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1 ●
CopemicuspublishedDeRevolutionibusOrbium Celestium in1543and
proposedtheheliocentricpictureofuniverse.Morethantwohundredyearslater,
KantdeclaredinCritiqueofPuT･eReasonthatweneededCopemiCanrevolutionin
metaphysics.Anotherperiodortwohull血edyearshaspassedsince血e
publicationofCritL'qlJe,and,today,weseemtobeobservlngthatcosmologyhas
madeafullcircleor"revolution"initshistoricaldevelopment.Anthropocentricity
dramaticallyretumedintoourthoughtsabouttheuniverseaftersuchalollgPeriod
orabsence.

Man,notgeometricallyandontologlCallycentraltoouruniversesincethetime
ofCopemicus,nowsuddenlybecomescentralinsomesensetothestructureof
ourphysicalworld.Thereasonisthatman'SveryexistencerequiresSPeCific
valuesandrelationshipsbetweenthephysicalconstants,andveryspecificinitial
conditions,andweactuallyfindsuchvaluescharacteristicofouruniverse.Owing
totherapid developmentofcontemporary astrophysics,itisbecoming
increasinglyclearthatwithintheparadigmofstandardevolutionarycosmology(i.
6.theso-called"big-bangcosmology'')theexistenceormanimposesceぬinstrict
limitsontherangeofpossiblephysicalparameterscharacteristicofauniverse
compatiblewithlife.Andtheactualparametersareindeed"finetuned"forour
existence.Therefore,man isinanimportantsensecentraltothisuniverse.
Copemicanrevolutioninmetaphysicswasanunderstandablebutin血eend
urLneCeSSarydetour.Wecan onceagalnmeaningfullytalkabouttheaimand
designofuniverse.Thesearethelessonswearetoldtoleam fromtoday's
cosmologyofthe"anthropicprlnCiple".

2

Theintroductionofthe"anthropicpnnciple"marksadrasticdeparturefrom
thetime-honoredscientifictraditiongovernedbythe"cosmologicalprlnCiple".
ThecosmologicalprlnCiplehasalwaysbeenimplicitlypresupposedasthemeta-
prlnCipleofmodemscientificmethodologysincethetimeofGalileoorPascal,
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anditwasalsoexplicitlyendorsedbyEinsteininhiscosmologlCalapplicationof
RelativityTheory.ItsaysthatthestrtlCtureOrtileul一iverseistelllpOrallyalld
spatiallyunifom1andindifferenttoanyspecifickindsofexistenceinit･Pascal
fmlOuSlysaid,"Inourunivel･Se,lュoPlaceisthecenterandeveryplaceisacenter".
TheantllrOPICPrincipledeniesthiscosmologicaluniformltyandindifference.
Thereisaspecificandprivilegedcenterintheuniverse,anditistheexistenceof
lnan.

ThereareavarietyofversionsoftheantllrOplCPrlnCipleandthereasonsand
motivationsfわrtheirintroductionarevarious.Butbasicallytherearetwolevelsat
whichtheanthropicprlnCipleenters山ecos1110loglCalplCture.Oneisthelevelor
theargumentaboutthebalancebetweenthevaluesofphysicallyfundalnentalfine
structureconstants.Anotherlevelisgivenbytllediscussionoftherangeof
possibleinitialboundaryconditionsofuniverse.
Accordingtoourstandardphysics,allphysicalprocessesaretobedescribedin
termsoffourphysicalforces:gravity,electromagnetism,stl･Ongandweakforces.
Gravityactsbetweenanytwomassesandisanactiveforce.Electromagnetism
describesinteractionsbetweenelectriccharges.Strongfわrce1101dsanatomic

nllCleustogether,andweakforcFgOVemSradioactivedecay.
ltisknownthatfromthepar ametersdescribingthefourphysicalforcesand
fromtheparametersdescribingthequantummechanical"exclusionprinciple"
onlyfourdimensionlessquantities(purenumbers)Can beformed.Ⅵ一eSe
quantitiesarereferredtoaselectromagnetic,gravitational,strong,andweak"fine
structureconstants".TheirnumeriCal Valuesdeterminethestrength ofthe
electromagnetic,gravitational,strong,andweakinteractions,receptively.The
largestconstantisthatofstronginteractions;itisroughlyequaltoten.Nextin
strengthareelectromagneticinteractions;theirfinestructureconstantisofthe
orderofonehundredth.Nextistheweakforce;itsconstantisoftheorderoften

