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Abstract: Our understanding and theoretical interpretation of observations in astrophysics and 

cosmology depends on our knowledge of the fundamental constants and their possible dependence on 

time and space. Atomic spectroscopy and radio astronomy give important information on the validity 

and stability of the fundamental constants. The possible dependence of the fine structure constant 

alpha on time and spatial direction is an active topic of research. 

Period doubling is a universal property of nonlinear dynamical systems, and the doubling is exact in 

principle. The value of the elementary charge squared can be calculated by the period doubling 

process from the Planck charge and thereby the value of alpha. 

If ‘old’ and ‘new’ electrons are identical, then the Planck charge, i.e. a set of natural constants, has 

remained constant over time. In this article we show that the value of alpha calculated from the Planck 

charge is 0.007 % smaller than the current accepted value of alpha. 
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1 Introduction 

The well-known period doubling (PD) process occurring in various nonlinear dynamical 

systems [1-8], can be related to the Coulomb energy of the elementary charge and thereby to 

the fine structure constant alpha assuming that the electron-positron pair creation process is 

nonlinear, and that the natural constants (i.e. the Planck scale) determine the outcome. The 

period doubling process produces accurate values for the electron's mass and magnetic 

moment, too [9]. 

Period doubling means frequency halving or subharmonic creation starting at the 

fundamental period which is defined by the Planck time (1.35·10-43 s) in this case. Period 

doubling is exact, in principle.  

In this article the fine structure constant is numerically analysed using the simple period 

doubling formulas for three and four degrees of freedom in the Coulombic system. 

The fine structure constant alpha is defined 

 𝛼 =
𝜇𝑜𝑐

2ℎ
𝑒2 (1) 

and the Planck charge q
P
 squared 

 𝑞𝑃
2 =

4𝜋ℎ

𝜇𝑜𝑐
 (2) 

Combining (1) and (2) yields 

 𝛼 = 2𝜋
𝑒2

𝑞𝑃
2 (3) 
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where µo is the vacuum permeability, h the Planck constant, c the speed of light and e the 

elementary electric charge. The ratio of charges squared in (3)  represents the ratio of 

Coulomb energies. According to the Planck relation E=hf=h/period, and therefore h is used 

instead of h-bar in (1) and (2).  

When period doubles, energy halves. If the period doubling phenomenon takes place at the 

Planck scale, then e2 should result from q
P

2 after several period doublings (or Coulomb 

energy halvings). 

If period tn results from a one-degree-of-freedom period doubling process at the Planck scale, 

then 

 𝑡𝑛 = 2𝑛 𝑡𝑝  (4) 

where tp is the Planck time (period) and n the number of period doublings.  

The number of period doublings can be calculated from (4) by normalizing tn, i.e. tn is 

presented as ratio to the reference value tP: 

 
𝑡𝑛

𝑡𝑝
= 2𝑛

 (5) 

A real 3-dimensional system can oscillate about x, y, and z-axes (roll, pitch, yaw). These are 

mutually orthogonal oscillations and are normally called system degrees of freedom. Period 

doubling can take place in every degree of freedom independently, i.e. with independent 

number of doublings. 

For a system with three periods ti, tj and tk the corresponding geometric period-space shape is 

a straight parallelepiped, whose volume is Vijk= titjtk. The volume doubles if any one period 

doubles. 

Lehto [10] has shown that our method of observation gives a characteristic period tc, which is 

the geometric mean of the three periods: 

 𝑡𝑐
3 = 𝑡𝑖𝑡𝑗𝑡𝑘  (6) 

and 

 𝑡𝑐 = (𝑡𝑖𝑡𝑗𝑡𝑘)
1

3  (7) 

and so 

 
𝑡𝑐

𝑡𝑝
= 2𝑛 = 2

𝑖+𝑗+𝑘

3 = 2
𝑁

3  (8) 

where N=i+j+k is the total number of period doublings. The exponent of 2 in (8) is an integer 

divided by the number of the degrees of freedom, i.e. the ratio is cube root of 2N.  

It is also known that periods of the form 

 𝑡𝑛 = 22𝑛
𝑡𝑜  (9) 

are especially stable [11].  In (9) to is the fundamental period of the system and n the number 

of period doublings. 

For four degrees of freedom (8) becomes 

 
𝑡𝑐

𝑡𝑝
= 2𝑛 = 2

𝑙+𝑚+𝑛+𝑝

4 = 2
𝑁

4   (10) 
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2 Coulomb energy of the elementary charge and its relation to alpha 

Equation (3) shows that the fine structure constant equals the ratio of the Coulomb energies 

of the elementary charge and the Planck charge multiplied by 2π. The periods in (10) can be 

replaced by the charges squared, because energy is h/period. One obtains 

 
𝑒2

𝑞𝑃
2 = 2𝑛 = 2−9.7499 ≅ 2−9.75 = 2−

39

4  (11) 

The perceived exponent n is -39/4, which means that there are four degrees of freedom in the 

Coulombic system, and that the total number of period doublings (or energy halvings) is 

N=39. The stability condition (9) is fulfilled, because N=39=l+m+n+p=20+21+23+25. 

The value of the elementary charge can be calculated from (11). One obtains e=1.6021 As, 

which deviates from the accepted value of e by 0.003 %. 

Inserting (11) into (3) yields α=0.00729688 and the inverse of alpha α-1 =137.04481. Because 

the period doubling process is exact in principle, this value reflects the value of the Planck 

charge at the early epoch when the natural constants obtained their values.  

3 Experimental determination of alpha 

The status of the experimental determination of alpha is given in [12, 13]. Figure 1 shows that 

the same natural constants lead to different values of alpha.  

 

 

 

 

 

 

 

 

 

 

Fig. 1. The same set of natural constants leads to different values of alpha. In principle, 

period doubling is exact. The Planck charge is taken as the fundamental charge in the PD 

calculation. 

 

It is generally assumed that all electrons are identical. This means that electrons born billions 

of years ago have the same physical properties as electrons born in a laboratory today. In 

view of the period doubling process the Planck charge, or the combination of the relevant 

natural constants, has remained constant over time.  

The logical conclusion is that it is either the experimental setup or the theory used (or both) 

that have an influence on the value of alpha. For the objects outside the laboratory other 

explanations (in addition to the theory used) must be sought for.  
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4 Comparison 

Fine structure constant alpha is  = 2π·2-39/4 according to calculations based on periodic 

doubling. The NIST value for the inverse of alpha is 137.0359991, and the corresponding PD 

value is 137.04481 (0.007% difference). We propose that the periodic doubling value is more 

truthful because the doubling process faithfully follows the original (Planck) period.  

We have not found any study which shows temporal change in the value of alpha.  However, 

measurements from a quasar 13 billion years back in time show a relative change (21.8  ±  

72.7) ppm of alpha  over no variation model at the 3.9 sigma level [12]. There is no generally 

accepted theory of why alpha should have small spatial variations. 

5 Conclusions 

Period doubling is a well-known phenomenon in nonlinear dynamical systems. Here it is 

found that it accurately produces the value of the elementary charge squared and hence the 

value of the fine structure constant. If all electrons, ‘old’ and ‘new’, are identical, then this 

observation means that the combination of the fundamental constants defining the Planck 

charge has been exactly the same for billions of years.  
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