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Abstract

In the previous works [1-7], we suggested that in the materials with large HOMO-LUMO gaps, the
Cooper pairs are formed by the large HOMO-LUMO gaps as a consequence of the quantization of the
orbitals by nature, and by the attractive Coulomb interactions between two electrons with opposite
momentum and spins occupying the same orbitals via the positively charged nuclei. We also suggest the
reasonable mechanism of the occurrence of granular high temperature superconductivity in the graphite
powder treated by water or exposed to the hydrogen plasma, discovered by Esquinazi et al. (Scheike et. al;
2012), on the basis of our previous theoretical works described above [1-7], which can be well confirmed by
the recent experimental work (Wehlitz et. al; 2012). We also suggest the general guiding principle towards
high temperature superconductivity. On the basis of these previous studies, we compare the normal metallic
states with the superconducting states. Furthermore, in this article, we elucidate the mechanism of the
Faraday’s law (experimental rule discovered in 1834) in normal metallic states and the Meissner effects
(discovered in 1933) in superconductivity, on the basis of the theory suggested in our previous researches.
Because of the very large stabilization energy of about 35 eV for the Bose—Einstein condensation, the
Faraday’s law, Ampére’s law, and the Meissner effects can be observed.

Index Terms

Faraday’s Law, A Bosonic Electron, Electromotive Force, Meissner Effect, Normal Metals
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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
[8, 9], electron—phonon coupling [1-7] is the consensus mechanism for attractive electron—electron
interactions. On the other hand, the macroscopic sized room-temperature has not yet been discovered even
though many researchers have tried to realize the occurrence of high-temperature superconductivity for more
than 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.

According to the Lenz’s law, the magnetic field would penetrate into the sample completely even below
T¢ since the magnetic field does not change during temperature decreasing process. On the other hand, it
has been well known that the magnetic field cannot penetrate into the sample at all well below T,
according to the Meissner effect. At this time, this phenomenon does not obey the Lenz’s law. That is, even
in superconductivity, the electronic properties usually obey the Lenz’s law, on the other hand, sometimes do
not obey the Lenz’s law. This is because the Meissner effect can be always dominantly applied even in the
case where the electronic states cannot obey the Lenz’s law. That is, since the discovery of the Meissner
effect, it has been considered that the superconductivity as well as the normal metallic states basically obey
the Lenz’s law, on the other hand, if there is discrepancy between the Lenz’s law and the Meissner effect,
the Meissner effect can be considered to be more dominant than the Lenz’s law in superconductivity. The
Meissner effect is independent basic property and cannot be derived from the zero resistivity. This means
that the Meissner effect is more essential than the Lenz’s law, and the Lenz’s law should be explained in
terms of more fundamental Meissner effects in the normal metallic states as well as in the superconducting
states. In other words, the observation of the Lenz’s law is considered as a special case of the Meissner
effect in the normal metallic states. That is, the unified interpretation between the Lenz’s law and the
Meissner effect, that is, between the normal metallic states and superconducting states has not been
completely established. Therefore, we try to establish the unified interpretations between them.

Furthermore, in this article, we elucidate the mechanism of the Faraday’s law (experimental rule
discovered in 1834) in normal metallic states and the Meissner effects (discovered in 1933) in

superconductivity, on the basis of the theory suggested in our previous researches.
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|. THE ORIGIN OF THE FARADAY’S LAW

A. Theoretical Background
The wave function for an electron occupying the highest occupied crystal orbital (HOCO) in a material

under the external applied field (xi, = Bi, or Ein) Can be expressed as

|kHoco (T)((Bout, Bin ); (Eout, Ein)- B¢ 1ioco + Tkrooo )>

= ~J Pground (T)l I(HOCO,ground,O(Xin )>
++ Pexcited (T)l KHOCO excited ,O(Xin )>, (1)

where

|kHOCO .excited ,0 (Xif})
=C koo 10 (Xi” }+kHOCO T>

T b0 (%in ) —kHoco ~L>- (2)

Knoco ,ground , 0 (Xi> )

=C koo 0 (in ) Kroco T)

1,0 (xin Jrkioco 4 (3)
Pyrou ndT)+ Pexcited T)=1 (4)
CikHoco ¢,0(Xi” )+ CEkHocoT,o,o (i )=1, ©)
c? Kroco -0 (n )+ foco Lo lin)= 1 ®©

The magnetic field (B, (xout. in)(=Bin)) at the condition of the external applied field x.,« and the field

felt by an electron xi, can be expressed as
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BkHOOO (Xout, Xin)

= BkHooo T(Xout » Xin )— qﬁ«oco ¢(Xout,Xin ), (7)
where

Bk voco T (Xout y Xin )
2
= Pexcited (T )grkHoco i (Xout — Xin )

+ Pground (T quHOCO X (Xout— Xin ), (8)

Bk Hoco ¥ (Xout » Xin )
2
= Pexcited (T )EkHOCO Ly (Xout — Xin )