tothemimlStenthpower.Theweakestisgravlty;ItsCOnStantisaboutminusthirty
eightpowersoftel一.
Themasses.ofallequilibriumstructurespresentinourtmiverse,fromthe
smallesttothelargestscales,suchasatoms,men,planets,stars,galaxies,canbe
expressedintermsof,forexample,protonmassmultipliedbysomeapproprlate
powersofthegravitationalandelectromagneticfinestructureconstants,those
powersdetermined丘omthephysicaltheory.Similarly,allsizeofnaturalobjects
intheuniversecanbeexpressedintermsof,say,thesizeofthehydrogenatom
multipliedbysomeotherpowersofthesefinestructureconstants.Inotherwords,
theircharacteristicsdependonthestrengthsofthesefourforcesasevidencedby
thevaluesoffinestructureconstants.

Authemassratioandscalesofnatural Objectsarethereforerelativeinthe
sensethattheywouldradicallychangeifthevalueofthefinestructureconstants
weredifferent,butthosechangeswouldbesuchastopreservetherelationships
betweenthemasexpressedintermsoftheappropriatePOWerSOftllOSeCOnStantS.
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Forexalllple,irgravitywereamilliolltimesstrongerthallitactuallyis,andir
otherforcescouldremainthesame,wewouldhaveadifferentuniversethanour

owll;itwouldhaveplanetsandstarsabilliontimeslessmassiveandthelifetime
orahydrogenbumingmainsequellCeStar'(likesun)wouldbeolllyonehuれ血ed
yearS･
IfthisisthetheoreticalconsequenceorcontemporaryphysicaltlleOry,the
followingquestionistobenaturallyposed.WhylSOuractualuniverseasitis?
WllylSgravityasweakasitisandnotalnilliontimesstrollger?Whyareother
illteraCtionsnotstrongerorweakerthantheyactuallyare?
Itistothisquestionthattheanthropicprinciplewasproposedasaplausible
answer.ltwasfirstformulated(inits"weakversion")byRobertDicke,and
developedfurtherbyBrandonCarter(inits"strongversion")andotherst.).The
pomtoftheallSWeristhattheactualvaluesofthefinestructureconstantsare
determinedbythefactthatmanexistsintheuliverse.Thevaluesoftheconstants
出atweactuallyllaVearenecessarytOhaveauniverseinwhichtheconditionsare
approprlatefortheorlglnOflifeanditsevolutiontowardman･
Carter'sargumentforthereasonwhythegravitationalfinestructureconstant
isoftheorderofthetwentiethpoweroftheelectromagnetic丘nestructure
constantrunsasfollows.Planetscanonlyformaround"convectivestars"(starsin
whichenergyistransportedfromthecoreoutwardprimarilythroughlargescale
massmotion),andifweassumethatlifecanexistonlyonplanets,weneed
convectivestars.Ontheotherhand,weneedsomestarstoberadiative(thatis,
wi thenergytransportedfromthecoreoutwardthrough radiation)becauseonly
starswithmaterialnot也orouguymixedbyconvectionmaybecomesupemovae
andthusexplodescatteringheavyelementsneededforlifethroughoutspace.lt
canbeshown thatiftheratiooftlletwoCOnStantSinquestionwerelargerthan the
abovequotedvalue,therewouldbenoconvectivestarsand血erefbrenoplanets
withlife;andifsmauerthan above,therewouldbenoradiativestarsand
thereforenoheavyelementsininterstellarspace.
Sotheexistenceoflifeonplanets,asweknowit,requlreSaSPeCificratio
betweenthegravitationalandelectromagneticfinestructureconstants,thatis,the
actualonethatwefindinthisuniverse.Moreover,iftheonglnOflifeisalow
probabilityprocess,oneneedsmanypotentialsitesf♭ritsdevelopmentandthis
leadstoauniversewithaverysmallvalueofthegravitationalfinestructure
constant.

TheobseⅣedratioofthestrongtoelectromagneticfinestructureconstantsis
closetotheratiooftheprotontoelectromagneticmassesandthestrongforceis
onlybarelybindingforatomicnuclei.lfitwerealittleweakerwewouldhave
onlyhydrogens;alittlestrongerandwehaveatomsofenormoussizes.Thisand
otherratiosinvolvingthestrongconstantandmassesofelementaryparticlesturn
outtobenecessaryfortheexistenceofavarietyofchemicalelementsneededfor
life.Theratiooftheweaktothegravitationalfinestructureconstantsisrelatedto
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theproductionofhelium inthefirstfewmimlteSaRel･theinitialexplosion
through cosmicnucleosynthesis･Iftheratiowel'eSlightlysmaller,allhydrogen
wouldbecomehelium,sotherecouldbenowater,andnolifTe;iftheratiowere
muchdif托relltfTromitsobservedvalue,theconditionsneededforstarstobecome

supemovaeandtoreleasetheheavierelementsnecessaryforhfeintospacewould
beabsent.

