
International Journal of Enhanced Research in Science, Technology & Engineering 

ISSN: 2319-7463, Vol. 6 Issue 9, September-2017, Impact Factor: 4.059 

Page i| i113 

Comprehensive study on black-hole 

ithermodynamics and its related theorems 
 

Naveen Saini 

 
Research Scholar, Dept. of Physics, MDU, Rohtak 

 
 

ABSTRACT 

 
In ithis ipaper, ithe iauthor ihas istudied ia igeneralisation iof ithermodynamic igeometry ito idegenerate iquantum 

iground istates iat izero itemperatures iexemplified iby icharged iextremal iblack iholes iin itype iII istring itheories. 

iSeveral iexamples iof iextremal icharged iblack iholes iwith inon idegenerate ithermodynamic igeometries iand 

ifinite ibut inon izero istate ispace iscalar icurvatures iare iestablished. iThese iincorporate idark iopenings 

iportrayed iby iD1-D5-P iand iD2-D6-NS5-P ibrane iframeworks iand ifurthermore itwo icharged ilittle black holes 

iin iType iII istring ispeculations. iWe iadditionally iinvestigate ithe iadjustments ito ithe istate ispace igeometry 

iand ithe iscalar ibend ibecause iof ithe ihigher isubsidiary icommitments iand istring icircle iamendments ijust ias 

ia iprecise ientropy iarticulation ifrom iquantum idata ihypothesis. iOur idevelopment iportrays istate ispace 

igeometries iemerging iout iof ia ipotential iconstraining ithermodynamic icharacterisation iof iruffian iquantum 

iground istates iat izero itemperatures. 
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INTRODUCTION 

 

In iphysics, iblack ihole ithermodynamics iis ithe iarea iof istudy ithat iseeks ito ireconcile ithe ilaws iof ithermodynamics 

iwith ithe iexistence iof iblack-hole ievent ihorizons. iAs ithe iinvestigation iof ithe ifactual imechanics iof i black holes 

iradiation iprompted ithe icoming iof ithe ihypothesis iof iquantum imechanics, ithe ipush ito icomprehend ithe imeasurable 

imechanics iof  black holes ihas ihad ia iprofound ieffect iupon ithe icomprehension iof iquantum igravity, iprompting ithe 
idefinition iof ithe iholographic iguideline. i 

 

Over ithe iprevious idecade, iblack holes ithermodynamics ihas irisen ias ia isignificant ihypothetical iresearch ifacility ito 

itest iissues iof iquantum igravity iwith iregards ito istring ihypotheses. iThe izone ihas iseen isignificant iadvances 

iparticularly itoward ia igoals iof ithe iminuscule ifactual ipremise ihidden ithe iplainly ivisible ientropy iof iextremal iand 

iapproach iextremal black holesiin istring ihypothesis i[1]. iPerceptibly idark iopenings iare iknown ito ibe ithermodynamic 

iframeworks iwith ia itrademark iHawking itemperature iand ian ientropy, iwhich, iupto idriving irequest, iis irelative ito 

ithe izone iof ithe ioccasion iskyline iin iPlanck iunits. iThe ientropy iis ian ielement iof ithe imass i(interior ivitality) iM, 

icharge iQ iand ithe iprecise ienergy iJ ifor ithe imost ibroad icharged iturning idark iopenings. iThese ifill iin ias ibroad 

ithermodynamic ifactors igave iwe ibelieve ithe idark igap ito ibe ia isubsystem iof ia ibigger ithermodynamic iframework 

iwith iwhich iit iis iin ibalance. iAn ienormous iclass iof iextremal iBPS black holesihappen iin ithe ilow ivitality 
isupergravity ihypotheses iemerging ifrom istring ihypothesis. iSpecifically ithe ientropy iof iextremal idark igaps iin 

isupergravity ihypotheses iwith iN i≥ i2 iare iknown ito iforces ia ihidden iminuscule imeasurable iportrayal ias ifar ias iD-

brane iframeworks ior iessential istring istates. i 

 

