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Homework 10– Ast 281– Spring 2009
Due Tuesday4/21/09– 12:00pmWat 420– 100pts

1. Thisquestionrelatesto yourunderstandingof spacehazardsandtheradiationenvironment.

(a) Whatis thedifferencebetweencosmicraysandthesolarwind? [5]

(b) Whatis moredangerousin termsof radiationexposure– 1.0MeV neutronsor 1.0MeV alphaparti-
cles( � particles)andwhy? [5]

(c) Whatis theremdosagefor 1.0MeV neutronsand1.0MeV
protons(for asingleparticle).Expressyouranswerin rads.
(Hint: useconversionsbetweeneV to Joulesto ergs to
rads).[8]

(d) In order to calculatethe total dosageyou would have to
know how many particlespersecondwerehitting you (the
flux) andhow longyouwerein exposed.Theenergiescal-
culatedabove arefor singleparticles.Whatis theelectron
flux (electronspersecpercm

���
) for anorbit at latitudeof

-35
�

andanaltitudeof about650km? Usethefigureat the
right to estimatethis from thecontours.[2]

1



(e) The maximumsingle dose(30 day limit) for the most sensitive humantissue(bone) is 25 rem.
Usingtheelectronfluxesobtainedfrom thegraphandassuming� -particleenergiesin radascalcu-
latedabove, what is themaximumexposuretime unshieldedbeforea dangerousradiationdosewas
reached?[10]

(f) Why is too little shieldingworsethannoneat all? [5]

2. We have seenin classhow thespaceprogramandNASA have evolvedsincetheir creationin the1960’s.
Whatdo you think themeansof gettinglargeexpensive enterprisesinto spaceare(e.g. colonies,manned
missionsto theMoon andMars),andwhatarethebenefitsanddownsidesto thesemissions.[Note: this
questionis not askingaboutthe physicallaunch/ constructionprocess,ratherwhat within societywill
motivatethis to becomereality?] Do you think weoughtto behave mannedexplorationsinto space?[10]
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3. Thisquestionis abit of a review, but helpsusunderstandsomeof theissuesin spacecolonies.Below is a
tableof atmosphericcompositionasa functionof altitudein Earth’s atmosphere(from the lectureon the
SpaceEnvironment).Note: Theatomicweightwasoriginally definedbasedon oxygenatoms,1 atomic
massunit (amu)is 1/16theweightof theoxygenatom,andis equalto 1.6604 � 10�

�
	
kg. Theweights

in thetableareexpressedin amu.

Species � SeaLevel 200km 300km 800km
[%] [%] [%] [%]

N� 28 79 30 18 0.01
O� 32 20 34 1.3 –
O 16 – 36 80 24
Ar 40 1 0.03 0.01 –
He 2 – 0.05 0.53 61
H 1 – – 0.03 14
O� 16 – – 0.08 –
C 12 – – – –
Xe 131 – – – –

(a) Whatis scaleheight?[5]

(b) What is the averagemeanmolecularweight of the Earth’s atmosphereat sealevel andat 800 km
altitude,andhow will this affect the scaleheightof the atmosphereat 800 km (i.e. will the scale
heightbelargeror smaller).[5]

(c) Whatcouldaffect thescaleheightof Earth’s atmosphereon (i) long time scalesand(ii) shorttime
scalesandwhy is this importantfor satellites,spacetelescopeandany spacestationsin orbit? [5]
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4. Listedbelow areseveraltypesof humanhazardsin space:

(1) micrometeoriteimpact (2) meteorimpact(few kg)
(3) galacticcosmicray (4) solarUV
(5) solarflareevents (6) highenergy solarx-raysand
 -raysfrom quietsun

(a) Whichof theabovehazardsneednotbeshieldedagainstfor anEVA from thespaceshuttleto retrieve
asatellitefor repair?[2]

(b) Whichof theabove hazardsaretheleastpredictable?[2]

(c) Whichof theabove arethemosthazardous?[2]

(d) Which of the above hazardswon’t be asgreata concernfor the shuttlein LEO ascomparedto a
spacestationin GEO?[2]

(e) Which of theabove canbeshieldedfrom with a thin thicknessof metal,suchasthefilms found in
spacesuits?[2]

5. How doestheEarth’s atmosphereshieldusfrom hazardsin space?[5]

6. While working in oneof thesciencelabson thespacecolony underconstructionthereis anaccidentin
which a mixturesof CO� andxenon(Xe) gasleaksinto your compartmentreplacing75%of the room’s
atmospherewith thesegases.The door jamsandyou have no life supportsystem(thesegasesarenot
breathable).

(a) What is your bestchanceat survival until helparrives(i.e. whatcanyou do?). Hint, usethe table
in Question3 to getthemolecularweightsof variousgaseswe have discussedin classwhich might
be presenton a spacestation. Also, coloniesare large structureswhich unlike spacestationsare
designedfor long-termhabitation,andartificial gravity is created.[5]

(b) Would thisbeamoreor lessdangeroussituationon thespacestationandwhy? [5]

4



(c) List 5 majorbasicresourceswearegoingto needwhenwebegin to inhabitspacelong-term,anddis-
cusswherethebestsourcesfor theseresourceswould be. Considerboththefeasibility of acquiring
theresourcesandtheeconomics.[10]

(d) We have discussedin classthat we needshieldingwhen we are in space. List the hazardsfrom
whichweneedshieldingin space,andnotewhicharethemostdangerous,andwill requirethemost
significantshielding.[5]
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