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Article

Thermodynamic Cosmology from the CMB
Temperature and the Planck Temperature and The
Relation to Quantum Cosmology

Espen Gaarder Haug

Norwegian University of Life Sciences and Tempus Gravitational Laboratory, 1433 Ås, Norway; espenhaug@mac.com

Abstract: In this paper, we demonstrate that, in RH = ct cosmology, a wide range of cosmological parameters and

properties can be expressed simply as functions of the CMB temperature relative to the Planck temperature, as

well as the Hawking temperature relative to the CMB temperature. This approach offers a novel framework for

studying the thermodynamics of the cosmos within black hole cosmology. Notably, it enhances the precision of

predictions and introduces a minimum acceleration associated with a mass gap, which may provide a plausible

explanation for galaxy rotation curves.

Keywords: Hubble sphere; Hubble geometry; Hubble sphere properties; CMB temperature; Hawking temperature;

Planck temperature

1. CMB Temperature from the Stefan-Boltzman Law

Haug and Wojnow [1,2] have demonstrated that, from the Stefan-Boltzmann [3,4] law, when
assuming Rh = ct cosmology, one can derive the following equation for the CMB temperature:

T0 =
Tp

8π

√
2lp

Rh
(1)

where Rh = c
H0

is the Hubble radius. This can also be written as T0 =
Tp
8π

√
2lp H0

c =
Tp
8π

√
2tp H0,

where lp is the Planck [5,6] length, tp is the Planck time, and Tp = 1
kb

√
h̄c5

G =
mpc2

kb
=

Ep
kb

is the Planck
temperature, with kb being the Boltzmann constant.

The importance of deriving the CMB temperature from the Stefan-Boltzmann law becomes clear
when one understands that the CMB is an almost perfect black body and that the Stefan-Boltzmann
law is valid only for systems close to perfect black bodies. Muller et al. [7] point out:

“Observations with the COBE satellite have demonstrated that the CMB corresponds to a nearly
perfect black body characterized by a temperature T0 at z = 0, which is measured with very high
accuracy, T0 = 2.72548 ± 0.00057K."

The equation derived by Haug and Wojnow from the Stefan-Boltzmann law has also been shown
to be fully consistent with a CMB formula suggested heuristically by Tatum et al. [8]. Additionally, the
same CMB formula has recently been demonstrated to be derivable using a geometric mean approach
by Haug and Tatum [9], as well as an approach involving quantized bending of light [10].

Equation (1) is valid for any previous cosmic epoch in an Rh = ct universe and is expressed in its
more general form as:

T0 =
Tp

8π

√
2lp

Rt
=

Tp

8π

√
2tpHt (2)

where the Hubble radius RH = Rt = c
Ht

or the time dependent Hubble parameter: Ht is the only
time-dependent parameter that follows the Rt = ct principle (see [11–16] ). This implies that the
universe either expanded only at the speed of light or that we could be living in a steady-state black

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 December 2024 doi:10.20944/preprints202412.1536.v1

©  2024 by the author(s). Distributed under a Creative Commons CC BY license.

https://orcid.org/0000-0001-5712-6091
https://doi.org/10.20944/preprints202412.1536.v1
http://creativecommons.org/licenses/by/4.0/


2 of 9

hole universe, where light signals inside the sphere relative to us adhere to the Rt = ct principle.
Simply put, photons cannot travel faster than the well-known speed of light, c. The idea that the
Hubble sphere could be a gigantic black hole is not new and have been suggested at least since 1972
by Pathria [17] and the idea of a black hole universe is actively discussed to this day (see [18–22]).
The hypothesis of black hole universe is clearly much less popular than the Λ-CDM model, but it in
our view deserved further investigation. It is first when the different hypothesis of the universe is
extensively explored one can truly compare the different models in great detail.