Albeit isuch iextremal idark iopenings ihave izero iHawking itemperature, ithey ihave ia inon izero ithermodynamic 

ientropy iand iare idepicted iby idegenerate iquantum iground istates. iA itiny istate iincluding iin ithe irelated iconformal 

ifield ihypothesis iat ithat ipoint irepeats ithe ithermodynamic ientropy ias ian iasymptotic iextension iin ithe ihuge icharge 

ilimit. iThe ilow ivitality isuccessful iactivity iof iN i≥ i2 isupergravity ifollowing ifrom itype iII istring icompactifications 

iinclude ihigher isubsidiary iterms iin ia iα i′ idevelopment. iThese iterms ichange ithe iBekenstein iHawking iregion ilaw 

iand iacquaints isubleading irevisions iwith ithe ientropy. iThese iremedies imight ibe iprocessed ifrom ithe iWald 

idetailing iof icommonly icovariant ihigher isubordinate ihypotheses iof igravity i[2]. iIt ihas ibeen iconceivable iin ithe 
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iongoing ipast ito irepresent ithese isubleading iadjustments ifrom ia iminute ipoint iof iview ifollowing ifrom ithe ihidden 

istring ihypothesis. iPrecise icoordinating ibetween ithe iperceptible iand iminuscule ientropy iupto idifferent isubleading 

iorders iin ian iasymptotic idevelopment ihave ibeen iacquired ifor ivarious iextremal idark iopenings. i 

 

One iof ithe ibroad iparameters, inormally ithe ivolume, iwas iheld ifixed ito igive ia iphysical iscale iand iforestall ithe 

iimprovement iof inegative ieigenvectors iof ithe imeasurement. iAlbeit ifascinating, ithe iphysical ipertinence iof ithis 
istructure iappeared ito ibe itricky. iRuppeiner ireformulated ithe iWeinhold iinternal iitem iin ithe ientropy iportrayal ias 

ifar ias ithe i(negative iof ithe) iHessian ilattice iof ithe ientropy ias ifor ithe ibroad ithermodynamic ifactors. iThis ilikewise 

iprompted ia ipositive iunequivocal iRiemannian igeometric istructure iin ithe ithermodynamic istate ispace iwhich iwas 

iconformally iidentified iwith ithe iWeinhold igeometry, iwith ithe itemperature ias ithe iconformal ifactor. iRuppeiner 

iindicated ithat ithought iof ithermodynamic ivariance ihypothesis i[3] inotwithstanding ithe ithermodynamic ilaws 

ipermitted ia imomentous iphysical itranslation iof ithis igeometric istructure ias ifar ias ithe ilikelihood icirculation iof ithe 

ivacillations iand ia iconnection iof ithe iscalar iebb iand iflow iwith ibasic iwonders. i 

 

Thermodynamic igeometry iof ithe iharmony istate ispace idepicted iabove imay ilikewise ibe iapplied ito iexamine idark 

iopenings iconsidered ias ithermodynamic iframeworks. iLate iinvestigations iof ithe ithermodynamics iof idiffering idark 

iopenings iright inow ihave iexplained iintriguing iparts iof istage ichanges iand irelations ito imoduli ispaces iof iN i≥ i2 

isupergravity icompactifications iwith iregards ito iextremal idark igap iarrangements iin ithese ihypotheses. iIt imight ibe 
icontended, inotwithstanding, ithat ithe iassociation iof ithis idetailing ito ivariance ihypothesis ifor iapplication ito idark 

igaps irequires ia ifew ichanges. iThe igeometric iplan iin ithe istate ispace iwas ifirst iapplied ito iN i≥ i2 isupergravity 

iextremal idark igaps iin iD i= i4 iwhich iemerge ias ilow ivitality iviable ifield ispeculations ifrom icompactification iof 

iType iII istring ihypotheses ion iCalabi-Yau imanifolds i. iFrom ithat ipoint iforward, ia ifew icreators ihave iendeavored 

ito icomprehend ithis iassociation i[4], iboth ifor isupersymmetric ijust ias inon-supersymmetric iextremal iand inon 

iextremal idark igaps iand ifive idimensional ipivoting idark irings. iRight inow, ihad iinvestigated ithe istate ispace 

igeometry iof iboth inon iextremal iturning iBTZ idark igaps iand iBTZ-Chern iSimons i(BTZ-CS) black holes iin ithe 

iRuppeiner idetailing. i 

 

It iis ia icharacteristic iinquiry ito ipresent iwhether ithe iformalism iof ithermodynamic igeometry iof ithe ibalance istate 

ispace ican ibe isummed iup ito iframeworks iat izero itemperature. iDark iopenings iat iextremality igive ithe imost 
iregular iresearch ifacility ito icontemplate ithis iissue. iUnmistakably, iideas iof itraditional ithermodynamics iare inot 

iexpected ito ibe isubstantial iright inow, ione iwould iexpect iadjustments ito ithe iequivalent. iThe iprimary iinquiry ithat 

ione ican iaddress, iin iany icase, iis iwhether ia igeometric iportrayal iof ithe istate ispace iis iat iall iconceivable iat 

iextremality. iIt iis ione iof ithe iissues ithat iwe iwill iaddress iright inow, iwe iwill isee ithis iis iin ireality ithe icase. 

