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Abstract 
Numerous considerations deal with specialties of bioelectromagnetic effects, 
including the force-free and field-free interactions. The fact that bioelectro-
magnetic phenomena consist of effects without mechanical forces and even 
without measurable fields looks impossible in the simple considerations. 
However, the stochastic fluctuations cause surprising results, with scientifi-
cally proven bioelectromagnetism in field-free conditions. In the first steps, 
we show the scalar and vector potentials’ specialties instead of electric and 
magnetic fields defined by the well-known Maxwellian equations. The va-
nishing of the fields is connected to the potentials’ stochastic fluctuations, the 
noises control the “zero-ground”. The result shows a possibility of a wave that 
has no attenuation during its transmission through the material. In this 
meaning, the result is similar to the consequences of the scalar-wave (SW) 
considerations. The structural changes follow a particular noise spectrum 
(called pink-noise or 1/f noise), which keeps the entropy constant in a broad 
range of scaling magnification. 
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1. Introduction 

The scientific research on electromagnetic effects on biological systems involves 
numerous theoretical and practical aspects in the last couple of centuries. Elec-
tric and magnetic fields, depending on their intensity, frequency, and gradients, 
affect the biological processes, including the immune cells [1]. The magnetic 
field could support chemotherapy in oncology [2], despite missing observable 
clinical changes, the improvement of the patients’ quality of life is expected. On 
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the other hand, the current research shows the active role of the magnetic vector 
potential in biological processes [3]. The effect of weak magnetic fields is fre-
quently described with a vector potential in several biological studies of [4] [5]. 
The vector potential can modify the quantum-states of the water [6], which 
could modify the complete chain-processes in living objects, governed by the 
phosphorylation catalyzing metal ions with magnetic nuclei [7]. 

Alternative medicine frequently uses the idea of water-state modification con-
siderations [8], sometimes applying unproven effects. Controversial discussions 
about the “silent” bioelectromagnetics as “energy-medicine”, [9] with force-free 
action on the viability of bacteria E. coli [10], the “electrosmog” [11] [12], the 
“new biophysical field”, “force-free actions” [13], “scalar-wave effects” [14], 
“subtle energies” [15] generate heated debates. Intense debates with opposing 
opinion on physical [16] and mathematical basis [17] [18] for evidence-less ap-
plications were published. Direct investigation of quackery [19] and the variants 
of electromagnetic methods are questioned [20] [21]. Despite some spectacular 
results of the magnetic therapies, solid scientific proof and clinical evidence are 
missing, but the public’s hopes keep alive even the poorly documented cases. 
The weak proofs well support the medical skepticism [22] [23]. 

The famous Maxwell equations [24] base the classical electrodynamics. Max-
well revolutionary introduced new physical quantities: the electric ( ) and the 
magnetic ( ) fields. The standing (free charge density ρ ) and moving (cur-
rent density j ) charges in vacuum form the sources of the fields: 

( )
0

1div ρ
ε

=  and ( ) 0div =                    (1) 

and the sources of the field’s whirls in vacuum: 

( )rot
t

∂
= −

∂


  and ( ) 0rot
t

ε ∂
= +

∂
j 

                (2) 

where 12
0 8.854 10 F mε −≅ ×  is a universal constant. 

The conservation law of the charge: 

( ) 0div
t
ρ∂
+ =

∂
j                          (3) 

Sources and whirls define a vector-field which mathematical scheme makes 
the Maxwell Equations (1)-(2) complete to determine the two field-vectors   
and  . In presence of materials (like living objects, too), we have to take into 
account the atomic and molecular structures, which have bounded charges. In 
the case of the presence of materials, new sources appear. Introducing the elec-
tric-(P) and magnetic-(M) polarization vectors, we get the electric displacement 
field (D) and the magnetic induction (B): 

0ε= +D P  and 0µ= +B M                   (4) 

and 6 2
0 1.256 10 N Aµ −≅ × , is a universal constant. 

