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This is Work in Progress

Last year, we presented a vacuum cosmological exact solution
to the Einstein Field Equations with the surprising property of
being independent of the form of the cosmic scale factor: a(t).

Today, we will look at three extensions of this first result.
» Vacuum Plus Cosmological Constant
» Pressureless Dust
» Dust Plus Cosmological Constant
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Jas = diag(— b?, &, R?, R? sin?(9))
with coordinates: [t, r, 6, ¢]
Coefficient functions have dimension of length,

coordinates are dimensionless

> b=>b(t,r)
> a=a(t)
>

NOT —b°? = —1 4 la FLRW
R=R(t,r)=R(ra(t))
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Trace-Reversed Einstein Field Equations

1
Raﬁ_éga,BR‘i‘gaﬂA:K/Taﬂ

1
Ra/g = K (Taﬁ — Egaﬁ T) +ga,3/\

> aZRtt:...:%—azbzA
> .Ry=...=0

> BPRy=..=9Z8 L 22N\
> Rgg=..—GR2+R2
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» Rp=0 Ricci Flat
» ... solving ...

vacuum — sourceless
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G=0,A=0
» R,3=0 Ricci Flat ~ vacuum — sourceless
» ... solving ...
» For D a constant of integration (with dimension of length)
> b(t,r)=D2R=D2\/1+ (&)

v

R(t,r) =D [% At ()2 4 sinh (%)] _ R(ra(t))

» a(t) = unconstrained!
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Comments on the Vacuum Solution

%5 =0
>

Riemann Flat

— Vacuum
For u = aD’, a dimensionless measure of distance

b(t, r)=

=D~ m
B B 1 sinh_( )
R(t,r)=R(u)=Duv1+u? T
> Iimu_>0[...]:1

Iimu_mo[.
R~Du~ar

L] =1/2

R~ Du?/2~ar?/(2D)

More Novel GR Solutions

(=]

=

H

?




Context Metric and EFEs Vacuum Case Vacuum plus Lambda Dust Dust Plus Lambda Next?
e) ooe 00 00 o

More Comments

» In contrast to the standard approach to cosmology, there
is no Friedmann Equation with which to determine the form
of a(t) —this is an exact solution of the Einstein vacuum
field equations for any a(t).

>  Although it’s a vacuum solution, the three-geometry is
hyperbolic. There is an excess of spatial volume since
R>ar.
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Scaled Cosmic Distance
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Vacuum G =0, Cosmological Constant A #0
»  a(t) = unconstrained
> b(tuy=2R
> R(u)

Implicit Solution B = /1 +u2 - AE =A%

Rbarvsu (lambda = 1/5)

Rbar
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Parameter estimates

A~ 1.2x 10792 2

D~ 2 Gpc~ 6 x 10%°
= A~1/5 !

I ~Vb~224

S

For large u, R(u)

Uy ra
> VA TV
Asu—0,R=1 = Rxuxra

For large u, b ~ 2

For intermediate values of u there is a transient from 1 —
5 f
Asu—0,b~ 2

1
vV
ocaf

For mtermedlate values of u there is a transient from 1 —
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Partial solution: _
sz(t)I_?z...:g

R(u) = SD V2 1 k2

3ad SD u
$2D?G+3Ca° V1R +k2

Integration constants: S, C, k?, D
Applying the #9 EFE forces S=1, C =0, k» = 0. Hence,
> a(l)

> b(tu)=,/32a
>

R(u)=Du=ar
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Oap = diag (-2 ad?, &2, &r?, & r? sin?(9))
The spatial part looks flat
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Dust G#0, A #£0
Same partial solution as for dust alone:
_ D _ _a 3a° u
b=B()R=.. =3\ srtacs SD /t=
R(u) = SDVu? + K?

Integration constants: S, C, k?, D

Applying the 60 EFE forces S =1, C = 22 = \ k2 = 0.
Hence,

> a(l)

__a 3a8 _ 3a
> b(t’ U) ~—a\\ DPG+AD2 S D=a V G+A &

» ARu)=Du=ar
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More Novel GR Solutions

B




Context Metric and EFEs
e) 00

Vacuum Case
000
\

Vacuum plus Lambda
00

More Thoughts

Dust Plus Lambda
oce

Next?
o

Gop = diag G+/\a3 -

&, a,a8r?, ar? sm2(9))
The spatial part looks flat
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Possible Next Steps
»  Confirm these solutions
»  Check for generalisations
» Constrain a(t) by appeal to data
Extend the analysis to include radiation as source
M
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