 

LITERATURE REVIEW 

 

In ithis isection, ithe iauthor ipresented ia ibrief ireview iof ithe iessential ifeatures iof ithermodynamic igeometries iand 

itheir iapplication ito ithe ithermodynamics iof iblack iholes, iin iparticular iextremal iblack iholes. iThis iwill iserve ito ito 

iset ithe inotations iand iconventions iused iin ithe irest iof ithis ipaper. iAn iintrinsically igeometric istructure iin 

iequilibrium ithermodynamics iwas iintroduced iby iWeinhold i[5] ithrough ian iinner iproduct iin ithe ispace iof 

iequilibrium ithermodynamic imacrostates idefined iby ithe iminima iof ithe iinternal ienergy ifunction iU i= iU(S/T, iV/T, 
iµi/T) ias ithe iHessian i[5]. 

 

hij = ∂i∂jU i i i i i i i i i i i i i i i i i i i i i i i i i(1) 

 

As imentioned iin ithe iintroduction, ithe iquantities iµi i, iT, iV, iS iare ithe ichemical ipotentials, itemperature, ivolume 

iand ientropy irespectively iand ithe ivolume ior iany iother iparameter iis iheld ifixed ito iprovide ia iphysical iscale iand 

ito irestrict inegative ieigenvectors iof ithe imetric. iAlthough isuch ia iRiemannian igeometric istructure iwas iinteresting, 

ino iphysical isignificance icould ibe iascribed ito iit. iThe iinner iproduct ion ithe istate ispace iwas ilater ireformulated iby 

iRuppeiner i[6] iin ithe ientropy irepresentation ias ithe inegative iof ithe iHessian imatrix iof ithe ientropy iwith irespect ito 

ithe iextensive ivariables. i 

 
The ithermodynamic imacrostates iunderlying ithe iequilibrium istate ispace ibeing inow idescribed iby ithe imaxima iof 

ithe ientropy ifunction iS i= iS(U, iV, iN). iExplicitly ithe iRuppeiner imetric iin ithe istate ispace iwas igiven ias iand iwas 

iconformal ito ithe iWeinhold imetric iwith ithe iinverse itemperature ias ithe iconformal ifactor. iThe inegative isign iwas 

inecessary ito iensure ipositive idefiniteness iof ithe imetric, ias ithe ientropy iis ia imaximum iin ithe iequilibrium istate. iIt 

icould ibe ishown ithat ithe iRiemannian istructure idefined iby ithe iRuppeiner imetric iwas iclosely irelated ito iclassical 

ithermodynamic ifluctuation itheory i[8] iand icritical iphenomena. 
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gij i= i−∂i∂jS(U, V,iN) i i i i i i i i i i i i i i i i i i i i(2) 

 

Having iprovided ithus ia ibrief iaccount iof ithermodynamic igeometries, iin ithe ifollowing isections, ithe istate ispace 

igeometry iin ithe iRuppeiner iframework ifor iseveral icharged iextremal iblack iholes iin iType iII istring itheories iare 

isystematically iexplored. iOur idevelopments iwould igive ia igeometric iacknowledgment iof ia iconstraining iharmony 

ithermodynamics iat izero itemperatures. iThis iwould ibe ithe iinitial istep ito iaddress ithe iissue iof ithe ithermodynamics 
iof iextremal idark iopenings ifrom ithe iattractor ifixed ipoint iand ia igeometric iportrayal iof ithe iattractor isystem. i 

 