Generally, we assume P and M depend on the   and B fields respectively, so 
their Taylor’s series: 
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    (5) 

The practical engineering simplifies (5) by considering only the linear term: 

( )
0=

∂ =  ∂ 

PP


 


 and ( )
0=

∂ =  ∂ 

MM


 


            (6) 

consequently 

0 0
00

0 0
00

11 and

11

r

r

ε ε ε
ε

µ µ µ
µ

=

=

 ∂ = + =  ∂  
 ∂ = + =  ∂  

PD

MB





 


 


                (7) 

where rε  and rµ  (relative permittivity and relative permeability, respectively) 
denote the material parameters, which are constant in the linear approach. The 
linearity requests very special conditions: homogeneous materials, adequately 
small fields, and no permanent/remnant polarization/magnetization, and addi-
tionally the ( )P   and ( )M   functions must be smoothly continuous (ex-
isting derivatives are necessary). 

2. Bio-Electromagnetism 

First, confirm that you have the correct template for your paper size. The living 
material is inherently highly polarized and extremely heterogeneous and has 
various non-linear processes (physiological feedback). The linear approach does 
not describe the real, heterogeneous, non-linear living phenomena. The correct 
formulation of the complete Maxwell equations for living matter uses (4): 

( ) ( )
0

div divρ
ε

= − P                       (8) 

( ) 0div =B                            (9) 

( )rot
t

∂
= −

∂
B

                         (10) 

( ) ( )0 0 0 0 0rot rot
t t

µ µ ε µ µ∂ ∂
= + + +

∂ ∂
PB j M            (11) 

Define the effective sources by comparison (1)-(2) with (8)-(11): 

( )0eff divρ ρ ε= − P                       (12) 

and 

( )eff rot
t

∂
= + +

∂
Pj j M                      (13) 
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Instead of the free-charge conservation (3) effective charge considering the 
presence of the material makes connection between the effective values: 

( )eff
eff effdiv C

t
ρ∂

+ =
∂

j                      (14) 

where effC  depends on the derivatives of the P  and M  vectors. When the de-
rivatives vanish, the free-charge conservation (see (3)) remains in force, 0effC = . 
The zero divergence in (9) (source-less condition because of magnetic monopole 
does not exist) defines a new quantity by introducing a vector-field ( A , called 
magnetic vector potential) 

( )rot=B A                          (15) 

which automatically satisfies (9), because of ( )( ) 0div rot ≡A . The induction 
flux Ф of an open surface S, defines the physical meaning of the vector potential 
A having special role in bio-systems [25]. The Stokes’ theorem gives the induc-
tion flux (Ф) encircled by the curve 

( )d d d
S S L

rotΦ = = =∫ ∫ ∫B S A S A r                (16) 

where, the L circumflex of open surface S. Therefore, in the closed contour-line 
integral of vector potential gives Ф. On the one hand, the magnetic flux density 
in accordance with Faraday’s induction law (10) generates Eddy-current loops of 
 . Let us enter the relationship using (15) and (10): 

0rot
t

∂ + = ∂ 

A
                        (17) 

which obviously introduces the ϕ  scalar potential: 

( )grad
t

ϕ∂ + = − ∂ 

A
                      (18) 

To define the scale of the potentials, we usually fix the divA  by the Lorentz 
condition: 

0 0 0div
t
ϕε µ ∂

+ =
∂

A                       (19) 

The wave equations of the potentials: 
2

0 0 02

2

0 0 2
0

 

eff

eff

t

t

ε µ µ

ρϕϕ ε µ
ε

∂
∆ − =

∂
∂

∆ − = −
∂

AA j
                    (20) 

The simple realization of “pure” A vector is the space outside of an infinite 
cylindrical solenoid with 0r  radius supplied by I current in n loops creates 
the situation of 0≠A  when 0=  and 0=B , when the distance (d) from 
the solenoid 0d r′′ . In this case A has only azimuthal component ( Aθ ) in the 
entire space from d distance. Inside the coil, we have, of course, the well-known 

( ) 0 04zrot B nIε µπ= =B . 
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The basic effects of the vector potential A in the quantum-mechanical processes 
indeed had been shown experimentally by the Aharonov-Bohm (AB) effect [26]. 
The A potential was directly verified pursuant to Equation (16). According to 
another experiment [27], the interference image shifts as compared to the free of 
the current case if the coil current is not equal to zero. The vector-potential A is 
a phase-shifter of the de Broglie-waves [28], measured experimentally too [29] 
Figure 1. 