Allthesefactssuggestthattheuniverseisjustbarelyfitfortheexistenceof
life.OuruniverseisfullofnumeriCalucoincidences''betweelIbasicconstantsalld

thesecoincidencesseem"finetuned"fortheexistenceoflife.Manistheupshot
oftheevolutionoflifeandobservlngandtlndel'standingthisfTact.Therefore,mall
isanessentialelementforthecompleterealizationofthisuniverse--.
Thisisthefirstleveloftheargumentfortheantlll･OPICPrlnCiple.Asisnoted
above,thesecondlevelcomesfromtheparadigmofbig-bangcosmology.OIleOf
themostdifrlCultproblemsofthisevolutionarycosmologyisthatofsolvillg
EinsteinlsequationwithintheframeworkoftheknownlawsofphysICSandof
knoW1Valuesofthefinestructureconstantsforexplainingawaytheprocessfrom
the"truebegirnlngOfuniverse"totheperiodofbig-bangtmiverse.Atthislevel
theensembleofpossibletheoreticaluniversesisdeterminedbytherangeof
possibleinitialboundaryconditionstothesolutionsofthisequation, andthe
ensembleallows,inadditiontoou･highlysymmetricactualuniverse,mally
asymmetriCmiverses.CarlCollinsandStephenHawkingdemonstratedthatthe
ensembleoftheinitialconditionsthatgivesrisetotmiversescapableofcontaining
staqsandplanetsisofmeasurezero(2J･ThiscouldbeinterpretedtomeaJlthatifthe
universeweretobeactualizedbymerechance,itwouldllaVeallinfinitesimally
smallprobabilitytocontainlifeandman,evenattllissecond,morerestricted
levelofdiscussion.

An altemativephilosophicalinterpretationmuchmorepopular consistsof
actuallyattributingexistencetoallthosepossibleuniverses.(Sotheumiverseis

reallynotun!-versebutmulti-verse･f)Itleadstoasomewhattrivialconclusionthat
ourown unlVerSeischaracterizedbythesetofconditionsrequiredforlife
preciselybecausewehappenedtobeinitandthereforeobserveit,meanwhilein
allotheruniverses,inwhichtherearenoconditionsforlife,thereareno
intelligentobservers.A variant.ofthisphilosophical Picturepostulatesthe
existenceofaninfinitenumberofexpansion-collapsecyclesinotlruniverse,
withareprocessingOfalltheuniverseatevery"bigcrunch"followedbyanew
"bigbang"stage.Theuniverse"transforms,ortransmutes,ortransits,oris
reprocessedprobabilistically"andthisreprocesslngOftheuniversereprocesses
alsothephysicalconstants,whichinthisview,arenotpartofthelawofphysics
butarepartofinitialvaluedata･Theyaregivenanewforeachcycleofthe
universe'sexpansion･Sowhydoesourcycleoftheexpansionoftheuniverse
havethevaluesofthephysicalconstantsitdoes?BecausetheyarebiologlCally
selected･Jolm Wh eeler,eminentphysicistandoneoftheproponentsofthis
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diacllrOnicallycyclicalpic山reormulti-verse,notes,Honlysomancanbehere!い川
Wheeler s̀ideaiscalledthe"participatoryalltllrOPICPnnCiple".Itisan
extellSionof山eidea山attheobseⅣerretroactivelycreatesphenomenaindelayed
choiceexperiments.Theclaimisthattileuniversemustbehabitablebecause
obseⅣersarenecessarytomakeitreaLWheeleradmits仙isreasonlnglS
exceedinglyspeculativeandnotesthattheobserverinquestionneednotbe
aJlythinglikeahum anbeing.ltisonlyonesmaustep&omthisadmissiontosome
quasi-theologicalargumentthatouruniverseiscreatedbysomesuper-competent,
divineintelligence.Jolm Barrow andFrankTiplerhaveproposeda"final"
anthropicprincipletotheeffectthatlifemustariseintheuniverse,andthenmust
lleVerdieout(otherwiseitishardtoseewhyitmustariseintheflrStplace)lJ),
Jolm Leslie,Richard Swinbume and others are more audacious and
straightforwardl5).Theyclaimthatouruniversewasindeed"designed"toproceed
perfectlyinmuchaccordancewiththe…plan"ofthedivinecreator.Accordingto
them,contemporarycosmologyhas丘nallysucceededinprovidingsolidmaterial
fortheargument丘omdesignfortheexistellCeOfGod.

