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Abstract

We discuss how the strength of the magnetic field are
closely related to the electronic properties 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
magnetic field as well as under no external applied field.
On the basis of these results, we compare the normal
metallic states with the superconducting states.
Furthermore, in this article, we elucidate the mechanism
of the Faraday’s law in normal metallic states and the
Meissner effects in superconductivity, on the basis of the
theory suggested in our previous researches. Because of
the very large stabilization energy of about 35~70 eV for
the Bose-Einstein condensation, the Faraday’s law,
Ampere’s law, and the Meissner effects can be observed.
Keywords: Normal Metal, Superconductor, Electron—
Phonon Interactions, Electromotive Forces, Meissner
effect.

1. Introduction

In modern physics and chemistry, the effect of
electron—phonon interactions [1-7] in molecules and
crystals has been an important topic. In the Bardeen—
Cooper-Schrieffer (BCS) theory of superconductivity,
electron—phonon coupling [1-7] is the consensus
mechanism for attractive electron—electron interactions.
On the other hand, room-temperature superconductivity
has not yet been discovered even though many
researchers have tried to realize the occurrence of high-
temperature superconductivity for 100 years.

Related to seeking for the room-temperature
superconductivity, in this article, we compare the normal
metallic states with the superconducting states. In
superconductivity, two electrons behave only as a Bose
particle. On the other hand, in the normal metallic states,
an electron behaves as bosonic as well as fermionic under
the applied external magnetic or electric field.

The effect of vibronic interactions and electron—
phonon interactions [1-7] in molecules and crystals is an
important topic of discussion in modern 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].

Furthermore, in this article, we elucidate the
mechanism of the Faraday’s law (experimental rule
discovered in 1831) in normal metallic states [10] and the
Meissner  effects  (discovered in  1933) in
superconductivity, on the basis of the theory suggested in
our previous researches [1-7].

2. Vibronic Stabilization Energies without Any
External Applied Field in Molecules

In this section, we discuss the electron—phonon
interactions without external applied magnetic field in
molecules.

2.1 One-Electron Model

Let us consider an inert Fermi-sea, in which the
electrons are treated as non-interacting [1-7]. 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. 1. One electron occupies a
plane-wave state |kone,a\,_>, in the absence of interactions,

as shown in Fig. 2 (a),

|kone,av,>= ‘ Pkground (T kground>
R | Pkexci;ed (T )l kexcited>, (1)

where the Py (T) and Py

probability of the occurrence of the electronic states
and |Kexcitea) » respectively, which can be

(T) values denote the

excited

|kground>
defined as
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Fig. 1. Electronic states in the (a) ground state, (b)
monoanionoic state, and (c) dianionic state.

Here, the one extra electron in the absence of such a
peculiar interaction is denoted by |k0ne,a\,_>, and in the

presence of the interaction by |K0ne,a\,_>. Denoting the
Hamiltonian of the system by

(4)

H= H0+Veff,

then
(5)

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

Holt k) = exl=k),

Hl Kone,av.) = Eone,kl Kone,av.): (6)
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where Egne k denotes the exact one-particle energy above
the Fermi-surface, in the presence of vibronic interactions.
Assuming that the states |k0ne‘av.> form a complete set

second-order processes in vibronic and electron—phonon interactions (x external = 0 )

* -+« =k +q
K =k+a 7=k
[/ =k
/ \‘L\""-E_‘q‘\ /ntermediate states \ ﬁﬁrr"\ intermediate states
/. -«
Q Kk /4(
0} (if)
4 L. 4 |
| rapidly converting I‘ v | rapidly converting ;
+k T -k ¥ +h T -k
one-electron model
ol — ol
v |
Iy Iy
+k Tkl +kt —krd
two-electrons BCS model
(a) no external applied electric or magnetic field in one-electron model (xexlemal = 0)

.‘} I
rapidly converting %

+k T -k
Vi one av. (Kexternas )= |kane‘av, (X external )) =Cy T(Xexlemal J+k )+ ) (Xeutema =K )
1
barOl- 0l
Ve 0)- kom0 = 514k 0+ 51-4)
;¢ 0 0 — (k¥
2 2
K one av. (0)= [+%kJ+£—§kJ: 0

{4

the second-order processes in the vibronic and electron—phonon interactions can be applied

(b) no external applied electric or magnetic field in two-electrons BCS model (x extenal = O)

+k T -k

Vk ,lwoav.(x external ): Ik .—k)

Q0 o —
+k T -k

Kiwoay.(0)=(+k )+ (=K )=0

g

the second-order processes in the vibronic and electron—phonon interactions can be applied

Fig. 2. Electron—phonon interactions without any external
magnetic field.

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

|Kone,av.> = Z ak| I(one,av.>
k
= Z K ﬂ Pkground (T )l kground) + v Pkexcited(T] kEXCited> }
k
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|+k ~L> +|-k T
s

kT)+[-k{
+tak v Pkexcited (T)I+_J+§|L>

= > b (+k) +-k)). @)
k

Inserting Eq. (7) into Eq. (6), and then we obtain

(Ho +Vese ) bi (+k) +1-K)) = Eone 2 bi (| +k) +[ k).
k k

(8)
Considering  the  above  orthogonality  relation
(k'|k) = S k-, we thus find

©)

Zbk’«"'k’l*‘(_k' |)H0(| +K) +1-k)) = 2by &,
kl

Dby (k| + (=K' )Eone (+k) +1-K)) = 2bxEqne.  (10)
kl

The quantity (k'|Veff| 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 [Vere|+ K =(+K Vete| - k) = (=K [Vegd + k)

:(‘k,lveffl_k>:—V0ne,k5k,k': (11)
D b (K [+ (=K [ Were( +K) +1-KD)
k/
= —4Vonesz’5k,k'- (12)
k!
Thus, Eq. (8) takes the form
2bk(gk — Eone )= 4Voneby - (13)

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

exact energy eigenvalue ( Egne ), is introduced, i.e.,
AVib,One =&k — Eone . The Avibvone denOtes the

stabilization energy of independent one electron as a
consequence of the electron—phonon interactions.
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(14)

Avib,one = 2Vone .

2.2 Conventional Two-Electrons BCS Model

Let us consider added two electrons above the Fermi-
surface, as shown in Fig. 1 (¢). We now consider that the
electronic states k can be stabilized by Ve only when

the scattering within the same electronic states k occurs.
Here, the two-particle state in the absence of such a
peculiar interaction is denoted by |+k,—k), as shown in

Figs. 1 (c) and 2 (b), and in the presence of the interaction
by [K1, Kz).

Hol+k,—k) = 25| +k,—K), (15)
where ¢ denotes the single-particle energy of the non-

interacting fermion system. We must have 2, > 2¢f in

the presence of the inert Fermi-sea, due to the Pauli
principle.  Adding interactions, the exact Schrddinger
equation for the two-particle problem defined above is
given by

H| K1, K2) = Emwol K1, K2),

(16)

where Eyyo denotes the exact two-particle energy of the

two electrons above the Fermi-surface, in the presence of
an attractive interaction. Assuming that the states
|[+k,-k) form a complete set such that the exact two-

particle eigenstate can be expanded in this basis, then

Ky, Ka) = {/P SOk, -k T
Ky, K2) ;ak Kground ¢ )|+ )
+.‘[ Pkexcned(T)|+ kT, -k ¢>}
= Z %k-‘, Pkgmund (T)|+ kwlr,—k T)
k

+ ak1[ Pkexcited(T)|+ kT, -k Jz>}

= > ol +k, =KL, 17)
k

Inserting Eq. (17) into Eq. (16), and then we obtain,

(Ho +Ves D ckl+k, k) = Epo Y ckl+k,—k).  (18)

k k

Considering  the  above  orthogonality  relation

(+k’,—k'|+k,—K) = 8 k', we thus find

> e {+k’,—k'|Hol + k,—K) = 201 s, (19)

k/
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> e+, —k'|Eqyol + k, k) = ckExwo » (20)
k/

and thus

Ck(28k - Etwo )= —ch'<+k',—k'|veff|+ k,—k). (21)
k!

