmitting data to the base.
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IV. The Space Elevator

Figure 2.3 Space Elevator

                                 Figure 2.4 C-60 Molecule!    Figure 2.5 Buckytube!

Also outside is the space elevator, which goes up to an asteroid with a space station
constructed on it where the yearly supply shuttle docks. The elevator car travels up an
areosynchronous elevator rail, which is held in place by an areosynchronous counterbalance. A

                                             
!  Source: www.carbon60.co.uk
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carbonaceous asteroid a couple of kilometres in diameter, brought to Mars to serve as a tether
anchor, could provide all of the carbon 60 required to construct an orbital tether (a buckytube).
The tether could be created by automated machines on the surface of the asteroid and slowly
spun down to the surface.

Figure 2.6 Tall Tower Concept!

The tether would need to be approximately 34,000 kilometres long to have the elevator
car reach the (asteroid) docking port in areosynchronous orbit. It extends down from the asteroid
and is attached to a 30-kilometre-tall tower that is constructed on the surface above the base. The
rover bay is to one side of the tower and the NIMF bay and launch site is to the other side. At the
base of the tower is a high-power laser that propels the elevator car, which is a lightcraft.
Lightcrafts work by using a high-power laser to heat up the air behind the craft until it explodes
behind it, propelling it up the tether. These cars are lightweight and relatively fast; the car would
take about five hours to reach the asteroid.

TERRAFORMING MARS

I. Planet Shifting

The Emissary’s crewÕs biggest undertaking will be to move Mars from a position
228,000,000 kilometres away from the sun to a position 211,054,200 kilometres away from the
sun. This will be done to heat up the surface, melt some of the permafrost to give Mars some of
its water back, and to assist in the release of volatiles trapped in the Martian regolith. They will
use a multi-swingby technique to move the planet.

Perhaps the least daunting of planet shifting techniques, since it involves a process that
has already been experimented with on a small scale is what Oberg called the Òmulti-swingbyÓ
technique. When two bodies in space pass close enough for significant gravitational interaction,
an exchange of momentum occurs. An example of this is when the Voyager probes encountered
                                             
!  Source: Rawlings, R.P.: NASA Artwork by Pat Rawlings, Science Applications International Corporation,
prepared during the Advanced Infrastructure Workshop on Geostationary Orbiting Tether ÒSpace
ElevatorÓ Concepts. NASA Marshall Space Flight Center, June 8-10, 1999.
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Jupiter to accelerate and deflect their trajectory toward Uranus and Neptune. But since the mass
ratio between Jupiter and the probes is so minute (~10-25), the planet experiences no discernible
deflection at all. However, close gravitational encounters with larger bodies similar in mass to
the planet itself would have a large effect on the planetÕs orbit.

Oberg conceived of the possibility of engineering repeated encounters with a succession
of ~100-km-wide objects, which he called Òcue balls,Ó each one giving the planet a small and
harmless nudge in the desired direction. Although the Òcue ballsÓ are now more manageable in
size, the scheme becomes extremely complex. You would have to have more than 1000 cue balls
that encountered the planet every three hours or so for about 100 years, and the mass of all of the
cue balls would be enough to amount to a moon-sized planet on their ownÑnot a readily
accessible source (most likely from the asteroid belt). Another difficulty is that as each mass
gives the planet a small shove, it receives, in relative terms, a powerful kick in return. The planet
would scatter the cue balls far and wide, further complicating the problem.

The multi-swingby idea does have a number of points in its favour, though. For a start, it
is a highly efficient way of transferring both momentum and kinetic energy; the only energy
dissipating is a tiny amount converted to heat in the tidal bulges raised during the encounter. A
possible way to remedy the scattering problem is to have the cue balls encounter another much
larger object, such as Jupiter, which will then send them back into the inner Solar System. Thus,
the vast reservoir of angular momentum and energy embodied in the orbit of Jupiter could be
tapped. Setting the whole process in motion might be done easily if we conceive a hierarchical
approach, where small objects deflect larger ones, which deflect still larger ones, and so on.

Obviously, the moving of Mars would not be completed soon after the colonists arrive,
but they could be the ones to set it in motion.

II. Atmospheric Enhancement and Surface Heating

After writing about the colony performing planet-shifting to terraform Mars, another less
drastic measure was decided on to help give Mars back its water and atmosphere, based on the
work of Carl Sagan, Chris McKay, and Robert Zubrin. Instead of moving Mars closer to the Sun,
a runaway greenhouse effect will be induced on MarsÑbut not to the point where it gets as bad
as Venus (or some may say as bad as Earth).



18

Table 3.1—Mars Atmospheric Composition
    Species     Abundance by Volume
CO2 0.9532
N2 0.027
Ar 0.016
O2 0.0007
H2O 0.0003
Ne 2.5 ppm
Kr 0.3 ppm
Xe 0.08 ppm
O3 0.04--0.2 ppm

Mars has a thin atmosphere, but not nearly a breathable or protective one. The current
Martian atmosphere is dominated by carbon dioxide and nitrogen, together making up over 98%
of the atmosphere. Oxygen is only .07%, and ozone is the scarcest, with a mere 0.04 to 0.2 ppm.

