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Abstract 

In this paper, we will derive the following formula for the value of the gravitational 

constant G: 
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(1). This equation has 

only 0.81% error compared to the common accepted value 11 3 1 2m6.6740 kg s8 10 −− −× ⋅ ⋅  
[1]. The parameters in the equation are the following: α  the fine structure con-
stant, q the elementary charge, em  the mass of the electron, 0ε  the permittivity of 
the free space, e the exponential function and π  the relation between a circumfe-

rence and its diameter. Values attached: 
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191.60217662 10 Cq −= ×  [1], 319.10938356 10 kgem −= ×  [1], 
12 3 1 4 2

0 8.85418782 10 m kg s Aε − − −⋅ ⋅ ⋅= ×  [1], π 3.14159265359=  [3], 

e 2.71828182845=  [4], 34 2 16.62607004 10 m kg sh − −× ⋅ ⋅=  (Planck constant) [1], 
1299792458 m sc −⋅=  (speed of light) [1]. As it can be checked, all of them are elec-

tromagnetic or mathematical constants and properties of the electron. No constant 
related to gravity has been used to arrive to this value. This formula has only 0.81% 
error numerically and has the correct units. And it is the output of this paper. To get 
to this formula, we will consider space as being composed by the particles that oc-
cupy it. These particles include mass particles and force carriers (as photons). The 
non-uniform distribution of these particles creates distortions in space. These distor-
tions create the warping of space, making gravity appear as an emergent phenome-
non. Having in mind these considerations for a special case (an isolated electron 
emitting photons) we get to this formula that validates the assumptions. 
 

Keywords 

Quantum Gravity, Concept of Space, Gravitational Constant,  
Emergent Gravity, Size of a Photon 

How to cite this paper: Sánchez, J. (2017) 
Calculation of the Gravitational Constant G 
Using Electromagnetic Parameters. Journal 
of High Energy Physics, Gravitation and 
Cosmology, 3, 87-95. 
http://dx.doi.org/10.4236/jhepgc.2017.31012  
 
Received: September 15, 2016 
Accepted: December 25, 2016 
Published: December 29, 2016 
 
Copyright © 2017 by author and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

   
Open Access

http://www.scirp.org/journal/jhepgc
http://dx.doi.org/10.4236/jhepgc.2017.31012
http://www.scirp.org
http://dx.doi.org/10.4236/jhepgc.2017.31012
http://creativecommons.org/licenses/by/4.0/


J. Sánchez  
 

88 

1. Introduction 

As commented, we will consider space as composed by the particles that occupy it. This 
means, vacuum space does not exist as itself, space only exists when a particle (in most 
of the cases, force carriers as photons) occupy it. 

This, that could seem rather speculative has been proposed already in several papers 
by different authors [5] [6] [7]. 

When the number of particles increases in a region of space, the space itself increases 
in that region, making distances longer [5] in that region of space. When the number of 
particles decreases in the same region of space, the distances become shorter (the space 
reduces or shrinks) [5].  

The difference of distributions of these particles in the different areas of space, pro-
vokes distortions, warping, that has the known effect, gravity. Remember, that particles 
in this context mean not only mass particles but also force carriers (mainly photons 
that are everywhere in space). 

In two of the papers commented above [5] [6], it has been shown that gravity can be 
understood as an effect of new space emitted by the masses, that creates the distortions 
of space that lead to gravity. In this paper, going further, this new space is considered to 
be created just because the new particles (mainly force carriers as photons) occupy and 
create this new space. 

A way to try to validate this view, is to find the relation between the distribution and 
size of particles in a region of space and the effects they provoke (gravity). 

To do so, we will take a region of space with only one mass particle (an electron) 
emitting photons. The space in that region is occupied (and thus created by) only by 
these photons. We will make a calculation of the space occupied by these photons and 
the consequent effects created by this (gravity). This way we will be able to calculate G 
as if it were an unknown constant and compare its value with the already known value 
( 11 3 1 2m6.6740 kg s8 10 −− −× ⋅ ⋅ ) [1]. 

