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INTRODUCTION

This paperwasdoneasa partof NASAOdMars Millennium Project,a projectto designa
colonyfor onehundredpeopleon Marsin theyear2030.The projectbeganin the springof 1999
andwasmadefor teamsof studentsn kindergarterthroughlzth grade.l becamanvolvedwith
the project when a commercial aired for it during OStar Trek: VoyagerO one night.

The point of the projectwasto createa communityfor the first hundredcolonistson
Mars, but| haveexpandedmy projectfrom just the colonyto designinga ship with stateof the
art propulsionsystemgo cut down on transittime, andterraformingMars. This is entitledthe
Emissary Project,asthesel00 intrepid voyagerswill be our ambassador® the Red Planet.
Emissary is alsothe nameof the ship transportinghe crewto Mars. It will be launchedn July
2030to arrive at Mars, avoidingduststormsandcatchingMars atits closestpointin its orbit to
Earth.

I. Construction and Schematics

Emissary is approximately400 metresin lengthwith 17 decks.It wasbuilt at NASAOs
Spacecraftrardsin the Seaof Vapourson the Moon. A Moon basefor scientific study, *He
mining outpostsandan engineeringyasefor building spacecrafthatwould be highly expensive
to build on Earthwere constructedn 2008.Sincethe Emissary hasnuclearenginesbeingbuilt
on the Moon keepsit from breakingthe agreemensignedafter the Cold War aboutnuclear
anything in theatmospheré¢hatcouldbe a potentialdanger.The mainpartsof the ship,including
thebody, rings,andengineswerebuilt on the moon,while the moredelicatepieces suchasthe
computercomponentsyere constructecon Earthandshippedup to the Moon. Materialscould
be minedon the Moon with which to constructhe Emissary; duringthe Apollo Moon missionsit
was found that moon rocks containedabout10% aluminium, magnesiumandtitaniumin the
form of oxides.Thesecould be refined using hydrogenfor reduction.The shipis constructed
with titanium and magnesiunalloys, aluminium,and carbonplus someotherelementgo help
shield the crew from radiation exposure.

The ship hastwo main componentsthe fuselageandtherings. The fuselagecontainsthe
crew quartersand all of the shipOsontrol functions. The rings rotatewith the ship at 4 rpm,
which generatesloseto Martian gravity (0.38 g). The rings havean approximatediameterof
115metresandencirclethe entireship exceptfor a smallsectionin the aft that containsthe fuel
tanks and is the location of the exhaust nozzles.

On Mars, the fuselageof the shipwould housecrewmembersintil the colony structurehadbeen
completed.Therings would be usedfor materialwith which to constructthe colony,aswell as
materialfrom the ship, materialssentto Mars beforehandandmaterialsminedon Mars (suchas
magnesium, alloyed to create metal).

I1. Propulsion Systems

The ship hasthreetypesof propulsionsystemsnuclearfusion propulsion,ion engines,
and pulsedplasmathrusters.The nuclearenginesrun by a seriesof deuterium®He fusion



reactionsoccurringin a nuclearreactorcore. Deuterium3He fusion was chosenbecauset
produceghe safestby-product,H, andprotons.A magneticresonancdield is generatean the
insidewalls of the coreto preventit from becomingunstablelf for anyreasorthe corewere to
becomeunstablejt would be ejectedandthe auxiliary systemswvould kick in, which aretheion
engines.

Insteadof usinga chemicalreaction,suchasthe combustionof hydrogenwith oxygen,
theseenginesoniseatomsof xenongasandthen,with a strongelectricfield, expeltheseionsat
high speed.lon engineshavea very high efficiency when comparedio chemicalpropulsion
methods,but the drawbackis that the levels of thrust producedby thesesystemstendto be
severalordersof magnituddower thanthoseproducedby chemicalmethodsThis meanghatto
achievethe sameoverall changein momentumthe enginemust operatefor longer and must
therefore be more reliable than its chemical counterparts.
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Figure 1.3 The Pulsed Plasma Thruster Operating Principle’

Pulsedplasmathrustersare usedfor orbit and precisionpositioning.The pulsedplasma
thruster systemis composedof power and control electronics,a high-energycapacitor,
electrodesandchlorofluorocarbon-basefiel bars.The useof solid, non-toxic propellantbars
eliminatesfluid propellantsystemsand the complex ground handling usedin traditional
propulsionmethods.The fuel is ablated,onised,andaccelerateclectromagneticallyrom the
pulsedplasmathrusterduring a high-voltagecapacitordischargeacrosshe face of the fuel bar.
Thepulsedplasmathrustersystemoffersa simple,lightweight, microthrustpropulsioncapability
with minimal spacecrafinterfacerequirementgor spacecraftttitudecontrol, orbit-raisingand
translation, and precision positioning.

II1. Computer Systems

' Source: NASA



Second Poiarir.mg Beam Splitter

i Dual-Use Lens (Flrst Fourler-Transform
First Polarizing _ First Beam- | ens and Sm:-:md Beam-Expansion Lens)
Beam Splitter Expanding Lens '1

=i F

-,

L] T
= Helographic
Mirror X - _.a' "'-. Storage Medium
Second
Key: .—— Fourier-Transform
Polarization Along Indicated Axis Lona

« Polarization Perpendicular to Page
{ Botih Polarizations Present

PROPOSED HOLOGEAPHIC DATA STORAGE SYSTEM

Figure 2.1 +

Emissary usesa holographicdatastoragesystem A hologramis a photographiagecordof
the spatialinterferencepatternformed by the mixing of two coherentlaserbeams.One beam
carriesthe spatial information, called the Oobject®eam;the other is distinguishedby its
particular direction of travel, called the OreferenceO beam.

