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Abstract 
It is shown in Einstein gravity that the cosmological constant Λ introduces a 
graviton mass mg into the theory, a result that will be derived from the 
Regge-Wheeler-Zerilli problem for a particle falling onto a Kottler-Schwarzschild 
mass with Λ ≠ 0. The value of mg is precisely the Spin-2 gauge line appearing 
on the Λ-mg

2 phase diagram for Spin-2, the partially massless gauge lines in-
troduced by Deser & Waldron in the (mg

2, Λ) phase plane and described as 
the Higuchi bound mg

2 = 2Λ/3. Note that this graviton is unitary with only 
four polarization degrees of freedom (helicities ±2, ±1, but not 0 because a 
scalar gauge symmetry removes it). The conclusion is drawn that Einstein 
gravity (EG, Λ ≠ 0) is a partially massless gravitation theory which has lost its 
helicity 0 due to a scalar gauge symmetry. That poses a challenge for gravita-
tional wave antennas as to whether they can measure the loss of this gauge 
symmetry. Also, given the recent results measuring the Hubble constant Ho 
from LIGO-Virgo data, it is then shown that Λ can be determined from the 
LIGO results for the graviton mass mg and Ho. This is yet another mul-
ti-messenger source for determining the three parameters Λ, mg, and Ho in 
astrophysics and cosmology, at a time when there is much disparity in mea-
surements of Ho. 
 

Keywords 
Gravitation, General Relativity 

 

1. Introduction 

In order to determine the graviton mass of Einstein gravity (EG), we proceed as 
follows. A curved Kottler-Schwarzschild (KS) metric with Λ ≠ 0 will be applied 
to the Regge-Wheeler-Zerilli (RWZ) problem [1] [2] [3] [4] [5] representing 
gravitational radiation perturbations produced by a particle falling onto a large 
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mass M. The RWZ result (Λ = 0) will be extended to the general EG problem 
with Λ ≠ 0 (EGΛ), in the fashion that Kottler extended the Schwarzschild metric 
to de Sitter space (SdS). 

One begins with a small perturbative expansion of the Einstein field equations 

1
2

R g R g Tµν µν µν µνκ− + Λ = −                     (1) 

about the known exact solution ημν where the metric tensor is g hµν µν µνη= + , 
with hμν the dynamic perturbation of the background raising and lowering oper-
ator ημν. The most general spherically symmetric solution is well-known to be a 
Kottler-Schwarzschild (KS) metric 

2 2 2 2 2d d d ds e t e r rν ζ= − + + Ω                    (2) 

where 

22 Λ1
3

Me e
r

rν ζ−= − − =                      (3) 

with * 2M GM c= , ( )2 2 2d d sin dφΩ = Θ+ , and  

( )2 2, , , sin 2diag e e r rν ν
µνη −= Θ  in spherically symmetric coordinates. Its con-

travariant inverse ημν is defined such that µν ν
µν µη η δ= . 

The wave equation for gravitational radiation hμν on the non-flat background 
containing Λ in (1) will follow as (9) below, derived now from the procedure 
developed in the RWZ formalism. Perturbation analysis of (1) for a stable back-
ground ( )0gµν

µνη =  produces the following 

( )

; ; ; ; ; ;
; ; ; ; ; ;

2 2

h h h h h h

h R h R T

α α α α α γ α γ
µν α µα ν να µ α µ ν µν αγ α γ

αβ
µν µν αβ µν

η

η κδ

   − − + + −   
+ − Λ − = −

          (4) 

Stability must be assumed in order that δTμν is small. This equation can be 
simplified by defining the function (introduced by Einstein himself)  

1
2

h h hµν µν µνη≡ −                          (5) 

and its divergence 
;f h ν

µ µν≡                             (6) 

Substituting (5) and (6) into (4) and re-grouping terms gives 

( )
( )

; ;
; ; ; 2

2 2

h f f f h R h R h R

h R h R T

α α α β α α
µν α µ ν ν µ µν α αβ µν µα ν να µ

αβ
µν µν αβ µν

η

η κδ

− + + − − −

+ − Λ − = −
       (7) 

Now impose the Hilbert-Einstein-de-Donder gauge which sets (6) to zero (fμ = 
0), and suppresses any vector gravitons. Wave Equation (7) reduces to 

( );
; 2 2

2

h h R h R h R h R h R
T

α α β α α αβ
µν α αβ µν µα ν να µ µν αβ µν

µν

η

κδ

− − − − + − Λ

= −
     (8) 

In an empty (Tμν = 0), Ricci-flat (Rμν = 0) space without Λ (R = 4Λ = 0), (8) 
further reduces to  

;
; 2 2h R h Tα α β

µν α µν αβ µνκδ− = −                   (9) 
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which is the starting point for the RWZ formalism. 
Weak-Field Limit, de Sitter Metric: The Schwarzschild character of the RWZ 

problem above will now be relaxed, with ημν again diagonal, but M = 0 and Λ ≠ 0 
in (2) and (3). The wave equation of paramount importance will follow as (17). 

We know that the trace of the field Equations (1) gives 4 R TκΛ − = − , whe-
reby they become  

1
2

R g T g Tµν µν µν µνκ  − Λ = − −  
              (10) 

For an empty space (Tμν = 0 and T = 0), (10) reduces to de Sitter space 

R gµν µν= Λ                          (11) 

and the trace to R = 4Λ. 
Substitution of R and Rμν from (11) into (8) using (5) shows that the contribu-

tions due to Λ ≠ 0 are of second order in hμν. Neglecting these terms (particularly 
if Λ is very, very small) simplifies (8) to 

;
; 2 2h R h Tα α β

µν α µν αβ µνκδ− = −                 (12) 

One can arrive at (12) to first order in hμν by using gμν as a raising and lower-
ing operator rather than the background ημν—a result which incorrectly leads 
some to the conclusion that Λ terms cancel in the gravitational wave equation. 

Note with caution that (12) and the RWZ Equation (9) are not the same wave 
equation. Overtly, the cosmological terms have vanished from (12), just like (9) 
where Λ was assumed in the RWZ problem to be nonexistent in the first place. 
However, the character of the Riemann tensor Rα

μν
β is significantly different in 

these two relations where Λ = 0 in one but not the other.  
Simplifying the SdS metric by setting the central mass M* in ημν to zero, pro-

duces the de Sitter space (11) of constant curvature K = 1/R2, where we can focus 
on the effect of Λ. The Riemann tensor is now  

( )R K g g g gγµνδ γν µδ γδ µν= + −                  (13) 

and reverts to 

( )R K g g g gα β α β αβ
µν ν µ µν= + −                 (14) 

for use in (12). This substitution (raising and lowering with ημν) into (12) next 
gives K and Λ term contributions  

( ) ( )
2

2

2

K h h h h h h hh h h

h h h

α β αβ
µν µν αµ ν νβ µ µν µν αβ

α
µα ν µν αβ

η η

η

 − − + + − − 
 + + 

    (15) 

to second order in hμν. Recalling that curvature K is related to Λ by K = Λ/3, 
substitution of (15) back into (12) gives to first order 

;
;

2 2 2
3 3

h Mh h Tα
µν α µν µν µνη κδ− + Λ = −             (16) 

There is no cancellation of the Λ contributions to first order. Noting from (5) 
that ( )1 1 2h h η= − , then a traceless gauge 0h =  means either that h = 0 or η 
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= 2. Since η = 4, (16) reduces to 

;
;

2 2
3

h h Tα
µν α µν µνκδ− Λ = −                     (17) 

in a traceless Hilbert-Einstein-de Donder gauge where ; 0h ν
µν =  and 0h µ

µ = . 
(17) is a wave equation involving the Laplace-Beltrami operator term ;

;h α
µν α  

for the Spin-2 gravitational perturbation hµν  bearing a mass  

2 3gm = Λ                            (18) 

similar to the Klein-Gordon Equation ( )2 0m ϕ− =  for a Spin-0 scalar field φ 
in flat Minkowski space. The Locally Flat Limit section which follows demon-
strates that ;

;h hα
µν α µν→   in (17) for the limit 0r → . From (17) and (18) 

then 

( )2 2g Tm hµν µνκδ= −−                      (19) 

in the locally flat-space limit 1r  .  
Note that Penrose [6] has pointed out that due to conformal invariance argu-

ments, the massless Klein-Gordon equation becomes ( )6 0R ϕ− =  on a 
curved background. This necessarily gives (18) since R = 4Λ in de Sitter space. 
Also in passing, by rescaling h  as 2 11 2h h→  in (12) and (17), then (18) be-
comes  

3gm = Λ                           (20) 

which is the surface gravity κC = mg of the cosmological event horizon identified 
by Gibbons & Hawking [7]. It is also found in Weinberg [8].  

Locally Flat Limit of Wave Equation (17): It is necessary to demonstrate that 
hidden Λ-terms arising from ;

;h α
µν α  in (17) do not cancel the mass term in 

(18)-(20) when 0r →  and ; ,
; ,h h hα α

µν α µν α µν→ =  , the d’Alembertian in a 
locally flat region of dS studied above. Λ-terms appear but cancel out as shown 
below. 

To simplify calculations, now note that r2dΩ2 in (2) is of second-order in r and 
is negligible as 0r → . Thus the focus is on eν (with M = 0) in (3) appearing in 
the diagonal of ημν and its inverse ημν. Hence, η00 = −c and η00 = −c−1, while η11 = 
c−1 and η11 = c. Also, note that ( ) 1c r →  and ( ) 1 1c r − →  as 0r → .  

Introducing the Christoffel symbol γ
αβΓ , we can write 

( ) ( );
; ; ; , ; ; ;

h g h g h h hα αβ αβ ε ε
µν α µν α β µν α β αµ εν αν µεβ β

 = = − Γ − Γ  
       (21) 

Define 
;

;h h A B Cα
µν α µν µν µν µν= + + +                   (22) 

where 
,

,h h α
µν µν α=                           (23) 

, , , ,
,A h h h h hε β ε β ε αβ ε α ε α

µν βµ εν βν µε βα µν ε αµ εν αν µεη= −Γ −Γ −Γ −Γ −Γ       (24) 

( ) ( ), ,
B h h

α αε ε
µν αµ εν αν µε= − Γ − Γ                (25) 
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( )
( )

C h h h

h h h

αβ ε δ δ ε δ ε δ ε δ ε
µν βδ αµ βα δµ βµ αδ εν βε αµ δν βν αµ εδ

ε δ δ ε δ ε δ ε δ ε
βδ αν βα δν βν αδ µε βµ αν δε βε αν µδ

η = − Γ Γ −Γ Γ −Γ Γ −Γ Γ −Γ Γ
+ Γ Γ −Γ Γ −Γ Γ −Γ Γ −Γ Γ 

.  (26) 

Bμν is the term of interest. Aμν and Cμν contain factors of second order, or 
terms that vanish in locally flat space ( 1r  ). Furthermore, only the first-order 
second derivatives in Bμν remain as 0r → . These terms are 

( )
( )

, , ,
, , ,

, , ,
, , ,

1
2

B h

h

α εγ α α α
αµν αγ µ µγ α αµ γ εν

α α α
αγ ν νγ α αν γ µε

η η η η

η η η

∗ = − + −

+ + − 

             (27) 

which can be defined as 

F G HB µν µα µν ν
α

µ ν
∗ = + +                       (28) 

where 

( ) ( )1
2

F h hεγ
µν µγ εν νγ µεη η η = − +  

                 (29) 

, ,
, ,

1
2

G h hεγ α α
µν αγ µ εν αγ ν µεη η η = − +                   (30) 

, ,
, ,

1
2

H h hεγ α α
µν αµ γ εν αν γ µεη η η = + +                   (31) 

In this approximation, 2 22
t= −∂ +∇ →∇ . Also 00 00

2 2 3η η λ= +∇→  
and 11 11

2 2 3η η λ= +∇→ . 
We find that  

( ) ( ) ( ) ( )00 11
0 0 0 0 1 1 1 1

1 1
2 2

F h h h hµν µ ν ν µ µ ν ν µη η η η η η   = − + − +      
    (32) 

whereby (all other terms do not contribute) 

( )00
00 00 00 00

2
3

F h hη η λ = − = +                     (33) 

( )11
11 11 11 11

2
3

F h hη η λ  = − = −                     (34) 

Next 

11 ,1 ,1
11, 1 11, 1

1
2

G h hµν µ ν ν µη η η = − +                   (35) 

whereby (all other terms do not contribute) 

01 01
1
3

G hλ= − ; 10 10
1
3

G hλ= − ; 11 11
2
3

G hλ= − .            (36) 

And lastly, 

11 , ,
,1 1 ,1 1

1
2

H h hα α
µν αµ ν αν µη η η = +                    (37) 

whereby  

00 0H = ; 11 11
2
3

H hλ= ; 01 01
1
3

H hλ= ; 10 10
1
3

H hλ=           (38) 
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Summarizing, the two contributing terms to Fμν in (33) and (34) are equal and 
opposite thereby cancelling in (32). Thus, Fμν = 0. Similarly, the collective Gμν 
and Hμν terms in (36) and (38) cancel one another, giving Gμν + Hμν = 0. Hence 

0BB α
ναµν µ

∗ = ≡  in (28) and (25). Therefore we get ; ,
; ,h h hα α

µν α µν α µν→ =   in 
the locally flat limit of (17). 

The graviton mass (18) for EGΛ thus follows from this analysis, a result first 
determined many years ago [9]. 

Identifying Einstein Gravity as a Partially Massless Theory: The cosmological 
phase diagrams for partially massless fields of arbitrary spin in de Sitter space (Λ 
≠ 0) are well understood thanks to the seminal work of Deser & Nepomechie 
[10] and Deser & Waldron [11]-[17], in conjunction with that of Higuchi [18] 
[19] [20] [21]. 

(18) removes the scalar helicity-0 mode along the Higuchi partially-massless 
gauge line for Spin-2, leaving only 4 instead of 5 propagating degrees of freedom 
[15]—hence the term partially massless gravity. With respect to gravitational 
wave polarization analysis, this partially massless feature of EGΛ went unnoticed 
earlier on in initial polarization studies of gravitational waves which focused on 
Pauli-Fierz massive gravity effects [21] [22] [23] [24]. The latter do not address 
partial masslessness in gravitational radiation behavior. 

Derived directly from EGΛ in (1)-(3), (18) proves that EGΛ is a partially 
massless theory because that is specifically the Higuchi bound established by 
Deser and Nepomechie [10], Deser and Waldron [11]-[17], and articulated by 
Higuchi [18] [19] [20] [21]. Massive gravity thus finds its roots when Einstein 
first introduced Λ into GR, rather than later when Pauli & Fierz (P-F) [25] pur-
sued the study of massive gravity by adding appropriate terms to the Eins-
tein-Hilbert Lagrangian. 

Determining Λ from Gravitational Wave Observations: (18) is hence a direct 
prediction of EGΛ in (1). Recalling that gravitational wave observations can be 
used to determine the Hubble constant Ho [26] [27], we know that 2

oH  = Λ/3 
in de Sitter space ([8], Equation 2.6) from which Λ can be determined. Given the 
currently known disparity in Ho determinations [28] [29], Λ, mg, and Ho must 
eventually be brought into reconciliation. The question now becomes how to 
measure these effects using LIGO, VIRGO, and future LISA antenna configura-
tions to determine whether polarization measurements can establish the loss of 
the helicity 0 excitation due to a scalar gauge symmetry but not the loss of helic-
ity ±1, as predicted by the partially massless theory [12] [30]. 

2. Conclusions 

In Conclusion: These results come directly from the RWZ Equation (9). The 
consequence is yet another way to determine the cosmological constant Λ, but 
from gravitational wave observations. It constitutes an entirely new prediction 
from Einstein’s theory, that Λ, c, Ho, and mg (having only 4 Spin-2 DOFs with he-
licities ±2, ±1), and conventional Λ-lore such as dark matter in ΛCDM models, are 
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interrelated. For that reason alone, (18) needs to be verified experimentally. In ad-
dition, all of these parameters must collectively produce self-consistent values. The 
answer may also contribute to our understanding of galactic-rotation-curve beha-
vior . Such predictions by EGΛ need to be investigated further.  

The fundamental question for partially massive gravity is whether existing 
gravitational wave antenna configurations can be used to measure or determine 
the loss of the helicity 0 polarization caused by loss of a scalar gauge symmetry. 
It will probably require additional antenna configurations and possibly more 
antennas.  
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Abstract 
In a recent work, we calculated the magnetic field inside a free electron due to 
its spin, and found it to be about B = 8.3 × 1013 T. In the present study we 
calculate the spinning speed of a free electron in the current loop model. We 
show that spinning speed is equal to the speed of light. Therefore it is shown 
that if electron was not spinning the mass of electron would be zero. But since 
spinning is an unseparable part of an electron, we say that mass of electron is 
non-zero and is equal to (m = 9.11 × 10−28 g). 
 

Keywords 
Spinning Speed, Intrinsic Current, Intrinsic Magnetic Field, The Intrinsic 
Flux of Electron, Current Loop Model 

 

1. Introduction 

Recently we have calculated the magnetic field inside a free electron due to spin-
ning motion [1] and showed that it is about 8.3 × 1013 T. This field is about 8.3 × 
1011 times bigger than the highest magnetic field obtained in today’s laboratories 
[2] [3] and 103 times bigger than that in neutron stars (magnetars) [4] [5]. In 
that calculations [1], which are based on the current loop model, the intrinsic 
magnetic flux associated with its spinning motion of the electron which is calcu-
lated either by a semiclassical methode or by a full quantum mechanical solution 
of Dirac equation [6] [7] [8] gives the same result: ( ) 2s

e hc eΦ = ± . The current 
loop model is mainly based on the magnetic top model which was first intro-
duced by Barut et al. [9] and used by N. Rosen [10] and L. Schulman [11]. But 
the magnetic top model was rather primitive as the spin vector was only attached 
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to that spherical charge distribution. To overcome this difficulty we introduced 
current loop model [6]. In this study using the current loop model we have 
found that: electron’s spinning angular frequency, 227.77 10 rad secsω = × . 
Most importantly through this model we had calculated magnetic flux associated 
with its spinning motion and we have found the above mentioned result: 

( )
02 2s

e hc eΦ = ± = ±Φ  where (+) sign stands for spin-down electron and (−) 
sign for spin-up electron. Therefore the current loop model is the best one to 
describe the magnetic properties of the electron. Further we have found that the 
spinning speed of an electron is exactly equal to speed of light. Furthermore, if v 
= c, according to the relativity theory [12], the relativistic mass, m of a speedy 
particle will have a non-zero limit if and only if m0 is zero:  

0

2

21

m
m

v
c

=

−

                         (1) 

where m0 is the mass with zero speed. Therefore the Equation (1) can only be 
non-zero if and only if m0 is zero. Since spinning is an unseperable part of 
electron we may say that mass of electron is non-zero and is equal to 9.11 × 
10−28g.  

2. Formalism 

As we said earlier the current loop model [6] is an idealistic model for a spining 
electron. In this model the spining electron is made equivalent to a circular cur-
rent loop with the radius R in x-y plane and the electron motion is considered in 
two parts namely an “external” motion which can be interpreted as the motion 
of the center of mass (and hence the central of charge) and an “internal” one 
whose average disappears in the calssical limit. The latter is caused by the spin of 
the electron. 

To calculate the quantum flux for any quantum orbit [6] we calculate the 
magnetic flux for one turn, then multiply it by the number of turns, during the 
cyclotron period Tc: 

2
0 0

d dd d . d
2 d 2 d

c sT Ts s

c c

t t R B
t t

ω ω
ω ω

   Φ = ⋅ = ⋅ × = × = π   
   ∫ ∫ ∫

B r B rB a r r     (2) 

Here we distinguish spin angular frequency sω  from the cyclotron frequency 

c eB mcω = . When an electron is placed in an external magnetic field B, during 
the cyclotron period Tc it completes one turn around the cyclotron orbit, but it 
spins ( sω ) times about itself (Figure 1) [13]. We will see that ( s cω ω ). 

Now we want to look at the Equation (2) in detail: To consider the spin de-
pendence in the flux expression [6], we assume that the spin angular momentum 
of electron is produced by the fictitious point charge (−e) rotating in a circular 
orbit with a radius R in x-y plane and an angular frequency, sω ; that is what we 
call the current loop model. In the presence of a magnetic field, ˆBz=B  (B > 
0), the vector going to this fictitious point charge can be written as: 
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Figure 1. Landau orbits for electrons: (a) without spin; (b) in real space for spin-up elec-
trons. 
 

= +ŕ r R                           (3) 

where r  is the vector going from origin to the centre of mass of the electron 
and R  is the vector going from centre of mass to this fictitious point charge 
( R r ). So the vector r  in Equation (3) reads:  

( ) ( )cos i ˆsˆ nc c c cxt yr r tω ϑ ω ϑ= + + +r               (4) 

here cϑ  is the angle at t = 0. 
Depending on the spin orientation, the vectors ( )R ↑  and ( )R ↓  namely for 

spin up and spin down electrons read: 

( ) ( ) ( )cos sinˆ ˆs s s sxt yR R tω ϑ ω ϑ↑ = + − +R            (5) 

( ) ( ) ( )cos sinˆ ˆs s s sxt yR R tω ϑ ω ϑ↓ = + + +R            (6) 

where sϑ  is the angle at t = 0. 
Here we distinguish the spin angular frequency sω  from the cyclotron an-

gular frequency c eB mcω = . During the cyclotron period, Tc electron com-
pletes one turn around the cyclotron orbit, but it spins s cω ω  times about it-
self and hence the fictitious point charge completes s cω ω  loops with the area 

2Rπ . It can be shown that the number of turns, s cN ω ω=  is very large. We 
will see that 227.77 10 rad secsω = ×  and c eB mcω =  can be made as small as 
possible. But if we take a huge magnetic field let us say for B = 10, T = 105 G 
then the value of cω  becomes: 121.76 10 rad seccω ≅ × . Therefore we can say 

s cω ω .  
If we take the time derivative of (3), we find the corresponding velocities:  

 ' = +v v V                           (7) 

Here v  and  'v  are the velocities of the electron itself and fictitious point 
charge (−e) with respect to the origin and V  is the velocity of the fictitious 
point charge with respect to the centre of mass of the electron. 

Next, following Saglamand Boyacioglu [6], we can calculate the total magnetic 
flux ( ) ′Φ ↑  contained within the spinning orbit of the fictitious charge during 
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the time interval cT : 

( ) ( )
0

2 2
0

d    d
2 2

d

c

c

T

T

c s

t

B r R cross terms tω ω

×′ ′ ′Φ ↑ = ⋅ = ⋅ ×

 = − + 

∫ ∫

∫

r r BB r v
 



         (8) 

where the cross terms contains the product of different angular frequencies like 
cos cosc st tω ω   and so on. When we take the integral of cross terms, they va-
nish and the Equation (8) reduces to 

( ) 2 2 2 22 
2

s
c s

c c

B r R r B R B
ω

ω ω
ω ω
π ′Φ ↑ = − = π − π           (9) 

As it is shown in [6] that the first term can be written as:  

2
0

1 1
2 2

hcr B n n
e

   π = + Φ = +   
   

              (10) 

which is the quantum flux without considering electron spin. But the second 
term in Equation (9) is the contribution of spin to the total flux for spin-up elec-
tron. To calculate it we use Equation (20) of the following section: 

2 22s
h

mR mR
ω = ≡

π


                     (11) 

Substituting Equation (10) and Equation (11) in Equation (9) and using the 
relation c eB mcω =  we find: 

( ) ( )0
1 0,1,2,3,
2 2

hc hc nhcn n n
e e e

 ′Φ ↑ = + − = = Φ = 
 

      (12) 

If we follow a similar procedure for spin-down electron the total flux for 
spin-down electron takes the form: 

( ) 2 2s

c

r B R B
ω
ω

′Φ ↓ = π + π                   (13) 

With a similar procedure we find: 

( ) ( ) ( ) ( )0
1 1 1 0,1,2,3,
2 2

hc hc hcn n n n
e e e

 ′Φ ↓ = + + = + = + Φ = 
 

  (14) 

From Equations (12) and (14) it is seen that the spin contribution to the total 
flux is 0 2−Φ  for spin-up electron and 0 2Φ  for spin-down electron: 

( ) 0

2 2
hc

e
Φ

Φ ↑ = − = −                    (15a) 

( ) 0 
2 2
hc

e
Φ

Φ ↓ = =                     (15b) 

Here the obtained net results show that the current loop model for electron 
spin is realy a satisfactory model. 

To proceed further we write the spin magnetic moment µ  for a free electron 
[14]: 

  Bgµ= − Sµ                        (16) 

Here S  the spin angular momentum of the electron.  
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When we introduce the magnetic field ˆBz=B , the z-component of the 
magnetic moment for a spin-down electron [6] becomes (g = 2 for a free elec-
tron); 

2z
e
mc

µ =


                          (17) 

In the current loop model z-component of the magnetic moment for a 
spin-down electron is: 

( )
2

2
s

e z

eRIA
c c

ω
µ = =                       (18) 

where 2A R= π  and R is the radius of the current loop. From Equation (17) and 
(18) we obtain: 

1 2

s

R
mω

 
=  
 

                         (19) 

If we solve sω , from Equation (19) we find the spinning angular velocity of 
electron in terms of the radius of the current loop, R: 

2s mR
ω =



                         (20) 

Now with a rough approach we want to calculate spinning speed of electron in 
the current loop model. If we take the radius of this current loop equal to the 
electron radius, ( ) 132.82 10 cmR el −= ×  and the mass of electron,  

289.11 g10m −= ×  [15], from Equation (20) we find: 
259.11 1 r d s0 a ecsω′ = ×                     (21) 

and writing ( ) ( ) sv el R el ω′=  we find electron velocity as:  

( ) 10410 10 cm secv el = ×                    (22) 

which is larger that the speed of light, c. This is imposible! The reason for this is 
that the radius of the mentioned current loop is not equal to the electron radius. 
Therefore the right value of the radius of this current loop must be taken in to 
account. We know that (please see the discussion section of [6]) the radius of the 
current loop is a dummy variable. As far as the flux calculations are concerned 
the radius R of the current loop is phenomenal concept whose detailed calcula-
tion is not important. Therefore we chose the radius of this current loop such 
that the above speed should not exceed the speed of light, c. 

sv R cω= =                         (23) 

When we solve Equations (20) and (23) together we find: 
113.86 1 m0 cR −= ×                      (24) 

and  
227.77 10 rad secsω = ×                    (25) 

So we can say that in the current loop model electron is spinning in a circular 
ring of radius 113.86 1 m0 cR −= ×  with the speed of light, c and with an angular 
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velocity 227.77 10 rad secsω = × . Furthermore, since v c= , according to the 
relativity theory [12], the relativistic mass, m of a speedy particle will have a 
non-zero limit if and only if m0 is zero:  

0

2

21

m
m

v
c

=

−

                       (26) 

That is to say; If the spinning speed is equal to the speed of light, c, the Equa-
tion (26) can only be non-zero if and only if m0 is zero. Since spinning is an un-
seperable part of electron we may say that mass of electron is non-zero and is 
equal to the mass, 289.11 g10m −= × . 

3. Conclusions 
We have calculated the spinning speed of a free electron in the current loop 
model which is a correct one as it produced the magneticflux due to spin of elec-

tron as ( )
0 2

2
s

e
hc

e
= = ΦΦ . 

By using the Equation (20) and sR cω = , we were able to calculate the radius 
of this current loop R and cyclotron frequency, sω  of electron on this current 
loop. These values are: 113.86 10 cmR −= ×  and 227.77 10 rad secsω = × . 

More importantly it is shown that if electron was not spinning the mass of 
electron would be zero. But since spinning is unseparable part of electron we say 
that mass of electron is non-zero and is equal to 289.11 g10m −= × . 
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Abstract 
It is well established that classical electrodynamics, quantum electrodynamics 
(QED) as well as Quantum Field Theory (QFT) are grounded on Maxwell’s 
wave theory and on his equations, but it is much less well understood that 
they are not grounded on his initial interpretation of the relation between the 
E and B fields, but are rather grounded on Ludvig Lorenz’s interpretation of 
this relation, with which Maxwell disagreed. Maxwell considered that both 
fields had to mutually induce each other cyclically for the velocity of light to 
be maintained while Lorenz considered that both fields had to synchronously 
peak at maximum at the same time for this velocity to be maintained, both 
interpretations being equally consistent with the equations. Two recent 
breakthroughs however now allow confirming that Maxwell’s interpretation 
was correct because, contrary to the Lorenz interpretation, it allows to seam-
lessly reconcile Maxwell’s electromagnetic wave theory, so successfully ap-
plied at our macroscopic level, with the electromagnetic characteristics that 
apply at the subatomic level to localized electromagnetic photons and to all 
localized charged and massive elementary electromagnetic particles of which 
all atoms are made, and finally allows establishing a clear mechanics of elec-
tromagnetic photon emission and absorption by electrons during their inte-
raction at the atomic level. 
 

Keywords 
Magnetic Mass, Magnetic Field, Electric Field, Electron, Photon Emission, 
Photon Absorption 

 

1. Introduction 

In 1845, Michael Faraday observed that by placing a glass plate between the 
poles of an electromagnet, the magnetic field caused the polarization plane of the 
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light passing through the plate to rotate. He immediately informed his friend 
James Clerk Maxwell of this major discovery that demonstrated for the first time 
the direct relation between the magnetic field and light [1]. 

It is therefore this specific experiment by Faraday which is at the origin of the 
integrated electromagnetic theory then developed by Maxwell, because, having 
already observed that second derivatives of the previously established equations 
for the electric field and the magnetic field revealed that electric energy and 
magnetic energy were separately associated with the speed of light [2], Maxwell 
concluded that light had to be electromagnetic in nature and then made the 
fundamental discovery that electromagnetic energy implied a three-way ortho-
gonal relationship between its three fundamental aspects; that is, its electric and 
magnetic aspects, perceived as being perpendicular to each other and simulta-
neously inducing each other in a cyclic transverse stationary oscillating motion, 
with respect to the direction of motion of this energy in space (see Figure 1); 
that is, a three-way orthogonal relationship corresponding to the familiar vector 
cross product of the E and B fields, resulting in a third motion vector structural-
ly perpendicular to the first two [3] [4]. 

The following fact may come as a surprise to many, but this solution discov-
ered by Maxwell, who is also well known for having derived the speed of light 
from the relation that he established between the two fundamental constants of 
vacuum ε0 and μ0 [2], is not the only working solution that was discovered to re-
late both E and B fields to the speed of light. 

Briefly summarized, mathematician Ludvig Lorenz established independently 
from Maxwell that if both E and B fields representations of free moving electro-
magnetic energy are mathematically made to peak to maximum synchronously 
at the same time, this also allows explaining the speed of light in vacuum of elec-
tromagnetic waves as well as if both fields are 180 degrees out of phase as in 
Maxwell’s solution.  

But the “Lorenz gauge” is a generalizing concept, that regroups both E and B 
aspects of fundamental energy into a “single” electromagnetic field that distracts 
from immediate attention the different vectorial orientations of both aspects, 
particularly the fact that the energy dipole represented by E becomes spacewise 
oriented and distributed while the energy dipole represented by B becomes  
 

 
Figure 1. Mutually inducing 180˚ out of phase bipolar representation of E and B fields of 
Maxwell’s interpretation. 
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timewise oriented and distributed as they cyclically mutually induce each other 
transversely to the vectorial direction of motion of the oscillating energy in va-
cuum. 

The representation of Figure 2, which is found in all textbooks on electro-
magnetism, while agreeing with Maxwell’s wave theory describing electromag-
netic energy as a pulse propagating in an underlying aether, and which is also in 
agreement with his equations, is however generally and incorrectly assumed as 
also being Maxwell’s conclusion.  

Indeed, Maxwell disagreed with this approach, because the concept of “gauge” 
developed by Lorenz had the consequence of treating both fields E and B as a 
single electromagnetic field at the general level, without any apparent internal 
structure at first glance, which easily obscures the fact that both fields are of 
equal and separate importance in Maxwell’s theory, with different and irrecon-
cilable characteristics, in addition to mutually inducing each other, contrary to 
the Lorenz solution, as put in perspective in reference [3]. 

The fact that this second solution was developed by Lorenz, however, is not 
well known in the scientific community because it is specifically associated only 
to the so-called Lorenz gauge defined by him, and this, only in high level specia-
lized reference works on electromagnetism [5], because it lends itself more easily 
than Maxwell’s representation to various mathematical generalization processes, 
but the true origin of the solution represented by Figure 2 is not clearly ex-
plained in introductory textbooks and general reference works on physics [6] 
[7]. 

Consequently, unless they specialize in electromagnetism, most physicists are 
not directly informed that it was not Maxwell who developed this second ap-
proach, and that classical electrodynamics and quantum field theory (QFT), 
from which quantum electrodynamics (QED) emerged [8] [9] are in reality 
grounded on Lorenz’s interpretation, because this fact is nowhere clearly hig-
hlighted in reference works on electrodynamics and QFT, which were of course 
developed by specialists in electromagnetism for whom this fact was obvious. So 
contrary to established facts, the outcome is a general impression in the com-
munity that Maxwell is also the author of this second solution and that electro-
dynamics and QFT are grounded strictly on Maxwell’s theory. 
 

 
Figure 2. Standard simultaneously in phase peaking E and B fields monopolar represen-
tation of Lorenz’s interpretation. 
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The distinction to be made is important however, because de Broglie’s hypo-
thesis about the localized double-particle photon that emerges directly from 
Maxwell’s solution is consequently at odds with classical electrodynamics and 
QED, because the Lorenz approach obscures the fact that both E and B fields are 
of equal and separate importance. For example, the predominant role given to 
the electric charges in QED seems to leave no precise function to the magnetic 
aspect of electromagnetic energy in a possible mutual induction mechanics that 
would involve the two separate fields, contrary to Maxwell’s interpretation. Even 
the fact that as formulated, QED cannot explain the mutual induction of both 
fields in LRC systems doesn’t seem to attract attention to this issue. 

2. Setting up the Perspective According to Relative  
Magnitude Levels 

To put in correct perspective the possibility of describing the energy which is the 
very substance of which all localized elementary particles such as electromagnet-
ic photons, electrons and positrons are made at the subatomic level, in a manner 
that would not conflict with the well established Maxwell continuous wave elec-
tromagnetic theory, which is so successfully applied at our macroscopic level, it 
must first be realized that all objects and processes that we can detect and meas-
ure in objective reality can be categorized as belonging to one of the following 
four orders of magnitude. In decreasing order of amplitude, these orders of 
magnitude can be defined very generally as follows: 

1) Astronomical level: Order of magnitude exceeding the dimensions of planet 
Earth. 

2) Macroscopic level: Order of magnitude in which any object or process can 
be directly measured at the Earth’s surface and its environment. 

3) Sub-microscopic or atomic level: Order of magnitude of molecules and 
atoms. 

4) Subatomic level: Order of magnitude of the elementary particles of which 
the atoms are made, as well as the electromagnetic energy of which their sub-
stance is made, that supports their motion, determines their inertia, and that can 
also circulate freely in quantized form at the speed of light when not directly as-
sociated with one of these elementary particles. 

The first 3 levels are generally familiar to all, but the subatomic level is not. 
We can directly perceive and measure objects and processes in our environment 
at the macroscopic level, and we indirectly perceive and measure objects and 
processes of other orders of magnitude with increasing precision as our instru-
ments improve. 

It may seem paradoxical to so firmly assert that electromagnetic energy can be 
directly defined as being quantized as localized electromagnetic photons at the 
subatomic level in full accordance with Maxwell’s equations while remaining in 
complete harmony with his continuous electromagnetic waves theory which has 
been so successfully applied at our macroscopic level, which is an issue that has 
been the object of a continuous debated for the past hundred years. 
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It must be put in perspective here that we perceive however no paradox 
whatsoever with the fact that “we directly observe” that the image on a TV 
screen appears smoothly continuous as seen from a few meters, while being well 
aware that if we get close enough, “we also directly observe”, directly at our ma-
croscopic level, that in physical reality, the image is physically generated by 
thousands of clearly separated rows of clearly separated very small pixels. 

Interestingly, we find no paradox either in treating water as a fluid without 
any internal structure at our macroscopic level, while being well aware that at 
the submicroscopic level, it is made only of localized molecules, themselves 
made of localized atoms, themselves made at the subatomic level of localized 
elementary electrically charged electrons plus nucleons, themselves made of lo-
calized electrically charged elementary particles, that all are individually massive 
and quantized, even if we cannot directly see these molecules at our macroscopic 
level as in the case of the TV screen. 

The reason why we see no problem in perceiving and treating water as a fluid 
at the macroscopic level, even mathematically, even if we cannot directly observe 
the localized molecules of which its substance is made, as we can directly do with 
the individual pixels of the TV screen, is that we understand that what we perce-
ive as the “fluidity” of water at our macroscopic level is in reality a “crowd ef-
fect” due to countless localized water molecules smoothly sliding against each 
other at the submicroscopic level. Moreover, our powerful modern instruments 
of electronic microscopy allow us to indirectly detect these individual molecules 
and the atoms of which they are made at the submicroscopic level. 

In the case of electromagnetic energy, however, its granular nature at the sub-
atomic level is far from being as obvious to perceive as in the case of the televi-
sion screen, in which to approach the image by only a few meters, is sufficient, to 
go from the order of magnitude that lets us perceive it as an apparently un-
iformly fluid image to the slightly lower order of magnitude still at the macros-
copic level that makes it possible to perceive the reality of its granular structure 
when directly observed at greater proximity; or in the case of water, whose gra-
nularity at the atomic level can be indirectly observed with our electron micro-
scopes. 

The case of water obviously requires an even greater jump in orders of mag-
nitude towards the infinitely small scale between the perception of its fluidity at 
the macroscopic level and the perception of its submicroscopic granularity. To 
really become aware of the difference between these two orders of magnitude, it 
suffices to think that the atoms making up water molecules are as far away to-
wards the extremely small submicroscopic level that the galaxies are far towards 
the infinitely large astronomical level with respect to our own terrestrial ma-
croscopic level. But to perceive the subatomic granularity of electromagnetic 
energy, the jump from our macroscopic order of magnitude is larger yet; as far 
in fact, further down towards the infinitely small from the already far order of 
magnitude of the atomic scale than this atomic scale is far from our own ma-
croscopic level. 
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To really conceptualize how far down from the atomic scale the granularity of 
electromagnetic energy actually is, let’s consider that if the proton of an hydro-
gen atom, two of which are part of a water molecule, was enlarged to become as 
big as the sun, the electron which is stabilized in its least action orbital distance 
from the proton would then be as far away from this enlarged proton as the orbit 
of Neptune is from the Sun in the Solar system, meaning that the hydrogen atom 
would become as large as the entire Solar System, and that the electromagnetic 
photons that constitute the “granular level” of electromagnetic energy is of the 
same order of magnitude as the energy making up the rest mass of the electron 
and of the other massive elementary electrically charged electromagnetic par-
ticles that exist inside the structure of the proton and of the neutron. 

