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Introduction

The current, main paradigm for cosmology suggests that the universe is expanding. Space is being stretched and material within
this space is supposed to be drifted along, which explains the observed accelerated increase of distance between galaxies [1,2]. The
size of the universe however is not determined with respect to external quantities, but with respect to its internal context. Therefore,
the observed increase of galaxies’ distance implies that implicit properties of the universe itself are evolving. In the next section
we shall propose that these evolving implicit properties of the universe are the fundamental length and time scales. This evolution
is equivalent to an expanding universe. In the last section we further discuss our inspection.

Shrinking space

We shall show that the static de Sitter space is equivalent to a dark energy universe undergoing exponential expansion. The
coordinate transformation that relates the two space times allows us to interpret the expanding space in the dark energy universe as
a shrinking space in the equivalent static de Sitter description.

Let us write the static de Sitter metric in the spherical coordinates (R, T)
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where rH is a constant, with units of length, equal to the cosmological horizon radius. Consider the coordinate transformation (R,
T) < (r, t), suggested by Lemaitre [3] and Robertson [4],
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and equivalently
R(t,r) = a(t)r, (4)
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For an, as yet, undetermined function a(t). The significance of this transformation in transforming an expanding FLRW universe
to a static de-Sitter space was emphasized by Tolman (Figure 1) [5].

SHRINKING SPACE ExpanDING SPACE

L | —

R —f—=

- -

—_—

R — R

- 0 -

- 0 -

(a) The scale r is decreasing, the distance R is constant. (b) The distance R is increasing, the scale r is constant.

FIG. 1. Both panels describe the same universe in two different, equivalent perspectives. The left panel corresponds to the
LRT-coordinates and the right panel to the FLRW-coordinates. In both pictures r denotes the length scale and R the
distance between galaxies. Time is increasing downwards, so that the same row denotes the same instant of time in the two
panels. In the left panel, depicting the “Shrinking Space”, the distance R is constant and the length scale r is decreasing,
equation. In the right panel, depicting the “Expanding Space”, the distance R is increasing and the scale r is constant,
equation. In both cases the ratio R/r is the same at each instant of time.

Here the transformations (2)-(3) or (4)-(5), the LRT-tranformation (Lemaitre, Robertson, Tolman), and the coordinate system (R,
T), the LRT-coordinates. We find that for
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the metric (1) becomes
ds® = —c2dt® + a(1)*(dr?® + r2dQ?). (7)

This is exactly the FLRW solution for a spatially flat dark energy universe. It gives
a(t) = age™’, (8)

where H is the Hubble constant. The curvature RdS of de-Sitter space (1) is straightforward calculated to equal
)
Ras = = (9)
"n

This is identical with the FLRW curvature, provided (6) holds

6 (d a* H?
Rr F==— =4 — Zfi—,Z'RL‘. 10
FLRW = — (n ﬂ2) = ds (10)
Given the transformation (2), (3), (6), the topology of the spaces (1) and (7) is identical. The LRT-transformation (4)-(5) modifies
the dynamic FLRW metric (7) to a static solution and vice versa. In the FLRW-coordinates, the quantity R, Equation. (4), is

interpreted as the ever growing distance between objects with respect to t, due to the increasing scale factor a(t), for a constant
length scale 7.

Let us interpret the LRT-coordinates. Since in these coordinates, as in equation (1), R is constant, how is it possible for the space

to be expanding? If in equation r(T, R) = R/a(t(T, R)) one considers that R — the distance between objects in the FLRW-space — is
constant, then it is the quantity r that it is changing with respect to time T perceived by an LRT-observer. It is decreasing as

(11)

Description

In the LRT-coordinates the space is shrinking approaching finer and finer scales, like the unit of length-scale getting smaller and
smaller. This is experienced as growing distance between objects and is depicted in Figure 1. We shall discuss further the meaning
of approaching finer and finer scales in the next section. All of the above were meant to demonstrate the shift of perception from
an expanding space to a shrinking space. The equivalent metrics (1), (6)-(7) are believed to be good approximation of the initial
moments of our universe, namely the early inflation era, when the universe is assumed to be undergoing (nearly exact) exponential
expansion. When matter, dark or luminous, is considered then H=H(t) # const. and the metric (7) is no longer isomorphic to a static
metric, even in the dark energy dominated era. The transformations (2), (3), will leave time-dependent components in the metric.
Nevertheless, the transformation (2) may still be interpreted as a length-scale time dependence implying shrinking of space. It is
just that, now time may also be affected and also that the effect of the length-rescaling on matter has to be taken into account and
calculated. In fact, Wetterich [6] has already performed a similar task. He discovered a model in which the universe expansion, at
all stages, arises exactly because of the time evolution of fundamental length and mass scales, that is perceived as shrinking of
matter. Finally, we remark that the conformal time n.
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d,r'} = ﬂ (12)
a

transforms the FLRW metric, spatially flat or not,
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to a conformally static metric
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for any a(t). The scale factor is transformed to a conformal factor. This hints that cosmological expansion is also related to a
shrinking of fundamental time intervals given by (12).

The shift in perspective proposed in this work is directly analogous to shifting from a geocentric to a heliocentric perspective. In
both cases there is a change of coordinate systems involved. A galaxy-based coordinate system suggests the expanding space
perspective. However, in the equivalent coordinate system (1) in which space is static, it seems as though galaxies are still, their
in-between space appearing to increase because of a decrease of the fundamental length-scale.

One may wonder what does it mean for the length-scale to decrease or as we mentioned for matter to probe finer and finer scales.
This question and the shift of perspective we propose does not only have philosophical implications, but also practical consequences
as well pointing towards certain type of physical theories. In particular, a “cosmological black hole”, which describes the interior
of an astrophysical black hole as a static dark energy universe (de Sitter) [7,8] with a common dual cosmological-black hole event
horizon fits excellently to the shrinking space scenario. The quantity rH in (1) is then identified both with the cosmological horizon
radius and the black hole horizon radius

where pA is the dark energy density, M« the corresponding black hole mass and H the Hubble constant. In this case, the static
coordinate system (1) corresponds to a dark energy universe that is perceived as a black hole by an observer in another universe
which hosts the descendant universe, namely the, so called, cosmological black hole predicted in [7,8]. The shrinking space
interpretation fits also well to earlier ideas of a universe hosted inside a black hole [9-13], even though in these cases the black
hole and cosmological horizons do not coincide. In addition, the shrinking space interpretation applies well to holographic universe
scenarios [14-16]. In all of the aforementioned cases, the universe is supposed to be contained in some form of a static screen,
being either a cosmological holographic screen or an event horizon. Space and time may emerge from information processing, in
a similar manner that the volume of a black hole grows while the horizon area is constant [17] or entanglement entropy and
holographic complexity grow on a horizon [18-20].

Conclusion

Cosmological expansion is in our view a manifestation of some information processes of underlying degrees of freedom. For
example, growing of complexity of the fundamental degrees of freedom can cause the derivative, emergent degrees of freedom like
space and time, to alter their perceived size if complexity in the fundamental reality describes the amount of available state
configurations in the emergent reality. In other words, some information processes (e.g. growth of complexity) in the fundamental
reality generates more room for action in the derivative, emergent reality, as perceived by the emergent universe inhabitans. In this
sense universe expansion corresponds to a shrinking spacetime.
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