Holographicdatastoragepromisesfastaccesgsimes,becauséologramsencodea large
block of dataasa singleentity in a singlewrite operationandreadingthe hologramretrievesthe
entire block simultaneously.

The HDS systemcanhold anincredibleamountof datawhencomparedo othermethods
of datastorage For example the new harddrivesthatjust cameout are 10-gigabytedrives. A
holographiccubethe sizeof a sugarcubecanhold 10 gigabytesper cubiccentimetre A block of
optical media the size of a deck of cards would hold a terabyte of data.

Fortunately,there are many advantage$o holographicdata storage.Readingout of
imagesinsteadof single hits serially providesa hugeimprovementin bandwidth.Also, the
ability for light to be launchedthroughspaceand easily deflectedwill eliminatethe needfor
rotation of the medium.HDS is a convenientway to addressa storagemediumin three
dimensions while only scanning beams in two.

HDS alsousesarelatively smallamountof components$o run, minimisingthe spacehey
take up. The main components are:
¥ Spatial light modulator to properly shape the object beam

¥ Optical beam scanner to point the reference beam

¥ Detectorarrayto convertthe reconstructediataoutputobjectdatainto an electronicbit
stream

¥ Electronicsto control the entire processand condition the input/output electronic
information

¥ Sufficiently powerful laser to overcome the optical losses of the system

" Source: NASA JPL



Holographyrecordsinformationfrom a three-dimensionabbjectin sucha way thata
three-dimensionamagemay subsequentlype constructedHolographicmemoryuseslasersfor
both reading and writing the data blocks into the photosensitivematerial. Recordingthe
interferencepatternbetweenra carefully modulatedcoherentwavefront anda referencebeamon
a photosensitive material forms a digital hologram.

Iron dopedlithium niobateis currently the medium usedfor holographicstorage.
Unfortunately,it hastwo main failings: a destructivereadoutof the dataand a relatively low
sensitivity. Currently, it is the only materialthat hasthe optical quality that is critical for a
systemapplication.Hopefully by 2030, we will havefound a bettermediumfor holographic
storage Superfluidhelium (*He) is beginningto look promisingfor this type of datastorageand
its use is still being tested.

The computercore contains10,000holographicdatastoragedisks. Eachof the disksis
9x6x1 centimetresand hasa volume of 54 cm?®. Eachdisk canhold a terabyteof data,which
givesthe computera maximumstoragecapacityof 10,000terabytesTo breakthat down: the
computerhas a capacityof 18,518,518,51%ytes per cubic centimetre,or 18.518518519
gigabytesWith 54 cm?® in a disk, eachdisk holdsonetrillion bytes,or a terabyte.This means
thatthetotal storagecapacityof the computeris 10 (ten quadrillion) bytes! Thisis equivalento
theamountof datathatcanbeheldon~71,425%loppy disks.The corecanprocessapproximately
onetrillion calculationgpermicrosecondTo overcomehe problemof computererror,computer
redundancyis usedin the shipOsomputers The computersmustreachconsensudeforethey
can issue a command.

Emissary hastwo-dimensionagraphicalinterfacesandvoiceprinttechnology.Theverbal
controlsaremulti-lingual andwork with English,Russian JapanesandFrench.Either of these
methodscanbe usedto accesghe shipOsibrary, which containsall the datawe haveon Mars,
including photographsyideos,maps,andwritings. EvenH.G. WellsOrhe War of the Worldsiis
storedin the library. Also storedareall of the crew profiles and missiondata.Profilesinclude
biographicalinformation, educationakecord (degreesgtc.), departmentaboardthe ship, and
closest living relatives in case of emergency.

Securitysystemson boardhavetwo purposesto protectthe computerfiles andto keep
crewmembersvhere they belong. Sectionsof the ship that are restrictedaccessareasare
protectedby iris scannersasare encrypted/restricteélles. Also, no one canopenyour letters
from home except for you (and the commanding officer, if need be).

Iris scanninghasmany advantage®ver fingerprintsand voiceprints.The iris has266
measurableharacteristicsyhile thefingerprintonly hasabout35. No two peoplehavethe same
irises; evenyour right andleft irises are different. Fingerprintscan be manipulatediand even
removed),andvoicescanbe imitated, whereadrises cannot.Iris scanningworks with glasses
andcontactswith anidentificationtime of two secondsCurrently,this kind of scanningequires
512 bytesper eyefor storage Fingerprintsrequireover onethousandoytesper print. For the
entirecrew, it would only takeup 102.4gigabytesof the 10,000terabytesn the shipOsomputer
(if data were stored for both eyes).



Thecomputeralsohasanadvancedncryptionstandardrom IBM calledMARS. MARS
is a shared-keyplock cipher,with a block sizeof 128 bits anda variablekey size,rangingfrom
128to over 400 bits. It is a resilientsystem,becausall of the known cryptanalyticalattacks
(includinglinearanddifferential cryptanalysisyequiremoredatathanis available(2'?%, making
theseattackswould beimpossibleagainstMARS. MARS is alsomoresecurehanothersystems
becausdt wasdesignedisinga mixed structurewherethetop andbottomroundsweredesigned
differently than the middle rounds.This was done becausedifferent partsin a cipher play
differentrolesin assuringsecurity. Top andbottomroundsusuallyhavea differentrole thanthe
middle rounds in protecting against cryptanalytical attacks.