It imight ilikewise ibe ian iintroduction ito ithe iutilization iof ithe iformalism iof ithermodynamic igeometries ito ithe 

iinvestigation iof izero itemperature iquantum istage iadvances iamong iparticular ivacua iin ithe imoduli ispace iof istring 

ihypothesis icompactifications. iWe ishould ispecify ihere ithat ithe ijob iof ithe iscalar iarch iover ithe istate ispace iin ithe 

iRuppeiner iformalism iisn't iclear iat ithis iphase iin ithe isituation ibeing iimagined. iIn iany icase, iutilization iof ithis 

igeometric iformalism ito inon iextremal idark iopenings iand ithe iensuing idivergences iof ithe iequivalent iat iknown 

ibasic ifocuses i[1] idemonstrates ithat ia inon izero iscalar iebb iand iflow ifor istate ispaces iof iextremal idark igaps imay 

ilikewise ipropose ia ihidden iconnecting imeasurable iframework. i 

 

Right inow, idivergences iof ithe iscalar ibend imay iimply izero itemperature iquantum istage iadvances iamong 

iunmistakable ivacua iin ithe imoduli ispace. iThe iattractor iinstrument ifor iextremal idark iopenings iand ithe iresulting 
istream iof ithe iscalar imoduli ito ifixed iqualities iat ithe iskyline ias ifar ias ithe icharges iadditionally iappears ito 

irecommend isuch ian iassociation iof ithe istate ispace iscalar iarch iwith ithe istructure iof ithe imoduli ispace. iIt iis ithis 

ipoint iof iview ithat iwe iwill ireceive iin ithe ipresent iinvestigation iand iregardless iof ithe iconsiderable inumber iof 

iprovisos, iwe iwill iinvestigate ithe iscalar iebbs iand iflows iover ithe istate ispace iof iextremal idark iopenings iand itheir 

iaffectability ito ihigher isubordinate iredresses ito ithe ientropy. iFollowing ithe icontentions iintroduced ibefore iwe iwill 

idecipher ithe iscalar iebb iand iflow ias idemonstrative iof ian iassociating iminute ifactual iframework ifundamental 

iextremal idark igaps iat izero itemperatures i[3]. i 

 

BLACK HOLE UNIQUENESS AND RELATED THEOREMS 

 

There iis ijust ia irestricted igroup iof istationary, iasymptotically ilevel, black holes ianswers ifor ithe iEinstein iconditions. 
iSuch ia ispacetime iis ione, ithat ihas ian ioccasion iskyline iand ia iKilling ivector ithat iis itimelike iat ilimitlessness. iA 

istatic ispacetime iis ia istationary ione ithat iadditionally ihas ia iperiod ireflection ibalance. iIn ithis iway ia ipivoting idark 

iopening iis istationary ihowever inot istatic, iwhile ia inonrotating ione iis istatic. iVarious idark igap iuniqueness 

ihypotheses ihave ibeen idemonstrated iunder idifferent isensibly ivery imuch ispurred isuspicions. iThe iEF imetric i(1.2) 

igives ithe ione iof ia ikind istatic ivacuum iarrangement iwith ian ioccasion iskyline. iThe imain istationary ivacuum 

iarrangement iwith ia iskyline iis ithe iKerr iarrangement, iparametrized iby ithe iall iout imass iM iand irakish iforce iJ. 

iCounting ian ielectromagnetic ifield, ithe imain istatic iarrangement iwith ia iskyline iwith ione iassociated isegment iis 

ithe iReissner-Nordstrom iarrangement iparametrized iby imass iand ielectric iand iattractive icharges iQe, iQm. iSince ithe 

ielectromagnetic ipressure ivitality itensor iis iduality ipivot iinvariant, ithe imeasurement irelies ijust iupon ithe iblend iQ2 

ie i+ iQ2 im. iAt ilast, iconsidering iprecise ienergy, ithe iextraordinary istationary idark iopening iarrangement iwith 

ielectromagnetic ifield iis ithe iKerr-Newman imetric i[4]. i 

 

Positive Energy Theorem i 

 

Vitality iof ia isecluded i(asymptotically ilevel) iframework iin iGR ican ibe icharacterized ias ithe ifloating imass ias 

iestimated iat iendlessness, itimes ic2. iThis ivitality, iwhich iis ithe inumerical iestimation iof ithe iHamiltonian ithat 

iproduces ithe itime iinterpretation ibalance iat iendlessness, iis ia isaved iamount iall iin iall irelativity. iThe ivitality ican 

ibe inegative ifor iexample iin ithe ievent ithat iwe ibasically iput irs i< i0 iin ithe iEddington-Finkelstein iline icomponent, 

iyet ithis iyields ian iexposed ipeculiarity. iOn ithe ioff ichance ithat ione iaccept i(I) ispacetime ican ibe ispread iover iby ia 