These are the levels of oxygen currently on Mars. It shows the volume percent of oxygen
compared to the atmospheric pressure. As you can see, anyone walking around on Mars without
a pressure suit would suffer from nearly immediate hypoxia. There are scarce amounts of oxygen
in the air, and hardly any ozone. Four massive ozone generators will be employed on Mars.
Since ozone molecules bond with each other, the generators could assist in the creation of an
ozone layer to increase the planetÕs insolation and reduce the levels of surface UV flux. Solettas
will also be placed in orbit to enhance insolation, with multiple solettas at the poles and higher
latitudes to melt permafrost. Enhancing MarsÕ atmosphere will cause permafrost to melt, giving
it back some of its water and releasing volatiles from the regolith, as I said before. This will help
thicken the atmosphere, making Mars easier to live on, and perhaps eventually will make it so
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that you could walk on Mars without a pressure suit. YouÕd still need your handy pack of
compressed oxygen, though, until total terraformation had been completed.

MarsÕ mean global temperature is ~-56¼C. Equatorial temperatures range from 20¼C in the
afternoon to -90¼C before dawn. Winter poles are usually below -130¼C. With temperatures like
this, water remains ice, and humans canÕt survive in temperatures this cold. In a way, a solution
to this could kill two birds with one stone. With MarsÕ lack of atmosphere and a protective ozone
layer, hardly any of the sunÕs heat is trapped to warm the surface. To create a thicker atmosphere,
weÕd need to put more greenhouse gases in the atmosphere, which could be done by particle
generators (placed at 45 spots around the planet) and other planetary engineering techniques.

In Carl SaganÕs schematic for the runaway greenhouse scenario, various planetary
engineering techniques are used to warm regions of Mars that are rich in volatiles. Carbon
dioxide in the polar caps and the regolith then begins to vaporise. The thicker atmosphere warms
the surface, causing a further release of gases. If positive feedback is strong enough, self-
sustaining outgassing may occur as a result of a comparatively trivial forcing.

Properties of Ideal Greenhouse Gas Mixture

1. Uniform grey absorption
2. Strong radiative forcing at low concentrations
3. Non-destructive to ozone
4. Long atmospheric life
5. Resistance to photodissociation
6. Non-toxic in ppm concentrations
7. Manufacturable from elements likely to be abundant on Mars

This graph shoes the thermal balance of a model 1-bar Earth-like atmosphere on Mars
with 10 mbar of CO2 in equilibrium with water! . The surface temperature is set at 15¼C and is

                                             
!  Source: McKay, C.P., Toon, O.B. and Kasting, J.F. ÒMaking Mars Habitable.Ó Nature, 352, 489-496, 1991.
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shown as the upper dotted curve; the temperature at which the planet should radiate to space is
shown as the lower dotted curve. The solid line is the actual infrared radiation emitted at the top
of the atmosphere showing that the surface is far too hot to be in equilibrium.

Now, this shows the effect of adding trace gases to the Earth-like Martian atmosphere
from the preceding graph (the solid lines) and to the present-day atmosphere of Mars (dotted
lines)! . Carbon, hydrogen, and fluorine are added to the atmosphere, which are Òsuper-
greenhouseÓ gases. All of these are already on Mars. We would not generate chlorine or
bromine, which are destructive to ozone, even though they are major greenhouse gases. Chlorine
and bromine break the properties of the ideal greenhouse gas mixture. Trace gas absorption in
the window region gives maximum warming increments of ~40¼C and ~30¼C, respectively. A
uniform grey absorber, however, a hypothetical mixture of gases that is active over the entire
infrared spectrum, can warm Mars above freezing. This would make living on Mars a bit more
hospitable to humans, though temperatures would resemble those of Northern Canada, Alaska,
and parts of Eastern Russia.

III. Water on Mars

There is water on Mars. Getting to it or finding it where it isnÕt ice is the problem. The
most popular idea to put water on planets that lack it is to crash land comets on the surface. The
problem is if you put humans on the planet before you intend to crash-land the comets, youÕll kill
the humans when you decide to crash the comets. So, this optionÕs too late, but thereÕs another
option involving comets. The ship could target a comet and then, using a monopolaric beam of
coherent energy, shoot the comet so it breaks into pieces small enough to be placed in the cargo
bay. These pieces could be melted on the surface. Granted, this doesnÕt seem like a very easy
idea; this would take a while. So, the solution to getting water on Mars is using what is already
there. The majority of MarsÕ water is frozen in the polar ice caps, permafrost in the higher
latitudes, or possibly groundwater.
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A simplified cross-section of the Martian regolith!  from the North Pole to the South Pole
shows that ground ice is stable poleward of about 40¼ latitude where the temperature is
permanently below freezing. Ice at lower latitudes must be isolated from the atmosphere by a
diffusive barrier.

