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Abstract 

The fine structure constant α characterizes the strength of the electromagnetic 

interaction between elementary charged particles. Its value can be derived from the 

wave function for the electron. The electron wave function describes a field of 

Harmonic Oscillators which have the energy of the rest-mass of an electron. However, 

it takes time for such an Oscillator to complete a cycle of oscillation, so during this 

time the electromagnetic field that propagates into space from the Oscillator has 

expanded away from its source to cover the surface area of a three-dimensional 

shape. Therefore, the amplitude of the oscillations has been reduced before it can 

interact with its surrounding environment. The amount of this diminution is what the 

fine structure constant α represents. The actual value of α also depends on the fact 

that the source of the spreading energy is rotating Harmonic Oscillators. Classically, a 

point source will spread evenly in all directions and the intensity will diminish with 

Inverse-Square Law. But in the actual electron wave-function, the Harmonic 

Oscillators are rotating whilst expanding, causing the area that the energy spreads out 

over to be that of an expanding cone as well as that of a sphere. The area of this shape 

is greater than that of a simple sphere; this is what causes the fine structure constant 

α to have the value that it does. 

 

The Analysis and derivation 

The period of oscillation for a Harmonic Oscillator in the electron wave function 

[1] is equal to: 

 
2𝜋ℏ

𝑚𝑒𝑐2
  = 8.0932982180817968283979181309099−21  seconds 

Where 𝑚𝑒 is the mass of an electron. 

The distance travelled by light in this time is:  

2.4263097661257619162420160785483−12  meters 



So, this distance is the circumference of the circle described by the displacement 

of the medium (traveling at the speed of light) during this time. 

Thus, the radius of this circle (the wave Amplitude) is: 

 

2.4263097661257619162420160785483−12  

2𝜋
  

=     3.8615919275105551924851757069599−13  meters 

 

As the average intensity of an Electromagnetic wave (the energy of the electron 

wave-function) is half of the peak intensity, we should only include half of the 

wave cycle in order to determine the correct area over which the energy is 

spread. 

The distance that the expanding sphere has travelled, when the Harmonic 

Oscillator has completed one half cycle is: 

2.4263097661257619162420160785483−12   

2
  

Thus, the radius of the expanding sphere of the Harmonic Oscillator's energy will 

be:   

=            1.2131548830628809581210080392741−12  meters 

So, the surface area of this expanding sphere is: 

4𝜋(1.2131548830628809581210080392741−12 )2 

=         1.849449023332606988971084015716−23  𝑚2 

The squared amplitude of the wave energy over the area of this sphere as a 

fraction of the squared amplitude of the Harmonic Oscillator at its source (the 

radius of the circle described by the Oscillator) [2]: 

1.849449023332606988971084015716−23

(3.8615919275105551924851757069599−13)2
 

=    124.0251067211992807019052602684 

 

This amount is equivalent to  4𝜋3 [See Ref 2] 



During the period of one oscillation of the electron’s Harmonic Oscillator, the 

energy of the Oscillator spreads out in a sphere of radius r, such that the energy 

is then distributed over a spherical shell (of radius r). However, there is also 

another effect that is occurring at the same time as this expansion. 

During this time of this expansion, every point in space (occupied by a portion 

of the electron's total energy as Harmonic Oscillators) will expand via Huygens 

wavelets, as a Harmonic Oscillator that sweeps out a path following its 

expansion and circular oscillation.  

Thus, as the Oscillators all rotate in the same plane, parallel to each other, each 

point will expand in space covering an area described by cones along the 

electron spin axes (in both directions, with its apex at its starting location, and 

its circular base on the surface of the spherical shell of expansion over the 

oscillator's time period. See Figure 1). 

As the energy of a Harmonic Oscillator refers to a complete cycle (one 

wavelength) the cone shape is swept out during the period of one complete 

cycle - one wavelength around the circumference of the circle on its base - but 

as discussed earlier, as the average intensity of the energy is only half of the 

peak intensity, so there will be one-half wavelength along its slanting sides. 

Thus, the energy of one complete cycle of the Harmonic Oscillator is spread over 

both of these surfaces. 

Each point in space contains only a fraction of the total energy of the electron 

and there are many such cones, but all cones are identical in geometry, so the 

total effect of this expansion and rotation can be simplified by treating the total 

electron energy as expanding over a single cone.  

So, the total area over which the energy of the electron's Harmonic Oscillator 

will be diluted is that of the spherical shell plus that of the cone. 

The side length of such a cone is the same as the radius of the spherical 

expansion: 

1.2131548830628809581210080392741−12  meters 

The circumference of the circle on the base of the cone will be the distance 

travelled by light during the period of one rotation of the oscillator, so as shown 

earlier, the radius of the base will be that of the Harmonic Oscillator’s oscillation 

amplitude: 

3.8615919275105551924851757069599−13  meters 



So, the additional surface area that the energy of the Harmonic Oscillator 

spreads over is the area of the sides of the cone + the area of the cone’s base.  

𝜋𝑟𝑥 +  𝜋𝑥2  (see Ref [2]) 

 

Where 𝑥 is the radius of the cone’s base (the Harmonic Oscillator’s amplitude). 

Thus, the total additional area swept out by the expanding Harmonic Oscillators 

is: 

𝜋 ∗ 1.2131548830628809581210080392741−12

∗ 3.8615919275105551924851757069599−13   +  𝜋

∗ (3.8615919275105551924851757069599−13)2 

=   1.9402156806248756383962538050746−24  𝑚2 

 

The squared amplitude of the wave energy over the area of this cone as a 

fraction of the squared amplitude of the Harmonic Oscillator at its source (the 

radius of the circle described by the Oscillator) [2]: 

 

1.9402156806248756383962538050746−24

(3.8615919275105551924851757069599−13)2
 

=   13.011197054679151857297134383156 

 

The total value for the factor is that attributed to the sphere + that attributed to 

the cone. So, the calculated value of 
1

𝛼
 is: 

 

124.0251067211992807019052602684 + 13.011197054679151857297134383156 

=   137.03630377587843255920239465156 

 

 

  



A good way to understand the two components of the area that the energy is 

spread over is by separating the components:  

1. Imagine that the Harmonic Oscillators are frozen in time, but they 

expand over the sphere such that their amplitude is diminished by 

inverse square law.  

 

2. Imagine the expansion is frozen and the Harmonic Oscillators are now 

allowed to oscillate over one cycle - thus, over the whole expanded 

volume they rotate in a cone shape, sweeping out the additional area, 

diluting their effect over that area too. 

The accepted CODATA [3] value of 
1

𝛼
 is 137.03599908369580111415489148826 

(Relative standard uncertainty   1.5 x 10−10) 

The value calculated above is, therefore, accurate to 99.9998% of the accepted 

value.  



 

Figure 1.  
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