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Abotract 

B ... d on ,h. fat' 'hat torSIon ,. related to fundament.l un,t of sp,n A, dcfecta ,n 
ap"Ce-Elme topology should occur In multlpl .. of Planck leneth that followl from the 
Inuln.,c defect bUIlt ,n,o the uruc,ure of apace-tlJl1o, lmplYlng a mlnlIllal fundame
ntal lens,h whIch, In turn, 'mphel a mannul curvature_ Thll relult. h .. lome 
phYllcaJ consequences_ entropy do not become ,nhnlte as the coUapllne oblec, appro
ach .. the Schwlrz.ch,ld radIUS and moreoyer we haye dao .. m,nllDaJ null ( ... 0 and 
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-M,.) of black hoi •• that could focm In the .ady universe oc ,ucvlve as a cemnant 
In the evapocanon of larger black holes. 

ICe,. worda black hole.-tonlon-maximal curvatuce 

In an attempt to oveccome the pcoblem of the Inhnlte self energy of • pOInt 
charge and othec un gular problem. in claallul electcodynamlC&. Bocn and Infeldw 
,ugge'ted a modlhcanon of the Maxwell equanon, lDcorporanng the nonon of • 
manmal f.eld .trength E! .. wh.ch an electr.c field can have. In -the weak f.eld It. 
ml! deElIled by F pF •• <t: E! .. one cecovers the u,ual Maxwell theory. The modlhed 
held equations h .. e the form: 

~_V-:::-:'-=E':--c~ _ 0 
(1 - E'/ E! .. )''' 

(I) 

which for E« E_. become. V' E - 0, a. u,ual The term (I - E'/ E! .. )''' ca. 
rr.spond. to an effecn.e held-dependent d,deClne con.ta.nt & - (I - E'I E! •• )'''. 

~ a re",lt of the modif,cation. the mlIlunal radlu, of a po,nt charge i, not %e. 
ro, but ... (e/ E .... )'/' and one do .. not h .. e th. IIngular IItuatlon of Mnwen'l the. 
ory. One can raue cbe que.noD a.s to whether a .sImilar modIfIcation of EIO.u:Cl.Q'.1 
general relanvlty could resol.e IImilar Itngular problem. a .. oaated WIth that theory. 

F,nt of all ... e can gIve an emmate about the value of E .... refernng to one of 
our preVIOUI work,[JJ where we have gnen & m1.Dlmum r"dlu. for che electron when 
conlldenng torsIon and strong gravity In lact ... e have 

r::ol ~ (G"t 
• nlt,t 

(1) 

(where G, l' the .trong irav"y constant), 10 that 

E_." (!'!L)'" e G,4' 
(3) 

and u (,ee reE.[2l): 

• "" (G.j'm:r),11 (+) 

we: have 

E ar;-!!!L 
.... (G.i')'" 

(S) 

We can wrlle for rlili. 

r~. 
;a: e(G,)"'j (6) 

III,&' 

For gravllanonal held ,loa we can hnd a mtnunal length oblervlllg that we can go 

from electromagnenlm to gravItation With the uaual lub.Ututlon e - III..fG., With 
rhu we ha ve lor r .. Ia: 

(7) 
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But w. can r.ach thu r.lult In a b.tt.r way. In fact In a r.cent work lll 11 WII aga. 
In emphallz.d that by relallng taman to the IntnnllC fundam.ntal unit of Ipln A, 
deIecli In Ipace·llme topology Ibould occur In muillpies of the Planck length (AG / 
.... Y". Thu IntnnllC d.fect bUIlt Into the structure of 'pace·llme would th.n define 
a minimal fundame.ntal length, I.e. the Planck length (AG/ .... )lI'(.) ent.nng through 
the minimal Un1l of Ipln or acllon j. The nollon of 'I.ngth' or dlStanc. would 101. 
IU phYllcal meaning beyond thIS lengtb. ThIS In turn would also Imply a mUlmal 
curvatur. whIch turnl out to b. 