IV. Stages of Martian Terraforming Process

All terraforming processes have their difficulties and faults, but combining various
planetary engineering techniques could help to compensate for all of the faults of the different
techniques. Here are the stages for the terraforming of Mars:

STAGE ONE: ECOPOIESIS  
1. Increase insolation

a. use solettas to gain a 30% increase in the Martian solar constant (fs=1.3)
*reflect 6370 TW onto Mars

2. A Mini-Runaway Greenhouse (controlled)
3. Devolatilization of Carbonates and Nitrates

a. nuclear mining
b. focused sunlight from solettas

4. Add Artificial Greenhouse Gases to Atmosphere
5. Establishment of a Dynamic Hydrological Cycle

a. hydrological cycle working outside of the enclosed habitat
*precipitation, lakes, rivers

STAGE TWO: TOTAL TERRAFORMATION
1. A Breathable Partial Pressure of Oxygen
2. A Solution to the Problem of MarsÕ Lack of Nitrogen

a. possibility of mining nitrogen from the thick atmosphere of Titan, which is
mainly nitrogen and methane

3. Topping Up and Maintaining Martian Seas

                                             
!  Source: Fogg, Martyn J. Terraforming: Engineering Planetary Environments. 1995 by SAE International,
Warrendale, PA.



22

The Martian Clock and Calendar

The Martian day (referred to as a ÒsolÓ) is 24 hours and 37 minutes long. Instead of trying
to work with that extra 37 minutes, I decided to manipulate the length of an hour on Mars (when
I did this, I had never heard about changing the length of the second or minute...that just seems
complicated, and this is fairly easy). If you round the 37 minutes up to 40, you find that this
gives you 1480 minutes/sol. That can give you 37 hours of 40 minutes per hour.

How does this differ from the actual time? Refer to the chart below:

MY CLOCK                                                                REALITY

*Added 3 min/sol
*1480/3=493                                                             *493
Or, +1 sol -1 min                                      
---------------------------------------------------------------------
        494 sols -1 min
OR      (493.015) 9 daylight saving 4 mHour shifts

        669 sols                                                                668.6 sols

DAYLIGHT SAVING:

+0.4 sol/mYear
-1 sol/2.5 mYear

LEAP DAY:
669 sols
-494
-------                                 My Calendar: 668 319/494=668.6457489            
175 Actual Martian Year: ~668.6

494-175=319

If you use the leap day system (subtracting one 'leap day' every 494 sols to make up for
rounding up 3 minutes a sol), the length of your year in reality is no longer 669 sols (though it is
on the calendar, which I will explain next), but 668.6457489 sols, almost the same length as the
actual Martian year (this is factoring in the .4 days you gain in rounding up to 669 from 668.6)!

Now, the calendar consists of 22 months with nine months having 31 days and 13 having
30, giving you 669 days in the year. I managed to keep the seven-day week with 96 weeks in a
year. The months are named after features on Mars (Tharsis, Elysium, Hesperia, etc.), but names
of the days of the week were left the same, since I was more concerned with numbers than
names.

I also made a calendar for Mars after its shifting had been completed (if humans decided
to go that route). The new calendar has 615 sols in a year, adding a leap day every third year to
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even things out. This year has 20 months with fifteen months having 31 days and five having 30
days.

Where did those numbers come from? Put the number of days in an Earth year over its
average distance from the sun, and a variable "x" over Mars' new distance from the sun:

365/149,000,000    =    x/211,054,200                   (3.1)

Take your cross products to find the value of x, which comes out to be ~631.334. This
number is the number of Earth days in the new Martian year. Then, place the current number of
Earth days in a Martian year over the number of sols in the current Martian year, and the number
631.334 over x.

                687/668.6     =     631.334/x                                           (3.2)

Using cross products again, you discover that x equals ~615.344. This is the number of sols in
the new Martian year. Round this off to 615, and you end up the calendar I explained before. If
you round off the decimal to .3, then every third year, you'd add a leap day to make up for your
rounding down. This is only off by approximately .1 days.

 MARTIAN/TERRAN PHYSIOLOGICAL DIFFERENCES

Martian humans will be physically different than those on Earth, and these changes will
not take thousands of years to become evident; you could see them with the first generation of
children born on Mars. With the lower gravity, the skeleton and muscles will grow and develop
differently. Bones would be elongated, resulting in a height approximately two feet taller than
the person would have been if they had been born and grew up on Earth. As an example, I am
4Õ10Ó tall here on Earth. If I had been born and grew up on Mars, I would be about 6Õ6Ó. This
would be how tall the short people would be on Mars (IÕm about a half a foot shorter than the
average female my age)! So, that would mean the range of height on Mars (for fully-grown
Martians) would be from about 6Õ6Ó (people who are short, like me) to over 9Õ tall (basketball
player height people)! Women on Mars would, on average, be taller than Earth men! Along with
being taller, the fingers would be a bit longer, as well as the shape of the skull (but not by that
much; it would probably be noticeable if you stuck a Terran and a Martian together who was
who. Now, those people living on the Moon and the Belters are a whole other storyÉ).



Crew Divisions in the First Hundred

This chart shows the command structure on the ship and at the colony. A chief of staff,
namely the captain, and two subordinate officers, a commander and a lieutenant commander, are
in charge of things. The captain is in charge of the officers; the commander is in charge of duty
shifts; the lieutenant commander assists the commander and checks in with the department heads
to make sure everything is running smoothly. The different departments were chosen based on
what kinds of jobs would need to be done scientifically on Mars. The most essential departments
for Mars are geophysics and agriculture, as these two departments will be essential in the
survival of the colony and future humans on Mars

.

