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Abstract

We elucidate the mechanism of the Ampeére’s law
(experimental rule discovered in 1820) in normal metallic
and superconducting states, on the basis of the theory
suggested in our previous researches. The induced
magnetic field in the Ampére’s law is realized because the
bosonic electronic state tries not to change the electronic
structure by inducing the magnetic field. If an electron
were not in the bosonic state, any induced magnetic field
would not be observed. Furthermore, we discuss how the
strength of the electric field are closely related to the
electron—phonon interactions in the normal metallic states
and the superconducting states. We formulate the
electron—phonon coupling constants, which are very
important physical parameters in the various research
fields such as the normal metallic states and
superconducting states, under the external applied electric
field as well as under no external applied field.

Keywords: Normal Metal, Superconductor, Electron—
Phonon Interactions, Bose—Einstein  Condensation,
Ampére’s Law, A Bosonic Electron.

1. Introduction

The effect of vibronic interactions and electron—
phonon interactions [1-7] in molecules and crystals is an
important topic of discussion in modern chemistry and
physics. The vibronic and electron—phonon interactions
play an essential role in various research fields such as the
decision of molecular structures, Jahn-Teller effects,
Peierls distortions, spectroscopy, electrical conductivity,
and superconductivity. We have investigated the
electron—-phonon interactions in various charged
molecular crystals for more than ten years [1-8]. In
particular, in 2002, we predicted the occurrence of
superconductivity as a consequence of vibronic
interactions in the negatively charged picene,
phenanthrene, and coronene [8]. Recently, it was
reported that these trianionic molecular crystals exhibit
superconductivity [9].

In general, in the vibronic interactions, we consider the
first- and second-order processes. In the first-order
processes, we must consider one electron systems in
which a phonon is emitted or absorbed by an electron
(Fig. 1). On the other hand, in the second-order

processes, we must consider two electrons systems in
which a phonon is exchanged between them (Fig. 2).
Vibronic and Jahn-Teller stabilization energies for one
electron have been calculated and discussed for a long
time [1-8]. However, in these previous calculations and
discussions, the only total electron—phonon coupling
constants originating from both the first- and second-
order processes have been well calculated, and the roles
of the first- and second-order processes have not been
clearly distinguished. Furthermore, in these discussions,
the wave function for a randomly moving electron has
been ambiguous, and the direction of motion of an
electron has not been considered. This is the main reason
why the roles of the first- and second-order processes
have been ambiguous. Furthermore, in the conventional
two-electrons theory [1-7], only the case where no
external electric or magnetic field is applied has been
considered.  That is, the relationships between these
energies and the strengths of the external applied electric
field have not been discussed in detail.

In this article, we discuss how the opened-shell
independent one electron is really stabilized in energy in
view of the second-order processes in the vibronic and
Jahn-Teller stabilization.  In the previous researches,
electrons and molecular vibrations have mainly been
treated as particles and waves, respectively. On the other
hand, electrons and molecular vibrations are more clearly
treated as waves and particles, respectively, in this study,
than those in the previous researches. By considering the
wave characteristics of electrons and the direction of
motion of an electron, we will clearly define the wave
function for randomly moving one electron (Eg. (1)),
which has not been clearly defined. By using this wave
function, the roles of the first- and second-order processes
in the vibronic interactions can be clearly distinguished in
this study. We also discuss the relationships between the
vibronic and Jahn-Teller stabilization energies,
originating from the nondissipative second-order
processes, and the electrical resistivity and Joule’s heats,
originating from the dissipative first-order processes in
the vibronic interactions, as a function of the external
applied electric field.  Furthermore, in this article, we
elucidate the mechanism of the Ampére’s law
(experimental rule
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the first-order processes in the vibronic and electron—phonon interactions become more
dominant with an increase in the external applied electric or magnetic field

(b) finite external applied electric or magnetic field in two-electrons BCS model (x external % 0)
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the first-order processes in the vibronic and electron—phonon interactions do not become
dominant even under the external applied electric or magnetic field

Fig. 1. First-order electron—phonon interactions processes
under external electric field.

discovered in  1820) in normal metallic and
superconducting states [10], on the basis of the theory
suggested in our previous researches [1-7].

2. Vibronic Stabilization Energies under the Applied
External Electric Field in Molecules

In this section, we will first show how the vibronic
stabilization energies [1-6] are derived on the basis of our
new one-electron model as well as the conventional two-
electrons model.

2.1 One-Electron Model in Molecules
Let us consider an inert Fermi-sea, in which the
electrons are treated as non-interacting [1-8]. To this
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second-order processes in vibronic and electron—phonon interactions (x extemal = 0 )
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the second-order processes in the vibronic and electron—phonon interactions can be applied
Fig. 2. Second-order electron—phonon interactions
processes without any external electric field.

Fermi-sea, one electron is added above the Fermi-surface.
This one added electron does not interact with the inert
Fermi-sea, as shown in Fig. 3.
One electron occupies a plane-wave state
|Kone.av. (€k.C_ )} , in the absence of interactions, as

shown in Fig. 2 (a),

|kone,av. (C+k 1Ck )) = Pkgmund (T )l Kground (C+ ks Ck ))

+ -J Pkescited T )l Kexcited (C+k Ck )): @)

where
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|kground(C+k:C—k)) =C+k|+k~L>+C_k|—k T), (2)
|kexcited(C+ka—k)>:C+k|+k1\>+c—k|_k‘l’>- (3)

(kground (C+k 1C_k j Kground (C+k 1Cok ))
= (kexcited(c+ ki Ck )l Kexcited (C+k C_k )) = CJZ,k +Cgk =1,

(4)

(kone, av. (C+ krCok )l Kone, av. (C+ ks C-k ))

= Pkgmund (T )( Kground (C+k Gk j Kground (C+k 1 Ck ))

P cites (T X Kexcited(C-+k» €k )| Kexcited (G - C-k )

=1 (5)
Here, the one extra electron in the absence of such a
peculiar interaction is denoted by |Kone av. (€1 .C_k ), and

in the presence of the interaction by |Kone av. (¢ .C_k )) -
Denoting the Hamiltonian of the system by

H = Hg + Vess, ©)
then
Holk) = exl£k), (7)

where ¢ denotes the single-particle energy of the non-

interacting fermion system.  Adding interactions, the
exact Schrodinger equation for the one-particle problem
defined above are given by

Hl Kone,av. (C+k: C_k )>
= Eone (C+k ,C—k]Kone,av. (C+k :C—k)), ®)

where Egne(C.k,c_x) denotes the exact one-particle

energy above the Fermi-surface, in the presence of
vibronic interactions. Assuming that the states

|Kone.av. €k .C_k )) form a complete set such that the

exact one-particle eigenstate can be expanded in this basis,
then

|Kone,av_ (C+k 1Ck )) = z aklkone,av. (C+k Gk ))
k

= Zak Pkyround T )lkground (C+k, C—k)>
k

+ ‘ Pkexcited (T )l kEXCited (C+k ,C_k )) }
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Fig. 3. Electronic states in the (a) ground state, (b)
monoanionoic state, and (c) dianionic state.

