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Abstract

In this paper, the cosmological model that was introduced in a sequence
of three earlier papers under the title A Dust Universe Solution to the Dark
Energy Problem is used make a more detailed study of the role of dark energy
mass as a conserved with time substance that permeates the expanding
universe. It shown that if dark energy is to be conserved over all time it
has to satisfy the cosmological vacuum polarisation equation over the pre-
singularity range of contraction and the post-singularity range of expansion
in order for it to remain in a self mechanical equilibrium inside and outside
the boundary of the expanding universe and so be able to be always and
everywhere permeable to the positive gravity dark mass and visible mass
material within the universe.
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1 Introduction

The work to be described in this paper is an application of the cosmologi-
cal model introduced in the papers A Dust Universe Solution to the Dark
Energy Problem [23], Existence of Negative Gravity Material. Identification
of Dark Energy [24] and Thermodynamics of a Dust Universe [32]. The
conclusions arrived at in those papers was that the dark energy substance
is physical material with a positive density, as is usual, but with a neg-
ative gravity, -G, characteristic and is twice as abundant as has usually
been considered to be the case. References to equations in those papers
will be prefaced with the letter A, B and C respectively. The work in A,
B and C, and the application here have origins in the studies of Einstein’s
general relativity in the Friedman equations context to be found in ref-
erences ([16],[22],[21],[20],[19],]18],[4],[23]) and similarly motivated work in
references ([10],[9],[8],[7],[5]) and ([12],[13],[14],[15],[7],[25],[3]). Other useful
sources of information are ([17],[3],[30],[27],[29],[28]) with the measurement
essentials coming from references ([1],[2],[11]). Further references will be
mentioned as necessary. The application of the cosmological model intro-
duced in the papers A [23], B,[24] and C [32], in paper E, ([36]), is to the
extensively discussed and analysed Cosmological Coincidence Problem. In
the paper D, [34], it was shown that the quantum vacuum polarisation idea
can be seen to play a central role in the Friedman dust universe model in-
troduced by the author. An essential part of that role involves the relations
between three pressures at the boundary of the expanding universe. In par-
ticular of fundamental importance is a relation between pressure from the
CM B, Pr, pressure from all the rest of the universe which is not CM B and
not dark energy, Pa, and pressure from dark energy itself, Py. This relation
takes the form

Pr = Pa+ Py (11)
Py = Ppawn = —c?pa
wpA = —1.

Equation together with equation ([1.3)) is the well known specification
implying negative pressure, P,, from the dark energy density in the Ein-
stein form py = Ac?/(87@). In earlier work, I have referred to the equation
as representing a mechanical equilibrium between the I' field and the
A and A fields combined. I now think that designation while remaining
formally correct should be presented with a changed interpretation because



of the negative pressure associated with the dark energy field, A, field. In
the usual specification of a mechanical equilibrium two pressures P, = Py
are said to be equal where there is no complication of possible negative
parts for either of them. Pressures on either side of a boundary between
non-miscible liquids for example are said to be in mechanical equilibrium
if the boundary is not accelerating. In such a case, although the pressures
act at the boundary in opposite directions they are both taken as positive.
Mechanical equilibrium in thermodynamics is a very contentious area of re-
search so that my explanation in this context is very minimal. As a result
of these complications it is desirable to express equation in the alter-
native form using a modulus sign, | |. The term boundary of the universe
at time ¢ refers to a conceptual sphere of radius given by the function ()

defined earlier (A).

Pr = Pax— |Py| (1.4)
Py = PF+’PA|. (15)

In this form, all the pressures are expressed as positive quantities and the
mechanical equilibrium between these three field can now be more safely
reinterpreted as a mechanical equilibrium between the A field and the A
and I' fields combined. This version of the equilibrium condition at the
boundary of the expanding universe makes good sense physically for at least
two reasons. The first reason is that dark energy material exists on both
sides of the expanding boundary of the universe so the £|P,| versions refer
to the pressure direction on the boundary from dark energy material on one
side or the other, whilst the gravitational pressure, Pa, is directed towards
the material within the universe and so, on the boundary, is only effectively
equivalent to a positive pressure towards the centre of expansion. This last
property is a well-known result originating from Newtonian gravitational
theory. Taking the total pressure, P, in the Friedman equations as positive
is a rather anomalous convention which has caused much confusion which I
attempt here to unravel. The second reason is that the form rearranged
as in (|1.6))

