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Introduction

    As it’s well known the coefficients cn/G (where n = 0,1…5) and their inverses appear often in the equations of General Relativity, in Relativistic Cosmology and in the so-called Planck’s,  Stoney’s  and other Units composed of universal constants. It is interesting to note that a dimensional analysis of these coefficients conducts us to discover their physical meaning. As we will see a deep knowledge concerning the fundamental properties of the universe is hidden in them. They indicate  that some relations among physical quantities in our universe are constant and are expressed, in our case, as combinations of two very well known universal constants: the velocity of light c and the inverse of the Newtonian gravitational constant 1/G. Since the constants c and G are universal we are allowed to assume that they play an important part not only in singular cases but concern also the universe as a whole. Since nowadays it is assumed, on the basis of recent observations (e.g.COBE, WMAP etc. ), that our universe, in the global scale, is flat we will examine the part played by the coefficients under consideration only in models of a globally flat universe i.e. with the curvature parameter k=0. However it would be also interesting to examine their part played in the models with k = +1 and k = -1. 

     Making dimensional analysis we must be also aware that such an analysis enable us only to discover the fundamental and limitary relations between the main dimensional properties of the universe without other factors that are often dimensionless. The additional dimensionless factors are provided by different theoretical models of the universe e.g. by the Friedman models. Nevertheless the coefficients cn/G remain in the relativistic cosmology equations as their mathematical basic spinal cord. As we will see the numerical values of the additional dimensionless factors depend on the chosen model of the universe.
1. Some historical data
     Since the dimensional analysis was used in the construction of the units composed of universal constants let us begin with their history.

    a. In 1899 Max Planck, introduced his well known “Natural Units” of length, time, mass and temperature
    lP = (hG/c3)1/2;    tP = (hG/c5)1/2;  mP = ( hc/G)1/2;  TP = ( hc5/k2 G)1/2      
(where h is Plank’s elementary quantum of action k is the Boltzmann constant). 

Since in cosmology the density of matter is very important let’s add the Planck’s density

                                                 ρP = c5/hG2 = 1/GtP2                                           (1)
Note that Plank’s units contain the coefficients cn/G especially their inverses. Note also that some Planck’s Units are composed only of c and G. Here they are:
                                   Planck’s force        FP = c4/G 
                                   Planck’s power      PP = c5/G
As it is well known  Planck limitary units are considered  as important at the beginning  of the evolution of our universe.

b. Several years earlier, in 1874  George Johnstone Stoney (1826-1911), who is famous for his introduction of the term “electron” to describe the elementary unit of electricity and for his calculation of its value from Faraday’s law of electrolysis, introduced his “physical units of nature”
..
                            lS = (Ge2/c4)1/2;    tS = (Ge2/c6)1/2;  mS = ( e2/G)1/2;      

     (where e is the elementary electric charge). Let’s add Stoney’s density. 

                                                   ρS = c6/G2 e2 = 1/GtS 2                                          (2)
Stoney’s units are not so well known among physicists as Planck’s. The coefficients cn/G are also contained in them. It is interesting to note that also Stoney’s force and power are composed only of c and G and are equal to Planck’s force and power
                                          Stoney’s force        FS = c4/G 
                                          Stoney’s power      PS = c5/G
     Stoney  and Planck arrived at their units using dimensional analysis to the respective sets of constants (G, c and h) or (G, c and e). Stoney’s units concern the electromagnetic interactions. Note that we can arrive at units (of length, time and mass) connected with the other three interactions
. 
c.  For our purpose, let’s restrict to the gravitational interactions using the dimensional analysis of the set of constants (G, c and m). The results, as it was indicated by Kittel Ch. et al. are following:

                   gravitational length       lG = Gm/c2
                   gravitational time          tG = Gm/c3
                   gravitational mass         mG = m      

where m is the gravitational charge of a particle, of a body, of a star or even of our observable universe. The gravitational density has the following form.

