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Abstract 

  

Based on the definition of pressure relating to the space and the first law of thermodynamics has been derived the 

equation that illustrates the relationship between the values of pressure and volume of space-time - from the subatomic 

volume values 10-43 m3Js to the maximum values 10+38 m3Js (or higher).  The presented model seems to be in 

compatibility both with the theories describing the evolution of space-time and with the experimental data. The model 

shows that the volume of space-time is still increasing and will continue to increase, which is consistent with the 

observations.  It seems that the presented model can also predict what happens beyond the observable Universe. This 

model seems to confirm the hypothesis of eternal inflation as well as the infinity of space-time. This model may help 

explain the nature of dark energy, responsible for accelerating the expansion of space-time. Generally, we would show 

how the pressure energy impact on the whole space-time. We think that the model of the relationship between the energy 

of pressure and space-time volume presented by us may be of interest to researchers dealing with dark energy problems, 

as well as students and others. 
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1.  Introduction  

American astronomer, Edwin Hubble, observing galaxies in the Universe proved,  that almost all galaxies move away 

from us the faster, the greater the distance to them. It has been shown that the expansion of the Universe seems to 

accelerate.  

Alan H. Guth in 1981 developed the theory of inflation [1] where the negative vacuum pressure may have played a 

fundamental role in the very early phase of expansion of the Universe, called the inflationary phase. Einstein and 

Friedman equations indicating the relationship between pressure and mass density[2].  

Recently, new cosmological solutions in massive gravity theory describe accelerated evolutions for the Universe.  From 

these calculations several   cosmological constants responsible for acceleration were found [3].  

 According to Einstein a factor giving effective repulsion of matter it is a negative pressure called as negative energy. It  

was found that in the Universe may be a fraction of matter giving a negative effective pressure. It is the result of the 

phase transition from the state of the Universe with greater symmetry to a state of lower symmetry. The phase transition 

in the Universe could show topological defects, such as cosmic strings, domain walls and monopolies connected by 

strings [4]. The latter exert effective pressure is zero, but the other have a negative pressure. It is believed that the 

topological defects changing over time the Einstein cosmological constant. An unusual feature of the dark energy is that 

its density r  is constant despite the expansion of the Universe. This density r  of whole Universe is approximately 1. 

2. Relation between pressure energy and volume of space-time 

In this model, we have relied on  definition of pressure p which apply to the space-time: 

     
p=

E

V                  

[
J

m
3
]

                                                                                       (1)                                                                                                                                                             

where: 

E – energy,  V volume. 

From the first law of thermodynamics it is known that the total energy E is the sum of the performed work W and the heat 

generated Q: 

 E = W +Q                                                                                                            (2) 

Both the work W done and the heat Q are ways of energy transfer. 

A volumetric work is important for us.  Volumetric work follows from equation (1) as the energy value of space-time. 

The volumetric work, according to the first principles of thermodynamics consists in performing work on the system or 

by the system, leading to a change in volume V: 
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 W = -pdV                                                                                                        (3)           

p – denotes the pressure. 

It is assumed that in the evolution of the Universe there was no heat dissipation, so the member associated with the heat 

in the equation (2) is equals zero: Q = 0. 

Pressure in stars  is known as the equation of state – the equation that specifies the pressure in a gas given its density and 

temperature. According to the theory of Friedman the equation of state cannot be derived from gravity theory. It must be 

obtained from the thermodynamic properties of the matter. We may suppose that every component of space-time  have  

an equation of state of the form [2]. 

 p = p[]                                                                                                         (4) 

  – is matter density. 

 According to A. Guth theory [1] the energy density 
v

 of the false vacuum is approximately fixed at some value the 

energy true vacuum   and the pressure p of the vacuum is given by:                                                                                                                

p= −                                                                                                                             ()  

            

                        

                                                                                                                                                                      

Therefore, the equation (3) takes the form: 

W = dV

                                                                                                                         

(6) 

Substituting the equation (6) to the equation (1) we get:  

 

           p=
ρ dV

V
                                                                                                        (7) 

WMAP determined that the universe is flat, from which it follows that the mean energy density in the Universe is equal 

to the critical density (within a 0.4 -0.5% margin of error). This means that the density  of the universe is approximately 

equal to 1. Based on this statement we have taken  the density   as 1 in our model. 