2. Procedure 

To be able to isolate G and calculate it, we will make the following study: 
-We will consider an isolated electron emitting photons. 
-We will consider that the vacuum space surrounding this electron is only com-

posed/occupied by these photons. 
Anyhow, we will see that with this consideration we will get a very approximate cal-

culation of G (with only 0.81% error) (27). 

3. Electron as an Elementary Particle 

The calculations in this paper will be done always using electrons and their emitted 
photons. 

The reason for using electrons is important. They are the most elementary particles 
that has a charge (the elementary charge in fact). This means: 

-The mass of the electron can be considered as the total energy of the photons emit-
ted by it (the total electrostatic energy created by them) [8]. This is not exact [9] but is a 
good approximation. This is not true for a proton for example. 
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-The classical radius of an electron can be considered as the radius of a mass that is 
having the energy of all the photons emitted by it [8]. Again, not true for a proton for 
example. 

4. Radius of the Electron 

We will use the concept of classical radius of an electron er . This concept is well de-
fined and described in the literature [8]. Its value [1] is:  

2
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4πe
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−= = ×                   (2) 

5. Size of a Photon 

In this study, we will consider a single photon as an elementary sine wave [10]. In a sine 
wave when the wavelength is 2π  the peak value is 1 [10], so the peak value in an ele-
mentary sine wave with arbitrary wavelength will be 2πλ  [10]. 

peakvalue
2π
λ

=                            (3) 

The root mean square (rms) value in a sine wave is the peak value divided by 2  
[10] so: 

peakvaluermsvalue
2 2π 2

λ
= =                      (4) 

From now on, when we want to represent the rms value of an elementary sine wave 
with a specific wavelength λ  we will call it as rmsλ : 

2π 2rms
λλ =                             (5) 

As we will see later, the calculations will lead us to consider the size of the photon (or 
more specific, its radius) as the rms value of the wave of the photon according Equation 
(5).  

2π 2f rmsr λλ= =                          (6) 

This means, the total front surface of a photon will be 2π fr . And the linear dimen-
sion of the photon, perpendicular to its movement direction will the diameter of this 
surface. This is, two times the rms value (value from rms to rms): 

2Size of a photon perpendicular to its direction 2 2
2π 2 π 2f rmsr λ λλ= = = =    (7) 

The size of a photon (or even if it has a size) has always been a controversial study. 
Anyhow, all the studies [11] [12] [13] conclude that if this size exists, it is somehow re-
lated to its wavelength, as we have considered before. In easy words, as commented in 
[14], if I try to shoot a photon through a conducting tube much smaller than a wave-
length, it does not go through. 

Later calculations will confirm that the consideration of the rms value matches with 
the expected results.  
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6. Increment of Space Created by an Electron 

As commented in chapter 1, gravity is considered as an emergent phenomenon (a side 
effect) of space being composed by particles (including force carriers as photons). This 
means, when a particle emits other particles to space, it is creating new space. And this 
new space is the one that is warping space, provoking gravity. 

To be able to make a relation between space created by gravity and space created by 
new particles (in this case the photons emitted by an electron), we need to calculate the 
first one. 

This will be the only time in the paper where we use a formula related to gravity. 
We consider Schwarzschild equation [15]. This equation calculates the deformation 

of space in the different directions caused by a mass. It matches with our situation (the 
space surrounded by an isolated electron). 

2 2 2 2 2 2 2 2
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In an instant of time and in radial direction we have: 
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The first element 1 represents the no distortion (Euclidean space). So if we take the 
geometrical line that keep the same r (the circumference), we can calculate the space 
incremented space in that line due to gravity as: 

2 2
2πcircumference 2π 1 2πGm Gmr r

c r c
 ∆ = + − = 
 

           (10) 

This is the increment in of space in the circumferential direction. If we want to con-
vert to the equivalent increment of space in radial direction we divide by 2π. 

2radius Gm
c

∆ =                         (11) 

And we see that this increment is kept constant whatever the radius. This is logical, 
as the space created by the particle is the same at a precise moment of time and it is 
transferred outwards. Its effects reduce with distance as this new space is dispersed 
more, the bigger the radius. But the total increment of space of a total shell is the same 
independently of the radius. 