The computerhasa Facial Action EncodingSystemonit. Thisis a systemthatanalyses
thefacial musclego deducethe emotionof the user,andreactswith a seriesof pre-programmed

actions.For example,if the computersensesyou are nervousor impatient,it speedsup its
responsdime. FACS (pronouncedOfacesQjealswith what is clearly visible in the face and
ignoresOinvisible@hanger visible changegoo subtlefor distinction.FACS doesnot include
skin coloration,facial sweatingtears rashespimples,andpermanentacial characteristici its
analysis.Specificactionsaredescribedthe movement®of the skin, thetemporarychangesn the
shapeandlocationof the featuresandthe gathering pouchingandwrinkling of the skin. FACS
hasactionunits (which arenumbers}hathaveassignechamego themandthe musculatbasisof

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



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 detectthe action units 6 (cheekraiser),12 (lip corner
puller), 14 (dimpler), 20 (lip stretcher)andpossibly44 (squint)anddeducefrom thesethatthe
user is smiling.

EmissaryOgomputethasa sortof artificial intelligence:it canansweruestiongi.e. OAre
the deuteriuminjectorsperformingwithin tolerableparameters?@nd processcommandsi.e.
OAccesshe internal sensors.OYhe computerusesthe bottom-upapproachBottom-upis the
top-downapproacha heuristiclF-THEN method,which usesdecisiontrees)plusinductionand
many of the subtlenuancesf humanthought.It codesknown humanbehavioursandthought
patternsinto the computeras symbolsandinstructions.lt learnsfrom whatit does,devisesits
own rules, and createsits own data and conclusions.The computeradaptsand 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



IV. Flight Plan D
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Figure 4.1 Flight Plan of Emissary

The flight plan includesa Venusswing-by, which involves a Hohmanntransferto a
specificpoint in spacenearVenusso thatthe trajectoryof the shipis redirectedtoward Mars.
The main problemwith this is that the ship will cometoward Mars at a high velocity, which
couldrequirea largeamountof fuel to slow downthe shipat Mars. The way out of this problem
is to bring alonga heatshieldandusethe upperatmospheref Marsasfriction to slow downto a
gradualstopasopposedo usingup propellant(Emissary hasaninflatable heatshield,storedin
the front of the ship). Emissary will alsoslow downto a calculatedspeedbeforeencountering
Venussothatthe velocity of the ship after encountering/enusis the sameasit wasbeforethe

encounter.

The Emissary hasa somewhaicomplicatedlanding procedure Whenthe ship reaches
Mars, it usesthe pulsedplasmathrustersto insertitself into a parking orbit. The claspsthat
connecttherotatingringsto the shiparereleasedandtheringsarejettisoneddownto the planet
nearthelandingspotat Utopia Planitia. This leavesthe crewin microgravityfor thedescentThe
ship anglesitself soasnotto burnup in the atmospheregomingin at a slow speedFourlarge
landing bracestwo at the fore andtwo at the aft, are deployed.Sincethereare obviously no
runwayson Marsandmostof the landscapeés rock-strewntraditionalwheellandinggearwould
not be appropriatefor landingon Mars. As the ship levelsout horizontally, retrorocketson the
bottom of the bracesare activatedto slow the descenievenfurther. The final landingis a bit
rough,sothe crewis instructedto hold onto something After landing,rampsareloweredfrom
theairlockson the bottomdeck(the sameplacethatthe landingbracesarestoredduringthetrip)
so the crew can get out of the ship and set foot on Mars.

V. Complications



Now, thereare a few problemswith this ship. First of all, it hasan exhaustvelocity of
26,400km/s,whichis 95,040,00kkm/hr. With speedshis high, gravitationalforceswould crush
the crew long before reachingMars (donOforget, shipsusually travel twice as fast as their
exhaustvelocity). Also, it would take awhile to accelerateandif onewere cruisingalong at
95,040,00km/hr in a placewith no friction, deceleratiorwould take anincredibly long time.
So,onecouldnot acceleratall theway for atrip asshortasto Mars.And if onewantedto go at
top speed theyOdeedto geta hold of CaptainPicardandthe Enterprise andaskhow those
inertial dampers work.

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

1 (1.1)
11-(v/c?)

whereyv is the velocity of the objectand ¢ is the speedof light, the shipOgjammaequals
1.003900073Takethe original lengthof the shipanddivide by gamma Emissary would endup
being398.4460314netresong. Everyoneandeverythingaboardwould alsoshrink by the same
gammayutit is not alwaysthe sameamount.The Emissary shrinksby abouttwo centimetres,
but when | put in my height:

150 cm/_=149.4173 (1.2)

I only shrink by lessthana centimetre And the trip to Mars shrinksby 304,577.85%ilometres.
This meanghatif theshipweregoingat 26,400km/s, it would takeapproximately50 minutesto
reach Mars.

Whenonegoesfaster,time slowsdown aswell. Going at 6.8%the speedof light would
cause a small time dilation. The equation for time dilation is:

#=  #t (1.3)
$1-(°/c?)

where#: is the observerCiame (thetime on Earth)and#+ is thetime on the moving system(the
time aboardthe ship). Usingthis equationwe find thatthetime dilationif the shipweregoingat
top speed the entire trip would only be 11.47 seconds.



THE COLONY

I.Construction and Schematics

=

Figure 2.1 Colony Base at Utopia Planitia’

The colony structure,built at Utopia Planitia, is circular in shapewith a diameterof
approximatelyone kilometre. The inner sectionholdsall of the colonyOsontrol functionsand
duty stations;the outer ring holds crew quartersand recreationalfacilities, such as the
gymnasiumlt is composedf aluminium,titanium, and magnesiumalloys, and a few various
carboncompoundso protectagainstthe sunOdeadlyUV rays.The colonywill be constructed
undergroundo help protectthe crewfrom radiationaswell. Mirrors areusedto reflect sunlight
down to the baseOgreenhouséo allow for photosynthesisaswell asa placefor the crewto
walk around in OnaturalO light somewhat safely.