inonsingular iCauchy isurface iwhose ilone ilimit iis ithe ione iat ilimitlessness, iand i(ii) imatter ihas ipositive ienergy i(all 

ithe imore idefinitely, ithe ipressure ivitality itensor ifulfills ithe ipredominant ivitality icondition, iwhich ifor 

idiagonalizable iTab iimplies ithat ithe ivitality ithickness iis imore iprominent ithan ithe iextent iof iany ichief iweight), iat 

ithat ipoint iit ivery iwell imay ibe idemonstrated ithat ithe iall iout ivitality iof ithe ispacetime iis iessentially ipositive. 
iThis iwas ifirst idemonstrated iin ia igeometrical imanner iby iSchoen iand iYau, iand ipresently idemonstrated iin ia imore 

istraightforward ipath iroute iby iWitten i[3]. i 

 

The ithought ifor ithis iconfirmation ioriginated ifrom iquantum isupergravity, iwhere ithe iHamiltonian ihas ithe iplainly 

ipositive istructure iH i= iQ2 iregarding ithe isupersymmetry igenerator iQ. iWitten's iverification igoes igenerally ias 

ifollows. iThe ivitality iis icomposed ias ia imotion ifundamental iincluding ifirst isubsidiary iof ithe imeasurement iat 
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iinterminability iwhich itakes iout ithe icoefficient iof ithe i1/r iterm iin ithe imeasurement. iThis iis iat itimes icalled ithe 

iADM ivitality. iThis iis ithen ireexpressed, iutilizing ithe iEinstein iconditions, ias ia ivolume ibasic iover ia ispacelike 

iCauchy isurface iwith ian iintegrand icontaining ia iterm iquadratic iin ithe isubordinate iof ia iself-assertive ispinor ifield 

iand ia iterm iin ithe ivitality ithickness iof iissue. iIn ithe ievent ithat ithe ispinor ifield iis ipicked ito ifulfill ia ispecific 

ielliptic idifferential icondition, iat ithat ipoint ithe iquadratic ispinor iterm iturns iout ito ibe iclearly ipositive. iThe imain 

izero ivitality iarrangement iis ivacant ilevel ispacetime i[5]. i 
 

On ithe ioff ichance ithat ia idark igap iis iavailable, iat ithat ipoint ithe iCauchy isurface ican ibe ipicked ito iplunge 

iunderneath ithe iarrangement iof ithe ioccasion iskyline, iin ithis imanner ikeeping iaway ifrom ithe inearness iof ian 

iinternal ilimit ior ipeculiarity isuperficially. iOn ithe iother ihand, ithe icommitment ifrom ian iinternal ilimit isituated iat ia 

iclear iskyline ican ibe idemonstrated ito ibe icertain. iInspiration iof ithe iall iout ivitality iat ivastness idoesn't ireally 

iimply ithat ithe iframework ican't iemanate ian iunending ivitality iwhile ifalling, isince iboth ithe ivitality iof ithe 

iradiation iand ithe ivitality iof ithe iextra iframework iare iremembered ifor ithe iall iout ivitality. iAn ialternate imeaning 

iof ivitality, icalled ithe iBondi ivitality, ipermits ione ito iassess ionly ithe i"extra" ivitality. iThe iBondi ivitality iis ithe 

ifloating imass ias iobserved iby ilight ibeams iproliferating iout ito ivastness iin ithe ilightlike iheading, iinstead iof ithe 

ispacelike icourse. iBasically ia isimilar icontention ias ibefore ishows ithat ithe iBondi ivitality iis ilikewise ifundamentally 

inonnegative. iAlong ithese ilines ijust ia ilimited ivitality ican ibe itransmitted iaway. iA ipositive ivitality ihypothesis ihas 

iadditionally ibeen idemonstrated iwithin ithe isight iof ia inegative icosmological iconsistent, iin iwhich icase ithe 
iasymptotic istructure iof ithe ispacetime iis ihostile ito ide-Sitter ias iopposed ito ilevel i[6]. i 

 

Singularity Theorem 

 