Py = —|P\|=P.—Pa (1.6)
P(t) = +Po+Py=Palt)—Pr(t)+PA=0Vt (1.7)

clearly expresses the physics of the equilibrium condition. It is that the
negative outward pressure P, that would be exerted on the boundary from
the dark energy inside the universe is equal to the difference of the outward



CM B pressure, Pr, less the inward pressure Pa exerted on the universe
boundary from within by the positive G or normal gravitating material
within the universe. The equations and firmly identify both the
pressure P, and the mass density pp of the dark energy as coming from
the quantities Pr and Pa both defined with meanings within the universe.
Elsewhere, I have expressed the equation using the PEID form which
explains it in terms of the mass densities, I'(t), A(t) rather than the equiv-
alent pressures,

pn = At)-T(1). (1.8)
Gpr = GLA(t) +G_T(t) (1.9)
G. = +G (1.10)
G. = —G. (1.11)

The equation uses to bring us back to the total pressure P()
which as indicated is identically zero for all ¢ and so indicates that the whole
history of the universe in this model is that of a dust universe. Clearly then
the total pressure P(t) cannot be responsible for the acceleration. This
conclusion agrees with what was noted earlier that the acceleration is accu-
rately determined by a generalisation of the Newtonian gravitation theory
only involving adding to the inverses square law a linear law term involving
Einstein’s cosmological constant A. The realisation that the various pres-
sures that we have been discussing earlier do not determine the dynamical
behaviour of the system generates the question, what is this complicated
pressure structure all about?

The immediate answer to the question at the end of the last paragraph
is that the pressure structure that derives from the equilibrium relation
between the three pressures, Py, Pn and Pr generates the important rela-
tion, or . This relation shows that within the spherical volume of
the universe the constant valued dark energy density, pa, is determined by
the dark mass dominated quantity pair A(t) and I'(¢). I emphasise within
because both these quantities are part of the constant space and time con-
served energy of the universe, My. However, the space-time constant dark
energy mass density pa, by initial assumption, exists everywhere in the uni-
verse’s enveloping space with the same definite numerical value outside as
inside. Thus the following subsidiary question presents itself: If the dark
energy density inside the universe is given by in terms of the inter-
nal constituents, A and I', how is it that outside the universe involving
regions which will not have been reached by the internal constituents of



the expanding universe, the dark energy density p, exist in its own right by
assumption, with the same constant value as inside and apparently not gen-
erated by any internal influence? The unique character of this model does
allow a satisfactory answer to this question which depends on the model’s
strict conformance to the principle of conservation of energy in contrast
with the standard big bang model. This model involves two basic positive
types of mass defined by their gravitational character, which is determined
by whether the mass appears in the theory multiplied with G, = +G or

_ = —@, where the gravitational constant G is always constant, G > 0.
Dark mass and normal mass belongs to the G, category and dark energy
belongs to the G_ category. An important way in which this model differs
from the big bang type universe is that the beginning of time in this theory,
rather than occurring at time ¢ = 0, occurs at time ¢t = —oo and the end of
time occurs at t = +o0o. This can be interpreted as this universe lasts for
ever. The reader may prefer to regard this infinite time scale as just one
out of a possible infinite number of infinite contiguous periodic time scales
and so reinforcing the lasting for ever concept. This last extension can be
usefully incorporated in the theory, see paper (C). Let us now consider the
situation at and after the start of time taken as t = —oo + ¢, t. &~ +|0] at
this stage the radius of the universe is infinitely large, r(—oo +t.), and will
decrease with advancing time. In other words, near the beginning of time
the universe is a sphere occupying almost the whole of hyperspace and so
the internal generating dark energy process is operative almost every-
where in hyper space. It follows that the universe is full of the dark energy
density pa, though this density is itself small it adds up in total over the
whole universe volume to a very large amount of dark energy mass. The uni-
verse also contains a much smaller density value, p(—oo + t.), of conserved
positive gravitational mass, M, so that p(—oo + t)Vy(—oo + t.) = My.
This conserved mass contains the mass of the universe that we see. The
basic assumption in this model is that dark energy density, pa(t), exists
everywhere and at all time so that if the radius of the universe at t = —o0
is infinite and if the space is flat Euclidean then the universe has no outside
and takes in all the hyper-universe so that all the dark energy is enclosed.
After the small time elapse, t., the universe will have acquired a small out-
side volume and a slightly smaller inside volume than it had initially. It
follows that in principle there are two types of simple likely possibilities.
Firstly, the contracting universe leaves no dark energy density outside as
it evolves in time and keeps the original value inside at the same value as



