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Abstract:  This author has recently reported [11] a new law, of equality of 
‘potential-energy’ and ‘energy-of-mass’ obeyed by reasonably-independent systems 
of matter, like: the electron, the pi-meson, the hadrons, the nucleus-of-atom, the 
globular-clusters, the spiral-galaxy, the clusters-of-galaxies and the universe; but it 
was an empirical-law so far. Now, this paper presents a wave-theoretical explanation 
for this newly-emerged law. In this process the large-number-coincidence [LNC] and 
the recurrences of critical-acceleration of MOND also get explained in terms of the 
wave-theory. This paper suggests that this new law of equality of potential-energy 
and energy-of-mass may be more fundamental than the fundamental-forces, because 
it seems to determine the strengths of fundamental-forces.   
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Introduction 
 
While explaining the ‘large-number-coincidence’ [LNC], this author [9] adopted the 
definition of ‘radius-of-the-electron’, re =  e2/me c2  and the equality pointed out by 
R. K. Adair, of the  ‘gravitational-potential-energy’ and ‘energy-of-mass’ of the  
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universe, i.e., GM0

2/R0 = M0 c2 , as the ‘assumptions’ to start with. Since these 
assumptions helped in explaining the LNCs: (i)  (R0 / re) = ( e2/ G me mp ) = 
(M0/mp)1/2 = 1040 and (ii) (R0/rpi ) =(N g2/ G mpi

2 ) = (M0/mpi)1/2 = 1041 , a conclusion 
was drawn that: potential-energies stored within the electron, the pi-meson and the 
universe are equal to the ‘energies-of-mass’ of the electron, the pi-meson and the 
universe. But three observations can not form a law. Then in this July, 2010, this 
author [11] succeeded in explaining the recurrences of the ‘critical-acceleration’ of 
MOND noticed by Sivaram [3-8], with the help of the equality of ‘potential-energy’ 
and ‘energy-of-mass’. Sivaram had noticed that: 
 me / re

2 =  mp / rp
2  =  mn / rn

2 =   Mgc / Rgc
2  =   Mgal / Rgal

2   =   Mcg / Rcg
2  =  M0 / R0

2   
=  a0 / G    
Here a0 is critical-acceleration of Modified Newtonian Dynamics [MOND] = 10-10 
meter/second2 (Milgrom,1982, [1,2],  
G  is Newton’s gravitational-constant, 
me  and  re

  are mass and radius of the electron, 
mp  and  rp

  are mass and radius of the proton, 
mn  and  rn

  are mass and radius of nucleus of an atom, 
Mgc  and  Rgc

  are mass and radius of the globular-clusters, 
Mgal  and  Rgal

  are mass and radius of the spiral-galaxy, 
Mcg  and  Rcg

  are mass and radius of the galactic-clusters, and 
M0  and  R0

  are mass and radius of the universe. 
The above recurrences of  M/R2 could be explained with the equality of ‘potential-
energy’ and ‘energy-of-mass’ of all these systems; so, a new law emerged; that 
“reasonably independent systems of matter maintain an equality of ‘potential-energy’ 
and ‘energy-of-mass’ while determining their radius and the strength of force 
operating within them”.  But, this “new law, of equality of ‘potential-energy’ and 
‘energy-of-mass’ of reasonably independent systems of matter”, was an empirical 
law, so far. Now, this letter presents a scientific reasoning, namely, a wave-
theoretical explanation, for how the strength of a fundamental-force within a 
reasonably independent system of matter gets decided. The  section-2 describes the 
steps leading to the new law of equality of potential-energy and energy-of-mass of 
reasonably independent systems, and in the section-3 the wave-theoretical-
explanation is presented. This paper leads to a possibility that this new law of 
equality of potential-energy and energy-of-mass may be more fundamental than 
fundamental-forces, because it seems to determine the strengths of even the 
fundamental-forces. 
 
 
2. Derivations leading to a new law of equality of ‘potential-energy’ 
and ‘energy-of-mass’ of reasonably independent systems of matter: 
 
2.1. Let us adopt the following relations as assumptions: 
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re = e2/mec2   here  re  is defined as ‘radius of  the electron’,  e2  is electrostatic 
coupling-constant-square,    me  mass of the electron and    c  is the speed of light. 
  
And in 1997 I saw in Robert K. Adair’s book ‘Concepts in Physics’ a derivation that 
the sum of ‘energy of mass of the universe’ and ‘gravitational potential-energy of the 
universe’ is equal to zero! That is: 
 
Mc2 – GMM/Ro = 0. …………………….  (1) 
Here M  and Ro  are mass and radius of the universe. 
 