The quantity {+k',—k'|Ves|+k —k) denotes a two-

particle scattering matrix element for particles on opposite
sides of the Fermi surface, from a two-particle state
|+k,-k) to a two-particle state {+k’,—k’| . This
scattering matrix element is attractive (Vo) Within the

same electronic states k, and zero elsewhere [1-6]. That
is, we have
(+K k' Vet + K, =K) = ~ViwoSic k' (22)

z Ck’<+k, v_k'lveffl + k,—k> = _Vtwoz Ck’ Ok k' - (23)
k’ k/

Thus, Eq. (21) takes the form
(24)

Then the energy difference between the states of two non-
interacting particles on the Fermi-surface, and the exact
energy eigenvalue Eyy , is introduced, i.e.,

Avib two =26 — Eqwo.  In terms of this variable, Eq. (24)
may be written

Ck(2 &k — Etwo )= Vtwock-

(25)

2.3 Comparison of the One-Electron Theory with the
Conventional Two-Electrons BCS Theory

Let us next investigate the relationships between our
new theory of one-electron model and the conventional
BCS theory of two-electrons model in electron pairing
processes.  As discussed in the previous section, the
vibronic stabilization energies are derived as Egs. (14)
and (25) in our new theory of independent one-electron
model and the conventional theory of bound state two-
electrons model, respectively. The vibronic stabilization
energies for the opened-shell one electron systems in the
various research fields such as the decision of molecular
structures, Jahn-Teller effects, Peierls distortions,
spectroscopy, electrical conductivity, and
superconductivity can be estimated by our one-electron
model. On the other hand, since an electron pair must be
finally formed from two electrons, we must here consider
the stabilization energy of two electrons as a consequence

Avib,two = Vtwo-
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of the vibronic interactions in order to estimate
stabilization energies for electron pairing.  Vibronic
stabilization energy of independent two electrons in the
one-electron theory (Avib  pair,one ) 1S denoted as

(26)

Avib,palir,one = ZAvib, one =4 Vone-

Vibronic stabilization energy of bound state two electrons
in the two-electrons BCS theory (Avip, pair,two ) iS denoted

as

Avib,pair,two = Avib,two =Viwo- (27)
2

Viskr,m = hikoke mOkos ke, ms (28)

Vi k' = 2 Vkok!m: (29)

m

where gyx_,k'm is the dimensionless vibronic coupling

constant for the mth mode, which denotes the slope in the
original point on the potential energy surface along each
vibrational mode m, and which is proportional to the
number of electrons above the Fermi level under
consideration [1-7], as shown in Fig. 3. However, in Eq.
(14), only independent one electron has been considered
and two electrons have not been treated. That is, vibronic
stabilization energies for the opened-shell electronic states
have been calculated by many researchers, without
definite reason, on the basis of the second-order processes
in the electron—phonon interactions in quantum field
theory, in which the phonon exchanges between two
electrons should be considered.

Let us look into the electron—phonon interactions for

the independent one-electron model Vgne.  The Vgpe
value can be expressed as

2
Vone =ng—>k',thm, (30)

m

where gx_, k' m is the vibronic coupling constant between

the electronic states originating from an electron
promotion from the orbital k to the orbital k" and the
vibrational mode m, and the w, is the frequency for the
vibrational mode m, as shown in Fig. 3 (b).

Let us next look into the bound state two-electrons
model. In a similar way, by considering that the
dimensionless  vibronic  coupling  constants are
proportional to the number of electrons above the Fermi
level under consideration (i.e.,
O+ k —k—+k’ —k’.m = 20k—k’m ), the electron-phonon
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coupling constant Vg, for the two-electrons model can
be defined as
(a) ground state Um

4 uld

O ‘Qm

Yground = A

.ﬁ*.

(b) second-order processesin the vibronic and
electron—phonon interactionsin one-electron moc

\vib, zero=0

Um
A
u
gk —>k’.m -
m
E 'rAvib,one
+

1

(c) second-order processesin the vibronic and
electron—phonon interactions in two-electrons

BCS model Um
y
2
u e
91k ~k >+k'—k'm
T > Qm
z vAvib,two

0
Ok ~k >+k ' ~k’'m = 29k >k'm
Vtwo :4Vone

Fig. 3. Vibronic stabilization energy for (a) ground state,
(b) monoanionic state, and (c) dianionic state.
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Viwo = zgfk,—k—wk',—k’,mh‘/m = Z(ng_mr,m)z hvin
m m
(31)

2
= 42 Ok >k mhvn =4Vone,

m

where g, g —k—s+k’ —k’,m IS the vibronic coupling constant

between the electronic states originating from two
electrons promotion from the orbital (+k, —k) to the
orbital (+k’, —k’) and the vibrational mode m.

Let us next discuss the vibronic stabilization energies
estimated by the one- and two-electrons theory. From
Egs. (14), (25), and (31), the relationships between the
Avib, pair,one and Avib pair,two Values can be expressed as

Avib,pair,one = 2Avib, one = Avib,two = Avib,pair,two- (32)

Therefore, the vibronic stabilization energies derived from
the one-electron theory (Avib  pair, one ) @re exactly the same

with those derived from the conventional two-electrons
BCS theory (Avib,pair, two )-

3. Vibronic Stabilization Energies under the External
Applied Magnetic Field in Molecules

In this section, we discuss the -electron—phonon
interactions under external applied magnetic field in
molecules.

3.1 One-Electron Model

Let us consider an inert Fermi-sea, in which the
electrons are treated as non-interacting [1-7]. 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. 1. One electron occupies a

plane-wave state kone,av.(CkTka¢)v in the absence of

interactions, as shown in Fig. 2 (a),

Kone,av. @kT ,Ck¢) Z-J Pkgmund (T)l Kground (CkT’ Cl )
+ 4 Phexcited (T)[Kexcited (CkT Ol )>’ (33)

where
|kgr0und(°kT'°k¢)>:Ck¢|+k¢)+°le_kT>' (34)
kEXCited(CkT Cid ) = Cle +K T) [k (35)

(kground (CkT ’Ckijkground (CkT : Ck¢)>
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= <kexcited(CkT1 Crl ] kexcited(cm , Cki))
= Cil +Ci1« =1,

(36)

(kone,av. @kT’ Crl }kone,av. @kT :Ck¢»
= Pkgmund (T )( Kground (Cm Crl j Kground (CkT 1l )>

+ Pl scited T )(kexcited (CkT Crl 1 Kexcited @kT 1Crl ) =1
@7)

Here, the one extra electron in the absence of such a
peculiar interaction is denoted by kone,av.@m,cw) , and

Kone av. (CkT'Ck¢)>'
Denoting the Hamiltonian of the system by

in the presence of the interaction by

H = Ho + Vest, (38)
then
Hol£k) = &y £k), (39)

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

H

Kone,av.@kT, Ck¢)

= Eone(CkTva)Kone,av. (CkT'Ck¢)>’ (40)

where Eone(CkT*Cki) denotes the exact one-particle

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

Kone, av. (CkT’ Cy L) form a complete set such that the exact
one-particle eigenstate can be expanded in this basis, then

|Kone,av. (CkT ,Ck¢)> = Z akl kone,av.(Cm 1Cl )
k

= ; ag ﬂ Pkgmund T )l Kground (CkT’ Cl )
+ ak-« Pkorcited (T)kexcited(CkT 1Cpl )}
= % %k " Pkground (T)(Ckil-'_ k ~L> +CkT| -k T))

+ay Pkexcned(T)(CkT |+ K T) + ck¢| -k i))}
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- gbk@kﬂm)wdm)) (41)

Inserting Eq. (41) into Eq. (40), and then we obtain

(Ho +Veff)zk: akl kone,av.@kmcw)

= Eone@kT’ckL)Zk:ak Koe.av @it il ) (42)

Considering the above  orthogonality  relation

(k’| k)= S k-, we thus find

%bk’(ck'TO"TlJf Ckw(k'i’l}io @lek D+l k¢>)
= beek, (43)

%: by (Ck’T<k, T|+ ck'¢<k, ¢|)50ne @le k T> +Ck¢| K ‘L>)
= bx Eone, (44)

and thus

by (5k ~ Eone (CkT ' Cki)}

‘% by (Ck"r<k'T|+Ck'¢<k'¢D
xVertl@r [k ) +cy g k4)) (45)

The quantity (k'[Veff]k) denotes a one-electron scattering
matrix element from a one-particle state |k) to a one-
particle state |k’) (Fig. 2).

The quantity (k'|Verf|k) denotes a one-electron

scattering matrix element from a one-particle state |k} to
a one-particle state |k’). That is, we have

(k' MVerelk 1) =(k Werlk ) = (k Ve 1)
= (k' ‘l’lvefflk ‘L) = _Vone5k,k',

z bk (Ck,¢<+k' »Ll +Ck!T<—k'T|)Veff|

K

x (ck¢|+k ¢)+ cle—k T)]
= ‘Vone%:bk’(ck'icw TG T GG Ck’TCkT)

X O k'

(46)
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= —Vonez bk’@*‘ ZCmcw}Fk,kr
k!
1
= —2Vonez b’ (E + Ck'Tckij Ok k'
kV

= —2V onef Bose @kT :Ck¢)z bk Sk k'
k/

= —2bx Vone fBose (CkT 1Crl ) (47)

where

1 1 >
fBOSE(CkT’Cw):E”kTCkL:§+Ck¢ 1-cyy . (48)

Thus, Eq. (42) takes the form

bk Gk — Eone (CkT’ Ck¢)): 20V one fBose (CkT ,Cki) (49)

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

exact energy eigenvalue (Eone(Cm,Ck " ]), is introduced,

i.., Avib.one (CkT'Cki): &r — Egne (ckT,cki). In terms
of this variable, Eq. (49) may be written

Avib one (CkTka¢)= 2V one fBose (CkT’Cki) (50)
The Ayib one (ckT, ck¢) denotes the stabilization energy of

independent one electron as a consequence of the
electron—phonon interactions under the external applied
magnetic field.