One imay ihave ibelieved ithat ithe ipeculiarity iat ir i= i0 iis ionly ian iantique iof iimmaculate iround ibalance, ithat iin ian 

iunbalanced ibreakdown ia ilarge iportion iof ithe imass iwould i"miss" iinstead iof iimpact iand ino ivast ithickness ior 

iebb iand iflow iwould icreate. iA isolid iproposal ithis iisn't ithe isituation ioriginates ifrom ithe iway ithat ithe iprecise 

iforce iboundary ifor icircles iof itest iparticles iin ia idark iopening ispacetime ioffers iroute ito ia inegative i1/r3 i- iterm 

iof iabsolutely irelativistic istarting ipoint iwhich icreates ia ilimitless iwell ias ir igoes ito izero. iThat iit iis iin ireality 

ifalse iwas idemonstrated iby iPenrose. iThe ipossibility iof iPenrose's iconfirmation ilays ion ithe iidea iof ia icaught 

isurface. I 
 

This iis ia ishut, ispacelike, i2-surface iwhose iingoing iand iactive iinvalid iordinary icongruences iare iboth imeeting i(see 

iFig. i1). iFor iinstance, ia icircle iat iconsistent ir iand iv iin iEddington-Finkelstein iorganizes iis ia icaught isurface iin 

ithe ievent ithat iit ilies iinside ithe iskyline. iBe ithat ias iit imay, ieven iin ia ito isome idegree ilopsided ibreakdown iit iis 

inormal ithat ia icaught isurface iwill iframe. iPenrose icontends ithat ithe ipresence iof ia icaught isurface iT iinfers ithe 

ipresence iof ia ipeculiarity ion ithe ilimit i∂F iof iits ifuture iF. i(The i"future" iof ia iset iis ithe iassortment iof iall 

ispacetime ifocuses ithat ican ibe icome ito iby ifuture-going itimelike ior iinvalid ibends ifrom ithat iset.) iVery igenerally 

ihis ithinking iis ithis: ithe iinvalid inormals ito iT ibegin imeeting iall iover ialong ithese ilines, isince igravity iis 

iappealing, ithey ishould ikeep icombining iand iwill ifundamentally iarrive iat iintersection ifocuses i(in ifact, iconjugate 

ifocuses) iin ia ilimited irelative iparameter. i∂F imust i"end" ipreviously ior iwhen ithe iintersection ifocuses iare icome ito 

i(in ilight iof ithe ifact ithat ithe ilimit i∂F imust ibe ilocally idigression ito ithe ilight icones) iso i∂F imust ibe ismaller i[3]. 

i 
 

This iis ian iodd istructure ifor ithe ilimit iof ithings ito icome iof iT, iand iin iactuality iis icontradictory iwith iother 

isensible iprerequisites ion ithe ispacetime i(see iunderneath). iThe imain iway iout iis iif iat iany irate ione iof ithe iinvalid 

inormals ican't ibe istretched iout ifar ienough ito iarrive iat iits iintersection ipoint. iThis inonextendibility iis iwhat iis 

iimplied iin ithe ihypothesis iby ithe ipresence iof ia ipeculiarity. iEinstein's icondition icomes iinto ithe iconfirmation ijust 

iin iguaranteeing ithat ithe iat ifirst iuniting iinvalid inormals ito iT imust iarrive iat ian iintersection ipoint iin ia ilimited 

irelative iparameter. I 

 

It imerits iclarifying ithis iin imore idetail, isince iit iincludes iinnovation ithat ifigures iin inumerous iimprovements iwhen 

iall iis isaid iin idone irelativity iand idark iopening ithermodynamics, ispecifically, ithe icentering icondition i(which iis 

ifrequently icalled ithe iRaychaudhuri icondition, ior iSach's icondition, ior iNewman-Penrose icondition). iThis icondition 
irelates ithe icentering iof ia iheap iof ilight ibeams i(called ian iinvalid igeodesic iconsistency) ito ithe iRicci itensor. 

iConsider ian iinvalid igeodesic icoinciding ithat iradiates ifrom ione iside iof ia ispacelike i2-surface. iCharacterize ithe 

icombination iρ iof ithe iharmoniousness ias ithe ifragmentary ipace iof iprogress iof ia imicroscopic icross-sectional 

iterritory iδA: iρ i:= id idλ iln iδA, iwhere iλ iis ia irelative iparameter ifor ithe iinvalid igeodesics i[7]. 
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Figure i1: iBoundaryiof the future ofianiordinary untrapped surfacei(left) iand a trappedisurfacei(right). 

