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Abstract,

It is shown that in a weakly asymptotically simple and empty
space,according to classical gemeral relativity,from non-singular
initial data no strong curvature singularity cen arise that is
visible from infinity.
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From theorems of Pohﬁésé,ﬁawking a:id Geroch it follows that
singularities occur in a 3.argax class of physically reasonable space-
tms;ﬂfhe cﬁistém«e of ain@laritﬁgtﬂeé g Pr!.%%g%r—%?mt theory
'ef gravitat&on;A éﬁentien éones to mind whether these uncontrollable
situations éan mﬁmée the state of space~time,Supposition ’tllmt
they cammot was put forward by Penrose (/1/} and 4t is known as the
cosmic g¢ensor hﬁothuia ccR ;The ma:!.n difficulty with this hypothesis
lies in the faét that there exists a number of exact solutions of
the Einstein eéuat.tonu in which singularities are visible to -obaervarn._
The problem im to find statements eliminating these caauf

One can hope to pxﬁvav a formulation of CCH invelving some

~ assertion such asi

| Zn a physically reasonable space-time 2 system which evolves from
non-singular initial data and according to classical gemeral relativity
does not develop space~time singularities that are visible from

ingintty ( et./2/)
Singularities that are visible from infinity are called naked.

One can justify the above statement as followst
1.1f there is a space-time singularity on the luﬂaen on which

the initia) data are set then one should not be surpri ed that
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the singularity persists in the future of the initial surface and
that it is ﬁ.sible ﬁ-om infinity if the initial surface is,

2;11; is believed that aa a result of the guantum evaporation
prouﬁ ealculated by Hawking the black hole radiates away its mass
leaving behind a ﬁakad éiﬁgularity. Therefore it is better to ﬁastrict
oneself to élnsa.{aal gmiral relativity; |

5';'11: is easy to Qmato & nakedly singular space~time by simply
removing & point oé‘“?fépaé»tm in the past of its infinity.Therefore
one mﬁat restriet somehow the class of singularities under consid_e;-
-yation,

7 shall attempt to make the above formulation of CC . mathematically
precise.l shall confine myself to weakly asymptotieally simple and
empty (wm} speces {/5/ p;~225) .Such a apaewtm@% " E) can be
conformally imbedded in a larger space-time ( ag " § / as a manifold
with bomdary s = 4 v IS ,whers the boundary % of ¢/ in a‘z
consists of two null surfaces ? - and ? B which represent future
and past null infinity icspgctivelf;*-ln these space-times there is
an elegant statement of the CCH namely the future asymptotic
predictability from a partial Cauchy surface <t ( / 3/ p«310 / which

' ’ .
says that 3 is contained in the closure of DV / 3/ in the



conformal manifold a"é .
The following concept makes precise the idea of non-singular
initial data:

Definition 1
A WASE space ip partially future asymptotically predictable from

e partial Cauchy surface (:f if the intersection of the c¢losure of
+ y : 73
D / ¥/ in the conformal menifold /b with ? is not empty,
Throughout the rest of this essay I shall denote the intersection
. +
described in definition { by 70 0
From the proof of the propesition 9.2,1 in /5/ one has the
following lemma:

Lemma 9 ,
Let (c/& ’ E) be partially future asymptotically predictable

from S then for any compact two-surface T that intersects
+ . [of* , /o T *
J / 9//: h [ %/ a null geodesic gemerator of J (Iu‘é/ intersects jo .

For any two-surface o there are two families of the future-
directed null gecdesics oxthogonal to it,If intersects JW/Q I /jo/
which
then any of the nmull geodesies that are members of that family - :

f
econtains the gemerator that = . _sintersects 7;9 I ghall eall
outgoing,

I shall use the language of TIPs and TI¥s introduced by Geroch

et al.(/4// to deseribe space~time singularities,From now on I assume
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that strong causality holds in space-time,

Definition 2 |
A subset Y of a WASE space such that Y is a TIP and Y C I‘f@ ) for

~some point pé& IT [ %*/ is said to be a ﬂSTIP}

It follows from thé abo's}e definition and the definition of the
WASE space that NSTIP éaxmé’e be of the form I'?% / where p is8 a point
of 9(/% ;Thereforé- NéTIP aaﬁ be thought of as representing a singularity
and,by definition z,:the one which:is na.ked;

I shall now show that future asymptotic predictability is maeeé
equivalent to space~time being free of naked singularities arising
from regular initial data‘;

Lemma 2
Lot ((/6 . E } be partially future esymptoticelly predictable from 3

’shen/(/'é ’ g )ia future asymptotically predicteble from 5 4iff
there exists no subset X of o/ such thet X 1s a NSTIR,I*/Y/)h X 4 ¢
end I*Yxc (%) 1- (%%

Froof:

If a NSTIP deseribed above exists then by definition 2 there is
a roint p in I"/ 7”‘/3119:11 that X C I?i; / «Thus there is a PIP that
contains 2 TIF consequently by a theorem of PEnvose / /2/ section 12.3.9
the set 1*(Y)a1( 7/ camnot ve globally hyperbolic and therefore

by definition amd /3/ prop.6.6,3 //Z, 5 g/ cannot be future
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asymptotically predictable from ‘g .