To find out what is the relationship pressure energy-volume we have to take the integral with respect of volume: 

             

p= ρ∫ (
dV

V
)

                                                                                               (8)  

After integration we obtain the following equation: 

                                                                                                                                                                                           (9) 

    

 – is equal to unity.                                                                                                                             

The equation (9) is applied to three-dimensional 3D space where the unit volume of this space  is 1 m3. According to the 

theory of relativity time is also incorporated into space, therefore we  have four dimensional space 4D. According to 

Einstein theory, four-dimensional space is associated with energy, which is associated with quantum effects. Taking into 

account that the pressure p is a form of energy E relate to the space: E = h =pV,  and the energy shall be subject to 

quantization, so in the equation (9) we have to take into account the Planck constant  h which is  associated with the 

pressure p and volume V:  

h = Vp or h > Vp 

h  = 6.62491 · 10-34 Js    

After taking into consideration the Planck constant, equation (9) takes the form: 

 

                                                                                                                             (10)                                                                                                                                                                  

Equation (10) refers to a four-dimensional 4D space-time.  

Figure 1 schematically shows the whole evolution of the volume of space-time, depending on the pressure obtained from 

the equation (10) - from the smallest values up to the largest, V = 10+308 m3Js,  until infinity. Equation (10) also allows to 

p =  
 

lnV*h  

p =  
 

lnV 

https://wmap.gsfc.nasa.gov/universe/uni_shape.html
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make us calculations beyond the observable Universe (Table I). As can be seen from the calculations, with the increase of 

space-time V,  pressure p  (equivalent to the energy of the Universe) continues to grow. At a certain point both the space-

time V and  pressure p  reaches infinity.  

 

 

 

Figure 1. Schematic representation of the whole evolution of the space-time described by the equation (10). 

V [m3Js] p[J/m3] V [m3Js] p[J/m3] V [m3Js] p[J/m3] 

1,00E-043 -6,56E-032 100 3,05E-033 100000 7,63E-033 

1,00E-040 -6,10E-032 120 3,17E-033 200000 8,09E-033 

1,00E-035 -5,34E-032 150 3,32E-033 500000 8,69E-033 

1,00E-030 -4,58E-032 200 3,51E-033 1000000 9,16E-033 

1,00E-025 -3,81E-032 250 3,66E-033 1,00E+007 1,07E-032 

1,00E-020 -3,05E-032 300 3,78E-033 1,00E+010 1,53E-032 

1,00E-015 -2,29E-032 400 3,97E-033 1,00E+015 2,29E-032 

1,00E-010 -1,53E-032 500 4,11E-033 1,00E+020 3,05E-032 

1,00E-005 -7,63E-033 700 4,34E-033 1,00E+025 3,81E-032 

1,00E-003 -4,58E-033 1000 4,58E-033 1,00E+030 4,58E-032 
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0,01 -3,05E-033 1200 4,70E-033 1,00E+035 5,34E-032 

0,1 -1,52E-033 1600 4,89E-033 1,00E+038 5,80E-032 

0 -- 2000 5,04E-033 1,00E+040 6,10E-032 

0,5 -4,57E-034 2500 5,18E-033 1,00E+045 6,86E-032 

1 0 or 1E-42 ? 3000 5,31E-033 4,49E+071 1,09E-031 

2 4,57E-034 4000 5,49E-033 1,00E+080 1,22E-031 

5 1,07E-033 5000 5,64E-033 1,00E+090 1,37E-031 

10 1,52E-033 7000 5,86E-033 1,00E+100 1,53E-031 

15 1,80E-033 10000 6,10E-033 1,00E+200 3,05E-031 

20 1,99E-033 10500 6,13E-033 1,00E+300 4,58E-031 

25 2,13E-033 12000 6,22E-033 1,00E+302 4,61E-031 

30 2,25E-033 15000 6,37E-033 1,00E+304 4,64E-031 

40 2,44E-033 20000 6,56E-033 1,00E+305 4,65E-031 

50 2,59E-033 25000 6,71E-033 1,00E+307 4,68E-031 

75 2,86E-033 50000 7,17E-033 1,00E+308 4,70E-031 

    > 1E+309 

infinity 

> 1E+309 

infinity 

 

Table 1. Calculated from the equation (10) selected values of pressure and space-time - from the smallest to the largest 

values. Light gray – area of space-time which is beyond the observable Universe. The rest - the area of the observable 

Universe (from the smallest to the largest volume of space-time).  