given by formula . Secondly, as it evolves in time it leaves outside suffi-
cient dark energy density to keep to the uniform constant density condition
everywhere and so keeping the dark energy density inside at the same value
given by formula ((1.8) as outside. The first option means that the dark
energy within the universe would decrease with decreasing volume conse-
quently losing density to no recognisable sink and so implying dark energy
is not conserved. This would also violate the assumption that dark energy
density is constant everywhere and at all time. Thus we are left with only
the second possibility and consequently the actual scenario has to be that
as the universe contracts the internal pressure process described by the in-
ternal A and I fields precipitates the right amount of dark energy material
outside in the space produce by the contracting universe. This process will
continue for all time and, in particular, past the singularity at ¢ = 0 when
the volume is zero. Thus after the singularity, when the universe is in an
expanding mode, it will encounter the pre-singularity dark energy density
outside its boundaries precipitated in its contracting mode. Thus the main
role of formula is to keep the conserved and bounded dark mass within
the universe freely permeable to or non interacting with the dark energy in
which it swims by maintaining the self mechanical equilibrium of the dark
mass density in the form,

PA,in = PA,out (112)
PA,in = PA,out) (113)

where P, ;, is the dark energy pressure just inside the boundary and P, 4, is
the dark energy pressure just outside the boundary of the universe. Equa-
tion gives the same condition in terms of densities. All this sug-
gests that the dark energy density, although pressure identified, has also to
be taken seriously as a genuine mass density. It also shows that the pre-
singularity negative time phase is a necessary adjunct to making sense of
this theory. The conclusion associated with this section is that the formula
together with the full time history of this model assures that dark
energy and dark mass are both conserved over all time. The above argu-
ment is not meant to be mathematically rigorous but rather a plausibility
construction. No doubt the reader can think of various improvements.

Acknowledgements

[ 'am greatly indebted to Professors Clive Kilmister and Wolfgang Rindler
for help, encouragement and inspiration over many years.



References

[1] R. A. Knop et al. arxiv.org/abs/astro-ph/0309368
New Constraints on €2, 24 and w from
an independent Set (Hubble) of Eleven High-Redshift
Supernovae, Observed with HST

[2] Adam G. Riess et al xxx.lanl.gov/abs/astro-ph/0402512
Type 1la Supernovae Discoveries at z > 1
From The Hubble Space Telescope: Evidence for Past
Deceleration and constraints on Dark energy Evolution

[3] Berry 1978, Principles of cosmology and gravitation, CUP

[4] Gilson, J.G. 1991, Oscillations of a Polarizable Vacuum,
Journal of Applied Mathematics and Stochastic Analysis,
4, 11, 95-110.

[5] Gilson, J.G. 1994, Vacuum Polarisation and
The Fine Structure Constant, Speculations in Science
and Technology , 17, 3 , 201-204.

[6] Gilson, J.G. 1996, Calculating the fine structure constant,
Physics Essays, 9 , 2 June, 342-353.

[7] Eddington, A.S. 1946, Fundamental Theory, Cambridge
University Press.

[8] Kilmister, C.W. 1992, Philosophica, 50, 55.

[9] Bastin, T., Kilmister, C. W. 1995, Combinatorial Physics
World Scientific Ltd.

[10] Kilmister, C. W. 1994 | Eddington’s search for a Fundamental
Theory, CUP.

[11] Peter, J. Mohr, Barry, N. Taylor, 1998,
Recommended Values of the fundamental Physical Constants,
Journal of Physical and Chemical Reference Data, AIP

[12] Gilson, J. G. 1997, Relativistic Wave Packing
and Quantization, Speculations in Science and Technology,
20 Number 1, March, 21-31


http://arxiv.org/abs/astro-ph/0309368
http://xxx.lanl.gov/abs/astro-ph/0402512

[13] Dirac, P. A. M. 1931, Proc. R. Soc. London, A133, 60.