The basehassafeguardsystemsn caseof emergencylf a containmenbreachoccurs,
alarmsgo off and the computershowsthe location of the breach.All crewmembergut on
environmentalsuits and wait for the breachto be repaired.If a quarantinesituationwere to
occur,everyonewvould changento environmentakuitsandevacuatehe structure The stationis
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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Therearemanychallengeswith creatingcontainecbiosphere®n Mars. Thefirst, which
wasnotedin the Biosphere2 project,is theamountof powerusedperperson.Theworld average
primary poweris ~2 kW¢/personandthe world averageelectricalpoweris ~0.2kW¢/person.n
Biosphere2, a whopping 100 kW¢/personwas used! A settlementdesignedoby the Obayashi
Corporationin Japanfor 150 Martian colonists estimateda power consumptionof ~50
kW¢/person,including life supportand routine use, energy for mobility, expansionand
emergenciesEither way, this is significantly more power than the amountusedregularly on
Earth.This is why the stationhassolarandwind power:to regeneratenoughpowerfor the 100
colonists.SinceMarswill not be exactlyhospitableto the colonistswhentheyfirst arrive, there
are aspects requiring a technological solution:

*Maintenance of habitable enclosure

*Replacement of leaked gases

The loss of the artificial atmosphereo the outsideon Mars would not be a severe
problemsinceMars hasan atmospheref its own that canre-supplythe base.If the artificial
atmospheran the structureleaksout due to a breach,particle generatorswill generatethe
atmospherandthe computemwill notify the crewasto whentheamountof oxygen,nitrogenand
tracegasesds suitablefor themto returnto the base(or to removetheir EV suits). If noxious
gasedeakinto the structure or the nitrogen/oxygen/tracgasedevelsin the atmospherdecome
harmful to the crew, the entireatmosphereavill be ventedout in the sectionwith the problem
(afterthatsectionhasbeensealedrom therestof the structureto preventtotal depressurisation)
andgeneratorsvill bereconfiguredo correctthe malfunction.The entirestationOatmospherés
ventedif the problembecomesvidespreadThe artificial atmospheresystemmustbe carefully
monitoredand controlled, since minor imbalancescan have significant affectson all of the
baseOs inhabitantsNhumans, plants and microbes.

*Radiation protection

Theradiationthatreacheshe Martian surfaces approximately2,000timesthatof Earth!
The materialsthe stationis composef give radiationprotection,aswell asthelocationon the
planet(Utopia Planitiais locatedin what appeardo be an ancientoceanbed, giving it a low
elevation, and the colony is underground there).

*Temperature regulation

Temperatureegulationsystemamustbe installeddueto the lack of naturalweatherto
keep circulating fresh air.

*Hydrological cycle

An artificial hydrologicalcycle mustbe createddueto the inability to form cloudsand
rain inside of an enclosecdhabitat.After transpirationby plants,wateris condensedrom the air
and piped backinto the greenhoussprinklersandthe colonyO©watershed Aquifers will be
placednearthe colonyto reachMars@roundwate(if thereis any),andmachineswill be placed

11



outsideto createwaterfrom elementsn the Martianatmospheré/Nateris recycled/conserveds
muchaspossible;the colony hasemployedsonic showerswhich would be more sanitaryand
require only electricity (to generate the sound waves) to run.

*Trace contaminant control

*System stabilisation

*Solid waste recycling

*Management of horticulture

The hydroponicsbay will housethe agriculturaldepartment&sod and plant species.
Most will grow underblue or red lights, sinceexperimentfiaveshownthatblue andred lights
promotelarger cropswith lessof the wasted,inedible partsof the plants.In fact, radishes,
potatoesandwheatgrown very well in NASAOsimulatedMartian soil. Whenthe colony (and
eventuallycolonies)becomedgarger,biodomeswill bebuilt. Thebiodomesarecomposeaf H,O
andsilicon. More plantlife canbe grownin thesebiodomesto supportmore humanson Mars.
Recycled water (from human waste) would be used as rain inside these domes.

*Pest and disease control

*Artificial atmosphere maintenance and air revitalisdtion

Oxygen is produced fromJ@ by electrolysis:
2 H20_2|‘b+02 (21)
CO, scrubbersvill bein placelike on nuclearsubmarinesto keepthelevelsof carbondioxidein
the atmosphereat a safelevel. The CO, scrubbersun by precipitatingcalciumcarbonaten two
steps:
CO,+2NaOH_NaCO;+H0 (2.2)
NaCO3+CaO+HO_CaCQ+2NaOH (2.3)

After removalfrom the air, CO; is reducedby usingthe Sabatiemprocessconvertingthe
CO,to methane at 370;C in the presence of a catalyst:

4H,+CO, 2H,0+CH, (2.4)
Combining respiration, electrolysis, and the Sabatier process, the overall reaction is:
(CH0)+H,O_ CH+0O, (2.5)

Foodandwaterare consumedproducingoxygenand excessvastemethane Whencombining
the Sabatiemprocesswith a hydrazine-baseditrogengeneratiorsubsystenfor maintenancef
cabin pressure in the base:
N2H4_ No+H, (26)

Hydrogenis providedfor CO, reduction,conservingwater.The dispensabl@atomsfrom
this arecarbonandhydrogen.The advantagesf usingthe Sabatieprocesqoverthe 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 Boschprocesswhichis usedin somesystemgo minimize thelossof hydrogen)arethatthe
machinery employed is lightweight and the reduction of @@urs at a highly efficient rate.

Fanscirculatethe air inside of the base.Thereis alsoan emergencyoxygeninjection
systemin caseof breachean containment.The oxygengeneratorsgun by using hydrogen,
broughtto Mars from Earth (and eventuallyminedfrom the asteroidbelt), and mixing it with
carbondioxide from the Martian atmospherdo createoxygen(and methanerocketpropellant,
according to ZubrinOs Mars Direct plan).