2. Thermodynamic Cosmology from the CMB Temperature and the Planck Temperature

The Friedmann [23] equation is given by:

H2
0 =

8πGρc + Λc2

3
− k2c2

3
(3)

In the case of the critical Friedmann equation under flat space (k = 0), we have:

H2
0 =

8πGρc

3
(4)

where ρc =
Mc

4
3 πR3

H
= 3H0

8πG is the critical Friedmann density.

As H0 = 32π2 fp
T2

0
T2

p
, where fp = c

lp
is the Planck frquency, we can replace H0 in the Friedmann

equation, resulting in:

T4
0 =

Gρct2
pT4

p

384π3

T4
0 =

l4
pcρcT4

p

h̄384π3

T4
0 =

ρcT4
p

mp
4
3 πl3

p
512π4

T4
0 = T4

p
ρc

512π4ρp
(5)

where ρp =
mp
4
3 l3

p
is the Planck mass density for a Planck sphere. Often the Planck density is for simplicty

defined as a Planck cube mp

l3
p

see Unnikrishnan and Gillies [24], but since we are working with black

holes and as we will see the spherical Schwarzschild metric sphere density is more relevant.
This provides a way to express the Friedmann equation in thermodynamic form. This approach

is rooted in what has been presented by Haug and Tatum [25], yielding the same output, but here the
Friedmann equation itself written on a somewhat different form, with an emphasis on expressing it in
terms of the Planck temperature in addition to the CMB temperature, thereby adhering more strictly to
thermodynamics. Solving for the critical mass, we obtain:

ρc = 512π4ρp
T4

0
T4

p
(6)

For the case of the critical density in past cosmic epochs, we have:

ρc,t = 512π4ρp
T4

0 (1 + z)4

T4
p

= 512π4ρp
T4

t
T4

p
(7)
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and further:

T0 =
Tp

4π

(
ρc

2ρp

)1/4
(8)

Table 1 shows a series of cosmological properties described as functions of the CMB temperature
and the Planck temperature. In any of these formulas, T0 can be replaced with Tt if one wants
predictions for earlier cosmic epochs. This has major implications, as the CMB temperature has been
measured much more precisely than H0. Additionally, it provides new insights into how the CMB
temperature and Planck temperature appear to be closely connected to the cosmos.

Table 1. This table summarizes a series of properties for the Hubble sphere in an Rh = ct universe,
expressed in terms of the CMB temperature and the Planck temperature.

Property : Expression Comment

CMB temperature T0 = Tp

√
2tp H0

8π See [1,2,8].

Hubble constant (Hubble frequence): H0 = 32π2 fp
T2

0
T2

p
fp = c

lp
. See [1,2,8].

Hubble radius RH = c
H0

=
lp

32π2
T2

p

T2
0

See [1].

Hubble time tH = 1
H0

=
tp

32π2
T2

p

T2
0

see [1].

Hubble diameter DH = 2RH =
lp

16π2
T2

p

T2
0

Hubble circumference CH = 2πRH =
lp

16π

T2
p

T2
0

Hubble surface AH = 4πR2
H =

l2
p

256π3
T4

p

T4
0

Hubble volume VH = 4
3 πR3

H =
l3
p

24576π5
T6

p

T6
0

Gaussian curvature kH = 1
R2

H
= 1024π4

l2
p

T4
0

T4
p

Critical mass Mc =
c3

2GH0
=

mp

64π2
T2

p

T2
0

See [1].

Critical energy Ec =
c5

2GH0
=

Ep

64π2
T2

p

T2
0

See [1].

Critical mass density ρc =
3H2

0
8πG = 512π4ρp

T4
0

T4
p

ρp =
mp

4
3 πl3

p
.

Cosmological constant Λ =
(

H0
c

)2
ΩΛ = 1024π4

l2
p

T4
0

T4
p

ΩΛ

CMB and z z = T0
Tt

− 1 Well known [27,28].

Hubble entropy SBH = A
4l2

p
= 1

1024π3
T4

p

T4
0

See [1].

Mass gap mg,r =
m2

p
2Mc

= mp32π2 T2
0

T2
p

See [38].