3

Appealingtoan anthropicprincipleinordel･tOeXPlainfundamentalphysical
featLueSOftheuniverseiscertainlyan attractiveoptionforseveralreasons.
Wh ereasstandard,traditionalscientificexplanationsfallshortofproviding
satisfactoryaccountsoftheultimateorlglnSandstructureoftheuniverse,the
anthropicprlnCipleprovidessomehopesofpickingupwheresuchexplanations
leaveoff.However,needlesstosay,whatmakestheanthropicprincipleapproach
ratherprovocativeisthatithintsattheexistenceofdeepcormectionsbetweenthe
universeandman,makingstrikingclailnSaboutman'splaceinthemi verse,and
iswillingtoallowtherevivalofclassicalargumentsforadivinecosmicdesigner,
asISjustmentioned.TheprlnCipleinvolvesadditionalphilosophicalandreligious
themesaswell;thesignificanceandvalueofhumanlife,thegoal-0rientednessof
nature,andthedegreetowhichtheuniverseisanthropocentric.Therefore,itistoo
naturalthat,although theprincipleisdefendedbysomeprominentscientists,
philosophers,andtheologlanS,SOmeVerSionsofitare,atleast,quitecontroversial
andsubjecttoanumberoftellingcriticisms･
Theglitteroftheanthropiccosmologycomesfromitspeculiaramalgamation
ofscientificinsightsandphilosophicalrenections.Weneedtocarefully
distinguisheachotherfortheassessmentofitsvalidityandsignificance.The
scientificquestionsassociatedwiththeanthropicprincipleinclude:

1)ClaimsabouthowtheunivelSewouldhavedifferedifvariousofitsphysical
constantsandconditionshadbeendifferent.

2)Altemativestandardscientificexplanationforthecosmic"finetming".
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3)Physicalmodelsinvolvingmultipleuniverses,alon.gwiththeories?onceming
也eirrelationshipsandconsiderationortllemamerlllWhichtlleyarise,evolve,
anddecline.

4)Thephysicalcircumstancesnecessaryforthesurvivalofvariousfol･mSOflife.

Ontheotherhand,pllilosophicalconsiderationsshallbeconcemedwittl:

1)Distinguishingthevariousversionsof山eanthropicprinciplewithregardto
theirlogicalandscientificstatus.
2)EvaluatingthemodeofexplanatiollbeingprovidedbyeacllVersionorthe
prlnCiple.
3)Scruti山zingtheprinciple'san山ropocentriccharacter.
4)Investigatingitsscientificstatusandreligiousormytllicalsignificance.

Now,scientificknowledgeisevolvingdaybyday,andnewdiscoveriesby
meansofgianttelescopesaremuchexpectedtospeedupourunderstandingofthe
universe.Itisallthemoreimportant,then,tobeclear-headedaboutthe
philosophicalquestions.Particularly,thefirsttwophilosophicalquestionsinthe
abovelistshouldbeminutelyanalyzed.ThepictureofanthropiccosmologylS
complicated,andwehavetodosomelogicalthinkingbeforewearethoroughly
ad叩tedtoit.
Perhaps,atrlrStSight,themostsuspectcharacteroftheanthropicprlnCipleis
thattheargumentseemstobefundamentallyaposthoe,aRerthefactargument.It
seemsargulngthatthevaluesofphysicalforcesintheuniverseshouldbesoand
sobecauseotherwisetheexistenceoflifeintheuniversewouldimpossible.
However,thisposthoemodeofexplanationitselfisunobjectional,ifitistaken
literally.Obviouslyanytheoryoftheuniversemustaccountforitspresent
conditionandweknowthattheearthinitspresentstatedoessupportintelligent
life;hencewemustbereadytodiscardanytheoryfromwhichitwouldfollow
thattheconditionsortemperature,pressure,gravlty,Chemicalcompositionand
otherfactors,whicharesupposedtobenecessaryfortheexistenceoftheearth
andlife,cannotexistanyhowintheuniverse.
Therefbre,thereallyinterestingandmysteriouscharacterof仏eprlnCiple
comesnotformitspost-hoe-nessbutfromitsin占istencethatthecoincidences,
whichthesupportersofthepnnciplearguetobenecessaryfortheexistenceoflife,
discloseakindof"plan".Inotherwords,thestructureoftheuniverseissaidto
havebeenmeticulouslydesignedinordertomakepossibletheappearanceand
existenceormaninsomeplaceandatsometime.Hereareat leasttwo
philosophicalquestionsworthanalyzingloglCally･Oneisthequestionconcernlng
thevalidityofteleologlCaltalkof"biologlCalselection"inanyevolutionary
theory,evolutionofuniverse,evolutionoflife,orperhapsboth.Theotherismore
abstractquestionoftheconceptualrelationshipbetween"coincidence"and"plan"
or"design".OfwhichkindofcoincidenceisitI･easOllabletotalkaboutdesign?