 
QUANTUM BLACK HOLE THERMODYNAMICS 

 
Classical iblack ihole iphysics icries iout ifor ithe iincorporation iof i¯h ieffects, iso ithe ithermodynamic i“analogy” ican 

ibecome itrue ithermodynamics. iSince igeneral irelativity iis irelativistic, iit iisn't iquantum imechanics iyet irelativistic 

iquantum ifield ihypothesis ithat iis icalled ifor. iIn ithis iway, ion ia ifundamental ilevel, ione iought ito iconsider 

i"quantum igravity", iwhatever ithat imight ibe. iAlbeit inobody iknows iwithout ia idoubt iwhat iquantum igravity ireally 

iis, iformal itreatment iof iits isemiclassical ilimit iby iGibbons iand iHawking iin ia iway ifundamental isystem iuncovered 

ione imanner iby iwhich ithe isimilarity ican iturn iinto ia ipersonality. iThis iwill ibe italked iabout ilater. iAn iother 

isemiclassical iapproach—and igenerally ithe ifirst—is ito iconsider iquantum ifields iin ia ifixed i black hole ifoundation. 
iA iquantum ifield ihas ivacuum ivacillations ithat isaturate iall iof ispacetime, iso ithere iis icontinually isomething igoing 

ion, ieven iin ithe i"unfilled ispace" iaround ia idark igap. iIn ithis imanner iturning ion ithe ivacuum ichanges iof iquantum 

ifields ican iprofoundly iaffect ithe ithermodynamics iof idark igaps. iThe ichief iimpact iis ithe ipresence iof iHawking 

iradiation. iThe iauthentic icourse ito iHawking's idisclosure imerits ireferencing. iAfter ithe iPenrose iprocedure iwas 

ideveloped, iit iwas ijust ia ishort iadvance ito iconsider ia icomparable iprocedure iutilizing iwaves ias iopposed ito 

iparticles, ia iwonder inamed i"super-brilliance". iQuantum iprecisely, isupperradiance icompares ito iinvigorated 

iemanation, iso iit iwas ithen inormal ito iask iwhether ia ipivoting black hole iwould iimmediately itransmit. iIn 

iattempting ito ienhance ithe ifigurings ifor iunconstrained idischarge, iHawking ifaltered ionto ithe iway ithat ieven ia 

inon-turning idark iopening iwould iproduce iparticles, iand iit iwould ido ias isuch iwith ia iwarm irange iat ia 

itemperature i[8]. 

 

 
 

Fig. i2: iPair iproduction iin ithe iergoregion iof ia irotating iblack ihole i(left); iand iHawking ieffect: ipair 

iproduction istraddling ithe ihorizon i(right) 
 

Killing ienergy iand iangular imomentum imust ibe iconserved, iso ithe itwo iparticles imust ihave iopposite ivalues ifor 

ithese. iIn ithe iergoregion ithere iare inegative ivitality istates ifor igenuine iparticles, iso isuch ia icouple ican ibe imade 

ithere, iwith ithe inegative ienergy iaccomplice ilater ifalling iover ithe ioccasion iskyline iinto ithe idark iopening. iIn ithe 

inonrotating icase ithe iergoregion iexists ijust iinto ithe igreat ibeyond, ianyway ithe ipair icreation iprocedure ican 

istraddle ithe iskyline i(Fig. i2). iThis iends iup ihaving ia iwarm iplentifulness, iand ioffers iascend ito ithe iHawking 

iimpact. i 
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TheiHawkingiimpact i 

 

At ithe icore iof ithe iHawking iimpact iis ithe iUnruh iimpact. iThe ikey imaterial iscience iin iboth iis ithe irelated 

istructure iof ithe ivacuum iat ishort iseparations. iThese iconnections ishow ithemselves ias ithe iHawking iimpact iwhen 

ithe iquantum ifield iis iengendering iout iof isight iof ia istationary black hole. iInstead iof iremaining ibeside ithe iskyline 

ieverlastingly, ithe iactive iquanta ioutside ithe ioccasion iskyline istep iby istep iclimb iaway ifrom ithe iskyline, ileaving 
itheir iconnected iaccomplices ion ithe iopposite iside ito ifall iinto ithe ipeculiarity. iRight inow, ifirst idepict ithe 

iHawking iimpact iaccentuating ithe iconnection ito iaccleration iradiation, iand ifeaturing ithe ijob iof ithe igravitational 

iredshift. iAfter iquickly ishowing ithe iramifications ifor idark iopening idissipation, iI iat ithat ipoint idisclose ihow ito 

iutilize ithe ioutcomes ito idetermine ithe iHawking iimpact. iAt ilast, ithe iupsetting ipretended iby iself-assertively ihigh 

irecurrence ifield imodes iin ithe iHakwing iimpact iis iexamined i[9]. i 

 

