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Abstract

This paper aims to provide the physical meaning of fine-structure constant through simple mathematical derivations to prove

that the value represents a ratio of the distance traveled by a single electron in a specific amount of time to the distance traveled

by a single photon in the same amount of time.
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1. Introduction 

The fine structure constant is calculated as α =
ୣమ

ସπε଴ħୡ
. If we want to know the true physical 

meaning of the value, then we shall understand what the physical meaning behind this equation is, 

because this is where this value comes from.  

 

 

2. Mathematical Derivation 
As it can be seen from the equation, this is a ratio of a speed of something to the speed of light, so 

it can be written as:  

α =
ୣమ

ସπε଴ħୡ
  →  α =

ୣమ

ସπε଴ħ
/c 

 

Then, the numerator of the above equation must be a velocity value, that is, a value of 

distance/time. After handling the numerator in the above equation as follow, obtain: 

     
ୣమ

ସπε଴
  →  

ୣమ୰మ

ସπε଴୰మ
  →  

ୣమ

ସπε଴୰మ
rଶ  →  fୣr

ଶ 

 

Meanwhile, the reduced Planck constant can be written as:  

ħ = fst 

 

Where r is the distance travelled by the electron causing by electrostatic force, and s is the distance 

travelled by the electron causing by the energy of one ħ. When r=s, then fe=f, obtain:  

α =
ୣమ

ସπε଴ħ
/c  →  α =

୤౛୰
మ

୤ୱ୲
/c  →  α =

୰

୲
/c   

 

Finally, in the same amount of time t, obtain: 

α =
୰

୲
/c  →  α =

୰

୲
/
ୢ

୲
=

୰

ୢ
 

 

Where r is the distance traveled by the electron, d is the distance traveled by the photon, and the 

fine structure constant is the ratio of the two.  

 

 

3. Conclusions  
As for why the value is about 1/137, it is determined by the value of Planck constant. That is to 

say, the total energy represented by one Planck constant can only drive one electron that far, or can 

only give one electron such speed, as 1/137 of light speed. This is one postulate from Bohr's 

model of hydrogen atom.  
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