Energy gap Eg,r =
m2

pc2

2Mc
= Ep32π2 T2

0
T2

p
Ep = mpc2

Minimum acceleration (radius) gmin =
Gmg,r

l2
p

= ap32π2 T2
0

T2
p

ap =
Gmp

l2
p

. See [38].

Minimum acceleration (circumference) gmin =
Gmg,c

l2
p

= ap16π
T2

0
T2

p
ap =

Gmp

l2
p

. See [38].

The mass gap is likely new to most readers. This is based on the assumption that the maximum
reduced Compton wavelength is limited by the radius or alternatively the circumference of the Hubble

sphere. The mass gap is if the Hubble radius is the limitation of this wavelength equal to mg,r =
m2

p
2Mc

,

where mp =
√

h̄c
G is the Planck mass and Mc = c3

2GH0
is the critical Friedmann mass, for derivation

of the mass gap see [38]. Interestingly the mass gap leads to a gravitational gap, or we can call it a
minimum acceleration equal to:

gmin =
Gmg,r

l2
p

=
G

m2
p

2Mc

l2
p

= ap32π2 T2
0

T2
p
≈ 6.5 × 10−10 m/s2 (9)
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where ap is the gravitational acceleration. Or if alternatively the circumference of the Hubble sphere
is the limitation factor for the maximum wavelength we get a minimum acceleration (gravitational
acceleration gap) of:

gmin =
Gmg,c

l2
p

= ap16π
T2

0
T2

p
≈ 1.04 × 10−10 m/s2 (10)

This is very close to the minimum acceleration one operates with in the MOND model of Milgrom
[26] that is one of the alternative models to explain galaxy rotation curves. The advantage of the
minimum acceleration that comes out from the model here is that it also give a simple explanation
for the cause of observed minimum gravitational acceleration. it is simply related to that all matter
can never have a smaller gravitational acceleration than what is related to the mass gap inside the
Hubble sphere. Again this seems to lead to no need for dark matter. That said this should naturally be
carefully studied before one makes firm conclusions, but it is a new hypothesis worth investigating,
but is the main topic of the paper just referred to and not of this paper which is more an overview
paper of how one can write a series of cosmological properties on what we can call thermodynamic
forms.

As the CMB temperature [29–31] can be much more precisely measured than H0 (see [32–35]), this
leads to a dramatic improvement in predictions of all these cosmological properties inside RH = ct
cosmology; see [36]. This is naturally true even after taking into account uncertainty in the Planck
units used in the formulas above. It even leads to a much more precise Hubble constant, as first
demonstrated by Tatum et al. [37].

3. The Hawking Temperature Based Friedmann Equation

Haug [1] has demonstrated that:

H0 =
1
2

fp
T2

Haw
T2

0
(11)

where THaw is the Hawking [39] temperature:

THaw =
h̄c

kb4πRs
(12)

Here, Rs is the Schwarzschild radius, which we have shown in the previous section to be identical
to the Hubble radius in a critical Friedmann universe. Thus, we have:

THaw =
h̄cH0

kb4πc
(13)

Unlike the Planck temperature, determining the Hawking temperature still depends on knowing
the Hubble constant. However, this provides valuable insight into how many cosmological parameters
of the universe relate to the ratio between the CMB temperature and the Hawking temperature in a
black hole universe.

This means we can re-write the critical Friedmann equation simply by replacing H0 with this
expression, resulting in:
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H2
0 =

8πGρc

3
1
4

f 2
p

T4
Haw
T4

0
=

8πGρc

3

T4
0 =

T4
Haw
8

ρp

ρc

T0 = THaw

(
ρp

8ρc

)1/4
(14)

Solved for the critical density we get:

ρc =
1
8

ρp
T4

Haw
T4

0
(15)

where ρp =
mp

4
3 πl3

p
is the Planck mass density. Table 2 shows a series of cosmological properties expressed

from the Hawking temperature and the CMB temperature consistent with RH = ct cosmology.