At this moment, we will make a little counter-intuitive trick. We will consider this 
increment of space also as a wave and we will apply the same considerations of chapter 
5. 

This means, we calculate the effective increment of space as two times the rms value 
(rms to rms value) of the Δradius: 

2 2

2incrementofspace
22π 2π
Gm Gm

c c
∆ = =              (12) 

With the same considerations as in chapter 5. We will see that these considerations 
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work, as we will be able to get to an equation of G (1) with only 0.81% error (27). 

7. Wavelength of the Photons Emitted by an Electron 

For this paper we have to consider a mean value of the wavelength of the photons 
emitted by an electron. Be careful here, the electron emits two type of photons: real 
photons and virtual photons. 

The real photons and its wavelength depends on its level of energy in the atom and 
the necessary energy to emit them or change its level, that as we know is quantized. 

But the virtual photons are a complete unknown black box. It is known that if we 
consider them as having all the possible wavelengths, this matches with some effects  
[16] [17]. But the mean value of this wavelength is unknown. 

For this paper we will consider mean value of the wavelength as the Compton wave-
length of the particle that emits them. In the case of the electron this leads to: 

122.4263102 10 me
e

h
m c

λ −= = ×                     (13) 

This consideration will be very probably only valid in elementary particles. As in this 
case we will use always use electrons (elementary particles) throughout the report, we 
can avoid the discussion. 

If we calculate now the double of the root mean square value commented in chapter 
5 would be: 

1222 5.4611167 10 m
22π 2πrms

e e

h h
m c m c

λ −= = = ×            (14) 

This would be the diameter occupied by the photon (in perpendicular direction of 
propagation). 

8. Definition of the Magnitude y(r) 

We will define the following magnitude: 

( ) ( )
( )

( )
24π

S r S r
y r

S r r
∆ ∆

= =                       (15) 

In a given shell of theoretical surface S and radius r, S∆  is defined as the increment 
of surface created by the emitted photons. 

This means, y is the ratio, in a given shell of radius r, between the increment of sur-
face created by the photons and the theoretical surface if these photons did not exist. 

9. Equation 

Now, we have all the elements needed to perform the calculation. We will create an 
equation, defining first the left hand side and the right hand side separately. Afterwards, 
we will make them equal. 

To get to the equation, we will calculate the effects on space provoked by the photons 
emitted by the electron, in two different ways. We will start talking about a general po-
sition𝑟𝑟, but finally we will apply to the radius er  (radius of the electron). This way, we 
will arrive to an equation where all the data are known (an “over defined” equation). 
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We will isolate G and calculate it. We will discover that the calculated value of G will 
have only 0.81% error compared to real value of G (27). 

10. Calculation of the Left Hand Side 

We know that the magnitude ( )y r  is depending on the surface itself. So, if we want to 
calculate the total creation of surface created by the photons (in a shell of radius r), we 
have to integrate the variation of this quantity divided by the quantity itself from infi-
nitum to the radius r. 

In another way, the total increment of this magnitude depends on the size of the 
magnitude itself. This can be written as: 

( )
dr y

y r∞∫                             (16) 

As can be checked, it will not be possible to solve all the definite integrals (with zeros 
or infinitein their limits) avoiding to have infinite result in return. This is because 
Equation (16) and Equation (18) in chapter 11 are mutually excluding. If one is defined 
to be convergent, the other one will be divergent and vice versa. 

The way we will use to avoid this infinite result is the following. We will solve all the 
integrals as indefinite and will include the integration constant in the result. This way, 
the result is valid, as the integration constant will be calculated for whatever values of 
the variable we want to use. 

( ) ( ) ( )
1 12

d ln ln
4π
S ry y r C C

y r r
∆ 

= + = + 
 

∫                (17) 

Being 𝐶𝐶1the integration constant 

11. Right Hand Side of the Equation 

At each shell of dr , the new space (in ratio) created by the photons will correspond to 
the size of the photon ( 2 rmsλ  of the photon in diameter) (7), divided by the unit of 
space at that shell in diameter (2r) multiplied by the advance unit of integral (dr) di-
vided by the unit of space at that shell (r). 