Crew Layout

Deputy Chief of Staff
Commander Joshua MacLachlan

ESA

Staff Adjutant
Lt. Commander Sergy Botnovich

RKA

Chief of Geophysics
Lieutenant Yevgeniy Kudry-vtsev

RKA

Chief Medical Officer
Doctor Garrett Burleigh

ESA

Chief Engineer
Lieutenant Eudana Castillo

ESA

Chief of Operations
Lieutenant Anthony Eddington

NASA

Chief of Astrometrics/Stellar Cartography
Lieutenant Dafydd Huw-Llewellyn

ESA

Chief of Planetary Relations
Lieutenant Julien Kavanaugh

NASA

Chief of Communications
Lieutenant Eiji Fujimoto

ISAS

Chief Tactician
Lieutenant Jennifer Windsor

NASA

Chief of Astrophysics
Lieutenant John Barrows

NASA

Chief Helmsman
Lieutenant Hugh Cogley

NASA

Chief of Agriculture
Lieutenant Heinrich Mossbauer

ESA

Chief of Security
Lieutenant Manago M'Benga

ESA

Chief of Staff: Command
Captain Saskia Karidian

NASA
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CONCLUSION

ÒHumans will go forth to Mars. Of this we may be as sure as we can be of anything. In
the next two or three decades perhaps, in the twenty-first century almost certainly, astronauts will
make the long journeyÉFor Mars is not only a destination; it can be the beginning of the
irreversible expansion of humans into the cosmos.Ó

~John Noble Wilford
   Mars Beckons

This is my view of humanityÕs future on Mars. And we will go to Mars, because it is in
the nature of humanity to explore. WeÕve gone to the limits on Earth, and must now turn our
views to the skies. There is an endless amount of exploration to do out there, and I plan to be one
of the ones doing the exploring. ItÕs the future, and weÕve got to check it out.

Emissary Mission, Mars 2030. WeÕre the Martians now.
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APPENDICES

A1--Physical Parameters of Mars

Parameter Value

Age 4.6x109 years

Mean Distance from Sun 2.28x108 km
Perihelion 2.08x108 km
Aphelion 2.49x108 km

Sidereal Period 686.98 Earth days (668.6 sols)
Mean Orbital Velocity 24.13 km/s
Eccentricity 0.0934
Insolation 589 W/m2

Mass 6.1419x1023 kg
Mean Radius 3389.9 km
Mean Density 3934 kg/m3

Surface Gravity 3.71 m/s2

Escape Velocity 5.03 km/s
Sidereal Rotation Period 24.62 h
Obliquity 25.19¼

Albedo 0.150
Atmospheric Mass 2.18x1026 kg
Atmospheric Pressure ~6 mbar
Atmospheric Scale Height 10.8 km
Effective Temperature -63¼C
Mean Surface Temperature -56¼C
Magnetic Dipole Moment <8x1011 T-m3

Surface Area 1.44x108 km2

Area of Perennial N Polar Cap 8.37x105 km2

Area of Perennial S Polar Cap 8.8x104 km2

A2—Bulk Parameters of Mars

Polar Radius 3375 km
Volumetric Mean Radius 3390 km
Core Radius 1700 km
Ellipticity (Flattening) 0.00648
GM (x106 km3/s2) 0.04283
Bond Albedo 0.16
Visual Geometric Albedo 0.150
Visual Magnitude V (0,1) -1.52
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Solar Irradiance (W/m2) 589.2
Black Body Temperature 216.6 K
Topographic Range 30 km
Moment of Inertia (I/MR2) 0.366
J2 (x10-6) 1960.45

A3—Martian Seasons

Martian Season Length in Earth Days Length in Sols
Southern Spring
(Northern Autumn)

146 142

Southern Summer
(Northern Winter)

160 156

Southern Autumn
(Northern Spring)

199 194

Southern Winter
(Northern Summer

182 177

TOTAL 687 669

A4—Martian Eras

Early and Middle Noachian: More than 4.4 billion years ago. Primitive ancient crust; early
bombardment.
Late Noachian: 4.4 billion to 3.8 billion years ago. Intercrater plains; lava flows; sinuous
channels.
Hesperian: 3.8 to 3.6 billion years ago. Lava flows; complex ridged plains.
Early Amazonian: 3.6 to 2.3 billion years ago. Smooth plains such as Acidalia; extensive
volcanism.
Middle Amazonian: 2.3 billion years ago to 700 million years ago. Continued volcanism.
Late Amazonian: 700 million years ago to the present time. Major volcanic activity in Tharsis
and elsewhere dying out at a relatively late stage; disappearance of surface water.
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A5—Comparison of Plant Nutrients in Soils on Earth and Mars