83



TherewasafiercedebateontheissuesrelatedtothelatterquestiononMtlnd
magazinewhenlanHackingfirstpointedoutthatpopulardiscussionofthe
antllrOplCprlnCiplewasfullofloglCalconfusionst6)･
Hacking'scriticismconsistedmainlyintwopoints.(1)Therearetwodistinct
notionsofmulti-verse.(CollinsandHawkingtype):Therearemanycoexistent
tmiverses,althoughouristheonlyoneofwllichwecanhavepositiveknowledge.
(WheelerandLeslietype):Therearemanysuccessiveuniversesbutweareable
tohavepositiveknOwledgeonlyaboutthemostrecent,theonethatwearein･Tile
proponentsoftheanthropicprinciplesuchlikeBrandonCarteraretreatingthese
twonotionsas"logicallyidentical".ButfTromthestandpointofprobabilityloglC
血esenotionsarestronglynon-identical.

(2)Theinferenceoftheprinciplefromthefわrmertypeis.soundbuttrivial･ltis
infactadeductivetruthbasedonanotherparticularaprlOrlPrlnCiple.Onthe
otherhand,theinferencefromthelattertypeisinvalid.Itsisaspecialfallacy
generallycommittedinvulgarprobabilisticreasoning.Thefallacyshouldbe
named"theinversegambler'sfallacy".Thefallacywascommittedinthe
eighteenthcenturywhenmanyopponentsoftheargunentfromdesigncriticized
theargumentofJolm Arbuthnotandothermembersof"RoyalSocietyDivine"of
England,anditisrepeatedincontemporarycosmologicaldiscussionasasortof
quasi-theologicalargument(acurioushistoricaltwist,indeed.1).
TheHawkingtypemodelofcoexistentuniversespostulatestheexistenceofall
loglCallypossibletmiverseconsistentwithbig-bangcosmology,andbyemploying
theapr10ri"pnncipleofplenitude''itdeduces也eexistenceorauniversecapable
ofsupportinglife,sincethisisonepossibleuniverse.Thisisalmostsimilartothe
argumentwhichHumeputinthemouth ofPhiloinPartVIIIofDialogues
concemlngNaturalReligion.Thereisnoappealheretoprobability.Allpossible
universescometopass,henceoursdoes.WhyareweobseⅣlnganOrderly
universe,whyisitthatthemostrecentuniverseisorderly?Becausewecanexist
onlyinanorderlyuniverse.Nosurprise,nOneedforacreator.
Bycon廿ast,SomeprobabilisticreasonlnglSinvolvedinthesecondargument
basedontheWheelersequentuniversesmodel.Itissurelyextremelyimprobable
thatarandomconcatenationoftheforces,particles,energies,Orbasicphysical
lawsshould,inasingletrial,formintoanythingorderly,letalonesomethingthat
supportsintelligentman.Butinsteadofsupposlngthetmiversetobemadebyone
slnglerollofmyriaddice,thinkofasequenceofindefinitelyorinfinitelymany
chancetrials.Then,soonerorlatermerechancewouldgiveanorganizationlike
ours.Weneedinvokenothingotherthan chancetoexplaintheorderinthe
universeandthefineadjustmentofmeanstoends.
ThisreasoninglSaSmuchfallaciousasthefam ous"gambler'sfallacy".Ifwe
throwapalrOffairdice,andifthedicehavenocapacityofmemorlZlngtheir
previousthrows,thechance･ofgettingdoublesixinasingletrialis1/36.Inthirty-
sixrolls,血echanceorgettingatleastonedoublesixisabouttwothirds.A
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gamblerobservedaseqtle1-CeOf35rollswithoutaslngledoublesix･Hethhksof
thechanceofdoublesixin36rolls,andreasonsthatitissmartertobetthat
doublesixwilloccuronthenexttoss.Thisis'lnelementaryel･l･Or.Theinverse
gambler'sfallacylSjustthereversalofthiserror.Whenagamblerenteredthe
roomarollwasabouttomade.Therolewasdoublesix.Heisthenaskedtobeton

