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Abstract
Recent observations show that there are many more and much older black holes than previously known. What is particularly 
puzzling is that supermassive black holes containing more than a billion solar masses already existed in the very early universe. 
To date, there is no conclusive explanation for how such gravity monsters could have been created in such a short time after 
the Big Bang.

The "Cosmic Time Hypothesis (CTH)" offers a solution to this problem [1]. According to this hypothesis, the early universe 
had much more time at its disposal than according to the "present-time scale" and the material-condensing forces were much 
stronger than now. Therefore, objects with extremely large masses could form in a very short "today-time".

Introduction
In recent years some extremely large black holes have been dis-
covered, which are located in the center of extraordinarily lumi-
nous quasars. Measured by the redshift of their light, they must be 
very far away from us, i.e. they must have formed in the earliest 
universe. Typical examples are:
•	 The quasar SMSS J2157. It is 12.6 billion light years away 

from us and is one of the most luminous in the entire universe. 
Its black hole contains 34 billion solar masses!

•	 The quasar 11342 + 0928 with a redshift z = 7.5, i.e. a distance 
of 13 billion light years. The black hole in its center contains 
800 million solar masses.

According to conventional theories, there is currently no expla-
nation for how quasars with such gigantic black holes could form 
in such a short time after the "big bang". A reason why they could 
form is provided by the < Cosmic Time Hypothesis > (CTH). It 
requires that time (in contrast to Newton's and Einstein's theory) is 
not symmetrical, but must be asymmetrical if the General Theory 
of Relativity (GR) is to apply to the entire cosmos.

The asymmetric cosmic time and its consequences give the answer 
to the question asked in the title.

The solution of the problem
According to the CTH, there is a relationship between the beat of 
asymmetric time (Δτ) and the beat of "now time" (Δt) [1].

	 	 Δτ/Δt= (t/t1) 
-1/3 				    (1)

(t1 = present world age = 13.8 ˑ 10
9 years, for t = t1 then Δτ = Δt)

How equation (1) is obtained is described in [1]. Therefore here is 
only a short version. For the "Einstein-de Sitter universe", the sim-
plest cosmological model for a flat (Euclidean) universe, Einstein 
formulated the relationship [2].

	    ϰϱ/3 - h2 = 0				                  (2)	
	   
(ϰ = 8πG/c2 = coupling constant of Einstein's field equations, 
G = gravitational constant, 
c = vacuum velocity of light, 
ρ = M/V = 3M/4πR³ = mean mass density of the universe, 
R = radius of the universe, 
h = 1/ctH = 1/R, 
tH = Hubble time )
By transforming equation (2) one obtains 

                GM/Rc2 = 1/2	                                                           (3)

Since the Einstein-de Sitter universe expands proportionally to t2/3 
[3], p.136 

                      R  ̴ t2/3 			                                (4)

results, if it is postulated to expand with the speed of light, the 
relation

               Ṙ = dR/dt = c  ̴ t-1/3				    (5)

This contradicts the postulate of the theory of relativity: "The 



      Volume 4 | Issue 1 | 24Adv Theo Comp Phy, 2021 www.opastonline.com

speed of light is a universal natural constant.“

The question to be answered is: What do we understand by the 
term natural constant?
Answer: Natural constants are physical quantities that can only be 
determined empirically and cannot be derived from a superordi-
nate theory. The statement c = constant thus means that the mea-
sured numerical value of c must always be the same at any place 
and at any time. The problem now is to reconcile this requirement 
with the relationship (5). 

As we know, Einstein relativized time twice. In the special theory 
of relativity (dependence of time on relative velocity) and in GR 
(dependence of time on gravitational potential). Now the question 
arises, if time has to be relativized a third time, so that the postu-
late c = constant is fulfilled also for the relation (5). So the task is 
to find a measure of time, which measures the speed of light at all 
times as a constant quantity, as Einstein recommended [2], p.30: 
"To complete the definition of time, the principle of the constancy 
of the speed of vacuum light can be used. Transferred to the rela-
tion (5), the requirement c = constant is fulfilled, if one introduces 
a time τ, which changes proportionally to the world radius. An 
idea, by the way, which Henning Genz already had [4]. Why not 
go all the way then and choose the radius of the universe as time 
parameter? Also R.A. Muller made similar considerations [5]. If 
we imagine the universe from the point of view of space-time, why 
should the universe actually only expand spatially? Why not also 
in time? Actually, it obviously does; with every second we add a 
new second to time. Perhaps we should think of the time stream 
more accurately as such a creation of new time. We are not imag-
ining a three-dimensional big bang, but a four-dimensional one, 
in which new space and new time are constantly being created.“

For the Einstein- de Sitter universe one then receives for this cos-
mic time τ the relationship
                       τ  ̴ R  ̴  t2/3			           	          (6)
and 

               dτ/dt ≈ Δτ/Δt  ̴ t-1/3  ̴ Ṙ = c	               	                      (7)	  

In fact, pendulum clocks and atomic clocks, as shown in [1], show 
exactly this cosmic time when they tick according to the laws of 
the CTH. Measured with such clocks, the speed of light is then a 
constant quantity: 

                 c(τ) = dR/dτ = constant.	 	                       (8)

Thus, the timing would not only depend on relative speed (SRT) 
and gravitational potential (GR), but also on time itself (KZH). 
Figure 1 shows a comparison of these dependencies.