The main problem that we are confronted with regarding this subatomic level 
of granularity of electromagnetic energy and of the energy constituting the rest 
masses of elementary particles of which atoms are made, is that there exists no 
instrument powerful enough that would allow observing even indirectly this 
subatomic level, unlike the deepest level at which it remains physically possible, 
which is the atomic order of magnitude, that allows indirectly verifying the gra-
nularity of water and of all the other material substances of our environment; in 
short, an indirectly verifiable granularity of all atoms of the periodic table, which 
is unavailable for the subatomic granularity level of electromagnetic energy. 

The only physically verifiable telltales that we have of the permanent localiza-
tion of elementary charged particles such as the electron and of electromagnetic 
energy quanta are the following: 

1) We have easily reproducible experimental proof that electrons and elec-
tromagnetic photons systematically behave almost point-like during all scatter-
ing experiments (see Section 23 further on and reference [10]). 

2) We have easily reproducible proof that photons have longitudinal inertia as 
demonstrated by Einstein photoelectric experiment, and that they have trans-
verse inertia amounting to half their longitudinal inertia, as demonstrated by the 
deflexion angle of light by the Sun during numerous experiments carried out 
during solar eclipses [3] [11]. 

3) We also have experimental proof since 1933 that electromagnetic photons 
of 1.022 MeV or more convert into electron-positron pairs when they graze 
massive particles [12] and that such pairs reconvert to electromagnetic photons 
when meeting again; which means that we have the experimental proof that the 
invariant mass of electrons and positrons is made up of the same “electromag-
netic energy substance” as electromagnetic photons. We also have experimental 
proof since 1997 that electromagnetic photons that exceed the 1.022 MeV energy 
threshold level can be destabilized into converting to electron-positron pairs by 
other electromagnetic photons, without any massive nuclei being close by [13]. 

4) We have easily reproducible experimental proof that free moving electrons 
have an invariant rest mass of 9.10938188E−31 kg and an invariant electric charge 
of 1.602176462E−19 C. 

5) We have conclusive experimental evidence that electrons are elementary 
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particles and that the protons and neutrons that constitute the nuclei of all 
atoms are not elementary particles, but rather are systems of elementary particles 
(see Figure 5-7, and reference [10]). 

Since the subatomic level cannot be directly nor indirectly observed, we are 
therefore necessarily reduced in our exploration of this level to proceed by re-
verse engineering [4], meaning that we must deduce the characteristics of the 
elementary electromagnetic particles that constitute the fundamental level of 
objective reality from what we can indirectly detect and understand from the 
behaviour of atoms, and from the behaviour of the elementary particles that can 
be separated from them; i.e. electrons whose stabilization far from the nuclei de-
termines the volume of space occupied by atoms, and from the behaviour of 
protons and neutrons that constitute their nuclei by occupying smaller volumes; 
as well as from the behaviour of the electromagnetic energy which is emitted or 
absorbed by these elementary particles during their transitions between the var-
ious stationary action equilibrium states in which atoms stabilize at the atomic 
level. 

Finally, the means we have at our disposal to observe the behavior of atoms 
and their separable elements is precisely the electromagnetic energy which is 
emitted or absorbed during these stationary action equilibrium states variations, 
and whose “infinitesimal granules”, i.e. these localized electromagnetic photons 
coming from all objects in our surrounding, either directly from these objects or 
detected through our powerful microscopes and other sensing devices, that ex-
cite electrons from the atoms forming the photosensitive cells in our eyes, an ex-
citation which is then progressively transmitted along our optic nerves to the 
brain that continuously updates the images of which we become aware from our 
environment and that we analyze to understand it [14]. 

These localized electromagnetic photons that can excite electrons sufficiently 
in the cells of our eyes for their arrival to be progressively signalled all along the 
optic nerve, can be of very variable intensities, and above a certain intensity lev-
el, succeed in separating the electrons from the atoms in our environment, and 
this is what allows us to study their separate behavior as well as that of the con-
stituents of atomic nuclei, namely protons and neutrons, which can be com-
pletely separated from their electronic escorts and studied separately in the case 
of simple atoms such as hydrogen or helium atoms. 

What was preventing us up to now from becoming as comfortable treating 
electromagnetic energy as being granular, that is quantized, at the subatomic 
level, as we are handling it as continuous electromagnetic waves at our macros-
copic level, is that since about a hundred years, the quantized aspects of the sub-
atomic level have been considered being the exclusive domain of Quantum Me-
chanics (QM), but that QM still has not been fully harmonized with Maxwell’s 
electromagnetic equations, that successfully handle electromagnetic energy as a 
continuous wave at our macroscopic level; in other words, that treats it as a flu-
id, which is an incomplete harmonization that was clearly highlighted by Feyn-
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man, who was the last researcher to attempt this reconciliation in the mid 20th 
century, as evidenced by this quote from his “Lectures on Physics” [15]: 

“There are difficulties associated with the ideas of Maxwell’s theory which are 
not solved by and not directly associated with quantum mechanics... when elec-
tromagnetism is joined to quantum mechanics, the difficulties remain”. 

As put in perspective in a recent article [16], all current theories mathemati-
cally treat macroscopic masses as if they had no internal granular structure, that 
is, as if they were made of a continuous substance uniformly spread within their 
whole volume, and even Quantum Mechanics currently treats the electron ener-
gy as if it was uniformly spread in the same manner within the volume defined 
by the Schrödinger equation. The reason for this is that the internal electromag-
netic structure of the energy making up the mass of each elementary particles of 
which all macroscopic masses are made, such as the electron, as well as the in-
ternal electromagnetic structure of those making up the inner structures of the 
protons and neutrons, that constitute the nuclei of all atoms in the universe, 
have not yet been clearly established; and that the momentum energy as well as 
the energy causing the increase of the transverse magnetic field of accelerating 
particles have not yet been mathematically separated from the energy of which 
their rest masses are made. 

Recently, however, new developments have made it possible to establish a co-
herent internal subatomic electromagnetic structure for localized electromag-
netic photons and for all elementary electromagnetic particles in accordance 
with Maxwell’s equations, which finally makes it possible to find natural the 
perception that all atoms are made at the subatomic level of separate and loca-
lized elementary particles stabilized in various states of stationary action elec-
tromagnetic resonance states and that free moving electromagnetic energy is 
quantized at the subatomic level, even if we treat it as a continuous wave at our 
macroscopic level. 

3. Two Recent Major Breakthroughs 

Already in the 1930’s, Louis de Broglie proposed the hypothesis of a possible po-
tentially quantized internal structure for localized electromagnetic photons at 
the subatomic level that would remain conform to Maxwell’s equations, but 
whose elaboration, by his own admission, seemed not to be possible in the re-
stricted frame of the 4-dimensional geometry of Minkowski’s space-time [17]: 

“...la non-individualité des particules, le principe d’exclusion et l’énergie 
d’échange sont trois mystères intimement reliés: ils se rattachent tous trois à 
l’impossibilité de représenter exactement les entités physiques élémentaires 
dans le cadre de l’espace continu à trois dimensions (ou plus généralement de 
l’espace-temps continu à quatre dimensions). Peut-être un jour, en nous évadant 
hors de ce cadre, parviendrons-nous à mieux pénétrer le sens, encore bien 
obscur aujourd’hui, de ces grands principes directeurs de la nouvelle physique” 
([17], p. 273). 
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Translation: 
“...the non-individuality of particles, the exclusion principle and exchange 

energy are three intimately related enigmas; all three are tied to the impossibility 
of exactly representing elementary physical entities within the frame of conti-
nuous three dimensional space (or more generally of continuous four dimen-
sional space-time). Some day maybe, by escaping from this frame, will we better 
grasp the meaning, still quite cryptic today, of these major guiding principles of 
the new physics”. 

Two recent developments, however, made it possible to elaborate this internal 
electromagnetic structure of the localized photon proposed by de Broglie in full 
conformity with the Maxwell equations, and to eventually observe that all stable 
massive and electrically charged elementary particles of which all atoms are 
made at the subatomic level can also be described in the same Maxwell com-
pliant manner. 

The new light shed by these recent developments on the nature of fundamen-
tal electromagnetic energy then made it possible to refocus according to this new 
perspective the bulk of the conclusions drawn in the past from all experimental 
data collected to date about the subatomic level. These refocused conclusions 
were then explained in about twenty separate articles, each of which analyses a 
specific aspect of the issue, most of which will be given in reference during this 
final synthesis. 

4. The First Major Breakthrough 

The first of these two breakthroughs was the elaboration of a more extensive 
geometry of space, based on the three-way orthogonal relationship that Maxwell 
related to the three fundamental aspects of electromagnetic energy of which light 
is made at the subatomic level, namely its electrical and magnetic aspects per-
ceived as being perpendicular to each other and mutually inducing each other 
into a standing cyclic transverse oscillation mode of the energy that these fields 
measure with respect to the direction of motion in vacuum of this transversely 
oscillating electromagnetic energy in space, that is, a direction of motion of this 
energy which is perpendicular to the direction of the stationary transverse oscil-
lation of the energy represented by the two fields (see Figure 1). 

The trispatial geometry (see Figure 3) required to develop the LC equation 
derived from the de Broglie hypothesis [3] in accordance with Maxwell’s inter-
pretation (Figure 1) was formally presented at the event Congress-2000 in July 
2000 at St Petersburg State University [18].  

This expanded space geometry at the subatomic level is fully described in ref-
erence [4], but can be briefly summarized as follows. The method consists in 
geometrically expanding each of the 3 standard linear electromagnetic vectors i, 
j and k (Figure 3(a)), applicable to normal space, transforming them into 3 fully 
developed 3D vector spaces of their own (Figure 3(b)), each of these three spac-
es, now identified as spaces X, Y and Z (Figure 3(c)), each space remaining  
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Figure 3. Major and minor vectors sets applicable to the trispatial geometry. 
 
perpendicular to the other two and all three remaining connected via their 
common punctual origin. 

This common centre can now be understood as serving as a passage point lo-
cated at the centre of each localized electromagnetic quantum at the subatomic 
level, through which the “energy substance” of the particle would be free to circu-
late between the three spaces as if between communicating vessels, so as to allow 
the establishment of a stationary transverse oscillation of half the particle energy 
between its E and B aspects between the two YZ-spaces, as well as an equal sharing 
of the total energy of the particle between the transversely oscillating energy 
half-quantum of the E and B fields within the YZ-transverse-dual-space-complex, 
and the unidirectional energy half-quantum of the momentum of the particle re-
siding in X-space. 

To mentally visualize the motion of energy in this trispatial geometric com-
plex of 9 mutually orthogonal dimensions, it suffices to imagine each of the 3 
sets of minor vectors i, j and k of Figure 3(b) as if they were the folded ribs of 3 
metaphorical umbrellas. This allows any of them to be mentally opened at will 
one at a time up to full orthogonal expansion to observe and mathematically de-
scribe the behavior of energy in this fully deployed 3D space during each phase 
of its oscillating motion. Figure 3(b) and Figure 3(c) show the dimensions of 
the 3 spaces only half-deployed to allow a clear and unique identification of each 
of the 9 resulting internal orthogonal axes. 

5. The Second Major Breakthrough 

The second major development occurred a few years later, in 2003, when Paul 
Marmet published an important article describing a newly perceived relation 
between the progressive increase of the intensity of the transverse magnetic field 
of an accelerating electron and the simultaneous increase of its transversely 
measurable mass [19], that then allowed clearly distinguishing between the va-
riable energy of the electron momentum that also increases during its accelera-
tion, and the also variable energy of its transverse magnetic field, and also to 
clearly separate these two variable energy quantities from the invariant energy 
constituting the electron rest mass as described in an article published in 2007 in 
the same “International IFNA-ANS Journal” at Kazan State University [20]. 
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This discovery then allowed observing that all charged elementary particles 
constituting atoms have the exact same internal electromagnetic LC structure in 
this expanded space geometry, each one being accompanied by an amount of 
carrying energy made of momentum energy and transverse magnetic field ener-
gy, which is structured in a manner identical to the internal electromagnetic 
structure described by the LC equation developed to account for localized 
double-particle photons as hypothesized by de Broglie [3] [21] [22] [23], which 
then allowed establishing their respective trispatial LC equations, as summarized 
in reference [4], as we will see further on. 

Let us note here that this internal electromagnetic LC structure is also appli-
cable to all of the electrically charged elementary electromagnetic particles con-
stituting the complex unstable particles, be they electrically neutral or not, such 
as pions, kaons and other ephemeral complex particles resulting from destruc-
tive scattering between elementary particles [24]. 

We will study here however only the stable particles making up the scatterable 
structure of the set of atoms that can be found in the periodic table and of their 
nuclei, as well as positrons and free moving electromagnetic photons, because all 
of the unstable partons generated via destructive scattering play no role what-
soever in the establishment and stability of the universe, since they all almost in-
stantly decay by releasing their excess energy in well known sequences of stages 
[25], until all that remains of them is one or other, or many of the very restricted 
set of stable electrically charged and massive elementary particles making up all 
atoms [24]. 

But attention must first be given to a typographical error in Equation (M-7) of 
Marmet’s article that renders the seamlessness of his derivation difficult to 
perceive. For his unbroken sequence of reasoning to be made clear, his deriva-
tion down to Equation (M-7) from the Biot-Savart equation will be fully detailed 
here. The remainder of his derivation down to Equation (M-23) remains easy to 
follow directly in his article [19] and is also clearly explained and analyzed in 
another recently published article [4]. 

Although the second part of his article starting with Section 7 elaborates a 
personal hypothesis on a possible inner structure of the electron, which is of 
course subject to discussion, the first part of his article is in no way hypothetical, 
but rather elaborates a mathematically seamless derivation from the Biot-Savart 
equation, itself established directly from experimental data that can easily be 
re-obtained at will, that leads to the establishment of a new Equation (his equa-
tion M-23) that effectively seems to leave no doubt, quoting Marmet himself, 
that: “the increase of the so-called relativistic mass [of an accelerating electron] 
is in fact nothing more than the mass of the magnetic field generated due to the 
electron velocity” [19]: 
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                 (M-23) 

To avoid any confusion in the numbering of equations in the present article, 

https://doi.org/10.4236/jmp.2020.111003


A. Michaud 
 

 

DOI: 10.4236/jmp.2020.111003 27 Journal of Modern Physics 
 

all equations quoted from Marmet’s paper will be prefixed with “M-” followed 
by the actual number of this equation in the original paper [19], so readers can 
directly relocate them in his paper. 

Equation (M-23) suggests numerous possibilities that never were considered 
before, the most important of which is that it highlights an inconsistency be-
tween the Special Relativity Theory (SR) and electromagnetism that could not be 
noticed otherwise, because the very idea that the energy that progressively in-
creases the transverse magnetic field of an accelerating electron, as calculated 
with the equations of electromagnetism, could be the same energy measurable as 
its transverse mass progressively increasing with velocity, as calculable with the 
equations of relativistic mechanics, is absent from SR for a reason that will be 
highlighted later. 

The first clue suggesting the possibility that a single quantum of energy might 
be responsible at the same time for the increase of the electron’s transverse 
magnetic field and for the increase of its transversely measurable relativistic 
mass, is established by the well-known fact that the magnetic field, as measured 
around a wire conducting a stable electric current, which is of course made of 
electrons circulating all at the same velocity and in the same direction in the 
wire, is oriented perpendicularly, that is, transversely, with respect to the direc-
tion of motion of the electrons, which is what the Biot-Savart law accounts for, 
as put into perspective by Marmet at the beginning of his article [19]. 

An important point must already be highlighted regarding the habit acquired 
since Maxwell to think of the familiar three-way orthogonal relationship of elec-
tromagnetic energy as involving electric and magnetic “fields” perpendicular to 
each other, that would be at the same time perpendicular to the direction of mo-
tion of the energy. 

It is a fact seldom mentioned in reference works that the idealized concept of 
the “electric field” was introduced by Gauss as an “idealized geometrical and 
mathematical conceptual representation” of the Coulomb interaction diminish-
ing omnidirectionally towards zero at infinity according to the inverse square of 
the distance rule, from a maximum value located at the point in space where the 
single test charge remaining in the Coulomb equation would be located when 
the second charge is removed from the equation, as highlighted in a recent ar-
ticle [14]. This idealized concept was then also conceptualized geometrically and 
mathematically to represent in the form of a “magnetic field” the magnetic as-
pect of electromagnetic energy. 

It will therefore be important for the remainder of this analysis to keep in 
mind Gauss’s original intention that these “fields” should be considered only as 
“idealized geometrical and mathematical tools” intended only to “represent” the 
real energy which is deemed to physically exist, and that it is the electromagnetic 
energy itself that physically exists that would physically self-structure, so to 
speak, according to this dual perpendicular pattern resulting from its transverse 
electromagnetic oscillation, that is, an oscillation which is transversely oriented 
with respect to the unidirectional momentum energy that sustains its motion in 
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space. 
It follows that the transverse energy itself that Marmet’s derivation identifies 

as simultaneously accounting for the transverse magnetic field increase and the 
measurable transverse relativistic mass increase of the accelerating electron, can 
therefore only be oriented perpendicularly to the direction of motion of the 
electrons whose circulation generates the stable current measurable via the Bi-
ot-Savart equation. 

This of course means that the energy that supports the increasing momentum 
of an accelerating electron, that can be calculated with relativistic mechanics eq-
uation “ΔK = γm0v2/2”, can in no way be the same as the energy that perpendi-
cularly supports its increasing transverse magnetic field that can be calculated by 
means of the Biot-Savart equation, the latter now presumably corresponding to 
the energy of the transverse relativistic mass increment computable with the re-
lativistic mechanics equation “ ( )2 2 2

0 0E mc m c m cγ∆ = ∆ = − ”, because it is 
physically and vectorially impossible for a single energy quantum to move in 
both of these two perpendicular directions simultaneously, and also because the 
total amount of only one of these two energy quantities is insufficient to single-
handedly account for the simultaneous energy increase of both its longitudinal 
momentum and of its transverse magnetic field at any given velocity. 

On the other hand, Maxwell’s first equation, which is in fact Gauss’s equation 
previously mentioned for the electric field, and that reconverts to the simple 
Coulomb equation when a second charge is introduced in the “idealized field” of 
the test charge, reveals that the total amount of energy induced in each accele-
rating charge amounts to twice the energy of the longitudinal momentum 
“ 2

0 2K m vγ∆ = ”, or alternatively, to twice the energy of the transverse relativis-
tic-mass/magnetic-field increment “ 2

mE m c∆ = ∆ ”. More to the point, this re-
veals that both amounts are always equal by structure and that this sum can only 
be made of their simultaneously induction, in which “ΔE” also accounts for the 
accelerating electron transverse magnetic field increment, both quantities thus 
making up the total amount of energy required to account for the simultaneous 
increase of the velocity and of the related transverse magnetic field, that is, 
“ ( )2 2 2 2

0 0 02mE K m c m v m c m cγ γ∆ = ∆ + ∆ = + − ”, as demonstrated in reference 
[4]. 

We should therefore rather speak in reality of two energy “half-quanta” con-
stituting a single quantum of induced energy. The fact that this total quantum of 
energy calculated with the Coulomb equation varies in an infinitesimally pro-
gressive manner uniquely as a function of inverse of the distance separating two 
charged particles, also demonstrates that this energy varies adiabatically, and 
this, uniquely as a function of the inverse of the distances separating all charged 
particles from each other on account of to the Coulomb interaction, whether 
they are moving or not. 

An additional clue supporting the conclusion that these two energy half-quanta 
have to exist simultaneously, is that to even be able to calculate the ΔB magnetic 
field increment related to any velocity of an accelerating electron with the gene-
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ralized form of Marmet’s Equation (M-7) established in reference [20], it is the 
wavelength of this double amount of energy given by the Coulomb equation that 
must be used to obtain this correct ΔB value of the transverse magnetic field in-
crement of the moving electron, which will be demonstrated with Equation (9) 
further on. 

6. Historical Context of the Development of the Theory of  
Special Relativity 

But the very fact that these two energy half-quanta are always equal in quantity 
initially induced confusion in the community in the absence of this new infor-
mation available only since Marmet’s recent derivation. This confusion led to con-
sidering that a total amount corresponding to only one of these two half-quanta 
was induced during the electron relativistic acceleration process, which gave rise 
to a famous disagreement among the theoreticians of the beginning of the 20th 
century. 

For example, Minkowski [26], Lorentz [27] and Einstein [28] related this 
half-quantum of energy strictly to momentum, a conclusion which is an integral 
part of the Theory of Special Relativity (SR), while Abraham [29], Poincaré [30] 
and Planck [31] related the half-quantum of measured motion energy strictly to 
an increase in the transversely measurable mass. 

7. The Conclusion of Minkowski, Lorentz and Einstein 

By consulting a famous article by Max Planck dating from 1906 [31], it can be 
noted that he refers to the energy constituting the mass of a moving electron 
“ 2

0E m cγ= ” by the terms “lebendige Kraft” (see his comment following Equa-
tion 8, page 140 of his text, identifying this energy by the term “L”), which is 
translated in the fundamental physics community by the terms “kinetic force” 
(or “vibrating force” or “live force” for a literal translation from German), which 
puts in perspective that at the beginning of the 20th century, the relation be-
tween the concept of “force”, such as the force calculable with the Coulomb equ-
ation or with the fundamental mass acceleration equation “F = ma”, that we 
conceptualize as having dimensions “joules per meter” [2], and the concept of 
“energy induced by the Coulomb force”, which is obtained by multiplying the 
Coulomb force by the distance between two electric charges, and that we con-
ceptualize as being in “joules” only [2], was not yet clearly established. The only 
reference to momentum in his text is “Impulskoordinaten” (“momentum coor-
dinates”), which he does not associate with the energy that supports it in context 
of the ongoing debate at that time, and this at the very historical moment when 
this debate about the introduction of the SR Theory was raging. 

By comparison, in the German fundamental physics community today, the 
momentum “Impuls” is immediately conceptualized as a quantity of kinetic 
energy “kinetische Energie” moving in a specific vectorial direction, as in the 
physical communities of other languages. Few today are fully aware that at the 
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beginning of the 20th century, the greatest advances in fundamental physics 
were made in Europe, and that the original articles were written mainly in Ger-
man, but also in French and Italian, and that some of these founding articles 
have still not been formally translated to English, contrary to popular belief, and 
some very belatedly. For example, the text of a seminal presentation by Herman 
Minkowski from 1907, “Das Relativitätsprinzip”, was only very recently trans-
lated to English in 2012 by Fritz Lewertoff [26]. Practically all of Louis de Brog-
lie’s writings, whose complete work has just been translated to Russian, have not 
yet been translated to English. It is therefore important to consult formal articles 
in their original language, to ensure that the translated versions are accurate, and 
more importantly to correctly put in perspective the lesser extent of the estab-
lished knowledge pool at the time of their writing and on which they were 
grounded. 

Analyzing Lorentz’s article of 1904 [27], that introduced the concept of rela-
tivity by incorporating the “γ” factor into the equations of classical mechanics, 
which is what prompted Planck to write his 1906 paper [31] previously quoted, it 
can be seen that the concept of the Coulomb force is clearly defined, but that the 
energy of the relativistic momentum of the electron is calculated in the manner 
that intuitively comes to all our minds initially; that is, by simply adding the γ 
factor to Newton’s initial non relativistic kinetic energy equation “ 2

0 2K m v= ”, 
but that he does not modify this equation to incorporate the half-quantum of 
transverse energy that supports the corresponding increment of its magnetic 
field, as described in reference [32], or alternatively, that he does not multiply 
the force obtained by means of the Coulomb equation by the distance separating 
the two charges to obtain the total amount of energy adiabatically induced in 
each charges by the Coulomb interaction at this distance, as described in refer-
ence [4]. 

We should therefore become fully aware that if two of the greatest discoverers 
of the time, Planck and Lorentz, had not become aware of the ontological rela-
tion now obvious to us between the Coulomb interaction and the induction of 
kinetic energy in charged particles, and of the relation between this electromag-
netically induced energy and the kinetic energy causing massive bodies to move, 
from the classical/relativist mechanics perspective, macroscopic bodies whose 
masses can only be exclusively made of the sum of the masses of these electrical-
ly charged elementary particles, it necessarily means by extension that this rela-
tionship was not yet clearly established in the whole scientific community of the 
time, as unexpected as this may seem today. 

It remains however astonishing that the great discoverers of that time were 
able to establish so precisely the equations of classical/relativistic mechanics 
without having benefited from the hindsight now provided us by a further cen-
tury of experimentation, which now makes it possible to clearly perceive this re-
lation between the so-called “Coulomb force”, obtained by multiplying the unit 
charge of the electric field equation established by Gauss “ 2

04e dεπ=E ” [6] by 
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a second charge “e”, which acts according to the rule of the inverse square of the 
distance between electric charges “1/d2”, that is “ 2 2

04F e e dεπ= ⋅ =E ”, and the 
amounts of adiabatic kinetic energy [33] that this force induces in these electric 
charges as a function of the simple inverse of the distance separating them “1/d”, 
that is “ 2

04E d F e dε⋅ = π= ”, which are concepts that seemed difficult to clear-
ly correlate through the fog of uncertainty that still pervaded the relations be-
tween these electromagnetic concepts that were then not in process of being 
methodically explored, and that still are not today (see following section), and 
the classical concept of “mass”, that belonged to the domain of classical me-
chanics, and that still was considered as unrelated to electromagnetism at that 
time. 

This is what explains why the concept of “force” was not specifically incorpo-
rated to SR to justify the increase in energy of a moving or accelerating mass, 
and also why the very notion of “force” is simply absent from the theory of Gen-
eral Relativity (GR), in which it is replaced as the ontological cause of the exis-
tence of energy by an inertial motion of massive bodies caused by an assumed 
“curvature” of “space-time”, which prevented the Coulomb equation, which is 
based on the concept of a “force” associated with the acceleration of electrically 
charged particles, from being conceptually associated with the acceleration of the 
electron “mass” from this perspective, because no connection is made in this 
theory between the concept of “classical mass” and the fact that all macroscopic 
massive bodies can only be made of electrically charged massive elementary par-
ticles [16], as will be put into perspective later. 

As strange as this may seem, more than one century after Kaufman’s defining 
experiments with electrons accelerating to relativistic velocities [34], no concept 
of an increase of the magnetic field of the accelerating electron mass exists in 
SRT, which makes it seem normal according to this theory that only the mo-
mentum energy half-quantum would be increasing with velocity, that is, a veloc-
ity apparently due to a theoretical “inertial acceleration”. 

8. The Conclusion of Planck, Poincaré and Abraham 

As mentioned previously, Abraham [29], Poincaré [30] and Planck [31] related 
the half-quantum of measured motion energy strictly to an increase in the 
transversely measurable mass, without relating it however in any way to the si-
multaneous increase of the related transverse magnetic field. From this perspec-
tive, the momentum of a moving mass does not have a physical existence, but is 
considered as an impulse propagating in an underlying ether that would propel 
the mass, which also makes it seem normal from this second perspective that 
only the energy half-quantum of the transversely measurable mass increases 
with velocity. 

This disagreement between the position of Einstein, Minkowski and Lorentz 
on the one hand, and that of Poincaré, Abraham and Planck on the other hand is 
still the object of endless discussions in the community. In both cases, no rela-
tion is established with the double amount of energy revealed by the Coulomb 
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equation as being ontologically induced simultaneously by the Coulomb interac-
tion in the accelerating electron; and neither of these solutions allows even sus-
pecting that these two half-quanta could be increasing simultaneously. 

Consequently, gaining a clear awareness of the mandatory simultaneousness 
of the existence of both of these two energy half-quanta perpendicularly oriented 
with respect to each other, in light of Marmet’s discovery and in relation with 
the Coulomb equation, is therefore required for a complete harmonization of 
classical/relativistic mechanics and electromagnetism to be realized. 

9. The Absolute Axiomatic Principles 

Let us return for a moment to the previously mentioned “fog of uncertainty” 
that surrounded the concepts of the Coulomb force and the energy induced by 
this force as the theory of Special Relativity was being developed at the begin-
ning of the 20th century. 

Throughout history, before the extent of the momentary accumulation of 
knowledge about Nature made it possible to identify absolute constants in Na-
ture on which theories could be grounded to explain the identifiable processes 
observable in objective reality, the method used to ground these theories con-
sisted in establishing absolute axiomatic “principles” to be used as stable refer-
ences to firmly ground rational explanations about the nature of energy, mass, 
electric charges, etc. These principles eventually became “idealized dogmas” that 
the scientific community adopted as being reliable references to ground the 
theories that were in process of being developed, such as the Principle of con-
servation of energy, the Pauli Exclusion Principle, the Principles of stationary 
action and of least action, etc. 

Some of these Principles are “positive” idealized Principles, such as the Prin-
ciple of conservation of energy, that bar all possible exceptions, but that do not 
actively discourage research as to possible limitations of their reach or of even 
the very validity of a principle with respect to its applicability to physical reality, 
that may have been less well understood when it was initially formulated. 

Indeed, in the case of this last principle, for example, the current extent of 
knowledge allows now to better define its reach with respect to physical reality, 
because we can observe that the Principle of conservation of energy remains va-
lid for a system as long as this system previously stabilized in some stationary 
action equilibrium state returns to this state after having been disturbed, but that 
if it is led to vary in such a way as to stabilize axially into a less energetic or in a 
more energetic stationary action state than the initial state, this change can only 
be adiabatic in nature [33]. 

This is precisely the case for the space probes that were taken away from Earth 
and launched on least action escape trajectories from the solar system, for exam-
ple [35] [36] [37] [38], as we will see later. When such systems stabilize in such a 
new state of stationary action axial equilibrium, the Principle of energy conser-
vation applies again, but with reference to this new state of stationary action axi-
al equilibrium. Indeed, the masses of which these probes are made will never re-

https://doi.org/10.4236/jmp.2020.111003


A. Michaud 
 

 

DOI: 10.4236/jmp.2020.111003 33 Journal of Modern Physics 
 

turn to the state of stationary action axial equilibrium that they had before 
launch. 

In reality, all stationary action states allowed in objective reality are part of a 
hierarchy of axially distributed stationary least action electromagnetic equili-
brium states, ranging from the stationary states of the subatomic order of mag-
nitude to those of the astronomic order of magnitude, whose detailed hierar-
chical correlation remains to be completely established, and the only way for an 
elementary particle or larger mass to move axially from one of these stationary 
equilibrium state to another is by means of a least action trajectory involving an 
adiabatic change in its carrier energy. This hierarchy of stationary states will be 
discussed further on, but let us return for now to the main theme of this section, 
which is the set of historically established absolute axiomatic principles. 

Among the set of historically established “positive” axiomatic dogmas, how-
ever, is one, the de facto rejected concept of “action-at-a-distance”, also deroga-
tively referred to as “spooky-action-at-a-distance”, which is universally and un-
justifiably associated with the Coulomb’s so-called “force”, which is a “negative” 
and “absolute” dogma, in the sense that it actively discouraged any research in 
the community in trying to study and understand the nature of the Coulomb in-
teraction, despite the fact that it directly underlies Maxwell’s first equation, that 
is, Gauss’s equation for the electric field as previously described, which is un-
iversally accepted as valid. 

The misunderstanding that apparently led to the very idea of a so-called “ac-
tion-at-a-distance” in reference to the Coulomb “force” seems to have been that 
this so-called “force” was associated to the concept of an “attraction”, as defined 
in Newton’s macroscopic gravitational theory, instead of having been associated 
to a “process of energy induction, half of which provides unidirectional mo-
mentum” in electrically charged particles at the subatomic level, and that an as-
sumed “attraction” between charged particles was wrongly considered as being 
due to an “attractive force”, instead of being understood as a motion “propelled 
by some unidirectional momentum energy” of an electrically charged particle 
towards another electrically charged particle of opposite sign; and that an as-
sumed “repulsion” wrongly interpreted as being due to a “repulsive force” be-
tween electrically charged particles of same sign, turns out to be in reality a mo-
tion of an electrically charged particle away from another electrically charged 
particle of same sign “propelled by some unidirectional momentum energy”, 
with no “force” whatsoever being involved in the process, as analyzed in refer-
ence [16]. 

The concept of Coulomb interaction having now been summarily formulated 
in a manner more in line with reality, and in order to distance ourselves from 
the concept of Newtonian “force”, which is useful at the macroscopic level, but is 
deceptive when dealing with massive and charged elementary particles at the 
subatomic level, the expressions “Coulomb interaction” will generally be used 
for the remainder of this article instead of the misleading expression “Coulomb 
force”. 
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A hundred years now after Lorentz, Planck, Einstein, de Broglie and Schrödin-
ger, to name only a few of the extraordinarily dedicated scientists of the time 
who revolutionized fundamental physics at the beginning of the 20th century, it 
seems that we know enough now about the subatomic level to do away with such 
absolute axiomatic principles and dogmas, by either clearly identifying the phys-
ical limits of their applicability, as in the case of the Principle of conservation of 
energy, or by simply doing away with those that ultimately turn out to just hav-
ing been misguided impediments to research due to insufficient initial informa-
tion having been available as to the actual possible nature of the Coulomb inte-
raction, for example, that we now know is the actual cause of the simultaneous 
adiabatic induction of both perpendicular energy half-quanta in all charged ele-
mentary particles in existence, that is, a Coulomb interaction whose nature still 
remains to be clearly understood. 

10. Inappropriate Names Given to Some Processes and  
States 

The very names given in the past to some stable observed characteristics and 
processes of elementary particles, before the electromagnetic nature of the ener-
gy of which their invariant rest masses is made was understood, also heavily 
contributed to the persistent confusion in the community as to the real nature of 
these characteristics and processes. 

For example, the lower limit of integration of the energy of the rest mass of 
the electron obtained by means of the spherical integration mathematical means, 
was quite inappropriately named “the electron classical radius”, symbolized by 
“re”, which constantly tends to cause many researchers “to think” of this value as 
possibly representing the true physical radius of the electron mass, in the classic-
al mechanics sense [20]. 

Another much more insidious misnomer is the term “spin” chosen to refer to 
the relative magnetic polarity of mutually interacting electrons and of their inte-
raction with the electromagnetic subcomponents of nucleons, that induces the 
quite inaccurate beliefs that a transverse rotation of the electron mass has to be 
involved during these interaction states [39]. 

The use of these terms is so generalized however that changing them is likely 
to cause even more confusion, but the real nature of the states and processes be-
ing referred to should be clearly documented in formal reference repositories 
such as NIST [40] and the CRC Handbook of Chemistry and Physics [41], for 
example. 

11. The Simultaneous Induction of Both Energy Half-Quanta 

This new awareness of the simultaneous existence of these two energy half-quanta, 
mutually perpendicular to each other, that are permanently induced in all 
charged elementary particles, whether they are in motion or not, and whose 
amount progressively varies according to the inverse of the distances between 
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each charged particle and all others, now allows establishing at the subatomic 
level an internal electromagnetic structure of the energy quantum sustaining 
both the longitudinal momentum increase and the increase of the transverse 
magnetic field of any accelerating charged elementary particles, which is identic-
al to that suggested by Louis de Broglie in the 1930’s for localized electromag-
netic photons [3], which is in complete agreement with Maxwell’s equations, but 
which is not in contradiction with the manner in which free moving electro-
magnetic energy has mathematically been successfully dealt with at the macros-
copic level from the viewpoint of Maxwell’s continuous wave theory. 

12. Description of Marmet’s Derivation from Equation (M-1)  
Down to Equation (M-6) 

In electromagnetism, the Biot-Savart equation is possibly the easiest equation to 
confirm experimentally because it only describes the transverse uniform and in-
variant cylindrical magnetic field generated by a stable continuous electric cur-
rent flowing in a straight electric wire [8]. 

Grounding his reasoning on the fact experimentally observed during high 
energy particles accelerators experiments that the magnetic field of an accelerat-
ing electron increases despite the also observed fact that its unit charge remains 
constant irrespective of its velocity, Marmet succeeded, by theoretically reducing 
to one electron the current flowing in the wire, to derive Equation (M-23) from 
the Biot-Savart equation, which allows demonstrating that the transversely 
measurable relativistic mass increase of an accelerating electron, is directly re-
lated to its transverse magnetic field increase. 

Finally, Equation (M-24) that directly emerges from Equation (M-23), directly 
establishes that exactly half of the energy making up the invariant rest mass of 
the electron is also representable as a magnetic field, presumably also transverse 
by analogy, and would also be in reality an invariant amount energy that would 
also be physically oriented transversely: 

( )2

0 1
8 2

e

e

e M
r

µ −

=
π

                     (M-24) 

This observed characteristic of the intrinsic magnetic field of the rest mass of 
the electron, among many others that Marmet’s discovery allows at long last to 
correlate in a new mutually self-consistent perspective, will be analyzed further 
on, as well as the “velocity-dependence” aspect of the accelerating electron in-
creasing transverse magnetic field, as well as the further developments that Equ-
ation (M-23) leads to. But let us first address the hurdle presented by Equation 
(M-7). 