                 gravitational density       ρG = mG / lG 3 =( c6/G3)(1/ mG)   = 1/GtG2            (3)
As we will see this equation will be fundamental in the models of our universe. Also The gravitational force and power are equal to Planck’s and Stoney’s ones

                                     gravitational force        FG = c4/G 
                                     gravitational power      PG = c5/G
    Note that the gravitational length lG is in a strict relation with the so-called gravitational radius RG or Schwartzschild radius. In Einstein’s general relativity we are dealing with three possibilities of RG , indicated by Weinberg 
. They depend on the used system of coordinates and metric.
                       RG(1) =2 Gm/c2;    RG(2) = Gm/c2;  RG(3) =  Gm/2c2
    Note that  RG(2) =  lG . In this case the metric is expressed in its harmonic form
. At the and of this section let’s indicate that in all sets of units (also of those connected with the strong and weak interactions)
 the force and the power are the same
.

                                FP = FS = FG = Fs = Fw = c4/G =  1. 2107 x 1044 N                  (4)
                                PP = PS = PG = Ps = Pw = c5/G  = 3.63 x 1052 W                         (5)
It means that at the beginning of the evolution of our universe the limitary greatest possible force
 in nature and the limitary greatest possible power
 were active in all kinds of interactions or better there was only one interaction at the beginning.
2.  The physical cosmic meaning of c.
    Let’s begin with the dimensional analysis of c. It is obvious that c as velocity constitutes a ratio of length and time c = l/t. If we apply this ratio to the region of the universe embedded in our Hubble sphere we are allowed to write c = RHo / THo. So, in our case, l means the Hubble length RHo i.e. the radius of our Hubble sphere and t means the age of our universe i.e. the Hubble time (age or period) THo. If we assume, as already mentioned, that our universe, in the global scale, is flat then the physical cosmic interpretation of c is the following: all points of the surface of our Hubble sphere run away with respect to us as observers with the velocity of light. In other words the Hubble Surface Galaxies at the Hubble surface recede at c.  Beyond our Hubble sphere the objects recede from us as observers at a rate greater than the speed of light. (Note that the constant c has also some others cosmic meanings. The –c2 means e.g. the limitary greatest possible scalar gravitational potential and the relation c2=1/εo μo . is also valid for the whole universe.
       3. The physical cosmic meaning of the inverse of the Newtonian gravitational  constant 1/G and  of the coefficient  c/G
    The dimensional analysis of the inverse of the gravitational constant 1/G shows that it constitutes a product of a density  ρ = m/l3 and the square of time t2
                                                 1/G =mt2/l3 = ( m/l3) t2=ρ t2                                   (6)
     Since the gravitational constant concerns also the whole universe we are allowed to examine the assumption that t means the age of the universe i.e. the Hubble time TH, l means the radius of the Hubble sphere i.e. the Hubble length RH ,  m means the mass MH of the mater  embedded in a Hubble volume VH = (4/3)πRH3 and ρ = MH /RH3 would indicate the average density of matter if the MH was imbedded in a cube RH3. With the above presented assumptions the equations (6) has the following form

                                                          1/G = ρ TH2                                                  (7)
   In such a way the inverse of the gravitational constant applied to the whole universe indicates the basic relations between the fundamental properties of the universe i.e., in our case, between its density ρ and its age TH. After simple transformations of equation (7) we obtain the very well known equations 

                                                       G ρ TH2 = 1                                                 (8)

                                                      ρ  = 1/ G TH2                                                (9)
    . The eq. (8) can be found e.g. in R. H. Dicke’s paper
 and its simplicity is admired by M. Heller
 the recent Polish Templeton Price winner. We must be, however, aware, that eq. (7)  was obtained by using only a simple dimensional analysis without indicating additional  dimensionless factors connected with the chosen models of the universe e.g. models with k=0 
     Therefore if we would like to know (in a flat universe) e.g. the density ρH of the mass MH embedded in the Hubble sphere called also Hubble volume VH = (4/3)πRH3  we must take into consideration the following relation 