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

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

(Avib,pair,one @kT,ki))'
When the magnetic field penetrates into the specimen

(ABin #0), the Ayib, pair, two (CkT K ] value can be defined
as

Avib, pair, two (CkT, Kl ): 2Avip one (CkT,ki)

=4V one fBose (CKTCKJ,) (51)

On the other hand, when the magnetic field is expelled
from the specimen as a consequence of the Meissner effect
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(ABj, =0), the Avib,pair,two(CkT Kl ] value can be defined
as

Avib, pair, two (CkT, Kl ): 2Avib one (CkT,kl«)
= 4Vone —4Vone é — fBose (Ckﬁ Ck¢)]
=4V gne fBose (CkTCkl) (52)

The total electronic energy for the electronic state with
ABjy #0 is the same with that for the electronic state

with ABj, =0. On the other hand, the kinds of energies
are different. The electronic energy level itself for the
electronic state with ABj, #0 is stabilized by
4Vonef505e(cchk¢) with zero kinetic energy for the

supercurrent, while those for the electronic state with
ABip =0 is 4Vypne with the kinetic energy of supercurrent

4V gne (1— fBose (Ck 1% ))

4. The Origin of the Faraday’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, or Ej,) can be

expressed as

|kHOCO (T)((Boutv Bin ) (Eout: Ein) Bx 1oco + Tkroco ))

= -J Pground (T)lkHOCO,ground,O(Xin )>
+y Pexcited(Tj KHoCO excited,0 (Xin )):

where

(53)

|kHOCO,excited,0(Xin ))

+C oo 4o (Kin ) —kioco 1)

(54)

|kHOCO,gr0und,0(Xin ))
= C—kHOCO 10 (Xinj ~knoco T)

+0_4 000 0 (in ] +kHoc0 1),

(85)
(56)

Pground (T)+ Pexcited(T)=1,
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€ koco i,o(xin )+ CEkH COT’O(Xin)=1, (57)
€ Kuoco 1.0 (Xin )+ CE Kroco T,O(Xin ):1' (58)

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

BkHOCO (Xout Xin)

kHOCOT(Xout Xin )_ kHOCOL(Xouthin)' (59)
where
BkHoco 1 (Xout 1 Xin )
2
= Pexcited(T )C+kHoco  Xin (Xout — Xin )
2
+Pground T )C—kHoco ™ Xin (Xout — Xin ) (60)
Hoco ¢( Xout » Xin )
= Pexcited(T )C_ Kroco 41 Xin (Xout — Xin )
2
+P9f0U”d(T)C+kHOCO¢,xm (Xout - Xin) (61)

The electric field ( I, (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 1 Xm)

= I+kHOCO (Xout ’ X|n )_ I_kHOCO (Xout 1 X|n )' (62)
I+ Keioco (Xout » Xin )
2
= Pexcited(T )C+kHoco  Xin (Xout — Xin )
+Pground (T )kaHoco L oxin (Xout — Xin ) (63)
I“Koc0 (Xout ) Xin)
2
= Pexcited(T )C—kHoco b Xin (Xout — Xin )
+Pground T )C Kroco T Xin (Xout = Xin ) (64)

Let us look into the energy levels for various electronic
states when the applied field increases from 0 to xqyt at 0
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
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ESC,eIectronic(Xout, Xin )— Enm ,electronic(o ,0)
= —2Vone f Bose,0 (Xin)v

(65)
where the -2V denotes the stabilization energy for the
electron—phonon interactions between an electron
occupying the HOCO and the vibronically active modes
4).

electron—
phonon

—
T
~

—

~
I

@

2V onef Bose, O(Xln) ,‘

————%F
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 (= fpose ,o(Ein )) denotes the ratio of the bosonic
property under the internal field Xin
( €t Knoco 4.0 (Xin ): € koo T ,O(Xin ): €t Kroco ,O(Xin )
an
€ Kioco 1.0 (Xin ): € Kpoco ¢,0(Xin ): C-Kroco ,O(Xin ) ),
and can be estimated as

o

fBose,O(Xin ): fBose, x;, ©)
1
= E +C‘kHoco ,O(Xin )Jl— CEKHOCO 0 (Xin )

(66)

The fgose,B,, (0)(= fgose 0(Bin )) denotes the ratio of the
bosonic property under the internal field xj,
( € +kuoco 1.0 (Xin )= € Knoco T,O(Xin )= %poco 10 (Xin )
and

€ tkuoco 4.0 (Xin ): € Koco L’O(Xin ): %oco 1.0 (Xin ) ),
and can be estimated as

fBose,O(Xin ): fBose Xin ©)

1 2
2 " *kyoco ¥ »O(Xin )Jl_ CkHoco 4,0 (Xin)-

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

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

(67)
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the superconducting states. We consider the case where
the HOCO is partially occupied by an electron. We
consider that the magnetic field is quantized by
ABynit (= B /nc). The n¢ value is very large and the
quantization value of B. /n¢ is very small (B; /n; =0)
(Fig. 5).  That is, the jth quantized magnetic field B;

with respect to the zero magnetic field can be defined as

Bj = jABynit (68)

"bo\

metallig
Z1,Bi-1)

?mmmmmmmmmm

Y
\J

- Bout

(B0

metallic

superconductivity,

Fig. 5.Bqyt versus B, in the normal metallic
and superconducting states.

The ratio of the bosonic property under the internal
magnetic field Beyciteq With respect to the ground state for

the magnetic field B, ( Bjn = B, + Bexcited ) Can be
denoted as fBose’By (Bexcited). In particular, the ratio of
the bosonic property under the internal magnetic field B,

with respect to the ground state for the zero magnetic field
can be denoted as fpose0(Bin).  We define the

electronic
|kHOCO (T)((Boutv Bin ) (Eout: Ein )} Be,ioe0 + Moo ))

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,kyoeo O the change of the spin magnetic

moment of an electron ogpin ko, from the each ground
state), and the I, ., the induced electric moment of an
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electron (canonical electric momentum Peanonical koo ©OF

the electric momentum of an electron Vemk, .. )-
Without any external applied magnetic field (j=0;

Bout = Bin =0), the ratio of the bosonic property under

the internal magnetic 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 (O) =1 (69)
In such a case
( € +kioco 1.0 (0)= € Kioco T»O(O) = Cikpoco 40 ©)

=C ko ¢]0(0)= 1/42 ), there is no induced current

and the magnetic fields, as expected,

B 0c0 (0,0) = BkHOCO +(0,0)- BkHOCO‘L(O, 0)
2 2
= <%excited(T )C+kHoco 10 )+ Pground (T)C_kHOCO 10 (0)}

- %excited(T )CEkHoco 10 (0)+ Pground T )CikHoco o (0)}
=0, (70)

IkHoco (0’0): IJrkHoco (0’0)_ I‘kHoco (0’0)
2 2
= <E)excited(T )C+|<Hoco 10 )+ Pground (T)C+kHOCO ¢,o(0)}

- %excited(T )CEkHoco 0 (0)+ Pground T )CE Kroco T0 (0)}
=0. (71)

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 (TX(0,0);(0,0),0;0))) (Figs. 6 and 7 (a)). It
should be noted that the electronic states are in the ground
normal metallic states when all the pcanonical: Vem: Ospin »
and Binguceq Values are O ( Pcanonical =0, Vem=0,
ospin =0, and Binguced = 0 ), and are in the excited
normal metallic states when the pcanonical: Vem: spin» OF
Binduced Values are not O ( Pcanonical #0 , Vem#0 ,
ospin # 0, O Bingyced # 0).

Let us next consider the case where the applied
magnetic field ( Byt ) increases from 0 to AByit (Fig. 6).