He began his derivation by introducing the following form of the Biot-Savart 
Equation (M-1), in which the cylindrical transverse magnetic field that appears 
about a current carrying rectilinear metallic wire when a stable electric current is 
circulating, is represented as being perpendicular to the current direction in the 
wire, as illustrated in Figure 1 of his paper [19], that is, as being perpendicular 
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to the axis along which current “I” is graphically represented as flowing: 

0
2

d dd
4

I s uB
r

µ ×
=

π

 



                     (M-1) 

He then redefined current “I” by quantizing the electron charge to its inva-
riant unit value (e = 1.602176462E−19 C), which allowed replacing the general 
variable charge symbol “Q” in the standard definition of “I” by the discrete 
number of electrons in one ampere: 

( )dd
d d

NeQI
t t

−

= =                     (M-2) 

Since the velocity of electrons in a conductor remains constant if current “I” 
remains constant, the time element “dt” can also be replaced by its traditional 
definition “dx/v”: 

since d
d
xv
t

= , then dd xt
v

=                   (M-3) 

Replacing now “dt” of the definition of “I” as previously established with Equ-
ation (M-2) by its equivalent definition established with Equation (M-3), he ob-
tained: 

( ) ( )dd
d d

Ne vNe
I

t x

−

= =                    (M-4) 

He then introduced the scalar version of the Biot-Savart equation: 

( )0
2d sin d

4
I

B x
r

µ
θ=

π
                    (M-5) 

Replacing “I” in Equation (M-5) by its new definition established with Equa-
tion (M-4) also eliminates the implied time factor from Biot-Savart equation, 
which can be done in context without affecting the value of the magnetic field 
considered since it remains constant by definition since the current remains 
constant: 

( )
( )

( ) ( ) ( )0 0 0
2 2 2

d
d sin d sin d sin d

d4 4 4

Ne vI v
B x x Ne

xr r r
µ µ µ

θ θ θ
−

−= = =
π π π

 (M-5a) 

In summary, Marmet’s Equation (M-6) is now presented as follows, now in-
volving a sum of quantized unit charges, represented by factor “ Ne− ”, on top of 
being disconnected from the time factor, since the magnetic field intensity will 
remain stable as long as the current remains stable, irrespective of the time 
elapsed: 

( ) ( )0
2d sin d

4
v

B Ne
r

µ
θ −=

π
                  (M-6) 

13. The Erroneous Equation (M-7) Published by Mistake 

We now reach the equation that seems not to logically emerge from the seamless 
sequence that led to Equation (M-6) above, which is likely to have caused an 
undue loss of interest on the part of potentially interested researchers in reading 
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further, which may explain why this article has not attracted more attention up 
to now: 

Incorrect Equation (M-7): ( )0
2d d

4i
N e v

B Ne
r

µ −
−=

π
        (M-7) 

It seems also that Paul Marmet did not become aware of this typographical 
error during the 2 years separating its publication in 2003 from his passing away 
in 2005, which would explain why he produced no erratum note to rectify this 
misprint, because it is absolutely certain that he derived the correct following 
form of Equation (M-7), that we will now correctly re-establish, since he used 
this correct form for the remainder of his derivation: 

Corrected Equation (M-7): 0
24i

e v
B

r
µ −

=
π

             (M-7) 

14. Re-Establishing the Correct Form of Equation (M-7) 

As analyzed by Marmet in his explanatory text between Equations (M-6) and 
(M-7), two variables of Equation (M-6) will now be reduced to the constant val-
ue “1” by structure due to the number of electrons being brought down to a sin-
gle one in Equation (M-7), in which case the charge distribution and magnetic 
field distribution become by structure isotropic and spherically centered on the 
location of this single electron, instead of being respectively conceptually linearly 
distributed for the charge and in transverse cylindrical distribution perpendicu-
larly to the current direction for the magnetic field, as in the initial Biot-Savart 
equation. Here is then how the correct Equation (M-7) can be derived from Eq-
uation (M-6). 

First, the “N” term in Equation (M-6) will become equal to “1” in Equation 
(M-7) since only one electron is being considered in the latter equation, so first 
the term “ ( )d Ne− ” will become “ ( )d e− ”, which is the first step in transiting 
from Equation (M-6) to the correct form of Equation (M-7): 

( ) ( )0
2d sin d

4i
v

B e
r

µ
θ −=

π
                 (M-6a) 

Since a single electron is being considered, it becomes impossible to concep-
tually determine a direction of continuous distribution of the electric charge, 
because no axis of distribution can now be defined. Consequently the “sin(θ)” 
factor that was related to this now non-existent linear distribution also disap-
pears from the equation. So we now have: 

( )0
2d d

4i
v

B e
r

µ −=
π

                   (M-6b) 

Since charge “e” of the electron is invariant and thus becomes a numerical 
constant, calculating a derivative for Equation (M-6b) becomes meaningless. 
Consequently the two occurrences of the derivative operator “d” simplify out of 
Equation (M-6b), and we end up with the real equation that Marmet obviously 
meant to be published as Equation (M-7): 
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0
24i

v
B e

r
µ −=
π

                      (M-6c) 

then rearranged in the following form that he used as he proceeded with his de-
rivation leading to Equation (M-23): 

Correct Equation (M-7): 0
24i

e v
B

r
µ −

=
π

             (M-7) 

This is how Marmet succeeded in modifying the Biot-Savart equation from 
representing the uniform macroscopic cylindrical static magnetic field generated 
by a stable electric current circulating in a rectilinear metallic wire, to representing 
the velocity related uniform subatomic theoretically spherical transverse mag-
netic field increment related to the velocity of a single electron, centered on its 
moving point-like location as it moves at constant velocity, represented by Equ-
ation (M-7). 

According to the motion mechanics of electromagnetic energy in the ex-
panded trispatial geometry that will be clarified later, this constant velocity of all 
electrons in the flow of electrons in a metallic wire is due to each electron being 
individually “propelled”, so to speak, by an amount of physically existing longi-
tudinally oriented momentum energy ΔK, equal by structure to the transversely 
oriented energy making up the related transverse magnetic field increment ΔB, 
both amounts physically existing separately from the energy of which the inva-
riant rest mass of the electron is made. 

From this perspective, it turns out that the stable transverse and apparently 
stationary and uniform magnetic field dB of Biot-Savart Equation (M-1) mea-
surable about the metallic wire simply is the sum of the individual moving 
transverse magnetic fields of the moving electrons, each electron dragging with 
it its local magnetic field. Since all electrons in the flow move in the same direc-
tion and in close proximity to each other, their individual magnetic fields are all 
de facto forced into mutual parallel magnetic spin alignment due to the inflexi-
ble triply orthogonal “electric/magnetic/direction-of-motion-in-space” relation-
ship of electromagnetic energy, to which the energy of every elementary elec-
tromagnetic particle is subjected to; which explains why all of the individual 
magnetic fields of the electrons circulating in the wire are oriented in the same 
transverse direction about the wire, that results in the establishment of this cy-
lindrical macroscopic transverse magnetic field measurable as being stable at any 
point along the length of a metallic wire in which a constant current is circulat-
ing. This is what the Biot-Savart equation is measuring. And this is why reducing 
the current to involve a single electron allows defining Equation (M-7) that can 
account for the velocity related subatomic magnetic field increment of a single 
electron. 

It must be mentioned here that the same forced mutual parallel magnetic spin 
alignment of unpaired electrons in ferromagnetic materials is also what causes 
their individual magnetic fields to add up to become measurable at our macros-
copic level as a single macroscopic magnetic field, as analyzed in references [39] 
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[42], and formally described in reference [41]. This confirms that the establish-
ment of all macroscopically measurable magnetic fields, be they dynamic or 
static, can only be due to the same subatomic process, which is the forced paral-
lel alignment of the magnetic spins of the energy of the elementary electromag-
netic quanta involved. 

We will see further on how Marmet’s Equation (M-7) was generalized to cal-
culate the magnetic field increment of any localized electromagnetic quantum, 
leading then to generalized forms allowing to calculate the velocity of any 
charged elementary massive electromagnetic particle by combining the intrinsic 
invariant magnetic field B of its rest mass with the varying magnetic field ΔB of 
this energy of motion induced in electrically charged massive particles by the 
Coulomb interaction. 

The remainder of Marmet’s derivation up to his determining conclusion 
represented by equivalence (M-26) is available in his paper [19], and is also ana-
lyzed in detail at the beginning of reference [4]: 

Relativistic Mass Magnetic Mass≡             (M-26) 

15. The Implications of Marmet’s Discovery 

The first major consequence of the establishment of the Equation (M-23) is the 
establishment of electromagnetic equations that allow the calculation of the rela-
tivistic velocities of charged and massive elementary particles without any need 
to use the Lorentz γ factor. 

16. Calculating Relativistic Velocities without the Lorentz γ  
Factor 

Considering Equation (M-23) again, since “c” constitutes an asymptotic velocity 
limit that the electron cannot physically reach, then as “v” tends towards “c”, 
“Me/2” seems to tend towards an asymptotic transverse mass increment limit 
equal to “4.55469094E−31 kg”, corresponding to its transverse magnetic field 
increment, that apparently seems, at first glance, impossible to increase further, 
but we will see further on that this is not the case: 
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2 2
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                  (M-23) 

At this stage of the analysis, Equation (M-23) can thus be formulated as fol-
lows to represent the electron transverse relativistic-mass/magnetic-field incre-
ment: 

( )

2 2 2
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2 28 2
e

v c
e

e mv vm
r c c

µ
→∆ = =

π
                    (1) 

On the other hand, when “v” tends towards zero in Equation (M-23), its 
transverse magnetic field increment also tends towards zero. And when this ve-
locity approaches zero, the ratio “v2/c2” reveals that the amount of energy of the 
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transverse increment of the magnetic field becomes negligible and that this ratio 
can then be removed from the equation, which still leaves part of the invariant 
rest mass an electron as being represented as a magnetic field, apparently finally 
revealing that exactly half of the energy making up the invariant rest mass of the 
electron would also be the source of its intrinsic invariant magnetic field, as 
represented by Equation (M-24), which is a conclusion that will be confirmed 
further on by the establishment of the Maxwell equation compliant LC Equation 
(30) that reveals the actual inner electromagnetic structure of the electron rest 
mass energy, that was previously established in the trispatial geometry in rela-
tion with de Broglie’s hypothesis (Figure 3): 

( )
( ) ( )2 2

2
0 0

_magnetic 0 2

1 1
8 8 2

e
e v

e e

e e MvM
r rc

µ µ− −

→ = = =
π π

      (M-24) 

Equation (M-7), on the other hand, can be formulated as follows to represent 
the corresponding transverse magnetic field increment that represents the same 
amount of increasing energy measurable as the transverse mass increment 
represented by Equation (1) which adds to that of the invariant magnetic field of 
the electron’s rest mass, calculable with Equation (M-24): 

( )
0

24v c
ev

B
r

µ
→∆ =

π
                         (2) 

As a first step in confirming that Equations (1) and (2), both are representa-
tions of the same amount of transversely oriented energy in relation with the di-
rection of motion of the accelerating electron, let us first resolve Equation (1) for 
a well known relativistic velocity, that is, velocity 2,187,647.561 m/s related to 
the Bohr ground orbit momentum energy in his theory about the hydrogen 
atom (2.179784832E−18 j), which also happens to be the real mean momentum 
energy given by the wave function of Quantum Mechanics for the electron 
ground state orbital of the hydrogen atom. This velocity will immediately con-
firm that Equation (1) provides the correct related relativistic mass increment: 

( )222 2
00

2 2

2187647.561
2.425337715E 35 kg

8 8m
e e

ee v
m

r c r c
µµ

∆ = = = −
π π

    (3) 

By means of Equation (2), which is, let us remember, Marmet’s Equation 
(M-7), we must now calculate the increase in the transverse magnetic field asso-
ciated with this same relativistic velocity of the electron. For this purpose, we 
must define the value of the second variable in Equation (2), that is, the value of 
“r”; and it cannot outright be assumed that it will have the same value “re” of 
Equation (1), which is a constant known as the “classical electron radius”, used 
in this equation in relation with the electron rest mass. 

In the case of Equation (1), that is, Marmet’s Equation (M-23) combining an 
electromagnetic definition of the electron mass with its classical/relativistic mechan-
ics definition, a close examination shows that the relativistic-mass/magnetic-field 
increment can only synchronously increase with the velocity ratio “v2/c2”, “c” 
being invariant and “v” ranging from zero to asymptotically close to “c”, which, 
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as previously mentioned, seems to reveal that the theoretical maximum possible 
increment of transverse relativistic-mass/magnetic-field of a free moving elec-
tron seems not to really tend towards infinity as traditionally anticipated, but 
would rather tend to become asymptotically close to a value equal to half the in-
variant mass of the electron ( 2 4.55469094E 31 kgm em m∆ = = − , corresponding 
to the induced transverse energy half-quantum of 4.09355207E−14 j). 

Let us remember at this point that the Marmet Equation (M-23) defines the 
relativistic-mass/magnetic-field increment as being dependent strictly on the 
value of the invariant half of the rest mass energy of the electron that defines its 
intrinsic invariant magnetic field. But a conversion to electromagnetic form of 
the classical Newton kinetic energy equation “K = mv2/2” completed by its cor-
rection to incorporate the transverse magnetic energy identified by Marmet and 
that was missing in Newton’s equation [32], ultimately shows that as the trans-
verse magnetic field increases, any further increase of this transverse relativis-
tic-mass/magnetic field increment does not depend uniquely on half the energy 
of the electron rest mass, as non-relativistic Equation (M-23) suggests, but de-
pends in reality on the total amount of momentarily accumulated transverse 
energy, that is, on the sum of the energy making up the mass of the intrinsic 
magnetic field of the electron “mec2/2” plus the energy of the momentarily ac-
cumulated transverse mass increment “Δmmc2”. 

This means that the transversely measurable relativistic mass of an accelerat-
ing electron “mrelativistic” is always equal to “m0 + Δmm”, which allowed establish-
ing that this sum is always equal to the invariant rest mass of the electron mul-
tiplied by the well known gamma factor “γm0” that was established more than 
one century ago [32]. This is what allows calculating the whole range of relativis-
tic velocities of the electron without using the gamma factor (known as the Lo-
rentz factor). 

For example, any relativistic velocity of an electron can be calculated with the 
following equation derived in reference [32], by setting “E” to “8.18710414E−14 
j”, that is, the energy of the invariant rest mass of the electron, and setting “K” to 
the sum of energy of the transverse relativistic-mass/magnetic-field increment 
“Δmmc2” plus the related momentum energy “ΔK” that we now know is always 
equal by structure to “Δmmc2”, that is, “K = ΔK + Δmmc2”: 

24
2
E K Kv c

E K
⋅ +

=
+

                       (4) 

This equation can also be converted to a form making use of the wavelengths 
of the energies involved [32], allowing the very same calculation of the whole 
range of relativistic velocities of the electron strictly from the wavelengths of the 
energies involved: 
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From this equation, the gamma factor was directly derived as analyzed in ref-
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erence [32], thus bringing the proof of the validity of Marmet’s derivation that 
allowed the elaboration of these equations. 

17. A Cause More Fundamental than Velocity of the 
Induction of Momentum and Transverse  
Magnetic Field Energy 

Let us now return to the correlations that must be made between Equations (1) 
and (2). We observe in the electromagnetic definition of mass of Equation (1), 
that it is the “classical radius” of the electron “re” that connects this relation to 
the concept of mass. In the case of Equation (2), which emerges strictly from 
electromagnetism, it is also clear that the transverse magnetic field can only in-
crease according to the same velocities ratio, because Marmet’s demonstration 
clearly reveals that the energy half-quantum represented by mass increment 
“Δmm” in Equation (1) is the same transversely oriented energy half-quantum 
which is also described by the transverse magnetic field increment ΔB; but the 
value that “r” must have in Equation (2) for the energy corresponding to the in-
crease of ΔB to coherently vary from zero to this asymptotic limit made up of 
the sum of the energy of the classical half-quantum of the electron’s rest mass of 
“4.09355207E-14 j” plus the momentarily accumulated energy of ΔB, is not 
clearly established. To understand what this value should be, we must now un-
derstand the relation between “re” used in Equation (1) and the mass of the elec-
tron, or more precisely its relation with the energy constituting the invariant rest 
mass of the electron. 

In a paper published in 2007 in the same Kazan State University International 
IFNA-ANS Journal [20], that describes a first wave of conclusions emerging 
from Marmet’s discovery, it was conclusively established that “re” is in reality the 
lower limit of spherical integration of the energy making up the invariant rest 
mass of the electron (E = mec2 = 8.18710414E−14 j), and that “re” turns out to be 
in reality the transverse amplitude of electromagnetic oscillation of the energy 
making up the measurable rest mass of the electron, which is obtained by mul-
tiplying the electron Compton wavelength by the fine structure constant “α” and 
dividing them by “2π”, as determined in reference [21]: 

2.817940285E 15 m
2
C

er
λ α

= = −
π

                (6) 

Consequently, and by similarity, the value of “r” that must be used in Equa-
tion (2) should thus also be that of the transverse amplitude of electromagnetic 
oscillation of the energy induced at the Bohr radius (4.359743805E−18 j), whose 
longitudinal electromagnetic wavelength would be (λ = 4.556335256E−8 m) if it 
was moving at velocity “c”, but that must already be multiplied by “α” to reach 
the value of the longitudinal de Broglie wavelength corresponding, for this 
energy, to the length of the Bohr orbit, whose radius is (rB = 5.291772083E−11 
m), keeping in mind that this radius remains valid in Quantum Mechanics since 
it is exactly equal to the mean axial resonance distance of the electron within the 
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volume defined by Schrödinger’s wave equation for the electron captive in the 
hydrogen ground state orbital [4]: 

5.291772083E 11 m
2 2

B
Br r λαλα= = = = −

π π
            (7) 

By similarity to the method used with Equation (6) to define the transverse 
amplitude of electromagnetic oscillation of the electron rest mass energy by 
multiplying the longitudinal electromagnetic wavelength “λC” of its energy by 
“α”, there is thus need to multiply also the longitudinal de Broglie wavelength 
“λB” defined in Equation (7) for the energy induced at the Bohr radius “rB” again 
by “α” to finally reach the “transverse” value “αrB” of the transverse amplitude of 
the oscillation of the electromagnetic energy induced at the Bohr radius (αrB = 
3.861592641E−13 m), which now makes it possible to establish the intensity of 
the transverse magnetic field increment ΔB which becomes measurable by being 
added for the velocity considered to the invariant transverse magnetic field of 
the rest mass of the electron. Let’s now calculate the magnetic field correspond-
ing to relativistic velocity “2,187,647.561 m/s” and to this value of “r = αrB” with 
Equation (2): 
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235047.0405 T
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eev
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µµ

α α
∆ = = =
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     (8) 

It is interesting to note by the way that “re”, as calculated with Equation (6), is 
only distant from an additional multiplication by “α” from the value of “αrB”, as 
established in reference [43], which suggests a possible axial resonances se-
quence establishing a sequence of stable stationary action electromagnetic states 
whose unit of axial progression seems to be the fine structure constant “α”, as 
put in perspective in the same reference. 

To confirm the validity of the value obtained with Equation (8), which is also 
measurable as a transverse magnetic mass increment “Δmm” with Equation (3), 
let’s calculate it with Equation (9) which is the generalized version of Marmet’s 
Equation (M-7) that was established in the 2007 article [20]. Unlike Equation 
(M-7), it can be observed that this generalized form does not require using the 
velocity of the particle to obtain the intensity of its transverse magnetic field in-
crement. 

Only the longitudinal electromagnetic wavelength of the total carrier energy 
of the electron is required, that is, the energy of its momentum plus the trans-
verse energy representable either as a magnetic mass increment “Δmm” or as a 
magnetic field increment ΔB. Since the total energy induced at the Bohr orbit is 
(E = 4.359743805E−18 j), its longitudinal electromagnetic wavelength is thus (λ 
= hc/E = 4.556335256E−8 m), and we obtain with this generalized equation the 
same value as with Equation (8): 

( )
0 0
3 2 23

235051.7346 T
4.556335256E 8

ec ec
B

µ µ
α λ α

π π
∆ = = =

−
         (9) 

We thus observe that without any need to imply any velocity, generalized Eq-
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uation (9) provides in Tesla the very same transverse magnetic field increment 
energy density as the initial Marmet Equation (M-7) originally derived from the 
Biot-Savart equation, in which the intensity of the transverse magnetic field in-
crement “seems to depend” on the velocity of the particle, since that in the Bi-
ot-Savart equation from which it was derived, the intensity of the increment of 
the magnetic field varies strictly according to the velocity of the electrons circu-
lating in the wire.  

The fundamental question that now comes to mind is the following, when 
considering Equation (9): “How come that it is possible, to calculate the correct 
intensity of the ‘supposedly’ velocity dependent variable transverse magnetic 
field increment of a moving electron, without this velocity being used to calcu-
late it?”. 

18. Momentum and Transverse Magnetic Field Energy  
Increase without Velocity Increase 

This difference between Equation (M-7), that requires the use of a velocity to 
calculate the related intensity of the transverse magnetic field increment of the 
moving electron, and its generalized version used to solve Equation (9), that 
does not require this velocity, draws attention to a cause more fundamental than 
motion to explain the induction of energy in the electron even when no velocity 
is involved. 

It is a long established fact in classical mechanics, from direct observation, 
that the kinetic energy traditionally named the “energy momentum” of a ma-
croscopic mass in motion depends strictly on its velocity, and that this energy is 
considered to be the only motion related energy that exists in excess of the ener-
gy making up the rest mass of a massive body. The amount of energy of this 
momentum of an accelerating macroscopic mass is consequently defined in clas-
sical mechanics as increasing linearly, potentially without limit, only due to its 
velocity increase, itself also potentially without limit. 

This definition of the increasing kinetic momentum of an accelerating ma-
croscopic mass is also admitted in Special Relativity with this difference that the 
momentum energy is defined as increasing according to a non-liner curve that 
we know is correct, also theoretically without limit, as the velocity increases, but 
that this potentially infinite value would be reached before the velocity of light is 
reached, this velocity being defined as an unreachable asymptotic velocity limit 
deemed impossible to be reached by massive bodies. Confirmation of the accu-
racy of equation “ ( )2

0 1K m c γ= − ” from Special Relativity was never obtained, 
however, by means of macroscopic masses in motion, since we do not have the 
technology required to accelerate macroscopic masses to relativistic velocities, 
but rather using the subatomic mass of the electron, with which the accuracy of 
this equation was confirmed by Kaufman’s first experiments [34]. 

As put in perspective at the beginning of this article, it must be understood 
that as the theory of Special Relativity was being developed, the fact that the in-
variant rest mass of the electron “m0 = 9.10938188E−31 kg” is also the seat of its 
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invariant unit electric charge “e = 1.602176462E−19 C” was not yet understood 
as meaning that the Coulomb interaction, that induces the energy of the mo-
mentum and of the transverse magnetic field in all electrically charged elemen-
tary particles such as electrons strictly as a function of the inverse of the distance 
between them, and this, even if this distance does not vary, induces it de facto at 
the same time with respect to the rest mass of these charged and massive par-
ticles, since the charge and the mass of the electron are two characteristics of the 
same elementary particle. 

Considering that the mass of all macroscopic bodies can only be the sum of 
the subatomic masses of the massive elementary particles of which it is made, 
how then can this be reconciled the fact that no increase in the magnetic field of 
any moving macroscopic masses seems to ever have been measured, since this 
increase is easily measurable for an accelerating electron, as abundantly demon-
strated experimentally since Kaufman’s first experiments [34], which also pro-
vides experimental confirmation of the non-rectilinear growth of the momen-
tum energy of an accelerating electron towards this theoretical infinite quantity 
that the asymptotic limit imposed by the speed limit of light suggests? 

Indeed, such relativistic-mass/magnetic-field increments of macroscopic masses 
may well have been detected all the same for much lower velocities than those 
typical of electrons, but without having been recognized as such, due to the fact 
that the Special Relativity theory on which all analysis of relativistic effects are 
grounded does not recognize its existence, as previously put in perspective, and 
as we will now observe from experimental data. 

19. The “Anomalous” Trajectories of the Pioneer 10 and 11  
Space Probes 

As previously mentioned, it must be realized here that it has never been possible 
to accelerate macroscopic masses to velocities comparable to those to which 
electrons are typically accelerated to at the subatomic level, that were sufficient 
to confirm the non linear increase of their momentum energy accounted for by 
SR, and that are also sufficient to confirm the simultaneous increase in trans-
verse magnetic field energy which is not accounted for by SR. 

The highest velocities reached by macroscopic projectiles launched into space 
have currently been reached by the Pioneer 10 and Pioneer 11 space probes, with 
respective approximate masses made available by NASA of 258 kg and 258.5 kg, 
as measured before liftoff. Their velocities varied greatly throughout their tra-
jectories, with peaks of 132,000 km/h (36,667 m/s) for Pioneer 10, which is its 
peak velocity during its final acceleration by gravitational slingshot using Jupiter, 
and 175,000 km/h (48,611 m/s) for Pioneer 11, which is its peak velocity during 
its final acceleration by gravitational slingshot using Saturn. 

We will analyze here more specifically the escape velocities of the two probes. 
The reader can make the calculations for the peak velocities mentioned above, 
that would reveal the increase in mass that can explain the so-called “anomal-
ous” velocity peaks [38] observed during these acceleration phases of the two 
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probes, as well as during the similar phases of all other space probes subjected to 
gravitational slingshot acceleration, and that leave the entire astrophysical 
community perplexed and without explanation, because the SR theory that cur-
rently serves as the basis for any analysis of these trajectories is unable to ac-
count for them. 

We will do calculations as an example with the solar system escape velocities 
of these two space probes, which have respectively reached escape velocities of 
51,682 km/h (14,356 m/s) and 51,800 km/h (14,389 m/s), which are velocities 
150 times lower than the theoretical velocity of 2,187,647.561 m/s of the electron 
in the theoretical Bohr’s ground state orbit, for which the increment of its trans-
verse magnetic field is just beginning to be experimentally measurable (see Equ-
ation (3)). 

What is remarkable about the trajectories of these space probes, as well as 
about those of all other space probes launched throughout the solar system, is 
that an unexplained systematic anomaly has been noted. Without exception, 
they behave as if they were slightly more massive than their masses as measured 
before liftoff, showing a negative acceleration of about 8E−6 m/s towards the 
Sun [36] [37] [38]. 

But as Rainer W. Kühne mentions in a note published in 1998, the extensive 
publicity given to these two cases leaves the general impression that this problem 
concerns only space probes launched by man [44], but it is well known in the as-
trophysics community that the trajectories of planets Uranus, Neptune and Plu-
to also show similar systematic anomalies, as well as many comets already stu-
died in 1998, such as Halley, Encke, Giacobini-Zinner and Borelli, whose trajec-
tories undergo a systematic deviation of unknown origin. 

Given the understanding now provided by Marmet’s discovery, even with the 
relatively low velocities of the Pioneer 10 and 11 space probes with respect to the 
typically relativistic velocities of the electron, it becomes easy to calculate this 
transverse energy increment of the relativistic-mass/magnetic-field that increas-
es the transverse inertia of these two space probes, because we know now for 
certain by structure that the amount of transverse energy induced at the same 
time as their momentum is always equal to the latter. The characteristics of the 
two probes being almost identical, we will use the parameters of Pioneer 10 to 
analyze this situation. 

So, with “m = 258 kg” and “v = 14,356 m/s”, we first obtain the momentum 
energy of Pioneer 10 for this escape velocity: 

2

2 2
1 2.658722735E10 jcK mc

c v

 
∆ = − =  − 

           (10) 

Given that the energy of “Δmm” is equal by structure to ΔK, we then obtain for 
Pioneer 10 a transverse increment of relativistic-mass/magnetic-field of: 

2 2.958228E 7 kgm
Km

c
∆

∆ = = −                  (11) 

Such a slight transverse inertia increase seems insufficient at first glance to ex-
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plain on its own the systematic negative acceleration of about 8E−6 m/s towards 
the Sun of these space probes launched on escape trajectories from the solar sys-
tem, but the proposal becomes much more likely if we add to it the adiabatic in-
crease of the rest mass of each probe due to the initial phase of their trajectory 
away from the incommensurably larger mass of the Earth, that is, an adiabatic 
rest mass increase that was easily observed during the famous Hafele and Keat-
ing experiment [45] when atomic clocks were raised just 10 km from the Earth’s 
surface, but was misinterpreted as confirming a variation in the rate of time flow 
[35], here again only in light of the theory of General Relativity, that doesn’t take 
into account the involvement of the Coulomb interaction, nor the fact that all 
rest masses are exclusively made of electrically charged particles. This adiabatic 
increase in rest masses will be put in correct electromagnetic perspective further 
on. 

20. Maximum Intensity of the Transverse Magnetic Field  
Increment 

Coming back now to the comparison between generalized Equation (9) and Eq-
uation (8), which is actually Marmet’s Equation (M-7), we observe that Equation 
(9) provides the same magnetic field energy density in Tesla as the initial Mar-
met Equation (M-7), but requires only one variable, that is, the “longitudinal 
electromagnetic wavelength” of the energy quantum involved, without any need 
to relate this energy with the electron velocity. 

This is what makes this magnetic field equation general and appropriate for 
calculating the intrinsic magnetic field of any elementary electromagnetic par-
ticle, whether it is moving or not. For example, the invariant intrinsic magnetic 
Be field of the electron, that accounts for half of its invariant rest mass energy, 
can be calculated as follows, using the electron Compton wavelength, also in-
volving the fine structure constant that establishes the amplitude of this energy’s 
transverse electromagnetic oscillation: 

( )
0 0
3 2 23

8.289000221E13 T
2.426310215E 12

e
C

ec ecµ µ
α λ α

π π
= = =

−
B      (12) 

Of course, this figure remains mostly meaningless without a solid confirma-
tion that it really represents a physically existing “quantity”, that is, a confirma-
tion that could be obtained by showing that relativistic velocity v = 2,187,647.561 
m/s, related to the magnetic field energy density calculated with Equation (9), 
for example, can really be calculated by providing only the electromagnetic wa-
velength of the related energy as the only variable in an equation otherwise in-
volving only fundamental physical constants. 

Such a confirmation can indeed be provided by means of the following equa-
tion, well known in high energy accelerator circles, that allows calculating the 
straight line relativistic velocity of an electron being accelerated by external 
equal intensities electric and magnetic fields: 
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v = E
B

                            (13) 

The proper value for the required composite B field is established in a simple 
manner by simply adding Equations (9) and (12), as analyzed in reference [20], 
here calculated with the longitudinal wavelength of the energy induced at the 
Bohr ground state radius (λ = 4.556335256E−8 m), to account for the required 
ΔB field increment, and the electron longitudinal Compton wavelength (λC = 
2.426310215E−12 m) to account for the invariant internal Be field of the rest 
mass of the electron: 

( )2 2
0 0 0
3 2 3 2 3 2 2 8.289000246E13 TC

e
C C

ec ec ec λ λµ µ µ
α λ α λ α λ λ

+π π π
= + ∆ = + = =B B B    (14) 

Resolving Equation (13) also requires of course the establishment of the defi-
nition of the composite E field that must be set in equilibrium with this compo-
site B field. The related general E field equation was also established in reference 
[20], thanks to a reformulation of the Coulomb equation established in the same 
article, a reformulation that was analyzed in depth in reference [4] and that al-
lows calculating the transverse energy that generates and maintains the corres-
ponding magnetic field in elementary electromagnetic particles, whatever state 
of least action motion or of electromagnetic equilibrium stationary action they 
may be in into atomic structures: 
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∫        (15) 

This particular form of the Coulomb equation indeed allows calculating the 
energy of any electromagnetic quantum uniquely from its wavelength, without 
any need to use the Planck constant: 

2

2 o

eE hf
ε αλ

= =                       (16) 

This form of the Coulomb equation also allowed unifying all classical force 
equations in reference [46] by showing that the “F = ma” fundamental accelera-
tion equation can be derived from all of them, which actually proves that the 
Coulomb interaction is the common denominator of all classical force equations. 

The general E field equation corresponding to the general B field Equation (9) 
was thus established in reference [20] as follows, here resolved using the longi-
tudinal wavelength of the energy induced at the Bohr ground state (λ = 
4.556335256E−8 m), to harmonize with the ΔB field value obtained with Equa-
tion (9): 

3 2
0

7.046673727E13 N Ce
ε α λ
π

= =E∆             (17) 

Consequently, the invariant Ee field related to the other half of the energy 
making up the invariant rest mass of the electron can be established with the 
electron longitudinal Compton wavelength as follows: 
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3 2
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6.029331754E10 N Ce
C

e
ε α λ
π

= =E              (18) 

But, contrary to the composite magnetic B field that must be used to calculate 
the relativistic velocity of the electron with Equation (13), and which is obtained 
from the simple addition of the electron’s intrinsic invariant Be field and of the 
ΔB field of its velocity related magnetic field increment, the corresponding 
composite E field involving the Ee field and the ΔE field of Equations (17) and 
(18), cannot be obtained in this simple manner, due to the fact that the electric 
dipole that induces the accompanying ΔB field is oriented perpendicularly with 
respect to the monopolar Ee field of the electron rest mass within electrostatic 
Y-space, as clarified in reference [21]. As established in reference [20], this 
composite E field, also involving here both the wavelength of the Bohr ground 
state energy (λ = 4.556335256E−8 m) and the electron Compton wavelength (λC 
= 2.426310215E−12 m), will have the following value: 

( ) ( )
( )

2 2

3 2 2
0

4
1.813341121E20 N C

2
C C C

C C

e λ λ λ λ λ

ε α λ λ λ λ

+ +π
= =

+
E       (19) 

By means of Equation (13) the well known and exact relativistic velocity of an 
electron whose magnetic field is increased by an amount of ΔB will then be ob-
tained as follows if it is not impeded by the local electromagnetic equilibrium 
state: 

1.813341121E20 2187647.566 m s
8.289000246E13

v = = =
E
B

            (20) 

Calculating with Equation (9) for the ΔB field and with Equation (17) for the 
ΔE field with any longitudinal wavelength of the carrying energy will mathe-
matically show that by combining them with the Be and Ee fields that account for 
the energy of the invariant rest mass of the electron obtained with Equations 
(12) and (18) to ultimately resolve Equation (20), that the whole range of all re-
lativistic velocities up to the asymptotic limit of the speed of light, in the case of 
any elementary massive particle such as the electron, can be obtained, and this, 
for a very mechanical reason which is clearly explained in reference [32]. 

21. Separation of the Electron Carrying Energy from the  
Energy of Its Rest Mass 

As analyzed in reference [20], the most significant progress resulting from 
Marmet’s derivation was the new possibility of clearly separating the invariant 
energy constituting the electron’s rest mass from the variable adiabatic energy 
supporting its motion and its transverse relativistic-mass/magnetic-field incre-
ment. After analysis, this variable adiabatic carrying energy of the electron 
turned out to have the same internal electromagnetic structure that Louis de 
Broglie proposed for the double-particle electromagnetic photon in the 1930’s 
[3] [17] [43], as mathematically described with Equation (21), and graphically 
symbolized with Figure 4, in accordance with Maxwell’s interpretation, according  
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Figure 4. Representation of the transverse oscillation cycle of the electromagnetic 
half-quantum of the electron carrier-photon and of its unidirectional momentum energy 
half-quantum that propels this first half-quantum on top of also propelling the complete 
quantum of the electron invariant rest mass energy (the latter not illustrated). 
 
to which the electromagnetic component of the energy of a localized photon has 
to be oriented transversely with respect to its momentum energy, and is captive 
in a standing oscillation motion causing it to cyclically transit between a state 
corresponding to its electric field and a state corresponding to its magnetic field. 

This is what justified coining the term “carrier-photon” to name the carrying 
energy of the electron or that of any other elementary charged particle in articles 
describing the various consequences of integrating Marmet’s discovery into 
electromagnetic theory on the one hand, and into classical/relativistic mechanics 
on the other, with the consequence that their equations can now be derived from 
each other [4].  

The LC equation for the de Broglie double particle photon thus established in 
the only manner possible in the trispatial geometry proposed at the event Con-
gress-2000 [18], and as formally published in reference [3] in complete accor-
dance with Maxwell’s equations, already made it possible to calculate from an 
electromagnetic photon’s wavelength, the maximum intrinsic magnetic field 
energy of a photon structured according to Maxwell’s initial interpretation that 
both fields induce each other, as established in reference [43]: 

( ) ( )
22

2 2cos  s in
2 2 2

L ihc eE t t
C

λ λ

λ

ω ω
λ

 
= + + 
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             (21) 

where 

( )

2

max 2
eE
Cλ

=E  and ( )

2

max 2
L i

E λ λ=B                 (22) 

and 

02Cλ ε αλ= , 0
28

Lλ
µ αλ

=
π

, 2 eciλ αλ
π

=                (23) 

Marmet’s derivation, on its part, made it possible to establish in reference [20] 
the generalized electric and magnetic field equations previously mentioned, that 
directly match the representations of their energy in the form of capacitance and 
inductance as illustrated by Equations (22): 

https://doi.org/10.4236/jmp.2020.111003


A. Michaud 
 

 

DOI: 10.4236/jmp.2020.111003 51 Journal of Modern Physics 
 

3 2
0

e
ε α λ
π

=E , 0
3 2

ecµ
α λ
π
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and to also establish the theoretical stationary isotropic volume corresponding to 
the maximum energy density of each of these two mutually inducing fields: 

3
5

22
V λα=

π
                         (25) 

which made it possible to redefine in reference [3] the LC equation initially de-
veloped in reference [20] in a form making use of the more familiar E and B 
fields definitions, which confirmed that the localized electromagnetic photon as 
de Broglie conceived it and the electron carrying energy actually have the same 
internal electromagnetic structure, i.e. one half oriented longitudinally, sup-
porting its momentum, and the other half oriented transversely, defining its E 
and B fields inducing each other, this transversely oriented energy half being 
propelled in space by the unidirectional energy of its momentum: 
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22. Conversion of Electromagnetic Energy into Charged and  
Massive Elementary Particles 

We have the experimental proof since Carl David Anderson’s experiments in 
1933 [12] that any electromagnetic photon of energy 1.022 MeV or more, gener-
ated as a by-product of cosmic radiation, will destabilize when grazing a massive 
atomic nucleus, and will convert into a pair of massive elementary particles, 
which are one electron and one positron, whose equal rest masses of 0.511 
MeV/c2 are each made of 0.511 MeV of the destabilizing photon energy. Any 
energy in excess of this specific amount of 1.022 MeV that the photon had before 
conversion is then expressed as longitudinal momentum energy and related 
transverse electromagnetic energy equally shared between both elementary mas-
sive particles, which causes them to move away from each other with a velocity 
corresponding to this excess momentum energy [21]. 

The following equation describes how the energy of the incident photon is 
distributed between the two charged and massive particles generated, by asso-
ciating the Coulomb equation with the rest mass equation of classical/relativistic 
mechanics [4]. It should be noted in passing that the opposite charges of the 
electron and the positron are meaningless in classical/relativist mechanics, and 
that considered according to only their mass characteristic, they are identical, 
which makes it possible to build the equation in the following way: 
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In Equation (27), “m0” represents the identical individual rest masses of the 
electron and positron, and “λ1” is the electromagnetic wavelength of the incident 
photon being destabilized, while in Equation (28), “λ2” is the wavelength of the 
residual energy in excess of the energy of 1.022 MeV that just converted into the 
invariant rest masses of the two particles, after separation of this residual energy 
in equal parts between the two now separate particles. 

More interesting yet, an experiment carried out in 1997 at the Stanford Linear 
Accelerator (SLAC), i.e. experiment #e144, confirmed that by converging two 
sufficiently concentrated electromagnetic photon beams towards a single point 
in space, one beam involving electromagnetic photons exceeding the 1.022 MeV 
threshold, massive electron/positron pairs were generated without any massive 
atomic nuclei being close by [13]. This last experiment opens up an entirely new 
perspective on the possible origin of the universe, as analyzed in reference [47]. 