                                              ρ / ρH =  ( MH /RH3)/(MH / (4/3)πRH3)                    (10)
     Hence                                                  ρH = (3/4π) ρ                                      (11)
We are dealing here with an additional dimensionless factor 3/4π  that must be taken into account if we would like to know the ρH  .
    The basic relations expressed in equation (8) and (9) appear in various ways in the Friedman equations of the models of the universe. Let’s take into account only the mentioned already flat models with the curvature parameter k = 0 because of the reasons indicated above. There are two possibilities: the flat Friedman model without  the cosmological term Λ and with it. Let’s consider first the flat model without the cosmological term Λ. As it’s well known the fundamental Friedman equation of this kind of model has the form

                                                   (8 πG ρ /3) – H2= 0                                              (12)
where ρ is the average density of the matter of the universe, and H is the time depending Hubble parameter. As it is well known in the examined model (k=0, Λ=0)  the relation between the Hubble parameter H and the age of the universe TH  has the following form

                                                         TH = 2 /3 H                                                           (13)
If we substitute  H  for TH  in (12) taking into consideration the relation (13) and we make simple transformations we obtain 
                                                         ρ = 1/6πG TH2                                                   (14)
Now we can make a comparison of (14) and (9). Although in (14) the relation (9) is dimensionally present nevertheless the average density  of matter in (14) is  6π =18,8 times smaller than in (9). Note, however, that in the considered Friedman model the age of  the universe is too small to be real. If we take into consideration the value of the Hubble parameter Ho evaluated on the basis of the present day observations H (THo)=Ho= 71 (+/-2)km/s/Mpc= 2.3 x 10-18 s -1 and the relation H(TH) = 2/3TH r, that must be taken into consideration in the Friedman model w (k = 0,  Λ = 0) we obtain the value THo =  9,05 milliards years
 (i.e. 2,86 x 1017 s)  and the average density ρo would be then
                                        ρ o  = 1/6π (G THo2) = 9,72 x 10 -27  kg/m3                          (15)      

    However, the result THo =  9,05 milliards years appears as nonrealistic because several stars are estimated as older
. Of course the density ρ o is then nonrealistic too.  We obtain more realistic value of the age of the universe when we use the Friedman  model  with k = 0 and  Λ>0. The results of this model are more consistent with the present day observations. The age of the universe, in the considered framework, is now evaluated to be THo =  13,7 milliard years =  4.348 x 1017 s. It sounds more realistic. As regards the density  ρ  it cannot be calculated simply either with the equation (9) or (14)  because the density ρΛ connected with the so-called “dark energy” related to Λ must be also taken into account
. As it is well known the Friedman models with k=0  are characterized by the so called critical density ρc. A simple transformation of (12) gives us the well known formula just for the critical density

                                                          ρ  =  ρc  = 3H2/8π G                                    (16)                                                 
 In  the Friedman  model  with k = 0 and  Λ>0  the critical density is composed of two elements
                                                         ρc =  ρm  +    ρΛ                                            (17)
where ρm is the density of the gravitational mass that causes gravitational attraction and ρΛ= Λc2/8πG is the density of mass connected with the so-called “dark energy” related to Λ that is the source of expansion of the universe opposite in relation to gravitational attraction. The density of the gravitational mass is given by
                                                  ρm  = (3H2- Λc2)/8 πG                                       (18)
In the Friedman  model  with k = 0 and  Λ>0  the present day density of the whole mass is given by

                                                   ρo  = 3H o 2  /8π G                                           (19)
Since in the considered model the relation between  the Hubble parameter and the age of the universe is given by  H = 1/TH (in our case  H0 = 1/THo) therefore we obtain