Table 2. This table summarizes a series of properties for the Hubble sphere in an Rh = ct universe,
expressed in terms of the CMB temperature and the Hawking temperature.

Property : Expression Comment

Hubble constant (Hubble frequence): H0 = 1
2 fp

T2
Haw
T2

0
fp = c

lp
. See [1,2,8].

Hubble radius RH = c
H0

= 2lp
T2

0
T2

Haw
See [1].

Hubble time tH = 1
H0

= 2tp
T2

0
T2

Haw
see [1].

Hubble diameter DH = 2RH = 4lp
T2

0
T2

Haw

Hubble circumference CH = 2πRH = 4πlp
T2

0
T2

Haw

Hubble surface AH = 4πR2
H = 16πl2

p
T4

0
T4

Haw

Hubble volume VH = 4
3 πR3

H = 32
3 πl3

p
T6

0
T6

Haw

Gaussian curvature kH = 1
R2

H
= 1

4l2
p

T4
Haw
T4

0

Critical mass Mc =
c3

2GH0
= mp

T2
0

T2
Haw

See [1].

Critical energy Ec =
c5

2GH0
= Ep

T2
0

T2
Haw

See [1].

Critical mass density ρc =
3H2

0
8πG = 1

8 ρp
T4

Haw
T4

0
ρp =

mp
4
3 πl3

p
.

Cosmological constant Λ =
(

H0
c

)2
ΩΛ = 1

4l2
p

T4
Haw
T4

0
ΩΛ

CMB and z z = T0
Tt

− 1 Well known [27,28].

Hubble entropy SBH = A
4l2

p
= 4π

T4
0

T4
Haw

See [1].

Mass gap mp,r =
m2

p
2Mc

= 1
2 mp

T2
Haw
T2

0
See [38].

Mass gap Ep,r =
m2

pc2

2Mc
= 1

2 Ep
T2

Haw
T2

0
.

Minimum acceleration (radius) gmin =
Gmg,r

l2
p

= ap
1
2

T2
Haw
T2

0
ap =

Gmp

l2
p

. See [38].

Minimum acceleration (circumference) gmin =
Gmg,c

l2
p

= ap
1

4π
T2

Haw
T2

0
ap =

Gmp

l2
p

. See [38].

4. Quantum Cosmology

Table 2 in the last section shows a series of cosmological properties and parameters expressed
in terms of the ratio between the Hawking temperature and the CMB temperature. Haug [1] has
demonstrated that:
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T2
0

T2
Haw

=
lp

λ̄c
(16)

where λ̄c is the reduced Compton wavelength of the critical mass in the Hubble sphere: λ̄c = h̄
Mcc .

The reduced Compton frequency over the Planck time is given by f = c
λ̄c

tp =
lp
λ̄c

. Haug [1,40] has
discussed how this can be interpreted as the quantization of gravity—specifically, that the reduced
Compton frequency over the Planck time can be incorporated into a quantized version of general
relativity theory. While quantizing general relativity alone is not sufficient to unify it with quantum
mechanics, it is a step toward better understanding gravity.

In Table 1, the ratio between the Planck temperature and the CMB temperature was used. At a
deeper level, this ratio is equal to:

T2
p

T2
0
= 32π2 lp

λ̄c
(17)

So again, we arrive at the reduced Compton frequency over the Planck time, multiplied by the constant

32π2. When we replace T2
0

T2
Haw

with its deeper constituent, lp
λ̄c

, and
T2

p

T2
0

with its deeper constituent,

32π2 lp
λ̄c

, we find that both Tables 1 and 2 converge into Table 3. This essentially represents quantized

cosmology, where lp
λ̄c

again signifies the reduced Compton frequency over the Planck time, offering a
new perspective on the quantization of gravity within general relativity theory [1].

Table 3. This table summarizes a series of properties for the Hubble sphere in an Rh = ct universe,
expressed in its most fundamental form involving the reduced Compton frequency over the Planck
time.

