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Abstract 
This paper provides a brief historical summary of recent progress made with 
respect to the Upsilon constant linkage between the time-dependent Hubble 
parameter and the time-dependent cosmic temperature. We discuss how our 
original RH = ct variant model, called Flat Space Cosmology (FSC), has evolved, 
including how it has recently been used as an approach to resolving the Hub-
ble tension, to extend the cosmic age to alleviate the early galaxy formation 
problem, and to provide highly useful Friedmann equations in thermodynamic 
form. A new and tantalizing cosmic rotation resolution of the Hubble tension 
using FSC is also briefly discussed, including whether it could also explain 
“dark energy” observations. 
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1. Introduction and Background 

Following an early publication of the Planck satellite survey findings [1], we put 
together a model of black hole cosmology in 2015 and published it under the title 
of “The Basics of Flat Space Cosmology” [2]. This “FSC model” variant of RH = ct 
linear expansion treats the universe from inception as if it were a steadily growing 
and adiabatically expanding black hole, wherein its spherical cosmic horizon al-
ways translates outward at the speed of light c with respect to a centrally located 
imaginary observer. Following such key assumptions, the model Hubble parame-
ter Ht, as well as its angular velocity parameter ωt, is always defined as c/Rt, wherein 
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Rt is the cosmic radius at any time t. As with most other black hole models, the 
ratio of total cosmic Hubble mass Mt to Rt follows the Schwarzschild formula and 
equals c2/2G at any time t, as one might expect for a cosmic black hole. Further-
more, the cosmic temperature formula at any time t follows: 
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wherein Tt is the time-dependent cosmic temperature, Mpl is the Planck mass, and 
Rpl is our “Planck radius”, which we define as the Schwarzschild radius of the orig-
inal Planck mass black hole, equal to two Planck lengths, 2lp. All other symbols 
are the well-known physical constants. One can readily see that the top equation 
is much like the Hawking black hole temperature formula, with the exception that 
the mass and radius terms in the denominators are geometric mean terms, which 
we believe must follow for a growing and expanding (as opposed to static or steady 
state) black hole cosmology. However, one should realize that Mt of the original 
Planck mass cosmic epoch equals Mpl, which reduces the geometric mean terms 
of the top equation to those of Hawking’s black hole formula. Furthermore, as 
clearly demonstrated in our original 2015 publication, our model mass and energy 
density formulae reduce to 3Ht/8πG and 3Htc2/8πG, respectively, at all times t. 
Thus, the FSC model, as a direct result of its growing black hole assumptions, is 
always at the Friedmann critical density; hence, the model name ‘Flat Space Cos-
mology’ seems appropriate. 

One can readily see from such a model that c/Rt not only represents the time-
dependent model Hubble parameter but could also represent the time-dependent 
angular velocity ω if we can further assume that the model also has approximate 
light-speed rotation at the expanding horizon. The following derivations come 
from the same 2015 FSC paper: 
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Here it is only necessary for the reader to see that the term on the bottom left is 
also consistent with a time-dependent Hubble parameter Ht divided by the square 
of its time-dependent cosmic temperature, 2

tT  (i.e., 2
ttH T ). And, if we were to 

represent the bottom right constant with the Latin symbol for Upsilon ( ), we 
could rearrange the bottom equation as: 

 2
t tH T=   (3) 

Equation (3) is what we now refer to as the “Upsilon Equation”. The importance 
of this relation is that, in our particular linear RH = ct variant model, the Hubble 
parameter can now be seen as a cosmic thermodynamic parameter which can be 
directly linked to the time-dependent cosmic temperature, including, for example, 
the Cosmic Microwave Background (CMB) temperature, in a remarkably simple 
way. Another way to demonstrate this important relationship is by showing once 
again some of the derived FSC ‘quantum cosmology’ formulae published in 2018 
[3]: 

 
3 2 7 2 3 2 7 2

02 2 2 1 2 2 2 2 1 2
0

         
32 32B B

c cR R
k T G k T Gπ

≅
π

≅
   (4) 

 
2 2 2 1 22 2 2 1 2

0
03 2 5 2 3 2 5 2

3232          BB k T Gk T GH H
c c

π
≅

π
≅

 

 (5) 

 
3 2 5 2 3 2 5 2

02 2 2 1 2 2 2 2 1 2
0

         
32 32B B

c ct t
k T G k T Gπ

≅
π

≅
   (6) 

 
3 2 11 2 3 2 11 2

02 2 2 3 2 2 2 2 3 2
0

         
64 64B B

c cM M
k T G k T Gπ

≅
π

≅
   (7) 

 
3 2 15 2 3 2 15 2

2 2
02 2 2 3 2 2 2 2 3 2

0

         
64 64B B

c cMc M c
k T G k T Gπ π

≅ ≅
   (8) 

One should pay particular attention to Equations (4) and (5). Using our model 
Hubble parameter definition, one can divide the speed of light c by the radius 
formulae in (4) to arrive at the Hubble parameter equations of (5), wherein the 
left equation is the generic time-dependent formula, and the right equation is the 
formula using the current CMB temperature. Using the 2009 Fixsen CMB tem-
perature of 2.72548 K [4] as T0, for example, the right equation of (5) gives a cur-
rent Hubble constant value of 66.89 km/s/Mpc after conversion of S.I. units (s−1) 
to the conventional km/s/Mpc units. See again [3] for details.  

