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Physical properties of the universe unambiguously determine also the 
physical conditions and mechanism of its origin. 
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1 Introduction 
 

At present time we reliably know that the universe has complementary 
relativistic and quantum-mechanical properties. 

A relativistic–quantum-mechanical universe is expanding, homogeneous and 
isotropic. It means that it originated before the finite time, under physical 
conditions that can be unambiguously identified by the reverse extrapolation of its 
expansive evolution. 

According to the present observations the age of our observed expansive 
homogeneous and isotropic relativistic–quantum-mechanical Universe is 
approximately 13.7 Gyr [1, 2, 3]. 

The reverse extrapolation of the evolution of an expansive homogeneous and 
isotropic relativistic–quantum-mechanical universe leads to an initial 
cosmological singularity (i.e. to the most perfect geometric object: point), in 
which—assuming that it should have physical properties—all the physical 
parameters of the universe would have zero or infinite values. But this—neither 
from the standpoint of the general theory of relativity, nor from the standpoint of  
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the quantum mechanics—in principle is not possible. Therefore, the initial 
cosmological singularity is not a physical object, but only an abstract limit 
geometrical object. 

From the quantum-mechanical standpoint the reverse extrapolation of the 
evolution of the expansive homogeneous and isotropic relativistic–quantum- 
mechanical universe can be carried back only to the Planck era, when the universe 
had the following parameters [4]:  

Planck length 
,m10 35−≅Pl  (1)

Planck time 

,s10 43−≅=
c
lt P

P  (2)

Planck mass 
,kg10 8−≅Pm  (3)

Planck mass density 
,mkg10 396 −≅Pρ  (4)

Planck temperature 
.K1032≅PT  (5)

 
 
2 Origin of an expansive homogeneous and isotropic relativistic– 

quantum-mechanical universe 
 

Planckon, i.e. a matter-space-time non-differentiate physical object with the 
Planck quantities (1)-(5), is a limit quantum-mechanical object. Therefore, it 
cannot be created from something non-physical, by some kind of non-physical 
processes. 

According to Stephen Hawking and Leonard Mlodinow: “... if we want to go 
back even further and understand the origin of the universe, we must combine what 
we know about general relativity with quantum theory.” [5, p. 131].  

From the complementarity between general theory of relativity and quantum 
mechanics results unambiguously that the matter-space-time non-differentiate 
planckon can originate only by the quantum-mechanical processes in the 
relativistic–quantum-mechanical environment. 

We know only one global relativistic–quantum-mechanical environment: an 
expansive homogeneous and isotropic relativistic–quantum-mechanical universe, 
and only quantum-mechanical processes which may manifest an actualization and 
de-actualisation of quantum-mechanical objects: the quantum-mechanical 
fluctuation origin and extinction of the particles and radiation. Therefore: The 
planckon—with limit relativistic and quantum-mechanical properties—can 
originate only by quantum-mechanical processes in the expansive homogeneous  
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and isotropic relativistic–quantum-mechanical universe there, where appropriate 
conditions arise. 

The matter-space-time non-differentiate planckon has extreme relativistic– 
quantum-mechanical properties; therefore, it can originate only under very specific 
conditions. 

From the first nontrivial exact solutions of the Einstein field equations, which 
were  published in 1916 by Karl Schwarzschild [6] , results that—according to the 
Einstein general theory of relativity—massive objects might exist from which 
neither the matter objects nor radiation cannot escape. For this property John A. 
Wheeler in 1967 gave to them the name black holes. 

The dimensions of the black hole are determined by the event horizon 
(Schwarzschild sphere) with  
critical (gravitational or Schwarzschild) radius [6]: 

.2
2c

Gmrc =  (6)

At the beginning of 1970’s, British theoretical physicist Stephen W. 
Hawking—when he analysed thermodynamic properties of black holes from the 
quantum-mechanical point of view—came to an unexpected and surprising 
discovery, now known as Hawking black hole evaporation or Hawking effect.  