Property : Expression Comment

Hubble constant (Hubble frequence): H0 =
fp

2
lp
λ̄c

= cλ̄c
2l2

p
fp = c

lp
. See [1].

Hubble radius RH = c
H0

= 2lp
lp

λ̄c
See [1].

Hubble time tH = 1
H0

= 2tp
lp

λ̄c
see [1].

Hubble diameter DH = 2RH = 4lp
lp

λ̄c

Hubble circumference CH = 2πRH = 4πlp
lp

λ̄c
[41].

Hubble surface AH = 4πR2
H = 16πl2

p
l2
p

λ̄2
c

Hubble volume VH = 4
3 πR3

H = 32
3 πl3

p
l3
p

λ̄3
c

[41].

Gaussian curvature kH = 1
R2

H
= 1

4l2
p

l4
p

λ̄4
c

Critical mass Mc =
c3

2GH0
= mp

lp

λ̄c
See [1].

Critical energy Ec =
c5

2GH0
= Ep

lp

λ̄c
See [1].

Critical mass density ρc =
3H2

0
8πG = 1

8 ρp
l2
p

λ̄2
c

ρp =
mp

4
3 πl3

p
.

Cosmological constant Λ =
(

H0
c

)2
ΩΛ = 1

4l2
p

λ̄2
c

l2
p

ΩΛ

CMB and z z = T0
Tt

− 1 =
√

λc,t
λc

− 1 λc: Compton wavelength
of critical mass [41].

Hubble entropy SBH = A
4l2

p
= 4π

l2
p

λ̄2
c

See [1].

Mass gap mp,r =
m2

p
2Mc

= 1
2 mp

λ̄c
lp

See [38].

Minimum acceleration (radius): gmin =
Gmg,r

l2
p

= ap
λ̄c
2lp

= c2

l2
p

λ̄c
2lp

ap =
Gmp

l2
p

. See [38].

Minimum acceleration (circumference): gmin =
Gmg,c

l2
p

= ap
λ̄c

4πlp
= c2

l2
p

λ̄c
4πlp

ap =
Gmp

l2
p

. See [38].

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 December 2024 doi:10.20944/preprints202412.1536.v1

https://doi.org/10.20944/preprints202412.1536.v1


7 of 9

This is all consistent with a new approach to expressing the Schwarzschild metric. Specifically
[1,42], we have:

ds2 = −
(

1 − 2GM
c2r

)
c2dt2 +

(
1 − 2GM

c2r

)−1
dr2 + r2dΩ2

ds2 = −
(

1 −
2lp

r
lp

λ̄

)
c2dt2 +

(
1 −

2lp

r
lp

λ̄

)−1

dr2 + r2dΩ2 (18)

where λ̄ is the reduced Compton wavelength of the mass M. So, we see the same reduced Compton
frequency over the Planck time here: lp

λ̄
in the Schwarzschild metric itself, which can again be linked to

the ratio of the Planck temperature to the CMB temperature or the Hawking temperature to the CMB
temperature, under the assumption of black hole Rh = ct cosmology.

5. Conclusion

All cosmological properties that are typically expressed through the Hubble parameter can just
as effectively be expressed through the observed CMB temperature and the Planck temperature.
This is fully consistent with a new thermodynamic version of the Friedmann equation. Within the
framework of RH = ct cosmology, this means we are free to make predictions based on either the
Hubble parameter or the CMB temperature. Since the CMB temperature has been measured with far
greater precision, this leads to a dramatic improvement in prediction accuracy, as demonstrated in a
series of recent papers.

References

1. E. G. Haug. CMB, Hawking, Planck, and Hubble scale relations consistent with recent quantization of
general relativity theory. International Journal of Theoretical Physics, Nature-Springer, 63(57), 2024. URL
https://doi.org/10.1007/s10773-024-05570-6.