With respect to the current paper, it is only important to recognize that the 
Hubble parameter equations in (5) are also Upsilon equations, which can be re-
duced to 2

t tH T=   and 2
0 0H T=  , respectively. As has been derived in a dif-

ferent way, in reference [5], Upsilon is a compound constant with the following 
value: 
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This is the same ratio of constants as seen in Equations (5). Notice that the value 
and units of Upsilon are also the same as first given in 2015 [see again relations 
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(2) above]. For the interested reader, reference [6] summarizes the most im-
portant FSC publications as of 2021. 

The primary purpose of this paper is to briefly summarize recent progress made 
in demonstrating the importance of the Upsilon constant and the Upsilon equa-
tion in our particular variant of RH = ct cosmology. These developments will be 
the subject of the Results section.  

2. Results (Recent Progress) 

To the best of our knowledge, the first publication to explicitly demonstrate that 
the top thermodynamic equation of relations (1) above can be independently de-
rived using the Stefan-Boltzmann Law is the paper of Haug & Wojnow [7]. This 
was an important development, because the Stefan-Boltzmann Law applies only 
to perfect or near-perfect black body spectra, such as the CMB spectrum. Thus, it 
would be expected that the thermodynamics of a black hole cosmology model 
should rigorously adhere to the Stefan-Boltzmann Law throughout its adiabatic 
expansion. This is true of the FSC model of nature’s presumed most perfect black 
body, a cosmic black hole, but does not appear to be the case in the current stand-
ard model of cosmology known as ΛCDM.  

Another important recent development for the FSC model came with the pub-
lication by Haug & Tatum [8] of a proposed solution to the Hubble tension prob-
lem. This publication describes in explicit detail how the thermodynamic assump-
tions of the 2015 FSC model can be used to derive cosmological redshift-vs-dis-
tance equations which have been used to match the full distance ladder of the Pan-
theonPlusSH0ES supernova redshift database. This powerful mathematical ap-
proach making use of FSC has been referred to as the Haug & Tatum Cosmology 
(HTC) model in order to emphasize its utility in evaluating the Hubble tension. 
HTC has also been used to extract the current NIST CODATA value of the Planck 
length from the Union2 supernova redshift database [9]. HTC applied to the full 
distance ladder of the Union2 supernova redshift database also supports a more 
realistic current cosmic age of 14.6 billion years [10]. This extension of the cosmic 
age by about 800 - 820 million years (in comparison to the ΛCDM model) perhaps 
fits better with JWST observations of “mature” galaxies in the early universe [11], as 
well as with age estimates [12] [13] of the Milky Way galaxy star HD 140283, also 
known as the “Methuselah star”. 

One of the interesting features of the top FSC equation of (1) above is that the 
geometric mean terms in the denominators suggest an entirely new way to un-
derstand the nature of the average cosmic temperature, including the current CMB 
temperature. A rigorous mathematical approach has recently shown that the evolv-
ing CMB temperature could be an evolving geometric mean temperature of the 
Hawking Hubble sphere temperature (an evolving minimum temperature) and the 
Planck temperature (the presumed maximum possible temperature within the 
Hubble sphere) [14]. Thus, the geometric mean terms in the denominators of the 
FSC cosmic temperature formula might now be understood in an entirely new 
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way than in the past. 
A particularly interesting new development with respect to useful applications 

of the Upsilon equation is that it can also be expressed as: 

 ( )22 2
0 1tt T zH T== +   (10) 

wherein Equation (10) incorporates Upsilon with the empirically supported cos-
mic relation Tt = T0(1 + z), which is also a fundamental relation in the recent HTC 
publications referenced above. The Upsilon equation can, therefore, be seamlessly 
integrated into the cosmological Friedmann equations in place of the Hubble pa-
rameter. The novelty of such an approach is that the relatively large uncertainties 
in the appropriate value of the Hubble parameter, aggravated by the current Hub-
ble tension, can potentially be vastly reduced by incorporating the tightly con-
strained CMB temperature T0 or Tt into the Friedmann equations for various cos-
mological parameters. This approach has resulted in numerous cosmological ther-
modynamic Friedmann equations incorporating Upsilon [15]. Additional equa-
tions incorporating Upsilon can also be seen in the tables of reference [9]. Such 
equations carry with them the tighter constraints of CMB temperature measure-
ments in comparison to the current constraints with respect to the measured val-
ues of the Hubble constant.  