Soon after the external magnetic field is applied, the
momentum of the electronic state pairing of an electron
cannot be changed but the electromotive force can be
induced, because of the Nambu—Goldstone boson formed
by the fluctuation of the bosonic electronic state pairing

of an electron |kuoco (T)(0,0);(0,0),0;0)). In such a
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case, the By, (ABunit,0) and I, (ABynir, 0) values

for the |kHOCO (T)((ABunit,0)(AEunit,O)O;0)> state can
be estimated as

2
BkHOCO (ABunit’ 0)= {)excited (T )C+kHoco 1,0 (Aa.mit)
+ Pground (T )CEkHoco TYO(ABunit)}

2
- <%excited(T)C_kHOCO ¢,0(ABunit)

2
+ Pground (T )C+kHoco 10 (ABunit)}

=0, (72)
and thus
IkHoco (ABunlt: 0) %excned( )C+kHoco 10 (ABunit)

+ Pground( )C+kHoco 1,0 (ABunit)}

- {)excited (T)C_k voco 4.0 (ABunit )

+ Pground (T )CE Kroco .0 (ABunit )}
2

=2 F’excited(T ) {*kHoco 1,0 (ABunit )

K hoco ¢,0(ABunit)}
= Ipoco ,emf(ABunit ) 0)= AEynit- (73)

Bin

Ik Hoco (T X(0.4Bunit ) (-AEunit \— AE urit ) Binduced iV em )
-

Ik HOC((F X(ABunit ABunit)

(3 Bt 0) (A it A wit Yorsink P caraicat )

Ik HocdT )(ABunitvo)(AEunityAE unit)iBinducebVem)

>—CO— Byt

[krocdT (@ 0) 00)0:0)
Fig.6. TheB, versus Bgy; between y=0and y= 1

Large Bose—-Einstein condensation energy
(Viin, Fermikyoco o(0) ~ 35 €V) may be related to the
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(a) ground bosonic normal metallic state forj =0

|k roco (T X(0,0)(0,0):0 0)

BkHOCO(Q 0)=0
(b) excited bosonic normal metallic state forj=0

|k Hoco (T X(aBunit, 0)(AEunt, 0 0;0)) lemf = AE unit

D AEunit
ABunit

Bout = ABypit H
.

(c) excited bosonic normal metallic state forj

|k HOCO(T X(ABunm0)(AEunn,0)Blnduced 0 Iemf AEynit

photon

% AEunit

Binduced = ABunit

Bout = ABynit ]]

@ photon
(d) excited bosonic normal metallic state forj=0

|k HOCO (T X(A Bunit , 0) (A Eunit, AE unit)Binduced v em)>

Vem = AE ynjt

Binduced = ABunit

Bout = ABynit
® photon
(e) excited fermionic normal metallic state forj =
|k roco(T )((ABunit ,0) (AEunit +AE ynit )Uspin; P canonical )>

photon emission (electrical resistivity) p . nonical = AEunit

Binduced = ABunit

Bout = ABunit
@ photon
(f) ground bosonic normal metallic state forj =1

|k Hoco (™ X(aBurit, ABuit )(0,0%00))

ABunit

photon

Fig. 7. The electronic states between j =0 andj = 1
in normal metallic states.

Newton’s third law and the conventional principle that
“nature does not like the immediate change”.

When the electromotive force
( Iyouo (ABunit, 0)= AEynit ) is induced, a Nambu-—

Goldstone boson formed by the fluctuation of the
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electronic state pairing of an electron
|kHOCO (TX(ABunit .0 ) (AE . 0)0;0)) is absorbed by a
photon (electric field) (Fig. 7 (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. Soon after the electromotive force is induced,
the momentum of the bosonic electronic state pairing of
an electron cannot be changed but the magnetic field can
be induced. In such a case, the I, (AEyni,0) and

Bk 000 (AEunit, 0) the

|krioco (TX(ABunit .0 K(AE unit, 0 ) Binciuced: 0)) state (Fig.
7 (c)) can be estimated as

values for

2
IkHOCO (AEunit ) 0) = <%excited(-r)cbr Knoco T O(AEunit )
2
+ Pground (T )C+kHoco 10 (AE unit )}
2
- %excited (T)C‘kHoco 1,0 (AEunit )

2
+ Pground (T )C—kHoco 1.0 (AEunit )}

=0, (74)

and thus

BkHOCO (AEunit ) 0) = %excited(T)Cf Kpoco T.0 (AEunit)
+ Pground (T )CEkHoco 10 (AEunit )}
- {’excited (T)C—zkHOCO 10 (AEunit )
+ Pground (T)C2, iyo(AEunit)}
= 2Pexcited(T) {ikHOCO 10 (AEunit )

2 1
= ko .0 (AEunit)
= Binduced Knoco (AE unit> 0)= —ABypit - (75)

The induced magnetic field Bingucedk, oo (AEunit:0)

expels the initially applied external magnetic field AByyt
from the normal metallic specimen (Fig. 7 (c)).
Therefore, the induced magnetic field
Binduced, kyoeo (AEunit. 0) is the origin of the Faraday’s

law in the normal metallic states and the Meissner effects
in the superconducting states. It should be noted that the
magnetic field Binguced, koo (AEunit, 0) 0) is induced

but the spin magnetic moment of an electron with opened-
shell electronic structure is not changed ( ogpin =0 ).
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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 each element of the spin
magnetic moment ogpin of an electron (similar to the
Pcanonical 1N the superconducting states) but because of

the change of the total magnetic momentum as a whole
Binduced (Similar to the vem, in the superconducting

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

|kHOCO(T)((ABunitno)i(AEunit'O)Binduced;0)> can be

immediately destroyed because the induced electric field
penetrates into the normal metallic specimen, and the
electronic state becomes another bosonic excited
supercurrent state for j=0

( |kHOCO (T)((ABunit 10)(AEunitv AEunit) Binduced?Vem) )
(Fig. 7 (d)). In the
|kHOCO (T)((ABunit :O)(AE unit, AE unit) Binduced: Vem )

state, an electron receives the electromotive force AE i,

and thus the superconducting current can be induced, and
thus there is kinetic energy ( Exinetic (AEunit, AEunit )) Of

the  supercurrent. In such a case, the
BkHOCO (AEUnlt 1 AEUnlt) and IkHOCO (AEUrﬂt ) AEUrﬂt)
values for the

| KHoco (T)((ABunit 0 ) (AE unit: AE ynit ); Binduced: Vem )
state can be estimated as

B 000 (AEunit» AEunit ) = B, oo (AEunit.0)
= %excited (T )CikHOCO 10 (AEynit)
+ Pground (T )CEkHoco 1 o (AEunit )}
- %excited (T)C_ZKHOCO i,,o(AEunit)
+ Pground (T )CEkHOCO Lo (AEunit )}
=2 Pexcited(T){ikHoco 10 (AEynit)
. ¢,O(AEumt)}
= Binduced ke (AEunit: 0)= —ABynit,  (76)
Koo (AEunits AEunit) = leo (ABunit,0)
= %excited(T)cf Keoco T o (ABuit)

+ Pground (T )CZ 10 (ABunit)}

+Kpoco
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2
- <%exc ited (T)C‘kHoco 1,0 (ABunit )
2
+ Pground (T )C—kHoco 10 (ABunit )}
2
=2 I:’excited(T ) {"’kHOCO T0 (ABUnit )

2
B C—kHoco 4,0 (ABunit )}
=Vem,kyoco (AEunit ; AEunit): AE ynit- (77)

That is, the energy of the electromotive force AE it

for the |kHOCO(T)((ABunit:0)(AEunita0)Binduced;0)>

state is converted to the kinetic energy of the supercurrent
for the

|kHOCO (T)((ABunit ,0)(AE unit: AE unit) Binduced: Vem )
state.  Both the supercurrent (Vemk oo (AEunit, AEunit ))
and the magnetic field ( Binguced koo (AEunit AEunit )

can be induced under the condition of the opened-shell
electronic structure with zero spin magnetic momentum
and canonical momentum (ospin = 0; Pcanonical = 0)-

On the other hand, such excited bosonic normal
metallic states with supercurrents

( |kHOCO (T)((ABunit ,O)(AEunit: AEunit); Binduced;Vem) )
can be immediately destroyed because of the unstable
opened-shell electronic states subject to the external

applied magnetic field, and the electronic state becomes
another excited fermionic normal metallic states for j=0

|kHOCO (T)((ABunit ,0)(AEunity AEuni'[) Ospin ; pcanonical)
) (Fig. 7 (e)). Insuch a case, the B, (AEunit, AEqnit)
Ik o0 (AEunit, AEunit ) the
|kHOCO (T)((ABunit ,0)(AEunit' AEuni'[) Ospin » pcanonical)
state can be estimated as

and values for

B 100 (AEunit: AEunit )= Byoco (AEunic,0)
= %excited(T )CikHOCO 10 (AEynit)
+Pground (T)e2, 1 0 (AEunit )}
- %excited (T)C_ZKHOCO Lo (AEunit )
+ Pground (T )ka oo 4,0 (AEynit )}
= 2Peycited(T) {ikHOCO 10 (AEynit)

2 ¢’0(AEunit)}

—-C
~Khoco

= Ospin,Kyoco (AEunit ' AEunit): ~ABynit, (78)
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IkHOCO (AEunit'AEunit): IkHOCO (ABUnitvO)
= {Dexcited(T)Cf Knoco T o(ABunit )
+ Pground (T )CikHOCO 10 (ABunit)}
- %excited(T)C_zkHoco i,,o(ABunit)
+ Pground (T )CEkHoco T,o(ABunit )}
=2 Pexcited(T){ikHoco T0 (ABJnit)

2
~C Kroco LYO(ABunit)}
= Pcanonical kyoco (AEunit , AEunit): AE ynit- (79)

It  should be noted that the electronic
|kHOCO (T)((ABunit ,0);(AE unit, AE unit) Ospin » pcanonical)

state is now somewhat fermionic because the Pcanonical
value is not O. In other words, the
|kHOCO (T)((ABunit :0)(AE unit, AE unit) Ospin
state is closely related to the normal conducting states in
that the normal metallic current with pcanonical # 0 and

Vem = 0 is induced by the induced electromotive forces.