2. E. G. Haug and S. Wojnow. How to predict the temperature of the CMB directly using the Hubble parameter
and the Planck scale using the Stefan-Boltzman law. Journal of Applied Mathematics and Physics, 12:3552, 2024.
URL https://doi.org/10.4236/jamp.2024.1210211.

3. Stefan J. Über die beziehung zwischen der wärmestrahlung und der temperatur. Sitzungsberichte der
Mathematisch-Naturwissenschaftlichen Classe der Kaiserlichen Akademie der Wissenschaften in Wien, 79:391, 1879.

4. L. Boltzmann. Ableitung des Stefanschen gesetzes, betreffend die abhängigkeit der wätrmestrahlung von
der temperatur aus der electromagnetischen lichttheori. Annalen der Physik und Chemie, 22:291, 1879.

5. M. Planck. Natuerliche Masseinheiten. Der Königlich Preussischen Akademie Der Wissenschaften: Berlin,
Germany, 1899. URL https://www.biodiversitylibrary.org/item/93034#page/7/mode/1up.

6. M. Planck. Vorlesungen über die Theorie der Wärmestrahlung. Leipzig: J.A. Barth, p. 163, see also the English
translation “The Theory of Radiation" (1959) Dover, 1906.

7. S. Muller et. al . A precise and accurate determination of the cosmic microwave background temperature at
z = 0.89. Astronomy & Astrophysics, 551, 2013. URL https://doi.org/10.1051/0004-6361/201220613.

8. E. T. Tatum, U. V. S. Seshavatharam, and S. Lakshminarayana. The basics of flat space cosmology. International
Journal of Astronomy and Astrophysics, 5:116, 2015. URL http://dx.doi.org/10.4236/ijaa.2015.52015.

9. E. G. Haug and E. T. Tatum. The Hawking Hubble temperature as a minimum temperature, the Planck
temperature as a maximum temperature and the CMB temperature as their geometric mean temperature.
Journal of Applied Mathematics and Physics, 12:3328, 2024. URL https://doi.org/10.4236/jamp.2024.1210198.

10. E. G. Haug. Planck quantized bending of light leads to the CMB temperature. Hal archive, 2023. URL
https://hal.science/hal-04357053.

11. M. V. John. Rh = ct and the eternal coasting cosmological model. Monthly Notices of the Royal Astronomical
Society, 484, 2019. URL https://doi.org/10.1093/mnrasl/sly243.

12. M. V. John and K. B. Joseph. Generalized Chen-Wu type cosmological model. Physical Review D, 61:087304,
2000. URL https://doi.org/10.1103/PhysRevD.61.087304.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 December 2024 doi:10.20944/preprints202412.1536.v1

https://doi.org/10.1007/s10773-024-05570-6
https://doi.org/10.4236/jamp.2024.1210211
https://www.biodiversitylibrary.org/item/93034#page/7/mode/1up
https://doi.org/10.1051/0004-6361/201220613
http://dx.doi.org/10.4236/ijaa.2015.52015
https://doi.org/10.4236/jamp.2024.1210198
https://hal.science/hal-04357053
https://doi.org/10.1093/mnrasl/sly243
https://doi.org/10.1103/PhysRevD.61.087304
https://doi.org/10.20944/preprints202412.1536.v1


8 of 9

13. M. V. John and J. V. Narlikar. Comparison of cosmological models using bayesian theory. Physical Review D,
65:043506, 2002. URL https://doi.org/10.1103/PhysRevD.65.043506.

14. F. Melia. The Rh = ct universe without inflation. Astronomy & Astrophysics, 553, 2013. URL https:
//doi.org/10.1051/0004-6361/201220447.

15. F. Melia and Shevchuk A. S. H. The Rh = ct universe. Monthly Notices of the Royal Astronomical Society, 419:
2579, 2012. URL https://doi.org/10.1111/j.1365-2966.2011.19906.x.

16. E. G. Haug and E. T. Tatum. Solving the Hubble tension using the PantheonPlusSH0ES supernova database.
Preprints.org, 2024. URL https://doi.org/10.20944/preprints202404.0421.v2.