2
+ Pground (T )g Hoco x| (Xout—Xin ). (9

The electric field (Ik,., (xout xin)(=Ein)) at the condition of the external applied field x,,c and the field felt

by an electron x;, can be expressed as

IkHOCO (Xout, Xin)

= Lkoco (Xout, Xin)* I K oo (Xout, Xin), (10)

i Kroco (Xout: Xin)

2
= PEXCitEd (T )EkHoco T,Xin (Xout — Xin )

2
+ Pground (T )J&HOOO bx, (Xout* Xin ), (11)

I K oo (Xout, Xin)

2
= Pexcited (T )EkHOCO L, (Xout* Xin )

+ Pground (T lquOCO X (Xout* Xin ) (12)
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Let us look into the energy levels for various electronic states when the applied field increases from 0 to
xout @t 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,eIectroni((Xoub Xin)* En M,electronit(ovo)

=—2Vonef Bose, O(Xin): (13)

Where the —2v,,e denotes the stabilization energy for the electron—phonon coupling interactions between an

electron occupying the HOCO and the vibronically active modes [1-7] (Fig. 1).
The fgose, aE,;, (0) denotes the ratio of the bosonic property under the internal field x;,

¢,O(Xin ): C+kHoco 1 10(Xin )z C+ Kpoco 0 (Xin ) and Cc_ Koo T,O(Xin ): C*kHooo !, Q(Xin )z C- Kpoco .0 (Xin )), and can

(c

be estimated as

+Kpoco

f Bose, O(Xin)

1
=“+ck o(xn )JJ.—C7 5 (%in). (14)
2 HOCO —Kroco

The f gose, g, (0) denotes the ratio of the bosonic property under the

internal  field xi,

(e oo T,O(Xin )=c Koco T,o(xin )= K oo 10 (xin) and c, Hooo ¢,O(Xin )=c Kiooo ¢,O(Xin )= Ok 0 410 (xin ), and can

be estimated as

fBose,O(Xin)

1 2
==+c (Xin )Ji—c“ Xin)- (15)
2 Koot 0 Knoco 4.0,
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B. 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 the superconducting states. We consider the case where the

electron—
phonon

— |:> A 2V on ef Bose,O(Xin )“

interactions !E

Enm (0, 0) == =

Esc(0,0)  Esc(xin, Xin)
Fig. 1. Stabilization energy as a cons equence of the
electron—phonon interactions as a function of the
external applied field.

il

_H,HL

HOCO is partially occupied by an electron. We consider that the magnetic field is quantized by ABynit(=Be/ n¢ ).

The n.value is very large and the quantization value of B,/ n¢ is very small ( B;/n.~0) (Fig. 2). That is, the

jth quantized magnetic field B; with respect to the zero magnetic field can be defined as
Bj = jABunit (16)

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

for the magnetic field B, (Bin = By + Bexcited) Can be denoted as f sose, B, (Bexcited ). IN particular, the ratio of the

Posonic property under the internal magnetic field Bj, with respect to the ground state for the zero magnetic

field can be denoted as f gose, o(Bin) -We define the electronic kioco (T) ((Bouts Bin ¥ (Eout: Ein ) Bk oo ko)
state, where the E, denotes the induced electric field applied to the specimen, the Ej, the induced
electric field felt by the electron, the By, the induced magnetic moment from the electron (the induced
magnetic field Binduced ko OF the change of the spin magnetic moment of an electron ospin kyoeo from
the each ground state), and the Ik, the induced electric moment of an electron (canonical electric
MOMENtUM  Peanonica Ik oo OF the electric momentum of an electron vemk, oo )- Without any external applied
magnetic field (j = 0; Bout= Bin= 0), the ratio of the bosonic property under the internal magnetic field 0 can
be estimated to be f gose, 0(0) =1. Therefore, the electronic state pairing of an electron behaves as a boson,

fBose,0(0) =1 (17)
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Bin
y
/
4
(Bj+1! J+1 i
metallic
Y |
—Q O o—————01>» Boy
| (BC10
]
metallic
;/ superconductivity

Fig. 2. Bout versus Bin in the normal metallic
and superconducting states

In such a case (c Hoca 10@=c 10@=cy 1o@=c 100)=1 ¥2), there is no induced current

and the magnetic fields, as expected,

0,0) = 0,0-B
Bkiooo ( ) %«oco T( ) Kioco ‘L(O’ O)
2
= %excited (T kikHOCOTvO (0)+ Pground (T)ngoco 1.0 (0)

2
- %excited (T)Cz, Kroco 4,0 (0)+ Pground (T )C+kHoco 1,0 (0)

=0, (18)

Koo (0.0)= ek oo (0.0)- 1k, (0,0)
2 2
= %excited (Tk"'kHOCOTvO (0)+ Pground (T)grkHOCO i,O(O)

2 2
- {)excited (Tx Keoco 0 (0)+ Pground (T )C—K-aoco 10 (0)

=0, (19)
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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 ( kqoco (T)((0, 0); (0.0); 0; 0))) (Figs. 3 and 4
(@)). It should be noted that the electronic states are in the ground normal metallic states when all the