Inserting Eq. (9) into Eq. (8), and then we obtain

(HO +Veff)z akl Kone,av. (C+k 1Cok )>
k

= Eone (C+k 1C_k )Z ak| Kone,av. (C+k C_k )> (10)
k

Considering  the  above relation

{k'| K} = 6k k', we thus find

orthogonality

z bk'(cJr e +k' |+ c_kr(—k’|)Ho (Cokl+k) +c_kl-K))
k/

= bee, (11)

Z bk'(C+ k'("‘k,l + C—k'<_k'|)Eone (C+k| +k) + ey —k>)
k/
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= bx Eone, (2)

and thus

bi ek — Eone (k. ¢k ))
= =2 b Cowe{rk [+ ek )
kv
x [Vt okl +K) +ckl-K))  (13)
The quantity (k'lVeffl k) denotes a one-electron scattering
matrix element from a one-particle state |k) to a one-

particle state k') .

We now consider that the electronic states k can be
stabilized by Vgne only when the scattering within the

same electronic states k occurs. That is, we have

(K Verel+ K) =(+ K Vete| - k) = (=K [Vegd + k)
=<_k'|veff|_k>=_vonefi<,k'v (14)

Db (G kK |+ e (=K Ve ol +k) +c_il =K))
k!
= —Vonezbk’(c+k'c+k + C_krCok +Ck Cok + Cok Ck )

k!
x Ok k'

= ~Vone 2 bicr (L+ 2€ 1 C—ic Wi e
k/

1
= —2Vone X bk (E+ C+k’C—kj5k,k’
kY
= =2V one f Bose (C+k 1C_k )z bk Ik k'
kl
= —2by Vone fBose (C+k, C—k)v (15)

where

feose (Ck C—k):% +C_kCik =% + C—km- (16)
Thus, Eq. (13) takes the form

bi £k — Eone (C1k » ¢k ))= 2DV one fBose C+k .C—k ) (17)

Avib one (C+ ki C-k ): 2V one fBose (C+k Gk ) (18)

The Ayib one (€4 k. C_k ) denotes the stabilization energy of

independent one electron as a consequence of the second-
order process of the electron—phonon interactions.
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2.2 Comparison of the One-Electron Theory with the
Conventional Two-Electrons BCS Theory under the
Applied Electric Field in Molecules

Let us next discuss the vibronic stabilization energy of
independent two electrons in the one-electron theory

(Avib, pair, one (C+k 1C_k ))
The Avib, pair,two (C+ k. C-k ) value can be defined as

Avib, pair, two (C+ k» C—k ): ZAvib,one(CJrkn C—k)
= 4Vone - 4V0ne@- — fBose (C+kv C—k))
=4V one fBose (C+ k> C-k ) (19)

The electronic energy level itself for the electronic state
is stabilized by 4Vg, with the kinetic energy of

supercurrent 4Vone (1— faose (C1k - C-k )).

3. Vibronic Stabilization Energies under the External
Applied Electric Field in Solids

In this section, we will first show how the vibronic
stabilization energies [1-6] are derived on the basis of our
new one-electron model as well as the conventional two-
electrons model under the external applied electric field in
solids.

3.1 One-Electron Model in Solids

Let us consider an inert Fermi-sea, in which the
electrons are treated as non-interacting. To this Fermi-
sea, one electron is added above the Fermi-surface. This
one added electron does not interact with the inert Fermi-
sea, as shown in Fig. 3.  One electron occupies a plane-

wave state |Koneav.(Cik,C_k)) , in the absence of
interactions, as shown in Figs. 1 (a) and 2 (a),

|kone,av. (C+k Gk )) = -J Pkgmund (T )l Kground (C+ ky G-k ))
+ -J Poxcited T )l Kexcited (C+k 1Cok )): (20)

where
|kgr0und(C+ka—k)) :C+k|+k ~L>+C_k|—kT>, (21)
|kexcited(c+kvc—k)>:C+k|+k¢>+c—k|_k‘l’>- (22)

(kground (C+k 1Ck 1 Kground (C+k 1C_k ))

= ( kexcited(C+ k> C—k )l Kexcited (C+k 1Cok ))
=2 +c3 =1 (23)

(kone.av. (C+ ks C-k )l Kone, av. (C+ k> C-k ))
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= Pkgmund (T )( Kground (C+k 1Ck j Kground (C+k ok ))

+ Pk, cited T )( kexcited(c+ka c_ k)l kexcited(c+k 1 Ck ))
=1 (24)

Here, the one extra electron in the absence of such a
peculiar interaction is denoted by |Kone av. (€1 .C_k )), and

in the presence of the interaction by |Kone av. (¢ .C_k )) -
Denoting the Hamiltonian of the system by

H = Ho + Vest, (25)
then
Hol£ k) = &y £k), (26)

where ¢ denotes the single-particle energy of the non-

interacting fermion system.  Adding interactions, the
exact Schrodinger equation for the one-particle problem
defined above are given by

Hl Kone,av. (C+k: C_k )>
= Eone (C+k 1C-k ] Kone,av. (C+k 1Ck )), (27)

where Egne(c,k,c_x) denotes the exact one-particle

energy above the Fermi-surface, in the presence of
vibronic interactions. Assuming that the states

|Kone.av. €1k .C_x )) form a complete set such that the

exact one-particle eigenstate can be expanded in this basis,
then

|Kone,av. (C+k 1Ck )) = z aklkone,av. (C+k 1 C_k ))

k
= %‘, ag Q Pkgmund T )l Kground (C+k1 C—k)>
4y Pecivea (T )| Kexcited (Cok .c—k )) }
-y %k Prans DE k8 +coi| K1)
k

+ak1[ Pkexcited(T)(C+k|+ k T) + C_kl -k i))}

= Zbk (C+k|+k>+ C_kl—k)). (28)
k

Inserting Eq. (28) into Eq. (27), and then we obtain

(HO +Veff)z ak| Kone,av. (C+k 1C—k )>
k

= Eone (C+k 7C—k)z akl Kone,av. (C+k ,C—k)>- (29)
k
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Considering  the  above relation

{k'| K} = 6k k', we thus find

orthogonality

2 bk (k| + e (=K Ho €l +K) +cicl -k))
k/

= beek, (30)

z bk'(C+ k’("‘k,l + C—k’<_k'|)Eone (C+k| +k) + ey —k>)
k/
= bx Eone, (31)

and thus

bi (e — Eone (Cik . ¢k ))

= —Z by (c+kr(+ k'|+c_k!(—k'|)
o
x Vet |l +K) +c_il-K)). (32)

The quantity (k’|Veff| k) denotes a one-electron scattering
matrix element from a one-particle state |k) to a one-
particle state |k’) .

Up to now, we consider quite general case, we now
specialize to the case where this scattering matrix element
is one of the somewhat peculiar nature described above,
that is, stabilized by Vgne in a thin shell within the energy
of v from the Fermi-surface, and zero elsewhere, as
shown in Fig. 3. That is, we have

<+ K [Vest|+ k> =<+ K [Vest| - k> =<_k'|veff| + k)
:<_krlveff|_ k) =—Vone, (ng _5F|< VO)
=0, (ng -¢f|> vo) (33)

Db (k| + o (=K IVerel €kl +k) +c_il -k))

k/

= —Vonezbk’(c+k’c+k + € Gk +Cok Cok + CoirCik )
k!