Element % Terrestrial Soil (avg.) % Martian Soil (avg.)
Nitrogen 0.14 Unknown
Phosphorus 0.06 0.30
Potassium 0.83 0.08
Calcium 1.37 4.10
Magnesium* 0.50 3.60
Sulphur 0.07 2.90
Iron 3.80 15.00
Manganese 0.06 0.40
Zinc 50 ppm 72 ppm
Copper 30 ppm 40 ppm
Boron 10 ppm Unknown
Molybdenum 2 ppm 0.4 ppm
*Mg=25 kilos/m3 of regolith
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ARTICLES OF THE TERRAN SYSTEM

WE THE MEMBERS OF THE TERRAN SYSTEM ALLIANCE DETERMINED:

To reaffirm faith in the fundamental human rights. In the dignity and worth of the human
person, to the equal rights of male and female and of planetary social systems large and small,
and

To establish conditions under which justice and mutual respect for the obligations arising
from treaties and other sources of interplanetary law can be maintained, and

To promote social progress and better standards of life in larger freedom,

AND TO THESE ENDS

To practice benevolent tolerance and live together in peace with one another as good
neighbours, and

To ensure by the acceptance of principles and the institution of methods that armed force
shall not be used except in the common defence, and

To employ machinery for the promotion of the economic and social advancement of all humans,

HAVE RESOLVED TO COMBINE OUR EFFORTS TO ACCOMPLISH
THESE AIMS.

Accordingly, the respective social systems, through representatives assembled on the
planet Earth, who have exhibited their full powers to be in good and due form, have agreed to
these articles of the Terran System, and do hereby establish an interplanetary organisation to be
known as the Terran System Alliance.

CHAPTER I
PURPOSES AND PRINCIPLES

ARTICLE 1
The purposes of the Terran System Alliance are:

1. To maintain interplanetary peace and security within the Terran System, and to that end: to
take effective collective measures for the prevention of threats to the peace, the suppression of
acts of aggression, and to bring about by peaceful means, and employing the principles of justice
and interplanetary law, adjustment or settlement of interplanetary disputes which might lead to a
breach of the peace;
2.  To develop friendly relations among planets based on respect for the principles of equal rights
and self-determination of humans, and to other appropriate measures to strengthen universal
peace;
3. To achieve interplanetary cooperation in solving problems of economic, social, cultural, or
humanitarian character; in promoting and encouraging respect for human rights; and for
fundamental freedoms for all without distinction between culture, sex, race, or religious belief.
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ARTICLE 2
The Alliance and its members, in pursuit of purposes stated, shall act in accordance with

the following principles:

1. The Alliance is based on the sovereign equality of all its members;
2. In order to ensure to all of them the rights and benefits resulting from membership, all
members shall fulfil in good faith the obligations assumed by them in accordance with these
articles;
3. All members shall settle their interplanetary disputes by peaceful means in such a manner that
interplanetary peace, security, and justice, are not endangered;
4. In all interplanetary relations, all members shall refrain from the threat, or use, or force against
the territorial integrity or political independence of any planetary social system, or in any manner
inconsistent with the purposes of the Terran Alliance.

CHAPTER II
MEMBERSHIP

ARTICLE 3
All planetary bodies in this Solar System that are colonised are members of the Terran

Alliance. If a body that was previously uninhabited is colonised, it becomes a member of the
Terran Alliance. This includes all nine planets orbiting our Sun and all of their moons.

ARTICLE 4
Any member of the Terran Alliance which has persistently violated the purposes and

principles contained in these articles of the Terran Alliance may be expelled from the Alliance
by the Supreme Assembly by recommendation of the Alliance Council. With this action, the
member that has been expelled loses all rights and protection given to them by the Alliance.

CHAPTER III
AGENCIES

ARTICLE 5

1. There are established as the principal agencies of the Terran Alliance: a Supreme Assembly,
an Alliance Council, an economic and social council, an interplanetary supreme court of justice,
a combined peace-keeping force, and a secretariat;
2. Such subsidiary agencies as may be deemed necessary from time to time may be established in
accordance with these Articles of the Terran Alliance.

ARTICLE 6
The Terran Alliance shall place no restriction on the eligibility of male and female

persons of any member planetary social system to participate in any capacity under conditions of
equality in its principal and subsidiary agencies.

CHAPTER IV
THE SUPREME ASSEMBLY
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ARTICLE 6
Composition

The Supreme Assembly shall consist of all the members of the Terran Alliance. Each
member shall be entitled to have not more than five (5) representatives in this body;

FUNCTIONS AND POWERS

ARTICLE 7
The Supreme Assembly may discuss any questions on any matters within the scope of

these Articles of the Terran Alliance or relating to the powers and functions of any agencies
provided for in these articles and, except as provided in Article 9, may make recommendations to
the members and the council or both on any such questions or matters;

ARTICLE 8

1. The Supreme Assembly may discuss any questions relative to the maintenance of
interplanetary peace and security put to it by any member or the Alliance Council, and, except as
provided in Article 9, may make recommendations with regard to any such questions to the
members, the Alliance Council, or the pleading planetary social system, or to all of them. Any
such question on which action is necessary shall be referred to the Alliance Council by the
Supreme Assembly either before or after discussion;
2. The Supreme Assembly may call situations which are likely to endanger the interplanetary
peace and security to the attention of the Alliance Council;
3. The powers of the Supreme Assembly as set force in this article shall not limit the scope or
Article 7;