The GR thus forces us to introduce the cosmic time τ in order to 
bring it into agreement with the equation GM/Rc2 = ½ derived 
from it. In plain language this means: The GR is time asymmetric! 
It has a cosmological time arrow and thus follows the 2nd law of 
thermodynamics. 
From the relationship (3), (4) and (5) one obtains

                          GM = constant			        (9)

Assuming that the total energy E in the universe is constant, E = 
Mc2 and (4) for the mass of the universe

                           M  ̴ t2/3  ̴ R 	 	 	            (10)
In this context, M means the total gravitationally effective ener-
gy existing in the universe (M = E/c2). This includes, besides the 
ponderable mass, also the radiation and vacuum energy. As shown 
in [1], all these forms of energy are positive and are contained in 
the energy-impulse tensor of Einstein's field equations. The further 
relations result from (4), (9) and (10).

Gravitational constant:

                      G  ̴ M -1  ̴ t - 2/3 			             (11)

Average mass density of the universe:

                      ϱ  ̴ R -2  ̴ t - 4/3 			                          (12)

Medium energy density:

                      ε = ϱc 2  ̴ t - 2 			                          (13)

Figure 1: Time relation of SRT, GR and CTH (t1 = today) [1]

One could now object that time-varying "natural constants" (c   ̴ 
t-1/3, G   ̴t-2/3) are not compatible with GR. Since however c and G 
do not appear solitary in the field equations, but are linked together 
by the coupling constant ϰ = 8πG/c2 = 1.86 ˑ 10 -26 m/kg, there is no 
contradiction between GR and CTH. 

The consequences resulting from the asymmetric cosmic time τ 
ultimately lead to a new cosmological model which, as shown 
in Figure 2, is fundamentally different from the current standard 
model of cosmology (ɅCDM model).

According to the CTH, the clock frequency of time relative to to-
day (t1) was higher in the past and will slow down in the future (Δτ/
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Δt = (t/t1) 
-1/3, see Figure 1).

However, the early quasars not only had a longer individual time 
span than that measured with the "today's time measure" avail-
able to them to form, but also the material-condensing forces were 
much greater than today because of G  ̴ t -2/3 and Ɛ  ̴ t -2.

Figure 2: ɅCDM model and CTH model in comparison [1].

In the concrete case of the quasars mentioned above (SMSS 72157 
and J11342 + 0928), the development possibilities shown in Fig-
ure 3 then arise. The first atoms (hydrogen) could form already 
from the recombination (380000 years after the "Big Bang") when 
time ran 33 times faster and gravity was 1090 times greater than 
today. This means that as much happened then in a billion years as 
happened now in 33 billion years. In the state in which we observe 
them now, time still ran 2.7 times faster, gravity was 7.3 times 
stronger and the average energy density was even 390 times high-
er than today. After the CTH, the early quasars were thus able to 
develop much faster than from the point of view of the established 
theories and thus take on the shape we observe today.

In addition, the CTH solves many other problems of cosmology, as 
shown in [1]. Examples are:
•	 The riddle of the cosmological constant (the CTH explains 

why the vacuum energy density calculated according to quan-
tum field theory is larger by a factor of 10122 than observations 
suggest).

•	 According to the CTH there should be no dark energy (Ʌ = 0) 
possibly also no dark matter.

•	 The universe does not expand accelerated, but decelerated, if 
one interprets the measurements at SNIa using the CTH.

•	 The CTH does not require an inflationary phase in the early 
universe.

•	 According to the CTH, the strongest natural force (strong nu-
clear force) and the weakest (gravitational force) were iden-
tical at the Planck time (tp ≈ 10

-43 s) - when, according to the 
theory of supergravity, all natural forces were equally strong. 

i.e. they had the same strength and range.
•	 In cosmic time there was no "big bang". The universe is in-

finitely old.
•	 According to the CTH, the cosmic expansion is permanently 

in the unstable state of equilibrium, which is necessary for a 
long-term flat, evolutionarily developing universe.

•	 All these findings result from an extended interpretation of 
the GR, which is necessary, if one extends its validity to the 
entire universe.

Figure 3: Development of supermassive black holes in the early 
universe
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