The minimal value of 2A  has physical meaning [30], measures the existence 
(change) of the topologic structures. It could be connected to a phase transition 
in quantum-chromodynamics too [31]. Despite the AB effect has a quantum 
(microscopic) nature, some AB observations are macroscopic presenting their 
theoretical and practical proofs. 

The two potentials (A and ϕ ) determine the full field picture by simple 
mathematical transformations, so instead of the six variables (two vectors   
and  ), only four parameters (A is a vector and ϕ , is scalar) describes the 
complete electromagnetic phenomenon [32]. The potentials are not only aux-
iliary quantities, presented as the basis of the description of electromagnetism 
[32]. The conservation of electric charge in (3) and (14) was considered as a 
fundamental condition instead of the induction law (10). The potential Equa-
tion (18) was used [32]. In this approach, a variation principle derives from 
the above equations and the Maxwell theory. Interestingly the opposite 
process, from [32] from Maxwell equations, does not work. In the relativistic 
four-dimensional curved space-time the basis of the electrodynamic discussions 
is the four-dimensional potential vector, composed from the components of A 
and ϕ  [33] [34]. 
 

 
Figure 1. Effect of vectorpotential on the electron’s eigenfunction, and the interference pattern. The shift is 
created by the presence of vectorpotential (Aharonov-Bohm effect). 
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3. Electromagnetic Forces 

The fields are senseless for humans. A transformation to mechanical or high 
frequencies optical form must be involved to sense the electromagnetic activity. 
The optical frequencies present the fields in radiative waveforms, so presently, 
we deal with the force-transformation in invisible lower frequencies. Lorentz 
force density ( f ) [35] connects the fields with the classical “force-based”, hu-
man mechanical sensing: 

0ρ µ= + ×f j                         (21) 

In the existence of materials, when P and/or M are presented (this is the real 
case) effρ  and effj  have to be applied in the Lorentz force: 

eff effρ= + ×f j B                        (22) 

The trivial force-free solution is when fields vanish. (See below the “field-free” 
solution.) The other, non-trivial vanish of the force is [36] when 

0 ρ µ′′ ×j   and  ||j                      (23) 

Formulate it with the polarization terms [37]: 

( ) ( ) 0 0t t
ρ µ µ∂ ∂   = + × + + + × − ×   ∂ ∂   

P Mf j B P M B B  ∇ ∇     (24) 

The complex force of (24) contains the direct forces, the dipole interactions 
( dipolef ), and the radiation pressure ( radf ) by two-two terms, respectively: 

( ) ( )dipole = +f P M B∇ ∇                     (25) 

0 0rad t t
µ µ∂ ∂   = × − ×   ∂ ∂   

P Mf B                   (26) 

These terms do not annihilate by (23) conditions. In consequence, the non-trivial 
solution of the force-field condition does not exist in bio-matter. 

The potential formulation of the Lorentz force density by potentials (15) and 
(18) in the formulae (24): 

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )0 0

grad rot grad
t t

rot rot grad
t t t

ρ ϕ ϕ

µ µ ϕ

∂ ∂   = − + + × − +   ∂ ∂   
∂  ∂ ∂    + + × + × +    ∂ ∂ ∂    

A Af j A P

P M AM A A

∇

∇
   (27) 

The dynamics of charged particles could also be introduced in parallel of the 
classical dynamics an equation [38]. 

( )d
d e

q q q rot q
t c

ϕ + = + ⋅ × − ∇ 
 

p A v A v A∇              (28) 

where q  is the electric charge. In more symmetric form: 

( )d 1
d e

q q
t c c

ϕ   + = − − ⋅   
   

p A v A∇                  (29) 

The Equation (29) shows important behaviors of the potentials: eA  is a 
momentum-like term, while ( ⋅v A ) together with ϕ  has potential character. 

https://doi.org/10.4236/ojbiphy.2021.112007


A. Szasz 
 

 

DOI: 10.4236/ojbiphy.2021.112007 211 Open Journal of Biophysics 
 

4. Tunneling through a Potential Barrier 

There is no Lorentz force acting in the direction of the charge velocity, so no 
energy exchange could happen. The probability ip  of an energy-state iE  is 
proportional with the Boltzmann expression: 

~ e
iE

kT
ip

−
                           (30) 

does not change by (curl-free) magnetic action in particle-description. In prin-
ciple, we expect an effect of the curl-free field [39], on the basis of quantum me-
chanics. 