He published it on 1 March 1974 in the article Black hole explosions? [7], and a 
year later, in more detail, in the article Particle Creation by Black Holes [8]. 

According to Hawking, black hole evaporation can be described in several ways, 
which at first sight may seem to be very different, but in fact they are equivalent. 
One from the description is based on the fact that the uncertainty relations allow 
particles fluctuation to transfer over a short distance at superluminal velocity. 
Therefore, particles and radiation can escape via fluctuation from the black hole. By 
escape (evaporation) of particles and radiation the black hole loses mass [9]. 

In his bestseller A Brief History of Time [10] Hawking described the final phase 
of the evaporation of black hole as follows: “As the black hole loses mass, the area 
of its event horizon gets smaller, but this decrease in the entropy of the black hole is 
more than compensated for by the entropy of the emitted radiation, so the second 
law is never violated. 

Moreover, the lower the mass of the black hole, the higher its temperature. So as 
the black hole loses mass, its temperature and rate of emission increase, so it loses 
mass more quickly. What happens when the mass of the black hole eventually 
becomes extremely small is not quite clear, but the most reasonable guess is that it 
would disappear completely in a tremendous final burst of emission, equivalent to 
the explosion of millions of H-bombs.” [10, p. 107]. 

Black holes can not evaporate (disappear) completely by the Hawking effect. 
The Heisenberg uncertainty principle (relations) [11] do not allow it. 

After evaporation of the black hole a limit matter-space-time unstructured 
planckon remains with a relatively small, but non-zero mass. (The planckon has 
mass, determined by the relation (3), i.e. several hundred-thousandth of a gram.) 
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The planckon is a limit (“residual”) Schwarzschild undifferentiated in matter- 

space-time manner black hole, which in this limit state can exist only in the frame 
of uncertainty relations. Therefore, in the shortest possible, i.e. Planck time tP, 
determined by the relation (2), it is transformed by the fluctuation into object, 
which is structured in the matter-space-time manner. 

Fluctuation differentiation of the planckon is realized under extreme conditions, 
with the maximum possible, i.e. Planck temperature TP, determined by the relation 
(5), generating the maximum possible negative pressure of creating particles. 
Therefore, created particles are drifting apart at high velocities, and the event 
horizon is moving away from them at the maximum possible velocity of signal 
propagation c. 

The relativistic–quantum-mechanical object, structured in matter-space-time 
manner, with the event horizon moving away at the velocity c, is space-time 
limit-singularly closed. A “baby universe”, i.e. new space-time limit-singularly 
closed expansive homogeneous and isotropic relativistic–quantum-mechanical 
universe (EU), is created. 

The EU during its whole expansive evolution expands at the boundary velocity 
of signal propagation c. Therefore, for its gauge factor a and the cosmological time 
(age of universe) t is valid the relation [12]: 

.cta = (7)
If in the relation (6) instead of the critical radius rc we put the gauge factor 

a := rc, we receive: 

.2
2c

Gma =  (8)

The physical-mathematical foundations of the present relativistic cosmology 
are represented by the Friedmann equations of the homogeneous and isotropic 
relativistic universe dynamics [13, 14], which—using the Robertson-Walker 
metrics [15, 16, 17, 18]—can be expressed in the following form: 

,
3

Λ
3

8 22
2

2
2 cakcaGa +−=

ρπ
&  (9a)

,Λ82 222
2

2
2 cakc

c
Gpaaaa +−−=+

π
&&&  (9b)

,εwp = (9c)

where a is the gauge factor, ρ mass density, k curvature index, Λ cosmological 
constant, p pressure, w state equation constant, and ε  = ρ c2 energy density. 

The Friedmann-Robertson-Walker (FRW) equations of the homogeneous and 
isotropic relativistic universe dynamics (9a), (9b) and (9c) fulfil the restrictive 
conditions, determined by the relations (7) and (8), only with k = 0, Λ = 0 and 
w = –1/3 [19]. 