The interest of the trispatial geometry developed from the expansion in the 
form of 3 perpendicular vector spaces emerging from the three-way orthogonal 
relationship of the vector product of the fundamental E and B vectors of elec-
tromagnetism (Figure 3), is that the more complete vector harnessing now ap-
plicable to Equation (26) in the following way, as analyzed in reference [3], al-
lowed establishing for the first time in reference [21] a clear mechanics of con-
version of the energy of an electromagnetic photon of 1.022 MeV or more, 
which is only partially oriented perpendicularly to the energy of its momentum, 
into the invariant energy completely oriented transversely constituting the in-
ternal structure of the individual rest masses “m0” of the electron and positron 
represented in Equation (27), i.e. the following equation: 
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converting into the following two equations to represent the internal electro-
magnetic structure of the rest masses of the electron and positron: 
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in which (Vm = 1.497393267E−47 m3) is the maximum theoretical stationary 
isotropic volume that the energy of the electron’s intrinsic magnetic field reaches 
after having evacuated X-space during the mutual energy induction cycle that 
causes it to oscillate between constituting in alternance this magnetic field B and 
the neutrinic field “ν”, which is an oscillation that replaces, in the structure of 
massive elementary particles [21], the oscillation between the fields B and E 
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characteristic of electromagnetic photons [3] and of massive elementary particles 
carrier-photons [21] [22]: 

5 3
3C

m 2
α λV 1.497393267E 47m
2π

= = −  and 
( )

3 2
0 C

e
ε α λ

′π
=ν          (32) 

The neutrinic field “ν”, that the trispatial geometry allows identifying for the 
first time, is introduced in reference [21] and is completely analyzed in reference 
[23], which also analyses the emission mechanics of neutrinos in the trispatial 
geometry. The theoretical stationary isotropic volume of energy of any elemen-
tary quantum was defined in reference [20]. 

During the decoupling process of an electromagnetic photon of 1.022 MeV or 
more, the energy in excess of the exact amount of 1.022 MeV that converts into 
the now invariant energy constituting the separated masses of an electron and a 
positron, retains the LC structure of the incident double particle photon, but 
mechanically separates into equal parts between the two massive particles now 
separated as shown in Equations (27) and (28) and becomes their carrier-photons, 
propelling them in opposite directions in space at the velocity corresponding to 
the energy of their momentum, calculable with Equation (20), or with one of the 
following electromagnetic equations, developed in reference [32]: 

( )
( )

4
2

C C

C

v c
λ λ λ

λ λ
+

=
+

 or 
24

2
EK Kv c
E K

+
=

+
             (33) 

A particular point of interest about the latter two equations is that if the 
Compton wavelength of the electron (“λC” in the first equation) or the energy of 
the rest mass of the electron (“E” in the second equation) are reduced to zero, 
only the energy of its carrier-photon remains in the equation, and its velocity 
can then only be the velocity of light, thus confirming the identity of its structure 
with that of de Broglie’s double-particle photon [3] [32]. 

It is very easy to verify the validity of LC Equations (30) and (31) of the elec-
tron and positron, because all of their terms are very well known invariant phys-
ical constants. For example, by multiplying the maximum energy of the magnet-
ic field in Equation (30) by the theoretical stationary isotropic volume of this 
amount of energy defined in reference [20], we effectively obtain half the energy 
of the invariant rest mass of the electron, which corresponds to its intrinsic 
magnetic field: 

2 5 32
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23. Construction of Stable Complex Particles 

It has been confirmed long ago that all atoms are made of only three distinct 
types of stable subcomponents, electrons, protons and neutrons. All three are 
typically regrouped under the general term “elementary particles” in the com-
munity, that is, a term currently “general” that induces a certain amount of con-
fusion because of these three, only the electron has been found to truly be a 
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charged and massive elementary particle, that is, not made of smaller subcom-
ponents, but is demonstrably made exclusively of the electromagnetic energy 
that was the “substance” of the electromagnetic photon from which it emerged, 
as just put in perspective, and as analyzed in detail in reference [21]. 

The other two subcomponents of all atoms, the proton and the neutron, were 
found not to be charged and massive elementary particles of the same sense as 
the electron, but rather systems of such elementary particles in a state of stable 
stationary action electromagnetic equilibrium, just as the solar system is not a 
celestial body, but a system of celestial bodies stabilized in a state of stationary ac-
tion equilibrium. Historically, the first suspicions that protons and neutrons were 
not really elementary particles were aroused by the difference in their behavior 
compared to that of electrons and positrons during the first non-destructive colli-
sion experiments between these particles in the first particle accelerators (Figure 
5). 

On their side, electrons and positrons always behave during mutual collision 
experiments as if they had at best a “point-like” presence in space, meaning that 
in their cases, unlike protons and neutrons, no seemingly unbreachable limit is 
detectable by collision, no matter how close two electrons or two positrons come 
to each other’s centers during truly frontal collisions, which is a type of back-
ward rebound seldom observed given that such frontal collisions between elec-
trons or positrons are similar to bringing the highly sharpened tips of sewing 
needles into frontal collision (Figure 6). 

It is this “quasi-punctual” or “point-like” behavior of truly elementary par-
ticles during mutual interaction or collisions experiments such as the electron, 
positron and electromagnetic photons that clearly differentiates them at the sub-
atomic level from complex particles such as the proton and neutron. 
 

 
Figure 5. Perfectly elastic scattering between incident electrons and target proton. 
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Figure 6. Non-destructive interaction between incident electrons and target positron a), 
and interaction and direct scattering between incident electrons and target electron b), 
demonstrating their point-like behavior. 
 

What happened in the case of interactions between truly elementary charged 
particles was typically that incident electrons were deflected convergently as they 
crossed the position of positrons moving in the opposite direction, or when in-
cident positrons crossed the path of electrons moving in opposite direction 
(Figure 6(a)); or that incident electrons were deflected divergently after crossing 
the positions of other electrons moving in the opposite directions or when inci-
dent positrons crossed the position of other positrons moving in the opposite 
direction (Figure 6(b)). Given the quasi-punctual behavior of the particles in-
volved, only occasionally was one of the incident particles in an ideal situation to 
directly collide head-on in order to bounce back directly (Figure 6(b)). 

While electron and positron beams launched so as to interact head-on with 
each other generated virtually no reverse rebounds (Figure 6), protons and neu-
trons caused the incident particles (electron or positron beams) to rebound in all 
directions (Figure 5), due to a state of permanent magnetic repulsion between 
the inner charged subcomponents of protons and the incoming electrons, as 
analyzed and described in reference [4], which revealed that they occupy a mea-
surable volume in space, contrary to electrons and positrons, that is perfectly 
elastic rebound patterns identical to those that can be observed at our macros-
copic level between two magnets repelling each other [39]. 

The study of these rebound patterns in the 1940s and 1950s led to the conclu-
sion that the radius of this volume was of the order of 1.2E−15 m for proton and 
neutron [48], a volume that seemed to reveal that they could be made up of 
smaller particles whose interactions would determine this volume, just like the 
volume defined by planetary orbits determine the potential volume that the solar 
system can occupy in space, that is, theoretically at the time, truly elementary 
electromagnetic particles with quasi-punctual behavior of the same nature as the 
electron and the positron. 

The first particle accelerator powerful enough to overcome the resistance of 
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this proton volume to penetration by sufficiently energetic electrons or posi-
trons, the Stanford Linear Accelerator (SLAC), came into service in 1966. From 
1966 to 1968, a series of high energy non-destructive scattering experiments car-
ried out by M. Breidenbach et al. [10] of electrons against protons effectively re-
vealed the presence of three quasi-punctual behaving electrically charged sub-
components (Figure 7), whose deflection spread patterns of the incoming elec-
trons’ trajectories and subsequent analysis allowed associating an electric charge 
equal to 1/3 of that of an electron to one subcomponent and a charge equal to 
2/3 that of the positron to the other two subcomponents (uud). Neutrons on the 
other hand revealed a structure made up of one 2/3 positive charge subcompo-
nent and two 1/3 negative charge subcomponents (udd). 

Moreover, incoming electrons backscattered in a highly inelastic manner and 
subsequent experiments also involving positrons revealed that the 2/3 positively 
charged subcomponents were only slightly more massive than electrons and that 
the 1/3 negatively charged subcomponent was only slightly more massive than 
the positively charged subcomponents [22] [25]. 

Given that these presumably invariant rest masses were eventually confirmed 
as being only slightly higher than those of electrons and positrons [41], com-
bined with the fact that these sub-components of nucleons demonstrate exactly 
the same quasi-punctual behavior that characterizes electrons and positrons, and 
the also confirmed fact that electrons and positrons are the only massive and 
electrically charged elementary particles that can be generated from free elec-
tromagnetic energy in a well understood and exhaustively confirmed manner 
[12] [13], it seemed possible that these sub-components of nucleons could ac-
tually be positrons and electrons whose masses and charges would be altered in 
this way by the stresses imposed by those ultimate stationary action electromag-
netic equilibrium states in which electrons and positrons could become captive 
of, if the latter truly are the only building material that nature has at its disposal 
to build nucleons. 
 

 
Figure 7. Detection of the proton inner structure via non-destructive scattering. 
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This conclusion immediately explains why none of these nucleon sub-components 
could ever be ejected from a nucleon while still retaining its fractional charge, 
because if they really originally were electrons and positrons, then of course, 
they will naturally adiabatically recover their normal mass and charge characte-
ristics as soon as they escape the electromagnetic stresses they are subjected to 
while being part of the stabilized stationary action nucleon structures [24]. 

The trispatial geometry indeed made it possible to calculate precise mean rest 
masses for these elementary positive and negative subcomponents of protons 
and neutrons corresponding to a sequence of stable axial resonance states that 
can be related to a sequence of integers, which locates these masses within the 
experimentally estimated possible mass ranges in both cases (see Table 1), that 
is, a sequence of three related masses that can be obtained from one of the possi-
ble equations that allows this calculation, such as the following equation estab-
lished in reference [22], and analyzed in a more general perspective in reference 
[24], that is, a resonance sequence for the masses of stable elementary particles 
similar to the resonance sequence of the electronic orbitals of the hydrogen atom 
that Louis de Broglie was the first to notice at the beginning of the 20th century 
[4] [49]: 
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where “e” is the unit charge, “α” is the fine structure constant, “c” is the speed of 
light, “a0” is the Bohr radius, i.e. the mean axial distance between the fundamen-
tal electronic orbital of the hydrogen atom and the proton, and “k” is the Cou-
lomb constant: 
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ε

=
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Effectively, the masses obtained from Equation (35) fall right into the ranges 
experimentally established within which their true rest mass has to lie, that is, 
between 1 and 5 MeV/c2 for the positive subcomponent, and between 3 and  
 
Table 1. Sequence of masses in axial resonance state of elementary particles obtained us-
ing Equation (35). 

 Rest mass Energy Charge Reference 

Free moving 
electron or 

positron 
9.10938188E−31 kg 0.511 MeV 

±1 =  
1.602176462E−19 C 

[21] 

Electromagnetically 
stressed positron 
1 in the neutron 
2 in the proton 

2.049610923E−30 kg 1.1497473 MeV 
+2/3 =  

1.068117641E−19 C 
[22] 

Electromagnetically 
stressed electron 
2 in the neutron 
1 in the proton 

8.198443693E−30 kg 4.59899 MeV 
−1/3 =  

5.340588207E−20 C 
[22] 
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10 MeV/c2 for the negative subcomponent [41]. These precise rest masses were 
established with respect to the distances separating the electromagnetically stressed 
electrons and positrons from the coplanar axis about which each stabilized triad 
is in rotation/resonance within electrostatic Y-space (Figure 3) as analyzed in 
reference [22]. 

The expression “rotation/resonance” is used here to clearly put in perspective 
that the same amount of energy is adiabatically induced by the Coulomb interac-
tion in the rest masses of the electromagnetically stressed electrons and positrons, 
whether they are actually rotating on circular orbits about the coplanar axis and/or 
translation about the normal axis, or simply are in a state of “stationary axial re-
sonance” at these distances from these two rotation/translation/resonance mu-
tually perpendicular axes. 

Let us note, by the way, that at the time of the Breidenbach experiments [10], 
a mathematical theory developed separately by Murray Gell-Mann and George 
Zweig was considered confirmed by the Breidenbach experiments, which re-
sulted in these electromagnetically stressed positrons and electrons captive of the 
nucleons’ internal structures being named “up quark” and “down quark” respec-
tively at a time when the conclusion had not yet been drawn that these nucleons’ 
subcomponents could be simple positrons and electrons whose mass and charge 
characteristics were altered by the intensity of the electromagnetic interactions at 
such short distances within these structures.  

Since the Gell-Mann and Zweig theory also predicted the existence other vir-
tual particles also named “quarks”, but that never were detected by non-destructive 
collisions within nucleons, unlike the two that were named “up” and “down”, 
the outcome was an enormous and persistent confusion in the community fu-
elled by multiple references to the Gell-Mann and Zweig theory, and the almost 
total absence of references to the experimental data gathered and analyzed by 
Breidenbach et al., which left the impression during the following decades that 
even the sub-components actually detected by Breidenbach et al. were only 
theoretical and that their physical existence had never been confirmed. 

The most edifying demonstration of this confusion is that in a major work on 
quantum field theory (QFT) published in 1993, that is, 25 years later, by a re-
nowned physicist in the community, we find the following mention in section 
1.2 of his book [50], that shows that he had never heard about the Breidenbach 
et al. experiments that were carried 25 years before, otherwise it seems obvious 
that he would have taken them into account: 

“Ironically, one problem of the quark model was that it was too successful. 
The theory was able to make qualitative (and often quantitative) predictions far 
beyond the range of its applicability. Yet the fractionally charged quarks them-
selves were never discovered in any scattering experiment”. 

However, in order to maintain continuity with the literature that was histori-
cally produced naming the electromagnetically constrained positrons and elec-
trons as “up quarks” and “down quarks”, including the other articles of this se-
ries, we will keep the symbols “u” (for “up”) and “d” (for “down”), that histori-
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cally symbolized them when referring to the fractionally charged scatterable 
subcomponents of nucleons detected by Breidenbach, i.e. “uud” for the proton 
and “udd” for the neutron. 
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The trispatial LC equations for the electromagnetically stressed positrons (in-
itially named “up quarks”) and electromagnetically stressed electrons (initially 
named “down quarks”) constituting the non-destructively scatterable nucleon 
structure are slightly different from Equations (30) and (31) that describe free 
moving electrons and positrons that are not being subjected to these electro-
magnetic stresses, because the transverse drift of the energy that defines the in-
tensity of their fractional charges towards a more intense magnetic state, which 
is imposed on them by the very short gyroradius of their stationary action states 
[51], does not allow an equal density of their electrical and magnetic states, un-
like the default equal electric vs magnetic density state of the electromagnetic 
energy of electrons and positrons moving on straight line trajectories. 

The expressions “SU” and “SD” are the magnetic drift constants of the energy 
of the stabilized rest masses of the electromagnetically stressed positrons and 
electrons, respectively equal to “2/3” and “1/3” and which are analyzed and ex-
plained in references [22] and [4]. 

It is important to be aware that the sum of the stabilized rest masses of elec-
tromagnetically stressed electrons and positrons (Table 1) making up the scat-
terable structure of the proton (uud) constitutes only about 2% of its total meas-
ured mass, and that this sum for the neutron (udd) constitutes only about 2.4% 
of its total measured mass. The difference can only be due, of course, to the 
energy of their respective carrier-photons [22], whose intensity depends directly 
on the inverse of the distance between charged elementary particles and the 
translation axis of normal X-space (Figure 3) with respect to which each triad is 
in translation/resonance, an axis that is perpendicular to the coplanar rota-
tion/resonance axis with respect to which the rest masses and fractional charges 
of the electromagnetically stressed electrons and positrons are determined. 

As in the case of the expression “rotation/resonance” previously mentioned in 
relation with the Y-space coplanar axis, the expression “translation/resonance” is 
used here to clearly put in perspective that the same amount of energy is adia-
batically induced by the Coulomb interaction in each electromagnetically stressed 
electron and positron carrier-photon, whether they are in actual translation in 
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circular orbit around the normal X-space axis or simply are in a state of statio-
nary axial resonance with respect to this mean distance from this transla-
tion/resonance axis, that is, a resonance motion oriented perpendicularly with 
respect to such a circular orbit. 

24. The Conceptual “Translation/Resonance” Transposition 

The same “translation/resonance” relationship also applies to the electron’s rest 
orbital in the hydrogen atom for the same reason. In fact, it was Louis de Broglie 
who first understood in 1923 that the electron could only be in a state of axial 
resonance when stabilized at a mean distance of the proton in the hydrogen 
atom corresponding to the Bohr radius, even if it could also be theoretically per-
ceived as being in translation on a closed orbit around the proton. 

This conclusion of major importance was published in a note in which he 
proposed this first preliminary interpretation of the conditions that could ex-
plain the stability of the electron within atomic structures [4], since it was in 
harmony with the stability condition determined by Bohr and Sommerfeld for a 
trajectory traveled by a mass at constant velocity [49]. Here is a quote of his 
major conclusion: 

“L’onde de fréquence ν et de vitesse c/β doit être en résonance sur la longueur 
de la trajectoire. Ceci conduit à la condition”: 

Translation 
“The wave of frequency ν and velocity c/β must be in resonance over the 

length of the trajectory. This leads to the condition”: 
2 2

21
o

r
m c

T nh
β

β
=

−
 (“n” being an integer)             (39) 

It is this conclusion that gave Schrödinger the idea of representing the reson-
ance volume visited by the electron in the rest orbital of the hydrogen atom by a 
wave function [7], as put in perspective at reference [4]. When de Broglie made 
his discovery, however, it was not yet clear that the very substance of the electron 
was truly electromagnetic in nature [21], and also that of its carrier-photon, that 
he intuitively identified as a “pilot wave” meant to propel the electron, but whose 
electromagnetic nature could not be identified at the time [4]. 

As mentioned earlier, it was not until the early 1930s that it was experimen-
tally confirmed that the very substance of the invariant mass of the electron was 
nothing more than the “electromagnetic energy substance” of an electromagnet-
ic photon of minimum energy 1.022 MeV decoupling into a pair of massive par-
ticles of equal masses, namely an electron and a positron [12]. Before this event, 
no one had had the opportunity to associate electromagnetic energy with the 
very substance of the mass of elementary particles, so none of the theories de-
veloped before this observation could take into account this new discovery in 
their elaboration, which of course includes Einstein’s two theories of Special Re-
lativity and General Relativity, as well as Quantum Mechanics in its traditional 
form. 
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De Broglie related the energy of the electron momentum at the Bohr orbit 
with Planck’s constant and classical mechanics, but like the entire scientific 
community at that time, he did not relate it with the Coulomb interaction as 
represented with Equation (16) emerging from Maxwell’s first equation and 
therefore he did not have at his disposal the conclusion that the half-quantum 
energy of the electron’s momentum that would theoretically support the elec-
tron’s motion longitudinally on its theoretical orbit around the proton is the 
same that also supports its axial resonance motion oriented perpendicularly to 
this orbit, as well as the associated half-quantum of its electromagnetic energy 
oriented transversely to this momentum energy, and that the unidirectional 
energy of its momentum can only be structurally oriented towards the proton. 

In fact, the structural axial orientation of the momentum energy of the elec-
tron towards the proton does not exclude the possibility that the electron may 
move transversely on a closed orbit about the proton, in addition to oscillating 
simultaneously in axial resonance mode as de Broglie concluded, but at such a 
short distance between the electron and the proton and at such an intense level 
of induced energy, it can be expected that the axial resonance mode clearly do-
minates. 

It is a fact that the Planck constant associates the emission of electromagnetic 
energy strictly with the time factor. But this association of the induction of 
energy with the time factor is due to the fact that this constant was established by 
the analysis of the energy frequencies emitted during the de-excitation of elec-
trons, that had previously been momentarily excited towards metastable orbitals 
further away from atomic nuclei, when they return to their rest orbitals of sta-
tionary action, which all are resonance states directly related to the frequency of 
the mean energy induced at the electron’s rest orbital in the hydrogen atom, 
taken as fundamental, as analyzed and described in reference [24], and that the 
energy of Planck’s quantum of action corresponds to the energy of a single cycle 
of this ultimate reference frequency, as subsequently determined by de Broglie: 

0 6.62606876E 34 j sB Bh m v λ= = − ⋅                (40) 

where “m0” is the rest mass of the electron, “vB” is the conventional reference 
classical velocity of the Bohr orbit (2,187,691.253 m/s) and “λB” is the length of 
the Bohr orbit (3.32491846E−10 m), whose radius is the fundamental constant (a0 
= r0 = 5.291772083E−11 m), that is, the mean distance from the fundamental re-
sonance orbital of the hydrogen atom to its nucleus, which defines the energy in-
duced at this distance from the proton, or “EB = 4.359743808E−18 j” (27.21138346 
eV) as easily calculated with the Coulomb equation [24]. Its frequency is there-
fore “fB = 6.579683921E15 Hz”. 

A simple calculation shows that at velocity “vB”, the duration of a single cycle 
of this frequency corresponds exactly to the length of the Bohr orbit “λB”, which 
is why multiplying the length of this absolute reference orbit by the Planck con-
stant makes it possible to obtain the energy induced at the Bohr orbit as precisely 
as with the Coulomb equation. 
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This is also why the energy corresponding to this reference frequency seems to 
correspond to the number of orbits that must be run in one second to suppo-
sedly “accumulate” all of the energy induced at the Bohr orbit, which has long 
created the perception that this induced energy “seems” to be distributed over all 
these cycles and that it takes one second for all the energy of the quantum to be 
accumulated: 

2

0

4.359743808E 18 j
4B B

B

eE h f
rε

= ⋅ = = −
π

             (41) 

in which “rB” is the Bohr radius, i.e. “5.291772083E−11 m” (see Equation (7)). 
Just as Marmet’s Equation (M-7) can be generalized to use the longitudinal 

electromagnetic wavelength of any amount of electromagnetic energy, the same 
generalization was also made for the Coulomb equation in reference [20], as 
analyzed and described in detail at reference [4]: 

2

02
eE hν
ε αλ

= =                        (42) 

where “α” is the fine structure constant (7.297352533E−3). The longitudinal wa-
velength of an amount of electromagnetic energy is also obtained using the fol-
lowing well-known equation, so the longitudinal electromagnetic wavelength of 
the energy “EB” obtained with Equation (41) is: 

4.556335252E 8 m
B

hc
E

λ = = −                  (43) 

which allows re-obtaining the same amount of energy with generalized Equation 
(42) already obtained with standard Equation (41): 

2

0

4.359743808E 18 j
2B

eE hν
ε αλ

= = = −              (44) 

It is in fact the relationship established with Equation (42) between the stan-
dard equation used to calculate electromagnetic photons energy and the genera-
lized Coulomb equation that makes it possible to carry out the conceptual 
“translation/resonance” transposition required to be able to alternate between 
the analysis of the stable quantized energy states corresponding to all electronic 
and nucleonic stationary action orbitals in atoms, that relates Planck’s constant 
with the number of theoretical cycles that the electron must theoretically run on 
the Bohr orbit; and that also allows the analysis of the infinitesimally progressive 
adiabatic induction of energy, which is a constantly active function of the inverse 
of the distance separating the charged elementary particles constituting all 
atoms, and which is induced “perpendicularly” by structure to any orbital mo-
tion, whether theoretical or effective. 

This transposition in no way diminishes the usefulness of the Planck constant 
for calculations involving the study of the stable and metastable stationary action 
states of the various orbitals and the quantized emission of Bremmsstrahlung 
photons, when de-exciting electrons move from a metastable orbital to a stable 
resonance orbital, whose emission mechanics we will analyze later, but it makes 
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it possible to add to the body of mathematical tools the constants required to 
adequately deal with the infinitely progressive variations in the amount of ener-
gy adiabatically induced in electrons’ carrier-photons by the Coulomb interac-
tion during the axial resonance motion sequences into which they are captive 
when stabilized in the various stationary action orbitals in atoms, as analyzed in 
reference [4], as well as when they are in free least action motion, i.e. in process 
of moving towards these stabilized axial stationary action states, as analyzed at 
reference [33]. 

25. Electromagnetic Energy Adiabatic Induction Constants 
25.1. The Electromagnetic Intensity Constant 

As analyzed and described in reference [20], since the speed of light is constant 
in vacuum, it can therefore be stated that the amount of energy of which an 
electromagnetic photon is made is inversely proportional to the distance it must 
travel in vacuum for one cycle of its wavelength to be completed, which can be 
represented by “E = 1/λ”. This means that by isolating product “E·λ” on the left 
side of this relation, the value obtained will be constant. 

A quick analysis of Equation (44) reveals that this constant can alternatively 
be defined from the familiar set of electromagnetic constants that also defines 
the generalized Coulomb equation and the longitudinal electromagnetic wave-
length of any amount of electromagnetic energy (λ): 

2

0

1.98644544E 25 j m
2

eH Eλ
ε α

= = = − ⋅               (45) 

That is, the quantum of action in joules-meter (j⋅m), which is the counterpart 
dissociated from the time factor of the Planck quantum of action defined in 
joules-seconds (j⋅s), and that was named “the electromagnetic intensity con-
stant” in reference [20]. Dividing now constant “H” by the speed of light “c”, we 
observe that the Planck constant is obtained, which reveals that “H = hc” directly 
links Planck’s constant to electromagnetism, whereas it is historically considered 
a measured constant not derived from electromagnetic equations: 

6.62606876E 34 j sHh
c

= = − ⋅                   (46) 

The unexpected result of this relation is that the Planck time based quantum 
of action can now be obtained from the same set of electromagnetic constants 
that defines constant “H”, by combining Equations (45) and (46), which makes 
available to the community this newly established definition of the Planck con-
stant, established strictly from known fundamental constants and derived from 
experimentally confirmed equations, which is currently absent from both the 
“CRC Handbook of Chemistry & Physics” [41] and from the list of constants of 
the “National Institute of Standards and Technology” (NIST) [40]: 

2

0

6.62606876E 34 j s
2

eh
cε α

= = − ⋅                 (47) 
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25.2. The Electrostatic Energy Induction Constant 

Metaphorically speaking, Planck’s constant allows an “horizontal” (that is, 
“translational”) exploration of the stable orbital states of the hydrogen atom, so 
to speak, but the Coulomb Equation (41), which provides the same energy, was 
used to define an electrostatic energy induction constant that allows a “vertical” 
(that is, “axial”) exploration of the hydrogen atom and of its nucleus. 

The required electrostatic energy induction constant, which was named “K” in 
reference [22] and could be considered as an “induction quantum”, was estab-
lished in two different ways. The first method emerged from the analysis of the 
decoupling mechanics of a photon of energy 1.022 MeV into an electron-positron 
pair in the trispatial geometry, as established in reference [21], and the second 
method simply consists in multiplying Equation (41) by “rB” squared: 

2
2 2

0

1.220852596E 38 j m
4

B
B B

e rK E r
ε
⋅

= ⋅ = = − ⋅
π

           (48) 

It is with this constant that it became possible to enter the hydrogen nucleus 
“vertically”, or “axially” so to speak, by varying distance “r” between two charged 
particles in equation “E = K/r2”, and thus establish the exact amounts of adia-
batic energy induced in each of the internal components of the proton and neu-
tron (see Table 1), thus allowing to finally establish coherent trispatial LC equa-
tions for the electromagnetically stressed electrons and positrons (see Equations 
(37) and (38) previously mentioned) and their carrier photons that determine 
their effective masses and volumes, as analyzed at reference [22]. 

26. Gravitation 

In fact, such a “vertical” exploration, so to speak, of atomic and nuclear struc-
tures induces an acute awareness of the adiabatic nature of the energy induced in 
all of the charged particles making up their structures [24] [33], that is, an adia-
batic energy that can only vary in an infinitesimally gradual manner with any 
variation in the distances separating them; an energy that moreover does not 
depend in any way on the velocity of particles, but that manifests its existence 
under the form of this velocity each time that local electromagnetic circums-
tances allow and that remains fully induced even if this velocity cannot be ex-
pressed due to local electromagnetic equilibrium states. 

As analyzed in references [4] and [16], when this velocity cannot be expressed, 
the momentum energy of each charged particle remains induced all the same 
and can then only exert a “pressure” in the vectorial direction imposed on it by 
the local electromagnetic equilibrium. 

In atomic structures, this vectorial direction can only be towards the center of 
each atom due to the very nature of the Coulomb interaction. In accumulations 
of atoms making up larger masses, the tendency seems to be that this “pressure” 
tends to apply towards the centre of mass of these masses, which becomes ob-
vious with masses such as that of the Earth, for example, on the surface of which 
all objects seem to be “attracted” to its centre of mass. But this supposed “attrac-

https://doi.org/10.4236/jmp.2020.111003


A. Michaud 
 

 

DOI: 10.4236/jmp.2020.111003 65 Journal of Modern Physics 
 

tion” can only be the “pressure” exerted by the total sum of the individual mo-
mentum energies of each charged particle constituting each object being applied 
against the surface of Earth, because their vectorial direction of application can 
only be by structure towards the Earth’s centre of mass [4] [16]. 

In summary, the “weight” of an object as measured at the Earth’s surface can 
only be a measure of this “pressure” exerted by the sum of the individual mo-
mentum energies vectorially oriented towards its centre of mass, belonging to 
the whole set of separate charged particles that constitute the measurable mass of 
this object. If this object is elevated above the ground and then left free to move, 
the velocity allowed by this sum of momentum energies can again be expressed 
until its motion becomes hindered again as the object meets again the surface of 
the Earth, at which point it will again exert a pressure equivalent to the amount 
of momentum energy induced by Coulomb interaction at this distance between 
each charged particle of this object and each charged particle of the Earth’s mass 
[33]. 

At the astronomical level, the celestial bodies of the solar system seem to be 
captive of stable stationary action resonance states at mean distances from the 
Sun similar to that which de Broglie assumed to apply to the electron in the hy-
drogen atom [49], i.e. a state of axial resonance limited by very precise minimum 
and maximum stable distances from the central star, that is, their perihelion and 
aphelion. These two boundary distances combined with the mean radius of the 
elliptical orbit of each celestial body constitute three stable references that allow 
clearly defining the volumes of space visited over time by each celestial body 
about the central star. 

On the other hand, unlike the case of the hydrogen atom, as analyzed in ref-
erence [4], for which the intensity of the momentum energy level induced in the 
electron at the mean distance from Bohr radius distance clearly favors a localized 
high frequency axial oscillation motion, rather than a translational motion along 
the theoretical Bohr ground orbit, the level of adiabatic energy induced in each 
charged particle of the Earth’s mass at the average distance from the Earth’s or-
bit being insufficient to generate such a high frequency axial oscillation, given 
the inertia of the macroscopic mass of which each charged particles is captive, 
rather favors the stabilization of celestial bodies in the observed states of statio-
nary action orbital motion. 

The volume of space visited over time by each celestial body about a central 
star can evolve into fairly complex shapes for celestial bodies that have satellites, 
which induces beats frequencies that modify the otherwise regular volumes vi-
sited by bodies that do not have a satellite. In fact, all bodies stabilized in such 
axial resonance systems mutually influence each other’s trajectories and the 
shape of the resonance volumes they visit. It is this type of interaction, combined 
with the occultation process of the central star as these bodies pass between this 
star and our position in space that allowed the identification of the many planets 
orbiting nearby stars that have recently been discovered. 

A similar electromagnetic dynamics defined by Quantum Mechanics (QM) is 
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also applicable at the subatomic level to the elementary particles making up 
every atom of which all macroscopic masses are made, including our own bo-
dies. In their cases, however, high-frequency axial stabilization, rather than or-
bital motion, is clearly favored due to the intensity of the adiabatic energy in-
duced in each charged elementary particle at such short distances between the 
particles compared to their inertia. 

An analysis initiated in references [35] and [52], completed in reference [16], 
of the sequence in decreasing order of intensities of the various stationary action 
states of electromagnetic equilibrium in which elementary particles can stabilize, 
shows that all possible cases of force application traditionally distributed among 
4 fundamental forces: 1) Strong interaction, 2) Weak interaction, 3) Electro-
magnetic force, and finally 4) Gravitational force; can only be four quantized le-
vels of Coulomb interaction intensity corresponding to the various energy levels 
of these stationary action equilibrium states. 

Just like it seemed sensible to keep the terms “up” and “down” to designate 
positrons and electrons electromagnetically constrained within nucleon struc-
tures to maintain consistency with the bulk of previously published literature, it 
also seems sensible for the same reason to keep the easy to relate to concept of 
“attraction” to identify individual occurrences of Coulomb interaction between 
any pair of oppositely signed electrically charged particles. So, to facilitate the 
establishment of a mental image of the various orders of magnitude of electros-
tatic interaction application between any pair of such particles, the term “attrac-
tor” was defined in reference [35], embodying the idea that an “individu-
al-inverse-square-of-distance-attractor” would be in action between each pair of 
these elementary particles in the universe. So, for simplicity’s sake, any occur-
rence of the mentally easy to visualized concept of an electrostatic attraction 
between a pair of oppositely signed charged particles in the universe is referred 
to as an “attractor” in Table 2. 

It now becomes possible to separate the Coulomb interaction gradient into 
four ranges of intensities, the boundaries of which correspond to the various 
ranges of stationary action resonance intensities that can be identified in nature 
(Table 2). As put into perspective in reference [35], the most intense level is de-
termined by the resonance states characterizing the interacting electromagneti-
cally constrained electrons and positrons forming the internal scatterable struc-
ture of nucleons, corresponding to the traditional “strong interaction”. The 
second level applies to the stabilization states of nucleons within atomic nuclei, 
corresponding to the traditional “weak interaction”. The third level applies to 
electronic resonance states within atoms and molecules, as well as between 
atoms and molecules in direct contact with each other in any accumulation of 
matter, corresponding to the traditional “electromagnetic force”. And finally, a 
fourth and final level of intensity applies to any atom, molecule and larger mass 
in a state of least action free fall, and those captive in stationary action orbits at 
the astronomical level, and corresponds to the traditional “gravitational force”. 
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Table 2. Coulomb interaction quantized intensity ranges (see Reference [35]). 

Table of electrostatic attractors 

Name Range 
Related 

Traditional force 

Primary Attractor 
Between electromagnetically 

stressed electrons and positrons 
inside a proton or neutron 

Strong 

Secondary Attractor 
Between electromagnetically stressed 
electrons and positrons belonging to 

different protons and neutrons in a nucleus 
Weak 

Tertiary Attractor 

Between an orbiting electron and 
each electromagnetically stressed positron 

of an atomic nucleus and between each 
electron and each electromagnetically 

stressed positrons of other 
nuclei in all close by atoms 

Electromagnetic 

Temporary Local Attractor Between half-photons inside a photon Electromagnetic 

Temporary Far Attractor 
Between any half-photon and every 

other heterostatic particle in the universe 
Electromagnetic 

Quaternary Attractor 
Between each charged particle in 

an atom and each heterostatic particle 
in relative free fall in the universe 

Gravity 

 
These various levels of adiabatic carrier energy induction intensity by the 

Coulomb interaction, one of the major components of which is their transverse 
electromagnetic energy increment, corresponding to a variable increment of 
permanently induced adiabatic mass, provided for each charged particle in exis-
tence, can then be directly related with the 4 forces of the Standard Model as put 
into perspective in reference [35]; four forces that ultimately turn out to be sim-
ple alternative representations of the various levels of intensity of application of 
a single “force”, namely the underlying adiabatic energy induction Coulomb in-
teraction, as analyzed at reference [16].  

27. Nucleon Expansion/Compression as a Function of the  
Gravitational Gradient Intensity 

The fact that the momentum half-quantum of adiabatic energy which is perma-
nently induced by the Coulomb interaction in each electron is oriented axially 
towards the center of each atom taken separately, and that this energy can only 
be expressed as a pressure oriented towards the center of the atom when it can-
not be expressed as a velocity, as analyzed and described in reference [4], also 
has the consequence that when atoms accumulate to form larger masses, the 
vectorial resultant of all interactions between electrons and nuclei accumulated 
in close proximity will tend to orient the direction of application of these mo-
mentum half-quanta towards the centre of such masses, resulting in an addition 
of their individual pressures towards the centre of these masses. 
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When these accumulations of atoms become sufficient to form macroscopic 
masses, the resulting increase in pressure by addition as the depth increases in 
these bodies can only result in a forced contraction of the outer electronic orbit-
als of their atoms towards each their nuclei, as put into perspective in reference 
[35] and analyzed in depth in reference [33]. 

It is well verified that heat increases with depth in the Earth’s mass [53]. 
However, it is also very well understood that heat in macroscopic masses is 
nothing more than an increase in the energy of the electrons of atoms, an in-
crease which, when exceeding certain levels specific to each atom, forces the 
electrons of the outer layers of these atoms to jump to a metastable orbital fur-
ther away from each nucleus involved. Since these levels are extremely unstable, 
these electrons return almost instantaneously to their stable stationary action 
orbital by then emitting a Bremmsstrahlung photon that evacuates the energy 
(i.e. heat) accumulated as an electromagnetic photon, whose emission mechanics 
will be analyzed in the next section. 

In the case of such heat increase with depth in planetary masses such as that of 
the Earth, it is well established that this increase is adiabatic in nature [53], and 
can only coincide with an adiabatic increase in energy by compression of the 
electronic orbitals towards their central atomic nuclei, because it is the resulting 
greater proximity between electrons and nuclei that causes the Coulomb interac-
tion to induce this increased energy as a function of the inverse of the distance 
separating the electrons from the nuclei. 

However, given that the atoms are in direct contact with each other in these 
masses and that this pressure is constant, this excess adiabatic energy cannot be 
evacuated by the emission of electromagnetic photons and simply increases with 
depth in the mass as the captive electrons of the outer electronic layers of the 
atoms approach the nuclei more and more as the depth increases, until an esti-
mated temperature of about 5100 degrees Kelvin is reached at the centre of the 
Earth [53], as analyzed in reference [33]. 

Consequently, at the centre of proto-stellar masses in formation, following a 
sufficient accumulation of interstellar hydrogen, this compression of the electron 
orbitals makes the hydrogen atoms electrons eventually reaches the distance to 
the proton that coincides with the induction of a carrier-energy in each electron 
reaching the critical decoupling threshold of 1.022 MeV for those at the very 
center of the proto-stellar mass, at which point decoupling into electron-positron 
pairs is forced by the immediate proximity of the high-frequency resonating 
charges of the proton, resulting in the formation of neutrons with enormous 
bremmsstrahlung energy emission that trigger and will subsequently maintain 
the nuclear fusion chain reaction in stars as analyzed in reference [35]. 

A side effect of the contraction of electronic orbitals towards nuclei in ma-
croscopic masses such as planetary masses is that these atomic nuclei approach 
each other more and more as the depth increases in the mass, which reduces the 
distances between these nuclei, intensifying the Coulomb interaction between 
the nuclei of these atoms. 
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The result is an increase in the outward “pull” involving the Coulomb interac-
tion on all the charges of each nucleon of the various nuclei, which forces an in-
crease in the translation/resonance distances of each triad relative to their cen-
tral axis of translation/resonance in X-space, decreasing the amount of variable 
adiabatic energy induced in their carrier-photons, thus decreasing the effective 
mass of all nucleons at this depth of the macroscopic masses, as analyzed in ref-
erences [22] [35]. The overall effect is that atomic nuclei become less and less 
massive as depth increases in macroscopic masses. 