X @(gk - &F )@(vo —|gk - 8F|)
= —VoneZbk/(l-l- 20+k'c—k)
K

x @(gk —8,:}9(1/0 | ex —SFD
1
= —2Vonezbk’(z+c+k'c—kj
k!
x O(ex —€F)®(Vo ~|ex —5F|)

= =2V one f Bose (C+k Cok )Z bk'®(5k - 5F)
k/

x ©(vo -l - el), (34)



IJSEAS

where

1 1
faose (Cik, C—k):E T CkCik =5 F c_kyl-cZ. (35)

Thus, Eq. (32) takes the form

by (5k — Eone (C+k ; C—k)): 2V one fBose (C+k, C—k)
x Z bk'®(5k - ¢ )@(VO - |<9k - g|:|).
kl

(36)

It is ensured by the first ® -function that the single-particle
energies & are above the Fermi-surface, and by the second
one that the effective stabilization only is operative in a
thin shell within the energy of 1y from the Fermi-surface.

Here, it is more convenient to go over to energy integrals
instead of k-space integrals, by introducing the density of
states N(&), and viewing the expansion coefficients as a

function of energy ¢. By using a Dirac delta function
5(e - & ), the density of states N(&) can be defined as

N(e)~ Y (e - ek )= Nelectron(&) [states / electron ]
k

= Ngpin (¢) [states / spin] = 2Ngpin () [states / electron ]
= Npcs (¢) [states / spin]=2Ngcs (&) [states / electron ].

(37)

Since by only depends on k via g, we may write Eq.
(36) as follows

b(&k)(gk — Eone (G, C-k ))

=2Vone fBose(c+klc—k)
X deoogz b(5)5(£— gkr)G)(g —&F )@(vo P D
o
=2Vone fBose(C+k:C—k)

x I_Daweb(g)N (£)o(s- 8|:b(vo —|e- g|:|) (38)
We then obtain, upon remaining variables

b(g)(gk - Eone(c+k: C—k))

= 2Vone fose (C+k. C—k)J e

de'N(&)b(e’). (39)

£F

The right hand side of Eq. (39) is independent of ¢, and
hence b (&) must have the form
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2 (40)

&= Egne (C+k C_k ),

b(e)=

where C is some normalization constant. Inserting b ()
in Eq. (40) into Eq. (39), we find

EE+Vy N(g’h&"
F 5’_Eone(c+klc—k)

eg+vw N &')de
= 2V0ne fBose (C+k| C_k)J-gFF 0 g, _eé—:-ctro(nc( k)C 5 ). (41)
one \"+K * ¥—

1=2Vone TBose (C+k' Ck )J

Considering the fact that we are looking into a thin shell
around the Fermi-surface, and assuming that the density of
states Neectron(€) Varies slowly, we may simply replace it

by its value on the Fermi surface, Nepectron(er) -
Introducing the dimensionless electron—phonon coupling
constant Aone (= 2Vone Nelectron(gF ) =4V gne Nepin (EF )
= 4Vne NBcs (é‘F )), we obtain

1= 4Vone fRose (C+k: C—k)NBCS (SF)
&+ 1 de’
<[

°F 5'_Eone(c+k'c—k)
B (8F + Vo)— Eone(c+k’c—k)
= Aone TBose (C+k'c_k)n{ &g — Eone(C+k,C_k) .

(42)

Then the energy difference between the states of one non-
interacting particle on the Fermi-surface (&g), and the

exact energy eigenvalue (Eone(c+k,c_k)), is introduced,

i.., Avib.one (C+ ki C_k )= €F — Eone (C+k ,C_k ) In terms
of this variable, Eq. (42) may be written

1 V
=Inql+ 0 } (43)
Zone FBose (Crk 1€k ) { Avib, one(C1k: C_k)

and thus

!
el/ {;L onef Bose (C+k 1€k )}_ 1

e_l’ {%ne foose (Crk Ck )}, (44)

Avib one (C1k: €k )=
~ VO

where the last approximation follows if 14ne <<1 (if the
effective one electron stabilization is small).  Similar
discussions can be made in other electrons at the Fermi-
surface. The Ayip one (C4 k, C_k ) denotes the stabilization
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energy of independent one electron as a consequence of
the electron—phonon interactions.

3.2 Comparison of the One-Electron Theory with the
Conventional Two-Electrons BCS Theory under the
Applied Electric Field in Solids

Vibronic stabilization energy of independent two
electrons in the one-electron theory

(Avib, pair, one (C+k 1Cok )) is denoted as

Avib, pair, one (C+k 'C_k )= 2Avyib one (C+k Ck )
_ 2y Mo _ 9y ( oo _ g~ o f oo (Gt o )}j

=92 Voe -y <{j'one fBose (C+k vc—k)}. (45)

The electronic energy level itself for the electronic state
is stabilized by 2vgexp(-1/ Agne) with the kinetic

energy of supercurrent

2y (exp(—l ! Zone )— exp (—1 / {ﬂ one fBose (C+k Gk )}))

4. The Origin of the Ampére’s Law
4.1 Theoretical Background

In this article, we consider the molecular systems for
mathematical simplicity.  On the other hand, we can
easily apply this discussion to the case in the solids.

The wave function for an electron occupying the
highest occupied crystal orbital (HOCO) in a material
under the external applied field (xj, = Bj, orEj,) can be

expressed as

|kHOCO (T)((Boutv Bin ) (Eout: Ein) Bk hoco 1 Tkoco ))

= f Pground T )l Knoco, ground,0 (Xin )>
+y Pexcited(Tj Kroco,excited,0 (Xin )>| (46)

where

|kHoco,excited,o (Xin ))
=,k o0 10 (Xin kHocO T
€ koco 4.0 (xin ) koco ¥), (47)

kHOCO,ground,O(Xin ))
=C ko0 N0 (Xinj —knoco T)

+C+kHOCO 1,0 (Xin ]+kHOCO ~L>, (48)

Pground (T)+ Pexcited(T)=1, (49)
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1o(in )+ CngOCOT,o(Xin )=1, (50)

C
+Kroco

¢’0(xin )+ cf Tyo(xin)zl- (52)

C
—Kioco Kroco

The magnetic field ( By, (Xout.Xin)(=Bin)) at the
condition of the external applied field xq,; and the field
felt by an electron x;, can be expressed as

Bk ioco (Xout , Xin)

0 (Xout 1 Xin )— B 1 (Xout 1 Xin ). (52)

=B
Kroco Kroco

where

B“Hoco 1 (Xout 1 Xin )
2
= Pexcited(T)C+kHOCO ™ Xin (Xout — Xin )
2
+Pground T )C_kHOCOTinn (Xout - Xin)- (53)

%Hoco 1 (Xout 1 Xin )
2
= Pexcited(T)C_kHOCO b Xin (Xout — Xin )
2
+Pground T )C"'kHOCO‘Linn (Xout - Xin) (54)

The electric field ( I .o (Xout.Xin)(=Ein) ) at the
condition of the external applied field xq,; and the field
felt by an electron x;, can be expressed as

