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If one is given a time directiomthen a convenient choice of the three tensors withjgene to define
the energy density scalar that is associated witiWe define a state of total radiation by imposing some
conditions on the curvature tensongfthat generalize the ones that A. Lichnerowicz pointed'h

1. Let V, be the space-time manifold of general relativity endowigld the metriods®
= ggpdx? dx? (%), letxo be a point of/s, let be the tangent vector spaceand letT,

be the subspace @ ® of T, antisymmetric tensors of order 2. If one is given asbasi
e for then we will suppose thay, is referred to the basig)(

En=ea"ep -
One will then have:

Gu = Eo) B = Vop 2 = Qap 2~ Qap pu -

It is easy to associate the curvatBg 5, that is defined ato with the tensors:
*R -1 = d **R -1 RYO
ap, A =% Naps N, an ap Au =3 Mapy Niuvo ,

in which 7745,5 is the volume element form. Those three tensansbe considered to be
tensors of order 2 i ®. In that case, they will denoted b, *Hiy, and *Hy,

respectively. In what follows, we shall also utiline three scalars:

() A.LICHNEROWICZ, C. R. Acad. Sci. Par246 (1958), pp. 893.
A ap..=0,1,23ij,..=1,2 3.
() The correspondence between indigemd | conforms to the substitution:
(23 31 12 10 20 sj)
1 2 3 4 5 6
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A=$HH " = 17 Hy = HY = -3 *Hy *HY,

B

N

Hiy *H Y = —1xH; x> HY,

C

1J
LHy > H Y,

2. If one is given a vectou” of square + 1 at a poing then consider the three
tensors:
Yﬁy = Raﬂ, Al u? U/‘, Xﬁy = Raﬂ, Al u? U/‘, Zﬁy == *Raﬂ Al u? U/‘.
With respect to any orthonormal frame such &gt u, one will have:

A= 5K X+ Yeu o - Zpu Zﬂﬂ), B = (Xg:~ Ya) Z#, C= Ku Yo+ Zpu i

The spatio-temporal square of each of these three tessoositive or zero; they will
be annulled only if the corresponding tensor is zero.alllthree are zero then the
curvature tensor itself will be zero. Consider thedesc

V= 3 (X X+ Y, Y + 225, 7).

This scalar is strictly positive unleRgg 4, is zero. We call it thenergy density that
is associated with the time direction u ().

3. We propose to say that the pomipresents a generalized total radiation state if the
following hypotheses are satisfied:

H1. There exists an isotropic veci8rsuch that:
Rog au191P =0, Repaul 1P =0, **Rag 1717 = 0.
H,. There exists a vectar of square + 1 such that:
Rog U U 1P=0,  **Ryg,,u’u’1P=0.

If that were true then one would find an orthonormal &&m such thaigg) = u, go) +
g1 = | with respect to which one will have:

(") For the Schwarzschild case, that definition will ciiie with a result of SYNGE, Proc. Roy. Irish
Acad.58, A4.
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0O O (ON0] 0 0
0Oa, B 0 B o
O B a, 0 o, -
H:) = , =1 + ), =1 + ).
(Hip) O 0 00 0 0 B =5+ m) GB=5(p+m)
0 ,3 g, 0 1z _,8
0 g, _:3 0 _,8 Vs

The proper values oH(;) with respect toG,;) arepr = o, = 0,03 = o5 = (1/2) (a5 —
1), P2 = ps = (1/2)(a2 — )5). The vectors in the 2-plane{fEq4)), M = E) — Es) andL =
Ep) + Eg are proper vectors that corresponddio ps, and o, resp. H;; admits the
reduction:

Hy=8L My+L;M)) +3 o (Ep)i Ls+ Ep)sLi) +1 a3 (E)1 Ly + Egyal)
—3 )6 (Es)1 Lo+ E)aLi) +3 )6 (Ee) 1 L+ Eg) s L)

Similarly, the proper values oRfs) with respect todgp) aress=s1 =R/ 4,5 = 203,
S =20 (90+s=R/2). |, e, andeg) are proper vectors that corresponddos,, and
Ss, resp. Sy = Ry — (1/2)R ggp admits the reduction:

Sp=-2(m+m+p+ ) lids—3(s2+%)(oelos— vl

+Slalept 2 leales-
In addition, one will have:

A= (@)’ +(p)°, B=0, C=-2pp5.

4. One will deduce from the relations:

& O (RS 11 =0, €4 0s(*RL 11711 =0
that:
SzG(3)a|'8Dﬁ|a: 0, S3e(2)a|'8Dﬁ|a: 0.

If # 0,55 # 0 then it will result that the vectdfz1? is orthogonal tay) andeg,.
Therefore:
1P0s1%=al”
If s, = 53 = 0 thenRyp, 1, Will satisfy the conditions:

Raﬁ,,\/ﬂa: 0, *Ram,,l": 0,

and the preceding result will remain true, from a theoodrA. Lichnerowicz {). In
those two cases, we stafEhe trajectories of the vector | that is associated with a
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generalized state of total radiation that is defined in a domain are geodesics of the
metric. We point out that the case for which the theoremmas established is
characterized by the relatioAst 0,B=C = 0.