The quantum-mechanics derives the surface and bulk chemical reactions go-
verning the living processes. The Schrödinger picture of quantum mechanics in 
a case when a particle of charge q moves in the electromagnetic field can be de-
scribed by the time-dependent single-particle equation with Ψ wave-function 
and  Hamilton operator ignoring the reaction of a particle to the field: 

 i
t

∂Ψ
= Ψ

∂
                           (31) 

The information obtainable about the system is given by the wave function Ψ 
normalized to one. Consequently, the phase of wave function includes all infor-
mation relating to the system. It was shown by Aharonov and Bohm in their 
famous effect [40] that the potentials have a fundamental role in quan-
tum-mechanics without using the electromagnetic fields. Schrödinger equation 
where ( ), tΨ r  is the complex wave function  is a Hamilton operator, de-
scribing the total energy of the system, which, in the case of Aharonov-Bohm 
conditions [40], can be expressed as follows: 

 21 .
2

q q
m i

ϕ = − + 
 

A

∇                      (32) 

where q is the charge in the V volume 
3d

V
q rρ= ∫                           (33) 

Consequently, the Schrödinger equation of (31): 

 21
2

i q q
t m i

ϕ∂Ψ  = − Ψ + Ψ = Ψ ∂  
A

 ∇               (34) 

In Equation (34) only the potentials have a role; the classical fields are com-
pletely missing. The scalar potential affects the potential energy, while the vector 
potential is connected to the charge’s momentum in the Schrodinger equation. 
In the plane-wave solution 

( ) ( )
, exp mE t q
t i

h
 ⋅ − +

Ψ ∝   
 

p A r
r                 (35) 

Note classical fields do not appear in Equation (34) too. Where mp  is the 
mechanical momentum of the particle with m mass and v  speed: 

m m= ⋅p v                            (36) 
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In consequence of (35), the magnetic vector-potential changes the wave-number 
only. Using the normality of Ψ 

( ) ( )*
,

, , d 1
V

t t V
→∞

Ψ Ψ =∫ r
r r                    (37) 

and using (35) the coordination dependence of Ψ is: 

1 exp expr rp r qA ri
r h h

   − −   
   

                   (38) 

which changes the amplitude of the wave-function at the transmission of a 
potential-barrier (Figure 2). The amplitude of the probability could be higher 
and also less under the action of the vector potential than without it. 

Consequently, when two charged particles create a chemical bond, the exter-
nal vector-potential interacts and changes the structure. 

The average of effective sources effj  and effρ  could be expressed by: 

 [ ] [ ],eff effTr Trρ ρ= =j j                   (39) 

where  is the Neumann’s density operator: 

 [ ] [ ], ,
t

∂ = Ψ Ψ= −
∂

j




                    (40) 

This approach (in principle) makes the complex system completely calculable. 

5. The “Curl-Free” Potential Situation 

A challenge arises when we have a curl-free magnetic vector potential: 

( ) 0rot =A ,                          (41) 

In this case, (according to (15)) the B field vanishes, pure A field exists only 
[41]. A kind of the curl-free solution is free from the magnetic field, but accord-
ing to (11) at high frequencies: 
 

 
Figure 2. Particle transmission through a potential barrier with and without magnetic 
vector potential. 
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( ) 0rot ≈B                            (42) 

because from (11) a part could be zero, and the other part near to zero: 

( )0 0 0rotµ µ+ =j M  and 0 0 0 0
t t

µ ε µ∂ ∂
+ ≈

∂ ∂
P             (43) 

The electric field does not vanish if A changes by time ( ( )t=A A ): 

( ) 0grad
t

ϕ ∂
= − − ≠

∂
A

                       (44) 

Of course, the curl-free solution could have bio-interactions having electric 
field and through this direct forces and energy absorption in the material. Using 
the potentials and the material parameters effective values of the sources ( effρ  
and effj ) can be introduced by potentials alone in case of (41) conditions, too: 

 

( )
2

0 0 2
0

1
eff rot

t t
ε µ

µ
 ∂ ∂

= + + = ∆ − ∂ ∂ 

P Aj j M A              (45) 

and 

( )
2

0 0 0 0 2eff div
t
ϕρ ρ ε ε ϕ ε µ

 ∂
= − = − ∆ − 

∂ 
P               (46) 