Based on these assumptions when I (Tank 1997) expressed Ro = GM/c2, Dirac’s ratio 
became expressible as: 

 Ro/ re = (G M/c2)/(e2/mec2) 

i.e.    Ro/ re = (G Mme)/e2 

i.e.   (Ro/ re) = (G me mp /e2) (M/mp)………………......(2) 

Here mp  is mass of the proton. 

i.e.    1040  = 10-40 . 1080  

We will explain later why the radius-ratio (Ro/ re) and strength-ratio(e2/G me mp)  are 
equal; and proportional to the square-root of the mass-ratio(M/mp). 

Moreover, my 1997 attempt also showed that:  

The strengths of coupling-constants-squares are directly proportional to the energy-
densities of the pi-meson, the electron and the universe; that is : 

Ng2 : e2 : G me mp  : :  ρπ  : ρe : ρc  ………………..(3) 

Where ρπ = mπc2/ (4/3) π rπ3
 ;  ρe = mec2/ (4/3) π re

3
  and ρc = Mc2/ (4/3) π Ro

3  

And, an interesting relation: (rGU ).( rGp) =   ( re )2  …..(4) 

Where:   rGU  is gravitational-radius of the universe,  rGp  is gravitational-radius of 
the proton, and  re   radius of the electron. 

With the help of expression-3 it became possible to fully explain the LNCs: 
(R0 / re) = ( e2/ G me mp ) = (M0/mp)1/2 = 1040  and   
(R0/rpi ) = (N g2/ G mpi

2 ) = (M0/mpi)1/2 = 1041 
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The successful explanation of the LNCs lead to a conclusion that the potential-
energies stored within the electron, the pi-meson and the universe are equal to the 
energies of their mass. 
 
2.2. The equality of ‘potential-energy’ and ‘energy-of-mass’ of the universe also 
helped me [10] in explaining the relative strengths of gravitational and electric forces 
as follows: 

       GMM/Ro  = Mc2   

i.e.  GMM/Ro = 1836 . 1080 mec2    ( Because M=1080 mp and mp = 1836 me )  

i.e.  GM (1836 . 1080 me)/Ro  = ( 1836 . 1080 ) mec2 

i.e.  GMme/Ro = mec2 

i.e.  GMme/Ro = e2/re 

i.e.  G(1080 mp me)/ Ro = e2/re     …..…………… (4) 

i.e.  1040 (Gme mp)/re = e2/re    because Dirac has already found that (Ro/re) = 1040 

Therefore,    e2/Gmemp = 1040 …..…………… (5) 
 
This is how, the equality of ‘gravitational potential energy’ and ‘energy of mass’, of 
the universe and the electron lead us to an explanation for the relative-strengths of 
‘gravitational’ and ‘electric’ forces. Or, the observed relative-strengths of 
‘gravitational’ and ‘electric’ forces suggest the equality of ‘gravitational-potential-
energy’ and ‘energy of mass’ of the universe. 
 
2.3. The equality of ‘gravitational-potential-energy’ and ‘energy-of-mass’ of the 
universe also leads to a new description of the ‘cosmological-red-shift’ as follows: 

Since    GMM/Ro = Mc2  

i.e.      GMm/Ro = mc2                        where m is mass of any particle 

or       GM(hΔƒ/c2)/ Ro = hΔƒ     where hΔƒ  is change in energy of a photon 

i.e.   [GM (hΔƒ/c2)/D] [D/Ro] =  hΔƒ    where  say, D is a luminosity-distance  

i.e.  [GM(hΔƒ/c2/D] =  hΔƒ (Ro/D)  …..…………… (6)  

We can write hƒ for the right-hand-side of expression-6 
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i.e.        [GM(hΔƒ/c2/D] =  hƒ  

i.e. (hΔƒ/hƒ) = D/Ro               Because GM/c2 = Ro, and finally; 

As is discussed in the literature, Ho . Ro = c 

i.e.     (hΔƒ/hƒ) = HoD/c  ……………………..(7) 

 
We find that the expression-7 is the well-known expression for the cosmological red-
shift zc = H.D / c, for the red-shifts smaller than unity. This derivation suggests that 
even the cosmological red-shift obeys the law of equality of ‘potential-energy’ and 
‘energy-of-mass’ of the universe.  
 