ARTICLE 9

1. Where the Alliance Council is executing the functions assigned to it under these articles with
respect to any dispute or situation, the Supreme Assembly shall make no recommendation with
regard to that dispute or situation unless so requested by the Alliance Council;
2. The Supreme-Secretariat, with the consent of the Alliance Council, shall notify the Supreme
Assembly at each session of any matters relating to the maintenance of interplanetary peace and
security which are under discussion in the Alliance Council, and shall notify the Supreme
Assembly, or the members if the Supreme Assembly is not in session, immediately when the
Alliance Council completes its deliberations on any such matters;

ARTICLE 10

1. The Supreme Assembly shall initiate studies and make recommendations for the purpose of:
A) Promoting interplanetary cooperation in political fields and encouraging the

progressive development of interplanetary law and its codification;
B) Promoting interplanetary cooperation in the economic, social, cultural, educational,

and health fields, and assisting in the realisation of human rights and fundamental
freedoms for all without distinction as to culture, sex, language, or religion;
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2. The further responsibilities, functions, and powers of the Supreme Assembly with respect to
matters mentioned in Paragraph 1(B) above are set forth in later Chapters.

ARTICLE 11
Subject to the provisions of Article 10, the Supreme Assembly may recommend measures

for the peaceful adjustment of any situation, regardless of origin, which it deems likely to impair
general welfare or friendly relations among planets, including situations resulting from violations
of the provisions of these articles setting forth the purposes and principles of the Terran Alliance;

ARTICLE 12

1. The Supreme Assembly shall receive and consider regular and special reports from the
Alliance Council; which reports shall include an account of the measures that the Alliance
Council has decided upon or taken to maintain interplanetary peace and security;
2. The Supreme Assembly shall receive and consider reports from the other agencies of the
Terran Alliance on agreed upon regular periods or reporting;

ARTICLE 13

1. The Supreme Assembly shall consider and approve the budget of the Terran Alliance;
2. The expenses of the Terran Alliance shall be borne by the members as appointed by the
Supreme Assembly;
3. The Supreme Assembly shall consider and approve any financial and budgetary arrangements
with specialised agencies and shall examine the administrative budgets of such specialised
agencies with a view to making recommendations to the agencies concerned;
4. All budgets of, and expenses of the Terran Alliance shall be made and paid in common
interplanetary credit. The common interplanetary credit shall be the official medium of exchange
within the Terran Alliance.

VOTING

ARTICLE 14

1. Each member of the Supreme Assembly shall have one vote;
2. Decisions of the Supreme Assembly on important questions shall be made on a two-thirds
(2/3) majority vote of the members present and voting. These questions shall include:
recommendations with respect to the maintenance of interplanetary peace and security; the
election of non-permanent members to the Alliance Council; the suspension of the rights and
privileges of membership; the expulsion of members; and budgetary questions;
3. Decisions on other questions, including the determination of additional categories of questions
to be decided by a two-thirds (2/3) majority, shall be made by a majority vote of the members
present and voting;

ARTICLE 15
A member of the Terran Alliance which is in arrears in the payment of its financial

obligations to the Alliance shall have no vote in the Supreme Assembly if the amount it is in
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arrears equals or exceeds the amount of the contributions due from it for the preceding two
accounting periods. The Supreme Assembly may, nevertheless, permit such a member to vote if
it is satisfied that the failure to pay is due to conditions beyond the control of the member.

PROCEDURE

ARTICLE 16
The Supreme Assembly shall meet in regular periodic sessions and in such special

sessions as occasion may require. Special sessions shall be convoked by the Supreme-Secretariat
at the request of the Alliance Council or of a majority of the members of the Terran Alliance;

ARTICLE 17
The Supreme Assembly shall adopt its own rules of procedure. It shall elect its president

for each session;

ARTICLE 18
The Supreme Assembly may establish such subsidiary agencies as it deems necessary for

the performance of its functions.

CHAPTER V
THE ALLIANCE COUNCIL

ARTICLE 19
Composition

1. The Alliance Council shall consist of eleven (11) members of the Terran Alliance. The
Supreme Assembly shall elect six (6) other members of the Alliance to the non-permanent
members of the Alliance Council, due regard being especially paid, in the first instance, to the
contribution of the members of the Terran Alliance to maintenance of interplanetary peace and
security and to the other purposes of the Alliance;
2. The non-permanent members of the Alliance Council shall be elected for a term of two (2)
session periods. In the first election of non-permanent members, however, three (2) shall be
elected for a term of one (1) session period. A retiring member shall not be eligible for
immediate re-election;

FUNCTIONS AND POWERS

ARTICLE 20

1. In order to assure prompt and effective action by the Terran Alliance, its members confer on
the Alliance Council primary responsibility for the maintenance of interplanetary peace and
security, and agree that in carrying out its duties under this responsibility the Alliance Council
acts on their behalf;
2. In discharging these duties the Alliance Council shall act in accordance with the purposes and
principles of the Terran Alliance. The specific powers granted to the Alliance Council for the
discharge of these duties are laid down in Chapters VI, and VII;
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3. The Alliance Council shall  submit regular and, when necessary, special reports to the
Supreme Assembly for its consideration;