On the other hand, when small masses are taken away above the Earth’s sur-
face, the opposite effect can only occur by structure, because the energy of the 
electromagnetically constrained electrons’ and positrons’ carrier-photons of the 
nuclei of the atoms making up such small masses can only increase as a result of 
the increase in distances between them and all of the elementary charged par-
ticles making up the Earth’s mass, which results in a contraction of the transla-
tion/resonance distances within each triad of the small mass with respect to the 
normal x-axis as a result of the weakening of the Coulomb interaction between 
the charges of these small masses and those of the Earth. 

This contraction of the nucleonic orbitals within the nucleons of atomic nuc-
lei making up such small masses moving away from the Earth, can only result in 
a proportional contraction of the electronic layers of these atoms, the measura-
ble consequence of which is the increase in adiabatic energy induced at these 
shorter distances between the captive electrons and the nuclei, and therefore, in 
an increase in the electromagnetic frequency of the Bremmsstrahlung photons 
emitted by electrons momentarily excited moving to a metastable orbital further 
away from the nucleus, as they de-excite almost instantaneously when returning 
to their stationary action orbitals. 

It is this mass increase of atomic nuclei with increasing altitude above the 
Earth’s surface that really explains the increase in the frequency of Bremmsstrahlung 
photons used in an atomic clock during the Hefele and Keating experiment [45] 
mentioned previously to measure time flow, supposedly demonstrating an al-
leged acceleration in the rate of “time” flow with altitude, then considered as 
“evidence” of the validity of SR [35]; which is a conclusion that was drawn be-
fore the adiabatic nature of the momentum energy and of the transverse mag-
netic field energy permanently induced in each charged elementary particle was 
put in perspective. 

In reality, such atomic clocks, whose accuracy depends on the frequency of 
Bremmsstrahlung photons emitted by electrons being de-energized, remain ac-
curate as long as they are not moved from where they were calibrated. Any axial 
displacement in the gravitational gradient or change in its state of motion, such 
as when used in an orbiting satellite for example, requires recalibration that 
takes into account the local electromagnetic equilibrium. 

Finally, the systematic “anomalies” observed about the trajectories of all space 
probes, extensively publicized in the case of the Pioneer 10 and 11 space probes 
about their escape trajectories from the solar system, that all behave systemati-
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cally in deep space as if they were slightly more massive than measured on the 
ground before launch, also find a logical explanation in the previously analyzed 
fact that the rest masses of nucleons and macroscopic masses can only vary as a 
function of any axial displacement in the gravitational gradient. 

There is then no doubt that the “anomalies” of the elliptical trajectories of 
Uranus, Neptune and Pluto, as well as those of comets Halley, Encke, Giacobi-
ni-Zinner, Borelli and others, that undergo systematic deviations of unknown 
origin as mentioned by R.W. Kühne [44], and in fact, all of the elliptical trajecto-
ries of the planets of the solar system, would benefit from being reconsidered 
with regard to this variability of their rest masses as a function of their axial os-
cillation in the Sun’s gravitational gradient, and the variation of their transverse 
magnetic field as a function of their variable velocity on their elliptical trajecto-
ries. 

28. The Bremmsstrahlung Photon Emission Mechanics 

Now that the main conclusions that were drawn in the past about elementary 
particles, originating from already accumulated trustable experimental data, 
have been put in perspective in light of Maxwell’s initial interpretation, the de 
Broglie hypothesis and Marmet’s derivation within the broader framework of 
the trispatial geometry, let us now look at the Bremmsstrahlung photon emis-
sion mechanics that this geometry allows establishing, that is, an emission me-
chanics that de Broglie and Schrödinger were looking forward to establishing in 
the 1920s, but that elicited little interest in the community at the time, for lack of 
a potential avenue of resolution to be explored at this time [4]. 

For this purpose, we will analyze the specific case of an electron in process of 
being captured by a proton to form a hydrogen atom, whose final stable least ac-
tion equilibrium state, more precisely describable as state of “stationary” action, 
was analyzed in reference [4]. Before proceeding to the description of the actual 
emission mechanics, let us put some numerical figures in perspective with re-
gard to the inertia of the various amounts of energy involved. 

Immediately prior to its capture and stabilization at mean rest orbital distance 
from the proton (a0 = 5.291772083E−11 m), the electron will have reached the 
relativistic velocity of 2,187,647.561 m/s, driven by the precise amount of “ΔK” 
momentum energy that its carrier-photon will have accumulated at this distance 
as it accelerated towards the proton [33]: 

( )2
0 1 2.179784832E 18 jKE K m c γ= ∆ = − = −              (49) 

This velocity generates the “forward inertia” of the amount of momentum 
energy (13.6 eV) that will cause its own evacuation as an electromagnetic 
Bremmsstrahlung photon as the forward motion of the electron is suddenly 
brought to a dead stop as a first step in the establishment of its stable axial sta-
tionary action orbital state. In addition to the forward inertia provided by this 
momentum energy, the total inertia of the incoming electron will also involve 
the inertia of the total amount of energy making up its carrier-photon transverse 
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half-quantum and that of its invariant rest mass (E = m0c2 = 8.18710414E−14 j), 
both of which will not be evacuated during the stabilization process: 

2 2
0 8.187540114E 14 je mE K m c m c= ∆ + ∆ + = −             (50) 

On the other hand, the “stationary inertia” of the proton towards which the 
electron is accelerating depends on a much larger amount of energy: 

2 1.503277307E 10 jp pE m c= = −                 (51) 

So the well known ratio of the inertias of both interacting components will of 
course be: 

1
1836.054891

e

p

E
E

=                        (52) 

We can observe that the forward inertia of the incoming electron is 4 orders of 
magnitude less than the stationary inertia of the proton, whose magnetic fields 
are its component that will stop the motion of the electron, by interacting in 
counter-pressure with respect to those of the incoming electron due to repulsive 
mutual parallel magnetic spin alignment imposed by structure, as clearly put in 
perspective in reference [4]. But the factual disproportion between the forward 
inertia of the electron momentum energy and the stationary inertia of the proton 
is immensely larger: 

1
68694481.49

K

p

E
E

=                      (53) 

This ratio reveals that whereas the forward inertia of the incoming electron 
will be countered by the stationary inertia close to 2000 times its own inertia, the 
forward inertia of the momentum energy of the incoming electron, that will be 
evacuated from the electron-proton system during the stoppage process, will be 
countered by a stationary inertia close to 69 million times its own forward iner-
tia as the electron is coming in at a sizable fraction of the speed of light. This ra-
tio puts in very clear perspective how instantaneously the forward motion of this 
momentum energy towards the proton will find itself countered during the 
stopping process. 

However, contrary to the momentum energy of a moving object hitting a wall 
at our macroscopic level, for example, that we know experimentally will be 
communicated to the wall as the object hits it, we also know experimentally that 
the momentum energy of the incoming electron is not communicated to the 
proton, but will be ejected right out of the electron-proton system as a detectable 
and measurable outgoing electromagnetic photon of energy “2.179784832E−18 
j”, wavelength “9.113034513E−8 m” and frequency “3.289710552E15 Hz”, mov-
ing at the speed of light. 

The issue of how the separation and ejection of this bremmsstrahlung photon 
mechanically proceeds has been pending ever since Louis de Broglie and Erwin 
Schrödinger began studying this process in the 1920’s [4], but it was not really 
possible to resolve it before the expanded Maxwell compliant trispatial geometry 
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previously described was elaborated and presented in 2000 at the event Con-
gress-2000 [18]. 

This new space geometry now allows understanding that although the elec-
tron and its carrier-photon are suddenly stopped in their forward motion to-
wards the proton while being abruptly captured at mean ground state orbital 
distance from the proton in a hydrogen atom, the forward motion of its “ΔK” 
momentum energy component calculated with Equation (49) is not stopped in 
its forward motion “within” the internal trispatial structure of the electron car-
rier-photon (Figure 3(a) and Figure 3(b)), whose three separate spaces of its 
trispatial inner configuration act as communicating vessels [3], a forward inertia 
of moving electromagnetic photons that was confirmed by the Einstein’s pho-
toelectric proof. 

The key to understanding why the motion of the “ΔK” momentum energy 
half-quantum of the electron carrier-photon is not stopped inside the carri-
er-photon as the latter is itself stopped in its forward motion, relates to step (c) 
of its trispatial electromagnetic cycle, as represented with Figure 4, which is the 
step, during its transverse oscillating cycle, during which all of its transverse 
energy reaches its maximum volume within magnetostatic Z-space (Figure 3). 

The manner in which the forward moving momentum energy “ΔK” of the 
electron being captured by the proton first crosses over to Z-space, as it own 
forward inertia forces it across the central point-like junction area interconnect-
ing the three spaces through which the particle’s energy freely transits within its 
own trispatial complex; and is then ejected backwards as a magnetic pulse dur-
ing the electric phase of the carrier-photon’s transverse oscillation cycle (Figure 
4(e)), as the two separated charges behave in Y-space, during the electron stop-
ping process, as a fixed-length dipole antenna [54], can be summarized in a four 
steps sequence illustrated with Figure 8.  

Figure 8(a) represents the electron accompanied by its carrier-photon inter-
nally reaching step 4-c (Figure 4(c)) of its transverse oscillating cycle, as both of 
their magnetic fields begin colliding with the relatively huge magnetic field of 
the proton, as they repel each other by momentarily all being in parallel magnet-
ic spin alignment, as analyzed in reference [4]. 

Figure 8(b) represents the second step of the ejection process, and illustrates 
the actual stopping sequence, as the complete complement of the “ΔK = 
2.179784832E−18 J” momentum energy has just been forced into Z-space by its 
own forward inertia, which actually momentarily doubles the amount of energy  
 

 
Figure 8. Representation of a Bremmsstrahlung emission mechanics. 
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making up the magnetic field of the incoming carrier-photon, a doubling which 
is graphically represented by an increased visual density of the carrier-photon 
magnetic sphere: 

0
3 22 470103.4692 T

ecµ
α λ
π

⋅∆ = =B                   (54) 

where “λ = 4.556335256E−8 m”, which is the wavelength of the electron carri-
er-photon at the very beginning of the stopping process caused by the mutual 
magnetic repulsion of their magnetic fields. 

As it stands, this momentary doubling of the electron carrier-photon magnetic 
field as the electron begins to be captured in the hydrogen atom ground state 
should be detectable as a recordable magnetic intensity peak coinciding with the 
Bremmsstrahlung photon emission, which would directly confirm the present 
photon emission mechanics. 

Something else might already have drawn the reader’s attention in Figure 
8(b). Although the momentum energy initially belonging to X-space, and 
represented by the left-pointing arrow leading to the carrier-photon magnetic 
sphere in Figure 8(a), was just mentioned as having been forced into Z-space by 
its own forward inertia to add up with the already residing magnetic energy as 
calculated with Equation (54), an identical arrow still is present in Figure 8(b). 
This requires an additional explanation, because this is no misrepresentation, 
because given that both the electron and the proton are electrically charged in 
opposition, the Coulomb interaction does not allow by structure that no mo-
mentum energy be induced in the electron carrier-photon at this distance from 
the proton, as put in perspective in reference [33]. 

Moreover, reference [42] clearly puts in perspective that a clear distinction 
must be made between an “uncompensated mechanically induced rotation or 
translation motion” and a “permanently compensated electrostatically or gravi-
tationally induced rotation or translation”. Such uncompensated motion cha-
racterizes the state of a satellite launched into a metastable inertial orbit about 
the earth for example, or any object artificially rotated at our macroscopic level 
by means of a single initial impulse. The orbit of such an artificial satellite always 
degrades causing the satellite to crash, and the rotation of such an artificially ro-
tated object always stops, unlike the natural permanently compensated orbit of 
the Earth for example, and its natural permanently compensated rotation. Con-
sidering the clear correlation previously established between translational, rota-
tional motions and the states of stationary action resonance, the capture and sta-
bilization of an electron in the stationary action resonance orbital of a hydrogen 
atom clearly belongs to the “permanently compensated” category, as put into 
perspective in reference [33]. 

Since the amount of “ΔK” momentum energy induced by the Coulomb inte-
raction at this distance from the proton can in no way be different from 13.6 eV, 
it can be concluded that as the initial amount of forward moving “ΔK” momen-
tum energy is evacuated from X-space, a replacement 13.6 eV amount of “ΔK” 
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momentum kinetic energy has to synchronously be adiabatically induced by the 
permanently acting Coulomb interaction, an energy whose vectorial direction of 
application will now be expressed as a “stationary pressure” exerted towards the 
proton, increasing, so to speak, the permanent counter-pressure established be-
tween the parallel-aligned magnetic fields involved [4]. This means that mo-
mentarily, the carrier-photon will involve 40.8 eV, including now the momenta-
ry double intensity magnetic field, until the 13.6 eV temporarily transferred to 
Z-space is subsequently evacuated as a separate out-going electromagnetic pho-
ton. 

Figure 8(c) represents the setting up of the metaphorical dipole antenna that 
will emit the excess 13.6 eV energy as an electromagnetic photon. As the carri-
er-photon magnetic field reached maximum “presence” in Z-space as represented 
in Figure 8(b), the related dipole electric field was down to zero “presence” in 
Y-space, which corresponds to the two rods of a fixed length dipole antenna be-
ing neutral when no alternating current is provided to the antenna [54]. 

As the magnetic energy represented in Figure 8(c) starts moving back into 
electrostatic Y-space, the energy builds up in Y-space as two opposite charges 
moving in opposite directions on the Y-y/Y-z plane [3] [24], causing the two 
opposite charges to eventually peak at their maximum allowed value, which 
cannot exceed the maximum transverse E-field energy authorized mean value of 
“2.179784832E−18 J (13.6 eV)” at this distance between the positively charged 
proton and the negatively charged electron, which combined with the newly in-
duced equal authorized momentum energy value which is now “stationarily 
pressuring” the electron against the magnetic field of the proton, and is adiabat-
ically maintained by the Coulomb interaction at this mean distance. 

It is this maximum E-field energy limit enforced by the Coulomb interaction 
that causes the sudden maximizing of the distance between both charges in 
Y-space causing it to act similarly the two fixed length dipole antenna rods, 
which allows the extra energy that was forced into Z-space, initially coming from 
X-space, to now moves on into Y-space and overload the now fixed maximized 
length of the Y-space dipole, causing it to emit the excess 13.6 eV energy as a 
magnetic pulse in magnetostatic Z-space, in the same manner as electromagnetic 
energy pulses are emitted from a very normal dipole antenna at our macroscopic 
level, which is represented with Figure 8(d). 

The question comes up here as to why does the electron not simply fly away 
from the proton since it is universally known to do so when precisely this 
amount of “ΔK = 2.179784832E−18 j” energy that it now already possesses is 
provided to it from an incoming electromagnetic photon, which is the case that 
will be addressed in the next and last section of this paper. The answer is really 
simple in this specific case, and is provided by simply becoming aware that the 
whole practically instantaneous sequence represented by Figure 8 occurs while 
the “forward inertia” of the total amount of energy making up the electron inva-
riant rest mass and its carrier-photon is applying its maximum pressure against 
the magnetic field of the proton, momentarily defeating any possibility for the 
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electron to be ejected at this precise moment, and also defeating any possibility 
for the distance between the electron and the proton to vary during this so brief 
stopping sequence process. 

Right after having been chased into Z-space by the Y-space electric dipole, the 
first thing that will happen to the freed energy will be the transfer from Z-space 
to X-space of half its energy to build the momentum energy half-quantum that 
will then start propelling it at the speed of light away from the proton, in the first 
step of the re-establishment of its natural trispatial electromagnetic equilibrium. 
Once both energy half-quanta have reached their default equal longitudinal and 
transverse energy levels as could be determined according to de Broglie’s hypo-
thesis and from Marmet’s derivation, the energy of its transverse magnetic 
B-field will naturally start transversely oscillating by crossing over to Y-space to 
induce the corresponding E-field, thus initiating the stable transverse electro-
magnetic oscillation of the new Bremmsstrahlung photon, now moving freely at 
the speed of light, as represented with Figure 8(d) [3]. 

Note that although the complete process took a noticeable amount of time to 
describe, the actual sequence of events causing the electron to come to a mo-
mentary dead stop as it is being captured by a proton, has to be practically in-
stantaneous, due to the velocity of the incoming electron, combined with the fact 
that the whole sequence definitely has to be completed during the fleeting 
half-cycle of the carrier-photon transverse electromagnetic oscillation, beginning 
with its parallel magnetic spin alignment (Figure 4(c)) with respect to the spin 
orientation of the magnetic field of the proton and ending with the maximum 
E-field charges separation (Figure 4(e)) as represented at the beginning of Fig-
ure 8(d); the whole sequence occurring, as previously mentioned, while the in-
ertia of the total amount of energy making up the electron invariant rest mass 
and the momentarily invariant mass of its carrier-photon are applying maxi-
mum pressure against the magnetic field of the proton [4]. 

29. The Electromagnetic Photon Absorption Mechanics 

As soon as the bremmsstrahlung photon has been emitted, the “forward inertia” of 
the electron invariant mass/electromagnetic-fields and of its carrier-photon variable 
mass/electromagnetic-fields half-quantum, due to their incoming velocity, will be 
replaced by their default “stationary inertia”, to which must be added the “adiabati-
cally variable forward pressure” provided by the newly induced ΔK carrier-photon 
momentum energy half-quantum, which is permanently oriented towards the pro-
ton, that jointly interact in counter-pressure with respect to the “oscillating”, but 
nevertheless “stationary inertia” of the much larger mass/electromagnetic-fields of 
the proton, which interaction establishes and maintains the electron on its axial 
least action resonance trajectory within the stationary action volume of space 
that Schrödinger meant to describe with the wave equation [7], as described in 
reference [4]. 

Now that only the permanent “forward pressure” of the recently and adiabat-
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ically induced “ΔK” momentum is preventing the electron from escaping, and 
that the “momentary pressure” that was initially exerted towards the proton due 
to the “forward inertia” of the electromagnetic fields of the electron and carri-
er-photon, which initially prevented the electron carrier-photon transverse E 
field energy from exceeding its incoming initial value of “2.179784832E−18 j”, is 
no more in action, but which is what caused the bremmsstrahlung photon to be 
emitted, as described in the previous section; any energy coming from outside 
the electron-proton system will be captured by the Y-space electric dipole of the 
carrier-photon, presumably still acting as a dipole antenna, but whose length can 
now vary, and will be equally distributed between both carrier-photon half-quanta, 
to the extent that the electron’s magnetic gyroradius in the hydrogen atom will 
allow [51]. 

The resulting increase in the axial resonance volume that the electron will visit 
as a result, will cause the electron to eventually jump to an authorized metastable 
orbital further from the proton before returning almost immediately to the rest 
orbital, emitting in the process a Bremmsstrahlung photon that will evacuate the 
corresponding excess energy, or to escape completely from the proton if the 
energy supplied from outside the electron-proton system reaches the escape level 
of “ΔK = 2.179784832E−18 j”, either by progressive accumulation or by collision 
with an incident photon of energy 2.179784832E−18 j. 

All possible cases of energy emission and absorption must of course be ex-
plained and documented in the context of trispatial geometry, but since this 
document is intended only to put in perspective the underlying electromagnetic 
context that allows a general description of the mechanics of electromagnetic 
photon emission and absorption by electrons in the trispatial geometry, as a 
complement to the establishment of the electron stabilization mechanics in the 
hydrogen atom previously described in reference [4], their development is 
beyond the scope of the present paper. 

30. Conclusions 

This analysis highlights the point that it is no more difficult to conceive that 
electromagnetic energy can consist of localized photons at the subatomic level 
than it is to conceive that water consists of localized molecules at the submi-
croscopic level, even if at our macroscopic level we treat electromagnetic energy 
as if it was made of continuous wave impulses and water as if it was a fluid 
without internal structure. 

The main conclusion of this paper, however, is that when Maxwell’s initial in-
terpretation is correlated with the de Broglie hypothesis about the double-particle 
photon and Marmet derivation in context of the trispatial geometry, electro-
magnetism can finally be completely harmonized with Quantum Mechanics, as 
analyzed in reference [4]; a harmonization that now allows a first mechanical 
explanation to the processes of electromagnetic photon emission and absorption 
by electrons, as previously described. 

It must also be clearly put in perspective that Maxwell’s initial interpretation is 
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a conclusion firmly grounded on the study and analysis of experimental data 
collected earlier during easily reproducible experiments that were performed by 
many experimentalists, as well as on the conclusions and equations that they 
drew from this data. The electromagnetic equations generally referred to as 
“Maxwell equations” are in fact a set of mutually complementary equations that 
have been established mainly by Coulomb, Gauss, Ampère and Faraday and 
whose mutual coherence was established by Maxwell. Lorentz, Biot, Savart and a 
few others then completed the current set of mutually complementary electro-
magnetic equations from the analysis of more data obtained from other experi-
ments equally easy to reproduce. 

Intrigued at not finding any evidence of an experiment confirming the 
point-like magnetic behavior of spherical magnetic fields whose two poles coin-
cide geometrically, which must be the de facto magnetic structure of electrons, 
given their systematic point-like behavior during all scattering experiments, this 
author designed and carried out in 1998 an easily reproducible experiment with 
magnets magnetized accordingly, whose data and subsequent analysis were pub-
lished in 2013, for the experiment to become available in the education commu-
nity [39]. One year later, S. Kotler et al. published an article describing an expe-
riment performed with electrons that directly confirmed the prediction of the 
1998 experiment [55]. 

The education community now has at its disposal a complete set of demon-
stration experiments easily reproducible during hands-on laboratory teaching 
sessions, ranging from the first Coulomb electric experiment to the 1998 mag-
netic experiment to help teaching and confirming every aspect of electromag-
netic energy behavior. 
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Abstract 
Generalized q-exponentials functions are employed to make a generalization 
of complete and incomplete gamma functions. We obtain a generalization of 
this class of special functions which are very important in the fields of proba-
bility, statistics, statistical physics as well as combinatorics and we derive 
some of its properties. One gets that the generalized gamma function ob-
tained whether approaches of the standard gamma function for a specific q 
values such as 0 0.9q q= ≈  value suffering a large variation with the varia-
tion of q.  
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1. Introduction 

The generalization of elementary functions such as exponential function in 
q-exponential has been proposed since long time ago [1]. However, more re-
cently, another type of q-exponential has been introduced in the environment of 
the nonadditive statistical mechanics [2], where the theory has been proposed as 
a generalization of the standard Boltzmann-Gibbs statistical mechanics for the 
class of system that is non-ergotic. Many other q-representations were proposed 
such as the q-algebra [3], the q-Fourier transform [2] [4], the q-Dirac’s delta 
function [5] [6], the q-Gaussian [5] [7] [8] and so on. Moreover, combinations 
of complex q-exponentials were used to make a new representation of the clas-
sical nonlinear oscillator [9], where a combination of complex q-exponentials 
have been of interest also for recent q-generalized Schrödinger and Dirac equa-
tions and other field equations [7]. In the non-additive statistical mechanics the 
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entropy is described by the so called Tsallis entropy [2], previously introduced 
by Havrdat-Charvát [10] and later on by Daróczy [11], parameterized by an ex-
ponent q. The distribution that maximizes the Tsallis entropy under the con-
straint of the fixed energy generalizes the Boltzmann distribution through a ge-
neralized q-exponential function. Furthermore, in the nonadditive statistical 
mechanics, when the limit of the parameter of non-extensiveness q is 1q → , 
one recovers the standard exponential (and thus, the Gaussian or Boltzmann 
distribution). Many other classical equations (e.g. the Schrödinger equation) 
were generalized, replacing the classical exponential with the q-exponential. One 
example of non-ergodic systems that have been studied is system with long 
range interactions [12] [13] [14]. 

In addition, there is another definition of q-exponential given in combinatori-
al mathematics, where q-exponential is a q-analog of the standard exponential 
function namely, the eigenfunction of a q-derivative. There are many q-derivatives, 
for example, the classical q-derivative, the Askey-Wilson operator and so on [15]. 
Therefore, unlike the classical exponentials, q-exponentials are not unique. 
Moreover, it has been constructed rational expansions to xe  by Németh and 
Newman in Ref. [16]. 

A special function very important is the gamma function ( )zΓ , z∈ , 
{ } 0e zℜ > . This is an extension for the complex plane of the factorial function 

!n , for n∈ , with its argument shifted down by 1, to real and complex num-
bers. Thus, the gamma function is defined for all complex numbers except for 
non positive integers. It raises as component in various probability distributions, 
and as such it is applicable in the fields of probability, statistics and statistical 
physics, as well as in combinatorics [17] [18] [19] [20] [21]. For instance, the 
well known Stirling formula depends on the factorial function as [22] 

( )1 122 ! 2 .
n n

nn nn n n e
e e

   π ≤ ≤ π   
   

                (1) 

Furthermore, this function if relate with the Shannon’s entropy that gives an 
approach to the information measure  

( ) ( ) ( ) 11 2

1 !lim ln ln .
! ! !

k

i in kk

n p p
n p n p n p n→∞ =

 
= − 

⋅⋅ ⋅  
∑            (2) 

The gamma function is extended by analytic continuation to all complex 
numbers except the non-positive integers (where the function has simple poles), 
yielding a meromorphic function which we call the gamma function. It has no 
zeroes and hence, the reciprocal gamma function ( )1 zΓ  is a holomorphic 
function. In fact, gamma function corresponds to Mellin transform [23] of the 
negative exponential function: ( ) { }( )xz e z−Γ =  . 

The generalized gamma function can be applied to nonlinear systems (NL) 
class obeyed by the nonlinear equations. This has become an important subject 
in the mathematical physics in recent years due to their ability to explain several 
complex behaviors in the nature [24] [25]. Many areas of physics such as plasma 
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physics and non-equilibrium have benefited from the study of NL equations [7]. 
However, it is well known that, in general, nonlinear problems are impossible to 
solve analytically. The essential difference is that linear systems can be broken 
down into parts while the nonlinear not. When the parts of a system interfere, 
either cooperate or compete. The interactions are nonlinear and hence, the prin-
ciple of superposition fails [26]. Within the realm of physics, the nonlinearity is 
vital for many areas, for instance, for the superconductivity and Josephson junc-
tions arrays [26]. 

In this work, we propose the representation of some special functions such as 
the gamma function in terms of q-exponentials functions of nonadditive statis-
tical mechanics. The plan of this paper is the following. In Section 2, we 
represent the generalized gamma function expressed in terms of q-exponential 
functions. In Section 3, we use another representation for the q-exponential in 
the literature to represent the generalized gamma function. In the last section, 
Section 4, we present our conclusions and final remarks. 

2. Generalized Gamma Function 

The generalized gamma function, defined using the q-exponential distribution, 
is defined by the integral  

( )
0

1 d ,z x
q qz x e x

∞
Γ + = ∫                       (3) 

where ( ]0,1q∈  and z∈  and { } 0e zℜ > . In the limit 1q → , we have 
( ) ( ) ( )1q z z zΓ = Γ = Γ  and ( ) ( )1 !n nΓ = −  for n∈  and ( ) ( )1z z zΓ + = Γ  

for z∈ . 
Since 1 1x z

qe x− −
 , when x is positive and ( ]0,1x∈ , we can write  

1 11 1
0

1d < d
z

x z z
qe x x x x

z z
− − = −∫ ∫

                  (4) 

and, for 0x >  the integral is limited for 1 x . 
By making x fixed and   decreasing the value of integral increases mono-

tonically, i.e.  
1 11 1
0 0

d lim dx z x z
q qe x x e x x− −

→
=∫ ∫

                  (5) 

0x∃∀ > . 
ix
qe  presents the properties ix ix

q qe e
∗ −   =    . The q-exponential function is a 

deformation of the standard exponential function using the real parameter q [27] 
[28] 

( )

( )

1
1

1
1

1 1 , 0,

1 1 , 0 .

q
x
q

q

q x x
e

q x x

−

−


+ − −∞ < ≤  = 

 + − ≤ < ∞  

              (6) 

The inverse of the q-exponential function is the q-logarithm function,  
( )lnq x , defined as  
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( )

1

1

1, 0 1,
1

ln
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1

q

q q

x x
q

x
x x

q

−

−

 −
< ≤ −= 

− ≤ < ∞ −

                  (7) 

The formulae in Equation (6) hold true only for ( ]0,1q∈ . In this interval x 
and q are mathematically independent. The complete definitions can be given in 
two equivalent ways: one either changes the full expression of the q-deformed 
functions appropriately and uses the interval ( ]0,1q∈  only as in the equation 
above or one can consider a unique expression and change the deformation pa-
rameter interval as [28]  

( )
[ )
( ]

1
1

0, 1, 2 ,
1 1

0 , 0,1 .
x q
q

x q
e q x

x q
−
−∞ < ≤ ∈= + −    ≤ < ∞ ∈

 

( )
[ )
( ]

1 0 1, 1,2 ,1ln
1 1 , 0,1 .

q

q

x qxx
q x q

−  < ≤ ∈− = 
− ≤ < ∞ ∈

               (8) 

The parameter q represents the degree of non-additivity. Thus, solving the 
integral, Equation (3) and using the definition of q-exponential, we obtain the 
generalized gamma function given as  

( )
( )( )( ) ( )

( )( )( )( ) ( ) ( )( )( )2 1

0

1

1 2 3 1
d ,

2 3 2 4 3 5 4 2 1

q

p q qx
q

p

p p p p p p
e x

q q q q p p q
+ − +∞ −

Γ +

− − − ×⋅⋅⋅× − −  =
− − − − ×⋅⋅⋅× + − +  

∫
(9) 

where ( )1 !p pΓ + =  for p∈  and ( ) ( )1z z zΓ + = Γ , z∈ . Therefore, 
using the standard factorial function, we have the recurrence relation obeyed for 
the generalized gamma function given by  

( ) ( )
( )1

1 ,
2 1

q p
j

z z
z

j j q
=

Γ
Γ + =

+ − +  ∏
               (10) 

Consequently, we can obtain the expression for the q-factorial, [ ] !qp  as  

[ ]
( )1

!!
2 1pq

j

pp
j j q

=

=
+ − +  ∏

                 (11) 

where p∈ . 
We also obtain the generalized incomplete gamma functions  

( ) 1, d .a z
q qx

a x z e z
∞ −Γ = ∫                      (12) 

( ) 1
0

, d ,
x a z

q qa x z e zγ −= ∫                      (13) 

with ( ) 0e aℜ > , where  

( ) ( ) ( ), , .q q qa x a x aγΓ + = Γ                   (14) 

In addition, we have the following generalized functions that if relate with the 
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incomplete generalized gamma function  

( ) ( )21erfc 1 2,q qx xγ=
π

                   (15) 

that is the generalized complementary error function, besides  

( )
1

E d ,
xt

q
qn n

e
x t

t

−
∞

= ∫                      (16) 

where we define the generalized exponential integral function  
( ) ( )1E Eq qx i x= − −  as  

( )1E d .
t

x q
q

e
x t

t−∞
= ∫                       (17) 

In Figure 1 we plot the generalized gamma function ( )q zΓ  for q value 
0.9q =  and for standard gamma function ( )zΓ  (that corresponds to 1q =  

case. The graphic of ( )q zΓ  changes a lot with q value as showed in Figure 2. 
This is due to the fact the q-exponential function to represent a family of func-
tions (one for each value of q within interval ( )0,1  where the case 1q =  (the 
standard exponential function, xe ) corresponds to only one function of these 
class of q-exponential functions. We get that for the particular case 0.9q = , the 
q-gamma function exhibits a behavior nearest to standard exponential than 
q-exponentials defined for other q values. 

By using the definition of q-exponential, we obtain the generalized incomplete 
q-gamma function given as  

( ) ( ) ( )
1 2 1, 1,

2 2

a qx
q q q

x aa x e a x
q q

− −− −
Γ = + Γ −

− −
            (18) 

and 

( ) ( ) ( )
1 2 1, 1, .
2 2

a qx
q q q

x aa x e a x
q q

γ γ
− −− −

= + −
− −

            (19) 

 

 
Figure 1. Plot of the generalized gamma function ( )q zΓ  for q value 0.9q =  and for 

standard gamma function ( )zΓ  (that corresponds to 1q =  case. 
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Figure 2. Plot of the generalized gamma function ( )q zΓ  for q values 0.91q =  

(red-dashed-line) and 0.89q =  (black-solid-line). The standard gamma function ( )zΓ  

case corresponds to 1q =  case. 
 

In addition, we also obtain the generalized exponential integral function as  

( ) ( )
2
1

1
1E .

2

q
x q

q qx e
q

−
−=

−
                     (20) 

Finally, we have the generalized logarithm integral function  
( ) ( )( )li E lnq q qx i x= , given by  

( ) ( )1 0

dli .
ln

x
q

q

tx
t

= ∫                        (21) 

Consequently, we obtain ( )liq x  given as  

( ) ( ) ( ) ( )
( )

( )
1 1

1
1 10 0 0

0 0

d dli 1 d ,
ln 1 11

n qnx x x q
q q

n nq

t t xx q t t
t n qt

− +∞ ∞
−

−
= =

= = − = − = −
− +− ∑ ∑∫ ∫ ∫  (22) 

where 1x < . 

3. Another Representation 

Another type of q-exponential is defined using the following series expansion [1]  

( )
[ ]

( ) ( )
( )0 0

1
,

! ;

n n n
x

q
n n nq

x x q
e

n q q

∞ ∞
−

= =

− − −
= =∑ ∑                (23) 

where [ ] !qn  is the q-factorial [29]  
[ ] [ ] [ ] [ ] [ ]

( ) ( )( )
( )

2 1

2 1

! 1 2 1

1 1 1 1
1 1 1 1

1 1 1 1

;
,

1

q q q q q

n n

n n

n
n

n n n

q q q q
q q q q

q q q q q

q q
q

−

− −

= ⋅⋅ ⋅ −

− − − −
= ⋅⋅⋅

− − − −

= ⋅ + ⋅⋅ ⋅ + + ⋅⋅ ⋅ + + + ⋅⋅⋅ +

=
−

        (24) 

where we use the q-bracket given by  
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[ ] 1
1

n

q

qn
q

−
=

−
                        (25) 

In addition, we have the q-Pochhammer symbol given as [30] [31] 

( ) ( )( ) ( )1; 1 1 1n n
nq q q q q−= − − ⋅⋅⋅ −               (26) 

The graphic of x
qy e−= , given by Equation (23), for q value of 0.9q =  is 

given in Figure 3. The black-solid-line corresponds to series in Equation (23) 
until 10n = . The red-dashed-line correspond to sum until 100n = . So, for 

100n > , the behavior of graphic does not change a lot (for n →∞ ). 
The generalized gamma function given by the integral  

( )
0

1 d ,z x
q qz x e x

∞ −Γ + = ∫                     (27) 

In Figure 4, we plot the generalized gamma function ( )q zΓ  for z∈  and 
q value as 0.9q = . The behavior of the graphic changes with q as in the before 
case. However, we have here, q∈  and z∈  and { } 0e zℜ > . Remember-
ing that here, this q-exponential is not that defined in the nonadditive statistical 
mechanics. Therefore, we obtain the integral Equation (27) as (Figure 4) 
 

 
Figure 3. Plot of x

qy e−= , given by Equation (23), for q value of 0.9q = . The 

black-solid-line corresponds to series in Equation (23) until 10n = . The red-dashed-line 
correspond to sum until 100n = . 
 

 
Figure 4. Graphic of generalized gamma function ( )q zΓ  for integer z, and 0.9q = . 

The sum in series given by Equation (23) is for 100n = . The qΓ  axis has been rescaled 

as 400057.773783455 10q qΓ → Γ × . 
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( ) ( )
[ ]0 0

0

1 d1 d ,
!

n
z x

q q n z
n q

xz x e x
n x

∞∞ ∞−
+

=

−
Γ + = = ∑∫ ∫              (28) 

where the integration contour C in the integral above is represented in Figure 5; 
and 1z n< − − . The integral above can be solved using the residue technique as 

d d d d ,n n z n z nC C

z x x z
z x x zξ ξ

∞

+ + + +′∞
= + +∫ ∫ ∫ ∫




               (29) 

where iz e θ=  , d diz i e θ θ=  , where we have taken the limit 0→  and thus, 
from the above integral  

( )

( ) ( )
0

1
2

010
0

d 2 d 11 0
1 ! d

n
ni n

n z n n
z

x ie z z
nx z z

ξ
ξξ

ξ ξξ

+ +
∞ +π +

+ + + +
=

π   − = − =   + +  ∫    (30) 

which cancels for | 1z z n∀ < − − . For other z values the integral of the genera-
lized gamma function diverges. However, for the incomplete gamma function  

( ) ( )
[ ]

( )
[ ]

1

0 0
0 0

1 1
1, d d ,

! ! 1

n n n zx xz t n z
q q

n nq q

xz x t e t t t
n n n z

γ
+ +∞ ∞

− +

= =

− −
+ = = =

+ +∑ ∑∫ ∫     (31) 

The integral of the incomplete generalized gamma function converges ,n z∀  
values. Because of the complicated behavior of the derivative of the q-exponential 
function, the generalized gamma function here does not obey the property 
( ) ( )1z z zΓ + = Γ  obeyed by the standard gamma function. 
For the generalized exponential integral function, we obtain 

( ) ( )
[ ]

1
1

0

1
E d d ,

!

nt
b bq n

q x x
n q

e
i x t t t

t n

−− ∞
−

=

−
= = ∑∫ ∫  

where b∈ . However for b →∞  the integral above diverges. The same be-
havior we have for the generalized integrals Equation (16). 

4. Final Remarks 

In summary, we have proposed a generalization of the complete and uncomplete 
gamma functions using q-exponential functions. This subject can be of interest  
 

 
Figure 5. Contour for the calculation of the integral in the Equation (29). 
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in many branches of physics due to the many phenomena associated with the 
nonlinearity. Recently, a connection between generalized functions of the non-
additive statistical mechanics framework and nonlinear equations has been in-
vestigated. In literature, were proposed other deformations of the Γ -function in 
terms of deformed factorials [32], where the q-factorial is  

( ) ( )1ln! 1
x

qi i
q q qx e x=∑⊗ = = Γ + . These definitions are different from the proposed 

here. 
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Abstract 
The pulsed nuclear reactor was used to measure the effect of neutrinos on the 
beta-decay of 90Sr/90Y nuclei. This measurement shows that some increase in 
the decay rate occurs in a few tens of milliseconds after reactor flashes. 
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“Something that doesn’t really 
interact with anything is changing 
something that can’t be changed.” 

E. Fischbach, J. H. Jenkins [1] 

1. Introduction 
1.1. Beta-Decay 

The state of radioactive nuclei is energetically unstable. At decay, they pass from 
a certain excited state to a state with lower energy. 

The question arises: what is the reason that at the some moment there is a de-
cay of a particular nucleus? And in general, is such a deterministic approach to 
this problem legitimate? 