=
Suppose ’chat[ a‘é s 8 / is not future aaymptotieally predictable

from X .let ] be a null generator of 7 that intersects 7;
and let q be a péint of 1 in }'0 where 4 leaves jaf +Such
& point q exists ainée by definition 2 70 is a closed subaevt of 7f—
and by hypothesis ?;7: ) ?'f ;Suppaae that there is no aet‘ﬁ in I7§, /
such that X is a NSTIP,X intersects */ S’/ and Xn I*(Y)c 1*(n T(F]
Since I‘{{;/ and TIPs are open sets there is a neighbourhood 27 of q
in the conformel manifold M such that mo point q & /4 contains
in 1ts chromologlesl past a NSPIP that intersects I*[Y ) «Consider
any point v in An Un (7 f’%7;81nce r ¢ ?; the .. Bet
I ) 1 1*(9) - is not globally hyperbolic,Thus by /2/ section 12432
there exists #point s in Ijﬁ /4 */Y } ‘such that ITs) contains a TIP,
. a

Clearly thie TIP must intersect I"'/ Y /.‘By definition 2 euc}%?ét? is
a NSTIP and obviously it is in the past of q,This is a contradiction,

I shall now come to the problem of - . singular space«~time :
which are to be comsidered physica ly reasonable,There are well-

known examples of space-times,constructed by Yodzis et al, //5/, /67 ’

in which naked singularities do develop from non-singular initial data,



*Ihe#e singularities ar:!.sé as a result of intersection of spherically
symmetric duat shells;ﬁ!here is a common feeling ameng researchers
that there is seméthiné ﬁnphysiéal about shell-cressing,The problem
is to find exa#tly what / /2/;/7/ / ;.The key observation sem to

come from Sei:teit / /8/ see also Tipler et al.lsy gnamely, that
observers falling :i.nto the shell-croosing singularity experience only
final ‘tidal stmsses;m:s is in a sharp contrast with the properties of
the Schwarzshild aingularity where observers are crushed to zero
volume by infinite tidal stresses / /10/ p.860 /,,The singularities

of the type' océurrtng in the Schwargschild space-time are ¢alled
gtrong curvature singularities,Their idea was introduced by Ellis

and Schmidt / /11/ ) end they were defined precisely by Tiplor / /1 2//1."j
Here I shall give my own definition based on the definition of
Tipler et al./ /9/)

Definition 3 //13// ¥
Let the set 72 be a TIP such that any causal geodaai(a/f/c:r which

I"/ J) = 7 is future-incomplete.let Y be a J-form on the normal
space to the tangent veetor of Vs determined by three independent
vorticity-free Jacobi fields 3,,Z,,%; along ) [ if y is mull,

is deﬂneq as a 2«form 1.@./¢ = Z‘AZZAZ3 « 2 18 said to be a SSTIP
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121 (V) (Vo € y)(50 6% fafuve ) e yn 3% )i hu(aih <€)
i.,e, if for all M end for any point p on ) and any real number
£> O there exists a point Q(depending on M p 8/ on in J?f)/
such that ju/<€ at q.

SSTIFs are said to mpms@t strong curvature singularities,

Thus aceording to the above definition amr geodesic obaserver
approaching the strong curvature singularity is erushed to zero
volume at or before or at the singularity;Stmng curvature singularitie:
singularities are well defined geometrically amd ,in my opinion,
they make pracisé the intuitive feeling of what ashysically important
singularity should be‘.k.'I have put forward a hypothesis that
"singularities in all reasonable physical cases are of strong
curvature type® ( /14/ p‘.‘f?'é ) ‘A similar idea’ was also given by Tipler
et al, [/9/ / ¢ they suggest that "in any physically realistic space-time,
all inecomplete causal geodesics terminate in strong curvature
singularitiea';

I em now in position to give a precise statement of the cosmie

censorship hypothesis that will be possible to prove.



Theoren 1 . ,
Let ( M v & } be partially future esymptotically predictable from

a pé.rtial Ganchy aurfzaéo ‘f and suppose that the following conditions
hold s.n(c/é , g ) :

a. ( S ,.‘ g ) is Qtrbxﬁély causel ,

ba Rabkakb)/ 0 for c?erf null vector k* ,

e; each NSTIP is a SSTIP ,'

ds for auy subset V of o¥, which is en IP such that ve r'["ij/
el tha interseciion 1*[$)A ¥ is not empty there exists a null
geodesic gemerator A of \‘I in-I*[ b } such that A is an outgoing
null geodesiet

then (y‘é . ¥ / £5 Tavins asmplerianily soadietadts svas S . 3§

Proof:
Suppose thet ( S y £ / is not future asymptotically predictable

‘{} + +
from then ﬁ}’-o ,4 j consequently by lemma 2 thexre exists
& WSTIP X in 1°(J;/) such that 1*($)n X 44 Jlet ) bean
generatox/ _
outgoing null geodesic)in 4 «By /4/ theorem 2,3 +the set ¥ = I"'/ 3//
is a TIP,Clearly ¥ must be a NSTIP and therefore ,by condition c,
' 1
a SSTIP,By definition 3 the expansion @ of a congruence of the null
geodesics containing y° and gemerating ! must become negative,

One cen now use the well-kmown argument of the proof of lemme 9,2.2
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in /’5/ and amrﬁre at a contradiction.In this last argument condition
be i nace-ssary;

Condition a; aba'}e is an obvious physical requirement,Condition b,
means thatm" restrieﬁfs oneself to classical relativity.Condition c.
is a preeise statement of the hypothesis I have put t‘omard above,
Condition d; is an additional demand which insures that the naked
SARPENIAYY A8 Net o 4Nd initia) eurface & [ see f£igy1 / 3

On figure 2 I have drawn a hypothetical space-time in which
& naked aingtﬂaritj arises fromnon-singular initial data,mt the ‘above
theorem shows is that this singulaxity cannot de of atrong émture

type.
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Pigure 2

This figure serves as a illustration for the proof of the theorem 1.
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Figure 1

4 hypothetical space-time that is partially future asymptotically
predictable from S but in which there is a naked singularity in
every neighbourhood of ¥ ,Some condition such as condition d. in

the theorem 1 must be imposed to eliminate these situationsy