Using the FRW equations (9a) and (9b) with k = 0 and Λ = 0 and  
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total zero energy state equation 

,
3
1ε−=p  (10)

we can determine the parameters of the model of a flat (Euclidean) expansive 
homogeneous and isotropic relativistic universe (EU model), which describes the 
EU in the linear approximation, in which we abstract from its relativistic and 
quantum-mechanical properties [19]: 

,
8
3

8
322 42

42 επρπ G
c

G
c

c
GE

c
Gm

H
ccta ======  (11)

where H is the Hubble “constant” (parameter, coefficient), and E energy. 
From the relations (11) results 

increase of universe mass 

.skg1001849.2Δ
2

Δ 135
3

−×== t
G

cm  (12)

Hawking in his—above mentioned—bestseller A Brief History of Time wrote: 
“… in quantum theory, particles can be created out of energy in the form of 
particle/antiparticle pairs. But that just raises the question of where the energy came 
from. The answer is that the total energy of the universe is exactly zero. The matter 
in the universe is made out of positive energy. However, the matter is all attracting 
itself by gravity. Two pieces of matter that are close to each other have less energy 
than the same two pieces a long way apart, because you have to expend energy to 
separate them against the gravitational force that is pulling them together. Thus, in a 
sense, the gravitational field has negative energy. In the case of a universe that is 
approximately uniform in space, one can show that this negative gravitational 
energy exactly cancels the positive energy represented by the matter. So the total 
energy of the universe is zero. 

Now twice zero is also zero. Thus the universe can double the amount of 
positive matter energy and also double the negative gravitational energy without 
violation of the conservation of energy.” [10, p. 129]. 

In the EU model, determined by the FRW equations (9a), (9b) and (9c) with 
k = 0, Λ = 0 and w = –1/3, the Euclid geometry is valid. 

According to the Einstein general relativity, for the total mass mtot of the 
Euclidean homogeneous matter sphere is valid the relation: 

.3
3
4

2
3 ⎟

⎠
⎞

⎜
⎝
⎛ +=

c
prmtot ρπ  (13)

For the total mass of the EU in the linear approximation mtot—with the non-zero 
values of the gauge factor a := r, the mass density ρ and the pressure p—can be 
valid: 
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⎠
⎞

⎜
⎝
⎛ +=

c
pamtot ρπ  (14)

only on the condition [20]: 

.03
2 =+

c
pρ  (15)

For the mass density ρ and the energy density ε is valid the relation: 

,2cρε =  (16)

therefore, the relation (15)—using the relation (16)—can be rewritten into the form: 
.03 =+ pε (17)

If in the relation (17) we express the value of pressure p, we receive the total 
zero energy state equation, mentioned above as the relation (10). 

From the above mentioned unambiguously results: The EU model is only one 
non-formal universe model of the expansive homogeneous and isotropic 
relativistic–quantum-mechanical universe in the linear approximation with the 
total zero and local non-zero mass (energy). 

The EU model is the only one model of the expansive homogeneous and 
isotropic relativistic Universe, which—in the frame of measurement uncertainty— 
corresponds with the results of the present observations [21, 22, 23, 24].  

Note: The model and physical properties of the EU are analysed in more detail 
in the article: The model of a flat (Euclidean) expansive homogeneous and isotropic 
relativistic universe in the light of the general relativity, quantum mechanics, and 
observations [23]. 

 
 

3 Conclusions 
 

From the analysis given above it results unambiguously that after the 
evaporation of black hole by Hawking effect, it remains matter-space-time 
undifferentiated planckon, which in the frame of Heisenberg uncertainty relations 
is transformed by fluctuation into a new space-time limit-singular closed expansive 
homogeneous and isotropic relativistic–quantum-mechanical universe with the 
total zero and local non-zero mass (energy).  

From observations, physical and model properties of our observed Universe it 
results unambiguously that the expansive homogeneous and isotropic relativistic– 
quantum-mechanical universe with the total zero and local non-zero mass (energy), 
is the only one possible universe, in which physical properties unambiguously 
determine also both the physical conditions and the mechanism of its physical, i.e. 
relativistic–quantum-mechanical origin. 
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