The assumption that the cause of the decay of radioactive nuclei may be their 
interaction with the neutrino flux was repeatedly expressed earlier [1] [2] [3]. 

It can be assumed that in order to cause a radioactive decay occurring with the 
energy releasing, a quasi-elastic collision of neutrino with a nucleus is enough. 

The electromagnetic model of neutron [4] allows to calculate all its main pa-
rameters—mass, spin, magnetic moment, decay energy. Only the time of its life 
defies calculation. 

According to this model, proton and electron forming the neutron are bound 
by electromagnetic forces. These forces do not carry any mechanism of degrada-
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tion of the bound state. There is no internal cause that could cause the loss of 
stability of neutron and its decay. 

Therefore, we can assume that β-decay is a forced phenomenon that occurs 
under the external influence of the neutrino flux. 

This assumption can be verified if the correlation between the neutron life-
time or the rate of the nuclei β-decay and the intensity of the neutrino flux inci-
dent on them can be studied. 

1.2. The Neutron Time of Life 

Careful measurements of the neutron lifetime were carried out repeatedly. The 
results of these measurements, carried out at different reactors, differ markedly. 

According to measurements made in the past century at relatively small reac-
tors, the average neutron lifetime is 885.7 ± 0.8 s [5]. 

In 2005, these measurements were repeated on the powerful research reactor 
in Grenoble. 

These measurements showed that the neutron lifetime is equal to 878.5 ± 0.7 
± 0.3 sec [5]. 

It can be assumed that the discrepancy is caused by a more powerful neutrino 
flux of the Grenoble reactor. 

1.3. The Effect of Solar Neutrinos on β-Decay 

Extremely interesting results were published by E. Fischbach, J. H. Jenkins et al. 
[1]. 

According to experiments conducted earlier at different times and in different 
countries of the world, the nuclear decay rate under terrestrial conditions is va-
riable. It depends on the Earth-Sun distance. 

Summarizing these measurement data, authors [1] expressed a hypothesis 
about the possible influence of the solar neutrino flux on the nuclear decay rate. 

Accordingly to measurement data [6], the sunny neutrino flux is  
10 26 10 cm s.νΦ ≈ × ⋅



                     (1) 

Proceeding from the Fischbach-Jenkins assumption, then the rate of measured 
in our laboratories beta-decay should change throughout the year due to the 
movement of the Earth in the elliptical orbit around the Sun. Since the difference 
between the distances to the Sun at perihelion and aphelion is about 3.5%, then 
the corresponding solid angle of the earth laboratory changes by approximately 
7% at the same time. If the β-decay of nuclei would be caused only by the solar 
neutrino flux, then we can expect that the rate of β-decay in the terrestrial labor-
atory must be modulated to a depth of 7% with a period equal to year. 

It is remarkable that the experiments basically confirmed the Fischbach-Jenkins 
theory. The decay rate of a number of nuclei really turned out to be sinusoidally 
modulated with a period equal to year. 

The only difference was that the modulation depth was about 10 times small-
er. 
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This can be explained if we assume that the solar neutrino flux is only 1/10 of 
the total neutrino flux, which affects the decay of nuclei in our laboratories, and 
the total neutrino flux from all cosmic sources  

12 210 cm s.cosmic νΦ ≈ ⋅                      (2) 

2. Measurement of the Effect of Reactor Neutrinos on  
β-Decay 

2.1. The Flux of Reactor Neutrinos 

Neutrinos emitted by nuclear reactors usually have fluxes that are much smaller 
than cosmic neutrinos, but the energy of reactor neutrinos is higher [7]. 

In our experiment, the pulse reactor IBR-2 (Dubna) was used as the neutrino 
source. Its average power was equal to  

19
IBR-2 1.6 MW 10 MeV sec.W ≈ ≈                 (3) 

Short explosions of its activity follow one after the other every  

0.2 s.rτ =                           (4) 

The duration of the flash was equal to  

300 mks.fτ ≈                         (5) 

As fission of one nucleus into nuclear fuel releases energy [7] [8] 

200 MeVfE ≈                        (6) 

the reactor produces 
165 10 fission sfN ≈ ×                     (7) 

acts of fission per second. 
The mechanism leads to the generation of neutrinos in the fission reaction, 

due to the fact that β-active nuclei born as fragments of the fuel fission. 
However, basically these fragments in our case can be considered as long-lived 

because their half-life is longer than the period between our reactor flashes rτ . 
Neutrinos emitted during the decay of these β-active nuclei are not “tied” to a 
specific reactor flash. 

They created in our experiment a small increase in the background. 
There are few short-lived isotopes that have a half-life of 1 2 rT τ<  [9]. These 

are, for example, the nuclei 12B ( 1 2 20 msT ≈ ). 
If we assume that one act of plutonium fission produces one short-lived iso-

tope, emitting one neutrino during its decay, then the flux of these neutrinos 

reactΦ  in the experimental hall of the reactor at a distance of about 20 meters 
from its core will be only a small part of the flux of cosmic neutrinos (Equation 
(2)): 

31.5 10 .react

cosm

−Φ
≈ ×

Φ
                        (8) 

However, the effect of this flux can be registered, since the impact of the pulse 
reactor can be accumulated if the addition of the measurement data is carried 
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out synchronously with the reactor flashes. 
The discriminator that sets the threshold for recording photomultiplier pulses 

played an important role in the setup we used (Figure 1). The nuclei of stron-
tium-90 at beta-decay starts a chain of transformations:  

90 90 90Sr Y Zr→ →                      (9) 

The energy distribution of beta electrons in this chain is shown in Figure 2. 
The presence of a significant difference in the energy of beta-electrons formed 

during the decay of 90Sr and 90Y atoms gives rise to the assumption that the effect 
of reactor neutrinos on these decays may also be different. 

In order to register this difference, the influence of reactor neutrinos on be-
ta-decay was measured at different levels of beta-electron pulse energy discrimi-
nation (Figure 3). The exponential component of the complete set of measured 
data was obtained by computer calculation. 

It should be noted that curve 5 in Figure 3 when constructed on a large scale 
is also an exponent with a small pre-exponential multiplier. 
 

 
Figure 1. The scheme of measuring equipment. 

 

 
Figure 2. The energy distribution of beta-electrons generated by 90Sr/90Y nuclei. 
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Figure 3. The result of the accumulation of registered data for beta-electrons emitted by 
the 90Sr/90Y-source in the time interval between reactor flashes. Accumulation was carried 
out in various cases from 1 day to almost 6 days. The curves in this figure are exponential 
components extracted by computer from a complete set of measured data. The full sets of 
these data were obtained at different levels of discrimination D. The curve 1: D = 0.2 - 0.3 
MeV, curves 2, 3 and 4: D = 0.4 - 0.5 MeV , the curve 5: D = 1.5 - 2 MeV. 

2.2. Experimental Equipment and Measurement Results 

In our experiment, the search was made for a correlation between the rate of 
β-decay of 90Sr/90Y isotopes and activity pulses of nuclear reactor. 

For this, the β-electrons emitted by 90Sr/90Y nuclei were recorded by a scintil-
lator equipped with a photomultiplier (Figure 1). Electronics made it possible to 
amplify and discriminate photomultiplier pulses before registering them. 

The radiation-sensitive part of the apparatus was protected from direct pene-
tration of neutrons and γ-quanta from reactor with the help of a small box made 
of lead bricks and borated polyethylene. 

The measuring system was located at a distance of about 20 meters from the 
core of a pulsed reactor. 

Preliminary measurements showed that in the absence of the β-source, the 
measuring system, when the reactor is operating, gives false positives no more 
than once every few minutes. 

Additional measurements have shown that this phenomenon is absent when 
the reactor is switched off and the beta-source creates a statistically uniform 
count in all channels. 

The measurement results are shown in Figure 3. 
From these data it can be seen that, at the reactor flash, there is indeed some 

visible increase of beta-decays intensity. 

3. Conclusions 

Thus, the results of measurements show that the flux of reactor neutrinos does 

https://doi.org/10.4236/jmp.2020.111005


B. V. Vasiliev 
 

 

DOI: 10.4236/jmp.2020.111005 96 Journal of Modern Physics 
 

indeed have some quite noticeable effect on the phenomenon of beta-decay. 
At that, the value of the ratio of flows is close to  

43 10 .react

cosm

−Φ
≈ ×

Φ
                       (10) 

This confirms the point of view on this problem that the phenomenon of be-
ta-decay is a consequence of the neutrino flux action. 

The discovered phenomenon of the impact of reactor neutrinos on beta-decay 
suggests that the modern approach to the problem of beta-decay should be re-
vised. Many scientists dealing with this problem have argued that the theory of 
beta-decay in its present state is unsatisfactory [10]. Naturally, the fact that the 
beta-decay is a consequence of the impact of neutrino flux on nuclei requires the 
creation of a new theory of this phenomenon. 
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The original online version of this article (Slobodan, S. (2019) Hypothesis of 
Primary Particles and the Creation of the Big Bang and Other Universes. Jour-
nal of Modern Physics, 10, 1532-1547. https://doi.org/10.4236/jmp.2019.1013102) 
unfortunately contains two mistakes. 

 
 

1) Equation (13) contains an error, so it has to be replaced by this equation. 
2

2
2

cx C x ct ct x
u

 
′ ′ ′ ′ ′= + − − 

 
 

2) The Sections 6 and 7 should not be read because the way of calculation in 
them is not in accordance to the third postulate. These sections do not affect the 
results stated in the article.  
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Abstract 
Reciprocity may be understood as relation of action and reaction in the sense 
of Hegel’s philosophical definition. Quoting Kant, freedom and ethical neces-
sities are reciprocally limited. In this contribution, a more mathematical than 
philosophical reflection about reciprocity as an ever-present dual property of 
everything was given. As a crystallographer, the author is familiar with the 
action of Fourier transforms and the relation between a crystal lattice and its 
reciprocal lattice, already pointing to the duality between particles and 
waves. A generalization of the reciprocity term was stimulated by results of 
the famous Information Relativity (IR) theory of Suleiman with its proven 
physical manifestation of matter-wave duality, compared to the set-theoretical 
E-Infinity theory developed by El Naschie, where the zero set represents the 
pre-quantum particle, and the pre-quantum wave is assigned to the empty set 
boundary surrounding the pre-particle. Expectedly, the most irrational num-

ber ( )5 1 2ϕ = −  of the golden mean is involved in these thoughts, be-

cause this number is intimately connected with its inverse. An important role 
plays further Hardy’s maximum quantum entanglement probability as the 
fifth power of φ and its connection to the dark matter. Remembering, the 
eleven dimensions in Witten’s M-theory may be decomposed into the Lucas 
number L5 = 11 = φ−5 – φ5. Reciprocity is indeed omnipresent in our world as 
piloting waves that accompany all observable earthen and cosmic matter. As a 
side effect of the IR theory some fundamental constants such as the gyro-
magnetic factor of the electron, Sommerfeld’s fine-structure constant as well 
as the charge of the electron must be marginally changed caused by altered 
relativistic corrections. Consequences also arise for our vision about the evo-
lution of life and consciousness. 
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1. Introduction 

Recently, the author reported on a reciprocity relation between the mass consti-
tuents of the universe and Hardy’s maximum quantum entanglement probability 
of two quantum particles [1] [2] [3] [4]. Hardy’s maximum probability was be-
fore connected with the dark energy question, using a fractal Cantorian set 
theory developed by El Naschie (E-infinity theory) [5] and further elaborated by 
Marec-Crnjac [6]. However, in the last years a step was made in direction of a 
unification of physical theories with the Information Relativity theory of Sulei-
man [7] [8]. Whereas great philosophers understood reciprocity as relation be-
tween action and reaction (Hegel [9]) or as connection between freedom and 
ethical necessities (Kant [10]), in this contribution a more mathematical as well 
as physical view on reciprocity was given. Because the term reciprocity has 
something in common with the concepts of duality and complementarity, their 
different meaning was shortly addressed in Appendix I. 

The following chapter deals with the Fourier transform and the reciprocal lat-
tice of crystallography that describes results of diffraction on crystals as a special 
kind of particle-wave duality. The reciprocity relation between boundary and 
enclosed area of a circle is shortly treated, followed by the reciprocity property of 
the golden ratio in a separate chapter. Then the fractal Cantorian set theory of El 
Naschie [5] and Marek-Crnjac was appreciated [6]. The final chapter illuminates 
consequences of the famous scale-free Information Relativity theory of Suleiman 
with its proven particle-wave duality, which explains for instance the double-slit 
experiment [11] and suggests dark energy as piloting waves of moving matter, 
touching up the old De-Broglie-Bohm theory [12] [13] [14]. The work was sup-
plemented by thoughts of the author about further consequences of the IR 
theory. It seems that the secrets of the electron, spin, tremor and the anomalous 
gyromagnetic factor (ge) as well as electron pairing in superconductors [15] [16], 
can simply be explained or corrected with this new theoretical approach to de-
mystifying the physics even more. The inferred Sommerfeld fine-structure con-
stant α may be altered as well as the experimental ge value, concerning the relati-
vistic shift correction. Related to it, the charge of the electron has to be changed, 
too. In addition, a corrected version of the Niehaus EZBW (extended Zitterbe-
wegung may serve as a probabilistic model for the electron [17]. Consequences 
also arise for our vision about the evolution of life and consciousness. The con-
jecture is that all things are interwoven with the reciprocal, where connection 
with the golden ratio indicates some system stability. 

The particle-wave duality is also essential in the quantum information theory, 
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where the unit of information is given by the quantum bit (qubit) coined by 
Schumacher [18], which exhibits the aspects of particle localization (counting) 
and wave interference to represent a signal with high fidelity [19]. Such two-state 
quantum system can be represented by the superposition principle: 

( ) 1 1 22SU H Q z Yes z No≅ = +  

where z1 and z2 are complex numbers, and 2 2
1 2 1z z+ =  [19]. However, the 

quantum information aspect cannot be a main topic of this limited contribution.  

2. Fourier Transform and Reciprocal Space 

The diffraction of X-rays of sufficient wavelength on crystals leads to a characte-
ristic diffraction pattern, where the electron density ( )ρ r  of a crystal structure 
is transformed to a reciprocal lattice, weighted with intensities ( ) ( ) 2

I F∝h h , 
where ( )F h  represents structure amplitudes (Fourier coefficients) according 
to the transform 

( ) ( ) 2e d .i
V

F Vρ π= ∫ hrh r                      (1) 

The vectors x y z= + +r a b c  and * * *h k l= + +h a b c  are position vectors of 
the crystal lattice respectively the reciprocal lattice of a diffraction pattern. The 
lattice parameters a, b, c respectively a*, b*, c* are the repeat units along the lat-
tice axes. The reader may follow a reciprocal lattice exercise in more detail, given 
as a lecture in [20]. 

The inverse Fourier transform, using the structure amplitudes as coefficients, 
delivers the electron density ( )ρ r  of the crystal 

( ) ( )*
2 *e d ,i

V
F Vρ − π= ∫ hrr h                    (2) 

where *V  is the reciprocal volume. 
In this way, a crystal structure can be completely solved by means of a diffrac-

tion experiment. 
However, because only intensities I(h) are measured, phases of the structure 

amplitudes are lost and must be recovered by elaborated crystallographic me-
thods.  

Applying a transform such as the Fourier transform one goes from the object 
space to the image space or reciprocal space. If the original variable would be the 
time, then the transformed reciprocal variable would be a frequency, exemplified 
by the Laplace transform of electrical decay processes. Going from the object 
space to the reciprocal space one may heretically ask, what could be the Fouri-
er transform of the entire cosmos, delivering an inverse universe or whatever 
else? 

3. Relationship between Boundary and Enclosed Area of a  
Circle 

Quoting the references [21] [22], the area enclosed by a circle of radius 1 yields 
1 2
0

4 1 d ,A x x= π = −∫                        (3) 
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where π is Archimedes’ constant, the well-known circle constant. One obtains 
the circumference C by using the reciprocal of the integrand 

1

0 2

12 4 d .
1

C x
x

= π =
−

∫                       (4) 

This connection between the boundary and the enclosed area is of fundamen-
tal importance. It may be thought of as a geometrical analog to the more general 
matter-wave duality that is being treated below. Besides, Archimedes’ constant π 
and the golden ratio φ as the fractal numerical dominators of our existence show 
an intimate numerical connection, and we may ask, in which manner nature 
makes use of this [3] [23]. An elegant continued fraction representation of π was 
given by Lange [24]. 

4. Mushkolaj’s Reciprocal Transition Temperatures 

In 2014 Mushkolaj [25] has presented a theory of critical temperatures for phase 
transitions such as superconductivity, using an elastic atomic collisions model as 
well as an elastic spring model. He found two inverse Tc functions of the form 

( ) ( ) ( )
12 2

1 2 1 2collision spring,c cT M M x T M M x
−

∝ ⋅ ⋅∆ ∝ ⋅ ⋅∆   (5a, b) 

where M1, M2 are the colliding or by a spring connected masses, and Δx is the 
distance between atoms respectively the spring stretch length in Hooke’s region. 

If we associate the atomic collision model with particles and the spring model 
with waves, we are faced with a reciprocity relation between the two excitation 
variants and again with the duality between particles and waves in a special 
form. 

5. The Golden Mean Beauty and Its Intrinsic Reciprocity  
Property 

The golden mean or golden ratio φ is an omnipresent number in nature, found 
in the architecture of living creatures as well as human buildings, music, finance, 
medicine, philosophy, and of course in physics and mathematics [26] [27]. It is 
the most irrational number known and a number-theoretical chameleon with a 
self-similarity property. On the other hand, its infinite continued fraction repre-
sentation is the simplest of all and is represented by [28] 

5 1 1
12 1 11

1

ϕ −
= =

+
+

+

                    (6) 

It impressively underlines the fractal character of this number. Most obvious-
ly, the golden mean mediates stability of a system, because only “particles” as the 
center of gravity of vibrations with most irrational winding survive. Important 
relations involving φ are summarized below. However, to prevent confusion, in 
textbooks of mathematics the reciprocal value for φ is frequently used.  
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15 1 5 1  0.618033988 , 1 1.618033988
2 2

ϕ ϕ ϕ−− +
= = = + = =   (7a, 7b) 

2 21 0.381966011 , 2 2.618033988ϕ ϕ ϕ ϕ−= − = = + =    (8a, 8b) 

( ) ( )12 21 1 5ϕ ϕ
− −+ = +                      (9a) 

or equivalently ( ) ( )12 21 1 5ϕ ϕ
−− + = +              (9b) 

5 21 0.090169943
1

ϕϕ ϕ
ϕ

−
= =

+
                  (10) 

5
25 1

2 2
ϕ ϕ+ =                         (11) 

3 22 1ϕ ϕ+ =                         (12) 

Hardy’s maximum quantum entanglement probability of two quantum par-
ticles [1] [2] exactly equals the fifth power of φ (Figure 1). This asymmetric 
probability distribution function with pτ as entanglement variable, running from 
not entangled states to completely entangled ones, is given by 

2 1
1

p
P p

p
τ

τ
τ

−
=

+
                        (13) 

This function, displayed in Figure 1, turns out to be a central topic of the In-
formation Relativity theory of Suleiman [7] [8] by mapping the transformation 
of his relative energy density (see Chapter 9 and compare the red curves in Fig-
ure 3 and Figure 4). 

The probability function according to Equation (13) can be recast to an 
adapted distribution by means of a varied Fisher transformation (Figure 2) [29] 
 

 
Figure 1. Hardy’s quantum probability P for two particles [1], where pτ can be thought of 
as entanglement variable, running from not entangled states to completely entangled ones. 
Compare it with the equivalent red curve in Figure 3 [3] [7]. 
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Figure 2. Fisher transform of Hardy’s probability function, representing an asymmetrical 
distribution with its maximum now at z = φ−1 (see Equation (15) and Figure 3). 
 

( )15 ln 5 artanh
2 1

p
z p

p
τ

τ
τ

 +
= = ⋅ − 

              (14) 

where the pre-factor was chosen as 5 1
2 2

a ϕ= = + . Then one gets for ( )f z  

( )

2

1exp 1
exp

exp 1

z
zaf z

z a
a

−
   −      =      +    

               (15) 

A comparison is made between the curves displayed in Figure 1 and Figure 2 
with the result of the IR theory in Figure 3, but in logarithmic representation.  

Moreover, in a subsequent contribution a geometric analog to Hardy’s proba-
bility function will be presented with significance, besides geometry, to crystal-
lography, electrostatic, botany, coding theory and other disciplines. 

Infinite continued fraction representations of φ5 and its inverse yield 

5 1
111 111

11

ϕ =
+

+
+

                    (16) 

5 5 111 11
111 111

11

ϕ ϕ− = + = +
+

+
+

             (17) 

We notice that L5 = 11 is a Lucas number. It results from the definition 

( )nn
nL ϕ ϕ−= + −                       (18) 

The Ln number series was named after the French mathematician François 
Édouard Anatole Lucas (1842-1891). 
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Figure 3. Fisher transform [29] of Hardy’s probability function (blue curve) [1], com-
pared with the more convincing, but nevertheless slightly asymmetric redshift representa-
tion of the energy density according to the information relativity theory (red curve) [8] 
(see also Figure 4). The green curve is a further adaption in direction of the red curve. 
 

Many researchers have found the golden ratio to be important by trying to 
uncover secrets of the universe and its mass respectively energy distribution 
[3]-[8]. In the next Chapters this significance will be demonstrated. 

If one deals with exponential functions, the author has learnt from Sherbon 
[25] that the Lambert W-function can serve as an analog to the golden ratio for 
exponential functions. Again, it is shown a sort of reciprocity, if one writes the 
relation as follows 

( )( ) ( )exp W z W z z=                   (19) 

Especially is 

( ) ( )( )1 exp 1 0.5671432904W WΩ = = − =           (20) 

( ) ( )( )12 exp 2
2

W W= −                   (21) 

and 

1 12 exp
2 2

W W    = ⋅ − −    
    

                (22) 

The quoted publication of Sherbon [25] is highly interesting for all research-
ers, who want to learn more about of the fundamental nature of Sommerfeld’s 
fine-structure constant. 

6. Golden Ratio, Archimedes’ Constant and Sommerfeld’s  
Fine-Structure Constant 

Often you wonder why our world is what it is. Fundamental numbers such as the 
golden ration φ, the circle constant π as well as Sommerfeld’s fine-structure con-
stant α and their obvious similarities play an important role. Some approxima-
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tions should illustrate it. So one can connect the number π with the reciprocal of 
the Sommerfeld constant 1 137α− ≈  [23] [27] or with Hardy’s quantum proba-
bility φ5 [23]. 

163 3.1415929
137 24

π ≈ + =
−

                  (23) 

53 0.04507 0.0 50  4 8
2
ϕπ−

= ≈ =
π

                 (24) 

23 50.9549296 0.954915
2
ϕ= ≈ =

π
                (25) 

1 52137 137.0360
5

α ϕ− = + =                   (26) 

These approximations, believed to be accidental by others, may find now and 
then application in the following discussions. 

7. Golden Mean and Madelung Constant for a Rocksalt-Type  
2D-Lattice 

In a previous publication the author drew attention to the numerical similarity 
between the golden mean and the Madelung constant [30] for a two-dimensional 
rocksalt-type lattice [4]. 

The Madelung constant α2D was iteratively determined with very high preci-
sion by Triebl [31] giving 

2 -NaCl 1.615542626711299Dα =                  (27) 

The α2D value is very close to the quotient of two Fibonacci numbers, 21/13 = 
1.615385, ... and can be adapted to φ−1 by only slight distortion of the square net 
along the two dimensions or by involving the third one to allow a quite flat cur-
vature [4].  

The difference to the inverse of the golden mean φ−1 is only marginal and 
gives  

1
2 -NaCl 0.002491362Dϕ α− − =                  (28) 

This almost numerical equality was applied to Villata’s lattice universe [32] 
consisting of matter and antimatter with gravitational charges of opposite sign at 
positions of a 2D rocksalt-type lattice. Then the ratio of repulsive contribution to 
the attractive one gives 

1 2
21 1Dα ϕ ϕ− −+ ≈ + =                     (29) 

This relation leads the author to a proposal for the golden mean based calcu-
lation of the mass constituents of the universe [4] independent from other ap-
proaches and with only marginal differences to such results [5] [6]. 

A certain reciprocity property may be suggested for a two dimensional rock-
salt-type matter-antimatter lattice independent of whether it is a real possibility. 
The question is whether a conditionally flat lattice universe with a Madelung 
constant of φ−1 would guarantee sufficient stability to exist over long periods of 
time. 
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8. Golden Mean as Dimension of Empty Set and Zero Set 

El Naschie’s E-infinity (ε∞) theory [33], not commonly known or accepted by 
physicists, originates from a fractal Cantorian set theory [34] as a number-theoretical 
route of physics for explaining the dualism between particles and waves that can 
help solving cosmological mysteries such as dark matter and dark energy [35]. 
The quantum particle PQ is symbolized by the bi-dimension of the zero set, while 
the guiding wave WQ surrounding the quantum particle is given by the 
bi-dimension of the empty set according to 

( ) ( )( )dim , n
cX n d=                       (30) 

where n is the Urysohn-Menger topological dimension [36] [37] and 

( ) ( ) 11 nn
cd ϕ

−−=                         (31) 

represents the Hausdorff dimension [38], where φ is the golden mean as defined 
before. 

It results for PQ ( ) ( )dim 0,QP ϕ=                 (32) 

respectively for WQ ( ) ( )2dim 1,QW ϕ= −              (33) 

By using these dimensions a probabilistic quantum entanglement calculation 
[6] [33] with velocity restriction v c→  delivers effective quantum gravity for-
mulas for the cosmological mass (energy) constituents of baryonic matter eM, 
dark matter eDM, entire dark constituents eED, and pure dark energy ePD as follows 

5
21 1   0.04508497

2 1 2Me ϕ ϕϕ
ϕ

−
= = =

+
               (34) 

251 0.9549150
2ED Me e ϕ= − = =                 (35) 

43 0.218847
2DMe ϕ= =                    (36) 

12 0.736068
2PDe ϕ= − =                   (37) 

  1M DM PDe e e+ + =                      (38) 

Recasting the matter amounts into a suitable form,  

( ) 15 51 15 , 5 0.2218
10 10M DMe eϕ ϕ

−
= = =            (39) 

a reciprocity relation was confirmed between eM and eDM giving a persuasive eq-
uation for the pure dark energy [3] 

( )( ) ( )
15 511 5 5 0.7331 73.31%

10PDe ϕ ϕ
−

= − + =          (40) 

Such quantum entanglement based coincidence means that the constituents of 
the cosmos should not be considered independent of each other, which was con-
firmed by the IR theory. 

https://doi.org/10.4236/jmp.2020.111007


H. H. Otto 
 

 

DOI: 10.4236/jmp.2020.111007 107 Journal of Modern Physics 
 

Importantly, if one compares the results given here with the following ones of 
the information relativity (IR) theory, then El Naschie’s set theoretical approach 
is restricted to v c→ , whereas the more general IR theory delivers results for  

the recession velocity v
c

β =  in the hole range 0 ≤ β ≤ 1 (c is the speed of light). 

9. Information Relativity Theory of Suleiman and Golden  
Mean 

Many formal explanations or physical constructs that bothered long time the 
world of physics are overcome by the new exciting Information Relativity 
theory, developed by Suleiman [7] [8]. It is not the intention of the author to 
keep the reader away from studying this theory in detail for himself. Therefore, 
only a sparse introduction was given. Suleiman found an overlooked flaw in 
Newton’s physics and corrected physical processes for time displacements be-
tween observer and moving bodies. Transformations for time duration, length, 
mass density as well as energy density were applied to a whole bunch of physical 
phenomena, which could be explained now in simple and beautiful clarity. For 
instance, Suleiman derived for the matter energy density eM of a moving body 
with velocity v and rest density ρo  

2 2 2 21 1 1 1 ,
2 2 1 1M o oe v c eβ βρ ρ β β

β β
− −

= = =
+ +

             (41) 

where v
c

β =  is the recession velocity respectively 21
2o oe cρ= . 

The matter energy density reached its maximum at a recession velocity of 
β ϕ= . Replacement of this special value in Equation (41) gives 

( ) 2 5
max

1 0.09016994
1M o o oe e e eϕ ϕ ϕ

ϕ
⋅

−
= = =

+
           (42) 

Remembering, φ5 represents Hardy’s quantum probability at the maximum. 
This result was commented by the author in a publication before mentioned [3]. 

Suleiman aptly characterized the behavior at the critical point βcr = φ as phase 
criticality at cosmic scale [8]. The dark matter density transforms as 

32
1

DM

o

e
e

β
β

=
+

                         (43) 

The relations are depicted in Figure 4. If one calculates the energy density 
amounts (ratios) of matter and dark matter contributions at this point, one gets 
again a golden mean representation like Russian dolls nesting 

3 22 0.236067976 0.763932023 1ϕ ϕ+ = + =            (44) 

The difference gives ( )2 3 42 2 1ϕ ϕ− ≈ −
π

. 

The case, where according to the Information Relativity theory of Suleiman 
[7] [8] just at the recession velocity of β = 1/3 the matter and the dark matter 
density will be the same, delivers for the density amount the reciprocal of anoth-
er Lucas number, namely L6 = 18 (see Chapter 5 and Figure 4) 
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Figure 4. Golden mean dominance in the evolvement of the energy density with the re-
cession velocity according to the information relativity theory of Suleiman [7] [8]. Φ5 
represents Hardy’s maximum quantum probability. Red curve: matter energy density, 
black curve: dark matter energy density, green curve: energy density sum. 
 

( ) 11 6 6 6
6

1 0.055555 0.055728089
18M DMe e L ϕ ϕ ϕ

−− −= = = = = + ≈ =   (45) 

Furthermore, if the recession velocity at βeq = 1/3 is mirrored at βcr = φ, it re-
sulted βmir = 0.9027. In its vicinity at β = 0.89297 the matter energy density 
would be exactly φ5/2 = 0.04508497∙∙∙ respectively the dual dark component 
0.7523∙∙∙ ≈ 0.763932∙∙∙ = 2φ2 (Figure 1). 

It approximately indicated a situation that is elaborated for v c→  by means 
of the fractal set theory summarized before in Chapter 8. 

In Figure 5 the energy densities were illustrated via the redshift, which reads 
as z = β/(1 − β). It is suggested to fit the only slightly asymmetric red curve with 
the aid of a Cauchy function of exotic non-integer order on the basis of the gol-
den mean introduced by the present author some time ago [39]. 

Suleiman’s IR theory validates once more the importance of the golden mean 
in solving physical phenomena. Reciprocity is given by the proposed duality be-
tween particle and wave.  

As was demonstrated by Suleiman (Figure 6), an increase of the redshift z 
caused the matter density of the travelling corpuscular particle successively to 
diminish, while energy is transformed into the wave-like dark component and 
vice versa [8]. This supports elegantly the concerns of the work here presented.  

10. Mystery of the Electron and Golden Mean 

The electron, considered as center of compacted information, still keeps its se-
crets, but not for long. Whereas the hydrogen atom problem was just solved by 
Suleiman [8] without any assumption of quantization of the electron’s orbits and 
using IR transformation of length as 
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Figure 5. Energy densities related to the red shift z = β/(1 − β) (logarithmic scale) ac-
cording to Suleiman [8]. Colored curves have the same meaning as in Figure 1. Now the 
coincidence point is at z = 1/2. 
 

 
Figure 6. Suleiman’s famous reciprocal (complementary) duality between matter density 
and dark matter one. Logarithmic scale, red arrow at z = 1/2, blue arrow at z = φ−1 = 
1.61803398∙∙∙ (see also Equation (39)). Applied matter density transformations in terms of 

the redshift [8]: 
0

1
2 1

M

z
ρ
ρ

=
+

, 
0

2
2 1

DM z
z

ρ
ρ

=
+

. 

 

0

1
1

l
l

β
β

+
=

−
                         (46) 

other constructs like the electron spin [25] or the measured anomalous gyro-
magnetic factor of the electron may be solved fractal-deterministic, supported by 
application of IR transformations. Also the fractal nature of electron pairing in 
superconductors should be reassessed this way. 

The ge factor of the electron, conceived as a classical charged particle, is de-
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termined by the relation 

,
2e B B

S eg
mh

µ µ µ= =


                     (47) 

where µ  is the observable magnetic moment, Bµ  is the Bohr magneton, and 
S


 is the spin of the electron, e respectively m are charge respectively mass of 
the electron, and h  is the reduced Planck constant. 

However, the spin as half-integer quantum number of the electron was intro-
duced without any physical justification [40]. Very recently, a first attempt has 
been undertaken by He et al. [41] to connect the golden mean with the ad hoc 
spin-1/2 construct. Such golden mean approach may be the result of dark halo 
movement around the stretched electron in the sense of the Information Relativ-
ity theory. 

Remembering that the “anomalous part” of the gyromagnetic factor eg∆  was 
recently given by a simple and solely golden mean representation with sufficient 
accuracy [42] 

6

ln 1 0.002319312
24eg ϕ 

∆ = + = 
 

             (48) 

while a series expansion yields a value more accurate up to the tenth decimal 
place 

2 36 6 61 12 2.002319304
24 2 24 4 24eg ϕ ϕ ϕ   

= + − − =   
   

       (49) 

This result may be compared to the high accuracy of the best known experi-
mental value for ge determined as one-electron cyclotron transition for an elec-
tron trapped in an electrostatic quadrupol potential (Penning trap) [43] 

( )2.00231930436182 52eg =                (50) 

In a subsequently presented seminal idea of He et al. [41] the spin quantum 

number s in the spin momentum term ( )1S s s
h
= +



 was replaced by a quan-

tized golden mean ϕ  giving 

( )1
2

eg
ϕ ϕ= +                         (51) 

with the value ( )0.6190713336307 34ϕ =  as He-Chengtian average [44] [45] to 
adapt the full accuracy of ge/2. One can calculate ϕ  by a very simple formula, 
which resembles the representation for φ (Equation 7(a)) and delivers exactly 
the given value 

( )( )( ) ( )21 15 2 2 1 1 1
2 2e e eg g gϕ = + + − − = + −          (52) 

and for the IR corrected value of ge = 2.0023190900 (see Chapter 11) 

0.619071237ϕ =                        (53) 

Using this formula, the gyromagnetic factor resulted simply as function of α/π 
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[46] 

2 1 2 1 2.00232147
2

K
e

vg
c

α
≈ + = + =

π π
             (54) 

giving 0.619072302ϕ =                    (55) 

where vK is the Klizing speed and c the speed of light. 
The latest released values of Sommerfeld’s fine-structure constant α [47] re-

spectively its reciprocal value is quoted according to NIST [48] being 

( )0.0072973525693 11α =                   (56) 

( )1 137.035999084 21α− =                   (57) 

An approximation using the α/π series expansion yielded 
212 1 2.002318778

2eg α α ≈ + − = π π 
             (58) 

or 2 1 ln 1 2.002318782eg α ≈ + + = π 
            (59) 

and further 
4

1 5 4 ln 1 1
2

1 5 ln 1 1 0.619071099
2

αϕ

α

  = + ⋅ + −   π  
   = + + − =  π  





     (60) 

The deviation between this a bit underdetermined ϕ  value and the newly 
relativistic corrected one is in the seventh decimal place as well as the corres-
ponding g-factors. It is hoped that precisely re-determined experimental factors 
may lessen these deviations further.  

One may ask, what the infinitely continued fraction representation of ϕ  
would result in. We can write similar to the golden mean [28] 

1

1
1

5 1 1  
12 1 11

1

δϕ
δ

δ
δ

+ −
= =

− +
− +

− +





            (61) 

The calculation with 
5

1
10.00374774

266.6 4!
δ ϕδ
ϕ

= ≈ ≈ ≈  yielded  

0.619071096ϕ = . Indeed, the number 266.6� is very interesting. Division of this 
number by integers frequently delivers numbers with repeating decimals, exem-
plified by 266.6 24 11.1= . If one associates this number with rounds, then one 
would need 27 ones to complete 20-times the full 360 degrees extent. 

With an assumed involvement of the fifth power of the golden mean in the 
continued fraction representation one may speak of a nested golden mean re-
presentation. This result supports once more the fractal-deterministic approach 
chosen for the physics of the electron beyond the ad hoc half-spin assumption, 
characterizing the electron as complexly nested resonating entity. An alternating 
approach for the gyromagnetic factor is given in Appendix II. 
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11. Alteration of Fundamental Constants 

The calculation of the electron’s gyromagnetic factor is the prime example for 
application of the QED. However, a cascade of Feynman diagram calculation 
must be done to determine the pre-factors of systematic perturbative expansions 
in powers of α/π [46] [49]. It is not so long ago that Gabrielse et al. asked 
“whether it is likely that other adjustments of the QED theory will shift the α 
that is determined from the electron g?” and answered “we hope not” [50]. Nev-
ertheless, the QED theory should be corrected for IR transformations to iron out 
some flaws, and the author suggests a considerable simplification of QED calcu-
lations as a renewed successful tool, altering the inferred α constant, and related 
to it, the charge of the electron. Also importantly, the experimental value of g 
must be corrected, too. The applied relativistic shift of the cyclotron frequency  

c
eB
m

ω
γ

=  (ωc = cyclotron frequency, B = magnetic field strength in Tesla) was  

performed using the familiar relativistic factor γ. However, γ should be replaced 
by the mass transformation according to the IR theory [8] 

0

1
1

m
m

β
β

−
=

+
                         (62) 

For the classical case the corrected frequency ωc is 

0 21 n
c

E
mc

ω ω  = − 
 

                      (63) 

where the energy En of the nth quantum state of a harmonic cyclotron oscillator 
is given as 

1
2n cE n hω = + 

 
                      (64) 

The classical relativistic shift δ in the cyclotron frequency per energy quantum 
was approximated by the level spacing of the harmonic oscillator giving [51] 

( )2 2
ch mcδ ω= −                       (65) 

For the IR theory one yields a much greater and positive shift because the 
cyclotron frequency yields now 

0 2

2
1 2 n

c
E

mc
ω ω ⋅

 
≈ + ⋅  

 
                   (66) 

The relativistic shift δ is approximated by 

0 0 02 2 2

dd 22 22 2
d d

nc n
c

n

E E
h

n nmc mc E mc
ω

δ ω ω ω ω≈ = ⋅ = ⋅ = ⋅   (67) 

The gyromagnetic factor as ge/2 can be determined from the observed eigen-
frequencies [51] 

 
1

2
e a m

c m

g ω ω
ω ω

−
= +

−
                      (68) 

where the ω  values are marginally modified with respect to the free-space val-
ues, aω  is the anomalous frequency, and the spin frequency is s c aω ω ω= + ,  
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2

2
z

m
c

ω
ω

ω
=  is the magnetron frequency, using the dip frequency ωz in Hz [51].  