                                     ρo = 3/8π (G THo2) = 9,46 x 10 -27  kg/m3                    (20)
Making a comparison of  (20) with (9) we see that (20) dimensionally contains (9) but it differs from (9) in the dimensionless factor 3/8π. Without the factor 3/8π the density would be a gravitational density
                                     ρGo = 1/ (G THo2) =7.923 x 10 -26  kg/m3                     (21)
  The density ρGo is  8.375 times greater than  ρo . But it would constitute only the density of the gravitational mass. The density ρΛ  must be also taken into account because of an intrinsic expansion of the universe. Nevertheless, it is interesting to note that the inverse of the gravitational constant 1/G =  c0/G= ρ TH2 contains in itself  a physical sense and can serve as an indication  of the limitary fundamental relation between the fundamental properties of our universe. As we could see it constitute  also a component of  Friedman equations that are  good mathematical tools which  serve well in our study of the universe. But in the study of our universe we must use also the additional dimensionless factors indicated by the theoretical models. 
    The same thing must be done also in the interpretation of the coefficient c/G. The physical cosmic  meaning of the coefficient c/G is very similar to the meaning of  c0/G therefore we are going to interpret it now in the same section. The equation (7) differs only from the equation that we are going to examine by the fact that  the both sides of the equation (7)  are multiplied by c.
    The coefficient c/G has the dimension of a density ρ multiplied by a product of length l and time interval t. 

                                      c/G =(l/t)/(l3/mt2) =(mlt2)/(l3t) = (m/l3)lt = ρlt                       (22)

Taking into consideration the assumptions of the precedent sections the equation (22) can be written                                                           

                                                            c/G = ρ RH  TH                                                  (23)

                                                           ρ = (c/G)(1/ RH  TH )                                          (24)
As we can see, the equation (23) and (24) indicate the fundamental limitary relations between the average density of mater and the radius and age of the universe.  The Friedman equations (used in models with k =0, Λ=0 and k =0,  Λ>0)  will differ from equation (23) and (24) by similar dimensionless factors, like in the precedent section. As we can see also the coefficient  c/G possesses a  basic cosmic physical sense.
     Concluding this section let’s put together the equations concerning the density:

                                       ρP =  1/GtP2 ;    ρS =  1/GtS 2;  ρG =  1/GtG2 

                                                             ρ  = 1/ G TH2  
                                    ρP =  c/GlP tP ;    ρS =  c/GlS tS ;  ρG =  c/GlG tG 

                                                              ρ  = c/ GRH TH  

As we can see,  in the Planck’s, Stoney’s , gravitational and others densities the fundamental mathematical structure is the same. As regards the average density of the universe we have to add dimensionless factors depending on the chosen model of the universe. In the case of Friedmann model (k =0; Λ=0) we have to add 1/6π and in the case  (k =0; Λ>0) we have to add 
 3/8π.
4. The physical meaning of the coefficients c2/G and c3/G
     The coefficient c2/G has the dimension of a mass divided by a length

                                                                c2/G =m/l                                                    (25)

and the  coefficient c3/G has the dimension of a mass divided by time

                                                                c3/G =m/t                                                   (26)
With the assumptions of the previous  sections the equations (25) and (26) could be written

                                                               c2/G =MH./RH                                             (27)

                                                                c3/G = MH /TH                                          (28)
If we make a comparison of the equations (27) and (28) with the “gravitational units” presented in the section 1. we become aware that we made an unconscious  assumption that RH is the “gravitational length” RG = GMH /c2  and  TH  is the “gravitational time” TG = GMH /c3  of our universe.  Such an assumption could be done if the universe was a black hole because RG is one of the Schwarzschild radius  RG = RG(2)  
     The present day observations, as was mentioned at the beginning of this paper, indicate that our universe, in the global scale, is flat. Therefore  we must take into account additional dimensionless factors that are provided by the Friedmann model with k = 0 and Λ >0 and observational data. Nevertheless the relations (27) and (28) indicate that the mass embedded in a Hubble sphere MH increases with the increase of  the Hubble radius RH and Hubble time TH . At the same time the average density  of the matter decreases exponentially  because of the increase of RH3. Why does the mass embedded in Hubble sphere increase with the increase of RH and TH? The answer is following: with the increase of RH and TH the increasing Hubble sphere embraces more and more matter of the universe.
3. The physical meaning of the coefficient c4/G
     As it’s well known and as it was indicated at the beginning of this paper the coefficient c4/G has the dimension of a force. Several authors
 consider it as the greatest possible force in Nature. The author of this paper is also of this opinion. He has shown in some papers
 that c4/G plays the part of the greatest possible force in the Nature not only in Einstein’s Special and General Relativity but also in the classical Newtonian gravitation theory, in Electromagnetism and in Quantum Mechanics.   In some papers he has also indicated that the most famous Einstein equation E = mc2    can be written also in the following way