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

(
|kHOCO (T)((ABunit :0);(AE unit, AE unit) Ospin » pcanonical)

) can be immediately destroyed because of the unstable
opened-shell electronic states subject to the external
applied magnetic field, and the induced current and the
magnetic field can be immediately destroyed, and thus the
initially external applied magnetic field can start to
penetrate into the normal metallic specimen. Therefore,
the electronic state tries to become another ground
bosonic metallic state for j=1

(|ktoc0 (TH(ABunit A Bunit )i(0, 0. 0;0))) (Fig. 7 (£). In
such a case, the By, (ABynit, ABynit) and
Ik oo (ABunit, ABunit ) values for the

|kHOCO(T)((ABunit:ABJnit)§(0,0);0;0)> state can be
estimated as

» Pcanonical

(0)

unit

2
|kHoco (ABunity ABynit ) = %GXCited(T )C+kHoco T.aB
2 1
+ l:)ground (T )C+k Hoco ¥ AByit (O)J

2
- %excited(T )C—kHoco 4.AB it (O)
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+P (T)c? (O)]
ground ~Kpoco T ABunic *7 §
0, (80)
and thus
2
B oco (ABunita ABJnit): %exeitEd(T )C+kHocoTvABunit ©)
2
+ Pground (T )c—kHOCO TyABunit (O)}

2
- %excited(T )C—kHoco 4 AByit ©)
2 1
+ Pground (T )C+kHoco 4, AByit (O)J

(0)

unit

2
= 2Pexcited (T) + Kyoco T, AE

2 1
™S Kroco ¥ AE i (O)J
= Ospin, kyoco (ABunit , ABunit): ABypit- (81)

It should be noted that the ground bosonic
|kHOCO(T)((ABunit,ABUnit);(O,O);O;O)> state is unstable
with respect to the ground bosonic state for zero magnetic
field |kroco (TX(0,0):(0,0);0;0)).

The fgose,aB,,;(0) value is smaller than the
fBose,0(0) Vvalue. It should be noted that the
fBose, B, (0) value decreases with an increase in the [Bjp|

value.  That is, the bosonic and fermionic properties
decrease and increase with an increase in the |Bj,| value,
respectively. The London penetrating length
A1 (ABynit, ABynit ) value and the mass of a photon

Mphoton (ABunit, ABynit ) for the ground bosonic normal

metallic  |knoco (TH(ABunit ABunit )i(0,0),0;0))  state

can be estimated to be +o and 0, respectively. Thatis, a
photon becomes massless at the ground bosonic electronic

states ( |kHOCO (TX(Bin. Bin ) 0. O);O;O)) ) under the
magnetic field of By, (Bin, Bin ), and thus the external

applied magnetic field can penetrate into the normal
metallic medium.

In summary, because of the very large stabilization
energy ( Viin, Fermikyoco o(0)= 35 €V ) for the Bose-

Einstein condensation ( Pcanonical = 0 ;
Vkin, Bose, kyogo o (0) = 0 €V), the magnetic momentum of
an electron cannot be changed but electromotive force
(AEynit) can be induced soon after the external magnetic

field is applied.  This is the excited bosonic normal
metallic state for j=0
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(|kroco (TH(ABunit O X (AE i, 0X0;0)) ). In such a

case, the induced electric field as well as the applied
external magnetic field is expelled from the normal
metallic specimen. It should be noted that the electronic

|krioco (TH(ABunit O M(AE i, 0 0;0)) state s still
bosonic since the pcanonical Value is 0. 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 electromotive force is
induced. Therefore, the electronic state becomes

|kHOCO(T)((ABunit:O)(AEunit’O)Binduced;0)>- This is
the origin of the Ampére’s law. This induced magnetic
field Bipquceq Ccan expel the initially external applied
magnetic field By (= ABunit) from the normal metallic
specimen.  That is, the Binguced and Bout (= ABynit)

values are completely compensated by each other. This
is the origin of the Lenz’s law. On the other hand, such
excited bosonic supercurrent states with the induced
magnetic fields

|kHOCO(T)((ABunit:0)(AEunitaO)Binduced;0)> can be

immediately destroyed because the electromotive force
penetrates into the normal metallic specimen, and the

electronic state becomes another bosonic excited
supercurrent state for j=0
( |kHOCO (T)((ABunit ,O)(AE unit: AE unit); Binduced: Vem ) ).
In the

|kHOCO (T)((ABunit ,0)(AE unit: AE unit) Binduced; Vem )

state, the supercurrent can be induced, and thus there is
kinetic energy ( Einetic (AEunit,AEunit)). This is the
origin of the Faraday’s law. That is, the energy of the
electromotive force AEnit for the
|kHOCO(T)((ABunitno)i(AEunit'O)Binduced;0)> state is
converted to the kinetic energy of the supercurrent for the
|kHOCO (T)((ABunit :0)(AE unit: AE unit) Binduced; Vem )

state. Both the supercurrent (Vemk, oo (AEunit s AEunit )
and the magnetic field ( Binguced koo (AEunit: AEunit )

can be induced under the condition of the opened-shell
electronic structure with zero spin magnetic momentum
and canonical momentum ( ospin =0 ; Pcanonical =0 )-

This is the origin of the Faraday’s and Ampére’s law.
Such excited bosonic states with supercurrents

|kHOCO (T)((ABunit :0)(AE unit, AE unit) Binduced; Vem )
can be immediately destroyed because of the unstable
opened-shell electronic  states, and the induced

supercurrent can be immediately destroyed, and the
electronic state becomes another excited fermionic normal
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metallic state for j=0
( |kHOCO (T)((ABunit 10)(AEunit: AEunit)

;ospin;pcanomca|) ). The excited fermionic normal

metallic
|kHOCO (T)((ABunit ,O)(AE unit, AE unit)
;Uspin;Pcanonical) state is very unstable and try to

become another ground bosonic metallic state for j=1,

and the induced electrical current and the induced
magnetic field can be immediately dissipated, and thus the
initially applied external magnetic field can penetrate into
the  ground bosonic  normal  metallic state

(| Krioco (T)((ABunit . ABunit ):(0, 0); 0; 0)>) medium.

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

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

respect to the Fermi level before electron—phonon
interactions at 0 K and Xgyt =Xijn =0 (Fig. 4) can be

expressed as

Etotal(xout + Xin )= Esc (Xoutn Xin)_ Enm (0,0)
= Eelectronic(xout: Xin )+ Emagnetic(xout + Xin )

(82)

At Byt = Bin =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

Eelectronic(ov 0 ) = —2Vone fBose ,0 (0) =—2Vone - (83)
Em agnetic(o- 0) =0. (84)
The Ee'ectronm(ABun't f O) Value fOI’ the

|kHoco(T)((ABumt,0)(AEunit,O)0;0)) state can be
estimated as

Eelectronic(ABunit ) 0)
= =2V one f Bose,0(0) + EIkHoco (ABunit ,0)

= —2V onef Bose,0 (A Bunit )v

(85)

where the E;, (ABypit, 0) value denotes the energy of

the electromotive force, and is estimated as
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EIkHoco (ABunitno)
=2Vone (fBose,O (0)_ fBose ,O(ABunit ))

=2Vone (1 - fBose,O (ABunit )) (86)

Furthermore, we must consider the magnetic energy
(Emagnetic(ABunit, 0)) as a consequence of the expelling

of the external initially applied magnetic field ABjt ,

Em agnetic(ABunit ) 0) = Eexpel (ABunitv 0 )

1 2
=3 HoABunitVsc, (87)
where the uy denotes the magnetic permeability in
vacuum, and the vgc denotes the volume of the specimen.
The total energy level for the

|kHoco(T)((ABunit,0);(AEunit,O)0;0)) state can be
estimated as

Etotal (ABunit  0)
= EeIectronic(ABunit ) O)+ Emagnetic(ABunit ) 0)

1 2
= ~2Vone f Bose,0 (A Bunit )+ E Lo ABynitVsc -

(88)

We can consider from Egs. (85)—(88) that the energy for
the excited normal metallic

|kHOCO(T)((ABunit:0)(AEunit’0)0;0)> state is —2Vone
with the energy of the electromotive force
2Vone(fBose,0(0)_ fBose,O(AEunit)) and the energy of

the expelling of the external initially applied magnetic
field Emagnetic(AEunit,0), and thus the total energy for

the bosonic excited normal metallic
|knoco (TH(ABunit 0 (AE i, 0X0,0))  state s
~2Vone fBose,O(AEunit )+ EexpeI(ABunit ) 0) . In other

words, the energy for the applied magnetic field ABpj; is
converted to the energy of the electromotive force
2Vone(fBose,O(0)_ fBose,O(AEunit)) and the energy of

the expelling of the external initially applied magnetic
ﬁ9|d Eexpe|(ABunit ’ O) .

