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Abstract: 

The radius of the proton has aroused a lot interest in recent years, since the reported 

values vary from 0.8751 fm to 0.8335 fm, where fm = 10
-15

m. Here the author shows 

that the former CODATA value obtained for hydrogen can be related to the ground state 

Bohr radius for hydrogen and the fine structure constant by a simple equation. The latter 

lower value obtained using muons could be due to the differences in the reduced masses 

of hydrogen and muon. 

 

1. Introduction 

For an introduction to the proton radius puzzle, see [1-4]. The CODATA 2014 value [1] 

of the proton radius, rp = 0.8751(61) fm, whereas the more recent value [2] is 0.8335 

(95) fm, and hence the puzzle. Here, using classical equations, it is shown that the 

CODATA value of the proton radius can be related to the ground state Bohr radius and 

the fine structure constant as described below. 
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2. Ground state energy, Bohr radius and the fine structure constant.  

The ground state ionization energy of hydrogen (EH) is related to the Bohr radius (aH  = 

distance between the electron and proton at ionization) and the fine structure constant 

() by the known relation: 

 

EH =Hc
2


 e

2
/8oaH                                                                            (1)  

 

where, H = memp/(me+mp) is the reduced mass, c is the speed of light in vacuum, e is 

the elementary charge and o is the electric constant and  is the fine structure constant. 

From the CODATA [1] values for the constants, the ground state Bohr radius is 

obtained as, 

 

aH = (e2/4o

Hc2 = 5.29461 x 10

-11
m                                                     (2) 

 

  It can be seen from Eq. 1 that EH attains the maximum value, Emax,H  given by Hc2
/2 

 

Emax,H  = Hc2
/2 = EH/

2 
= [e2/8o

2aH]                                                           (3) 

 

when the distance between the electron and proton is minimum [5],  

 

aH,min = 
2aH = 2.819474998 x10

-15 
fm                                                          (4) 

 

The CODATA value of the proton radius, 



rp = 0.8751fm = 0.3104aH,min                                                                         (5) 

 

Thus, Eq. 5 relates the proton radius to the Bohr radius and the fine structure constant.    

Note that the ratio,  

 

rp/aH,min = 0.310 (~ 1/2 = 0.309 = 0.8713/aH,min)                                          (6)            

 

where is the Golden ratio, which divides the ground state Bohr radius into two 

sections pertaining to the electron and proton [6,7]. 
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