(8) 

Agun till' u conllStent WIth the argument In ref. [4], that the nOllon of "maXI. 
mil Icc.lerauonD wblch IS Imphed In many Indep.nd.nt Ipproachum, would thro. 
ugh the .quallon of lI.od.llc d.vuuon nnply a maXimal curvatur. R ... tb. same as 
abo ••• Iu LD grovltauon curvature piaYI the rol. of fl.ld str.ngth, the nOllon of 
maXiml1 curvatur. would sugg.st by analogy I Born·lnfeld type of modlfIcallon of 
general r.louvlty A lultabl. ICUon IncorporatLDg the maXimal curvatur. R._, would 
be: 

( 
.j-IR 

1- (.-'/16", G) • (1 LI'\R) d'z+ L ...... 

J 
FiR 

- (""/16", G) (1_ R/R .... ) d'z+ L ...... 
(9) 

In tb. lIm1l of .mlll curvltures (I ... fl.ld strength.) R« R_, thIS would reduce 
to the Ulual Hllb.rt Icnon for general r.lallvlty. 

Expanding the abo .. Lagranlllin for R ... R_.' w. h ... the .ffecll ve Lagrangl. 
an In pow en of the eur'Yature: 

L, .. - fd'z ../=1(1./16", )[R .... /G + AR' + ALj.,R' 

+ ...... +- jLlo\'-~R'] (10) 

It 11 r.markabl. that L, .. hi. the lam. form a. 'hat lugg.st.d elrh.rlll by on. 
of the pr.le.n, au,hors by v.ry dlff.r.nt conllderillona tbrough argum.nu lQvolnnl 
.cale and Weyl Invanance of gravity and construcUon of a "hlgb energy· ,heory of 
grlvlty by analogy w1Ih the QeD tbeory of strong In'eracUonl. 

Also It app.ars '0 be conllStent w1lh tbe approach '0 granty lugges,.d by Sa. 
kharovm wb.r. 'he z.ro paIn, .nergy aSlocla,ed w1Ih the curving of background lpaC. 
can b •• xpr .... d by .xpandlng th. grlv"y Lagrlnglln as a •• n.1 of pow.rs of the 
curva'ur. of Ipace Again It may b. no,.d that the fI.ld ,h.ory lImlt of luperllnng 
[beane. WhlCh also Lnvolve a. minimal length OO 

I glYel rlle to a. Ilmllar Lagranllin. 

We note thl' In 'he above expression the remarkable fact thl' ,h. Hilbert term 

,.) ID. the c: ... of uroDI rrnltJ' reIn.DE fot hadroDlc pia,II". I c. cacr'T lulu 01- GcV. 
the .appropriate c:ouplaD' CODuaDE would be the .UODI IrI't'll.r CODIUDE G,• Ar: Plaack lcalo G - GN" 
the ~C"lODUD COD.uaD.1 (lOe ref [I] lor deulh, 
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(whIch 11 the term domInating at ordIn&IY energy .cde. R. <r R. ... ' L l> L,,) 11 the 
only one Dot haVIDg ~. 1.11 the coupu.ng Thl1.l the hIgher power termr are to be pI
ctured a& qUADtum gravtty correctlonl appeanng when the curvature 11 near R.... or 
at dutance .cale. of L". Tbe term. InvolvlDg blgber powers of tbe curvature Ire 
lupp ...... d at ordinary energtel E by hIgh powell of (E/ E,,), where E,,'" IO"GeV. 

Th ... Ear all practical purpOI.1 the low .n.rgy eff.cClv. action would JUlt have the 
usuII Hilbert term of genaral relatlvtty. The hIgher powell of curvature correspond 
to bl!Jher power. of ~, •• e. quantum correction. of hIgher order. 

Th. f,eld equatIons of the above action would have the farm' 

(1 - ~j.,R)' ... Xp ...... (11) 

whlCh would ,nd,cate that even In the hypotheClcal case of Inhnlte denllty of paInt 
partlclu or llIflD"e number of particle. (,.e. tb. tight hand .. d. becolllJl1g IDI.l1l1e), 
the curvarure R would nat became IDflnite but would tend to the maximal value 
R_ - 11 Lj., - ell AG. Thll would dUDlnate curvature IIDgulant.es In the solutlonl 
of the h.ld .ql1ltlOIll IncludIng cosmologIcal mad.lI. Thu would b. .~plor.d .n a 
later work. 