2.4. Also, if we define ‘the change in electrostatic-potential-energy of the electron’ 

as  ze , then: 
  
        ze = [ (e2/re) – e2/(re+D)] / [e2/(re+D)] 
 
i.e.     ze =  D/re  
Dividing both the sides by 1040 : 
i.e.      ze / 1040 =  (D/re1040 ) = ( D /Ro ) =  HoD/c =  zc   
i.e.     zc = 10-40 ze    ……………………………(8) 

The electron has a definite mass, whereas photons can be of various different 
energies; but when the change in their potential-energies is expressed as above, the 
cosmological red-shift seems because of change in gravitational potential energy of 
the atom-photon-system. 
 
Thus, from my paper, titled: “An explanation for the recurrences of the ‘large-
number’ 1040 in astrophysics and some insight into the nature of fundamental forces” 
(Tank, 1997), the following conclusions emerged : 
(i) Potential-energy stored within the pi-meson is equal to the energy-of-mass of the 
pi-meson. That is: 
 mpi c2  - N g2/ rpi  = 0       Here mpi  and  rpi   are mass and radius of the pi-meson;   
and  g = 3 g0   where g0  is a quark’s average strong-charge. 
(ii) Potential energy stored within the electron is equal to the energy-of-mass of the 
electron.  
That is:  me c2 – e2/ re  =  0      Here me  and  re   are mass and radius of the electron;   
(iii) The gravitational potential-energy stored within the whole universe is equal to 
the energy-of-mass of the universe. That is: 
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M0 c2 – GM0M0 /R0 = 0   Here M0  and R0  are mass and radius of the universe 
respectively. And 
(iv) The strengths of coupling-constants-squares are directly proportional to the 
energy-densities of the pi-meson, the electron and the universe; that is: 

Ng2 : e2 : G me mp  :: ρπ  : ρe : ρc 

Where ρπ = mπc2/ (4/3) π rπ3
 ;  ρe = mec2/ (4/3) π re

3
  and ρc = Mc2/ (4/3) π Ro

3  
 
2.1.5. Now, we will see how the equalities noticed by Sivaram implies the equality 
of ‘potential-energy’ and ‘energy-of-mass’ of all these systems. 
From the above conclusions (i) and (iii): 
 
[ R0  /  rpi  ]  =     [GM0 / c2 ] / [ N g2 / mpi  c2 ] 

                    =  [ GM0 mpi / N g2 ] 

                    =  [G mpi
2/ N g2 ]  [ M0 / mpi  ]   ......…(9) 

 And from (iv):   [ N g2 / G mpi
2 ] =   

[ mpi / (4 /3)( π ) rpi
3 ] / [ M0 / (4/3)( π ) R0

3 ]  

 =  [ mpi R0
3 / M0 rpi

3 ]                   ......................... (10) 

Therefore, from the expressions (9) and (10); 

[ M0 / mpi ]2 =  [  R0 / rpi  ]4 

That is:  [ M0 / mpi  ] =  [  R0 / rpi  ]2 

That is:  M0 / R0
2 =  mpi / rpi

2 =  constant   ……….(11) 

Similarly, we can explain the recurrences of all the M/R2  ratios noticed by Sivaram, 
as a consequence of the new law of equality of ‘potential-energy’ and ‘energy-of-
mass’ of all these systems. That is, the following ratios also imply the equality of 
‘potential-energy’ and ‘energy-of-mass’, as we derived in the expression-11: 
 
me / re

2 =  mp / rp
2 =  mn / rn

2 = Mgc / Rgc
2  = Mgal / Rgal

2 = Mcg / Rcg
2 = M0 / R0

2  
=  a0 / G  
 
Now, to maintain equality of potential-energy and energy-of-mass: the electron is 
bound by the ‘electric-force’ with the strength of coupling-constant e2; the 
constituents of pi-meson are bound by the ‘strong-force’ with the strength of 
coupling-constant Ng2, and the constituents of the universe are bound by 
‘gravitational-force’. Similarly, to maintain equality of potential-energy and energy-
of-mass, the constituents of the globular-clusters, the spiral-galaxies and the clusters  
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of galaxies are expected to be bound by new kind of fundamental-forces, much 
stronger than gravity.  
For example, if the ‘potential-energy’ and ‘energy-of-mass’ of a spiral-galaxy are 
equal, then: 
 
           GgalMgal

2 / Rgal  =   Mgal c2 

i.e.      Ggal  = Rgal c2 / Mgal 

Whereas in the case of the universe bound by the gravitational-force,   

         G = R0 c2/ M0        Where M0   and  R0   are  mass and radius of the universe. 