*Emergency life support

There are backup emergencyenvironmentalcontrols and life supportin case of
emergency(i.e., if the solar panelsthat collectedthe energyto run the basewere hit by
meteorites, which hit Mars about 1000 times a day).

III. Rovers and NIMFs

Outsideof the stationis the rover bay, which holdsthe colonyOs$wenty solar-powered
landrovers,eachwith afive personmaximumcapacity.They mustbe checkedout to usethem
andcommunicationss keptopenwith thebasesothatif anythinghappenstheyknow wherethe
crewmembersare and how to find them.Eachroveris equippedwith a microchipthat keeps
track of wheretheroveris on the planet.The coordinatesaretransmittedoackto the command
centre.

The rovers,unlike thoseusedon the Moon when Apollo 11 landedthere,are totally
enclosedand pressurisedsort of like a high-techMartian car. If the crewwantedto ride in the
roverswithout environmentabuitson, they could do so, but theyOadeedoneto leavetherover,
so the roversare equippedwith two environmentakuits. The extra suits could also comein
handy if there was a containment breach in a crewmemberOs suit.

1R
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Figure 2.2 NIMF Design

To provide quick, efficient accesgo otherpartsof Mars, the baseis equippedwith two
NIMFs, which standgor nuclearrocketusingindigenousMartianfuel. Theideaof NIMFs was
inventedby RobertZubrin. NIMFs useraw carbondioxide from the Martian atmospherasa
propellant.The carbondioxide is heatedby an onboardnuclearthermalrocket, or an NTR,
creatinga hot rocketexhaustNTRs donOtonverttheir heatinto electricity, allowing the NIMFs
to be bothlightweightandsmall. Sincethe propellantis raw carbondioxide, chemicalsynthesis
gearis alsoeliminated.NIMFs havetotal global rangebecause¢hey maketheir own fuel After
more colonieshasbeenestablishedn Mars, NIMFs could be usedfor cargotransportandfor

transporting people from city to city.

NIMFs could alsobe usedto transportcrewmembers$o variousspotson Marsto setup
weathemonitoringstationsto keeptrack of the infamousduststorms.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
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Figure 2.3 Space Elevator

Figure 2.4 C-60 Molecule' Flgure 2 5 Buckytube

Also outsideis the spaceelevator,which goesup to an asteroidwith a spacestation
constructedon it where the yearly supply shuttle docks. The elevator car travels up an
areosynchronouslevatorrail, which is heldin placeby anareosynchronousounterbalanceA

' Source: www.carbon60.co.uk
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carbonaceouasteroida coupleof kilometresin diameter,broughtto Mars to serveasa tether
anchor,could provideall of the carbon60 requiredto constructan orbital tether(a buckytube).
The tethercould be createdby automatednachineson the surfaceof the asteroidand slowly
spun down to the surface.

F igure 2.6 Tall Tower Concept’

Thetetherwould needto be approximately34,000kilometreslong to havethe elevator
carreachthe (asteroid)dockingportin areosynchronousrbit. It extendsdownfrom the asteroid
andis attachedo a 30-kilometre-talltowerthatis constructedn the surfaceabovethe base The
roverbayis to onesideof thetowerandthe NIMF bayandlaunchsiteis to the otherside.At the
baseof the tower is a high-powerlaserthat propelsthe elevatorcar, which is a lightcratft.
Lightcraftswork by usinga high-powerlaserto heatup the air behindthe craft until it explodes
behindit, propellingit up thetether.Thesecarsarelightweightandrelativelyfast; the carwould
take about five hours to reach the asteroid.

TERRAFORMING MARS
I. Planet Shifting

The Emissary’s crewOsiggestundertakingwill be to move Mars from a position
228,000,00Kilometresawayfrom the sunto a position211,054,20kilometresawayfrom the
sun.Thiswill be doneto heatup the surface melt someof the permafrosto give Mars someof
its waterback,andto assistin the releaseof volatilestrappedin the Martianregolith. They will
use a multi-swingby technique to move the planet.

Perhapghe leastdauntingof planetshifting techniquessinceit involvesa processhat
hasalreadybeenexperimentedvith on a small scaleis what Obergcalled the Omulti-swingbyO
technique Whentwo bodiesin spacepasscloseenoughfor significantgravitationalinteraction,
anexchangeof momentumoccurs.An exampleof this is whenthe Voyagerprobesencountered

' Source: Rawlings, R.P.: NASA Artwork by Pat Rawlings, Science Applications International Corporation,
prepared during the Advanced Infrastructure Workshop on Geostationary Orbiting Tether OSpace
ElevatorO Concepts. NASA Marshall Space Flight Center, June 8-10, 1999.
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Jupiterto accelerateanddeflecttheir trajectorytoward UranusandNeptune But sincethe mass
ratio betweenJupiterandthe probesis so minute (~10%), the planetexperienceso discernible
deflectionat all. However,closegravitationalencountersvith largerbodiessimilar in massto
the planet itself would have a large effect on the planetOs orbit.

Obergconceivedof the possibility of engineeringepeatedncountersvith a succession
of ~100-km-wideobjects,which he called Ocueballs,Ceachone giving the planeta small and
harmlessnudgein the desireddirection. Although the OcueballsCare now more manageablén
size,the schemeéiecomesxtremelycomplex.You would haveto havemorethan1000cueballs
thatencounteredhe planeteverythreehoursor sofor about100years,andthe massof all of the
cue balls would be enoughto amountto a moon-sizedplaneton their ownNnot a readily
accessiblesource(mostlikely from the asteroidbelt). Anotherdifficulty is thataseachmass
givesthe planeta smallshove,t receivesjn relativeterms,a powerfulkick in return.The planet
would scatter the cue balls far and wide, further complicating the problem.