IkHOCO (XOUt ' X|n)
= I+kHOCO (Xout ’ Xm )_ I_kHOCO (Xout ' X|n )' (55)

L Keioco (Xout 1 Xin )
2
= Pexcited(T)C+kHOCO ™ Xin (Xout ~ Xin )
+Pground (T )kaHOCO‘l’inn (Xout - Xin) (56)

“Kioc0 (Xout , Xin)
2
= Pexcited(T)C_kHOCO b Xin (Xout ~ Xin )
+Pground (T )C—zkHocoTinn (Xout - Xin) (7)

Let us look into the energy levels for various electronic
states when the applied field increases from 0 to X, at O
K in superconductor, in which the HOCO is partially
occupied by an electron. The stabilization energy as a
consequence of the electron—phonon interactions can be
expressed as



ESC,eIectronic(Xouta Xin )— Enm ,electronic(o ,0)
= —2Vonef Bose,O(Xin) (58)

where the -2V, denotes the stabilization energy for the

electron—phonon interactions between an electron
occupying the HOCO and the vibronically active modes

(Fig. 4).

electron—
phonon

2/ onef Bose, O(Xm )

—ér
interactions
Enm(0,0) % %

Esc(0,0)  Esc(xin, Xin)

Fig. 4. Stabilization energy as a consequence of the
electron—phonon interactions as a function of the
external applied field.

The fgose, ;. (0)(= fpose 0(Ein ) denotes the ratio of
the bosonic property under the internal field xjj,
( ¢,O(Xin )= 10 (Xin )= Crk 00,0 (Xin )
an
C Koco 1.0 (Xin ): € Koo i,O(Xin ): C-Kroco 10 (Xi” ) ),
and can be estimated as

C C
+Knoco +Kpoco

o

fBose,O(Xin )= fBose, x;, ©)
1
= E +C—kHOCO ,O(Xin )Jl— CEkHOCO ,O(Xin ) (59)

The fgose,;, (0)(= faose,0(Bin ) denotes the ratio of the
bosonic property under the internal field xj,
(C+kHoco 1.0 (Xin ): C—kHoc;o T,O(Xin ): CkHoco 1.0 (Xin ) and
€ kioco 4.0 (Xin ): € Kioco J,,O(Xin ): pioco .0 (Xin ) )
and can be estimated as

fBose,O(Xin )= fBose, x;, )
1 2
=5 * oo 00 )Jl‘ Cen L0 (in)- (60)

4.2 New Interpretation of the Ampere’s Law in the
Normal Metallic States

Let us next apply the Higgs mechanism to the
Ampere’s law in the normal metallic states. Let us next
consider the superconductor, the critical electric field of
which is E.. Below T¢, the bosonic Cooper pairs are in

the superconducting states. We consider the case where
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the HOCO is partially occupied by an electron. We
consider that the electric field is quantized by
AEunit(=Ec /n¢).  The n¢ value is very large and the

guantization value of E; /ng is very small (E; /n. =0).
That is, the jth quantized electric field Ej with respect to

the zero electric field can be defined as

Ej = JAEnit - (61)

The ratio of the bosonic property under the internal
electric field E;j, with respect to the ground state for the

zero electric field can be denoted as fgose o(Ein ). We
define the electronic

|kHOCO (T)((Bout! Bin ) (Eout: Ein) Bk hioco 7 Tknoco ))

state, where the Eg, denotes the induced electric field
applied to the specimen, the E;, the induced electric field
felt by the electron, the By ., the induced magnetic

moment from the electron (the induced magnetic field
Binduced, k.oco O the change of the spin magnetic

moment of an electron ogpin ko, from the each ground
state), and the Iy ., the induced electric moment of an
electron (canonical electric momentum Peanonicalkyoeo OF
the electric momentum of an electron Vemk, .. )-

Without any external applied electric field ( j=0
Eout = Ein =0), the ratio of the bosonic property under
the internal electric field O can be estimated to be
fBose,0(0)=1. Therefore, the electronic state pairing of

an electron behaves as a boson,

fBose, 0 (0) =1 (62)
In such a case
( C+kHoco 1.0 (0): C—kHoco Tvo(o) =Cik Hoco ¥,0 (0)

100)= 1/+42 ), there is no induced current

= Ckiioco ¥
and the magnetic fields, as expected,

B ioco T(O’O)_ BkHOCOi(O’O)
2
= <%excned( )C+kHoco 10 ©)+ Pground (T)C-kHoco 10 (0)}

- {Dexcited(T )C—kHoco 1,0 (0)+ Pground (T )CikHOCO 10 (0)}
-0, (63)

(0,0)=8B,

k oco (0,0)= I+ Kioco 0,0)- I Kyoco (0,0)
= <%excned( )C To(o)"' I:’ground(T) Koo 0(0)}

+Knoco
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- %excited(T )CEkHoco 1,0 (O)+ I:)ground (T )CEKHOCO T,O(O)}
=0. (64)

This can be in agreement with the fact that charges at rest
feel no magnetic forces and create no magnetic fields.
This is the bosonic ground normal metallic state for j=0

(|kHOCO(T)((O,0); (0,0);O;O))) (Fig. 5 (a)). Itshould be
noted that the electronic states are in the ground normal
metallic states when all the pcanonical, Vem, Ospin» and

Binduced values are 0 (Pcanonical =0, Vem =0, ospin =0,
and Bipduced = 0), and are in the excited normal metallic
States When the pcanonica|, Vem, Gspin, or Binduced ValUES

are nOt O ( pcanonica| iO ) Vemio y O-spin ¢0 y or

Binduced # 0).
When the electric field (i, (AEunit,0)= AEqnit ) is

applied, a Nambu-Goldstone boson formed by the
fluctuation of the electronic state pairing of an electron

|krioco (TX(0,0);,(0,0);0;0)) is absorbed by a photon

(electric field) (Fig. 5 (b)). Therefore, a photon (electric
field) has finite mass as a consequence of interaction with
the Nambu-Goldstone boson formed by the fluctuation of
the bosonic electronic state pairing of an electron. In
such a case, the I, (AEunit,0) and By, (AEunit,0)

values for the
|kHOCO (T)((ABunit ,0)(AEunity O) Binduced;0)> state (Fig.
5 (b)) can be estimated as
2
IkHOCO (AEunit ' O) = %excited(T)C+ Knoco T O(AEunit )
2
+ Pground (T )C+kHoco 10 (AEunit)}
2
- {)excited (T)C_kHOCO 1,0 (AEunit)

+ Pground (T )CE Kroco .0 (AEunit )}
_o, (65)

and thus

Brcco (ABuni 0)= Peced Ty, 1.0(AEunt)
+ Pground (T )CEkHOCO m(AEunit )}
- {Dexcited (T)c’ Kiiooo 410 (AEunit)
+ Pground (T )C+2kHoco ¢,0(AEunit)}

2
=2 I:’excited(T ) {+kHOCO 1,0 (AEunit )
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- C—ZkHoco Lo (AEunit )}
= Binduced Knoco (AEunit: 0): ABypit - (66)
@) |k roco(T X(0,0)(0,0)0; 0))

O o

®) |k oco (T X(0.0) (AEunit, O)Binduced :0))

photon |
o—) < ° y )
AEunit  AEunit

Binduced
(c) |k HOCO (T )((O, 0); (AEunit , AE unit ) Binduced ;¥ em ))

hoton
p'l:,’) Sy 4
AEnjt Vem

Binduced
(d) |k Hoco(T )((0: o), (AEunit s AE unit ) Ospins P canonical

photonf 0
—> \J 4

Ospin

) |'< Hoco(T X(0,0)(0,0).0; 0))

I

Fig. 5 The electronic states between j =0 andj = 1
in normal metals.