ARTICLE 21
The members of the Terran Alliance agree to accept and carry out the decisions of the

Alliance Council in accordance with these Articles of the Terran Alliance;

ARTICLE 22
In order to promote the establishment and maintenance of interplanetary peace and

security with the least diversion of the AllianceÕs people, and economic resources for armaments,
the Alliance Council shall be responsible for formulating, with the assistance of Terran System
Headquarters staff referred to in Article 46, plans to be submitted to the members of the Alliance
for the establishment of a system for the regulation of armaments;

ARTICLE 23
Voting

1. Each member of the Alliance Council shall have one vote;
2. Decisions of the Alliance Council on procedural matters shall be made by an affirmative vote
of seven (7) members;
3. Decisions of the Alliance Council on all other matters shall be made on affirmative vote of (7)
members including the concurring votes of the permanent members, provided that, in decisions
under Chapter VI, a party to the dispute shall refrain from voting;

PROCEDURE

ARTICLE 24

1. The Alliance Council shall be so organised as to be able to function continuously. Each
member of the Alliance Council shall, for this purpose, be represented at all times at the seat of
the Alliance;
2. The Alliance Council shall hold periodic meetings at which each of its members may, if it so
desires, be represented by a member of its government or by some other specially designed
representative;
3.  The Alliance Council may hold meetings at such places other than the seat of the Alliance as
in its judgement will facilitate its work;

ARTICLE 25
The Alliance Council may establish such subsidiary agencies as it deems necessary for

the performance of its functions;

ARTICLE 26
The Alliance Council shall adopt its own rules of procedure, including the method of

selecting is governor;

ARTICLE 27
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Any member of the Terran Alliance which is not a member of the Alliance Council may
participate, without vote, in the discussion of any question brought before the Alliance Council
whenever the latter considers that the interests of the member are specifically affected.

CHAPTER VI
PACIFIC SETTLEMENT OF DISPUTES

ARTICLE 28

1. The parties to any dispute, the continuance of which is likely to endanger the maintenance of
interplanetary peace and security, shall, first of all, seek a solution by negotiation, enquiry,
mediation, conciliation, arbitration, judicial settlement, resort to regional agencies or
arrangements, or other peaceful means of their own choice;
2. The Alliance Council shall, when it deems necessary, call upon the parties to settle their
dispute by such means;

ARTICLE 29
The Alliance Council may investigate any dispute, or any situation that might lead to

interplanetary friction or give rise to a dispute, in order to determine whether the continuance of
the dispute or situation is likely to endanger the maintenance of interplanetary peace and
security;

ARTICLE 30

1. Any member of the Terran Alliance may bring any dispute, or any situation of the nature
referring to in Article 29, to the attention of the Alliance Council or the Supreme Assembly;
2. The proceedings of the Supreme Assembly in respect to matters brought to its attention under
this article will be subject to the provisions of Articles 8 and 9;

ARTICLE 31

1. The Alliance Council may, at any stage of a dispute of the nature referred to in Article 28 or of
a situation of like nature, recommend procedures or appropriate methods of adjustment;
2. The Alliance Council shall take into consideration any procedure for the settlement of the
dispute that has already been adopted by the parties;
3. In making recommendations under the article of the Alliance Council should also take into
consideration that legal disputes should as a general rule be referred to the Interplanetary
Supreme Court of Justice in accordance with the provisions of the statute of the court;

ARTICLE 32

1. Should the parties to a dispute as referred to in Article 28 fail to settle it by means indicated in
that article, they shall refer it to the Alliance Council;
2. If the Alliance Council deems that the continuance of the dispute is in fact likely to endanger
the maintenance of interplanetary peace and security, it shall decide whether to take action under
Article 31 or to recommend such terms as it may consider appropriate;
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ARTICLE 33
Without prejudice to the provisions of Articles 28 through 32, the Alliance Council may,

if all the parties to any dispute so request, make recommendations to the parties with a view to a
pacific settlement of the dispute.

CHAPTER VII
ACTION WITH RESPECT TO THREATS TO THE PEACE, BREACHES OF THE PEACE,
AND ACTS OF AGGRESSION

ARTICLE 34
The Alliance Council shall determine the existence of any threat to the peace, breach of

the peace, or act of aggression and shall make recommendations to maintain or restore
interplanetary peace and security;

ARTICLE 35
In order to prevent aggravation of the situation, the Alliance Council may call upon the

parties concerned to comply with such provisional measures as it deems necessary or desirable.
Such provisional measures shall be without prejudice to the rights, claims, or position of the
parties concerned. The Alliance Council shall take into account any failure to comply with such
provisional measures;

ARTICLE 36
All members of the Terran Alliance in obligation to the maintenance of interplanetary

peace and security, agree to make available to the Alliance, on call of the Alliance Council,
armed forces, assistance, and facilities, including rights of passage, necessary for the
maintenance of interplanetary peace and security;