The multi-swingbyideadoeshavea numberof pointsin its favour,though.For a start, it
is a highly efficient way of transferringboth momentumand kinetic energy;the only energy
dissipatingis a tiny amountconvertedio heatin thetidal bulgesraisedduring the encounterA
possibleway to remedythe scatteringproblemis to havethe cueballs encounteanothermuch
largerobject,suchasJupiter,which will thensendthembackinto theinner SolarSystem.Thus,
the vastreservoirof angularmomentumand energyembodiedin the orbit of Jupitercould be
tapped.Settingthe whole processn motion might be doneeasilyif we conceivea hierarchical
approach, where small objects deflect larger ones, which deflect still larger ones, and so on.

Obviously,the moving of Mars would not be completedsoonafter the colonistsarrive,
but they could be the ones to set it in motion.

I1. Atmospheric Enhancement and Surface Heating

After writing aboutthe colony performingplanet-shiftingto terraformMars, anotheress
drasticmeasurevasdecidedon to help give Mars backits waterandatmospherebasedon the
work of Carl SaganChrisMcKay, andRobertZubrin. Insteadof movingMarscloserto the Sun,
arunawaygreenhouseffectwill beinducedon MarsNbut not to the point whereit getsasbad
as Venus (or some may say as bad as Earth).
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Table 3.1 —Mars Atmospheric Composition

Species Abundance by Volume
CO, 0.9532
N, 0.027
Ar 0.016
O, 0.0007
H,O 0.0003
Ne 2.5 ppm
Kr 0.3 ppm
Xe 0.08 ppm
Os 0.04--0.2 ppm

Mars hasa thin atmospherebut not nearly a breathableor protectiveone. The current
Martian atmospherés dominatedby carbondioxide andnitrogen,togethemakingup over 98%
of the atmosphere. Oxygen is only .07%, and ozone is the scarcest, with a mere 0.04 to 0.2 ppm.

10
M2 (inspited)= 3100 mbar

Oxygen Toxicity

Atmospheric
Pressure

(bars)

P02 (inspire d)= 640 mbar
Lewel

Breathable
Atmospheres

Hypoxia
01—
P02 (inspited)= 80 mbar
| | | |
1on 20 40 &0 30
WVolumne % of Oxygen

Thesearethe levelsof oxygencurrentlyon Mars. It showsthe volumepercentof oxygen
comparedo the atmospherigpressureAs you cansee,anyonewalking aroundon Mars without
apressuresuitwould sufferfrom nearlyimmediatehypoxia. Therearescarceamountsof oxygen
in the air, and hardly any ozone.Four massiveozonegeneratorswill be employedon Mars.
Sinceozonemoleculesbondwith eachother,the generatorsould assistin the creationof an
ozonelayerto increasethe planetOmsolationandreducethe levelsof surfaceUV flux. Solettas
will alsobe placedin orbit to enhancensolation,with multiple solettasat the polesandhigher
latitudesto melt permafrostEnhancingViarsGatmospheravill causepermafrosto melt, giving
it backsomeof its waterandreleasingvolatilesfrom theregolith,asl saidbefore.Thiswill help
thickenthe atmospheremaking Mars easierto live on, and perhapseventuallywill makeit so
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that you could walk on Mars without a pressuresuit. YouOdstill needyour handy pack of
compressed oxygen, though, until total terraformation had been completed.

Mars@Gneanglobaltemperaturés ~-56C. Equatoriatemperaturesangefrom 20°C in the
afternoonto -90°C beforedawn. Winter polesare usuallybelow-130€. With temperaturetike
this, waterremainsice, andhumanscanOsurvivein temperatureshis cold. In away, a solution
to this couldkill two birdswith onestone With Mars@ack of atmospheranda protectiveozone
layer, hardlyany of the sunOkeatis trappedto warmthe surface To createa thickeratmosphere,
weOdheedto put more greenhousgasesn the atmospherewhich could be doneby particle
generators (placed at 45 spots around the planet) and other planetary engineering techniques.

In Carl SaganOschematicfor the runaway greenhousescenario,various planetary
engineeringtechniquesare usedto warm regionsof Mars that arerich in volatiles. Carbon
dioxidein the polarcapsandtheregoliththenbeginsto vaporise Thethickeratmospherevarms
the surface,causinga further releaseof gases.If positive feedbackis strongenough,self-
sustaining outgassing may occur as a result of a comparatively trivial forcing.

Properties of Ideal Greenhouse Gas Mixture

. Uniform grey absorption

. Strong radiative forcing at low concentrations

. Non-destructive to ozone

. Long atmospheric life

. Resistance to photodissociation

. Non-toxic in ppm concentrations

. Manufacturable from elements likely to be abundant on Mars

~NoO o, WNE

500
| | I

400 288K Blackbody —

utgoing IR Aux for T, =288K
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This graphshoesthe thermalbalanceof a model 1-bar Earth-like atmospheren Mars
with 10 mbarof CO; in equilibriumwith water . The surfacetemperaturés setat 15v.@ndis