                                                           E = mc2=  (c4/G) RG                                    (29)
 Where RG = Gm/c2 is the gravitational length of a body m. If one assumes that   RG = RHo it is possible to obtain the following result    
                         Euniv =  (c4/G) RHo = 1,5775 x 1070 J  = 9.8459 x 1079 GeV         (30)
                                       Muniv =   Euniv / c2= (c2/G) RHo  = 1,755 x 1053 kg           (31)                       
      The equation (29) taken from my paper
 was quoted by two Italian physicists F. Cardone and R. Mignani and applied in their book
  to the whole universe just in the way presented above. On this occasion the two authors call the quantity c4/G  Kostro constant and Kostro limit
. It is very nice of them  but, as it was already mentioned the quantity into consideration is considered as the greatest possible force in Nature by several other authors and some of them did it before me (e.g. de Sabbata and Sivaram 1993
). As regards the assumption  RHo= RG it has a consequence already indicated. In such a case the universe must be considered as a black hole.
    Note that the inverse of the coefficient (c4/G) appears in the Einstein gravitational field equation 

                                             Gμν =8 π (G/c4)Tμν

Where Gμν is the space-time curvature tensor, Tμν the stress energy tensor, and 8 π (G/c4) the scalar constant κ.  According to I.R. Kenyon the magnitude of the constant “determines how effective the energy density is in distorting space-time”
. J.K. Sikorski calls the quantity pvacuum = (c4/4 π G)Λ  “the physical pressure of vacuum
. As we can see the force c4/ G plays an important part in the expansive pressure that has its source in the dark energy where the term Λ is involved. The already quoted I. R, Kenyon interprets the constant c4/8 π G as follows: “The constant c4/8 π G appearing in Einstein’s equation can be interpreted as the force unit area required to give space-time unit curvature, that is 1043 N m-2 for a curvature of 1 m-2. Space-time is therefore an extremely stiff medium, and by the same token small-amplitude waves carry large energies”  
 
4. The physical meaning of the coefficient c5/G
The coefficient c5/G has the dimension of power. Several authors consider it as the greatest possible power in Nature
. The author of this paper is also of this opinion. He has shown in some papers
 that c5/G plays the part of the greatest possible power in Nature not only in Einstein’s  General Relativity but also in the classical Newtonian gravitation theory, in Electromagnetism and in Quantum Mechanics.
     In some papers he has also indicated that the mentioned already Einstein equation E = mc2    can be written also in the following way

                                                          E = mc2=  (c5/G) TG                                    (22)
Where TG = Gm/c3 is the gravitational time of the body m. If we apply this equation to our universe assuming that its TG = THo   we obtain

                         Euniv =  (c5/G) THo = 1,5775 x 1070 J  = 9.8459 x 1079 GeV             (23)
                                       Muniv =   Euniv / c2= (c2/G) RHo  = 1,755 x 1053 kg              (24)                    
The results are the same as in (20) and (21), but the objection is the same as above. If we assume that  THo = TG  we treat the universe as a black hole and we are no longer working in the framework of the Friedmann model with k =0 and Λ>0.
    The greatest possible power played an important part not only at the beginning of the evolution of the universe. It plays also, according to I. R. Kenyon, an important part now in the explosions of the supernovae
 
Conclusion

Concluding we can say that the coefficients cn/G   (n = 0,1…5) play in General Relativity and in the relativistic cosmology a very important part because they contain a fundamental physical sense. They have an important physical meaning. They express the limitary fundamental relations between the most important properties of the universe. They constitute a mathematical spinal cord of the equations of General Relativity and in the relativistic cosmology
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