ARTICLE 37
When the Alliance Council has decided to use force it shall, before calling upon a

member not represented on it to provide armed forces in fulfilment of obligations assumed under
Article 36, invite that member to participate in the decisions of the Alliance Council relating to
the employment of contingents of the memberÕs armed forces;

ARTICLE 38
In order to enable the Terran Alliance to take urgent military measures, all members so

capable, shall assign contingents of their armed forces to the Alliance to be employed as a single
peacekeeping force of the Terran Alliance. All contingents so assigned, and for the duration of
their assignment, shall hold full faith and loyalty to the Terran Alliance and the protection of
purposes and principles of these Articles;

ARTICLE 39
Plans for the application of Alliance armed forces shall be made by the Alliance Council

with the assistance of the military staff committee of Alliance Headquarters;

ARTICLE 40
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There shall be established within the Alliance a military staff committee to advise and
assist the Alliance Council on all matters relating to the Terran AllianceÕs military requirements
for maintaining interplanetary peace and security;

ARTICLE 41
The action required to carry out decisions of the Alliance council for the maintenance of

interplanetary peace and security shall be taken by the Alliance, using such contingents as
appropriate to the specific action.

CHAPTER VIII
THE INTERPLANETARY SUPREME COURT OF JUSTICE

ARTICLE 42
The Interplanetary Supreme Court of Justice shall be the principle judicial instrument of

the Terran Alliance. It shall function in accordance with the appended statute, and forms and
integral part of these Articles;

ARTICLE 43
All members of the Terran Alliance are Òipso factoÓ parties to the statute of the

Interplanetary Supreme Court of Justice;

ARTICLE 44

1. Each member of the Terran Alliance undertakes to comply with the decision of the
Interplanetary Supreme Court of Justice in any case to which it is a party;
2. If any party to a case fails to perform the obligations incumbent upon it under a judgement
rendered by the court, the other party may have recourse to the Alliance Council, which may, if it
deems necessary, make recommendations or decide upon measures to be taken to give effect to
the judgement;

ARTICLE 45

1. The Supreme Assembly or the Alliance Council may request the Interplanetary Supreme Court
of Justice to give an advisory opinion on any legal question;
2. Other bodies of the Terran Alliance and the specialised agencies, which may at any time be so
authorised by the Supreme Assembly, may also request advisory opinions of the court on legal
questions arising within the scope of their activities.

CHAPTER IX
THE SUPREME-SECRETARIAT

ARTICLE 46
The secretariat shall be comprised of a supreme-secretariat and such staff as the Alliance

may require. The supreme-secretariat shall be appointed by the Supreme Assembly upon the
recommendation of the Alliance Council, and shall be the chief administrative officer of the
Terran Alliance;



39

ARTICLE 47
The supreme-secretariat shall act in that capacity in all meetings of the Supreme

Assembly, of the Alliance Council, of the Economic and Social Council, and shall perform such
other functions as are entrusted to the secretariat by these bodies. The supreme-secretariat shall
make a periodic report to the Supreme Assembly on the work of the Terran Alliance;

ARTICLE 48
The supreme-secretariat may bring to the attention of the Alliance Council any matter

which in his opinion may threaten the maintenance of interplanetary peace and security;

ARTICLE 49

1. The staff shall be appointed by the supreme-secretariat under regulations established by the
Supreme Assembly;
2. Appropriate staffs shall be permanently assigned to the economic and social council, and, as
required, to other bodies of the Alliance. These staffs shall form a part of the secretariat;
3. The paramount consideration in the employment of the staff and in the determination of the
conditions of service shall be the necessity of securing the highest standards of efficiency,
competence, and integrity. Due regard shall be paid to the importance of recruiting the staff on as
wide a basis as possible.

CHAPTER 10
RATIFICATION AND SIGNATURE

ARTICLE 50

1. These Articles of the Terran Alliance shall be ratified by the signatory governments in
accordance with their respective statutory processes;
2. The ratifications shall be deposited with the government of the United Nations of Planet Earth,
which shall notify all of the signatory governments of each deposit as well as the supreme-
secretariat of the organisation when he/she has been appointed;
3. These Articles of the Terran Alliance shall come into full force upon the deposit of the
ratifications by the United Nations of Planet Earth, the Lunar Alliance, and the Federal Republic
of Mars. A protocol of the ratifications deposited shall thereupon be drawn up by the government
of the United Nations, which shall communicate copies thereof to all of the signatory
governments;
4. The governments signatory to these Articles of the Terran Alliance which ratify it after it has
come into force will become original members of the Terran Alliance on the date of the deposit
of their respective ratifications;

ARTICLE 51
These Articles of the Terran Alliance, of which the various language texts are equally

authentic, upon the coming into full force of the Terran Alliance, shall be transferred by the
United Nations to the organisation for permanent deposit in its archives. Duly certified copies
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thereof shall be transmitted by the supreme-secretariat to the governments of all the signatory
social systems.

In faith whereof the representatives of the Governments of the Terran Alliance have signed these
Articles of the Terran Alliance.

Done at the Planet Earth, Earth date/Lunar date 25 April 2038
      Martian date 15 Hecates, M.Y.  8.
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