' Source: McKay, C.P., Toon, O.B. and Kasting, J.F. OMaking Mars Habitable.®ature, 352, 489-496, 1991.
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shownasthe upperdottedcurve;the temperatureat which the planetshouldradiateto spaces
shownasthe lower dottedcurve.The solid line is the actualinfraredradiationemittedat the top
of the atmosphere showing that the surface is far too hot to be in equilibrium.
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Now, this showsthe effect of addingtracegasedo the Earth-like Martian atmosphere
from the precedinggraph(the solid lines) andto the present-dayatmospheref Mars (dotted
linesy . Carbon, hydrogen,and fluorine are addedto the atmospherewhich are Osuper-
greenhouse@ases.All of theseare alreadyon Mars. We would not generatechlorine or
bromine,which aredestructiveio ozone eventhoughtheyaremajorgreenhousgasesChlorine
andbrominebreakthe propertiesof the ideal greenhousgasmixture. Tracegasabsorptionin
the window region gives maximumwarmingincrementsof ~40¥s@nd ~30%Crespectively A
uniform grey absorberhowever,a hypotheticalmixture of gaseghatis active over the entire
infraredspectrumcanwarm Mars abovefreezing.This would makeliving on Mars a bit more
hospitableto humansthoughtemperaturesvould resemblethoseof NorthernCanadaAlaska,
and parts of Eastern Russia.

II1. Water on Mars

Thereis wateron Mars. Gettingto it or finding it whereit isnOtce is the problem.The
mostpopularideato put wateron planetsthatlack it is to crashland cometson the surface.The
problemis if you puthumanson the planetbeforeyou intendto crash-landhe cometsyouQIkill
the humanswhenyou decideto crashthe comets.So, this optionOsoo late, but thereOanother
optioninvolving comets.The ship could targeta cometandthen,usinga monopolaricbeamof
coherenenergy,shootthe cometsoit breaksinto piecessmallenoughto be placedin the cargo
bay. Thesepiecescould be meltedon the surface.Granted this doesnCgeemlike a very easy
idea;this would takea while. So, the solutionto gettingwateron Marsis usingwhatis already
there. The majority of MarsQwater is frozenin the polar ice caps,permafrostin the higher
latitudes, or possibly groundwater.
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Morth Polar 40° latitude Dehvidrated Fome? South Polar

Cap

A simplified cross-sectionf the Martianregolith from the North Poleto the SouthPole
showsthat groundice is stable polewardof about40%atitude where the temperatures
permanentlybelow freezing.lce at lower latitudesmustbe isolatedfrom the atmospherdy a
diffusive barrier.

IV. Stages of Martian Terraforming Process

All terraformingprocessedave their difficulties and faults, but combining various
planetaryengineeringechniquesould help to compensatéor 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 congtdnB)f
*reflect 6370 TW onto Mars
A Mini-Runaway Greenhouse (controlled)
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 MarsO Lack of Nitrogen
a. possibility of mining nitrogen from the thick atmosphereof Titan, which is
mainly nitrogen and methane
3. Topping Up and Maintaining Martian Seas

w N

' Source: Fogg, Martyn J. Terraforming: Engineering Planetary Environments. 1995 by SAE International,
Warrendale, PA.
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The Martian Clock and Calendar

TheMartianday (referredto asa OsolO¥ 24 hoursand37 minuteslong. Insteadof trying
to work with thatextra37 minutes,| decidedto manipulatethe lengthof anhouron Mars (when
| did this, | hadneverheardaboutchangingthe lengthof the secondor minute...thajust seems
complicated andthis is fairly easy).If you roundthe 37 minutesup 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: 66819/4942668.6457489
175 Actual Martian Year=-668.6
494-175=319

If you usetheleapday system(subtractingone'leapday'every494 solsto makeup for
roundingup 3 minutesa sol), thelengthof your yearin reality is no longer669 sols(thoughit is
onthecalendarwhich | will explainnext),but 668.645748%o0ls,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 calendarconsistof 22 monthswith nine monthshaving31 daysand13 having
30, giving you 669 daysin the year.l managedo keepthe seven-dayeekwith 96 weeksin a
year.The monthsarenamedafterfeatureson Mars (Tharsis,Elysium,Hesperiagtc.),butnames
of the daysof the weekwere left the same,sincel was more concernedwvith numbersthan
names.

| alsomadea calendarfor Mars afterits shifting hadbeencompletedif humansdecided
to go thatroute).The new calendahas615 solsin ayear,addinga leapday everythird yearto
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eventhingsout. This yearhas20 monthswith fifteen monthshaving31 daysandfive having30
days.

Wheredid thosenumberscomefrom? Putthe numberof daysin an Earthyearover 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)

Takeyour crossproductsto find the value of x, which comesout to be ~631.334.This
numberis the numberof Earthdaysin the new Martianyear.Then,placethe currentnumberof
Earthdaysin a Martianyearoverthe numberof solsin the currentMartianyear,andthe number
631.334 over X.

687/668.6 = 631.384/ (3.2)

Using crossproductsagain,you discoverthat x equals~615.344.This is the numberof solsin
the new Martian year.Roundthis off to 615,andyou endup the calendard explainedbefore.|f
you roundoff the decimalto .3, theneverythird year,you'dadda leapdayto makeup for your
rounding down. This is only off by approximately .1 days.

