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March(14,2007:[NASA[ScientistBill[Tookelis[Shooting[tharbles@nd[Be's[glaying
"keepsies."[Mhelprizeon'tBel@nother(player'sitharbles, But@nowledgefhatWill[Help
keepldstronautsSafelWwhen[BAmericaldeturnsbfheMoonlihfheldextldecade.

Cookelisiringlquarterfihch[diameter(dlear
shooters[3[Ryrex[glass, [fbBeldxact3[Et[Soil
ratherfhan(3tldthertharbles.[And[HelBasb
useld@ewldneldnldachldoundBecauselévery
16,000hph[{7m/s)[dhot[destroys(His
shooter.

Right: [Deathdf[ddhooter.Thislis[d[deall@hoto
of[@@yrexharblel@xplodingldnlimpactdtthe
NASAAmesVerticallGun[Range.[Rhotoldredit:
PeterSchultz,BrownDniversity,[@ndNASA

"Weld@reldimulatingtheteoroidiimpactsiwithfhellinarldurface,"[Beléxplains.[Tookeldnd
otherslhfhe@pacelEnvironmentsGroup@tMNASA's[MarshallBpacelBlight[TenterBave
recorded theldealfhingthanydmes.[Theirlfelescopesbutinelydetectldxplosionsidnlthe
MoonWhen[theteoroidslSlamlihtofhelllinar[durface.

Alflypicalflashlihvolvesfaltheteoroidfhelsize[df[d[doftball[BittingfheMoon@tA7Km/s
and@xplodingWith@sthuchlénergyds[20KgdfINT."

"Mindou,"[daysTooke, theseldreldstimatesBasedldnd{lashdf
lightldeen[400,000m@way.[Mhere's[@ObtldfUncertainty ih[dur
calculations[dfldpeed, thass@ndl@nergy.We'ddikefofrmdpfhese
numbers."

That'siwherelftheltharbles[domelih.... )
Sign up for EXPRESS

SCIENCE NEWS
CookelissingfhelBAmesNertical[Gun[BRange@tMASA's[Ames delivery
Research@enterihMountainView, [TA, fb[Shoot[tharbleslihto
simulatedlinar[doil.(Thedrings@llowBimbldalibratehatBeldeesldnftheMoon. His
work[i$flundedByMNASA's[Officeldf[Safety@ndMission[Assurance.

"Weltheasurelfheflash[doeldanfigureldutBow[thuch[dflfhelKineticl@nergyldoeslihto
light,"[Bel@xplained.0OnceWe®nowfhisMliminousldfficiency,@dsWeldalllt, Mweldan@pply
itb[dealltheteoroidsihenltheyldtrikelfheMoon."[High[Speedldameras@nd@[ghotometer
(lightltheter)decordfheldesults.

ThelAmesMertical[GunRangeldasBuiltih(fhe1960sIoldupportBrojectBpollo,[America's
firstlBumantissionsdbfhellinardurface.[Thel[Ames[gunldanfire[d@Mariety[dfldhapesldnd
materials,[@ven(dlusters[dflparticles, [@t[Speedsfrom[0.50b[ZKm/s.MThefargetldhamber
usuallylisipumpedldownb@Macuum,@ndldanBelpartially idefilled o [dimulate
atmospheresldnldtherWorldsldridomets.
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Above:[A30cmidiameterldraterplusidpatteredldust@reldllfhat'skft[EfterdEestlshotlih
thelAmesVertical[Gun.Rhotoldredit: NASA.lLargerimage]

Equallyimportant,fheldun'sBarrelldanBedilted Ib[Simulate@impacts@tSevenldifferent
anglesfromDderticallfbBorizontalSinceltheteorsarely [y [Straightihtofheldround. Black
powderlpropelsftheltharble,[@ndldpecialMalvesidapturefhel@xhaustldases[doftheyldon't
blow[@way[fhelimpactidrater.

Cooke'sldxperiments@re@eingunihfwoldounds.TheMrstHetdf 12 [Shotsih[Dctober
2006[fredByrex[gdlassBallsihtoldustithadefromPumice,[dMolcanicldock, @tMp b7
km/s.BollowOpExperimentsWillllsedSCOallinardimulant, [dneldfthetruelfakes"
developed@romierrestriallihgredientsEbthimichelqualitiesdfhoon[Soil.