The Eelectronic(AE unit 0) the

|kHOCO (T)((ABunit :0)(AEunit, 0) Binduced: 0)> state can
be estimated as

value for

Eelectronic(AE units 0)
= —2V onef Bose,0(0) + EIkHoco (AEunit , 0)
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= —2Vone]c Bose,0 (A Eunit) (89)

Furthermore, we must consider the magnetic energy
(EmagnetiC(AEunit,O)) as a consequence of the induced

magnetic field Eg, (AEynit,0),

Em agnetic(AEunit ,0 )= EBkHoco (AEunit 10)

1 2
= EﬂOABunitVSC : (90)

The total energy level for the
|kHOCO (T)((ABunit ao)(AEunity 0) Binduced: 0)> state can
be estimated as

EtotaI(AEunit ) 0)
= Ee Iectronic(AEunit 0 )+ Em agnetic(AEunit '0)

1 2
= —2Vone f Bose,0 (A Bunit )+ E £ ABynitVsc - (91)

We can consider from Egs. (89)—(91) that the energy for
the normal metallic

|kHOCO(T)((ABunitao)(AEunitvO)Binduced;0)> state is
—2Vone With the expelling energy of the electromotive
force 2Vone (fgose,0(0)~ fgose, 0 (AEunit )) and the energy
of the induced magnetic field Eg, (AEyit,0), and
thus the total energy for the bosonic excited normal
metallic | kioco (T)(ABunit,0 )} (AE unit, 0 ) Binguced: O))
state is —2Vone fBose 0 (AEunit )+ BBy e (AEyit,0). In

other words, the energy for the applied magnetic field
ABynit is converted to the expelling energy of the

electromotive force 2Vgne (fBose,O(o)— fBose,o(AEunit ))
and the induced magnetic field Eg, (AEynit,0).

The Ee'ectronic(AEunit, AEun|t) Value fOI’ the

|kHOCO (T)((ABunit ao)(AEunitv AEunit) Binduced: Vem )
state can be estimated as

Eelectronic(AE units AE unit )
= =2V onef Bose,0(0) + Ev. (AEunit » AEynit )
= —2Vonef Bose,0 (A Eunit)- (92)

where the B, (AEunit,AEunit) value denotes the kinetic

energy of the supercurrent, and is estimated as
Eyery (AEunit, AEunit)

=2Vone (f Bose,0 (O)_ fBose 0 (AEunit ))
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=2Vone (1 - fBose,O (AEunit )) (93)

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

induced magnetic field Eg, (AEynit, AEunit )

Emagnetic(AEunit,AEunit ): EBkHoco (AEunitlAEunit)

1 2
= E,UOABunitVSC : (94)

The total energy level for the
| KHoco (T)((ABunit 0 )i (AE unit: AE unit ) Binduced; Vem )
state can be estimated as

Etotal (AEunit » ABynit )
= EeIectronic(AEunit » AEynit )+ Em agnetic(AEunit , AEynit )

1 2
= —2Vone f Bose,0 (A Eunit )+ _2 LoABnitVsc - (95)

We can consider from Egs. (92)—(95) that the energy level
for the excited normal metallic

|kHOCO (T)((ABunit ,0);(AE unit: AE unit) Binduced; Vem )
state is —2Vgpe With the kinetic energy of the

supercurrent 2Vone (f Bose 0(0)— faose, 0 (AEunit )) and the
energy of the induced magnetic field
Epyp oo (AEnit, AE it ), and thus the total energy for the

bosonic excited normal metallic
| KHoco (T)((ABunit 0 ) (AE unit: AE unit ); Binduced: Vem )

state is
—2Vone fBose ,O(AEunit )"‘ EBkHoco (AEunit ) AEunit) . In

other words, the energy for the initially applied magnetic
field ABynjt 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,, .., (AEunit, AEunit)-

The Eelectronic(AE units AE ynit ) value for the
|kHOCO (T)((ABunit :0)(AE units AE unit ) Ospin » pcanonical)
state can be estimated as

Eelectronic(AE units AE unit )
= 2V one f Bose,0(0) + Epcanonica|(AEunit » AEnit )
= —2Vonef Bose,0 (A Eunit)- (96)
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where the Ep_  (AEynit, AEynir) value denotes the
kinetic energy of the normal current, and is estimated as

Ep canonical(AEurlit + AEynit )
= 2Vone (f Bose,0 (0)- fRose 0 (AEunit ))

=2Vone (1 - fBose,O (AEunit )) (97)

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

induced spin magnetic moment
Eo_spin,HOMO (AE unit, AE unit )1
Em agnetic(AEunit » AEynit )

1 2
= Eoin omo (AEunityAEunit):_zﬂOABunitVSC- (98)
The total energy level for the

|kHOCO (T)((ABunit ,0)(AEunity AEunit)i Ospin » pcanonical)
state can be estimated as

Etotal (AEunit s AEynit )
=Ee Iectronic(AEunit s AEynit )+ Em agnetic(AEunit » AEynit )

1 2
= ~2Vone f Bose,0 (A Eunit )+ _2 LoABnitVsc - (99)
The EeIectronic(ABunit » ABynit ) and
Emagnenc(ABun't y ABun“) Va|UeS fOf the

|kioco (T)((ABuri ABumi ):(0,0),0;0)) state can  be
estimated as

Eelectronic(AE units AE unit ): =2V one f Bose LAB it (0) (100)

Emagnetic(ABunit » ABynit ): 0. (101)

The total energy level for the
|kHOCO (TX(ABynit . A Byt ):(0,0); 0; 0)> state can be
estimated as

EtotaI(AEunit s AEynit )
= EeIectronic(AEunit s AEynit )+ Emagnetic(AEunit ) AEunit)
= —2Vonef Bose,AB it (0) (102)

The energy for the excited normal metallic
|kHOCO (T)((ABunit ao)(AEunitv AEunit) Binduced: Vem )
state is —2Vone With Kinetic energy of supercurrent
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2Vone (1~ fgose 0(ABunit ). and thus the total electronic
energy for the bosonic excited normal metallic
|kHOCO (T)((ABunit :0)(AE unit: AE unit) Binduced: Vem )

state is —2Vone fose 0(ABynit ).  The electronic energy
level for the bosonic ground normal metallic
|kHOCO(T)((ABunit:ABunit );(0,0);O;O)) state is the same

with those for the bosonic and fermionic excited normal
metallic

| KHoco (T)((ABunit 0 ) (AE unit: AE unit ); Binduced: Vem )
and
|kHOCO (T)((ABunit 0 (AE unit, AE unit ) Ospin 5 pcanonical)

states, respectively. On the other hand, it should be
noted that even though the electronic energies are
conserved between them, the kinds of energies are
different. ~ The electronic energy level itself for the

|kHOCO (T)((ABunit +ABynit )§(O! 0),0; 0)> is
~2Vone FBose 0(ABynit ) With zero kinetic energy for the
supercurrent, while those for the
|kHOCO (T)((ABunit :0)(AE unit, AE unit)§ Binduced: Vem )
and

|kHOCO (T)((ABunit 0 (AE unit, AE unit ) Ospin 5 pcanonical)
states are —2Vne With the Kinetic energy of supercurrent
2Vone (1~ faose 0 (ABunit ) - That is, the bosonic

| Knoco (T)((ABunit .0 ) (AE units AE unit ) Binduced: Vem )
and fermionic
|kHOCO (T)((ABunit :0);(AE unit, AE unit) Ospin » pcanonical)

excited normal metallic states are unstable with respect to
the ground bosonic state for zero magnetic field, in the
space of the ground bosonic state for zero magnetic field

|krioco (TX(0,0)(0,0);0;0)) . This is because the
kinetic energy of currents (2Vgne (l— fBose ,o(ABunit)))
for the
|kHOCO (T)((ABunit :0)(AE unit, AE unit); Binduced: Vem )
and

|kHOCO (T)((ABunit :0)(AE unit, AE unit) Ospin » pcanonical)
states are larger than that (0) for the
|kHoco(T)((O,0); (0,0);0;0)) state, while the electronic
energy level for the
|kHOCO (T)((ABunit :0)(AE unit, AE unit)§ Binduced: Vem )
and

|kHOCO (T)((ABunit 0 (AE unit, AE unit ) Ospin 5 pcanonical)

states are the same ( -2Vgne ) Wwith that for
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|krioco (TX(0,0)(0,0);0;0)) . The  bosonic

|kHoco(T)((ABumt,AB\Jnit);(O,O);O;O)> ground state is

unstable with respect to the ground bosonic state for zero
magnetic field, in the space of the ground bosonic state

for zero magnetic field |kpoco(TX(0,0)(0,0);0;0)) .