The time-dependent curl-free solution is a solution in the “pure”  -field, 
which is the most common in the literature, and mistakenly used as field free. 
The entire free field solution requests the following conditions: 

0
t

∂
=

∂
A  and ( ) .grad constϕ =                    (47) 

Note due to (41) a χ  scalar-potential could be introduced: 

( )grad χ= −A                           (48) 

and so 

( ) 0grad grad
t t

χϕ ϕ∂ ∂ + = − + = ∂ ∂ 

A                 (49) 

Consequently, due to (18) the new scalar potential is time-dependent, as: 

( )t
t
χϕ ϕ ∂′ ⇒ −
∂

                         (50) 

6. “Field-Free” Solution 

The important question is the real field-free solution, when nor   nor B exist. 

( ) 0rot= =B A  and ( ) 0grad
t

φ ∂
= − − =

∂
A

             (51) 

The field-free solution does not mean that the space is also potential free. 
Could it interact with the biomatter? 

The field-free condition involves a full annihilation of the existing but identic-
al and opposite fields. Due to the opposite ponderomotoric forces, the fields will 
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vanish from the system. The zero B could be described by the two oppositely ef-
fective (destructive interference) vector potentials A  and A : 

( ) 0rot= − =B A A                        (52) 

In consequence, we could have a U scalar potential due to ( ) 0rot =A  for 
the difference 0A  

( ) ( )0 grad U= − =A A A                     (53) 

Let us choose at the same time the scalar potential on the way that   has 
zero value as well: 

( ) ( )* 0grad
t

ϕ ϕ
∂ −

= − − − =
∂

A A
                 (54) 

In this case, using (52) we define: 

( )*
0

U
t

ϕ ϕ ϕ ∂
= − =

∂
                       (55) 

Similarly to (20), the wave equations of these potentials belong to the 
field-free (source-free) conditions. In consequence of (45) and (46), the waves of 
null-potentials have zero effective charge- and current-densities 

( ) ( ) ( )

( ) ( )

*
0 0

*
0 0

, , , 0

( , ) , , 0

eff eff eff

eff eff eff

ϕ ϕ ϕ

ρ ϕ ρ ϕ ρ ϕ

+ − − = =

+ − − = =





j A j A j A

A A A
            (56) 

The sum is zero in the macroscopic view. However, it does not automatically 
make terms vanish, the terms could be non-zero in a microscopic view! In this 
way, the potentials associated with null-fields appear as waves: 

2
0

0 0 0 02

2
0

0 0 0 2
0

0

0

eff

eff

t

t

ε µ µ

ρϕ
ϕ ε µ

ε

∂
∆ − = =

∂
∂

∆ − = − =
∂

A
A j

                  (57) 

There is a huge challenge: the waves of potentials in field-free solutions have 
no dumping. In consequence of the zero-field conditions, a U scalar potential in 
(53) and (55) is the potentials’ generator-function. Using (19), (52) and (54), a 
wave-equation is obtained for U: 

2

0 0 2 0UU
t

ε µ ∂
∆ − =

∂
                      (58) 

The result in (58) supports the propagation of the scalar-wave (SW), which 
has no energy-dissipation in its transmission in the material [42]. The conse-
quence of the SW concept, the Lorentz condition in (19) has been modified: 

0 0div C
t
ϕε µ ∂

+ =
∂

A                       (59) 

where 0C ≠  constant, and followingly [43]: 

( )
2

0 0 2

CC div
tt
ρε µ µ∂ ∂ ∆ − = + ∂∂  

j                 (60) 
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Due to the charge conservation rule (3): 

( ) 0div
t
ρ∂ + = ∂ 

j                        (61) 

Consequently: 
2

0 0 2 0CC
t

ε µ ∂
∆ − =

∂
                       (62) 

Which is equal with (58). 
Due to 

0 0 2

1
c

ε µ =                            (63) 

These null-potential waves (together with the wave of the U potential (58)), 
are traveling by the speed of light in the vacuum (c), and so there are not dump-
ing. [Note the limited velocity (c) of null-field potential obtained only with Lo-
rencz condition (19).] Also, as we see from (16), the Ф flux obtained zero of 
course for field-free potentials for classical approach because 

( )d d 0
L L

graA r rd U= − =∫ ∫ 

                  (64) 

The field-free potential in the Schrodinger equation is: 

 ( )( )2
0

1
2 q

q

Uq grad U q
m t

∂
= − ⋅ −

∂
p                  (65) 

The application of the Lorentz condition (19) is equal with the wave-equation 
condition (58) of the scale-transformation because the 

( ) grad U
U
t

φ φ

↔ +

∂
↔ −

∂

A A
                      (66) 

transformations make identical results. Without damping the traveling waves, 
their interaction with the matter is questionable due to the missing energy loss. 
Is this challenge dissolvable? 

