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Homework 2 — Ast 281— Spring 2009
Due Thursday 1/29/09— 12:00pm,Watanabe420

The homeavorks arenotintendedto be difficult — if you think aboutthe answers.Pleasekeepthe answers
brief - but alwaysjustify your answer(i.e. if the questionasksyouto choosesomethingstatewhy you choseit,
but fill in the blank questiongdo not needjustifications).Feelfreeto work with othersanduseclassmaterials.
Thepointvaluesfor eachquestionareshavn in the[] following eachquestion[100 points].

1. While observing,your astrobiologyprofessordiscorersa new planetandtakesa spectrumof it's atmo-
sphere. Eventually a spaceprobeis sentto the planet,landson the surfaceand measureshe radiation
gettingthroughthe atmospherat eachwavelength.Thetransmittedspectrumasseenfrom the surfaceof
the planetis shavn in thegraphbelow.
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e Doesthisatmospherdéave anappreciablgreenhouseffect? Why or why not?[5]

e Couldwe seestarsfrom the surfaceof this planetat night (i.e. is this aromanticspot?)[5]

e Arethereary potentialhealthhazardsonthesurfaceof the planet(assumehatthe atmospherés not
poisonousandthatwe aredressedvarmly)?[5]



2. Differentiation,is a processwvhereasa large body melts, the heavier materialssink to the coreandthe
lighter onesfloat to the surface,thus separatingnaterialsof differentcomposition. This occuredin the
earlysolarsystenmbecausef heatingfrom short-lvedradionucleidesT hisradioactve materialwasorigi-
nally incorporatednto planetsasthey condenseth theearlysolarnehula, thenehula having recevedthese
elementdrom processingnsidestars. Radionucleideseleaseheir enegy asheatwhich getsdeposited
in solarsystembodies,which canresultin meltinginside. Whenmolten (or soft), hearier materials(i.e.
metals),sink to the core. Would you be morelikely to find volatileson a smallundifferentiatedasteroid,
on alargedifferentiatedasteroid pr in theremnantof anasteroidamily andwhy? [5]

3. Are we likely to be ableto mine ary oneasteroidfor both our metalneedsandvolatiles (extractedfrom
volatile rich mineralsby heating)?Statereasons|5]

4. Which of the following radionucleidesvasmostlikely responsibldor heatingleadingto differentiation
andwhy? [5]

Parent Daughter Half-Life

8y 206pp 4.47 % 107 yr
8TRb &Sy 48.8x 10° yr
147gm  143Nd 105 x 10° yr
a1 25Mg 0.72x 10° yr
129) 129%e 16.0x 10° yr

5. You areageologistinvestigatingrock stratacorrespondingo the Cretaceous/@rtiary epochof Earthhis-
tory (~65 My ago). In a thin cm-thick clay layeryou find a depositrich in Iridium (Ir — atomicnumber
77). Suppose/ou discover thatthis layerof Ir is presenin geologicalformationsof the sametime period
throughouttheworld.

e Giventhefollowing tableof terrestrialandprimitive meteorite(chondrite)relatve alundancesyhat
conclusionmight you draw from this tableconcerninghe origin of the layerandwhy? [Note: The
numberof electrondgn anatomgivestheatomicnumbeyandthe numberof electronsandprotonsin
aneutralatomareequal.Thisis whatgivesanatomits chemicalcharacteristicsThe atomicmasss
the sumof the protonsandneutronsn anatom. Isotopesarespecieswith the sameatomicnumbey
but just a differentatomic mass(becauseof extra neutrons),and are closely relatedchemically]
Note: ppm= partspermillion. [5]



Element Atomic# Earth Chondrites

[ppm] [ppm]
e) 8 4.66x 100 4.60x 10
Fe 26 500x 100 1.82x 10°
Si 14 2.77x 10° 1.05x 10*
Mg 12 2.09x 10* 9.70x 10*
Ni 28 80.0 1.07 x 10*
Al 13 8.13x 10* 8.60x 10°
K 19 2.59x 10* 560
Ir 77 0.001 0.46

e Supposeaow, thatyou determinethatthis layer mustbe of extraterrestrialorigin, andthatyou es-
timate the massof materialto be over 1.4 x 10'? kg (by addingup a cm thick shell of material
covering the Earth). This would correspondo a meteoroidof at least10 km diameter Assuming
that the meteoroidwould enterthe Earths atmospherat a typical or “average”velocity, approxi-
matelywhatdiametercraterwould you expect?(Pleasedescribenvhy you cometo this conclusion-
dont just putanumberdown). [5]

6. How mightyou expectthesizedistribution of cratersto changeon a planetwithout anatmospherg¢again
assuminghatthe planetsreceve the samemeteoroidflux)? Would you expectto seethe samenumberof
smallcraterson anairlessbodyandoneof the samesizewith anatmosphereWhy? [10]

7. How mighttheimpactof avery large meteor(severalkm) effect modernsociety?[10]




8. While we don't completelyunderstandhefull storyof starformationandplanetformationtherearemary
obsenred featureswithin our solarsystemthatwe have a generalunderstandingf how they cameabout.
Pleasedescribevery briefly in a few wordsor a sentencehe basicunderlyingphysicalexplanationfor
someof thefeaturedn our solarsystem(if known) for eachof thefollowing obseredcharacteristic§l5].

(a) Theplanetsorbitsaremostlycircular andlie in thesameplane.

(b) An explanationof why the planetsareplacedatthe particulardistancesrom the sunthatthey areat.

(c) Why our solarsystemhasrocky terrestrialplanetscloseto the sun,andgasgiantsfartherout.

