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Gravity is thought of as the most feeble force. Indeed for two electrons the Coulomb force is
42 orders of magnitude stronger than their mutual gravitational attraction. We find an expression
that determines this Coulomb to gravity force ratio precisely using nothing but general relativity.
This ratio is the radius of a Kerr singularity of the electron’s mass and spin angular momentum to
that of Schwarzschild radius for the electron, with the addition of the fine structure constant. This
strongly suggests a link between general relativity and electromagnetism.

I. INTRODUCTION

The expression for the Coulomb force Fe between two electrons is

Fe = ke
q2

r2
= ±α~c

r2
(1)

The second version is for single point charges only. It is a more fundamental way of looking at electrostatics, since
in reality all charges are of unit size, and an accurate calculation for a charged composite object would need to be a
sum over all pairs of charges, each with their own r value.

For for the force of gravity Fg we have

Fg = G
m2

e

r2
(2)

The famously large value of the ratio between these two forces, denoted by k′ is by inspection of eqn (1) and (2)

k′ = ratioelectric =
keq

2
e

Gm2
e

=
α~c
Gm2

e

= 4.166× 1042 (3)

We will now find k′ using only the Kerr solution of Einsteins equations, with no reference to electromagnetism.

II. THE KERR SINGULARITY WITH ELECTRON PARAMETERS

The well known Kerr solution of Einsteins equations has a naked ring singularity for J/mc > Gm/c2, somewhat
better known as a > m in geometric units. We use SI units in this paper. In Kerr-Schild coordinates (a coordinate
system that is Minkowskian almost everywhere)[7], the expression for the location of the ring singularity is x2 + y2 =
(J/mc)2, (avoiding the use of r, as r has a meaning on its own in the Kerr solution in Kerr-Schild coordinates). Using
the measured experimental values for the mass me and spin angular momentum ~/2 of an electron, the radius of the
ring singularity is:

Rring = J/mc = ~/2mec = 1.93× 10−13m (4)

Thus the ring singularity is 0.5 of the Compton wavelength in circumference. This radius can also be calculated as
a ratio. The obvious other gravitational length to compare it to is the Schwarzschild radius rs = 2Gme/c

2 for the
electron mass:

size ratio =
~/(2mec)

(2Gme/c2)
=

~c
4Gm2

e

= 1.4× 1044 (5)
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It is noteworthy that this ratio is close to the ratio k′ of the strength of the electric Coulomb force to the gravitational
attraction between two electrons. Indeed, multiplying this ratio by the four times the fine structure constant (i.e.
≈ 0.029 ) gives one exactly k′ - the ratio of the electric and gravitational force on two electrons.

ratio = 4α
~/(2mec)

(2Gme/c2)
=

α~c
Gm2

e

= 4.166× 1042 = k′ (6)

These are of course the same arrangement of constants as in (3). The difference here is that this ratio is now
calculated without any references to the electric Coulomb force. It is simply a ratio of the radius of a Kerr singularity
of the electron’s mass and spin angular momentum to that of Schwarzschild radius for the electron mass rs, along
with a factor of 4α added in by hand.

III. INTERPRETATION

There is a connection between the size of the Kerr ring singularity as measured in units of the electron Schwarzschild
radii(rs) to the effect of Coulomb repulsion. Can charge itself be constructed of nothing more than geometry? The
mere calculation of the ratio does not give one a recipe for how electromagnetism can be constructed from general
relativity, but there are some hints at a mechanism.

If one imagines the ring singularity is cut into 1044 pieces each of size rs and each piece interacts with the nearby
electron with a ’gravitationally sized’ force on each section of αGm2

e/r
2, perhaps one can create electromagnetic

strength forces from entirely gravitational means. 4α then is perhaps some scale factor of ’order 1’ (well 0.029).
How can a single section of the ring with a tiny mass of 10−44me and length rs interact so strongly? The answer

if there is one must lie in gravitational wave interaction. It seems that the properties of any singularity are such that
it might interact very well[6] with gravitational waves. A strong gravitational wave effect could be strong enough
to provide a net force of αGm2

e/r
2 per segment, with super radiance and absorption taken into account. A (non

naked) black hole of radius rs can emit or absorb a significant amount of energy given the right super radiant wave
parameters.[2]

An electron model based on a Kerr ring has some references in the literature - see for example Burinski[3]. The
more general model of an electron as a ring of some sort (or a particle on a ring) of Compton radius is discussed
mostly in respect to the zitterbewegung motion from the Dirac equation. See Hestenes[4], Maddox[5], and Barut[1].

IV. DISCUSSION

While there are of course other more pedestrian explanations, this ratio result is exact - it is not approximate
numerology.

The interpretation section above postulated gravitational wave interactions between Kerr solutions with electron
mass and angular momentum parameters as a mechanism to start to build electromagnetism from general relativity.
Irrespective of any validity to those guesses it’s still a mystery as to why the scale of the Coulomb force to the
gravitational force is identical with the radius of the Kerr ring singularity to the much smaller Schwarzschild radius
of an electron mass.

Indeed, this Kerr - Coulomb ratio is interesting in its own right, even if a direct physical interpretation is not
imagined.
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