For the experimentally chosen cyclotron frequency of νc = 149.2 GHz, the clas-
sical relativistic shift is calculated to be δ = −2π∙182.1 Hz compared to the IR 
corrected one giving δ = +2π∙14.78 Mhz. One can estimate that ge becomes noti-
ceably smaller by a factor of approximately 1.0001, meaning a correction of ge 
from the seventh decimal point downwards to about 2.00231909eg ≈ ? 

Now the scientific community is waiting for a most precise redetermination of 
the g-factor as well as the related Sommerfeld constant by experts [49] [51]. The 
aforementioned Zitterbewegung approach of Niehaus [17] should be revised by 
that author himself. The comment of the present author may have fulfilled its 
true purpose, if research on this topic proceeds well with application of the IR 
theory [52].  

12. Fractal Superconductivity 

Nature presents much more relationships to keep in mind, where the golden 
mean is involved, and superconductivity is no exception. However, we must 
reassess the theory considering the dark matter surrounding the moving elec-
trons, which dive into the dark after marriage, or in other words, become super-
conducting under special conditions. Before a golden ratio in the spin dynamics 
of the quasi-one-dimensional Ising ferromagnet CoNb2O8 was experimentally 
verified next a phase critical point by Coldea et al. [53], the present author sug-
gested linking the optimum hole doping 0σ  of high-Tc superconductors with 
the golden mean in the form of Hardy’s maximum quantum probability of two 
particles [15]  

5
0

8   0.2293σ ϕ≈ =
π

                       (69) 

Obviously, this optimum is again near a quantum critical point in the phase 
diagram. In addition, the relation of the Fermi speed to the Klitzing speed comes 
out as 

52   0.0571F

K

v
v

ϕ≈ =
π

                      (70) 

Both relations document the fractal nature of the electronic response in su-
perconductors. It was suggested recently that the same is true for conventional 
superconductors [16]. Also Prester had reported before about evidence of a 
fractal dissipative regime in high-Tc superconductors [54]. 

Interestingly, some time ago the present author connected the optimum tran-
sition temperature Tco of high-Tc superconductors with a Fibonacci number fi, 
proportional to a domain width, by the relation Tco = 12,000/fi [15]. One yields 
the integer number 45, again as a product of solely Fibonacci numbers, when di-
viding this number by the number 266.6  (see Chapter 10). 

Quantum entanglement of two moving electrons may be influenced by local 
interaction of their interwoven dark matter surroundings, quoting the cogwheel 
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picture of Suleiman [8]. What happens, if two stretched electrons locally interact 
to become superconducting? May such particle stretching in the end lead to a 
double-helically wounded wavy entity, which escapes in the dark? Nature is 
known to copy itself again and again. So the double-helix approach is not only 
beautiful, if we quote Gauthier’s proposed entangled double-helix superluminal 
photon model [55]. Therefore, a model calculation for superconducting electron 
strands is suggested based on this idea, addressing the problem of left and right 
(mirrored) strands as well as objections against an apparent superluminal veloc-
ity. The double helix strand in nature is a special fabric of duality.  

13. Evolution of Life 

Nature repeatedly applied its building plans, based on the hierarchical golden 
number system, from largest to smallest dimensions, from the cosmos to the 
smallest living cell. Inasmuch the golden ratio is involved, reciprocity is consi-
dered as a vital element of life. Recently, thoughts to the link between cosmology 
and biology are impressively formulated [56]. Self-similarity as an element of 
chaos is intimately connected with self-organization of life producing compacted 
information and consciousness. However, visions about life such as England’s 
provocative approach of dissipation-driven adaption [57] or Pitkänen’s formula-
tion [58] suffer from not considering duality of particle and wave or reciprocity 
of matter and dark matter [8] and should be adapted to the new physics. 

The evolution of life may take place similar to the statistical bootstrap model 
of colliding heavy particles, so the Hagedorn temperature TH comes into play. I 
quote the formulation of Rafelski and Ericson [59] to explain this: “When a drop 
of particles and resonances is compressed to the ‘natural volume’, it becomes 
another more massive resonance. This process then repeats, creating heavier re-
sonances, which in return consist of resonances, and so on”. 

This nesting looks like a Menger sponge [56] [60]. The process could explain 
the evolution of life with TH around ambient temperatures. 

With respect to the entire energy density of φ2 at the phase critical point β = φ 
one may suggest formulating the Hagedorn temperature TH proportional to the 
squared golden mean φ, where α′  is formally the tension of a string. 

2 1
HagT ϕ

α
⋅≈

′
                         (71) 

It remains to interpret the not liked string tension by a more appropriate 
thermodynamic quantity at ambient equilibrium conditions. 

14. Conclusion 

The duality between a compacted entity and its surrounding in general as well as 
the duality between a moving particle or body and the accompanying wave or 
reciprocity between matter and dark matter is the very spice of life. This was 
proven by the beautiful information relativity theory of Suleiman. Reciprocity is 
impressively formulated by the words of Wolfgang Pauli: “God made the bulk; 
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surfaces were invented by the devil” (quoted from [56]). As a consequence of the 
IR theory some natural constants such as the gyromagnetic factor of the elec-
tron, Sommerfeld’s fine-structure constant as well as the charge of the electron 
are proposed to be marginally altered. The interpretation of superconductivity is 
influenced by the IR approach, too. Also the evolution of life may find a new ba-
sis. If we have fully understand the new IR physics with its particle-wave reci-
procal dualism and intrinsic harmony, then we can shape our environment more 
effectively to achieve a balance between plants, animals and human beings, 
which enables a long-term life for all of us on earth. In this sense the golden 
mean should provide more beauty than chaos. 
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Appendix I 

About the Meaning of the Terms Reciprocity, Duality and Complementarity 
These terms, omnipresent in many disciplines of science (physics, mathemat-

ics, philosophy, music, economy, etc.) can certainly have different meanings, 
even if they have something in common.  

In mathematics, a reciprocal of a number is its multiplicative inverse, but an 
inverse is not necessarily a reciprocal. Reciprocity in the amounts of matter and 
dark matter is formulated according to Equation (39) of the main text. Impor-
tant for mathematics and physics, a reciprocal vector system can be created by 
Fourier transformation. However, reciprocity in physics may have a more gen-
eral meaning when describing a mutual dependence or influence.  

Duality in mathematics can be demonstrated on platonic solids, also familiar 
for a crystallographer. The convex hull of the center points of each face of a 
starting polyhedron results in a dual polyhedron such that, for instance, the cube 
and the octahedron form a dual pair, but the tetrahedron is self-dual. In physics, 
the most prominent example for duality is that between matter and piloting 
wave in the sense of the De Brogly-Bohm approach [12]. According to the IR 
theory of Suleiman [8] the relation between matter density and the dark matter 
surrounding may be quantified as “reciprocal duality”, where an amount of 
matter is transformed into an equal amount of dark matter depending of the re-
cession velocity respectively redshift of a moving body (Figure 6).  

Finally, the concept of complementarity in quantum physics has been formu-
lated and coined by Bohr in his Como lecture of 1927, describing the familiar 
case of reciprocal uncertainty between position and momentum of an electron as 
conjugate variables [61]. It means that it is hardly possible to know simulta-
neously with an arbitrary accuracy the outcomes of these variables. Another 
example of conjugate variables is the magnetic field strength in comparison to 
the electric one. An elaborated logical analysis of complementarity has been 
given by Bedau and Oppenheimer [62]. In his late years Bohr was interested in 
philosophical aspects of complementarity as given in the Yin and Yang conju-
gate principle of the ancient Tao, and on his gravestone the Taoist symbol is en-
graved. 

In mathematics, a number and the complement to a number add up to a 
whole of some amount. If one performs the reciprocal of these numbers and re-
normalize the resulting values, then complement and primal number change 
their values [4]. In this way one may speak also of reciprocity when dealing with 
matter density and the dual dark matter density according to Figure 6. 

Appendix II 

Another approach for the gyromagnetic factor used the fifth power of ϕ  with 
the value 5 0.09092922100312ϕ = . An approximation is the inverse Lucas 
number L5 = 11 as combination of two inversely related irrational numbers (see 
Equations (13) to (15)) 
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( ) ( )
1 15 5   11 0.0909090ϕ ϕ
− −− − = =                 (72) 

However, physically more convenient is the expression 

0.091 012
2

7Kv
c
π⋅

=   

where vK is the Klizing speed and c the speed of light. This term keeps no di-
mension, as required. If we are working with a speed, according to the IR theory 
the information offset has to be corrected. The speed transforms as 

0

1v
v

β= +                          (73) 

combining the length transformation 
0

1
1

l
l

β
β

+
=

−
 with the time transformation 

0

1
1

t
t β
=

−
, where β = v/c is the recession speed [8]. Surprisingly, an additional 

1

0

1t
t

β
−

 
= − 

 
 term is needed to give more accuracy and the following simple 

formula 

2

5 5 0.6190725
2 2 2 2 2

1 1 1 4K K K K Kv v v v v
c c c c c

     =         

π π π π π + − = − 
 

  (74) 

leading to 1.00116100597109
2

eg
=  or 2.00232201eg =          (75) 

Remarkably, this value is almost identical to the result of [37], because 
6

2 2.002322003
24
ϕ

+ =                       (76) 

Only now we are allowed to associate the term 2 Kv
c
π  with Sommerfeld’s 

fine-structure constant α [41] applying  

2
4Kv

c
α

π
= π                           (77) 

where α is a measure of the strength of interaction of an electron and a photon 
in the quantum electrodynamics theory (QED). The charge of the electron in 
QED (Lorentz-Heaviside) units has the numerical value of 4e α= − π . 

The accurate experimental value for the gyromagnetic constant could be at-
tained from Equation (74) using an adapted fine-structure constant of 

0.007297279955669α′ =                    (78) 

respectively 1 137.037362698897742α −′ =              (79) 

where 76.43 10α α −′ − = ×                     (80) 

Tackling the problem of the not fully adapted accuracy in comparison to the 
experimental value, one can multiply the term under the fifth root of Equation 
(74) by a factor of 0.9999902180 or alternatively reduce the Klitzing speed by a 
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factor of 0.99999004931863 respectively the charge of the electron by a factor of 
0.99999502464694. This adjustment may result partly from a correction of g as 
well as α with respect to the IR theory, besides needed radiative corrections.  
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Abstract 
This paper presents the information set which originates from a fuzzy set on 
applying the Hanman-Anirban entropy function to represent the uncertainty. 
Each element of the information set is called the information value which is a 
product of the information source value and its membership function value. 
The Hanman filter that modifies the information set is derived by using a fil-
tering function. Adaptive Hanman-Anirban entropy is formulated and its 
properties are given. It paves the way for higher form of information sets 
called Hanman transforms that evaluate the information source based on the 
information obtained on it. Based on the information set six features, Effec-
tive Gaussian Information source value (EGI), Total Effective Gaussian In-
formation (TEGI), Energy Feature (EF), Sigmoid Feature (SF), Hanman 
transform (HT) and Hanman Filter (HF) features are derived. The perform-
ance of the new features is evaluated on CASIA-IRIS-V3-Lamp database us-
ing both Inner Product Classifier (IPC) and Support Vector Machine (SVM). 
To tackle the problem of partially occluded eyes, majority voting method is 
applied on the iris strips and this enables better performance than that ob-
tained when only a single iris strip is used.  
 

Keywords 
Information Sets, Energy Feature (EF), Sigmoid Feature (SF), Hanman 
Transform (HT), Hanman Filter (HF), Hanman-Anirbanentropy Function 

 

1. Introduction 

Representing the uncertainty in the fuzzy sets conceptualized by the pioneering 
work of Zadeh [1] is the main theme of this work. The fuzziness of a fuzzy set is 
called the uncertainty by another exponent of fuzzy sets, Yager [2] who has in-
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troduced the concept of specificity as an important measure of uncertainty in a 
fuzzy set or possibility distributions. As we are aware any crisp set is deemed to 
have zero fuzziness, finding the difference between the uncertainty and the 
specificity [3] of a fuzzy subset containing one and only one element is one way 
of measuring the uncertainty. Representing the uncertainty in the fuzzy sets by 
the entropy functions is another way.  

Most of the entropy functions were defined in the probabilistic domain as an 
entropy measure gives the degree of uncertainty associated with a probability 
distribution. The Shannon entropy function [4] defined in the probabilistic do-
main has the logarithmic gain function which creates problems with zero prob-
ability; so it is replaced with the exponential gain in Pal and Pal entropy function 
[5]. The Hanman-Anirban entropy function [6] contains polynomial exponen-
tial gain with free parameters which enable it to become a membership function. 

Motivation 

The motivation for this work stems from two reasons. 1) To expand the scope of 
information sets in [6] by defining an adaptive exponential gain function that 
empowers a membership function to act as an agent, and 2) To develop higher 
form of information sets such as Hanman Transform that helps evaluate the in-
formation source values by way of higher level uncertainty representation and 
Hanman filter that helps modify the information. 

In our previous work [7] we have introduced the information set and also de-
veloped some features and inner product classifier (IPC) for the authentication 
based on ear. In the present work we embark on extending the information sets 
to represent higher forms of uncertainty in addition to formulating a new classi-
fier. The original information set features were derived from the non-normalized 
Hanman-Anirban entropy, which is not suitable for representing higher forms of 
uncertainty because of its constant parameters; hence this entropy needs to be 
made adaptive by assuming its parameters as variables. The power of the resulting 
adaptive entropy is immense as it can tackle both time varying and spatially vary-
ing situations. Our main consideration is here to see the applicability and suitabil-
ity of information set based features for the distinct and unique iris textures.  

The paper is organized as follows: Section 2 introduces the information set 
and describes the extraction of features based on this set in Section 3. Segmenta-
tion of iris and use of the information set based features for iris authentication 
are discussed in Section 4. Inner Product classifier (IPC) is described along with 
the formulation of Hanman Transform classifier in Section 5. The results of ap-
plication of IPC on the Iris database using the proposed features are given in 
Section 6 followed by the conclusions in Section 7. 

2. An Introduction to Information Sets 

Assume a fuzzy set formed from a set of gray levels { }ijI  termed as the infor-
mation source values and the corresponding membership function values 

{ }ijµ . Each pair ( ),ij ijI µ  in the fuzzy set becomes a product in the informa-
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tion set on representing the uncertainty in the information source values using 
the Hanman-Anirban entropy function proved later. 

Probability vs. Possibility: We consider here two types of uncertainty: prob-
abilistic uncertainty which results from the probability distribution of the in-
formation source values (gray levels) and possibilistic uncertainty which results 
from their possibility distribution. The uncertainty in the probability distribu-
tion is defined by the Shannon entropy function [4] as 

logSh
ij ijH p p= −∑∑                      (1) 

where 1ijp =∑∑ . Pal and Pal [5] have used the exponential gain function in 
place of the logarithmic gain function to define 

1e ijpPP
ijH p −= ∑∑                       (2) 

These two entropy functions give a measure of the probabilistic uncertainty. If 
we replace ijp  by the normalized ijI  in the range [0,1] the logarithmic gain 
function log ijI  from (1) and the exponential gain function 1e ijI−  from (2) 
can’t model the possibility distribution of ijI  due to lack of parameters in 
them. Unlike probability distribution the possibilistic distribution requires a 
membership function which in turn needs parameters to model the distribution. 
As Hanman-Anirban entropy function being information theoretic entropy 
function contains parameters in its exponential gain function, which we can use 
to convert the gain function into a membership function. The non-normalized 
form of this function is defined as. 

( )3 2

e ij ij ijap bp cp d
ijH p

− + + +
= ∑∑                    (3) 

Just as (1) and (2), (3) is also probability based but it can represent the possi-
bility distribution of ijI  after substituting it to replace ijp  in (3) and then 
choosing the parameters in the exponential gain function as statistical. The well 
known membership functions to represent possibility distribution are exponen-
tial and Gaussian membership functions, given by  

( )
2

e

ij ref

h ref

I I

fe
ijµ

 − − 
 
 =                         (4) 

( )

2

2
e

ij ref

h ref

I I

fg
ijµ

 −
 −
 
 =                         (5) 

where e
ijµ  is the exponential membership function, g

ijµ  is the Gaussian mem-
bership functions and refI  is taken as maxI . The fuzzifier ( )

2
h reff  [8] that gives 

the spread of the information source values with respect to the reference is de-
fined as 

( )
( )
( )

4

1 12
2

1 1

W W
ref iji j

h ref W W
ref iji j

I I
f

I I
= =

= =

−
=

−

∑ ∑
∑ ∑

                   (6) 

This gives more spread than possible with variance. We will now consider a 
triangular membership function given by 
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max

avg ijtr
ij

I I

I
µ

−
=                          (7) 

Note that maxrefI I=  is the maximum of ijI  in a window or sub image. As-

suming ( )3 2 0ij ij ijaI bI cI d+ + + >  and setting the parameters as, 0a = , 0b = , 

( )
2

1

h ref

c
f

= , 
( )
2
ref

h ref

I
d

f
= − , Equation (3) takes the form with gain function be-

coming exponential: 
e

e ij ijH I µ= ∑∑                         (8) 

Similarly with another choice of parameters, 0a = , 
( )
2

1
2 h ref

b
f

= ,  

( )
2

2
2

ref

h ref

I
c

f
= − , 

( )

2

22
ref

h ref

I
d

f
= , Equation (3) takes another form with gain function 

becoming Gaussian: 
g

g ij ijH I µ= ∑∑                        (9) 

It may be noted that in the derivation of (8) and (9) the parameters are chosen 
to be statistical computed from the statistics of the sub images in windows and 
we are avoiding the normalization of the information, H in all equations but the 
normalization is inevitable during feature generation because of practicality. For 
the generality of membership function we ignore the superscripts e and g in Eq-
uations (8) and (9) respectively and represent the information set as 

( ) { } ( ){ } [ ]; 0,1ij
ij ij ij I

ij

H
I I H I I

I
µ= = = ∈∫             (10) 

We can also derive the entropy function using the triangular membership 

function. Assuming 0a = , 0b = , 
max

1c
I

= , 
max

avgI
d

I
= − ; we have,  

e
tr
ij tr

tr ij ij ijH I Iµ µ−= =∑∑ ∑∑  since e 1
tr
ij tr tr

ij ij
µ µ µ− = − = . The information set  

denoted by ( ) { }tr ij ijI I µ=  contains the complement of membership function. 
In the context of information sets, the role of the membership is enlarged by 
terming it as an agent, which can be its complement, square or intuitive. The 
agent can take care of both spatially and time varying information source values. 

Definition of Information Set: A set of information source values can be 
converted into an Information set by representing the uncertainty in their dis-
tribution. The basic information set consists of a set of information values with 
each value being the product of information source value (property/attribute) 
and its membership value (agent in the general case). It is denoted by 

( ) { }ij ijI I µ=                          (11) 

Note that the membership function not only represents the distribution of in-
formation source values but also acts as an agent that helps generate different 
information sets such as { }2

ij ijI µ , { }2
ij ijI µ , { }1 2

ij ijI µ . 
Derivation of Information Sets by the Mamta-Hanman Entropy Function: 
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The 2D non-normalized form of this entropy function [9] is given by 

( )
1 1 e ijcp dn nMH

iji jH p
βα

γ − +

= =
= ∑ ∑                   (12) 

This entropy function allows us to change not only the exponential gain func-
tion but also the information source values thereby facilitating the generation of 
different types of information sets very easily. It is easy to derive (9) by fixing  

ij ijp I= , 
( )
2

1

h ref

c
f

= , 
( )
2
ref

h ref

I
d

f
= , 1γ = , 1α =  and 2β = . The exponential 

gain function in (11) becomes ( )
2

e

ij ref

h ref

I I

f

ij

β

βµ

 − − 
 
 =  leading to ij ijH I γ βµ= ∑∑  

and the corresponding information set is ( ) { }ij ijI I γ βµ= . This form allows to 

derive different information sets { }2
ij ijI γ µ  and { }1 2

ij ijI γ µ  with 2β =  and 

1
2

β =  respectively by converting the exponential gain function, ( )e ijap b
βα− +

 into 

a membership function ijµ . 

2.1. Hanman Transforms 

These transforms are higher form of information sets. Note that information sets 
are the result of determining the uncertainty in the information source values 
whereas the transforms will be shown to be the result of determining the uncer-
tainty in the information source values by the information gathered on them. 
The formulation of transforms is only possible if the parameters in the Han-
man-Anirban entropy function are varying though they are assumed to be con-
stant [6]. We now present the adaptive entropy function and its properties. 

2.2. The Adaptive Hanman-Anirban Entropy Function 

The non-normalized Hanman-Antropy function with the varying parameters is 
called the adaptive entropy function which is relevant to spatially varying and 
time varying information source values. To this end, we modify this entropy 
function by taking two parameters a and b as zeros and other two parameters c 
and d as variables. The resulting adaptive entropy function is therefore: 

( ) ( )
1 1 e ij ij ijc I dn nT

iji jH I I − +

= =
= ∑ ∑                  (13) 

0 1ijI≤ ≤ . We will now prove that (13) satisfies the properties of an entropy 
function when ijc  and ijd  are varying. 

The Proof of Properties: 
1) The exponential gain function also called the information gain  

( ) ( )e ij ij ijc p d
ijI p − +

=  is the continuous function (here ( )iI p  should not be con-
fused with Iij which stands for the information source) for all [ ]0,1ijp ∈  and 

[ ], 0,1ij ijc d ∈ , so ( )e ij ijc p d
ijp − +  is a continuous function being the product of two 

continuous functions and hence H being the sum of continuous functions is also 
a continuous function.  
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2) ( )ijI p  is bounded. Since ( )e 1ij ij ijc p d− +
<  which means that  

( )e 1ij ij ijc p d
ijp − +

< . As ( )e ij ij ijc p d
ijp − +  is bounded for each I, H is also bounded. 

3) With increase in ijp , ( )ijI p  decreases since 0ijc > .  

4) When 1
ijp

n
= , then H is an increasing function of n. 

( )
1 1 1 1

1e e e
ij ij

ij ij
ij ij ij

c c
d d

c p dn n n n n n
iji j i jH p

n

   
− + − +      − +    

= = = =
== =∑ ∑ ∑ ∑      (14) 

2 e 0
ij

ij
c

d
nijcH

n n

 
+  − ∂

= >
∂

                     (15) 

so H is an increasing function of n. 

5) ( )
1 1 e ij ij ijc p dn n

iji jH p − +

= =
= ∑ ∑  is a concave function where [ ]0,1ijp ∈  and 

1 1 1n n
iji j p

= =
=∑ ∑ . 

The function is concave if the Hessian matrix is negative definite. 

( ) ( )e eij ij ij ij ij ijc p d c p d
ij ij

ij

H c p
p

− + − +∂
= −

∂
                (16) 

( ) ( ) ( ) ( )
2

2
2 2 e e e 2ij ij ij ij ij ij ij ij ijc p d c p d c p d

ij ij ij ij ij ij
ij

H c c p c c p
p

− + − + − +∂
= − + = −

∂
    (17) 

as ijc  and ijp  are in the range [0, 1]. 
2

2

1 , 2 0ij
ij ij

ij

cHp c
n np

 ∂
= = − < 

∂  
                 (18) 

The Hessian matrix 
2

2F
ij

HH
p

∂
=
∂

 is the second order partial derivative of 

square matrix having the following form:  

1

2

3

0 0 0
0 0 0
0 0 0

0 0 0

F

n

H

β
β

β

β

 
 
 
 =
 
 
  







    



                 (19) 

where ( )2 0i ij ij ijc c pβ = − < ; hence all the Eigen values of this Hessian matrix 
are negative. Thus Hessian is negative definite. So the entropy H is concave. 

6) Entropy H is maximum when all ijp ’s are equal. In other words, 

1 , ,ijp i j
n

= ∀  

1
ijp

n
=                            (20) 

In that case, 2 0,ij
i ij

c
c i

n
β

 
= − < ∀ 

 
. 

7) The entropy is minimum if and only if all ijp ’s are equal to 0’s and single 
1ijp = . 
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Significance of Adaptive Hanman-Anirban Entropy Function: We have al-
ready seen the role of the information gain as an agent when the parameters are 
constant. We will now examine its usefulness in the context of varying parameters, 
i.e. ( ) ( )

  e ij ij ijc p d
ijI p − +

= . Taking the derivative of ( )ijI p  w.r.t. “ ijc ” we get,  

( ) ( )e ij ij ijc p dij
ij

ij

G p
p

c
− +∂

= −
∂

. This means that the absolute derivative of the infor-

mation gain with respect to the parameter, i.e. 
( )ij

ij

I p

c

∂

∂
 gives the information  

value. When the information gain is changing as a result of change in the pa-
rameter responsible for modifying the information source value, i.e. ijp  in this  

case, it produces the information set ( ){ }e ij ij ijc p d
ijp − +  after adjusting the sign as  

the information value must be positive. The higher form of the information set 
results if the parameter is also an agent by itself. We will now derive the trans-
forms based on this concept. 

2.3. The Adaptive Hanman-Anirban Entropy Function as the  
Transform 

Fixing 0d = , maxij ijc Iµ=  in (13) the entropy function takes the new incar-
nation called Hanman transform which transforms the spatial domain informa-
tion source values into the information domain as:  

( ) ( )maxe ij ijI I
T ijH I I µ−

= ∑∑                    (21) 

In this, the exponential gain is made as a function of information value ij ijIµ
which is already shown to be a measure of the uncertainty. The new gain func-
tion termed as an agent is a function of the information value.  

Note that the information source value weighted by this new agent in Han-
man transform (21) gives a better representation of the uncertainty. The division 
of ijµ  by the maximum gray level in a window, maxI  is necessitated from the 
fact that this ratio serves as a better statistic than mere ijµ  in (21). Note that if 
information source values are normalized already, no division is needed. 

Proof: The zero order transform can be obtained if we take 0ijc = , ij ijd µ=
in (13) leading to ( ) ( )e 1ij

T ij ij ijH I Iµµ µ−= = −∑∑ ∑∑ . Similarly we can 
have ( ) ( )e 1ijp

T ij ij ijH p I I p−= = −∑∑ ∑∑ . Note that the deviations of possi-
bility distribution and probability distribution from unity are causing the uncer-
tainty in the information source values. Here agents are e ijµ−  and e ijp− . In the 
case of Laplace transform the agent is e st−  where 1s t= . If we choose 

ij ijd i tµ= ; then the agent in Fourier transform is ( )e iji tµ− ⋅  which is complex. On 
the other hand ( ) ( )e 1ijp

T ij ij ijH p p p p− == −∑∑ ∑∑  is not a transform as it 
is a function of ijp  only. The first order transforms are: e ij ijI

ijI µ−∑∑  and 
e ij ijI p

ijI −∑∑  where ij ijI µ  and ij ijI p  represent possibilistic and probabilistic 
information values respectively. In view of this discussion the definition of 
transform now follows. 
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Definition of Transform: The gain function in the adaptive entropy function 
can be a function of the probabilistic information (distribution) or possibilistic 
information (distribution) and it weights the information source values giving 
rise to the first order (zero order) transform. 

The Relevance of Transforms to the Real Life Scenario: The information 
source values received by our senses are perceived by the mind as the informa-
tion values; hence these are natural variables just as the fuzzy variables. That is, 
using the information values perceived by the agent on the information source 
values, the entropy improves its uncertainty representation. 

The Relation between Information Sets and Hanman Transforms: The 
information sets are derived directly from the Hanman-Anirban entropy func-
tion and those derived from the adaptive Hanman-Anirban entropy function are 
higher form of information sets. The latter are useful for the representation of 
time varying and spatially varying information source values. 

The Heterogeneous Transforms: 
If the agent ( )maxe ij ijI Iµ−  is from another information source ijÍ  along with 

its membership function ij
'µ  and the reference parameter maxÍ  then (21) be-

comes what is called Heterogeneous Transform.  

( ) ( )maxe
' ij ijÍ

ij
Í

TH I I
µ−

= ∑∑                     (22) 

In this the agent from a different information source evaluates the informa-
tion source of interest.  

Algorithm for Hanman Transform Features 
1) Compute the membership function value for each gray level in a window of 

size W × W. In our experimental study we have used e
ijµ  using Equation (4) for 

computing the membership value. 
2) Obtain the normalized information value by dividing the information value 

with the maximum gray level in the window. 
3) Multiply the normalized information value from Step 2 with the corres-

ponding gray level in Equation (21). 
4) Repeat Steps 2 and 3 in a window and sum all the products to get a feature 

value. 
5) Form a feature vector by repeating Steps 1 - 4 on all windows of an iris strip. 

2.4. Hanman Filter 

Invariably the information sets derived from the fuzzy sets may not possess de-
sirable characteristics. By modifying the information sets by certain functions or 
operators it is possible to get better features. The modification of the informa-
tion is required to meet certain objectives like better classification or a new in-
terpretation. 

Let us see how to modify the information ij ij ijH I µ=  at a pixel in a window. 
This is done by taking the membership function as a function of parameter s. 
The modified ijH  is defined as 
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( ) ( )ij ij ijH s I sµ=                       (23) 

The dependency of the membership function in (22) on s is incorporated as 

( ) ( )
2

e

ij avg

h ref

I I

sf

ij sµ

−
−

=  for { }0.4,0.6,0.8,1s∈              (24) 

In type-1 fuzzy sets, the fuzzier is constant as in (24) but the type-2 fuzzy sets 
result from varying ( )

2
h reff . Here the membership function depends on scale. We 

will modify ( ){ }ijH s  by using an agent to provide a new content through the 
Hanman-Anirban entropy function with the substitution: ( ) ( )ij ijp s H s= , 

0c = , ( )( )log cos 2 ,ij ijd F s u= − π  leading to 

( ) ( ) ( )1 1 cos 2 ,n n
F ij iji jH I H s F s u

= =
= π∑ ∑              (25) 

where the parametric frequency of the cosine function is defined as
 

( ) max
2,

2 2
ij avg

ij u s

I IF
F s u

− 
=  

 
; [ ]1,2,3u∈ , [ ]0.4,0.6,0.8,1s∈  with max 0.1F = .  

We can write the r.h.s. of Equation (25) as  
( ) ( ) ( ) ( )cos 2 , cos 2 ,ij ij ij ij ijH s F s u I s F s uµπ = π , which is a product of the infor-

mation value and the cosine function. This filter is different from Gabor filter 
which is the convolution of image and the product of the Gaussian and cosine 
functions. We have no such restriction for ( )ij sµ  in (25). By using Fij we can 
create several information images having varied frequency components. These 
images are aggregated to get a composite image. Next windows of varying size 
are used to partition this image and the values within a window are averaged to 
get a feature value. 

Definition of 1st Order Filter: If ( )ij sµ  is a function of Iij as in (24) then 
(25) is termed as the first order Hanman filter. 

Definition of Zero-Order Filter: If ( )ij sµ  is not a function of Iij but only a 
constant then (25) is termed as the zero-order Hanman filter. Let us choose  

( )

2 2

2
h ref

i jd
sf
+

=  in the exponential gain function by keeping 0a b c= = =  then it 

converts the zero-order Hanman-filter similar to Gabor type as given by  

( ) ( )

2 2

2

e h ref

i j
sf

ijµ s

 
+ − 

 
 =                       (26) 

We can fix “s” in (25) to any value. In the general case s is fixed to the window 
size, i.e. s = w. Then we have 

( ) ( )

2 2

2 2

e h ref

i j
w f

ij sµ

 
+ − 

 
 =                      (27) 

An algorithm for the extraction of Hanman filter features is as follows: 1) 
Generate 12 information sets using a window of size W × W for W = 7 from an 
image for 3 values of u and four values of s, 2) Form the composite information set 
by aggregating all 12 sets, 3) Consider the average value in a window as the feature, 
4) Repeat Steps 1 - 3 on all windows in an iris image to produce a feature vector, 

https://doi.org/10.4236/jmp.2020.111008


M. Hanmandlu et al. 
 

 

DOI: 10.4236/jmp.2020.111008 131 Journal of Modern Physics 
 

and 5) Generate different feature vectors corresponding to different values of W. 
The Utility of Hanman Filter: Its utility is vested with the choice of a suitable 

type of functions that can modify the information. Consider an example of 
charcoal the elements of which may be represented as { }i iI µ  whereas the ele-
ments of the burning charcoal may be represented as the product of information 
value and temperature of charcoal, i.e. ( ){ }4

i iI f Tµ . 
The Difference between the Hanman Transform and the Hanman Filter: 

The function of Hanman transform is to evaluate the information source values 
by the gain function using the information already obtained on it while the func-
tion of Hanman filter is to modify the information using a suitable function. 
They lead to higher forms of the information sets because the gain functions 
used are functions of information values.  

Hanman Filter Features 
An Example: Let us consider window of size 5 × 5 from Iris strip. The original 
gray levels are represented by 0

ijI , the normalized gray levels by  ijp , probability 
distribution by  ijp  and membership function values (Gaussian) ijµ . Features 
of the First order HF are extracted using Equation (25) and those of the Zero 
order HF are extracted using Equation (26). 

Two typical feature values for three values of frequency change (u) and two 
values of scale change (s) are shown in Table 1. A comparison of recognition 
rates due to different feature types is shown in Table 2 in which the basic In-
formation values yield (3rd column) the highest recognition rate and the next 
highest recognition rate is by a kind of Hanman transform (5th column) that 
evaluates the information source values based on the membership function val-
ues instead of information values as in Hanman transform (7th column). 

2.5. Divergence 

If two memberships in the role of agents evaluate the same information source 
value, we get the divergent information. Let ijI  be the set of information source 
values and let 1

ijµ  and 2
ijµ  be the two membership functions that look at ijI  

differently. Then the divergent information is expressed as 
 
Table 1. Typical feature values of Hanman filter. 

Image Normalized image 
μ = 1, s = 0.4 μ = 1, s = 0.6 μ = 2, s = 0.6 μ = 3, s = 0.6 

feature values Feature values Feature values Feature values 

65 0.25 1.51 1.64 1.672 1.687 

69 0.27 1.53 1.65 1.679 1.69 

 
Table 2. Comparison of different features based on the results of authentication. 

Features e ip
ip −  e ij

ij
µµ −  ij ijIµ  e ip

ig −  e ij

ijI µ−  e i ig p
ig −  e ij ijI

ijI µ−  

Recognition 
Rates in % 

72.30 96.9 98.73 91.0 98.1 94.5 96.8564 
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( )1 2
D ij ij ijH I µ µ= −∑∑                     (28) 

The divergent evaluation simply follows from Hanman Transform as given by 

( )1 2

e ij ij ijI
DE ijH I

µ µ− −
= ∑∑                     (29) 

We can use this measure in quantifying the quality of evaluation of any in-
formation source.  

2.6. Random Information 

By changing the membership function values randomly one can distort the dis-
tribution pattern present in the information values. If r is the random number 
the basic information can be turned into random by using: 

R ij ijH rI µ= ∑∑                        (30) 

The corresponding random evaluation is expressed as, 

e ij ijrI
RE ijH I µ−= ∑∑                      (31) 

Assuming ij ij ij ijrI Iµ µ=  as the complementary information REI  can be 
termed as the twisted information. This leads to the twisted evaluation expressed 
as, 

e ij ijI
TE ijH I µ−= ∑∑                      (32) 

3. Derivation of Information Set Based Features 
3.1. Effective Information Source Value 

This feature directly emerges from the definition of the basic information set. 
The Effective Information source value from the kth window is computed from: 

ij iji j
k

iji j

I
I

µ

µ
=
∑ ∑
∑ ∑

                       (33) 

Replacing ijµ  with the Gaussian membership function g
ijµ  in (33) leads to 

what we term as Effective Gaussian Information (EGI): 

( )
g
ij iji j

g g
iji j

I
I k

µ

µ
=
∑ ∑
∑ ∑

                      (34) 

3.2. Total Effective Gaussian Information (TEGI) 

Just as the above, this feature also comes directly from the basic information. 
TEGI is defined as the product of Effective Gaussian Information ( )gI k  and 
the Effective Gaussian membership function value ( )g kµ , given by 

( ) ( ) ( )g
T gI k I k kµ= ⋅                      (35) 

where ( )g kµ  is computed using: 

( )
g
ij iji jg

iji j

I
k

I

µ
µ =

∑ ∑
∑ ∑
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We can also consider e
ijµ  instead of g

ijµ  or any arbitrary function but we 
have adopted only g

ijµ  in our study. 

3.3. Energy Features (EF) 

From (12) we can write the gain function as { } ( )max

2
2 2

e e
ij avg

tr
ij

I I
I tr

ij
µ µ

 
  
 

−
−

−
  


=


= 



.  

Here we have converted the gain function into the triangular function. Hence 
the energy feature from kth window taking 1γ =  is written as: 

( )2

1 1

1 m n tr
k ij iji jE I

m n
µ

= =
=

×
⋅∑ ∑                   (36) 

It may be noted that the choice of an appropriate membership function is an 
important issue that is evaded here by going in for an experimentally proven 
function.  

3.4. Sigmoid Features (SF) 

Unlike the energy features, these features are the result of considering the in-
formation values { }tr

ij ijIµ  in the form of the sigmoid function, SF expressed as 

1 1

1

1 e
tr
ij ij

m n avg
k i j I

I
S

m n µ= = −
=

× +
∑ ∑                    (37) 

where avgI  is the average gray level in the kth window. 
To extract features an iris strip is divided into windows of size 7 × 7 and the 

gray levels are normalized. The number of features is equal to the number of non 
overlapping windows fitted into an iris strip. The classification of features is 
performed using the Inner Product Classifier (IPC) in [7].  

4. Formulation of Inner Product Classifier (IPC) 

This classifier makes use of the error vectors between the training feature vectors 
of a user and a single test feature vector. As our objective is to get the error vec-
tor of the least disorder we generate all possible t-normed error vectors by ap-
plying t-norms on any two error vectors of a user at a time. As each normed er-
ror vector involves two training feature vectors; these are averaged to get the ag-
gregated training feature vector. The inner product of each t-normed error vec-
tor and the corresponding aggregated training feature vector must be the least to 
represent a user. The infimum of all the least inner products of all users gives the 
identity of a user. This is the concept behind the design of IPC.  

Before presenting an algorithm, let us denote the number of users by lN , the 
number of training samples per user by iN  and the number of feature values 

rN . The features are normalized by using: 

( )
( ) ( )

min

max min
f f

f
f f

H H
H

H H

−
=

−
                  (38) 

where fH  denotes the Information set based feature such as Effective Gaus-
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sian Information ( )gI k  (EGI), Total Effective Gaussian Information ( )TI k  
(TEGI), Energy feature kE  (EF), Sigmoid feature kS  (SF), Hanman Trans-
form TH  (HT) feature and Hanman Filter FH  (HF) feature. Note that fH  
stands for any one of the feature type ( ) ( ){ }, , , , ,g T k k T FI Ik k E S H H . 

