
Article Not peer-reviewed version

The Hubble Sphere Radiation Pressure

Law is Consistent With the

Cosmological Redshift z = Sqrt(

R_H/R_t) − 1

Espen Haug *

Posted Date: 7 February 2025

doi: 10.20944/preprints202502.0500.v1

Keywords: Cosmological redshift; Ideal gas law; Hubble sphere; Hubble pressure law; Ideal gass constant

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/562350


Article

The Hubble Sphere Radiation Pressure Law is
Consistent With the Cosmological Redshift
z =

√
RH
Rt

− 1
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Abstract: Haug and Wojnow [1] have recently demonstrated that there exists a law for the Hubble
sphere very similar to the Ideal Gas Law, which they have called the Hubble Sphere Radiation Pressure

Law. In this paper, we will demonstrate that the Haug and Tatum cosmological redshift: z =
√

RH
RH,t

− 1
can be derived from their framework.
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1. Introduction
Haug and Wojnow [1] have demonstrated a law similar to the ideal gass law is consistent with

the Hubble sphere in certain subgroups of RH = ct cosmology, their Hubble pressure law is given by:

Pc,tVHt = nHt RTt = NHt kbTt (1)

where R is the ideal gas constant, Pc,t =
3H2

t c2

8πG is Hubble radiation pressure. VHt =
4
3 πR3

H,t =
4
3 π c3

H3
t

is

the Hubble sphere volume. Further, NH,t =
Ec

Ecmb
, where Ec =

c5

2GHt
is the critical Friedmann energy and

Ecmb,t = kbTt is the energy of the CMB temperature at time t. Also, we follow the RH,t = ct principle,
where then Ht =

1
t . Further, nH,t =

NH,t
NA

, where NA is Avogadro’s constant.
Further, Haug and Wojnow have demonstrated that in RH,t = ct black hole cosmology, we obtain

consistency with the CMB temperature formula: T0 =
Tp
8π

√
2lp

RH,t
, where Tp = 1

kb

√
h̄c5

G =
mpc2

kb
is the

Planck [2,3] temperature, and lp =
√

Gh̄
c3 is the Planck length (see [4–7] for the CMB temperature

formula itself). This CMB temperature formula can predict the CMB temperature at present, something
the Λ-CDM model cannot do. This leads to the following relation to the ideal gas constant:

R =
mass × length2

amount × temperature × time2 =
Mc,t × R2

t
nH × Tt × t2

t
(2)

where Mc,t =
c3

2GHt
is the critical mass, RH,t =

c
Ht

is the Hubble radius and tH,t =
1

Ht
is the Hubble

time, and nH =
Mc,tc2

Ecmb
=

Mc,t
mcmb

, where Ecmb = kbTt, this all in a universe where we have RH,t = ct, so
we get:
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R =
Mc,t × R2

H,t

nH × Tt × t2
H,t

R =

c3

2GHt
× c2

H2
t

NH
NA

× Tt × 1
H2

t

1 =
c5

2GHt

NH
R

NA
Tt

1 =
Et

Et
Ecmb,t

kbTt

1 =
Ecmb,t

kbTt
(3)

Next we take advantage of the observed relation that we have Tt = T0(1 + z) see [8–10]. So replacing
Tt with T0(1 + z) we get:

1 =
Ecmb,t

kbT0(1 + z)

z =
Ecmb,t

Ecmb,0
− 1 (4)

Further Ecmb,0 = kbT0 =
Ep
8π

√
2lp

RH,0
and Ecmb,t = kbTt =

Ep
8π

√
2lp

RH,t
, where Ep =

√
h̄c5

G is the Planck

energy, this leads to:

z =

Ep
8π

√
2lp

RH,t

Ep
8π

√
2lp

RH,0

− 1

z =

√
RH
RH,t

− 1 (5)

Which is the cosmological redshift first presented by Haug and Tatum [11], which they have demon-
strated can be used to match the full distance ladder of SN Ia with a single value of H0. In other words,
it has been used to resolve the Hubble tension. This paper also demonstrates that their redshift is fully
consistent with the Hubble sphere radiation pressure law presented by Haug and Wojnow.

2. Conclusions
We have demonstrated that the Hubble sphere radiation pressure law, which is linked to the ideal

gas law, is consistent with the cosmological redshift of Haug and Tatum: z =
√

RH
RH,t

− 1, and that this
is yet another important piece falling into place in the development of RH,t = ct cosmology. Black
hole RH,t = ct cosmology seems robust in addition to outperforming the Λ-CDM model on a series of
points (see [12]).
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