
AlcubierreWarpDriveAnOverviewandComparisonbyDr.DavidLewisAndersonAnAlcubierreWarpDrivestretchesspacetimeinawavecausingthefabricofspaceaheadofaspacecrafttocontractandthespacebehindittoexpand.Theshipcanridethewavetoacceleratetohighspeedsandtimetravel.

TheAlcubierredrive,alsoknownastheAlcubierremetricorWarpDrive,isamathematicalmodelofaspacetimeexhibitingfeaturesreminiscentofthefictional"warpdrive"fromStarTrek,whichcantravel"fasterthanlight"(althoughnotinalocalsense@seebelow).ThekeycharacteristicsoftheapplicationofAlcubierrewarpdrivesfortimecontrolandtimetravelarepresentedinthepicturebelow.Thisisfollowedbymoredetaildescribingtheeffectbelow.

AlcubierreWarpDriveDescriptionIn1994,theMexicanphysicistMiguelAlcubierreproposedamethodofstretchingspaceinawavewhichwouldintheorycausethefabricofspaceaheadofaspacecrafttocontractandthespacebehindittoexpand.Theshipwouldridethiswaveinsidearegionknownasawarpbubbleofflatspace.Sincetheshipisnotmovingwithinthisbubble,butcarriedalongastheregionitselfmoves,conventionalrelativisticeffectssuchastimedilationdonotapplyinthewaytheywouldinthecaseofashipmovingathighvelocitythroughflatspacetime.Also,thismethodoftraveldoesnotactuallyinvolvemovingfasterthanlightinalocalsense,sincealightbeamwithinthebubblewouldstillalwaysmovefasterthan
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theship;itisonly"fasterthanlight"inthesensethat,thankstothecontractionofthespaceinfrontofit,theshipcouldreachitsdestinationfasterthanalightbeamrestrictedtotravellingoutsidethewarpbubble.Thus,theAlcubierredrivedoesnotcontradicttheconventionalclaimthatrelativityforbidsaslower@than@lightobjecttoacceleratetofaster@than@lightspeeds.AlcubierreMetricTheAlcubierreMetricdefinestheso@calledwarpdrivespacetime.ThisisaLorentzianmanifoldwhich,ifinterpretedinthecontextofgeneralrelativity,exhibitsfeaturesreminiscentofthewarpdrivefromStarTrek:awarpbubbleappearsinpreviouslyflatspacetimeandmovesoffateffectivelysuperluminalspeed.Inhabitantsofthebubblefeelnoinertialeffects.Theobject(s)withinthebubblearenotmoving(locally)fasterthanlight,instead,thespacearoundthemshiftssothattheobject(s)arrivesatitsdestinationfasterthanlightwouldinnormalspace.Alcubierrechoseaspecificformforthefunctionf,butotherchoicesgiveasimplerspacetimeexhibitingthedesired"warpdrive"effectsmoreclearlyandsimply.MathematicsoftheAlcubierredriveUsingthe3+1formalismofgeneralrelativity,thespacetimeisdescribedbyafoliationofspace@likehypersurfacesofconstantcoordinatetimet.ThegeneralformoftheAlcubierremetricis:whereαisthelapsefunctionthatgivestheintervalofpropertimebetweennearbyhypersurfaces,βIistheshiftvectorthatrelatesthespatialcoordinatesystemsondifferenthypersurfacesandγijisapositivedefinitemetriconeachofthehypersurfaces.TheparticularformthatAlcubierrestudiedisdefinedby:
where
and
withR>0andσ>0arbitraryparameters.Alcubierre'sspecificformofthemetriccanthusbewritten;Withthisparticularformofthemetric,itcanbeshownthattheenergydensitymeasuredbyobserverswhose4@velocityisnormaltothehypersurfacesisgivenbywheregisthedeterminantofthemetrictensor.Thus,astheenergydensityisnegative,oneneedsexoticmattertotravelfasterthanthespeedoflight.Theexistenceofexoticmatterisnottheoreticallyruledout,theCasimireffectandtheacceleratinguniversebothlendingsupporttotheproposedexistenceofsuchmatter.However,generatingenoughexoticmatterandsustainingittoperformfeatssuchasfaster@than@lighttravel(andalsotokeepopenthe'throat'ofawormhole)isthoughttobeimpractical.Lowhasarguedthatwithinthecontextofgeneralrelativity,itisimpossibletoconstructawarpdriveintheabsenceofexoticmatter.Itisgenerallybelievedthataconsistenttheoryofquantumgravitywillresolvesuchissuesonceandforall.PhysicsoftheAlcubierredriveForthosefamiliarwiththeeffectsofspecialrelativity,suchasLorentzcontractionandtimedilation,theAlcubierremetrichassomeapparentlypeculiaraspects.Inparticular,Alcubierrehasshownthatevenwhentheshipisaccelerating,ittravelsonafree@fallgeodesic.Inotherwords,ashipusingthewarptoaccelerateanddecelerateisalwaysinfreefall,andthecrewwouldexperiencenoaccelerationalg@forces.Enormoustidalforceswouldbepresentneartheedgesoftheflat@spacevolumebecauseofthelargespacecurvaturethere,butbysuitablespecificationofthemetric,thesewouldbemadeverysmallwithinthevolumeoccupiedbytheship.Theoriginalwarpdrivemetric,andsimplevariantsofit,happentohavetheADMformwhichisoftenusedindiscussingtheinitialvalueformulationofgeneralrelativity.Thismayexplainthewidespreadmisconceptionthatthisspacetimeisasolutionofthefieldequationofgeneralrelativity.MetricsinADMformareadaptedtoacertainfamilyofinertialobservers,buttheseobserversarenotreallyphysicallydistinguishedfromothersuchfamilies.Alcubierreinterpretedhis"warpbubble"intermsofacontractionof"space"aheadofthebubbleandanexpansionbehind.Butthisinterpretationmightbemisleading,sincethecontractionandexpansionactuallyreferstotherelativemotionofnearbymembersofthefamilyofADMobservers.