7. The Stochastic Solution of the Field-Free Challenge 

The mean’s zero value does not mean that all terms vanish in the sum. The sum 
of the terms is zero (time-averaged), but because of the non-linear P and M, the 
terms in sums in (56) could have non-zero values, keeping their sum zero. The 
effective current and charge densities as the fields’ sources could have fluctua-
tion around zero in the field-free solutions, which is, in fact, a fluctuating field 
with zero outcomes. Consequently, the zero-field potential could affect the elec-
trical and magnetic polarization pattern, or ohmic terms, in creep. Ponderomo-
toric forces do not connect to zero potential waves. The forces reorganize only 
the pattern of charges and currents, rearrange the structure without energy ab-
sorption. The fluctuations drive the structural changes of the patterns. This is a 
direct potential effect without any change of the actual energy state only rear-
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ranges its fluctuation distribution, which was shown on water-structure and in 
the water content of seeds too [44]. The vector potential affects the coupling 
matrixes of the transport equations and modifies the quantum-states of the wa-
ter [45]. The water state changes show the clustering, and the experiments well 
agreed with the direction of the effect. 

The spatio-temporal distribution of the fluctuations could vary without any 
change in the average (mean) values. Denote a living process without stochastic 
memory as ( )X t . Its fluctuation by time dt: 

( ) ( ) ( ) , ,X t dt X t X t t dt+ − = Θ                    (67) 

The t dt+  time develops by its previous value at t time in (67). It is a Marko-
vian process [46], determines the development in subsequent series of values. 
The ( ) , ,X t t dtΘ    function depends on the X, t, dt variables, and 

( ) ( )
0

lim
dt

X t dt X t
→

+ = .                     (68) 

A self-similar process characterized [47] [48] by: 

( ) ( ) ( )

( )

( ) ( )

1

1

, ,

1

1 , 1 ,

n

i

n

i

X t dt X t X t t dt

dt dtX t i X t i
n n

dt dt dtX t i i
n n n

=

=

+ − = Θ  
   = + − + −   
   
  = Θ + − −    

∑

∑

        (69) 

and in 0dt →  limit: 

( ) ( )

( ) ( )

1

1

1

,

, , , , .n
i

i

i

i

t t
X t X t

dtX t t dt X t t
n=

−

−

→

=

 Θ = Θ     
∑

               (70) 

The ( ) , , dtX t t
n

 Θ   
 terms are statistically independent representations in 

cases without memory. The sum of the n-pieces of the ( ) , , dtX t t
n

 Θ   
 is nor-

mally distributed, [49] at large n according to the functional central limit theo-
rem. Consequently, from (70): 

( ){ } ( )

( ){ } ( )

, , , ,

, , , ,

dtm X t t dt n mean X t t
n

dtX t t dt n var X t t
n

σ

  Θ = ⋅ Θ        
  Θ = ⋅ Θ        

            (71) 

where “mean” signifies the mean-value, m is the first, and σ is the second mo-
mentum of the distribution; and “var” denotes the standard deviation. The solu-
tions of the function-Equation (71) are: 

( ){ } ( )

( ){ } ( )

, , ,

, , ,

m X t t dt A X t t dt

X t t dt D X t t dtσ

Θ =      

Θ =      
                 (72) 
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where A and D are smooth functions of X and t, as well as D is positive. With the 
normality conditions of (67) we get: 

( ) ( ) ( )
( ) ( )

( ) ( )

0

1 1
2 2

0

, ,

, , ,

, 0,1

X t dt X t X t t dt

A X t dt D X t dt

A X t dt D dt

+ − = Θ  
=   

= +

N

N

             (73) 

where ( )2
0 ,m σ′ ′N  is a normally distributed stochastic process with a mean 

and standard deviation m′  and σ ′ , respectively. (73) leads to a Langevin equa-
tion with an infinite standard deviation pumped by a normally distributed white 
noise (Γ(t)): 