Soon after the external electric field is applied, the
momentum of the bosonic electronic state pairing of an
electron cannot be changed but the magnetic field can be
induced. It should be noted that the magnetic field

Binduced, kpoco (AEunit,O) is induced ( Binguced # 0) but
the spin magnetic moment of an electron with opened-
shell electronic structure is not changed ( ogpin =0 ).

This is very similar to the diamagnetic currents in the
superconductivity in that the supercurrents are induced
(Vem #0 ) but the total canonical momentum is zero
( Pcanonical =0).  The magnetic field is induced not
because of the change of the each element of the spin
magnetic moment of an electron (ogpin =0) (similar to
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the Ppcanonical IN the superconducting states) but because
of the change of the total magnetic momentum as a whole
(Binduced # 0) (similar to the vg, in the superconducting
states).

On the other hand, such excited bosonic electronic state
pairing of an electron with the induced magnetic fields

|kHOCO (T)((O, 0), (AEunit ; 0) Binduced ;0)) can be
immediately destroyed because the initially applied
electric field penetrates into the normal metallic specimen,
and the electronic state becomes another bosonic excited
normal metallic state for j=0

(lkHOCO (T)((O, 0), (AEunit , AEunit) Binduced §Vem)) ) (Fig.

5(c)). In such a case, the By, (AEunit, AEynit) and
Ik oo (AEunit, AEunit ) values for the
|kHOCO (T)((ABunit ,0)(AE unit, AE unit) Binduced; Vem )
state can be estimated as
B, 000 (AEunits AEunit ) = B (AEunit,0)
2
= %excited(T )C+kHoco 10 (AEunit)
2
+ Pground (T )C—kHoco 'rlo(AEunit )}
2
- %excited (T)C—kHoco 1,0 (AEunit )
2
+ Pground T )C+kHoco ¢,0(AEunit)}
2
=2 Pexcited(T){+kHOCO 10 (AEunit)
2
™ Knoco L’O(AEunit)}
= Binduced ko (AEunit:0)= ABynit,  (67)

IkHoco (AEunit ) AEunit)
= Vem, kyoco (AEunit s AEynit ) = AEynit - (68)

In the |kHOCO(T)((O’O); (AEunithEunit)Binduced;Vem))

state, an electron receives the applied electric field
AEynit » and thus the superconducting current can be

induced, and thus there is Kkinetic energy
( Exinetic (AEunit, AEynit )) of the supercurrent,

That is, the expelling energy of the initially applied
electric field AE it for the

|kHOCO (T)((O, o) (AEunit : 0) Binduced ;0)) state is
converted to the Kinetic energy of the supercurrent for the
|kHOCO (T)((O, 0); (AEunit » AEunit ) Binduced ;Vem)) state.
Both the supercurrent (Vemk,oco (AEunit : AEunit)) and
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the magnetic field ( Binduced, k,o00 (AEunit,0)) can be

induced under the condition of the opened-shell electronic
structure with zero spin magnetic field and zero canonical
momentum (ospin =0 Pcanonical = 0). This is the origin

of the Ampere’s law.
On the other hand, such excited bosonic normal
metallic states with supercurrents

( |kHOCO(T)((OvO)3 (AEunitnAEunit) Binduced;Vem)> ) can

be immediately destroyed because of the unstable opened-
shell electronic states, and the electronic state becomes
another excited fermionic normal metallic state for j=0

( |kHOCO(T)((0:0);(AEunitaAEunit)Gspin§pcanonical)) )
(Fig. 5 (d)). It should be noted that the electronic
|kHOCO (T)((O’ 0); (AEunit AEunit ) Ospin; pcanonical)> state

is now somewhat fermionic because the pcanonical Value
is not O In  other words, the

|kHOCO (T)((Q 0); (AEunit ) AEunit) Ospin, pcanonical)> state
is closely related to the normal conducting states in that

the normal metallic current with pcanonicat #0 and
Vem = 0 is induced by the applied electric field. In such
a  case, the Bk, oo (AEunit, AEunit)  and
Ik oo (AEunit . AEunit ) values for the

|kHOCO (T)((O’ 0); (AEunit AEunit ) Ospin; pcanonical)> state
can be estimated as

BkHOCO (AEunit ) AEunit): BkHOCO (AEunit ) 0)
= {)excited (T )CikHOCO 70 (AEunit)
+ Pground (T )CE Kroco 1,0 (AEunit )}
- %excited (T)C—zkHoco Lo (AEunit )
+ Pground (T )C‘EkHOCO Lo (AEunit )}
=2 Pexcited(T){ikHoco 10 (AEunit)
2 W(AEUHH)}

= Ospin kyoco (AEunithEunit): ABynit,  (69)

IkHoco (AEunit ) AEunit)
= Pcanonical kyoco (AEunit ' AEunit): AE ynit- (70)

Such excited fermionic normal metallic states with
currents and  the induced magnetic  field

( |kHOCO (T)((O, 0); (AEunitaAEunit) Ospin s pcanonical)> )
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can be immediately destroyed because of the unstable
opened-shell electronic states, and the induced current and
the magnetic field can be immediately destroyed.
Therefore, the electronic state tries to go back to the

original ground bosonic metallic state for j=0
(|kHoco (TX(0,0),(0,0);0;0)) ). In such a case, the
Brioeo (0:0) and I, . (0,0) values for the

|krioco (TX(0,0),(0,0);0;0)) state can be estimated as

Egs. (63) and (64), respectively.
The ratio of the bosonic property fgose, aE,,;, (0) under

the internal magnetic field AEj; can be estimated as

fBose,AEunn (0)
1
=5t C—Kpoco 10 (AEunit )Jl - C—ZkHoco 0 (AE””“)

< fBose,O(O) =1

(72)

The fgose,aE,,, (0) value is smaller than the fgose,0(0)
It should be noted that the fggse g, (0) value
decreases with an increase in the |Ej,| value. Thatis, the
bosonic and fermionic properties decrease and increase
with an increase in the |Ei,| value, respectively.