Therefore,  

Ggal / G = [ Rgal c2 / Mgal ]  /  [   R0 c2 / M0  ] 

Since:   Mgal / Rgal
2 =  M0 / R0

2 

            Ggal /  G  =  R0 /  Rgal      ....................(12)   

Thus, the strengths of ‘fundamental-forces’ operating within the globular-clusters, 

the spiral-galaxies, and the clusters-of-galaxies are expected to be:  

Gglobu / G = R0 / Rglobu,  Ggal / G  =  R0 / Rgal   and   Ggc / G = R0 /R gc  

respectively...................................................(13) 

Here R0 is radius of the universe, Rglobu is radius of globular-clusters, Rgal is radius of 
a spiral galaxy and Rgc is radius of a cluster of galaxies, and G the gravitational-
constant of Newton. 
 
 
3. A new relation between mass and radius of the globular-clusters, 
the spiral-galaxies and the galactic-clusters 
 
One of the conclusions emerged from my attempt to explain the LNC [9] was that 
the strength of coupling-constant of the strong-force experienced by the quarks 
within the pi-meson is related to the total-mass of the universe as: 
 
Ng2=[ (G M0 mpi)  ( G mpi

2 ) ]1/2       …………………………..(3.1) 

Dividing both the sides by the energy of pi-meson: 

N g2 / mpi c2 = [ ( G M0 / c2 )  ( G  mpi / c2 ) ]1/2 

i.e.  rpi  =  [ R0  rG pi ] 1/2     ………………………………….....(3.2) 
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That is, radius of the pi-meson is a geometric-mean of gravitational-radius of the 
universe R0 and gravitational-radius of the pi-meson. 
Similarly we numerically find that: 
Rgc = [ ( 2 G Mgc / c2 ) (2 G M0 / c2 ) ] 1/2 ..  where  Mgc  and  Rgc  are mass and radius 
of the globular-cluster 
…………………………………………………………………(3.3);   
 
Rgal = [ ( 2 G Mgal / c2 ) ( 2 G M0 / c2 ) ] 1/2   ..   where  Mgal  and  Rgal  are mass and 
radius of the spiral-galaxy…………………………………… (3.4);   
 
Rc = [ ( 2 G Mc / c2 ) ( 2 G M0 / c2 ) ] 1/2     .. where Mc  and  Rc  are mass and radius 
of galactic-clusters 
…………………………………………………………………(3.5); 
 
M0  is mass of the universe, G is Newton’s universal-gravitational-constant and  c is 
the speed of light. 
 
We also know that the radius-of-the-universe R0 =  c / H0    where  H0 is Hubble’s-
constant. So the accelerations on the surface of the globular-clusters, the spiral-
galaxies and the galactic-clusters are: e.g.: 
 
G Mgc / Rgc

2 = G Mgc /  ( G Mgc / c2 ) (G M0 / c2 )  
 
G Mgc / Rgc

2 = G Mgc /  ( G Mgc / c2 ) ( c / H0 )  
 
G Mgc / Rgc

2 =  c H0   = a0    ..........................................................(3.6) 
 
Based on Sivram’s observations of the expression  Milgrom’s best-fit-formula can be 
written as:  
a = [( G M / r2 ) ( G M0 / R0

2)]1/2  .................................................(3.7) 
where M0 and R0  mass and radius of the universe, and M and r are mass and radius 
of a galaxy.  
 
 
3. Wave-theoretical explanation for the new law of equality of 
‘potential-energy’ and ‘energy-of-mass’ of reasonably independent 
systems of matter 
 
In the recurrences of Dirac’s large-number-ratios we find that the strength-ratio  
(e2/G me mp) and the radius-ratio(R0/re) are equal; and proportional to the square-root 
of the mass-ratio (M0/mp)1/2. This can be explained with the help of wave-mechanics 
as follows:  
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We can take the mass of the ‘most-fundamental-particle’ as a unity, and think that all 
the massive objects are collections of the ‘most-fundamental-particles’.  
 