( ) ( ) ( )
1
2d , ,

d
X A X t D X t t
t
= + Γ                   (74) 

where: 

( ) ( )1

0
lim 0,
dt

t N dt−
→

Γ =                       (75) 

A set of N self-similar stochastic processes could model the living system. Us-
ing the above considerations, we get a generalized Langevin equation: 

( ) ( ) ( ) ( )
1
2d

, , , , 0,1, 2, , 1
d

i
i j i j

X
A X t D X t t i j N

t
= + Γ = −        (76) 

Assuming the ( ),i jA X t  as a homogeneous linear function: 

( )
1

0
,

N

i j ik k
k

A X t c X
−

=

= ∑                        (77) 

we get the comprehensive vectorial form of the generalized Langevin equation. 

( )1 2d
d

t
t
= + Γ

X CX D                        (78) 

where X, D and C  are derived from ix , iD  and ikC , respectively. Accord-
ing to the Onsager’s conditions [50] the C  matrix is symmetrical, and the 
cross-effects are equal. The living matter forms a highly self-organized hierar-
chical structure, with a non-linear, dynamic equilibrium with no stationary 
processes [51]. Various physical, chemical, and physiological activities connect its 
subsystems, and interacting signals regulate and control a complex network. Even 
the simplest living biological systems show several interconnected processes on 
different time scales, determined by bioscaling connections [52]. Two identical 
living objects do not exist. The living matter is variable, changeable, mutable, 
and adaptable [53]. The living matter essentially differs from the lifeless ones 
[54]. While the thermal and quantum fluctuations in the lifeless states are neg-
ligible due to the system’s size. These lifeless materials do not change between 
identical environmental conditions. The living object has many randomly trans-
formed and altered homologous phases and states interacting with each other, 
mutating over time, involving a permanent and immanent change that allows 
adaptation, mutation, and natural selection. This dynamism appears in the 
change of the confirmation state of proteins, optimizing life’s enzymatic reac-
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tions. Due to the inherent fluctuations, the living matter is “noisy”. The 
self-similar [55] and self-organized [56] behaviors drive the power-spectrum of 
their noise to a highly specialized frequency distribution, called pink-noise (1/f 
noise), [57] [58]. As we had shown earlier [59], the symmetrical, cyclical C  
matrix mandatory for pink noise in a system. Consequently, if a stochastic 
process is self-similar, then generates pink-noise with a power density spectrum 
by f frequency: 

( ) 1S f
f

∝                           (79) 

This spectrum is independent of the kind and number of variables. The only 
assumption is its coupling matrix cyclically symmetric [59]. The living matter 
has such a matrix form, and its noises satisfy the (79) equation. 

The vector-potential A is an axial vector (pseudovector), which at the reflec-
tion is opposite to its mirror image, without changing its magnitude, while the 
reflection of a true (polar) vector is exactly the same as its mirror image. The 
symmetry drastically changes by the effect of an axial vector, and Casimir’s an-
ti-symmetric relation [60] replaces the Onsager’s symmetry: 

( ) ( )T; ;= − −C A C Aω ω                     (80) 

in the indexed form: 
( ) ( ); ;ij jiC C= − −A Aω ω                     (81) 

This effect is the rearranging of the fluctuation-noise distribution by the 
changing of the coupling of interconnected processes. This effect is independent 
of the presence of fields, only the action of the vector-potential (A) is necessary. 
In a zero-field (“field-free”) case, the microscopic (quantum-level) A could vary 
freely, keeping the condition (56) valid in the macroscopic scale. 

Resulting from our above calculation, the presence of any axial-vectors (e.g., 
magnetic field B or vector potential A) could destroy the symmetry of the C
-matrix [30]. Consequently, any axial-vector changes the coupling between the 
transport processes and effectively affects the noise-spectra and the interconnec-
tion of the various homologous phases of the actual living state. This special in-
teraction behavior could give a clue to explain the certain respiration change by 
a magnetic field [61] or a proposed tumor-genesis theory by magnetic field inte-
ractions [62] [63]. The action of axial vectors on the bio-system could affect its 
self-organizing ability, directly affecting individual cellular organizing autonomy, 
which characterizes the cancer cells. The pink-noise fluctuation (and the con-
nected large-scale maximal entropy) is broken by the axial vectors’ effect, mod-
ifying the transport properties and the interactions’ symmetry. This effect could 
modify the critical state and the correlation length of the interactions [64] and 
could create a stress-like effect on the organism. 