[14] Gilson, J.G. 2007, www.fine-structure-constant.org
The fine structure constant

[15] McPherson R., Stoney Scale and Large Number
Co-incidences, to be published in Apeiron, 2007

[16] Rindler, W. 2006, Relativity: Special, General
and Cosmological, Second Edition, Oxford University Press

[17] Misner, C. W.; Thorne, K. S.; and Wheeler, J. A. 1973,

Gravitation, Boston, San Francisco, CA: W. H. Freeman

[18] J. G. Gilson, 2004,
Mach’s Principle 11

[19] J. G. Gilson, A Sketch for a Quantum Theory of Gravity:
Rest Mass Induced by Graviton Motion, May/June 2006,
Vol. 17, No. 3, Galilean Electrodynamics

[20] J. G. Gilson, arxiv.org/PS_cache/physics/pdf/0411/0411085v2.pdf
A Sketch for a Quantum Theory of Gravity:
Rest Mass Induced by Graviton Motion

[21] J. G. Gilson, arxiv.org/PS_cache/physics/pdf/0504/0504106v1.pdf
Dirac’s Large Number Hypothesis
and Quantized Friedman Cosmologies

[22] Narlikar, J. V., 1993, Introduction to Cosmology, CUP

[23] Gilson, J.G. 2005, A Dust Universe Solution to the Dark Energy
Problem, To be published in Ether, Spacetime and Cosmology,
PIRT publications, 2007,
arxiv.org/PS_cache/physics/pdf/0512/0512166v2.pdf

[24] Gilson, PIRT Conference 2006, Existence of Negative Gravity
Material, Identification of Dark Energy,
arxiv.org/abs/physics/0603226

[25] G. Lemaitre, Ann. Soc. Sci. de Bruxelles
Vol. A47, 49, 1927

[26] Ronald J. Adler, James D. Bjorken and James M. Overduin 2005,
Finite cosmology and a CMB cold spot, SLAC-PUB-11778


http://www.fine-structure-constant.org/
http://arxiv.org/PS_cache/physics/pdf/0409/0409010.pdf
http://arxiv.org/PS_cache/physics/pdf/0411/0411085v2.pdf
http://arxiv.org/PS_cache/physics/pdf/0504/0504106v1.pdf
http://arxiv.org/PS_cache/physics/pdf/0512/0512166v2.pdf
http://arxiv.org/abs/physics/0603226
http://www.arxiv.org/abs/gr-qc/0602102

[27] Mandl, F., 1980, Statistical Physics, John Wiley

[28] Rizvi 2005, Lecture 25, PHY-302,
http://hepwww.ph.qmw.ac.uk/~rizvi/npa/NPA-25.pdf

[29] Nicolay J. Hammer, 2006
http://www.mpa-garching.mpg.de/lectures/ ADSEM /SS06_Hammer.pdf

[30] E. M. Purcell, R. V. Pound, 1951, Phys. Rev.,81, 279

[31] Gilson J. G., 2006, www.maths.qmul.ac.uk/~ jgg/darkenergy.pdf
Presentation to PIRT Conference 2006

[32] Gilson J. G., | arxiv.org/abs/physics/0701286
[33] Beck, C., Mackey, M. C. http://xxx.arxiv.org/abs/astro-ph/0406504

[34] Gilson J. G., 2007, Reconciliation of Zero-Point and Dark Energies in
a Friedman Dust Universe with Einstein’s Lambda

[35] Rudnick L. et al, 2007, WMP Cold Spot, Apj in press

[36] Gilson J. G., 2007, Cosmological Coincidence and Dark Mass
Problems in Einstein Universe and Friedman Dust
Universe with Einstein’s Lambda, PIRT publications, 2008
To be published in Ether, Spacetime and Cosmology


http://hepwww.ph.qmw.ac.uk/~rizvi/npa/NPA-25.pdf
http://www.mpa-garching.mpg.de/lectures/ADSEM/SS06_Hammer.pdf
http://www.maths.qmul.ac.uk/~jgg/darkenergy.pdf
http://arxiv.org/abs/physics/0701286
http://xxx.arxiv.org/abs/astro-ph/0406504
http://arxiv.org/abs/0704.2998
http://arxiv.org/abs/0704.2998
http://arxiv.org/abs/0704.0908v2
http://arxiv.org/abs/0705.2872

	Introduction