In summary, because of the very large stabilization
energy ( Viin, Fermikyoco o(0)~ 35 €V ) for the Bose-
Einstein condensation ( Pcanonical = 0 ;
Vikin, Bose, kyogo o (0) =0 €V ) [1-7], the electric and
magnetic momentum of a bosonic electronic state pairing
of an electron cannot be changed but the magnetic field

can be induced soon after the electric field is induced.
Therefore, the electronic state becomes

|krioco (TX(0,0); (AEuni, 0} Binducedi0 ) - On the other

hand, such excited bosonic supercurrent states with the
induced magnetic fields

|kHOCO (T)((O, o) (AEunit ; 0) Binduced ;0)> be
immediately destroyed because the applied electric field
penetrates into the normal metallic specimen, and the

electronic state becomes another bosonic excited
supercurrent state for j=0

(lkHOCO (T)((O, o) (AEunit ; AEunit)§ Binduced ;Vem)> ). In

the |kHOCO (T)((O’ o), (AEunit ; AEunit) Binduced ;Vem))
state, the supercurrent can be induced, and thus there is
kinetic energy ( Exnetic (AEunit, AEynit)).  That is, the
expelling energy of the initially applied electric field
AEyni for the |kHOCO (T)((0,0); (AEunitvO) Binduced;0)>
state is converted to the Kinetic energy of the supercurrent

value.

can
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for the |kHOCO (T)((0,0); (AEunitaAEunit);Binduced ;Vem))
state. Both the supercurrent
(Vemko0o (AEunit, AEynit )£ 0) and the magnetic field
( Binduced, kyou0 (AEunit, 0)# 0) can be induced under the

condition of the opened-shell electronic structure with
zero spin magnetic momentum and zero canonical
momentum in a bosonic electronic state pairing of an
electron (ospin =0; Pcanonical =0). This is the origin of

the Ampere’s law. On the other hand, such excited
bosonic states with supercurrents

|kHOCO(T)((0'O); (AEunit:AEunit)BinducedNem)) can be

immediately destroyed because of the unstable opened-
shell electronic states, and the electronic state becomes
another excited fermionic normal metallic state for j=0

( |kHOCO(T)((O’ 0); (AEunit,AEunit)Uspin; pcanonical)> )-
The excited fermionic normal metallic
|kHOCO (T)((O! 0); (AEunit ) AEunit) Ospin s pcanonical)> state

is very unstable and try to go back to the original ground
bosonic metallic state for j=0

( |knoco(TX(0,0%(0,0);0;0)) ), and the induced

electrical current and the induced magnetic field can be
immediately dissipated.

4.3 Energy Levels for Various Electronic States
Let us look into the energy levels for various electronic
states when the applied electric field ( Eqyt) increases

from 0 to AEjt at 0 K in superconductor, in which the
HOCO is partially occupied by an electron. The total
energy Eioal (Xout, Xin ) for various electronic states with

respect to the Fermi level before -electron—phonon
interactions at 0 K and Xgut =Xj, =0 (Fig. 4) can be

expressed as

Etotal(xout 1 Xin ): Esc (Xoutv Xin)_ Enm (0,0)
= Eelectronic(xoutl Xin )+ Emagnetic(xout ) Xin)-

(72)

At Egyy =Ejp =0, the electronic state is in the ground
normal metallic |kHoco(T)((0,0); (0,0);0;0)) state for
j=0. The electronic and magnetic energies for the
|krioco (TX(0,0);(0,0);0;0)) state can be expressed as

(73)
(74)

Eelectronic(o’ 0 ) = _2V0ne fBose ,0 (0) = _2Vone )

Em agnetic(ov 0) =0.
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The Ee'ectronm(AE unit» O) V8.|Ue fOf the

|krioco (TX(0,0); (AEunit, ) Binducea:0) state can be
estimated as

Eelectronic(AE units 0)
= =2V one f Bose,0(0) + EIkHoco (AEunit ) 0)

= —2V onef Bose,0 (A Eunit )v

(75)

where the Ey, (AEynit, 0) value denotes the expelling

energy of the applied electric field, and is estimated as

EIkHoco (AEunit:O)
=2Vone (f Bose,0 (O)_ fBose 0 (AEunit ))

=2Vone (1 - fBose,O (AEunit )) (76)

Furthermore, we must consider the magnetic energy
( Emagnetic(AEunit, 0)) for the induced magnetic field

ABynit as a consequence of the applied electric field
AEynit,

(77)

The total energy level for the
|krioco (TX(0, 0); (AEunit, O) Binducea:0) state can be
estimated as

Em agnetic(AEunit 0 ): EBinduced (AEunit ' 0),

Etotal (AEunit ) 0)
= Eelectronic(AEunit ,O)+ Em agnetic(AEunit 10)
= —2Vonef Bose,O(A Eunit)+ B, uuced (AEunit' 0)

(78)

We can consider from Egs. (75)—(78) that the energy for
the excited normal metallic

|kroco (TX(0,0); (AEunit, O) Binduceai0))  state s
—2Vone With the expelling energy of the applied electric
field 2Vone (fgose,0(0)— fgose, 0(AEunit )) and the energy
of the induced magnetic field Emagnetic(AEunit,0), and
thus the total energy for the bosonic excited normal
metallic |kHoco(T)((0,O);(AEunit,O)Binduced;O)) state
is ~2Vone fBose,0(AEunit )+ Eg, . poq (AEunit, 0).  In other

words, the energy for the initially applied electric field
AEnit 1s converted to the expelling energy of the applied

electric field 2Vone (fBose 0(0)— TBose, 0 (AEunit )) and the
energy of the induced magnetic field Eg,_, (AEunit , 0) .
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The Ee|ectronic(AEunit, AEunn) V8.|Ue fOf the

|kHOCO (T)((O' o), (AEunit , AEunit) Binduced ;Vem)> state
can be estimated as

Eelectronic(AE units AE unit )
= —2Vonef Bose,0(0) + Even, (AEunit » AEynit )
= -2V one f Bose,0 (A Eunit )v

(79)

where the E,_(AEynit, AEynit ) value denotes the kinetic
energy of the supercurrent, and is estimated as

Evem (AEunit ' AEunit)
=2Vone (f Bose,0 (0)_ fBose 0 (AEunit ))
=2Vone (1 - fBose,0 (AEunit ))

(80)

Furthermore, we must consider the magnetic energy
( Emagnetic(AEunit ) OX: Em agnetic(AEunit s AEynit )]) for the
induced magnetic field ABynjt as a consequence of the
applied electric field AEp;t,

EmagnetiC(AEunit s AE it ): Emagnetic(AE unit: AE unit)
= EBinduced (AEunit’ AEUnit)

(81)

The total energy level for the
|kHOCO (T)((O, o), (AEunit , AEunit) Binduced ;Vem)) state
can be estimated as

EtotaI(AEunit » AEynit )
= EeIectronic(AEunit s AE it )"' Emagnetic(AEunit ) AEunit)
= =2V onef Bose,0 (A Eunit)+ EB; iuced (A Eunit, AEunit)

(82)
We can consider from Eqgs. (79)—(82) that the energy level
for the excited normal metallic

|kHoco(T)((0,0); (AEunit.AEunit)Binduced;vem)> state is
—2Vone Wwith the Kkinetic energy of the supercurrent
2Vone(fBose,O(0)_ fBose,O(AEunit)) and the energy of
the induced magnetic field EBkHoco (AEunit,AEunit), and

thus the total energy for the bosonic excited normal
metallic

| Knoco (T)((ABunit 0 (AE unit, AE unit } Binduced: Vem )
state is
~2Vone fBose ,O(AEunit )+ EBkHoco (AEunit ) AEunit) . In
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other words, the energy for the initially applied electric
field AEnit is converted to the kinetic energy of the

supercurrent 2Vone (fgose 0(0)— fBose, 0 (AEunit )) and the
energy of the induced magnetic field Eg_ (AEynit,0) .