This is because the electronic energy level
( —2Vone fBose ,0 (ABunit ) ) for the

|krioco (TX(ABunit ABunit ):(0,0%,0;0)) is higher than
that —2Vone for the |kpoco (TX(0,0);(0,0);0;0)) state,

while  the  Kkinetic  energies for both  the
|kHoco (TX(ABunit . ABunit ):(0,0); 0; 0)> and
|krioco (TX(0,0),(0,0);0;0)) states are zero.  That is,

the total electronic energy is conserved when the
|kHOCO (T)((ABunit aol(AEunitv AEunit) Binduced; Vem )

state is converted to the
|knoco (TX(ABunit, ABunit ):(0,0),0;0)) state via the

|kHOCO (T)((ABunit ,0)(AEunity AEunit)i Ospin » pcanonical)
state. During this conversion, the kinetic energy for the
|kHOCO (T)((ABunit ,0)(AE unit: AE unit)i Binduced; Vem )
and
|kHOCO (T)((ABunit ,0)(AEunity AEuni'[) Ospin » pcanonical)
states can be changed to the higher electronic state
energy for the |kHOCO(T)((ABunit,ABunit);(O,O);0;0))
state by the penetration of the magnetic field (ABynjt )-

On the other hand, the magnetic energy for the

|kHOCO (T)((ABunit ,O)(AE unit: AE unit) Binduced: Vem )

state ( Emagnetic(ABunit,0) ) with respect to the next
ground normal metallic
|kHoco (T)(ABunit, ABunit ):(0, 0);0; 0)>
(' Emagnetic(ABunit, ABynit) ) can be expressed as
/IOABEnitVSC /2. Therefore, because of the magnetic
energy Emagnetic(ABunit:0)> Emagnetic(ABunit:ABunit) )
such excited normal metallic
|kHOCO (T)((ABunit ,0)(AE unit: AE unit)i Binduced; Vem )

state is not stable, and thus the bosonic excited normal
metallic

|kHOCO (T)((ABunit ,0)(AE unit: AE unit) Binduced: Vem )
electronic state is converted to the next bosonic ground

ground
state

normal metallic ground
|knoco (TX(ABunit, ABunit ):(0,0),0;0)) state via the
another fermionic excited normal metallic
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|kHOCO (T)((ABunit :0)(AE unit, AE unit) Ospin » pcanonical)
state.
The total energy level (Etota|(Bout,Bin)) for the

fermionic excited normal metallic
|kHOCO (T)((ABunit :0)(AE unit, AE unit) Ospin » pcanonical)

state can be estimated to be the same with that for the
bosonic excited normal metallic

|kHOCO (T)((ABunit :0)(AE unit: AE unit) Binduced; Vem )
state even though the potential energy Vpotential for the

bosonic state is converted to the kinetic energy
Viin, Fermi k,_yeo o (0) for the fermionic state.

We can consider that the Etota|(ABumt,0) values for
the

|kHOCO (T)((ABunit :0);(AE unit: AE unit) Binduced: Vem )
and

|kHOCO (T)((ABunit ,0);(AE unit, AE unit) Ospin pcanonical)
states are larger than that for the
|kHOCO (TX(ABunit . ABunit )i (0, 0)§0;0)> state by the
Emagnetic(ABunit ) 0)_ Emagnetic(ABunit ) ABunit)

(: yoABfnitvSC /2) value.  Therefore, the conversion

from the unstable
|kHOCO (T)((ABunit :O)(AE unit, AE unit); Ospin » pcanonical)
state to the stable

|kHOCO(T)((ABunit,ABunit);(O,O);O;O)> state occurs by
the first-order process of the electron-phonon
interactions. In other words, the unstable
|kHOCO (T)((ABunit :0)(AE unit, AE unit) Ospin » pcanonical)
state is converted to the stable
|krioco (TH(ABunit ABumit ):(0,0),0,0)) ~ state as  a

consequence of the energy conversion from the magnetic
energy

( Emagnetic(ABunit ) O)_ Em agnetic(Aajnit ) ABunit)
(zyoABfmtvsclz)) to the photon emission Vpoton

(electrical resistivity (Joule’s heats)) energy. The
magnetic expelling energy

( Emagnetic(ABunit ) 0)— Em agnetic(ABunit ) ABunit)
(: ,UOABIEnitVSC / 2)) has been basically created from the

energy originating from the dynamic change of the
magnetic field (generation of electricity). Therefore, we
can conclude that initially dynamically created energy
originating from the dynamic change of the magnetic field
(generation of electricity) is the origin of the Joule’s heats
finally observed.
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The energy for the magnetic field strength itself, which
has not been considered to be origin of the electromotive
forces, is closely related to the electromotive forces, the
electrical current, and the resistivity. On the other hand,
the dynamically created energy originating from the
dynamic change of the magnetic field (generation of
electricity), which has been considered to originate from
the electromotive forces, is closely related to the Joule’s
heats, but not directly related to the electromotive forces.

As discussed in the previous studies [1-7], the Stern—
Gerlach effect is the main reason why the even one
electron can be in the bosonic state at usual low
temperatures.  And the very large stabilization energy
( Viin, Fermikyogo o(0)= 35 €V ) for the Bose-Einstein

condensation ( Pcanonical = 0 ;
Viin, Bose, koeoo(0) =0 €V ) originating  from  the
disappearance of the Kkinetic energy of an electron
( Pcanonical = 0; Vkin,Bose,kHocoo(O) =0 eV) is the main
reason why the magnetic momentum of an electron cannot
be changed but electrical currents can be induced soon
after the external magnetic field is applied. If an electron
were not in the bosonic state, the applied magnetic field
would immediately penetrate into the specimen as soon as
the magnetic field is applied, and we would not observe
any electrical current even in the normal metals. This
bosonic electron is closely related to the concepts of the
Higgs boson.

The electronic energy is conserved and thus the change
of the electronic states is not directly related to the Joule’s
heats. Therefore, applied energy for the electromotive
forces as a consequence of the change of the magnetic
field strength itself are not dissipated. In other words,
electrical resistivity can be observed because of the
electronic  properties (the disappearance of total
momentum Peanonical = 0 and vem = 0 under the statistic

magnetic field), on the other hand, the Joule’s heats can
be observed not because of the electronic properties but
because of the magnetic properties (the disappearance of
the expelling energy of the magnetic fields originating
from the energy for the change of the magnetic field at the
beginning, created dynamically  (generation  of
electricity)). We dynamically create the energy for the
dynamic change of the magnetic field (generation of
electricity) at the beginning, related to the Joule’s heats, in
addition to the energy for the magnetic field strength
itself, related to the electromotive force, kinetic energy of
an electron, and electrical resistivity.

4.4 Meissner Effects in the Two-Electrons Systems in
Superconductivity

Because of the wvery large stabilization energy
(2Vkin Fermikyoeoo (0) = 70 €V) for the Bose-Einstein
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condensation ( Pcanonical = 0 ;
Viin, Bose, kioco o (0) = 0 V), the magnetic momentum of
a bosonic Cooper pair cannot be changed but
electromotive force (AEynit) can be induced soon after
the external magnetic field is applied. This is the excited
bosonic superconducting state for j=0
(|kHoco(T)((ABunit,0)(AEunit,0)0;0))) (Fig. 8 (b)).
In such a case, the electromotive force as well as the

applied external magnetic field is expelled from the
superconducting specimen. It should be noted that the

electronic |kHoco(T)((ABunit,O)(AEunit,O)O;O)) state
is still bosonic since the pcanonical Value is 0.  The

electric and magnetic momentum of a bosonic Cooper
pair cannot be changed but the magnetic field can be
induced soon after the electromotive force is induced
(Fig. 8 (c)).  Therefore, the electronic state becomes

|kHOCO (T)((ABunit ,0);(AE unit» 0) Binduced; 0)> . This
induced magnetic field Bjguceq Can expel the initially
external applied magnetic field Byt (: ABunit) from the
superconducting specimen.  That is, the Binquceq and
Bout (= ABynit ) values are completely compensated by

each other. This is the origin of the Meissner effect in
superconductivity.  On the other hand, such excited
bosonic supercurrent states with the induced magnetic

fields |kHOCO(T)((ABunit10)(AEunitvO)Binduced;0)> can

be immediately destroyed because the electromotive force
penetrates into the superconducting specimen, and the
electronic state becomes another bosonic excited
supercurrent state for j=0