thequestion,"lsthisthefirstrollofthedice,orhavemanyrollsbeendoneearlier
tonight?"Ifhebetsonalelatterpossibility,heiscommittingtheinverse
gambler'sfallacy.
TllepointofHackillg'scriticismisthat山ereisnoprobabilisticreasomng
whichautomaticallyfavorstheoccurrenceoftheun usual.Onlywhatwecan
reasonablysaylS"Theworldisveryunusual,buhlnuSualtllingsdooccurby
chance".Inordertogofurtherthan thisbanality,weneedtospecifythenatureof
theunusual,tocharacteri2:ethatnatureasaresultofspecialcoincidence,and,if
necessary,topostulatethedesignerofsuchcoincidence.Butitisnotaneasytask.
Ifweconsidertheworldtobesomethinglike"theworkwritteninthesignsof
mathematics",asGalileoputit,thenanykindorintroductionof血edesigneris
useless,becausethedesignerispresupposedfromthebeginning.Ontheother
hand,ifweconsidertheworldassomethinglikeanetworkoflawsconstructedby
humanconjectures,as,fTorexample,Duhemthought,thentheexplanationofany
unusualeventshouldbeoftheform"Eitherthereisahiddencause,orelse,
fortuitously,WehavesomethingassurprlSlngaSaneVentthathappensonlyonce
insuchandsuchtimesonachancedeviceofacertainsort".Chancycoincidences
arerelativetoourchanceset-up･Thereisnocoincidenceperseintheuliverse--.
Wh enthiscriticismappeared,strongobjectionswereraisedfrombothcamps
ofphysicsandphilosophy･Theopponentsagreedtotheopln10nthatHacking
misrepresentedtheanthropicprlnCipleandthatthereisnoinversegambler's
fallacyintheprlnCiple.Themajorthreepointsofcounter-criticismwere;

(1)Theanthropic.principleisnotwhattobeapriorideducedfromtheco-
existentmultipleunlVerSeSplustheprlnCipleofplenitude.TheprlnCipleor
plenitudeissimplyfalse,becausenotalllogicallypossibleuniverseareloglCally
compatiblewi血eachother.Onlyphysicallypossibleuniversesarepostulatedin
thecoexistentuniversesmodelbecauseitisrestrainedbytheconditionofbig-
bangstage,andthefoundationofthiscoexistenceisnotthematterofsimple
logicalpossibilitybutthatofmuchmol･ecomplicatedmathematics.Itrequires,for
example,somesortofgeneralizedergodicprincipleinordertostipulatethattile
samplingofthedifferentsetsofphysicalparametersbydifferentuniversesis
representative.
(2)TheargumentfromtheWheelersequentuniversesisnotdependentonthe
reasomngoftheinversegambler'sfallacytype.Theargumentlaysnoimportance
onthefactthatouruniverseisthelastoneoftheindefinitesequenceofcycJical
universes.RatheritputsstressonthefactthatouruniverseaHowstheexistenceof
manwhoobservesandunderstandsthestructureoftheuniverse.Itisinfactnot
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concemedaboutaparticularuniversebutanyuniversewhichcansustainthe
existenceofintelligence,anykindofintelligenceatleastasmuchsophisticatedas
ours.Itaimstoexplainthefacttllat,amOngallconceivablecombinationsofinitial
conditionsand血ndamental physicalconstants,observersexistonlyinan
exceptionalcognizablesubsetoftheensemble･
(3)Theargum entfortheprinciplemakesuseofprobabilisticreasoning,butitis
onlyapallOfit.Theargumentstartsfromthefactoflargenumbercoincidences
amongphysicalconstants,buttherealtargetisthecorrespondencebetweenthe
conditionfortheexistenceofintelligenceandthecapacityofthatintelligence.
Tllisco汀eSpOndenceisnotcharacterizedbythewords"unusual"or"implausible''.
Itissimply"amazing".Theunusualistobeidentifiedinthecontextofchance
set-up,buttheamazinglSmethodologlCallypriortOanyParticularconstructionof
theoreticalmodel.ExtremelyamaZIngeventsarenottObebelievedinwithout
amazlnglygoodreasons.Divinedesignorplan isjustacandidateforsuch
amaZlnglygoodreason.
ThesecounterpointsagainstHackingaremuchimportantbecause血eybring
outtheskeletonoftheanthropicprincipleinclearrelief.(Hence,Hacking's
criticismisalsosignificant.)Wh entlleanthropicprinciplesaysthatourumiverse
mustbesuchastoadmitthepresenceofobservers,itisnotmeantthatthis
universe'sbasiccharactermakesobservershipinevitable.Allthatisbeingsaidis
thatitsabsencecarmothavebeeninevitable.Itisbecauseofthisfactthattlle

