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Abstract

Redshift, supernova time dilation, and Tolman surface-brightness dimming are widely cited as ob-
servational evidence for the expansion of space. This paper presents a fixed-substrate framework in 
which these effects are reproduced without invoking metric expansion. A cumulative motion factor 
K(t) is introduced to track the relative state of emitter and observer. Under the assumptions of null 
geodesic propagation and photon number conservation, this framework accounts for the observed 
time-stretch of Type Ia supernovae and the Tolman dimming law. The luminosity-distance relation 
also follows in this approach when the effective motion rate is adopted empirically, demonstrating the 
background-level degeneracy of this model with Friedmann–Robertson–Walker cosmology. The analy-
sis indicates that expansion is not the only possible interpretation of current cosmological background 
observations. Broader issues including the cosmic microwave background, primordial abundances, 
and structure formation are identified as open directions for future work.
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1. Introduction
The interpretation of cosmological redshift has been central to modern cosmology since

Hubble first established a distance–redshift relation in 1929 [6]. Within the standard Fried-
mann–Robertson–Walker (FRW) framework, redshift is attributed to the expansion of space, with
the scale factor a(t) providing a mapping between emission and observation epochs [11,20]. This
view underpins the current concordance cosmology (ΛCDM) and is widely regarded as empirically
secure, supported by supernova time dilation [5], Tolman surface-brightness dimming [8,19], and the
supernova Hubble diagram [13,14]. Alternative frameworks have historically struggled to reproduce
these tests. Tired-light models, first proposed by Zwicky [21], suggested photon energy loss during
transit but failed to account for the observed time-stretch of Type Ia supernovae [1] and the (1 + z)−4

surface-brightness relation confirmed by modern data [15]. Other static cosmologies have been ex-
plored [2,7,10], but these typically misfit one or more of the classical tests and are widely considered
observationally excluded. The prevailing consensus that redshift data uniquely indicate expanding
space has rested on these historical failures.

In this note I present a fixed-substrate framework that reproduces the background-level ob-
servables without invoking metric expansion. A cumulative motion factor K(t) is introduced as a
replacement for the scale factor to track the relative state of emitter and observer. Under the assump-
tions of null geodesic propagation and photon number conservation, this framework yields supernova
time dilation consistent with observations, the Tolman dimming law, and the standard luminosity-
distance relation when the effective motion rate is adopted empirically. Unlike earlier static models,
this framework explicitly reproduces both the observed time-stretch of Type Ia supernovae and the
Tolman dimming law, which have been decisive in excluding tired-light theories. This establishes that
the expansion interpretation is not the only possible explanation of current cosmological background
observations.
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The scope of this paper is intentionally limited. The cumulative motion factor is introduced
empirically rather than derived from fundamental dynamics. Issues such as the cosmic microwave
background, primordial abundances, and the growth of structure remain outside the present discussion.
The purpose here is to demonstrate background-level degeneracy between expansion-based and
fixed-substrate models and to reopen the question of whether expansion is a necessary element of
cosmological interpretation.

2. Core Principle
This section states the postulate, assumptions, and the minimal derivations needed to connect the

framework to background observables. The cumulative motion factor K(t) is introduced at the level of
observables and is used in place of the FRW scale factor for background relations [11,20].

Assumptions (A1–A4)

A1. Photons propagate on null geodesics in a metric theory [11,20].
A2. Photon number is conserved along the beam (no creation or absorption after emission; standard

extinction corrections apply) [11].
A3. Redshift is given observationally by a cumulative motion factor:

1 + z ≡ K(t0)

K(te)
.

A4. Temporal features stretch by the same factor:

∆tobs = (1 + z)∆temit.

Notation

Symbol Meaning
K(t) Cumulative motion factor (background observable mapping)
HK(t) = K̇/K Effective motion rate
E(z) = HK(z)/H0 Normalized rate used in distance integrals
H0 Present value of HK

dL(z) Luminosity distance
dA(z) Angular diameter distance
Semit, Sobs Intrinsic and observed surface brightness
z Redshift
te, t0 Emission and observation cosmic times

2.1. Redshift and Time Dilation

The significance of this result is that time dilation arises automatically once the redshift relation is
specified. No additional assumptions about metric expansion are required. The stretching of temporal
features is a direct observational consequence of the cumulative motion factor. This makes supernova
light-curve broadening a consistency check on the redshift law itself rather than an independent proof
of expanding space. The agreement with Type Ia supernova data therefore demonstrates that the
fixed-substrate framework reproduces one of the classical signatures traditionally cited in favor of
expansion [1,5].

By definition,

1 + z =
λobs
λemit

=
νemit

νobs
.
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Consider two successive emission events separated by ∆temit = 1/νemit at the source. The observed
separation between corresponding wavecrests is

∆tobs =
1

νobs
=

νemit

νobs

1
νemit

= (1 + z)∆temit.

Thus A3 implies A4 directly at the level of observables, which matches the supernova light-curve
stretch measured at high redshift [1,5].