For the obtained equation (10), the pressure calculation performed by our programme has been conducted as a function 

of space-time volume in the range of from V = 1 · 10
-42

  or 9.9 · 10
-43

 

to 2.9 · 10
38

 m3Js and for p from p = -6.4 · 10
-32

 

or 

8.4 · 10
-43

 to p = 5.86 · 10
-32

 J/m3. 1 J/m3 corresponds to an 1 N/m2, which is equal to 1 Pa. The calculations were carried 

out in the Quick Basic programme. A calculation step was taken in the range of 10-43 to 0,01.  Due to the large span of V 

could not be visualized entirely on one graph. Figure 2 shows the beginning of the expansion of the Universe in our 

model. At the minimum value of volume of space-time about  V = 1 ·  10-42 (what we can calculate by our programme) 

the negative pressure is about: p = -6.4 · 10-32.  When the volume V of space-time increases, the value of the negative 

pressure p decreases. 
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For  value V = 0  the value of pressure p is undefined (what follows from the function of natural logarithm). Near the 

value of space-time V = 1  m3Js  the value of the pressure decreases to  -6.3·10-42 J/m3 (practically to 0 or  pure 0?) 

(Figure. 3). This value of pressure energy is close to the quantum of time which is the boundaries between time and 

space.   

Figure  2 The initial fragment of space-time evolution described by the equation (10)(calculated by  program). 

Then, the pressure becomes positive. With the increase of volume of the space-time the pressure still increases.  Space-

time is constantly expanding to a maximum of 10+38 m3Js (Figure. 4) (which could be obtained from our calculations by 

our programme). Pressure equivalent to the energy space-time is still increasing with the increase of space-time.  

According to one hypothesis, a space, like as  time may consist of small pixels – the  quants of volume V3 = 10-99 m3. For 

this volume, our programme is not able to calculate the pressure from the formula (10). The natural logarithm of this 

value is -227,96.  From the formula (10), we can assume that the  hypothetical pressure p for this quantum of space  

would be  p = -1,51 · 10-31 J/m3. 

Assuming that the diameter of the visible Universe is about 92 ·10
9 

light-years and one ligh year is about 9.5 ·10
12

 

km 

hence the radius r of the observed Universe is 437 ·10
21

 km. 

Calculated by us the volume V of our observable Universe from the following equation: 

V= (4/3)r
3 

is about 3.49569 ·10
71 

km. If this value substitute into the formula (10) it receive a total pressure ptot of the observable 

Universe: 

  ptot

 

= 1.091535 ·10
-31.
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Figure 3 The pressure energy in the vicinity of 1 (calculated from the equation (10)). 
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Figure  4 The final fragment of space-time evolution described by equation (10) (calculated by program). 
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 Some specific phase transitions result from the equation (10): the pressure  p is strongly negative until the value 1 (p has 

a value almost zero or 0: p about p = 1.4·10-41 J/m3) - takes place the expansion of space-time.  Then  p becomes positive 

- occurs the gravitational attraction of matter.  As follows from the equation (10) in the vicinity of  V = 0, p is undefined. 

Equation (10) shows that for some numerical value, outgoing beyond the observable Universe both the space-time V and 

the pressure p becomes infinite. This result could confirm the hypothesis of an infinite Universe. On the infinity of the 

Universe show in fact some experimental data. Astrophysicists have compiled the most accurate map ever of the 

Universe. The new map provides some of the best evidence that the Universe is flat. WMAP results carried out in 2001 

show that the Universe is flat with a 0.4% -0.5% margin of error. This implies an infinite Universe - extending forever 

into space and time. One of the modern theories of gravity assumes that the energy density, and pressure and factor of 

space expansion will tend to run to infinity [5]. 

Evolution of space-time is presented as a dependence of volume of space from time. Is our model fits into this 

relationship? Let us consider what it really is volume and time in relation to space in four dimension 4D. According to 

the theory of relativity, pressure space is an unit of energy per unit volume, ie.  J/m3 (or J/V).  1 J corresponds to 1 

kg·m2/s2  which leads to a value equal to 1 Pa, ie.1 kg/m·s2. This corresponds to the pressure as an energy density, 

defined as the amount of energy in a certain volume or mass which is in accordance to the Friedman and Guth equation 

(4). 1 J is equal to 1 Pa.  By definition, Joule J and Pascal Pa refer either to the mass, volume and time in 4D.  According 

to the equation (10)  the volume of space-time is the product of volume as well as the energy and time, ie. m3Js. The x-

axis in charts is the entire space-time, and the y-axis corresponding to the amount of energy, which is an actual pressure 

throughout space. From the equation (10) indicates that pressure corresponds to the space-time  (p is  proportional to 

volume of the space-time) (y-axis) and the volume of space-time is closely related to the time (x-axis).   