obseⅣedconditionsoftheuniverseseemsnotjustsuitable,but,allthemore,Very
remarkably suitable foritsexistence.The remarkable developmentof
astrophysicahulderstandinglSinvitingustothesearchforsomeamazlnglygood
reasonofthisamazement.

lfthisisthetruesenseoftoday'Santhropiccosmology,thenthispicturecanbe
arealvisionofHourPlaceintheCosmosnt7J･Alltechnicaltalksoftheanthropic
prlnCiplegenerallytendtoconcemthetheoreticaldetailsofphysicalforcesand
loglCOftheevolutionofinteuigence.Someproponentsoftheprincipleseemtobe
utterlyindifferenttothefateofman.Theyseemtobeonlyinterestedinthe
existenceofintelligence.Theysometimeslooklikehoplngtheemergenceof
higherintelligence,orrather,hopingthemselvestobecomehyper-intelligent.But
iftheelementof"amazement"isan indispensablepartofthisstory,thenwhole
aspectsofhumanmind,thatis,sensation,understandingandemotionorfeeling,
areallincludedinthiscosmologiCalpicture.Onlywiththeinclusionoffull-blown
lmmanmind,theprinciplecouldbeentitledtobecalled"anthropic".
But,then,whatis"aLmaZement"?Whyareweamazedatthebeautyof
cosmologlCalflne-tuning?Isthereany"theoretical"explanationoftheonglnOf
thisamazement?IfamazementisabsolutelypriortoanytheoreticalanalysIS,Why
dowesearchforitscauseandreason?Thepuzzleremains...
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4

PascalⅥTOteintheseventeenthcentury,"Manisonlyareed,theweakestin
nature,butheisatllinkingreedJ'Kantwt'Oteintheeighteenthcentury,Oweare
obligedtorestricttiledomainofknowledgesothatwecouldmakeroomfol･
faith."Thesearethetypicalexpressionsofthecomplexmentalconditionof
modem scientificspirit.ThespIrltis"complex"inthepsychoanalyticalsense
becauseitismixedwithboth tlleelementsofhumilityandpride.Pascal
concludedthisfamousdictum bysayLng,"ThusallourdignltyCOnSistsinthought.
Itisonthoughtwemustdependforourrecovery,notonspaceandtime,which
wecouldneverfill.Letusthenstrivetothinkwell;thatisthebasicprlnCipleof
morality."
Contemporaryastrophysicsseemstohavemademancapable,atleast
theoretically,to"fillspaceandtime."Ifso,withthetremendousexpansionofits
theoreticalfield,post-modem sciencemighthavesucceededindispeuingthe
typicalemotionalcomplexofmodemscientificmindalldintransforming"the
basicprincipleofmorality".Isittrue?hordertogetahintforthisquestion,let
usfinallydoasmallexerciseinthehistoryofphilosophy.
Wh enhewasyoung,Kantwasverymuchinterestedincosmology.He
publishedUniversalNaluratmstorya77dTheoryOftheHeavensandproposeda
famousspeculationaboutthenatureandformationofgalaxy.Buthealso
developedthereaversionoftheargumentfromdesignwhichismuchsimilarto
ouranthropicpnnciple.

ⅠntheislandsofJamaica,assoonasthesunrisessohighthatitthrowsthe
maximumofbeaLrabJeheatontheearth,short一ya鮎r90'clockinthe mornlng,a
windbeginstorise斤omtheseawhichbJowsfromevery directionovertheland;
itsstrengthincreasesinthemeasureinwhichtheelevationofthesunincreases.
About1o'clockinthea鮎rnoon whenitisnaturallyl10tteSt,thewindismost
violentandsubsidesagam graduallywiththesettingofthesun,sotl一attoward
evenlngthesame stillnessrulesasatsunrise.Withoutdlisdesirablearral一gement
the islandwouldbeinhabitable.AllcoastaHandswhichlieinthatzone enjoy
thissamebenefit･Itismostnecessaryfわrthembecausethey,beingthelowest
reglOnSOfdryland,su飴rthegreatestheat;forthe higherregionsOftheland,
wherethisseawinddoesnotreach,arelessin needofitbecausetheirhighersite
placesthemintoacoolerreglOnOftheair.Isnotallthismostbeautiful,arenot
hereinviewvisiblegoals whichal･eimpJementedthroughwiselyappliedmeans?