MARTIAN/TERRAN PHYSIOLOGICAL DIFFERENCES

Martian humanswill be physicallydifferentthanthoseon Earth,andthesechangewill
not takethousand®f yearsto becomeevident;you could seethemwith the first generatiorof
childrenbornon Mars. With the lower gravity, the skeletonandmuscleswill grow anddevelop
differently. Boneswould be elongatedyesultingin a heightapproximatelytwo feettaller than
the personwould havebeenif they hadbeenbornandgrew up on Earth.As anexample,| am
4010@all hereon Earth.If 1 hadbeenbornandgrew up on Mars, | would be about6O6CT his
would be how tall the short peoplewould be on Mars (IOmabouta half a foot shorterthanthe
averagefemalemy age)! So, that would meanthe rangeof heighton Mars (for fully-grown
Martians)would be from about6O6Q@eoplewho are short,like me)to over 9Qtall (basketball
playerheightpeople)!'Womenon Marswould, on averagepetaller thanEarthmen! Along with
beingtaller, the fingerswould be a bit longer,aswell asthe shapeof the skull (but not by that
much; it would probablybe noticeableif you stucka Terrananda Martian togetherwho was
who. Now, those people living on the Moon and the Belters are a whole other storyE).
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Crew Divisions in the First Hundred

Chief of Staff: Command
Captain Saskia Karidian

NASA
Deputy Chief of Staff Staff Adjutant
Commander Joshua MacLachlan Lt. Commander Sergy Botnovich
ESA RKA
Chief of Operations Chief Tactician Chief of Security
Lieutenant Anthony Eddington Lieutenant Jennifer Windsor Lieutenant Manago M'Benga
NASA NASA ESA
Chief Engineer Chief of Communications Chief of Agriculture
Lieutenant Eudana Castillo Lieutenant Eiji Fujimoto Lieutenant Heinrich Mossbauer
ESA ISAS ESA
Chief Medical Officer Chief of Planetary Relations Chief Helmsman
Doctor Garrett Burleigh Lieutenant Julien Kavanaugh Lieutenant Hugh Cogley
ESA NASA NASA
Chief of Geophysics Chief of Astrometrics/Stellar Cartography Chief of Astrophysics
Lieutenant Yevgeniy Kudry-vtsev Lieutenant Dafydd Huw-Llewellyn Lieutenant John Barrows
RKA ESA NASA

This chartshowsthe commandstructureon the ship andat the colony. A chief of staff,
namelythe captain,andtwo subordinatefficers,a commandeanda lieutenanttommanderare
in chargeof things.The captainis in chargeof the officers; the commanders in chargeof duty
shifts; the lieutenanttommanderssistshe commandeandchecksin with the departmenheads
to makesureeverythingis runningsmoothly.The differentdepartmentsvere chosenbasedon
whatkinds of jobswould needto be donescientificallyon Mars. The mostessentialepartments
for Mars are geophysicsand agriculture,as thesetwo departmentswill be essentialin the

survival of the colony and future humans on Mars




CONCLUSION

OHumansvill go forth to Mars. Of this we may be assureaswe canbe of anything.In
thenexttwo or threedecadeperhapsin thetwenty-firstcenturyalmostcertainly,astronautsvill
makethe long journeyEFor Mars is not only a destination;it can be the beginningof the
irreversible expansion of humans into the cosmos.O

~John Noble Wilford
Mars Beckons

This is my view of humanityOfuture on Mars. And we will go to Mars, becauset is in
the natureof humanityto explore.WeOveoneto the limits on Earth,and mustnow turn our
viewsto theskies.Thereis anendlessamountof explorationto do outthere,andl planto beone
of the ones doing the exploring. ItOs the future, and weOve got to check it out.

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

Al--Physical Parameters of Mars
Parameter

Age

Mean Distance from Sun
Perihelion
Aphelion

Sidereal Period

Mean Orbital Velocity

Eccentricity

Insolation

Mass

Mean Radius

Mean Density

Surface Gravity

Escape Velocity
Sidereal Rotation Period
Obliquity

Albedo

Atmospheric Mass
Atmospheric Pressure
Atmospheric Scale Height
Effective Temperature
Mean Surface Temperature
Magnetic Dipole Moment

Surface Area
Area of Perennial N Polar Cap
Area of Perennial S Polar Cap

A2—Bulk Parameters of Mars

Polar Radius 3375 km
Volumetric Mean Radius 3390 km
Core Radius 1700 km
Ellipticity (Flattening) 0.00648
GM (x10°km*/s?) 0.04283
Bond Albedo 0.16

Visual Geometric Albedo 0.150
Visual Magnitude V (0,1) -1.52

Value
4.6x10 years

2.28x1Gkm

2.08x10 km

2.49x1G km

686.98 Earth days (668.6 sols)
24.13 km/s

0.0934

589 Wi/nf

6.1419x16°kg
3389.9 km
3934 kg/m
3.71 m/é
5.03 km/s
24.62 h
25.19,

0.150
2.18x1G%kg
~6 mbar
10.8 km
-63v4C
-56v4C
<8x10" T-m?

1.44x16 km?
8.37x10 km?
8.8x10 km?
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Solar Irradiance (W/R) 589.2

Black Body Temperature 216.6 K

Topographic Range 30 km

Moment of Inertia (I/MR)  0.366

J (x10°) 1960.45

A3—Martian Seasons

Martian Season Length in Earth Days Length in Sols
Southern Spring 146 142
(Northern Autumn)

Southern Summer 160 156
(Northern Winter)

Southern Autumn 199 194
(Northern Spring)

Southern Winter 182 177
(Northern Summer

TOTAL 687 669

A4—Martian Eras

Early and Middle Noachian: More than 4.4 billion yearsago. Primitive ancientcrust; early

bombardment.

Late Noachian: 4.4 billion to 3.8 billion yearsago. Intercraterplains; 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 yearsago. Smoothplains such as Acidalia; extensive

volcanism.

Middle Amazonian: 2.3 billion years ago to 700 million years ago. Continued volcanism.
Late Amazonian: 700 million yearsagoto the presenttime. Major volcanicactivity in Tharsis

and elsewhere dying out at a relatively late stage; disappearance of surface water.
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AS5—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/nT 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 |
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 Il
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 11l
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 ir
accordance with these Atrticles 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-Secretaria
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 AllianceOs 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 memberOs 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

7



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 AllianceOs 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 Oipso factoO 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
guestions 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;
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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 Atrticles 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 Atrticles 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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