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Abstract: Recent work done on the implications and causes of the time-varying fine 
structure constant α investigate the possible relationships that α has with black hole 
entropy, the gravitational constant G, the speed of light c, quantum charge e, electron and 
proton masses and the Equivalence Principle. Here we look at α in terms of pure geometry 
and at face value interpret what its evolution implies in the simplest terms: Decay of the 
Bohr radius, though very slowly. 
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The history of speculation and investigation into the causes and effects of the variation in the value of α 
is summed up by M.T. Murphy et al., in [1]. What is needed to relate to here is listed below: 
 
1. α2 and α4 in wave number 
The dependence of the ratio of hyperfine and molecular rotational frequencies is shown to cause 
variations in y ≡ α2gp by Murphy et al., [2], where gp = µP /µN and J.K. Webb et al show that α is growing 
in magnitude [3] and the dependence of wave number on α is stated in general form as 
wz = wo + q1x + q2y, where q1 and q2 quantify relativistic corrections for a particular atomic mass and 
electron configuration, x = [(αz/αo)2 – 1]  and  y = [(αz/αo)4 – 1] and ∆α/α = (αz-αo)/αo. 
 
2. Oklo Phenomena 
Constraints put on ∆α/α from the natural reactor in Oklo is indirect as 

  e2/ro ~ α mπc2  where  ro  is the inter-nucleon separation and mπ is pion mass. 
 

3. Reduced mass 
The relation between α and reduced mass m’ = memp/(me+mp) appears to suggest that the magnitude or 
reduced mass, or of mass itself decreases as α grows as shown by Gregori [5] and references therein. 
 
4. Atomic clocks 
The effect on atomic clocks is shown by Prestage et al., [6] as a frequency drift between two clocks as a 
function of their respective atomic numbers. 
 
5. Wipeout 
Most recently, Alfonso-Faus logically shows in [7] that there is no way that a variation in α can be 
assumed to be a variation in c because c is not an explicit quantity in the α = e2/h relationship. Moreover, 
the angular momentum quantum ‘contains’ quantities that are by their very nature invariant: 
 

h = m λC c 
 
Here m is the mass of any subatomic particle and λC is its Compton wavelength and since m = λC

-1 ,their  



product is constant: 
 

mp λC,p = me λC,e = hc-1 

 
 
6. The common factor 
The one thing common between all these approaches is the fact that the geometry of the atom itself is 
changing with α because any change in any of the quantities mentioned would affect the atomic 
structure itself. In fact any growth in α will ultimately result in a shortening of the Bohr radius ao as seen 
here: 

 
Photon wave number 
 

λ-1  = R’
∞  

 = (λc,e/2πao)2(λc,p + λc,e)-1  =  α2(λc,p + λc,e)-1                 (1). 
 

λC is the Compton wavelength of the electron and proton respectively and R’
∞ is the mass reduced 

Rydberg constant. 
Magnetic energy  

E  = µB B  = 0.5 µO e
2 λB υ2(2πao)-2 ; 

 

λB is the deBroglie wavelength of the electron at velocity υ and B is the magnetic field of the proton 
from the electron’s frame of reference in hydrogen. 
 

          E  = 0.5 α4 λc,e (λc,p + λc,e)-1 mec2   =   0.5 α4 mec2         (2). 
 

The λc,e (λc,p + λc,e)-1 component replaces the usual mp/(me+mp) for reduced mass.  
(1) and (2) relate to the dependence of wave number on α as shown in section I and of reduced mass in 
section 3. 

E (0.5 m’c2)-1   = α4 

R’
∞ (λc,p + λc,e) = α2 

 

Both these cases show that it is the Bohr radius that has decreased over a red shift z.  
Next, we have the relation that shows the dependence of electrostatic force per electron mass across ao 
on α: 
 

Fє me
-1 = aє/e          = υ2ao

-1 =  α2 c2 ao
-1 

                               aє/e         =  2πc2  λc,e
2 λB

-3  =  α3 2π λc,e νc,e 
2                                            (3). 

 
Electrostatic force per proton mass across ao simply replaces the electron’s Compton wavelength with 
that of the proton: 

                  aє/p    =  2πc2  λc,p
2 (2πao)-3   = α3 2π λc,p νc,e 

2                                        (4). 
 

Electrostatic acceleration is seen here to be dependent on the volume of the atom at the Bohr radius. An 
increase in the value of the fine structure constant will, as we can see, reduce the volume of the atom. 
The relationship mentioned in section 2 as (e2/ro ~ α mπc2) and the following relation of Compton 
wavelengths indicate that while the Bohr radius shrinks; the inter-nucleon distance does the same. 
 

                         λc,π  = (µπ) 0.5 α (λc,p + λc,e)                                            (5). 
 

The (µπ) is the dimensionless mass factor analogous to the proton’s g factor shown as gp in section 1. 
 
  



 Very recently, Chiba and Khori worked out the dependence of luminosity on α [8] using SNIa 
observational information. They show that opacity of the universe changes in magnitude with α which 
results in smaller diffusion time for propagation of photons thereby making SNIa events with a smaller 
value for α more luminous. Diffusion time is given by 
 

tdiff   =  κρ R2/c                               (6). 
 

Here κ is opacity (area/kg) and ρ is density (kg/volume). For a smaller tdiff eq.(6) suggests a 
smaller ρ so that a smaller α would mean a the emitter have a larger volume per kg of its mass. 
 

We can see the occurrence of α in the atom with the following acceleration terms: 
a1  = c2/2πao  = α c2/λc,e    
a2  =  c2R∞     =  α2 c2/λc,e   (this is photonic acceleration of excitation)
a3  = υ2/ao     =  α3 c2 2π/λc,e =  aє/e 

a4  = υ3/cao   =  α4 c2 2π/λc,e    (this is magnetic acceleration). 
 
Conclusion 
Any way one looks at it, any increase in the magnitude of α will apparently decrease the distance 
between the electron orbits and the nucleus. This obviously decreases the time required for transmission 
of information within the atom (which would result in the drift in atomic clocks as is mentioned in 
section 4), and will be in harmony with the results of Chiba and Khori. 
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