Algorithm for IPC 
1) Compute the error vector ( )ile j  pertaining to a user (l) between the fea-

ture vectors VH  denoted as the feature vectors, ( ),l
trH i j  of the training sam-

ples of each user and as the feature vector ( ),l
teH k j  of the unknown test sam-

ple, given by  

( ) ( ) ( ),l l
il tr tee j H i j H j= −                     (39) 

where 1, 2, , iNi =  ; 1,2, , rNj =  ; 1,2, , lNl =   where i stands for ith sam-
ple of lth user and iN  is the number of samples of a user and rN  is the number 
of feature values. 

2) Compute the normed error vectors from all possible pairs ( ),i k  of error 
vectors ( ) ( )( ),il kle j e j  belonging to the lth user using the Frank t-norm as fol-
lows: 

( ) ( ) ( )( ), ,ik F il klj l t e j eC j=                    (40) 

where Ft  is the Frank t-norm given by: 

( )( ) ( )( )1 1
log 1

1

il kle j e j

Ft ψ

ψ ψ

ψ

 − −
 = +
 −
 

 for 2ψ =  

As , 1, , iNi k =  , the number of pairs ( ),i k  generated from (35) is 
( )2 1iN

c iiN N i
=

= − +∑ . Let 1,q = 
, cN  be the index for the number of pairs.  

3) Find the average feature value of ith and kth training samples from 

( ) ( ) ( ) ( ), ,
, ,

2

l l
tr te

q ik

H i j H k j
f j l f j l

+
= =              (41) 

The above normed error vectors ( ),qC j l  act as support vectors and the av-
erage feature vectors ( ),qf j l  act as weights. The necessary and sufficient con-
dition is that the inner product of ( ),qC j l  and ( ),qf j l  must be the least for 
the training sample to be matched with the test sample. 

4) Evaluate the inner product from 

( ) ( ) ( )1 , , ;Nu
q q qjE l C j l f j l i k

=
= ≠∑                 (42) 

The ( ) ( ){ }min qh l E l=  overall q is the error measure of associated with the 
lth user. While matching, which ever user yields the minimum of all ( ){ }min h l  
over all l provides the identity of the test user that owns the training sample. 

Extensions of IPC 
Assuming that the exponential membership function of ( ),qC j l  is  
( ) ( )  ,, e qC j l

q j lµ −=  and the corresponding information value is  
( ) ( ), ,q qC j l j lµ . Then replacing ( ),qf j l  with the exponential of this informa-

tion value in (42) gives the Hanman Transform classifier, expressed as, 
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( ) ( ) ( ) ( )  , ,
1 , e ;q qNu C j l j l

qT qjE l C j l i kµ−

=
= ≠∑               (43) 

Another extension is to have the weighted Hanman Transform classifier ob-
tained by combining (42) and (43) as 

( ) ( ) ( ) ( ) ( )  , ,
1 , , e ;q qNu C j l j l

qwT q qjE l f j l C j l i kµ−

=
= ≠∑            (44) 

5. Application to Iris Based Authentication 

The above information-set based features are now implemented on iris textures 
to demonstrate their effectiveness in the authentication of users. Many ap-
proaches are in vogue in the literature for the iris recognition but they fail to 
yield good recognition rates on the partially occluded irises. As the texture is a 
region concept the proposed approach proceeds with the granularization of an 
image by varying the window size on the iris strip so as to get an appropriate 
texture representation. Moreover the proposed information set based approach 
is capable of modifying the information on the texture to facilitate easy classifi-
cation. No new approach is attempted on segmentation of iris, so we have used 
the existing methods for segmentation. In this case study our emphasis is mainly 
on the texture representation and classification using the information set based 
features.  

5.1. A Brief Review of Iris as a Biometric 

Iris has been a topic of interest for person authentication ever since the pioneer-
ing works of Daugman [10] and Wildes [11]. In iris recognition, the onus is on 
selecting the most suitable features that enable accurate classification. As iris is 
endowed with a specific texture, it can be used for investigating new texture re-
presentations and classifiers. 

Gabor filter has played a significant role in characterizing the iris texture by 
way of iris codes generated using the phase information; hence it is one of the 
best tools to characterize and classify textures [12]. The advantage of using Ga-
bor filter is its ability to quantify the spatio-temporal component of texture. It 
may be noted that better recognition of irises can only stem out of better under-
standing of textures. Even after nearly 20 years of the inception of iris technolo-
gy, efforts are still on finding better features and classifiers [13] [14]. 

5.2. Literature Survey 

The original works of Daugman [10] and Wildes [11] are the harbinger for the 
iris based personal authentication. Daugman [10] [15] uses Gabor wavelet phase 
information whereas Wildes uses the Laplacian of the Gaussian filter at multiple 
scales as features. Some important contributions on iris recognition are now 
discussed. 

Segmentation of iris texture region plays a pivotal role in the iris recognition. 
Different approaches like morphological operations [16], thresholding using 
histogram curve analysis [17] are used for segmentation. Camus and Wildes [18] 
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have presented a method that doesn’t rely on the edge detection by Hough 
transform for segmentation. The method of Du et al. [19] determines the accu-
racy of iris recognition for a partial iris image. There are a host of problems such 
as non-circular shape of iris and pupil and off axis images, which have prompted 
special consideration [20] [21]. It has been proved that better iris segmentation 
will help in improving the overall performance of iris recognition [22]. Many 
new methods on iris segmentation can be found in [23].  

Gabor filter features are the most sought after so far as the texture is con-
cerned [24]. Other feature extraction methods like Hilbert transform [25], 
Wavelet based filters [26] are also extensively used in the literature. About the 
classification algorithms, mention may be made of the correlation of phase in-
formation from windows [27], Support Vector Machine (SVM) [28] apart from 
simple Euclidean distance classifiers. 

Practical implementation of iris based biometrics requires faster and more ef-
ficient data storage and a possible solution to this problem is suggested using 
FPGA [29]. Spoofing of iris from iris codes is a sure bet and to circumvent this, 
counterfeiting measures are developed in [30]. Factors affecting the quality of 
iris images captured using visible wavelength are investigated in [31]. Concerns 
regarding degradation of quality due to compression techniques are dispelled in 
[32]. The quality of iris images and its effect on the recognition rates are ana-
lysed with respect to the visible area of the iris texture region [33]. An attempt is 
made to enable iris recognition using directional wavelets [34]. New methodol-
ogy on biometric recognition using periocular region (facial region close to the 
eye) rather than the texture features from the visible iris in Near Infrared (NIR) 
lighting conditions are discussed in [35] whereas iris recognition using the score 
level fusion techniques on video frames is presented in [36]. 

5.3. Segmentation of Iris and Generation of Strips 

Segmentation forms a very important part of iris recognition as is evident from 
its effect on the performance improvement [22]. Though segmentation is not the 
main concern of this paper we will discuss the segmentation methodology 
briefly. The iris segmentation is done using the Hough transform based ap-
proach [37]. In this, Canny edge detector [38] is applied to get the segmented 
regions followed by the Hough transform that detects the boundaries of circular 
regions in the segmented regions. For strip generation polar to rectangular con-
version is employed without recourse to the interpolation. A sample image from 
the database and the corresponding iris are depicted in Figure 1. The iris strips 
are affected by the occlusion of eyes due to eyelids and eyelashes as evident from 
Figure 1(b). To rectify this problem the iris strip is juxtaposed with itself and the 
middle portion of the resulting strip is bereft of occlusion as in Figure 2(b). 
These middle rectangular strips are enhanced and normalized before feature ex-
traction. 

The database, CASIA-Iris-V3-Lamp [39] collected using a hand-held iris sen-
sor has eye images of 411 people with at least 10 images per user. The intra class  
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(a)                                      (b) 

Figure 1. Sample image of iris and the rectangular strip that is generated from it. 
 

   
(a)                                       (b) 

Figure 2. Generation of iris strip devoid of occlusions and eyelids. 
 
variation was introduced in the database by turning the lamps on or off during 
the acquisition. The experiments were carried out on 4100 left eye images of 411 
people with the training to test sample ratio of 9:1 using k-fold validation. This 
database also contains some samples having rotation, translation, occlusion and 
illumination effects as shown in Figure 3. 

6. Results and Discussion 

The extracted features from each iris strip are EGI, TEGI, SF, EF, HF and HT. 
The dimensions of all test strips are normalized before matching with the train-
ing strips. 

6.1. The Features Used for Comparison 

The performance of the above feature types is evaluated and compared with that 
of the conventional Gabor filter using SVM in [40]. After numerous trails the 
parameters of Gabor filter are set as follows: The standard deviations: σx = 3 and 
σy = 3, Phase offset: 0, Aspect ratio: 1, Orientations: θ = π/4, 2 π /4, 3 π /4 and π 
and Wavelengths: λ = 1, 2, 3. 

6.2. Performance Evaluation of the Proposed Features 

As shown in Table 3, IPC and Linear SVM (SVML) show comparable results 
with the proposed features and Gabor features but Polynomial SVM (SVMP) 
gives good results only with HT and HF. The accuracies are the mean values of 
the recognition rates under the k-fold validation. IPC gives the best recognition 
rate of 98.1% with EF while SVML gives the best recognition rate of 99.2% with 
SF. The recognition rates with Gabor filter are 90.3% and 97.3% using IPC and 
SVML respectively. As Gabor features are very large numbering more than 
10,000, all classifiers are slower by 10 times. 

To tackle the problem of partially occluded eyes, we will apply the majority 
voting on the iris strips which enables better performance than that of the indi-
vidual iris strips. 
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Figure 3. Example iris images in CASIA-Iris-Lamp. 
 
Table 3. Features and their mean recognition rates with different classifiers after k fold 
validation. 

Classifiers 
Features 

IPC SVML SVMP 

EGI 97.3 99 90.0 

TEGI 97.3 98.6 89.8 

SF 97.8 99.2 89.8 

EF 98.1 98.9 89.3 

HT 97.6 98.2 98 

Zero-order HF (Case 1) 97.1 98.76 98.3 

Zero-order HF (Case 2) 97.2 98.71 98.3 

Zero-order HF (Case3) 97 98.73 98.5 

First-order HF 97 98.71 98.6 

Gabor 90.3 97.3 97 

6.3. Majority Voting 

As noted in [41] certain regions of an iris strip like the middle region possess the 
discriminative texture. It may be noted that significant texture regions are 
present in iris at different radial distances away from the papillary boundary. 
This might be attributed to the fact that for some persons, the iris textures are 
spread over the region between the papillary boundary and the limbic boundary 
[41] while the majority of people have iris texture features lying closer to the pa-
pillary boundary. The aggregation of results from iris strips of different sizes 
enhances the overall recognition rate. In a few cases, correct classification is ob-
tained with the small sized iris strips; hence the need for considering features 
from iris strips of different sizes.  

Based on the above observation, the iris region between the papillary boun-
dary and limbic boundary is divided into three sizes along with full size. The 
number of features depends upon the window size chosen to partition an iris. In 
our study, the window size is taken as 7. The feature vectors corresponding to 
iris strips of 1/4, 1/2, 3/4 and full size are 78, 156, 234 and 273 respectively. The 
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original iris strip size is 48 × 270. The accuracy achieved with IPC on a particular 
strip size is given in the 3rd column of Table 4. The maximum recognition rate is 
obtained on 3/4 size strip by all feature types. The features extracted closer to the 
papillary boundary have less accuracy of detection than those closer to the mid-
dle of the iris region.  

At the matching stage, each region of the test iris strip is matched with the 
corresponding regions of all the training strips considering only one type out of 
the six types of features using IPC. With a view to improve the results of IPC on 
individual strips, majority voting method is applied on the results of four iris 
strips obtained using features of one type at a time. It gives the identity of the 
concerned user which ever training iris strip gets the maximum votes (valida-
tion) from four strips of different sizes (similar to four classifiers) [42]. 
 
Table 4. Majority voting results for different features with IPC. 

Features 
Fraction 
of size 

Accuracy of the 
individual strips (%) 

Accuracy after 
the fusion (%) 

The overall 
accuracy (%) 

EGI 

Full 97.3 

99 

100 

3/4 98.5 

1/2 97.5 

1/4 93.6 

TEGI 

Full 97.8 

99.3 
3/4 98.8 

1/2 98.0 

1/4 94.0 

SF 

Full 98.3 

99.3 
3/4 99.3 

1/2 99.3 

1/4 93.6 

EF 

Full 98.5 

99.8 
3/4 99.3 

1/2 99.3 

1/4 93.3 

HT 

Full 99.7 

99.8 
3/4 99.3 

1/2 97.8 

1/4 72.0 

HF 

Full 98.3 

99.5 
3/4 99.3 

1/2 98.8 

1/4 91.8 
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As mentioned above, when the decisions from the individual feature types on 
strips of different sizes are combined using the majority voting method, the final 
decision is as shown in the last but one column of Table 4. Further enhancement 
in the recognition rates is obtained when the results from all iris strips are com-
bined using the classification accuracies due to individual feature types as 
weights similar to ranks [43] using IPC. Then the combined recognition rate 
from all the feature types on all four strips attains 100% as shown in the last 
column of Table 4. By applying the majority voting on the matching results of 
four iris strips of different sizes the effect of occlusions can be minimized to a 
great extent. 

This type of segmental approach for iris recognition is proposed in [44]. In-
stead of accept option that we have used in the majority voting method, the re-
ject option can also be used to detect the possibility of erroneous classification in 
case we are unable to reach a consensus by the accept option. 

6.4. A Comparison with the Existing Methods 

We have also compared the performance of our features as in Table 4 in which 
the results correspond to 3/4th size of iris with that of the existing features such 
as PCA, ICA [45], Local binary patterns (LBP) [46], Gabor [24] and Log Gabor 
[47] on the same database using k-fold validation in Table 5. The highest per-
formance (99.35%) is obtained with HF, EF, SF and HT using IPC whereas the 
highest performance of 96.2% is obtained with ICA using SVML.  

6.5. Verification Evaluation 

At the verification level, IPC is compared with Euclidean distance classifier (EC) 
on the proposed features. The performance of IPC and EC is shown in terms of 
two separate ROCs on six features denoted by EF, HF, SF, EGI, TEGI, and HT 
also judged by the recognition rates. 

The Euclidean distance based ROC plot in Figure 4(b) shows the maximum 
GAR of 93.3% at FAR of 0.1% with HF features. A maximum GAR of 99% at 
FAR of 0.1% is achieved with HT by IPC in ROC of Figure 4(a). The perfrom-
ance of IPC is better than that of EC as shown in Figure 4(a) and Figure 4(b). 

At the verification level the proposed features are also compared with Gabor 
filter as it is extensively used for iris. As shown in Figure 4(a) the proposed fea-
tures perform better than Gabor filter. 
 
Table 5. Comparison of the existing features using SVML. 

Features Accuracy in % 

PCA 94.1 

ICA 96.2 

LBP 55.12 

Gabor 94.1 

Log Gabor 94.08 
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(a)                                       (b) 

Figure 4. ROC of average authentication by k-fold validation using different features with 
(a) IPC; (b) EC. 

7. Conclusions 

This paper moots the important concept of transform to represent higher form 
of uncertainty. This transform derived from the adaptive Hanman-Anirban en-
tropy function is called the Hanman transform (HT). The transforms have an 
immense potential as they cater to both spatially varying and time varying situa-
tions. As the information need not be in the desirable form, this paper shows 
how to modify the information sets using a filter function resulting in Hanman 
Filter (HF) of zero-order and the first order. In addition to these two types of 
features, we have formulated four feature types that include: Effective Gaussian 
Information source value (EGI), Total Effective Gaussian Information (TEGI), 
Energy feature (EF) and Sigmoid Feature (SF). These features are extracted from 
the rectangular iris strip by partitioning it into windows of different sizes. The 
performance of IPC is similar to that of SVML, but consistent on all feature 
types. IPC gives the best results on EF whereas SVML gives the best results on 
SF. Out of all feature types EF and HT have an edge over other features. Thus 
the new features and IPC are shown to be effective on the iris database. 

The results of authentication using iris strips of four sizes show that 3/4 size 
strips yield the best results on all feature types using IPC. An application of ma-
jority voting on the authentication results obtained with a single feature type on 
all four strips provides 99.8% accuracy whereas the second level majority voting 
with six feature types on all four strips achieves the 100% accuracy. 

This paper makes several contributions that include: 1) proof of properties of 
the adaptive Hanman-Anirban entropy, 2) extension of information sets to 
Hanman filter and Hanman transforms, 3) derivation of information set based 
features, viz., EGI, TEGI, EF and SF and validation of these features on iris based 
authentication, and 4) formulation of Hanman Transform classifier. 

One ramification of this work is that we can generate a plethora of features 
from information sets for tackling different kinds of problems though we have 
chosen iris to vindicate the effectiveness of our features. 
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Abstract 
A magneto-electric field appearing in a laboratory due to moving charges has 
unusual properties. In particular, such a field of kinematical origin does not 
obey the wave equation with a non-relativistic velocity instead of light speed; 
so, its movement resembles that of a rigid body. In this paper the field of a 
uniformly charged sphere moving at constant velocity is considered. Relativ-
istic axiom, implicitly used in the derivation of formulas describing a kine-
matic deformation for the proper spherical field from the point of view of a 
fixed observer, is revealed. A discrepancy was found between the generally 
accepted idea of the configuration of a deformed field and its real geometry. It 
is shown that the correct interpretation of known formulas leads to a logical 
contradiction, which cannot be eliminated within the framework of the the-
ory of relativity. A scheme of a decisive experiment is proposed. 
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1. Introduction 

The Coulomb field of a stationary point charge, which has the simplest spherical 
symmetry with a strength decreasing inversely proportional to the square of the 
distance from the source, undergoes a very exotic deformation, if a charge (or an 
observer) is forced to enter a state of uniform rectilinear motion. It was first 
pointed out by Oliver Heaviside [1]. 

The chronological continuity between the relativistic concept of electromag-
netism and Maxwell’s theory is well known. It was clearly manifested in the 
study of the motion of a point charge, whose field, from the point of view of a 
stationary observer in the laboratory, loses its Coulomb configuration. In this 
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case, the vector field of electric strength E  satisfies the wave equation 
2

2
2 2

1
c t

∂
− =

∂
EE 0∇ . 

As a parameter, it includes the speed of light c. The accompanying mag-
neto-kinematic field of vectors H  is subject to the same equation 

2
2

2 2

1
c t

∂
− =

∂
HH 0∇ . 

Consequently, the displacement of a field in the laboratory space with a veloc-
ity v  has a non-wave nature; rather, it is akin to the motion of a rigid body for 
the non-relativistic case [2] and for the relativistic one [3] as well.  

The following demonstrates the fact that in deriving formulas describing the 
kinematic deformation of a field for a stationary observer, a special relativistic 
axiom is implicitly applied. At the same time, a discrepancy between the gener-
ally accepted idea of the configuration of a deformed field with respect to its real 
geometry is revealed. The field of a uniformly charged sphere moving at a con-
stant speed is considered. It is shown that the correct interpretation of known 
formulae leads to a logical contradiction, which cannot be eliminated within the 
framework of the theory of relativity. A scheme of the experiment is proposed 
which is to confirm or refute the generally accepted formula for a deformed 
electrostatic field of a charge moving at a constant velocity. 

2. Relativistic Derivation of the Expression for the Field of a  
Moving Charge, Based on a Hidden Axiom 

Recall how the expressions for the fields of a moving point charge are derived. 
Using the four-dimensional formalism of the special theory of relativity (STR), 
the authors of the book “Field Theory” [4] come to expressions of the scalar and 
vector potentials, derived by Lienard and Wiechert long before the birth of the 
STR. Using then Maxwell’s electromagnetic theory, in the end, a general formula 
is obtained for the electric and magnetic field vectors of a single point charge 
making a given motion along a path ( )0 t=r r  (Figure 1). 

“According to the formulas for retarded potentials, the field at the point of 
observation ( ), ,P x y z  at time t is determined by the state of motion of the 
charge at the earlier time t′ , for which the time of propagation of the light sig-
nal from the point ( )e t′r , where the charge was located, to the field point P just  
 

 
Figure 1. A point charge moving along a given path. 
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coincides with the difference t t′− . Let ( ) ( )et t= −R r r  be the radius vector 
from the charge e to the point P; like ( )e tr  it is a given function of the time. 
Then the time t′  is determined by the equation 

( )t R t
t

c
′ ′+

= .                           (*) 

For each value of t this equation has just one root t′  ([4], p. 212). This is how 
§63 “Lienard-Wiechert potentials” begins in the book by Landau and Lifshitz. 

“Passing now again to three-dimensional notation, we obtain the following 
expressions for the field potentials of an arbitrarily moving point charge: 

 ,e e

R c R
c c

ϕ = =
⋅ ⋅   − −   

   

vA
v R v R

,                 (**) 

where R  is the radius vector, taken from the point where the charge is located 
to the point of observation P, and all the quantities on the right sides of the 
equations must be evaluated at the time t′  determined from the previous equa-
tion. The potentials of the field, in the form (**), are called the Lienard-Wiechert 
potentials” ([4], p. 213). 

Let us turn to the case of uniform and rectilinear motion of a point charge 
along the trajectory ( )0 t=r r  with a constant velocity v . We introduce the 
notation ′R  and R  for the vectors ( )t′R  and ( )tR , respectively (Figure 
1). Maxwell formulas are applied to obtain the strengths of the electric and 
magnetic fields: 

1  grad , rot
c t

ϕ∂
=− − =

∂
AE H A ,                   (1) 

which yields the expressions 

[ ]
2 2

3

1 1;v ce R
c R

R
c

−  ′ ′ ′= − =  ′′   ′ − 
 

vE R H R E
R v

.            (2) 

Here, the symbol [ ]..  denotes vector product. 
“Indeed, at constant speed, the difference  

( )R t t
c

′ ′ ′ ′− = − −
vR R v                      (***) 

there is a vector R  from charge to observation point at the very moment of 
observation. It is also easy to verify by checking directly that 

[ ]
2

22
2 2

1 1 1 sin t
vR R R

c c c
θ′ ′− = − = −R v vR ,          (****) 

where tθ  is the angle between R  and v ” ([4], p. 215). 
Now you can substitute the right side of the Formula (***) in the numerator, 

and the right side of the Formula (****) in the denominator of the first term in 
the expression (2): 
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( )
( )
( )( )

2 2

3 23 2 2 2

1

1 sin

v c
e

R v c
θ

θ

−
=

−

R
E . 

We have arrived at a formula that describes the distribution in space of the elec-
tric intensity in a field of a point charge, which moves relative to the observer 
along a straight line at a constant speed. The authors of the book [4] use the 
CGSE system of units, while the entry in the international system of units (SI) 
is 

( )
( )( )

2 2

3 23 2 2 2
0

1

4 1 sin

q v c

r v cε θ

−
=

π −
E r ,                 (3) 

where the designation of the individual charge of an electron is replaced by the 
universal letter q. 

As you can see, in the SRT there is complete continuity in what is concerning 
the terminology of retarded potentials. This way of reasoning leaves behind the 
scene an arbitrary assumption of an incessant outflow of a field from its 
source, the charge. In fact, since the potential propagates from the field source 
at the speed of light “c” regardless of the kind of movement the charge per-
forms, this outflow also takes place when the charge moves with a constant ve-
locity v . And since the speed of light does not depend on v , the outflow of 
potential from the charge remains unchanged when the speed v  tends to zero. 
Therefore, we have to agree that an unceasing extrovert flow from a charged 
source exists in any electrostatic field. This statement should be explicitly in-
troduced into the axiomatic basis, when the SRT is transferred to the realm of 
electromagnetism. 

3. Relativistic Paradox 

The expression (3) can be obtained within the framework of a pure STR, without 
resorting to the Lienard-Wiechert potentials. Section 20 of the textbook [5], 
called “Moving charge field”, Part II, entitled “Theory of Relativity”, deals with 
the Coulomb field of a point charge deformed to a configuration (3) for an ob-
server moving at a constant velocity −v  along with respect to charge. Of 
course, with the same success, we can speak of the charge moving at a velocity 
v  relative to the observer. “In the reference frame K, moving along with the 
charge, there is no magnetic field, and the electric field potential is expressed by 
the formula e rϕ′ ′= .” ([5], p. 254). The following conclusion is based on the 
relativistic formula for the transformation of the scalar potential: 

2

21

x
v A
c
v
c

ϕ
ϕ

′ ′+
=

−

. 

On page 256 we read: “The scalar potential ϕ  has a constant value on the 
surface of the ellipsoid 
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( ) ( )
2

2 2 2
21 vx vt y z const

c
 

− + − + = 
 

. 

This ellipsoid is obtained from the sphere by compressing it in the direction of 

the x-axis into 
2

21: 1 v
c

−  times”. We apply the formalism used there to the  

field of the conducting sphere of unit radius, over which the charge q is uni-
formly distributed. 

This sphere has a centre at the origin ( ), ,x y z′ ′ ′  of a primed IRF' (Inertial 
Reference Frame), moving in a straight line with a constant speed ( ),0,0v=v  
relative to the non-primed (laboratory) IRF with coordinate axes ( )0 ,0 ,0x y z  
parallel to corresponding axes of the primed coordinate system. For the origin of 
time, the moment is taken when the origins of spatial coordinate systems coin-
cide; therefore, the position of the centre of the sphere in the non-primed IRF is 
the point with coordinates , 0, 0x vt y z= = = . The scalar potential outside the 
sphere in its own IRF' coincides with the Coulomb potential (in this section, 
formulas are written in the Gaussian system of units)  

q
r

ϕ′ =
′

. 

On the sphere itself and inside it, it has a constant value 0 1qϕ′ = . According 
to the Lorentz transformations for electromagnetic fields, the scalar potential in 
a non-primed system is  

q
r

ϕ γϕ γ′= =
′

,                          (4) 

since the vector potential here is zero. The Lorentz transformations for coordi-
nates give the expression of the primed radius-vector from the point of view of 
the non-primed IRF in the form ( )22 2 2r x vt y zγ′ = − + + . Substitute this ex-
pression in (4): 

( ) ( ) ( )
22 2 2 2 2 2

2
1

q q

x vt y z x vt y z
ϕ γ

γ
γ

= =
− + + − + +

. 

Hence, the surface of level a constϕ = =  is described by the equation  

( ) ( )
2

2 2 2
2 2

1 qx vt y z
aγ

− + + = .                     (5) 

Here it is logical to investigate the question on the deformation of the charge 
carrier—the conducting sphere of a unit radius—upon transition to a non-primed 
IRF. From the point of view of the non-primed IRF, the carrier of the moving 
charge loses its spherical shape. Consider the section of the sphere by the plane 

0z =  (Figure 2). Let at the moment t′  of the own time in the primed IRF' the 
x′ -coordinates at the ends of the chord, parallel to the x-axis, be measured. We 
have two events ( )1, ,x y t′ ′ ′  and ( )2 , ,x y t′ ′ ′ , where y′  is the ordinate of the 
chord. We translate them by the transformations of Lorentz into a non-primed 
IRF: 
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Figure 2. Deformation of the surface of a charged sphere. 

 

( )1 1 1 1 12, , ;vx x vt y y t t x
c

γ γ  ′ ′ ′ ′ ′= + = = + 
 

 

( )2 2 2 2 22, , .vx x vt y y t t x
c

γ γ  ′ ′ ′ ′ ′= + = = + 
 

 

For the time interval ( )2 1 2 1 2 12 2 2

v v vt t x x x x
c c c

γ γ ′ ′ ′ ′− = − = − 
 

 the second end 

of the chord managed to drive off at a speed v to a distance ( )
2

2 12

v x x
c

γ ′ ′− , 

which should be subtracted from the abscissa difference 2 1x x−  to get chord 
length in non-primed IRF:  

( ) ( )

( ) ( )

( )

2

2 1 2 12

2

2 1 2 12

2

2 121

vl x x x x
c

vx x x x
c

v lx x
c

γ

γ γ

γ
γ

 
 


′ ′= − − −

′ ′ ′ ′= − − −

′
′ ′− − =


=

 

By virtue of the arbitrariness in the choice of the chord and in the choice of 
the section by the plane passing through the abscissa axis, we conclude that the 
entire sphere undergoes longitudinal compression by γ  times and turns into 
an ellipsoid of rotation. The half-axis 0A turns out to be γ  times shorter than 
the radius of the sphere, that is, its length is 1 γ . Just the same deformation is 
mentioned in the cited above excerpt from the textbook [5] with respect to the 
equipotential surface (a surface of the potential equivalency).  

On the unit sphere itself, the potential is 0 1qϕ′ = , and this spherical surface 
of level 1a q=  becomes, according to [5], an ellipsoid with the equation  

( ) ( )2 2 2
2

1 1x vt y z
γ

− + + =                    (6) 

in terms of the non-primed IRF. If you believe the textbook’s statement [5] that 
“This ellipsoid is obtained from a sphere by compressing it along the x-axis by  

2

21: 1 v
c

− : times”, then there is nothing better to desire. Indeed, the quantity 
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2

21: 1 v times
c

− =  and, as we found out, namely by γ times that the sphere—a  

carrier of charge is compressed. Thus, the potential of a charged sphere promises 
to be an invariant of Lorentz transformations. But, alas, it appears to be too good 
to be true. The ideal is “only a dream” for us, and the desired harmony does not 
withstand the “checking up with algebra”! 

To put it mildly, strange misunderstandings are associated with the field con-
figuration of a uniformly moving charge. For example, on the behaviour of vec-
tors E we read in ([4], p. 126): “It can be said visually about the electric field of a 
moving charge as though it is ‘compressed’ in the direction of motion”. In fact, 
the deformation also contains transverse dilatation, and the lines of the constant 
module E const=  have a rather complicated guitar-like shape (see [6]).  

As for the picture of the equipotential surfaces, we are faced with fata mor-
gana, which for decades has been unconditionally accepted by all readers for an 
objective reality (“When there is no real life, they live in mirages. Still, better 
than nothing.” A.P. Chekhov). The fact is that the notorious equation in the 
quotation from ([5], p. 256) pertains to the ellipsoid, which is obtained from the 
sphere when it is stretched in directions orthogonal to the x-axis by γ  times. 
The elimination of the traditional ghost has fatal consequences for the relativistic 
interpretation of the field of a uniformly moving charge. When transforming to 
IRF, the equipotential surface of the charged sphere is converted not into a 
sphere compressed to an ellipsoid, but into an ellipsoid stretched across the ve-
locity. Whereas into the ellipsoid—the charge carrier—the sphere of radius 

1r′ =  is converted so that this ellipsoid proves to be situated in the internal cav-
ity of the equipotential ellipsoid.  

In Figure 3 the section by the plane 0z =  is present where two ellipsoids are 
shown. One is being a result of the longitudinal compression of the “unit” sphere 
by a factor of γ , and another is being a result of the transverse dilatation of this 
sphere by a factor of γ . The first of them is a charge carrier such as it exists in 
the IRF where it is described by the equation 

( )22 2 2 1.x vt y zγ − + + =  

 

 
Figure 3. Separation of equipotential surface from charged ellipsoid. 

https://doi.org/10.4236/jmp.2020.111009


V. A. Leus 
 

 

DOI: 10.4236/jmp.2020.111009 152 Journal of Modern Physics 
 

The second is the equipotential surface 0 1qϕ =  of the electrostatic field, 
objectively existing in the same IRF, with Equation (6). The second ellipsoid en-
closes the first, and between them is a layer of variable thickness. In the longitu-
dinal direction, the layer thickness is ( )1γ γ− , and in the transverse direction, 
the thickness is ( )1γ − , so that with increasing speed v , the longitudinal 
thickness approaches unity, while the transverse one increases without limit. 

What lies within this layer? In accordance with the relativistic tradition, an el-
lipsoidal charge carrier retains a spherical potential, and in the layer under con-
sideration everywhere we have 

1 grad ,
c t

ϕ∂
= − − =

∂
AE 0  

because the scalar potential 1q constϕ = =  in a finite region, on the boundary 
of which it is constant, and the vector potential ϕ=A v , as a result, is also con-
stant in this region and the partial derivative with respect to time is zero. It turns 
out that the charged ellipsoidal shell is paradoxically immersed in a volume free of 
the electrostatic field, and only from the outer boundary of this volume does the 
space, penetrated by the field (3) with equipotential surfaces of type (5), is starting.  

The Ostrogradsky-Gauss theorem does not work in the resulting bizarre elec-
trostatic field. This becomes apparent when the test closed surface surrounding 
the charge carrier is selected entirely inside the neutral layer. The flux of vector 
E  through this surface is zero, while the integral charge inside is non-zero. 

We will try to get away from this electric monster by allowing the scalar po-
tential 1ϕ  of the ellipsoidal charge carrier to be different from 0ϕ : 1 1qϕ <  or 

1 1qϕ > . In this case, we are faced with another paradox. Suppose there are two 
identical and equally charged conductive spheres uniformly moving in the labo-
ratory IRF to meet one another. Own IRF' of the first sphere moves with velocity 
v  and own IRF'' of the second sphere moves with velocity ( −v ), relative to the 
non-primed IRF. At the zero moment of time ( 0t t t′ ′′= = = ), when the origins 
of all three IRFs coincide, the charge carriers touch each other by the top and 
bottom limit points respectively. From the point of view of the laboratory IRF, 
both ellipsoids have the same values of scalar potentials 1 2 1qϕ ϕ= ≠  and the 
voltage between them is zero. But in the IRF' the picture is devoid of such sym-
metry, because the first sphere has the potential 1 1qϕ′ = , whereas the second 
sphere, compressed into an ellipsoid, has the potential 2 1qϕ′ ≠ . Between them 
there is a voltage 2 1 0U ϕ ϕ′ ′= − ≠ , causing a discharge. An electrical discharge 
occurs also in IRF'', but only with oppositely directed current. The pulsed cur-
rent arising from the discharge becomes a source of electromagnetic wave, and 
its objective existence does not depend on the inertial reference frame. Conse-
quently, the EM-wave should also appear in the laboratory IRF, where there is 
no current at all, that is, radiation arises from literally nothing! A sceptic who 
doubts the “promptness” of conduction electrons can be calmed by a metal tape 
longitudinally stretched in IRF , which will sufficiently prolong the contact 
time of charged spheres (ellipsoids). 
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4. The Possibility of Experimental Verification 

So, contrary to the generally accepted opinion of the complete compatibility of the 
SRT with Maxwellian electrodynamics, the field of a uniformly moving charge 
throws to physicists in general, and to experimenters especially, a serious chal-
lenge. Indeed, since the time of Heaviside’s guess, that is, for more than 130 years, 
the “relativistic” configuration of such a field has not been confirmed by experi-
ence. In [6], the idea of a decisive experiment was proposed, promising to establish 
whether the prevailing view really corresponds to the natural state of affairs.  

Suppose there is a high-ampere electron beam supported in a rectilinear vac-
uum tube with a length of 2s (x-axis in Figure 4). At the point (0, h), the beam 
element dx generates an electric field with intensity d ′E , and a beam element 
symmetric to it generates a field with intensity d ′′E . The sum d d d′ ′′+ =E E E  
is directed along the y axis and has an absolute value 

( )
( )( )

( )
( )

2 2

3 3
2 2 2 20 2 2 22 2

0

1 sin 1 d2 dd
4

1 sin 2 1

xxE
x h x h

β θ σ βσ
ε

β θ ε β

− −
= =

π
 + − π + − 

 

according to Formula (3). Here the letter σ  denotes the linear charge density, 
2 2sin h x hθ = + , and v cβ = . The total electrical intensity is obtained by 

integrating over the length of the beam: 

( )
( ) ( )

2

3 10 0
0 02 2 2 2 2 22 2

1 dd
2 2

1 1

s s x sE E
x h h s h

σ β σ
ε ε

β β

−
= = = ⋅

π π
   + − + −   

∫ ∫ . 

Expressing the charge density through the electron velocity in the beam and 
the current strength in it I vσ= , we get 

( )
( ) ( )2 2 2 2 2 2

0 0

, , ,
2 1 2 1

Is IsE h s I
vh s h ch s h

β
ε β ε β β

= =
π + − π + −

.   (7) 

If the electric field of a moving point charge remains Coulomb at any speed, 
then the dependence of E on β  will be different: 

( )0 2 2
02

IsE
ch s h

β
ε β

=
π +

.                     (8) 

 

 
Figure 4. Experiment in a rectilinear vacuum tube. 
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The well-known experiment on the detection of the electric field around a su-
perconducting ring with current [7] is extremely difficult to perform, since it is 
necessary to detect the effect of the second order of smallness with respect to the 
ratio v c β= . The difference between the electro-kinematic field created by the 
moving conduction electrons and the electrostatic field of the stationary ions of 
the conductor crystal lattice leads to it. The letter v refers here to the drift veloc-
ity of conduction electrons, which no snail would envy. Moreover, as was shown 
later, the result of the experiment cannot be interpreted unambiguously: “the 
experiment performed by Edwards et al. is not a test of Maxwell’s equations in 
the most general case, but a test of these equations in the particular case of the 
superconducting state” [8]. 

The experimental scheme proposed here is completely free from the main ob-
stacle facing the authors of the work [7]. At a current of one ampere at a distance 
of half a meter from the middle of the beam one meter in length, the electric in-
tensities calculated by Formulas (7) and (8), respectively, are equal to 287 V/m 
and 281 V/m with 0.3β = . When 0.99β = , the values of 119 V/m and 85 
V/m are obtained. The point is now small: prepare the equipment and take 
measurements. The equipment required for the experiment is rather modest, 
especially in comparison with the giant modern particle accelerators. The elec-
tron, accelerated to just an energy of 10 Mev, has a speed close to 0.99c, so the 
outcome would be worth investment. 

5. Conclusion 

In the paper [9], an example of an irreconcilable contradiction between the spe-
cial theory of relativity on the one hand and the general theory of relativity on 
the other, arising in a mechanical system of a cyclic type, is sorted out. The sub-
ject of the present work is a strange situation emerged in the doctrine of elec-
tromagnetism based on the relativistic approach. First, it is the presence of an 
implicit axiom about the constant expiration of the potential with the speed of 
light in an electrostatic field from its source—a point charge. For an accelerated 
charge, the role of carriers can be assigned to the emitted photons. However, in 
the case of a charge moving without acceleration, it remains an unsolved mys-
tery: what kind of “superfine matter” constantly transports the potential in an 
electrostatic field? Secondly, the type of deformation of the Coulomb field of a 
point charge is observed in uniform motion with a constant velocity const=v . 
The correct interpretation of the geometry arising in this way leads to the un-
avoidable inconsistency in the picture of the equipotential surfaces in the electro-
static field of the charged sphere. Third, it is the nature of the movement of static 
fields when moving their carriers. These psychological invisibilities, surprisingly 
escaping the attention of physicists for a whole century, caused a distorted view of 
physical reality, in which there is no room for electro-magneto-kinematics. The 
absence to this day of experimental confirmation of the deformed configuration 
of the field of a point charge, moving with a constant velocity v , presents a se-
rious challenge for experimenters. 
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