Proponents of the ΛCDM model are sometimes willing to dismiss out-of-hand 
the predictions of various RH = ct models. To this, we can only suggest that they 
carefully read the many recent comparison studies made by Melia, a strong pro-
ponent of Rh = ct cosmology in comparison to ΛCDM [16]-[22]. Since FSC and 
HTC are “growing black hole” Rh = ct variants closely aligned with Melia’s argu-
ments in favor of such linear expansion models in general, the Melia comparison 
studies are well worth reading. HTC reference [15] makes a number of strong ar-
guments in support of Melia’s work.  

3. Discussion 

The recent progress in the evolution of the 2015 FSC model occurred soon after 
publication of the FSC “quantum cosmology” formulae in 2018; see again [3]. It 
became quite apparent that the Hubble parameter can be directly linked to cosmic 
temperature in an expanding linear black hole cosmology model using the com-
pound constant now referred to as Upsilon. After 2018, the next major develop-
ments were mathematical derivations of the thermodynamic FSC relation (1) us-
ing either the Stefan-Boltzmann Law for black bodies or the completely novel ge-
ometric mean mathematical approach. These developments in the last few years 
not only appear to support the foundational nature of the FSC thermodynamic 
relation (1), but also support current suggestions made by cosmologists in recent 
years that our universe has many features not unlike those of a growing black hole 
[23]-[33].  

New studies in support of a black hole origin and character of our universe have 
come very recently to our attention. The first of these is the observational report 
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of significant galactic rotation anisotropy by Shamir [34]. Shamir suggests several 
possible explanations for his findings. These are broadly divided into two catego-
ries: the physics of galaxy rotation (which we will not further consider herein); or 
an anomaly in the large-scale structure of the universe. Within the latter category 
remains the possibility that the universe has, or had, an axis of rotation, such as 
can be found in theories of black hole cosmology. FSC is one such model listed by 
Shamir. A second study in possible support of a rotating black hole-like universe, 
by Szigeti et al. [35], is a theoretical approach to the current Hubble tension prob-
lem. It asks the question whether cosmic rotation could solve the Hubble tension. 
Tantalizingly, their Fig. 2 appears to indicate (at the top of this figure) that a value 
of “H0(ω0) = 66.89” with narrow constraints could explain the apparent tension 
between the HCMB and HSNe values of 67.4 +/− 0.5 and 73.01 +/− 1.07 km/s/Mpc, 
respectively. Of note, we refer the reader to Equation (5) of our 2015 rotating and 
growing black hole FSC model paper (see again [2]), wherein H0(ω0) derived from 
our assumptions was reported to be 66.89 km/s/Mpc. Since this is exactly the H0(ω0) 
value calculated by Szigeti et al., our 2015 FSC model appears to offer a fairly sim-
ple cosmic rotation explanation for the Hubble tension problem. Furthermore, 
one wonders if the mysterious ‘dark energy’ manifests from an inertial force (i.e., 
a “pseudo-force”) produced by cosmic rotation. We eagerly await the results of 
similar studies concerning the subjects of cosmic rotation and the fundamental 
nature of dark energy. 

4. Summary and Conclusion 

This paper has shown how the 2015 FSC model variant of RH = ct cosmology has 
evolved since its inception. An important recent development has included deri-
vations of the relevant “quantum cosmology” formulae of Equations (4) through 
(8), including what is now referred to as the Upsilon formula of Equation (10). It 
now appears that the current accepted value of the Upsilon compound constant 
was first correctly calculated in 2015. Rapid progress in the last couple of years has 
included the following: independent Stefan-Boltzmann Law and geometric mean 
derivations of the FSC cosmic temperature formula; derivations of useful cosmo-
logical redshift-vs-distance FSC formulae; Haug & Tatum’s use of multiple super-
nova redshift databases to offer several possible solutions to the Hubble tension 
and to extend the cosmic age to alleviate the early galaxy formation problem; use 
of the Upsilon formula of Equation (10) to create highly useful Friedmann type 
equations in thermodynamic form; application of the FSC Hubble parameter and 
angular velocity formulae to suggest that the rotating and growing black hole 2015 
FSC model could potentially explain the respective observational and theoretical 
rotational studies reported recently by Shamir and Szigeti et al. In addition, we 
wonder if our rotational model could offer a possible explanation for what is cur-
rently referred to as “dark energy”. In summary, it appears to us that a rotating 
and growing black hole variant RH = ct cosmology model, such as 2015 FSC with 
its recent developments, can better offer the above possible solutions and expla-
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nations, in comparison to ΛCDM cosmology. Nevertheless, we fully agree that more 
robust observational evidence is needed to convincingly demonstrate our model’s 
validity and its superiority over ΛCDM.  
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