The Eelectronic(AE units AE unit ) the
|kHOCO (T)((O 0); (AEunit AEunit ) Ospin; pcanonical)> state
can be estimated as

value for

Eelectronic(AE units AE unit )
= =2V onef Bose,0(0) + Epcanonica|(AEunit , ABynit )
= —2Vone]c Bose,O(A Eunit)-

(83)

where the Ep_ (AEynit, AEynit) value denotes the
kinetic energy of the normal current, and is estimated as

Ep canonical(AEurlit ! AEunit)
= 2Vone (fBose.0 (0)~ faose 0 (AEunit ))

=2Vone (1 = fBose 0 (AEunit )) (84)

Furthermore, we must consider the magnetic energy
( Emagnetic(AEunit, AEunit )) as a consequence of the

induced spin magnetic energy
Eo_spin,HOMO (AE unit, AE unit )v

Em agnetic(AEunit s AE it )

= EO'spin,Hoco (AEunit + AEunit ) (85)
The total energy level for the

|kHOCO (T)((O, 0), (AEunit ) AEunit) Ospin» pcanonical)> state
can be estimated as

Etotal (AEunit s AEynit )
= Eelectronic(AEunit » AEynit )+ Emagnetic(AEunit ) AEunit)
= =2V onef Bose,O(A Eunit)+ EGspin,Hoco (AEunit: AEunit)

(86)
We can consider from Eqgs. (83)—(86) that the energy level
for the excited normal metallic

|kHOCO (T)((O 0); (AEunit AEunit ) Ospin; pcanonical)> state
is —2Vgne With the kinetic energy of the normal current

2Vone(fBose,0(0)_ fBose,O(AEunit)) and the energy of
the induced magnetic field Ep, (AEynit, AEynit ), and

thus the total energy for the bosonic excited normal
metallic
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|kHOCO (T)((ABunit :0)(AE unit, AE unit) Ospin » pcanonical)
state is
—2Vone fBose,O(AEunit )+ EUspin,Hoco (AEunit : AEunit)- In

other words, the energy for the initially applied electric
field AEnj; is converted to the kinetic energy of the

normal current 2Vone (fgose,0(0)~ fgose, 0 (AEunit )) and

the energy of the induced spin magnetic moment
EGspin,Hoco (AEU”“ ' 0) :

On the other hand, such excited states with currents can
be immediately destroyed because of the unstable opened-
shell electronic states, and the induced current and
magnetic field can be immediately destroyed, and the
electronic state goes back to the original ground bosonic
metallic state for j=0. Therefore, we can consider that
the energy for the initially applied electric field AEp; is

converted to photon emission energy and the Joule’s
heats.

4.4 Ampere’s Law in the Two-Electrons Systems in
Superconductivity

Similar discussions can be made in the two-electrons
systems in superconductivity (Fig. 6). Because of the
very large stabilization energy
(2Vkin Fermikyogoo (0) = 70 €V) for the Bose-Einstein

condensation ( Pcanonical = 0 ;
Viin, Bose, koeo o (0) =0 €V), the electric and magnetic
momentum of a bosonic Cooper pair cannot be changed
but the magnetic field can be induced soon after the
electric field is applied. Therefore, the electronic state
becomes |kHoco(T)((0,0); (AEynit, O), Binduced;o)) (Fig.
6 (b)). On the other hand, such excited bosonic
supercurrent states with the induced magnetic fields

|kHOCO (T)((O’ 0); (AEunit ) 0) Binduced §O)> can be

immediately destroyed because the applied electric field
penetrates into the superconducting specimen, and the
electronic state becomes another bosonic excited

supercurrent state for j=0
(lkHOCO (T)((O, o) (AEunit ; AEunit)§ Binduced ;Vem)) ) (Fig.
6 (©)). In the

|kHOCO (T)((O’ 0); (AEunit , AEunit ) Binduced ;Vem)> state,
the supercurrent can be induced, and thus there is kinetic
energy (Exinetic (AEunit, AEunit )).  That is, the expelling
energy of the initially applied electric field AEy;; for the
|kHoco (TX(0,0); (AEunit 0) Binguced ;0)> state s
converted to the Kinetic energy of the supercurrent for the
|kHOCO (T)((O! 0), (AEunit , AEunit) Binduced ;Vem)> state.
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Both the supercurrent ( Vemk,oqo (AEunit, AEunit )#0 )
and the magnetic field ( Binguced, koo (AEunit , 0)7: 0) can

be induced under the condition of the closed-shell
electronic structure with zero spin magnetic field and zero
canonical momentum in a bosonic Cooper pair
(ospin =07 Pcanonical =0).  Such excited bosonic states

with supercurrents
|kHOCO (T)((O, 0); (AEunit » AEunit ) Binduced ;Vem)> cannot

be destroyed because of the stable closed-shell electronic
states, and thus the induced supercurrent and magnetic
field cannot be dissipated. That is, the excited bosonic
superconducting

|kHOCO(T)((O:0); (AEunit , AEunit ) Binduced ;Vem)) state is
very stable and do not try to go back to the original
ground bosonic superconducting state for j=0, and the

induced electrical current and the induced magnetic field
cannot be dissipated. This is the origin of the Ampére’s
law observed in the superconductivity.

@) |k Hoco (T X(0,0)(0,0).0;0))

(b) ||< noco (T X(0.0) (AEunit . 0} Binduced :0)>

photon o |
o—) {4 o Y A
AEunit AEunit

Binduced
© |k Hoco(T )((O, o), (AEunit + AE ynit ) Binduced ;v em)

photon o
o—) —:V em *
AEunit

Bi nduced

Fig.6. The electronic states between j =0 andj = 1
in superconductivity.

4.5 Ampere’s Law in an Electron Traveling in Vacuum
Let us next consider the Ampére’s law in vacuum (Fig.
7).  We consider that there is a reference electron in
metal. If very strong electric field is applied to a
reference electron, this electron behaves according to the
Ampére’s law in metal (Fig. 7 (a), (b)), as discussed in the
previous section. On the other hand, once the electron
moves away from the metal, and goes into the vacuum,
there is no reason (electrical resistivity and Stern—Gerlach

14

International Journal of Scientific Engineering and Applied Science (IJSEAS) - Volume-1, Issue-8,November 2015

ISSN: 2395-3470
www.ijseas.com

effect, etc.) that the electron moving is dissipated.
Therefore, the electron moves in vacuum with electrical
momentum (Vem #0) and the induced magnetic field

(Binduced # 0) (Fig. 7 (c), (d)). This is the Ampére’s law
observed in the traveling charged particles such as
electrons in vacuum.