Now, by a ‘particle’ we mean an entity localized in an extremely small space; so, a 
‘particle’ can be mathematically represented in the space-domain as an impulse-
function. This impulse-function can be Fourier-transformed into the ‘wave-number-
domain’. Then assuming a constant velocity of transmission of these waves, at the 
velocity of light, we can represent these waves in the ‘frequency-domain’ as a wide 
band of frequencies. A particle of matter has a wide band of frequency-spectrum and 
a definite phase-spectrum. When these wide-band of waves travel in space, then a 
‘particle’ becomes manifest only at a place and time when-and-where all the 
spectral-components have a particular, definite phase-relation, otherwise the particle 
remains dissolved in the un-manifest-state.  
Secondly, we can not expect any coherence between the spectral-components of one 
and the other ‘particle’. That means, that when two or more such fundamental-
particles come close to each-other, the wide bands of their waves add like the 
incoherent superimposition of wideband-noise. We know that the superimposition of 
n number of wideband noise-sources of unit-amplitude is square-root-of n ; like the 
vector-sum of n mutually orthogonal unit-vectors.  
Now, if the strength of a fundamental-force operating within a single fundamental-
particle, say pi-meson, is Ng2, which is the strength of strong-force within the pi-
meson, then the strength of new fundamental-force per particle within the system of 
n fundamental-particles will be: [(n1/2Ng2)/n].  For example, since the mass-of-the-
universe is 1082 pion-masses, the strength of gravitational-force of the pi-meson is: 
  
 G mpi

2 =[ 1082 ]1/2  Ng2 /  [ 1082 ]  =   10-41  Ng2    …………………(14) 
 
Alternatively, since the mass of the globular-clusters, the spiral-galaxies and the 
clusters-of-galaxies are fractions of ‘total-mass-of-the-universe’, the strengths of 
forces operating within them are expected to be: 
 
[ M0 / Mgc ]1/2 , [ M0 / Mgal ]1/2   and  [ M0 / Mcg ]1/2  times stronger than gravitational-
force. 
 
Now, if the attractive-force within a system is stronger than gravity by a 
multiplication-factor, say, k- times, then the density of matter within that system  
also is logically expected to be k- times higher. That is, in our example of pi-meson 
and the universe: 
       Ng2 / G mpi

2 =  [ M0 / mpi ] 1/ 2 =  [ mpi / (4/3) π  rpi
3 ] / [ M0 / (4/3) π  R0

3 ] 
 
i.e.   Ng2 / G mpi

2 =  [ M0 / mpi ] 1/ 2 =  [ mpi R0
3  / M0  rpi

3 ]  
 
i.e.   [ M0 / mpi ] 3 / 2 =  [  R0

3  /  rpi
3 ] 
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i.e.   [ M0 / mpi ] 1 / 2 =  [  R0  /  rpi ]  =  Ng2 / G mpi

2   .....................................(15) 
 
This is how we can explain the LNC and the ‘new law of equality of potential-energy 
and energy-of-mass of reasonably independent systems of matter’ with the help of 
‘wave-theory’. Please recall the expressions-1 and 2, in which we derived the LNC 
from the equality of potential-energy and energy-of-mass of the electron and the 
universe. Similarly, the expression-15 derived from the ‘wave-theory’, leads to the 
equality of potential-energy and energy-of-mass of the: electron, the pi-meson, the 
hadrons, the nucleus of atom, the globular-clusters, the spiral-galaxies, the clusters-
of-galaxies and the universe. 
 
 
 
4. Conclusion 
 
Based on the equality of ‘potential energy’ and ‘energy-of-mass’  of the electron, the 
pi-meson and the universe, emerged from the explanation for the ‘large-number-
coincidences’[LNC], we arrived here at the equality of potential-energy and energy-
of-mass of the globular-clusters, the spiral-galaxies, and the clusters of galaxies; and 
drew an inference that: like the pi-meson, the electron and the universe, which are 
composite systems bound by the strong-force, the electric-force and the 
gravitational-force respectively, the constituents of: the globular-clusters, the spiral-
galaxies, and the clusters of galaxies are expected to be bound by new kind of forces, 
much stronger than gravity. 
Then we substantiated this inference using wave-theoretical reasoning; that the 
globular-clusters, the spiral-galaxies and the clusters-of-galaxies can be treated as 
reasonably independent systems of matter, composed of n number of fundamental-
particles; and the strength of new force depends on ‘incoherent superimposition’ of 
‘wideband-waves’ corresponding to the constituent fundamental-particles. Both the 
empirical-law and the wave-theoretical-explanation suggest a possibility of much 
stronger forces operating within the globular-clusters, the spiral-galaxies and the 
clusters-of-galaxies. The observations of ‘flattening of galaxies’-rotation-curves’ in-
deed demand much stronger force operating within the spiral-galaxies.  This paper 
presents a theoretical reasoning for such a stronger force.  
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