MiguelAlcubierre

Ingeneralrelativity,oneoftenfirstspecifiesaplausibledistributionofmatterandenergy,andthenfindsthegeometryofthespacetimeassociatedwithit;butitisalsopossibletoruntheEinsteinfieldequationsintheotherdirection,firstspecifyingametricandthenfindingtheenergy@momentumtensorassociatedwithit,andthisiswhatAlcubierredidinbuildinghismetric.Thispracticemeansthatthesolutioncanviolatevariousenergyconditionsandrequireexoticmatter.Theneedforexoticmatterleadstoquestionsaboutwhetheritisactuallypossibletofindawaytodistributethematterinaninitialspacetimewhichlacksa"warpbubble"insuchawaythatthebubblewillbecreatedatalatertime.Yetanotherproblemisthat,accordingtoSergueiKrasnikov,itwouldbeimpossibletogeneratethebubblewithoutbeingabletoforcetheexoticmattertomoveatlocallyFTLspeeds,whichwouldrequiretheexistenceoftachyons.Somemethodshavebeensuggestedwhichwouldavoidtheproblemoftachyonicmotion,butwouldprobablygenerateanakedsingularityatthefrontofthebubble. DifficultiesSignificantproblemswiththemetricofthisformstemfromthefactthatallknownwarpdrivespacetimesviolatevariousenergyconditions.Itistruethatcertainexperimentallyverifiedquantumphenomena,suchastheCasimireffect,whendescribedinthecontextofthequantumfieldtheories,leadtostress@energytensorswhichalsoviolatetheenergyconditionsandsoonemighthopethatAlcubierretypewarpdrivescouldperhapsbephysicallyrealizedbycleverengineeringtakingadvantageofsuchquantumeffects.However,ifcertainquantuminequalitiesconjecturedbyFordandRomanhold,thentheenergyrequirementsforsomewarpdrivesmaybeabsurdlygigantic,e.g.theenergy@1067gramequivalentmightberequiredtotransportasmallspaceshipacrosstheMilkyWaygalaxy.Thisisordersofmagnitudegreaterthanthemassoftheuniverse.Counterargumentstotheseapparentproblemshavebeenoffered,butnoteveryoneisconvincedtheycanbeovercome.ChrisVanDenBroeck,in1999,hastriedtoaddressthepotentialissues.Bycontractingthe3+1dimensionalsurfaceareaofthe'bubble'beingtransportedbythedrive,whileatthesametimeexpandingthe3dimensionalvolumecontainedinside,VanDenBroeckwasabletoreducethetotalenergyneededtotransportsmallatomstolessthan3solarmasses.Later,byslightlymodifyingtheVanDenBroeckmetric,Krasnikovreducedthenecessarytotalamountofnegativeenergytoafewmilligrams.Krasnikovproposedthat,iftachyonicmattercouldnotbefoundorused,thenasolutionmightbetoarrangeformassesalongthepathofthevesseltobesetinmotioninsuchawaythattherequiredfieldwasproduced.ButinthiscasetheAlcubierreDrivevesselisnotabletogodashingaroundthegalaxyatwill.Itisonlyabletotravelrouteswhich,likearailroad,havefirstbeenequippedwiththenecessaryinfrastructure.Thepilotinsidethebubbleiscausallydisconnectedwithitswallsandcannotcarryoutanyactionoutsidethebubble.However,itisnecessarytoplacedevicesalongtherouteinadvance,andsincethepilotcannotdothiswhile"intransit",thebubblecannotbeusedforthefirsttriptoadistantstar.Inotherwords,totraveltoVega(whichis26light@yearsfromtheEarth)onefirsthastoarrangeeverythingsothatthebubblemovingtowardVegawithasuperluminalvelocitywouldappearandthesearrangementswillalwaystakemorethan26years.CoulehasarguedthatschemessuchastheoneproposedbyAlcubierrearenotfeasiblebecausethemattertobeplacedontheroadbeforehandhastobeplacedatsuperluminalspeed.Thus,accordingtoCoule,anAlcubierreDriveisrequiredinordertobuildanAlcubierreDrive.Sincenonehavebeenproventoexistalreadythenthedriveisimpossibletoconstruct,evenifthemetricisphysicallymeaningful.CoulearguesthatananalogousobjectionwillapplytoanyproposedmethodofconstructinganAlcubierreDrive.GeneralEmailInquiriesTheAndersonInstitute620ParkAvenue#308Rochester,NY14607UNITEDSTATESofAMERICATimeTemporalMeasurementTimeDefinitionandStandardsReligionandTimePhilosophyandTimePhysicalDefinitionofTimeTimeControlTechnologiesTimeTravelExperimentsinTimePerceptionofTimeCultureandTimeArtandTimeTimeTravelinScienceFictionEducationalResourcesCopyright©1990�2011,TheAndersonInstitute.AdivisionofAndersonMultinationalLLC.Allrightsreserved.
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