Erhard Scholz

Arthur Stanley
Eddington

In professional circles and beyond the opinion
has prevailed since the 1960s that the universe is
expanding and originated in the so-called big bang.
In this model the general theory of relativity
determines the geometry of space and time in
accordance with fundamental assumptions about
directional independence of the structure of space
(“isotropy”), and with the empirically known

characteristics from astronomy and astrophysics

(cosmological redshift, microwave background

etc). The postulated cosmic space and time struc-
ture can be mathematically specified by four nu-
merical quantities (space-time coordinates); this
system constitutes a (semi-) Riemannian manifold,
as it is called. Remarkably, all current models of
space-time admit a cosmic time parameter ¢: for
every value of ¢ there is a purely spatial section
R in the model, a kind of instantaneous space,
whose points can be considered as marked empiri-
cally by galaxies, quasars, star clusters, stars, etc.

The implied cosmic “simultaneity” is valid only for
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the special observers who follow the mean motion
of the galaxies. Therefore this cosmic time does
not contradict special relativity’s critique of “abso-
lute” time, divorced from relationships in space.
The total spacetime of the cosmos can be viewed
as a continous family of such spatial sections. The
relations between sections characterize the differ-
ent types of cosmological model.

It is simplest to assume that all spatial sections
are geometrically alike and that the special ob-
servers are at rest relative to each other. For ob-
vious reasons one calls these cosmologies static
models. The next simplest hypothesis would be
one where sections are derived from each other
by uniform enlargement or reduction (a similarity
mapping by a t-dependent factor a(t)). In that case
both the distinguished observers and the typical
galaxies approach or recede from each other, ac-
cording as the space sections contract or expand.
Einstein chose to assume constant space sections
in the first relativistic cosmological model he pro-
posed. In this Einstein Universe, as it was later
named after him, he supposed that all space sec-
tions had the geometry of a three-dimensional
sphere of constant radius, that is, of the surface

of a four-dimensional ball. According to the theory
of general relativity this type of cosmological
model could exist only if on the average it were
uniformly filled with matter, a cosmological medi-
um like an ideal gas or an ideal fluid of “constant
mass-energy density.”

Moreover, the gravitational forces exerted by

the distant masses would have to be balanced

by inward-directed forces of the cosmic medium.
The “cosmic fluid” would have to resist without
tearing (or collapsing) when stressed by tension
rather than compression, like certain structural
girders in buildings. This behavior, expressed
mathematically as a negative pressure, seemed
physically impossible to Einstein. He tried to
evade the problem by introducing a hypothetical

“cosmological term” in his gravitational equations.



But this introduced other problems, as noted im-
mediately by Arthur Stanley Eddington. However,
his contemporary Tullio Levi-Civita considered a
cosmological medium resistant to tension a quite
realistic possibility.

At present a different standard model of cosmolo-
gy is widely accepted. Its fundamental idea is the
expansion of spatial sections, each of which sepa-
rately carries a geometry that is nearly the same

as that of Euclidean space (“almost flat” spatial
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ment’s doctrine replaces it by the assumption that
the so-called quantum vacuum, a quantum me-
chanically interpreted “activity of the void,” pro-
duces negative pressure. This is now interpreted
dynamically, as a cause for the expansion of the
spatial sections, and it has time-dependent magni-
tude. Here one works in is a class of models that
depend on two parameters, the relative energy
density of matter and radiation, usually denoted
by ©2m, and the fractional contribution to the en-
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sections). If we think back in cosmic time parame-

ter by about 14 billion years, then the “world” (or,
more accurately, the geometry of the spacetime
model) shrinks to a single point. Near that point
in time - if it existed - conditions must have pre-
vailed that were rather extreme. One speaks of
an “initial singularity” of the standard model, or
in more colorful language, of a “big bang”.

In the standard model Einstein’s cosmological

term reappears in a different guise. The establish-

ergy density by the “vacuum” €2, (here the sub-
script m refers to matter, and the notation A was
originally introduced by Einstein for his “cosmo-
logical term”, and taken over in the new context).
Both of these are relative quantities, specified

by dimensionless numbers.

In connection with the part €, one also speaks of
a dark energy that is supposed to cause expansion

in the spatial sections of the model -even accelerat-

ed expansion, as is frequently emphasized for the
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current model parameters. However, the attribute
“dark” is ambiguous with unintended self-irony.
On the one hand the quantum vacuum is not di-
rectly visible, on the other hand this time depen-
dence of the “dark energy” fraction compared

to the matter content is so peculiar, that it intro-
duces an obscure feature into the model. Even
more irritation arises when one attempts to calcu-
late the amount of “dark energy” from established
quantum field theory. Any such attempt leads to
a totally bizarre result, too large by a factor 10'2C.
The four most important empirical arguments
given for the standard model are the following.

1. Radiation from distant cosmological sources
such as galaxies, quasars, etc. gets to us, the ob-

servers, with a systematically enlarged wave-
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light shifts its color toward the red (cos-
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o ed by the letter z). The greater the dis-

< tance of the light source, the greater the
redshift in the spectrum. For small
distances and shifts the relation is linear,
so the two increase in proportion. This
was found and measured in the late
1920s by Edwin Hubble (Hubble’s law).
One way to explain this is to assume that
the galaxies’ mean positions are fixed

at points of expanding spatial sections.
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0) ed by greater distances. This results in
a redshift of cosmic light sources as it is
observed, analogous to the decreasing
pitch of a receding fire engine’s siren, the
so-called “Doppler Effect.”
2. As distance increases the relation be-
tween distance and redshift is no longer
linear (in proportion). But firm data
about distances of observed objects in
the universe are available only to a limit-
ed extent, because at greater distances such data
always depend on the theory used to evaluate the
observations. In this connection it is very helpful
that astronomers and astrophysicists found a
class of supernovae, very bright combustion pro-
cesses in stars, that all have nearly the same lumi-
nosity due to physical reasons concerning their
interiors. The supernovae that can be most accu-
rately assessed are denoted as “class Ia”, SN Ia for
short. Towards the end of the 1990s two different
projects measured very accurately the depen-
dence in supernovae Ia between the observed
magnitude m (a measure of the relative bright-
ness at the observer) and the corresponding red-
shift z. These measurements provide very good

means to determine the parameters of a cosmolo-


















