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at 2ll. For gravity is the weakest force known and it is only beczuse the
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Another way of locking at this is to consider the Linstein field

Rob~4GabR = KTab
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where kab is the Ricci-tensor and lab the energy-iouwentum tensor of

ecustions:
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the watter fields. OCall = - -4 the rest-mass density
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of the mabtter fields and { - N Vv Vb the energy-density in
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the rest frame of an observer with 4 - velocity V® . ‘hen if C:; 7 7>0
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for any time-like v s RQB Vey » O and gravity will always
appear atiractive in the sense used above. Hote that tois will not

necessarily be the case if the field ecuztions contain a A berm or

if there is = 'C' field of the iype proposed by Hoyle '3). lhere is

however a grave ohjection to the existence or a field with a negative

energy density like the 'C'-lield. Jor, in a guantum theory, there

would be nothing to nrevent the creation, in a given 4 - volume of space, of an
irfinite nusber of cuenta of the 'C'~ field and a corresponding infinity

of Lusnta of ordinary matter. This is connected with an indeterminacy or

the 'C'- field equations which has been remariced by daychsudhuri (L),

Wie will assume tuerefore th:t there are no fields with negative eneigy

densities and so gravity is always atiractive.

The Copernican Principle

In the Ptolomeic model of the universe, han, who conside:red himself
the most important being in the Cosmos, placed himself at the centre.,
since the time of Copernicus, however, we have had to give up this vanity
and we are now so modest that we assume that 2ll parts of the universe at
the same time zre essentially the seme. we call this the Copernicen
Principle. A mathematical statement of this would be th:t the universe
hes a 3 - parameter group of motions whose surface of transitivity is
s space-like 3 - surfsce. Note that we do not demand that the universe
be isotro-ic. If we did, we would exclude rotation of the matter and it
has been shown by Robertson and .alker (5) and Reychzudhuri (¢) that in

this case there must be a singularity of spece~time. However it will be

shown that, provided gravity is alwsys attractive and the Copernicsn



Princiovle holds, even the existence of rot:tion cannot prevent the

occurrence of a sinsularity.

Singularity

Consider a space-like hynersurface H of transivity of the srovp.
face of const nt density f . Therefore Mje  will
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where f is constant on the * - surface.
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N (9 will become infinite in finite proper time.
If we assume thot the swlaces /U* = const. remain space-like,

then this means that the convergence of their unit normals beccomes
infinite., This implies that they must degenerate into, at the most,

& 2 - surface; call this C . Consider the fluid flow vectar U:& .
This is unicuely deiined by the gseometry ss the timelike eigenvector of
the Einstein tensor:

AR = 5 GebR) - -l

£ A

Now consider sll fluid flow lines,  crossing H. f they do not ali
intersecct C, let be the subset of F that intersect C. Let ,/M be
the subset of H intersected by L . Since C is unicguely defined by the
geometry, L and M will also be uniquely def'ined. FEut, by the
original postulate, H was a comnletely howogeneous suriace, lherefore it
can have no unicuely defined subset. lience all the fluid ©low lines & must
intersect C and the density will be infinite there.
The above was on the assumption that the surfaces /u = const.
remain space-like. They may however become light-like (7" = 0, /u.m{ 0.
It will be shown that in this case too there must be singularities.
Consider the surface = const. on which
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Introduce a geodesic null congruence L& throughout space
G
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also teke L, to be propartionzl to /(A;a on the surface 7‘ =0

Z’C. = d/“’;a



Introduce null vectors n—f,.., ma ) ma where:
Lot =1, Mo A = - |
L,mS =N,m*> =0

then one may write:

A&;b = icaLh + ‘9(/)’)& Iﬁ + /V] M~a> + Cr/i’la /LL
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But R LZ_ LD O by the assumption that gravity is
¢ attractive
) on and the space is not enptly.
therefore L& will become infinite within a finite aiTine

cistance.

The only freedom we have in the choice of Lc\ on the surf‘acefY = Ois:

N4
b
where gibL = O
i.e. g is constant along a null ray
Zl ;C\ _ 6 L :0'
oo - a
s te }C" .
Thus [, *“will be infinite when/.e is infinite. Therefore the
2 - surface on the 3 - surface f = O, on whichL&;& is infinite will

be uniguely defined. e may then apoly the arguments used before to show

that the density will be infinite there.



Of course the singularity could be in the nast not in the future.
In this case we wo ld speak of the universe expanding away from a
collapsed state rather than collapsing towards a state of infinite density.
Indeed this would seem to be true of our universe. The question whether
our universe will fall back again or whether it is expanding Tfast enough
to avoid this is one thst can only be settled by observatiom. So far

the results sare inconclusive.

Since space-time cannot be extended through a singularity, a
singularity in the past would mean that the unive se had a'beginning'.
In particular it appears that an oscillating univeise is incompatible with

attractive gravity and the Copernican Principle.

The proof of the occurrence of a singularity given abcve has
depended on the existence of a group of motions. Now, of course the
universe has no exact group since there are local irregularities such as
stars and galaxies, liowever, provided that the universe is spatially
homogeneous on a sufficiently large scale it is possible to extend the pro

and show thet a singularity still occcurs.

12th Ap-il, 1965
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I was born in 1942 in Oxford, IEngland and was educated =zt
St. Llbans Schocl. In 1959 I went up to Oxford University where I
toock a degree in Physics. shile engaged upon vacation work at the
Royal Greenwich Cbservatory I became interested in Cosmology and
conseqguently came to Cambricdge to do research under Dr. Sciama.
I complete my th.D this summer and shall then take up a Research

Fellowship at Gonville and Cajus College, Cambricge.



