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See G. Stromberg's summary of V. M. Slipher's measurementsin Stromberg .1

1925; also see Hubble 1929. Other observational evidence that supports Big Bang
cosmology includes the background microwave radiation of 2.7 K, which is a
remnant of the intense heat generated at an early stage of the expanding
universe. Thisradiation was first discovered (and initially measured to be 3.5 K)

by A. Penziasand R. Wilson in Penzias and Wilson 1965

A third major set of data supporting the Big Bang cosmology is the abundance of
helium 4, deuterium, helium 3, and lithium 7, the formation of which is predicted
o occur in thefirst minutes of the Big Bang

According to John Wheeler (1973, p. 220), the smplest expression of the .2
Einstein equationsis

curvature of space time) = 8*pi (density of the mass-energy present in that )
.(space-time

More completely, it can be said that the field equations relate the metric tensor
guv and itsderivatives, which describe the geometry of space-time, to the energy-
momentum tensor Tuv, which is determined by the distribution of the mass and
energy in that spacetime. These equations enable paths in spacetime
(specifically, geodesic paths) to be calculated. The formula summarizing the ten

field equationsis

Ruv - (Y2)Rguv + lamda*guv = -(8*pi*G/c2) Tuv

The terms on the left-hand side are composed of guv and itsderivatives, and also
.of the constant lamda. G isthe constant of gravitation and c the velocity of light

The Robertson-Walker metric isdetermined by a, theradius of the universeat .3

a certain time, and by the curvature of space-time. The metric of a homogeneous
and isotropic universeis

ds2 = dt2 - (1/c2)a2* (d-sigma)2

where ds is the space-time interval between two events, d-sgma [derivative of
sigma] isthe line element of a space of constant curvature. and c the velocity of
light

The most widely discussed models have been developed in Tolman (1934, pp. 4
(440 ff) and in Landsberg and Park (1975

That is, the stress-energy tensor satisfies.5

Talpha-beta - 1/2*galpha-beta* T )ualpha*ubeta>=0)



That is, the space-timeissuch that .6

t(aRb)cd(etf)(t*c)* (t*d) [isnot equal to] O

holds at some point along each timelike or null geodesic. ta isthe tangent vector
Hawking and Ellis (1973, p. 3). The proof that the trapped surface created by .7
this matter implies a singularity in our past (rather than in our future) is given
.on pages 356-359

Theless dense parts of the universe exploded from pointsfirst, followed by the .8
.(more dense parts. See Barrow and Silk (1983, p. 42

It should also be noted that if the universe is not sufficiently isotropic and
homogeneous, some past-directed timelike geodesics will not end in singularities.
Observational evidence, however, suggests that the universe is sufficiently
symmetric so that all do end in singularities. See Hawking and Ellis (1973, pp.

(358-359
Although the space of the singularity is standardly defined as less than 3-d, .9

Roger Penrose has proposed a definition of the cosmological singularity as a 3-d
spacelike surface, in which case it could count as a part of the universe and thus

(asitsbeginning. See Penrose (1974

| have shown that it islogically possible for there to be empty time before the .10
.(Big Bangl in Smith (1985a

A frequent objection is that singularities involve infinite values and that .11

infinities cannot be real. See for example Craig (1979, pp. 116-117). | have
(rebutted Craig'sand others arguments against infiniterealitiesin Smith (1987

(Thebounce solution isa(t) = H-1cos(Ht). See Vilenkin (1982, p. 26 .12
For further discussion of the vacuum fluctuation theories of the beginning of .13

the universe, see Smith (1986b, esp. pp. 81-84). Other pertinent cosmological
.(discussions can be found in Smith (1985b) and Smith (1986a, chapter VI
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