2.2. Surface Brightness and the Tolman Relation

A second classical test of cosmological models concerns the surface brightness of extended sources.
In an expanding framework, the Tolman relation is often regarded as decisive evidence because it
combines the effects of photon energy loss, time dilation, and geometric dilution; However, the relation
can be derived more generally from Etherington’s reciprocity theorem under very weak assumptions.
This makes it a clean test of whether the cumulative motion factor can reproduce one of the strongest
observational arguments for expansion.

Under A1–A2, Etherington’s reciprocity holds:

dL = (1 + z)2 dA,

independently of the dynamical field equations [3,4,20]. For a source with intrinsic surface brightness
Semit = L/(4πA), the observed surface brightness is

Sobs =
F
Ω

=
L/(4πd2

L)

A/d2
A

= Semit
d2

A
d2

L
= Semit (1 + z)−4.

This is the Tolman surface-brightness dimming law. Observational tests find consistency with the
(1 + z)−4 scaling after evolutionary corrections, whereas traditional tired-light models predict weaker
dimming [8,15,19].

2.3. Luminosity Distance and Background Degeneracy

The luminosity distance–redshift relation provides the backbone of modern observational cosmol-
ogy, since it connects measured fluxes of standardizable candles to the geometry of the universe. In
FRW models this relation depends on the scale factor and the Hubble expansion rate, and its empirical
validation with Type Ia supernovae was central to the discovery of cosmic acceleration. To evaluate
whether the fixed-substrate framework can reproduce this cornerstone observable, it is necessary to
restate the distance relation in terms of the cumulative motion factor.

For a spatially flat background, the standard luminosity distance is

dL(z) = (1 + z)
c

H0

∫ z

0

dz′

E(z′)
,

where E(z) = H(z)/H0 in FRW cosmology [11,20]. In the present framework I define HK = K̇/K
and identify E(z) = HK(z)/H0 at the level of the background distance–redshift relation. Adopting
E(z) empirically from distance-calibrated samples reproduces the supernova Hubble diagram, thereby
exhibiting background-level degeneracy with the expansion-based description [13,14]. The present
analysis is limited to this observational mapping; a predictive dynamical law for HK(z) is deferred.

Scope

The results in this section depend only on A1–A4 and standard distance duality. They are
presented as background relations. No claim is made here regarding microphysical mechanisms
for K(t), the cosmic microwave background, primordial abundances, or structure growth; these are
outside the present scope and will be addressed separately [11,20].
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3. Observational Fits
The framework presented in Section 2 reproduces the standard background relations for redshift,

time dilation, surface brightness dimming, and luminosity distance. This section summarizes how
those relations compare with published observational results. The emphasis is on consistency with
established datasets rather than the introduction of new empirical fits.

3.1. Supernova Time Dilation

Type Ia supernovae provide the most direct test of cosmological time dilation because they are
bright, numerous, and have well-calibrated light-curve shapes. In FRW cosmology, the observed
stretching of supernova light curves is often interpreted as a direct manifestation of expanding space.
Within the present framework, the same effect arises automatically from the redshift law without
assuming metric expansion.

Equation (2.1) predicts that temporal features of Type Ia supernovae stretch as

∆tobs = (1 + z)∆temit.

This matches the light-curve broadening observed in high-redshift supernova samples. Goldhaber et
al. [5] first quantified the correlation between light-curve width and redshift, and Blondin et al. [1]
confirmed the same effect spectroscopically. The observed stretch factor is consistent with (1 + z) to
within statistical uncertainty, supporting the validity of the redshift law adopted here.

3.2. Tolman Surface-Brightness Dimming

Surface brightness offers a complementary test to time dilation because it probes how flux and
angular size scale with redshift. In the standard interpretation, the Tolman relation has long been
regarded as one of the strongest pieces of evidence for expanding space, since static alternatives
typically predict weaker dimming. Within the present framework, the same (1 + z)−4 dependence
follows directly from Etherington’s reciprocity theorem, requiring only photon conservation and null
geodesic propagation.

Equation (2.2) yields the Tolman relation

Sobs = Semit(1 + z)−4.

Lubin & Sandage [8] measured surface brightness for first-ranked cluster galaxies and found results
consistent with the predicted scaling once evolutionary effects were accounted for. A later reanalysis
by Sandage [15] reached the same conclusion. The fixed-substrate framework therefore reproduces the
classical dimming law that has been central to ruling out alternative static models.

3.3. Luminosity Distance and Background Degeneracy

The luminosity distance–redshift relation provides the most direct link between observations of
standardizable candles and the large-scale geometry of the universe. Its importance lies in the fact that
it underpins the supernova Hubble diagram, which has become a central tool for measuring cosmic
expansion. Demonstrating that the fixed-substrate framework can reproduce this relation is therefore
essential to establishing its observational equivalence with FRW cosmology.