17. R. K. Pathria. The universe as a black hole. Nature, 240:298, 1972. URL https://doi.org/10.1038/240298a0.
18. W. M. Stuckey. The observable universe inside a black hole. American Journal of Physics, 62:788, 1994. URL

https://doi.org/10.1119/1.17460.
19. T. X. Zhang and C. Frederick. Acceleration of black hole universe. Astrophysics and Space Science, 349:567,

2014. URL https://doi.org/10.1007/s10509-013-1644-6.
20. N. Popławski. The universe in a black hole in Einstein–Cartan gravity. The Astrophysical Journal, 832:96, 2016.

URL https://doi.org/10.3847/0004-637X/832/2/96.
21. N. Popławski. Gravitational collapse of a fluid with torsion into a universe in a black hole. Journal of

Experimental and Theoretical Physics, 132:374, 2021. URL https://doi.org/10.1134/S1063776121030092.
22. E. Gaztanaga. The black hole universe, part ii. Symmetry, 2022:1984, 2022. URL https://doi.org/10.3390/

sym14101984.
23. A. Friedmann. Über die krüng des raumes. Zeitschrift für Physik, 10:377, 1922. URL https://doi.org/10.100

7/BF01332580.
24. C. S. Unnikrishnan and G. T. Gillies. Standard and derived Planck quantities: selected analysis and

derivations. Gravitation and Cosmology, 73:339, 2011. URL https://doi.org/10.1134/S0202289311040037.
25. E. G. Haug and E. T. Tatum. Friedmann type equations in thermodynamical form lead to much tighter

constraints on the energy density of the universe. https://www.preprints.org/manuscript/202403.1241/v1, 2024.
URL https://www.preprints.org/manuscript/202403.1241/v1.

26. M. Milgrom. A modification of the newtonian dynamics as a possible alternative to the hidden mass
hypothesis. Astrophysical Journal., 270, 1983.

27. P. Noterdaeme, P. Petitjean, R. Srianand, C . Ledoux, and S. López. The evolution of the cosmic microwave
background temperature. Astronomy and Astrophysics, 526, 2011. URL https://doi.org/10.1051/0004-6361/
201016140.

28. D.A. Riechers, A. Weiss, and F. et al. Walter. Microwave background temperature at a redshift of 6.34 from
h2o absorption. Nature, 602:58, 2022. URL https://doi.org/10.1038/s41586-021-04294-5.

29. D. J. Fixsen and et. al. The temperature of the cosmic microwave background at 10 ghz. The Astrophysical
Journal, 612:86, 2004. URL https://doi.org/10.1086/421993.

30. D. J. Fixsen. The temperature of the cosmic microwave background. The Astrophysical Journal, 707:916, 2009.
URL https://doi.org/10.1088/0004-637X/707/2/916.

31. S. Dhal, S. Singh, K. Konar, and R. K. Paul. Calculation of cosmic microwave background radiation
parameters using cobe/firas dataset. Experimental Astronomy (2023), 56:715, 2023. URL https://doi.org/10.1
007/s10686-023-09904-w.

32. N. Aghanim et al. Planck Collaboration; Aghanim. Planck 2018 results. vi. cosmological parameters.
Astronomy & Astrophysics, 652, 2021. URL https://doi.org/10.1051/0004-6361/201833910.

33. A. G. Riess et. al. A comprehensive measurement of the local value of the Hubble constant with 1 km s−1

Mpc−1 uncertainty from the Hubble space telescope and the sh0es team. The Astrophysical Journal, 934, 2021.
URL https://doi.org/10.3847/2041-8213/ac5c5b.

34. P. L. Kelly et. al. Constraints on the Hubble constant from supernova Refsdal’s reappearance. Science, 380:
6649, 2023. URL https://doi.org/10.1126/science.abh1322.