(d) Why do someplanetarysystemshave gasgiantscloseto their star?

(e) Why do mostplanetsspinin the samedirection(with afew exceptions- andwhy the exceptions?)

9. In summer2006in Pragueat the InternationalAstronomicalUnion GeneralAssembly the IAU madea
new resolutionaboutthe definitionof a planetwhich hascausedremendougontroversy: “Contemporary
obsenationsarechangingour understandingf planetarysystemsandit is importantthatour nomencla-
turefor objectsreflectour currentunderstandingThis applies,in particular to the designatioriplanets’.
Theword ‘planet’ originally describedwanderersthatwereknown only asmoving lightsin the sky. Re-
centdiscoveriesleadusto createa new definition,which we canmake usingcurrentlyavailablescientific
information. ResolutionSA:

ThelAU thereforeresohesthatplanetsandotherbodiesin our SolarSystembedefinedinto threedistinct
cateyoriesin the following way: (1) A planetis a celestialbody that (a) is in orbit aroundthe Sun, (b)

has suflicient massfor its self-gravity to overcomerigid body forcesso that it assumes hydrostatic
equilibrium (nearly round) shape,and (c) hasclearedthe neighbourhoodaroundits orbit. (2) A dwarf

planetis a celestialbodythat (a) is in orbit aroundthe Sun, (b) hassuficient massfor its self-gravity to

overcomerigid bodyforcessothatit assumes hydrostaticequilibrium (nearlyround)shape(c) hasnot
clearedthe neighbourhoodaroundits orbit, and (d) is not a satellite. (3) All other objectsorbiting the
Sunshallbereferredto collectively as”Small SolarSystemBodies”. footnotes:planet: The eightplanets
are: Mercury Venus,Earth,Mars, Jupiter Saturn,Uranus,andNeptune.shape:An IAU processwill be
establishedo assignborderlineobjectsinto eitherdwarf planetand other catgories. objects(3): These
currently include most of the Solar Systemasteroids,most Trans-NeptuniarDbjects(TNOs), comets,
andothersmall bodies. Resolution6A: The IAU furtherresohes: Plutois a dwarf planetby the above

definitionandis recognizedasthe prototypeof a new cateyory of trans-Neptuniawmbjects.



Thetablebelow lists variousobjectsin the solarsystem,their densitiesand distancefrom the sun. On
theattachedyraphpaper plot log semi-majoraxis (log a) versudog diameterusingdifferentsymbolsfor
eachclassof object. Onthe graphdraw a circle aroundthe groupof pointsthatareterrestrialplanetsand
acircle aroundthe groupof pointsthataregasgiants. Whatis your opinion aboutthe natureof the other
bodiesin thesolarsystembasedna physicalprocesshatgovernsplanetformationandfrom theevidence
on this graph(statewhy). WheredoesPlutofit in this schemeébasedon the physicalcharateristicef the

bodies?710]
Object Type density Diam  aJAU] loga logDiam
Ceres asteroid 2.08 913 4603 0.663 2.960
Mercury  Terrestr 5.43 4878 0.387 -0.412 3.688
Mars Terrestr 3.9 6794 1.524 0.183 3.832
Venus Terrestr 5.24 12104 0.723 -0.141 4.083
Earth Terrestr  5.52 12756 1.000 0.000 4.106
Neptune GasGiant 1.5 50450 30.061 1.478 4.703
Uranus GasGiant 1.3 52400 19.191 1.283 4.719
Saturn  GasGiant 0.7 120000 9.538 0.979 5.079
Jupiter GasGiant 1.3 142796 5.202 0.716 5.155
Varuna KBO 2 900 43.218 1.636 2.954
Ixion KBO 2 1065 39.302 1.594 3.027
Quaoar KBO 2 1200 43.093 1.634 3.079
2003EL61 KBO 2 1200 43.198 1.635 3.079
2005FY9 KBO 2 1250 45.778 1.661 3.097
Orcus KBO 2 1500 39.387 1595 3.176
Sedna KBO 2 1500 523.286 2.719 3.176
Pluto KBO 2 2274 39.529 1597 3.357
Eris KBO 2 2400 67.750 1.831 3.380
Tethys Satellite 1.3 1048 9.538 0.979 3.020
Charon Satellite 2 1270 39.529 1597 3.104
lapetus  Satellite 1.2 1435 9.538 0.979 3.157
Rhea Satellite 1.3 1530 9.538 0.979 3.185
Titania Satellite 1.6 1610 19.191 1.283 3.207
Europa  Satellite 3 3138 5.202 0.716  3.497
lo Satellite 3.6 3630 5202 0.716 3.560
Callisto Satellite 1.9 4800 5202 0.716 3.681
Titan Satellite 1.9 5150 9538 0979 3.712
Garymede Satellite 1.9 5262 5.202 0.716 3.721




10. Thefigureonthenext pagewasthelandingsitefor thefirst Mars ExplorationRover (Jan2004).

(a) Basedonwhatyou know aboutimpactcrateringprocessesyhatcanyou sayabouteitherthesurface
conditionson the planetor possibleevidencefor anatmospher®y looking attheseimages?5]

(b) Giventherelative sizesanddensitieof Mars (diameter= 6794km; density= 3.9,gm/cnT3) andthe
Moon (diameter= 3476km, density= 3.3gm/cnt3), do you think thatthe sizeof thesinglepealed
craterin the imageis smalleror larger thantypical single-pea&d craterson the moon,in general,
andwhy? [5]

(c) Wouldyou sayfrom the craterdensitieghatthisis arelatvely youngor old surface,andwhy? [5]
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