We can apply eq.(ll) to lell'gravltating rld,aClon Iystem (SGRS) SorkIn et 
al. oo conSIdered rhe entropy of SGRS conhned to •• pherlCaI bo~. To .vold produ
CUlg uUinlle entropy they paInted out that conf,guration. of SGRS should nat 
approlch the" awn Schwarzlchlld ndl1 arbltIanly clo.e to zero, and rhat the pro
per dlllancc of the rad.anon from 'U Schw&IZlchdd radlu, be at le.,t one radlanon 
wavelength 

D(,) - ,:;'a - 7"'.'" ;;'1(,) (12) 

D(,) IS the proper dlSta"ce, 1(,) de"orea a typICal proper wavele"s,h of the radI
ation It that radlu, and 

s(,) - • - 2G",(,)/<' > 0 

'" - [1 - ZG",(,)/.',j-l - ,/a 

",(,).' - J' p4. ,.d. 
r.,. 

(13) 

(14) 

(15) 

Eq.(J5) 11 dlffereat from the correlponding eq. In ref. [9] IInee L,11I t.ken &I the 
lo .... t bound all. oil phYllcal l"n!Jth leal .. foUowllIg eq.(8). 

It 11 Intereltlng to aote the IlI.alagou.s behaVIOur of bath tIme and entropy III 

rh. collap.e to the SchwarzschIld radlu,. It W&l aoted above that entropy became;, 
Infi,u« as the collapSlal corulguratloll. approache. Ita Schwarzschtld .. dIU.. Thu I 
allo analogou.s to the Infinite wne taken by an object approachlllg III SehwarzlClul( 
tadll1.l ., ol1 ... ured by a dutlll.c ablener. However the aotlon of maxImal curvatur. 
wluch ,llo Imphel a mlll.lmal phYllcal lell.gth = L" and conaequently alia a mlnUDa 
tune = L,I/. - (jG / &,)'" (.f one eoandeIl the temporal componeDt of ,he torllo, 
Induced defect) .. auld dra.t1cally alter the .iruatloll.. 
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The quantum fluctuatlonl In the metrIC Induced by toruon would be governed 
by 8,/(,) - L:.I L' (16) 

ImplYing that the Schwaruchlld radlUl would fluctuate by· 

dR, - L:.IR, (17) 

10 In the Integra non for the nme al measured by an e.,ernal able rver to foil to R, 

would be modIfied al AI"" r d,/[I- R,I,] (18) ,.,HI, 

Thia Un be Ihown to gIve a /" .... quannty A .... R.ln(R,/L,,) (19) 

If the mInllnal length (or tllne) tendl to zero, I.e L /• -- 0 (or alternatively the 
maxirn&1 curvature - l/L~.-co). we recover the UIUal AI"" co. of cluneal gene. 
ral relativity. 

Eq. (8) can aho be Interpreted II • mochhunon of tbe energy dennty p of 
SGRS .. : p - ,'/8",Gr'(l + L~d") (with, > L,.) (20) 

WIth eq (20) one can prove that Inequality glVeD by eq (l3) would hold everywhere. 
The ma%1mal curvarure .. gIven by eq.(8) would Imply from Euuteln'. equal1-

ana that the mazlmum pO.llble energy denlllY of SGRS II 

P ... - pi ........ - ,'/4",GL!. 

.ubltltutlng eq.(21) Into eq (11) w. bave: 

RI(l- L!,R), - 2/L!, 

(Z1) 

(22) 

gIvIng for thn cue R - [(5±1)/4](I/L!.) and coDlldenng thar R ....... IIL;" we 
mwt chool. the smaller .olutlon, .. the other on. eltceedJ the valu. for mUlInal 
c:urntur., rhat LS R - (1/2)(1/ L!.) IS a good 10lul1on 

SIne. the d.nuty of a blaclr. hole seal .. aliI M'. I e. 

PLH ... 3<'/lZ.,G'M'acl/M' (23) 

eql. (2Z) and (23) would luggest that th. eXlstenc. of a mar .... a/ curvaturo would 
conauaIn th. "'""",,,'" man of blaclr. holel that could form In the early unIverse or 
lurnv. al a remnant In the evaporation of larger blaclr. hole. to be"" M I' - (~.I 
G)'''. 
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