35. A. Sneppen, D. Watson, D. Poznanski, O. Just, A. Bauswein, and R. Wojtak. Measuring the Hubble constant
with kilonovae using the expanding photosphere method. Astronomy and Astrophysics, 678, 2023. URL
https://doi.org/10.1051/0004-6361/202346306.

36. E. G. Haug and E. T. Tatum. How a new type of Rh = ct cosmological model outperforms the Λ-CDM
model in numerous categories and resolves the Hubble tension. preprints.org, 2024. URL https://doi.org/0.
20944/preprints202410.1570.v1.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 December 2024 doi:10.20944/preprints202412.1536.v1

https://doi.org/10.1103/PhysRevD.65.043506
https://doi.org/10.1051/0004-6361/201220447
https://doi.org/10.1051/0004-6361/201220447
https://doi.org/10.1111/j.1365-2966.2011.19906.x
https://doi.org/10.20944/preprints202404.0421.v2
https://doi.org/10.1038/240298a0
https://doi.org/10.1119/1.17460
https://doi.org/10.1007/s10509-013-1644-6
https://doi.org/10.3847/0004-637X/832/2/96
https://doi.org/10.1134/S1063776121030092
https://doi.org/10.3390/sym14101984
https://doi.org/10.3390/sym14101984
https://doi.org/10.1007/BF01332580
https://doi.org/10.1007/BF01332580
https://doi.org/10.1134/S0202289311040037
https://www.preprints.org/manuscript/202403.1241/v1
https://doi.org/10.1051/0004-6361/201016140
https://doi.org/10.1051/0004-6361/201016140
https://doi.org/10.1038/s41586-021-04294-5
https://doi.org/10.1086/421993
https://doi.org/10.1088/0004-637X/707/2/916
https://doi.org/10.1007/s10686-023-09904-w
https://doi.org/10.1007/s10686-023-09904-w
https://doi.org/10.1051/0004-6361/201833910
https://doi.org/10.3847/2041-8213/ac5c5b
https://doi.org/10.1126/science.abh1322
https://doi.org/10.1051/0004-6361/202346306
https://doi.org/0.20944/preprints202410.1570.v1
https://doi.org/0.20944/preprints202410.1570.v1
https://doi.org/10.20944/preprints202412.1536.v1


9 of 9

37. E. T. Tatum, E. G. Haug, and S. Wojnow. High precision Hubble constant determinations based upon a new
theoretical relationship between CMB temperature and h0. Journal of Modern Physics, 15:1708, 2024. URL
https://doi.org/10.4236/jmp.2024.1511075.

38. E. G. Haug. The black hole mass-gap and its relation to Bekenstein-Hawking entropy leads to potential
quantization of black holes and a minimum gravitational acceleration in the universe. preprints.org 1, 2024.

39. S. Hawking. Black hole explosions. Nature, 248, 1974. URL https://doi.org/10.1038/248030a0.
40. E. G. Haug. Planck quantised general relativity theory written on different forms. Journal of Applied

Mathematics and Physics, 12:2281, 2024. URL https://doi.org/10.4236/jamp.2024.126136.
41. E. G. Haug. Quantum cosmology: Cosmology directly linked to the Planck scale in general relativity theory

and newton gravity: the link between microcosmos and cosmos. Accepted and forthcoming Open Journal of
Microphysics, 2024.

42. E. G. Haug. Different mass definitions and their pluses and minuses related to gravity. Foundations, 3:
199–219., 2023. URL https://doi.org/10.3390/foundations3020017.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 December 2024 doi:10.20944/preprints202412.1536.v1

https://doi.org/10.4236/jmp.2024.1511075
https://doi.org/10.1038/248030a0
https://doi.org/10.4236/jamp.2024.126136
https://doi.org/10.3390/foundations3020017
https://doi.org/10.20944/preprints202412.1536.v1

	CMB Temperature from the Stefan-Boltzman Law
	Thermodynamic Cosmology from the CMB Temperature and the Planck Temperature
	The Hawking Temperature Based Friedmann Equation
	Quantum Cosmology
	Conclusion
	References

