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II. THE EINSTEIN FIELD EQUATIONS

An ubiquitously observed manifestation of q.m. is the
vacuum (zero-point) fluctuations of a wave field perme-
ating any given spatial domain[8]. Given this fact, (i)
what is the effect of gravitation on the stresses and en-
ergies of these fluctuations in the collapsing body? and
(ii) conversely, what is their effect on the evolution and
ultimate fate of that body? We shall answer the first
question while giving a heuristic answer to the second.

A. The 242 Decomposition

The prototypical collapse scenario is one which is
spherically symmetric. The spacetime geometry for such
an environment is

ds? = gap(2®)dz”dz® + R*(zC) [d6? + sin® 6dg) .

1

Here
gap(zC)dzAdz? (2)

and
R(z°) 3

are a to-be-determined metric and scalar field on the 2-d
Lorentzian manifold

M? = M*/S%. (4)

This is the radial-time plane. Its 2-d events are labeled
by coordinate functions whose indeces are capital Latin
letters near the beginning of the alphabet

=0,1.

- oQwe

The kinematics and dynamics of all spherically symmet-
ric systems are reducible to statements about geometri-
cal objects (scalar, vector, tensor fields ---) on the 2-d
spacetime M2,

1. This includes the scalar wave equation
0P =0, (5)

which, for each field harmonic proportional to the
spherical harmonic Y;*(8, ), reduces to the 2-d
wave equation

(1::2_q*“9<1>,,3)l A-le+1)®=0 (6)

on M2, The vertical bar “|” refers to the metric
induced covariant derivative on M2,

| < covariant derivative.

51,0 2

2. It also includes the Einstein field equations
Guy = 87‘l'tp., (7)
which reduce to a tensor and a scalar equation[9—
11]
R?Gap=—2RR op +94B (2R RE +RcRI° - 1)

= 87R%tp (8)
ic

R
%G: = 'Tf" ~R = 4xt? 9)

on M2, Here typ and t,2 are the components of
the M* stress-energy tensor

t drtdz”

reduced to the geometrical objects

tapdz?dz® (10)
and
t2 =15+t (11)
gn M2, while R is M?’s Gaussian curvature defined
y

ORAp (= WRARp) = R (5485 - 5%56%) -

The divergence in M* of the Einstein tensor reduces
to the vectorial identity

(R’G ) g~ RRAGS =0 (12)

(13)

on M2, That this is an identity can also be verified
directly by using the expressions for R2G? and
G,* defined by Eqs.(8) and (9). The corresponding
M? Euler equations implied by this are

(R*4),5 — RR.at> =0 (14)

B. Integrating the Reduced Field Equations

In spite of their non-linearity, the Einstein field
Eqs.(8)- (9) can always be integrated analytically, at least
in part. This is because they contain a conservation law
in the form of a conservative vector field.

The vectorial identity Eq.(12) implies that the diver-
gence of the M2 vector

1
JA = —ER,CeCDR2 Gp? (15)

vanishes:

JA4=0. (16)
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