@) [kroco (T )(0.0)(0.0)0;0)) in metal
-
(b)lkHOCO(T )((0’0)(AEunitv O)Binducedo)> in metal

photon
o—> &4 O o *( 4
AEunit AEunit

Binducec

(C)lkHOCO(T )((O, 0); (AEunithEunit)BinducedVem» in vacuum

photon ¢
O o—) »vem y A
AEunit
Binduced

(d) |kHOCO(T)((Oxo);(AEunitrAEunit)BinducecWem)) in vacuun

photon o
or—) —Vem y' A

AEunit

Binducec

Fig. 7. The electronic states between j =0 andj = 1
from normal metal to vacuum.

4.6 Reconsideration of the Ampere’s Law

According to the conventional empirical Ampeére’s law,
it has been considered that any moving charged particle
itself creates a magnetic field. = On the other hand,
according to our theory, the magnetic field can be induced
in order that the photon becomes massive (that is, electric
field is expelled from the specimen) by absorbing
Nambu-Goldstone boson formed by the fluctuation of the
electronic state pairing of an electron, because of the very
large stabilization energy (Vin,rermik,,e0o (0) =35 €V)

for the Bose-Einstein condensation ( Pcanonical =0 ;
Vikin,Bose,k_yeo(0)=0€V ), and the Stern-Gerlach

effect. The initial electronic state tries not to change the
electronic structure ( Peanonical =0) by induction of the
magnetic field. After that, the photon becomes massless
(electric field can penetrate into the specimen), and thus
the electrical current can be induced.  Therefore, the
induced electrical current as well as the magnetic field can
be observed. This is the reason why we can observe that
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any moving charged particle seems to create a magnetic
field, as explained by the Ampere’s law. On the other
hand, such electrical currents as well as the induced
magnetic fields can be immediately disappeared because
of the unstable opened-shell electronic states. And at the
same time, photon is emitted from an electron and this is
the origin of the electrical resistivity. This process can be
continuously repeated while the external applied electric
field continues to be applied. That is, according to our
theory, the electrical current (i.e., moving charged
particle) itself is not directly related to the creation of the
magnetic field. The induced magnetic field in the
Ampére’s law is realized because the bosonic electronic
state tries not to change the electronic structure
( Pcanonical =0 and vem =0) by inducing the magnetic
field Binquceq- If an electron were not in the bosonic

state, the applied electric field would immediately
penetrate into the specimen as soon as the electric field is
applied, and any induced magnetic momentum (the
induced magnetic field) even in the normal metals,
expected from the Ampere’s law, would not be observed.
This bosonic electron is closely related to the concepts of
the Higgs boson.

5. Concluding Remarks

We discussed the origin of the vibronic and Jahn-
Teller stabilization for the opened-shell randomly moving
independent one electron in view of the second-order
processes in the vibronic and electron—phonon
interactions. Furthermore, we discussed the relationships
between the vibronic and Jahn-Teller stabilization
energies, and the Joule’s heats as a consequence of
electrical resistivity, as a function of the external applied
electric field, originating from the nondissipative second-
and dissipative first-order processes in the vibronic
interactions, respectively.

The total energies originating from both the second-
and first-order processes are constant, and these values
are the electron—phonon coupling constants calculated in
the previous calculations and discussions. However, the
roles of the first- and second-order processes have not
been clearly distinguished in the previous researches.

According to our calculations, a phonon emitted by an
electron is received by the same electron, and as a
consequence of this phonon exchange between two
electronic states with opposite momentum and spins (i.e.,
nondissipative phonon exchange), this randomly moving
independent one electron is stabilized in energy. This is
the vibronic and Jahn-Teller stabilization energies
originating from the second-order processes. On the
other hand, in the first-order processes, a phonon emitted
by an electron is not absorbed by any electron (i.e.,
dissipative phonon emission).  This is the origin of the
electrical resistivity and Joule’s heats. That s,
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momentum of an electron is changed in the first-order
processes, but not changed in the second-order processes.

Electrons and molecular vibrations are more clearly
treated as waves and particles, respectively, in this study,
than those in the previous researches. By considering the
wave characteristics of electrons and the direction of the
motion of an electron, we clearly defined the wave
function for randomly moving one electron (Eg. (1)),
which has not been clearly defined. By using this wave
function, the roles of the first- and second-order processes
in the vibronic interactions can be clearly distinguished in
this study. We suggest that an electron behaves as if it
occupies these two electronic states orbitals with opposite
momentum and spins, the characteristics of which change
from the bonding interactions to the nonbonding
interactions, and even to the antibonding interactions with
an increase in the external applied electric field. The
singlet and doublet electronic states become less and more
dominant, respectively, with an increase in the external
applied electric field. The vibronic stabilization energies
for the second- and first-order processes decrease and
increase, respectively, with an increase in the external
applied electric field.

We also elucidate the mechanism of the Ampére’s law
(experimental rule discovered in 1820) in normal metallic
and superconducting states [10], on the basis of the theory
suggested in our previous researches [1-7]. Because of
the very large stabilization energy
( Vi, Fermikyoeo o(0)=35 €V ) for the Bose-Einstein

condensation ( Pcanonical = 0; Vkin, Bose, kHOCOa(O) =0eV)

[1-7], the electric and magnetic momentum of a bosonic
electronic state pairing of an electron cannot be changed
but the magnetic field can be induced soon after the
electric field is induced. Therefore, the electronic state

becomes |kHOCO (TX(0,0); (AEunit 0) Binguced ;0)>
Both the supercurrent (Vem k, o (AEunit, AEunit )= 0) and
the magnetic field (Binguced koeo (AEunit, 0)#0) can be

induced under the condition of the opened-shell electronic
structure with zero spin magnetic momentum and zero
canonical momentum in a bosonic electronic state pairing
of an electron (ospin =0 Peanonical =0)-  This is the

origin of the Ampeére’s law.

According to the conventional empirical Ampeére’s law,
it has been considered that any moving charged particle
itself creates a magnetic field. = On the other hand,
according to our theory, the magnetic field can be induced
in order that the photon becomes massive (that is, electric
field is expelled from the specimen) by absorbing
Nambu-Goldstone boson formed by the fluctuation of the
electronic state pairing of an electron, because of the very
large stabilization energy (Viin, Fermi kLUCOg(O)zss eV)
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for the Bose—Einstein condensation ( Pcanonical =0 ;
Viin, Bose,k yeo(0)= 08V ), and the Stern-Gerlach

effect. The initial electronic state tries not to change the
electronic structure ( Pcanonical =0) by induction of the
magnetic field. After that, the photon becomes massless
(electric field can penetrate into the specimen), and thus
the electrical current can be induced.  Therefore, the
induced electrical current as well as the magnetic field can
be observed. This is the reason why we can observe that
any moving charged particle seems to create a magnetic
field, as explained by the Ampere’s law. On the other
hand, according to our theory, the electrical current (i.e.,
moving charged particle) itself is not directly related to
the creation of the magnetic field. The induced magnetic
field in the Ampére’s law is realized because the bosonic
electronic state tries not to change the electronic structure
( Peanonical =0 and vem =0) by inducing the magnetic
field Binguceq- If an electron were not in the bosonic
state, the applied electric field would immediately
penetrate into the specimen as soon as the electric field is
applied, and any induced magnetic momentum (the
induced magnetic field) even in the normal metals,
expected from the Ampere’s law, would not be observed.
This bosonic electron is closely related to the concepts of
the Higgs boson.
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