The transplanckian puzzle i 

 

There iis isomething iupsetting iabout iHawking's ithinking ibe ithat ias iit imay. iAs ithe iwavepacket iis iproliferated iin 

ireverse iin itime ialong ithe iskyline, iit iis iblueshifting iexponentially iregarding iKilling itime. iFor ithe iabsolute ifirst 

iHawking iquanta ithat idevelop iafter ia black holeistructure ithis iis imaybe inot iall ithat igenuine, isince ithey ihave inot 

iexperienced imuch iblueshifting. iHowever, ifor iquanta ithat irise ia iperiod it iafter ithe idark igap iframed, ithere iis ia 
iblueshift iof irequest iexp(κt). iFor ia iSchwarzschild idark igap, iκ i= i1/2Rs, iso iafter, istate, it i= i1000Rs, ithe iblueshift 

ifactor iis iexp(500). iThat iis, ithe iingoing imode ihas irecurrence iexp(500) itimes ithe irecurrence iof ithe iactive 

iHawking iquantum iat iendlessness. iFor ia isun ioriented imass idark igap, ithe ifactor iis iexp(105 i) iafter ijust i2 

iseconds ihave ipassed. iObviously, iwe ican't ibe isure ithat iwe irealize iwhat imaterial iscience iresembles iat isuch 

idiscretionarily ihigh, i"transplanckian" ifrequencies. iObviously ion ithe ioff ichance ithat icareful ineighborhood ilorentz 

iinvariance iis iaccepted, iat ithat ipoint iany irecurrence ican ibe iDoppler imoved idown ito ia ilow irecurrence, ijust iby ia 

idifference iin ireference ioutline. iBe ithat ias iit imay, ithe iboundless iextrapolation iof ineighborhood ilorentz iinvariance 

ito iself-assertive ilift ifactors i(and ithe irelated iendless ithickness iof istates) imust ibe irespected iwith isuspicion i[10]. 

 

CONCLUSIONS 

 
In ithis ipaper, ithe iauthor ihas idiscussed iabout ithe iformalism iof ithermodynamic igeometries ito idegenerate iquantum 

iground istates iat izero itemperatures, iexemplified iby iextremal iblack iholes iin iType iII istring itheories. iSuch 

iframeworks idisplaying iperceptible ideclines iare inotable iin ithe imaterial iscience iof idense iissue ilike iturn iglasses. 

iOur iinspiration ihas ibeen ito iinvestigate iRiemannian igeometric istructures ihidden ithe iharmony ithermodynamic istate 

ispaces iof iextremal black holesiin iType iII isupergravities iwhich iemerge ias ilow ivitality icutoff ipoints iof istring 

ihypotheses. iAs iexpressed, ithe ientropy iof iextremal idark igaps irecommend ia iconstraining icharacterisation iof 

icustomary ithermodynamics ito idecline iquantum iground istates iat izero itemperatures. iIt iis inotable ithat black 

holeiarrangements iin iN i≥ i2 isupergravity iincludes imoduli ispaces iwith iexceptional iK¨ahler igeometry. iSpecifically, 

ithey idisplay ian iattractor imarvels ias ian ioutcome iof iwhich imoduli ifields istream iunder ioutspread iadvancement ito 

ifixed iqualities ias ifar ias ithe icharges iat ithe iskyline iwhich iis ia ifixed ipurpose iof ithe istream. iThe ientropy iis 

isubsequently ia icomponent iof ithe icharges ijust, iand ifree iof ithe iasymptotic iestimations iof ithe imoduli 

iguaranteeing ithe ilegitimacy iof ia ibasic itiny ifactual ipremise iregarding imajor istring istates ior iD-brane iframeworks. 
iThe ipresent iexamination ifills iin ias ian iintroduction ito iinvestigate ithe ithermodynamics iof iextremal black holesiin 

iType iII istring ispeculations, iaway ifrom ithe iattractor ifixed ipoint iand ia isubsequent igeometrical icomprehension iof 

ithe iattractor iinstrument iand ithe iattractor ifixed ipoint ias ipotential ilimitations iin ithe iharmony istate ispace ireached 

iout iby ithe imoduli ifactors. 
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