In our model, according to the  Eq. (10) we received a maximum pressure of  5.86 ·10-32  J/m3 (or Pa/m3) which 

corresponds to a maximum volume 2.92·10+38 m3Js obtained by us in our calculations by our programme. Pressure in 

outer space in the intergalactic voids is in the range 10-17 Pa (corresponding  J/m3) and the pressure in outer space 

between stars in the Milky Way is in the range 10-15 Pa  (corresponding  J/m3).  It may be assumed that it is the scope of 

the observable Universe. The value that is in total equal to that  range 10-32 Pa  (J/m3). The value of pressure obtained 

from our equation (10) corresponds to the overall value of this rank 5.6·10-32. J/m3 (calculated by our progrmme). Our 

model showed the value of the largest negative pressure for a hypothetical quantum - pixel of space. This value is p = -

1.51·10-31 J/m3.  

From our equations (9) and (10) show that the natural logarithm can not be equal to zero. The limit of the natural 

logarithm at V = 0 is indefinite. This means that the space-time volume can not also be zero.  Our equation (10) can 

provide support for the hypothesis that space can consist of quanta, like the time.  In the vicinity of space volume equal to 

1  m3Js  we are dealing with a specific form of phase transition in space. For a capacity of space-time equal to the value 

of 1 m3Js, the space-time pressure decrease to extremely low values: 10-41 J/m3 (or lower) which is equivalent to 

practically zero, but it is probably not pure zero (see Fig. 3). This indicates that pressure equivalent to the energy space-

time can not be equal to zero.  It seems that the energy, equivalent to the pressure p of the time-space V, does not reaches 

value of pure zero which is compatible with quantum mechanics.  It seems to indicate a quantization of both energy and 

space-time. 

Eq. (10) shows that the value of pressure energy undoubtedly affects gravitational effects. The influence of gravity shows 

the course of the logarithmic function of eq. (10). It seems that the value of forces in eq. (10) hides the density value 

resulting from the Friedman and Guth theories.Thermodynamics affect the breaking of symmetry in a large scale of 

space-time volume. This in turn intensifies the influence of gravity (curvature of the logarithmic function in eq. (10)) The 

pressure energy in eq. (10) results from the law of thermodynamics affecting space-time and it has a gravitational 

character. 

As follows from equation (10), the speed of space-time expansion driven by pressure energy is determined solely by the 

size of the volume of space-time. It is obvious that it cannot exceed the speed of light. From our equation (10) it shows 

that the volume of the Universe is closely related to the Planck constant. This is consistent with the theory of relativity 

that the individual physical values, such as time and space and others are inextricably bound. This means that the volume 

of the Universe is connected with the energy and time in four dimensions - these values are coupled together. It agrees to 

the principle of quantum mechanics that the time and energy are coupled together in a given volume. For this reason 

equation (10) can also help in understanding the quantum nature of the Universe. 

According to A. Guth, the volume V of space-time increases exponentially, which gives infinity. Equation (10) confirms 

this dependency. From the formula (10) it follows that the volume V of time-space is expressed as a function of pressure 

energy p in the form:  V = exp(p)*h.  

It seems surprising that such a complex process as evolution and the structure of space-time is described by such a simple 

equation (eq. 10).  Ilya Prigogine - Nobel laureate in chemistry is convinced that physics explores the complexity of the 

system, and biology explores the elemental nature of the system.[6]. For this reason he stated that simple physical 
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processes are described by extremely complex mathematical equations, and complex biochemical and biological 

processes can be described by very simple equations  In our case, we are interested in the evolution of space-time driven 

by the elementary factor which is the pressure energy. Therefore, our equation (10) takes a simple form and describes the 

evolution of space-time volume from the smallest to the largest possible scale up to infinity. Can it come as no surprise 

that such a complex process as the influence of the pressure energy on the structure and evolution of space-time can be 

described with such a simple equation resulting exclusively from the principles of thermodynamics? We leave this issue 

to readers. 
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