For a spatially flat background, the standard luminosity distance is

dL(z) = (1 + z)
c

H0

∫ z

0

dz′

E(z′)
,

where E(z) = H(z)/H0 in FRW cosmology [11,20]. In the present framework I define HK = K̇/K
and identify E(z) = HK(z)/H0 at the level of the background distance–redshift relation. Adopting
E(z) empirically from distance-calibrated samples reproduces the supernova Hubble diagram, thereby
exhibiting background-level degeneracy with the expansion-based description [13,14].
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For non-zero spatial curvature, the expression generalizes to

dL(z) = (1 + z) Sk

(
c

H0

∫ z

0

dz′

E(z′)

)
,

where Sk(x) = sin(x) for k > 0, Sk(x) = x for k = 0, and Sk(x) = sinh(x) for k < 0. This leaves the
(1 + z) prefactor unchanged and modifies only the geometric factor. The present analysis is restricted
to the spatially flat case, with curved cases noted here for completeness.

Together, these comparisons show that the fixed-substrate framework is observationally degen-
erate with FRW cosmology for the three classical tests: time dilation, surface-brightness dimming,
and the luminosity-distance relation. Expansion is therefore not uniquely required to account for
current background observations. The framework is explicitly limited to this degeneracy result, with
dynamical predictions and microphysics left for future work.

4. Distinguishing Features
The fixed-substrate framework is mathematically degenerate with FRW cosmology at the level of

background observables, but its physical interpretation is distinct. In the standard picture, cosmological
redshift, time dilation, and surface brightness dimming are understood as direct consequences of an
expanding metric. Here these same relations follow from the cumulative motion factor K(t) applied to
a substrate that remains fixed in extent. One way to visualize this difference is through the analogy of
a flexible boundary or bubble subject to external gravitational pressure. Galaxies move through this
substrate, and large-scale flexing of the boundary produces systematic drift without requiring that
space itself expand. In schematic terms, a displacement ∆R of the substrate can be expressed as

∆R ∝
Fext

σsubstrate
,

where Fext represents an applied external pressure and σsubstrate an effective stiffness of the boundary.
This expression is illustrative only, showing how flex may be represented without claiming a full
dynamical derivation.

The second distinguishing feature is logical clarity. Expansion is revealed not as a direct empirical
fact, but as an interpretation imposed on data. The analysis of Sections 2 and 3 demonstrates that
redshift, supernova time dilation, the Tolman dimming law, and the supernova Hubble diagram all
follow from K(t) without invoking an expanding metric. This shows that the expansion of space is
not a uniquely required conclusion of background cosmology. Earlier alternatives, such as Milne’s
kinematic model [9] and tired-light hypotheses [12,21], failed to reproduce all three classical tests
simultaneously, but the present framework avoids those shortcomings by construction while remaining
limited in scope.

These distinguishing features, substrate flex under external pressure and the separation of mathe-
matical equivalence from physical interpretation, establish that a fixed-universe framework is both
observationally viable and conceptually coherent, even while further dynamical and microphysical
developments remain open for future work.

5. Limitations and Future Work
The present analysis is restricted to background-level observations. The equivalence established

in Sections 2 and 3 applies to redshift, time dilation, surface-brightness dimming, and the luminosity-
distance relation, but it does not extend to the full set of cosmological observables. Several areas
remain open for future development.

First, the cosmic microwave background presents a stringent test for any framework. The
observed blackbody spectrum and its anisotropy structure have been successfully modeled within
the expanding-space paradigm [11,20]. Extending the fixed-substrate framework to explain CMB
thermalization and anisotropies remains an open challenge.
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Second, the abundances of light elements produced in the early universe are usually explained
through big-bang nucleosynthesis [16,18]. A fixed-substrate framework would require either an
alternative nucleosynthetic history or a reinterpretation of those results, which is beyond the scope of
the present note.

Third, the growth of cosmic structure over time provides a set of constraints on both geometry
and dynamics [17]. The current framework has not been extended to address structure formation,
clustering statistics, or large-scale simulations.

These limitations do not constitute failures but define directions for further study. The present
work is therefore best understood as a background-level demonstration of observational equivalence,
with more detailed dynamical and microphysical modeling reserved for future work.

6. Conclusion
The analysis presented here has shown that the fixed-substrate framework reproduces the three

classical background relations of cosmology. Supernova time dilation, Tolman surface-brightness
dimming, and the luminosity-distance relation. Each follows directly from the cumulative motion
factor K(t) without invoking metric expansion. Expansion is therefore not uniquely required to account
for current background observations. The present result is intentionally limited in scope. It does not
address the cosmic microwave background, light-element abundances, or structure formation, which
remain open challenges. At the level of background cosmology, however, the framework demonstrates
that expansion should be regarded as an interpretation rather than an empirical necessity.

The significance of this finding is methodological as well as physical. By establishing that the
standard background tests do not uniquely favor an expanding universe, the analysis reopens the
possibility of fixed-universe models as mathematically consistent alternatives. Future work will
be required to determine whether such models can be extended to a complete cosmology, but the
present note establishes the logical and observational foundation for that possibility. The novelty lies
in demonstrating that observational tests traditionally taken as proof of expansion are empirically
degenerate with a fixed-substrate interpretation, not in re-deriving FRW mathematics.

Conflicts of Interest: The author declares no conflicts of interest. No outside funding was provided.
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