Knowingdheldpeed@dndthass[dffhelprojectileWillIet[Tookefoldcalefheflash@nd
estimatefheldnergiesldflfheSoftball8izeltheteoroidsfhatHitfhe Moon @t pIb[@2Km/s,
morelfhanSix@imestheldpeeddffhelBAmesIgun.Butdluminous&fficiencyisGLst[partldf
thelquestion.[Abtldffthelinpactldnergyldoeslihto[Shattering@ndteltinghelgrojectile
[Mthelaindeasonbridsingldlassidatherfhanlhetalldndfhenldprayingldebris
everywhere.

Right: [Mhe[AmesVerticallGunRange.[Bhotoldredit:
NASA[QLargerlimage]

"Theldjectalicked [utfrom@niimpactidanfravel
hundreds@fimiles,"[Tookeldontinued.MWeldeedIb
know[thore@boutfhatifiwe@reldoingfbodiveldnlthe
lunar@urfacedbrithonths[@t[@Eme."Becauselfhe
moon[HasNirtually[do@tmospherelibldlowldown
flying[debris, [BarticlesTand WithTheldameldpeed
thatTAunchedfhemfromhelimpactiSite.

SoQJoulhightldodgel@BulletButlstill[detldaughtBy
itslShrapnel.[AndIhelquestion(is, [AreMoulthore
likely@b[detldutldffldtfhel@nklesByldebris
spattered@longfheBorizon, @drBitdrom@bovellBy
materialldnBigh, Ballisticfrajectories?

Toldaugelthatldanger,[@ookelillltheasurelfhe
speed@ndldirectionldfidecondaryParticles@yIhelsheetbserfechnique.Mensesldnd
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mirrors(Spread(@aserBeamlihtolpaperhinidheets[dflightldoflyingParticles@reBriefly
illuminated(Severallfimes.[Thedightfracesfhenkellfheldize, [direction,[dndSpeed[df
debris[ParticlesIeavingl@nlimpact.

Thelfechniqueldequires@Ibtldflimageldnalysis, Butltlisdleanerl@ndhoreldccuratefhan
theldlderay[dflfAanging@luminumSheetsihfheldhamberl@ndldountingBoles.

Thel@nswersMillBelpldeterminelhe®indsdflshieldingdeededldnldxplorationdehicles
protectinglBumansiWherel@veryldayis[fbr[keepsies."
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Author: [DavelDoolingIEditor: [Dr.[Mony[RhillipsITredit: Science@NASA

Morednformation

Linkso[AmesVerticallGun[Range: #1, #2, #3, #4.
True[HakesIIScience@NASA) [MASA[Scientists[thakeSimulatedthoondust

AMeteoroidHits[fheMoonIIScience@NASA)@stronomersiideofapeld@theteoroid
slammingihtofheMoon's[Sealdf[Tlouds.

NASA's[Huture: ThellisionfbrSpacelBxploration
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| Shortcut Text || Internet/Address |
[+ Play Audio ||http://science.nasa.gov/headlinesly2007/images/marbles/audio/story.m3u |
[+ Download Audio ||http:/science.nasa.gov/headlines'y2007/images/marbles/audio/story.mp3 |
[+ Email toafriend  ||http:/science.nasa.gov/programs/mail/sendfriend.asp |
|
|
|

[+ Join mailing list  ||ttp://science.nasa.gov/headlines'y2006/news
[http://science.nasa.gov/headlines'y 2007/images/marbles/schul tz1.jpg

lthe real thing ||http://science.nasa.gov/headlines/y2006/13jun_|unarsporadic.htm
Sign up for

EXPRESS SCIENCE |[http://science.nasa.gov/news/subscribe.htm

NEWS delivery

|http://sci ence.nasa.gov/headlines/y2007/images/marbles/crater.jpg |
ltrue fakes |Ihttp://science.nasa.gov/headlinesly 2006/28dec_truefake.htm |
http://sci ence.nasa.gov/headlines'y 2007/images/marbles/gunl.jpg |

IDr. Tony Phillips  ||mailto:james.a.phillips@earthlink.net
|Science@NASA ||http:/science.nasa.gov/

" http://www.nasa.gov/centers/ames/resear ch/technol ogy-onepagers/range-
complex.html

#2 |Ihttp://quest.arc.nasa.gov/peoplefjournal s/aero/ballisticrange. html |

3 ||http://www.nasa.gov/centers/ames/mul timedi alimages/2005/comets2a.html |

4 ||http://www.nasa.gov/centers/ames/multimedial/images/2005/cometsL.html |

g;l\ér':tioglnfor Space http://www.nasa.gov/mission pages/exploration/main/index.html
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