( |kHOCO (T)((ABunit ,0)(AE unit: AE unit) Binduced: Vem ) )
(Fig. 8 (d)). In the
| KHoco (T)((ABunit .0 ) (AE units AE unit ) Binduced: Vem )

state, the supercurrent can be induced, and thus there is
kinetic energy ( Euinetic (AEunitaAEunit))- That is, the

energy of the electromotive force AE,y; for the
|kHOCO (TX(ABunit .0 Y (AE unit, O ) Binduced;0)> state is
converted to the kinetic energy of the supercurrent for the
|kHOCO (T)((ABunit :0)(AE unit, AE unit); Binduced: Vem )

state. Both the supercurrent (Vemk oo (AEunit,AEunit))
and the magnetic field ( Binguced, koo (AEunit . 0)) can be

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

of the Ampére’s law and the Meissner effect in
superconductivity.  Such excited bosonic states with
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supercurrents

|kHOCO (T)((ABunit ,O)(AE unit: AE unit) Binduced: Vem )
cannot be destroyed because of the stable closed-shell
electronic states, and the induced supercurrent cannot be
destroyed.  This is the reason why we can observe
nondissipative currents in superconductivity during
applying the magnetic field.

(a) ground bosonic normal metallic state forj =0

|k Hoco(™ X(0.0)(0.0)0:0) :

Bk @©o0)=0
(b) excited bosonic normal metallic state forj=0

HOCO
|k HOCO(T X(A Bunit , 0) (A Eunit , O) 0; 0)> lemt = A Eunit
unit 4 “

Y AE it

lemt = AEunit
AB it
Bout = ABynit
@ photon
(c) excited bosonic normal metallic state forj =0
|k HOCO(T X(ABunit, O)(AEunit , 0) B%iuced ;0 lemt = A Euni
AEunit %
lemt = AEunitp Y ABuni

Binduced = ABunit

Bout = AE"unitﬂ

@ photon
(d) excited bosonic normal metallic state forj=0

|k HOCO (T X(A Bunit , 0) (A Eunit, AE unit )B induced ;V em))
Vem = AE ynit
2
Vem = AE unit
Binduced = ABuit

Bout = ABunitﬂ

@ photon

Fig. 8 The electronic states between j =0 andj = 1
in superconductivity.

4.5 Reconsideration of the Lenz’s Law

According to the Lenz’s law, it has been considered
that the electrical current can be induced when the
magnetic field is changed. On the other hand, according
to our theory, the electrical current can be induced in
order that the photon becomes massive (that is, the
magnetic 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 wvery large stabilization energy
( Viin,Fermik_yeoo(0) =35 eV ) for the Bose-Einstein

condensation ( Pcanonical = 0 ;
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Viin, Bose,k_ yeo(0)= 06V ), and the Stern-Gerlach

effect. The initial electronic state tries not to change the
electronic structure ( Peanonical =0) by induction of the

electrical current and magnetic field.  After that, the
photon becomes massless (magnetic field can penetrate
into the specimen), and thus the electrical current can be
dissipated. And at the same time, photon is emitted from
an electron and this is the origin of the Joule’s heats.

The energy for the magnetic field strength itself, which
has not been considered to be origin of the electromotive
forces, is closely related to the electromotive force, the
electrical current, and the resistivity. On the other hand,
the dynamically created energy originating from the
dynamic change of the magnetic field (generation of
electricity), which has been considered to be origin of the
electromotive forces, is closely related to the Joule’s
heats, but not directly related to the electromotive forces.

As discussed in the previous studies [1-7], the Stern—
Gerlach effect is the main reason why the even one
electron can be in the bosonic state at usual low
temperatures.  And the very large stabilization energy
( Viin, Fermik, yeoo (0)=35 €V ) for the Bose-Einstein

condensation ( Pcanonical = 0 ;
Viin,Bose, k, ,eoo(0)= 08V ) originating from the

disappearance of the Kinetic energy of an electron
( Pcanonical = 0; Vkin,Bose,k,_UCOa(O): 0eV) is the main
reason why the magnetic momentum of an electron cannot
be changed but electrical currents can be induced soon
after the external magnetic field is applied. If an electron
were not in the bosonic state, the applied magnetic field
would immediately penetrate into the specimen as soon as
the magnetic field is applied, and we would not observe
any electrical current even in the normal metals. This
bosonic electron is closely related to the concepts of the
Higgs boson.

5. Concluding Remarks

We definitely discussed how the independent one
electron is stabilized in energy in view of the second-
order processes in vibronic and electron—phonon
interactions in quantum field theory. In particular, by
comparison with the conventional BCS theory, we
suggested new interpretation of the role of electron—
phonon interactions in  electron  pairing in
superconductivity.  According to our calculated results,
two electronic states originating from independent one
electron become stabilized because phonon is exchanged
between these two electronic states of independent one
electron.  That is, phonon emitted by an electron is
received by the same electron, and as a consequence of
this phonon exchange between two electronic states with
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opposite momentum and spins, this independent one
electron becomes stabilized in energy.

Related to seeking for the room-temperature
superconductivity, in this article, we compare the normal
metallic states with the superconducting states.
Furthermore, in this article, we elucidate the mechanism of
the Faraday’s law in normal metallic states and the
Meissner effects in superconductivity, on the basis of the
theory suggested in our previous researches.

In superconductivity, two electrons behave only as a
Bose particle. On the other hand, in the normal metallic
states, an electron behaves as bosonic as well as fermionic
under the applied external magnetic or electric field. An
electron in the bosonic state with zero kinetic energy
( Peanonical = 0 5 Viin, Bose, koo o (0) =0 €V ) is much
more stable than an electron in the fermionic state with
large Kkinetic energy of about 35 eV ( Pcanonical #0 ;

Vikin, Fermiknoco o(0)= 35 €V') by about 35 eV, in the

normal metallic state. Two electrons in the bosonic state
with  zero  Kkinetic energy (  Pcanonical =0 ;

2Vikin Bose koo o (0) =0 V) is much more stable than

two electrons in the fermionic state with large kinetic
energy of about 70 eV  (  Peanonical #0 ;

2Viin Fermikyogo o (0) = 70 €V) by about 70 eV, in the

superconducting state [1-7]. Because of the very large
stabilization energy (Viin,Fermikyoeo o(0)= 35 €V ) for

the Bose-Einstein condensation (  Pcanonical =0
Vkin, Bose, kioeo o (0) = 0 V), the magnetic momentum of

an electron cannot be changed but electromotive force
(AEynit) can be induced soon after the external magnetic
field is applied. Furthermore, 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 electromotive force is induced.
Both the supercurrent (Vemk,oeo (AEunit: AEunit)) and

the magnetic field ( Binuced, kocq (AEunit, AEunit )) can be

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

the origin of the Faraday’s and Ampere’s law in the
normal metallic state. Furthermore, this is the origin of
the  Meissner effect and Ampére’s law in
superconductivity. If an electron were not in the bosonic
state, the applied magnetic field would immediately
penetrate into the specimen as soon as the magnetic field
is applied, and we would not observe any electrical
current even in the normal metals.

The induced magnetic field Binduced, k000 (AEunit,0)

expels the initially applied external magnetic field AByyt
from the normal metallic specimen. Therefore, the
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induced magnetic field Binguced, koo (AEunit. 0) is the

origin of the Faraday’s law in the normal metallic states
and the Meissner effects in the superconducting states. It
should be noted that the magnetic field
Binduced, kyouo (AEunit, 0)G 0) is induced 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 each element of the spin
magnetic moment ogpin of an electron (similar to the

Pcanonical IN the superconducting states) but because of

the change of the total magnetic momentum as a whole
Binduced (Similar to the ven, in the superconducting
states).

The electronic energy is conserved and thus the change
of the electronic states is not directly related to the Joule’s
heats.  Therefore, applied energy for the electromotive
forces as a consequence of the change of the magnetic
field strength itself are not dissipated. In other words,
electrical resistivity can be observed because of the
electronic  properties (the disappearance of total
momentum Peanonical = 0 and vem =0 under the statistic
magnetic field), on the other hand, the Joule’s heats can
be observed not because of the electronic properties but
because of the magnetic properties (the disappearance of
the expelling energy of the magnetic fields originating
from the energy for the change of the magnetic field at the
beginning, created dynamically  (generation  of
electricity)). We dynamically create the energy for the
dynamic change of the magnetic field (generation of
electricity) at the beginning, related to the Joule’s heats, in
addition to the energy for the magnetic field strength
itself, related to the electromotive force, kinetic energy of
an electron, and electrical resistivity.
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