Kantconcludedthatitwouldbean"astonishingaccident,orratheran
impossibility"iftheseusefularrangements"shouldhavematchedoneanotherin
theirnaturaltendenciessocloselyasifasuperiorwiSechoicemighthave
coordinatedthemevenifnomaullivedinsuchanisland"(a)though"theycanbe
deducedftomthemostuniversalandsimplestlawsofnature")(8).
Needlesstosay,Kantlaterpurged anybitofthiskindofteleologlCal

87



explanationfromthewholedomail-fscientificenterprlSe･ForthematureKant
ofCn'tL'que,thereisnoroom fol･thetheoreticaldiscussionofthedivine
arrangementortheharmonyoftheulliverseinitself･Allthesethingsarethe
matteroffaithandweonlyhavethesystematicstructureofnatureasthe
byproductofthementalconstructionofphenomenalWeshouldbecontentonly
wi th thearchitectonicbeautyofscientifictheoriesthemselves.YoucarulOthave
yourcakeandeatittoo;weknowsomebeautifultheoriesbutwedon'tknowif

nattuei.nitselfisharmoniousornot.(Wecanhearadistantechoofthis
KalltianlSmintheabovecitedHacking'sviewofcoincidellCe.)
Thisscientificspiritisgallantbutinsecure,becauseitisalwaystmderthe
threatofscepticism.BeforeKant,HumewroteaboutBerkeleylsidealismthatits
"onlyeffectistocausethatmomentaryamazementandirresolutionandconfusion,
wllicllistheresultorscepticism･M19lKant'str弧SCendentalidealismismuchmore
elaboratethanBerkeley'simmaterialism,Sothatitcommandsmuchlonger
amazement.Butitstillisaversionofidealismandcausesirresolutionin也eend.

Itdoesnotanswerthequestion"Whyhavethesementalapparatus,whichso
powerfullyconstructthesystematicplCtWeOfphenomenalworld,emerged丘om
theworldinitself?n

Am ongthevariousthinkerswhotookthepathofHum ean naturalistic
cognltlVePicture,itwasDanVinwhoresolvedthemysterymostdecisively.Ⅰnhis
youth,hewasanardentfわllowerofWilliamPaley'sNaturalTheology(1802),but,
hewrote,"Theoldargum entfromdesigninnature,asgivenbyPaley,which
formerlyseemedtobesoconclusive,fails,nowthatthelawofNaturalSelection
hasbeendiscovered.''1.0】KBLntmadeaninterestingclaiminCritiqueofJudgement
that"wemayconfidentlyassertthatitisabsurdformeeventoentertainany
thoughtofsodoinglgettingasufrlCientknowledgeoforganizedbeings]orto
hopethatmaybeanotherNewtonmaysomedayarise,tomakeintelligibletous
eventhegenesisofbutagrassfromnaturallawsthatnodesignhasordered.Such
insightwemustabsolutelydenytomankind."(ll)BothKantandDaminstartedas
theadvocateofdivinedesigner,butonlyDarwincouldseethepossibilityof
becoming"anotherNewton".
Thehistoryofphysicsinthetwentiethcenturycan bedescribedinvarious
ways.Butifweparticularlypayattentiontoitscosmologicalside,itmaybeseen'
astheprocessofgrowinguPOfthisnewNewton.Nurturedbythedevelopmentof
high-energyphysics,armoredwiththeevolutionarymodeloforiginandformation
oftheuniverse,henowdeclarestheanthropicprinciple.Hebelievesthathehasin
hishanda newkeytounlockthe"greatchainofbeing".HeisnowfreefTromthe
"i汀eSOlution"wllichhassolongbeencharacteristicofKantianhumility.Hence,
heisalsofreefrom"confusion"?Perhapsnotyet.Heisatleastconfusedabout
themeanlng Of"amazlngcoincidences".Heisnotclearastowhenandwherehe
issupposedto beamazed丘rstorall.Hisbasicmoralityshouldstillremaintobe
"Strivingtoth inkwell."
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