8. The Bio-Entropy 

We are able to formulate our results on the basis of thermodynamics as well. The 
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highest deficiency of information (highest entropy) is achieved by the noise, 
which has Gaussian distribution [60] (Gaussian noise). Because the effective 
power-density of pink-noise is constant in all the characteristic scales, the Gaus-
sian pink-noise then has maximal entropy in all the scales. The living system has 
special fractal dynamism, [65], in consequence of its self-similar stochastic beha-
vior, it fluctuates by pink-noise, [59] [66]. The maximal entropy of Gaussian 
pink-noise allows an important conclusion: the living state’s noise has maximal 
entropy (stable dynamic equilibrium) in all of the characteristic scales. Applied 
the Focker-Plank equation [67] we had shown [30] that the entropy fluctuation 
is connected to the coefficients of the Langevin-equation too: 

T 11
2

S k − ∆ =  
 

X Q CX .                    (82) 

In this case the elements of the cyclic C -matrix will determine the change of 
the entropy. The applied field-free potential could change the configurational 
entropy and the noise-spectra of the living matter. This agrees well with the 
meaning of the minimum value of the volume integral of vector-potential 
squared ( 2

minA ), which is connected to the topological structures of the matter 
[30]. 

Numerous negative feedback loops control the homeostasis [68] [69], creating 
both the micro and macro-structures in equilibrium. The control forms oppo-
sitely effective physiologic feedback signal-pairs (promoter-suppressor actions) 
in various time-scales. The system is well controlled at all times. The homeosta-
sis fixes the system in regulated dynamic equilibrium. 

To characterize the homeostatic equilibrium, we may introduce a special 
entropy-definition. There are various proposals to calculate the entropy of finite 
data-series, which are coherent with the Shannon-type entropy [70]. Measuring 
the complexity of time-series was introduced by the Richman-Moorman-entropy 
(SE) [71], which is the negative logarithm of that conditional probability that the 
vectors remain r-neighbors when we add a new sample-point to the time-series 
so the length of the vectors is elongated to 1m + . Consequently: 

( )1 1,E i j i jS InP x x r x x r− −= − ≤ − ≤                (83) 

The signals are kept in a definite interval, controlled on all scales of the ho-
meostatic system. The entropy ES  of every signal in this state is identical and 
constant; 1.8ES = , independent of the scale of measurements, [72]. The con-
trolling physiological signals fluctuate around their average values. The fluctua-
tion is time-fractal (pink-noise), which characterizes homeostasis. 

A special method, called multiscale entropy analysis (MSE) [73], has proved 
the scale-independency of pink-noise in a definite interval of the signals, proven 
by evaluation of various physiological signals [74]. Applying the MSE for pink- 
and white-noises and the entropy vs. the applied scale factors (number of the 
members of the actual averaging) had different functions. The smoothing (fil-
tering, cutting the high-frequencies) is irrelevant in the case of the pink-noise. 
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When the original was pink, the entropy remains constant on all scales in a very 
wide range of limits. The growing scale-factors decrease the white-noise entropy 
due to the very short correlation, but its entropy is high at the small scales due to 
the short-range correlations. While in the case of pink-noise, the short correla-
tion is weak, but the long is strong. 

9. Conclusions 

Our present work shows the possible bio-effects of the electromagnetic poten-
tials without the presence of electromagnetic fields. The effect is expected on the 
quantum level. It is based on the change of interactions of stochastic processes in 
living objects. 

The practical benefit of the results is evident. It is not only a great possibility 
to work out new bio-effects, but it has industrial application possibilities also. 
The amplitude of field-free potential does not decrease because it does not in-
duce Eddy current by the induction law to dissipate its energy. Consequently, 
effective communication methods can be achieved by applying low energies. Ex-
tensive research had been carried out in this field. An example, several patents 
were filed on behalf of Honeywell Inc., and granted on the communication sys-
tem of this type [75]. 
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