So the total space created by the photons will correspond to: 
2 d

2
r rms r

r r
λ

∞∫                             (18) 

As commented before, to avoid infinite results we will solve as indefinite integral 
with an integration constant. 

22

d d
22π 22π

rms r r C
r r r r

λ λ λ−
= = +∫ ∫                  (19) 

Being 2C  the integration constant. 

12. Joining Both Hands of the Equation 

If we join the left hand and the right side of the equation we have: 

( )
1 22ln

4π 22π
S r

C C
r r
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+ = + 
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                   (20) 
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As this Equation (20) is valid for whatever radius, we will calculate the equation for a 
specific radius in order to create an “over defined” equation. This way, we will be able 
to isolate G as if it were an unknown variable. 

To create this “over defined” equation, we will calculate the equation for a specific 
radius, a radius that we know and we have specific data for it. This radius will be the 
radius of the electron er r= . Also, please take into account that the photons consid-
ered in this case are emitted by an electron so in this case eλ λ= (13): 

( )
1 22ln

4π 22π
e e

e e

S r
C C

r r
λ ∆ −

+ = + 
 

                   (21) 

Apart form 1C  and 2C , the only unknown variable is ( )eS r∆ . We will calculate 
this value in the following chapter to be able to go on with the equation. 

13. Calculation of ( )eS r∆  

At the radius er , the S∆  is the multiplication of the created space in radial direction  

22π
Gm

c
 (12) multiplied by the height of the photon (we can consider it in axial or tan-

gential direction) that is 
2π e

h
m c

 (14). 
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Gm h GhS r
cc m c

∆ = =                    (22) 

14. Calculating the Equation 

If we recover the Equation (21): 

( )
1 22ln

4π 22π
e e

e e

S r
C C
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                   (21) 

We will consider the two integration constants equal to zero. This will be the same as 
choosing the start and end of the corresponding definite integral in a way that we get 
no infinite result. We will see later that this consideration works, as we will get an error 
for G of 0.81% with this assumption. 
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Using (22): 
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If we apply the exponential to both sides:  
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If we substitute eλ  (13) and er  (2) we get: 
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If we isolate G and use the definition of fine structure constant 
2

02
q
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α

ε
=  [2]: 
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If we compare with the commonly accepted value of 11 3 1 2m6.6740 kg s8 10 −− −× ⋅ ⋅  
[1]: 

11 11

11
6.67408 10 6.6202087 10error 100 0.81%

6.67408 10

− −

−

× − ×
= × =

×
        (27) 

As we have checked, all the assumptions considered (including eliminating the inte-
gration constants) have given a calculation of G with only a 0.81% error!  

15. Conclusions 

We have proposed a theory that considers that space is composed by the particles (in-
cluding mass particles and force carriers) that occupy it. Gravitation effects are nothing 
but a result of the composition of space and its irregularities causing it to warp in the 
different areas. 

Even with the not intuitive assumptions commented in chapter 1 and the assump-
tions considered to perform the calculations, the result is surprising anyhow. Not only 
to get a result of the order of magnitude needed but to get only an error of 0.81% is 
really surprising.  

According Equation (1): 
11 3 1 26.6202087 10 m kg sG − − −⋅ ⋅= ×  

While the known and accepted value is: 
11 3 1 26.67408 10 m kg sG − − −⋅= ⋅×  [1] 

This means an error of only 0.81% as can be checked in Equation (27). 
In whatever theory, to arrive to a calculation of a constant of the order of magnitude 

of 1110−  with the correct measurement units and 0.81% error in the representative 
digits, should make us at least think seriously that this theory could at least go in the 
good direction. 

The idea of space being composed or at least affected by the particles that occupy it 
(not only masses but whatever particles that occupy it) is a theory that has been pro-
posed by several scientists in different papers as [5] [6] [7]. 

The added value of this paper is that the theory leads to a calculation of G using only 
electromagnetic parameters that is a way of validating or at least giving some push to 
the theory. 
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