Peanonicar Vems Ospins &N Binguce Values are 0 ( peanonicai= 0, Vem = 0, Tspin = 0, @Nd Bingucea= 0), and the are in
the excited normal metallic states when the pcanonicas Vem: Ospins OF Binduce Values are not O ( pcanonica* 0,

Vem # 0, Ospin# 0, OF Binduced# 0)-

Let us next consider the case where the applied magnetic field (Bo) increases from 0 to AB,it (Fig. 3).
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

[krioco (T)((0, 0); (0,0); 030) . In such a case, the By (ABunjg,@) and Ik (ABynit, 0),., Values for the

|krioco (T)((ABunit 0);(AEwnit, 0); 0}0) state can be estimated as

Bk oo (ABunityO): %excited (T)CikHocoT,O (ABunit)
2
+ Pground (T )C*‘%oco 1) O(ABunit)
2
- %excited (T)kaHocoi,O (ABunit)

2
+ Pground (T )C+|ﬁ40<:o 10 (ABunit)

=0, (20)

and thus

oo (ABun,0)= Pexea(TR% o (4Buit)
a0
- Poctea (M, o (4Buni)
+ Pgrouna (T )C%moco 1.0 (ABunit )

= 2Pexcited (T){Z (ABunit)

+Koco T,0
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2
_Ek voco b, O(ABunit) }

= Ikyoco ,emf(ABunit'O):AEunit- (21)

Large Bose-Einstein condensation energy (Vkinremi, k.op o(0)~35€V) may be related to the Newton’s third
law and the conventional principle that nature does not like the immediate change.

When the electromotive force ( |'|_1000(A|3unit, 0)= AEunit) is induced, a Nambu-Goldstone boson formed by

the fluctuation of the electronic state pairing of an electron |kroco (T)((ABuit 0):(AEuni, O); 0;0)) is absorbed

by a photon (electric field) (Fig. 4 (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 external electric field 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 Ik (AEynit, 0) and Bg(AEuni, 0) values for the

HOCO

HOCO
|kHoco (T)((ABunit 0);(AEunit, 0); Binduced ; ?a) state (Fig. 4 (c)) can be estimated as

Ik hoco (AEunityo)Z %excited (T)CikHOCOTyO (AEunit)

2
+ Pground (T )C+k1-|oco 1,0 (AEunit)

- <E’excited (T)c? (AEunit)

~kpocot, 0

+ Pground (T)CZ (AEunit )}
—knoco 1,0

=0, (22)

and thus

Bk hoco (AEunit ) 0)= <E’excited (T)Ci kpoco T.0 (AEunit)

2
+ Pground (T )C*l%oco 10 (AEunit)

- <%excited (T)CZ (AEunit)

~Knocot, 0

+ Pground (T)CZ (AEunit)
+K Hoco ¥, 0
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2
+Koco T.0

= 2Pexcited (T ) (AEunit)

2 (AEunit)

—C
~Knoco ¥, 0

= Binduced<Hooo (AEunita 0):—ABunit- (23)

Bin

Ik Hocti)((ov ABynit); (<A E unit, = AE unit ); B induced s V e)n)

-

IkHCX:O(r X(ABunitABuml)(O §020))

Ik H(X:O(T )(ABumLO)(AEumLAE unit)iBmduceHVem)>

0 - O—> Bout

k Hodo(T )((0, 0): (0.0 ):0:0 )
Fig. 3. The Bin versus Boyt between y=0and y=1

The induced magnetic field Binducedk. o (AEunit, 0) €xpels the initially applied external magnetic field ABynit

from the normal metallic specimen (Fig. 4 (c)). Therefore, the induced magnetic field Bingucedk,oq (AEunit, 0)

is the origin
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(@) grou nd b osonic no rma | me tallic state fojr=0
|k Hoco(T)((0, 0); (0,0):0%0)

L
Bz (0.0)=0 N

(b) excite d bo sonic nor mal meta llic state fojr= 0

[k Hoco(T X(aBunit, 0),(AEunit, 0),0;0)} lemf = ABynit

I\ A Eynit
A Byt

Bout = ABunit
@ ph oton

(c) exci ted b osonic no rma | me tallic state fojr=0
. o)\ — ;
Ik HOCO (T )((ABumtvo )(AEumt , O)Binduced ,O)/ lemt = AEunit

[
& AEunit
Binduced = ABunit
Bout = ABunit H

@ ph oton
(d) excite d bo sonic nor mal meta llic state foj=0

Ik HOCO (T )((A Bunit' 0); (A Eunit' AE unit );Binduc ed?V i}w)
Vem = AE unit

4
[ J
Binduced = ABunit

Bout = ABunit
@ ph oton
(e) excited fermionic normal metall ic state fg =0
|k HOCO(T X(ABunit ) 0) (AEunit JAE unit)O'spin; Pcanaicd ))
ph oton emissio n (el ect tica | resistivity) Pcanoni cal = AEunit

Binduced = ABunit
Bout =ABynit

@ ph oton
(f) grou nd bo sonic no rmal met allic state fojr=1

|k Hoco(T )((A Bunit, ABunit); (0.0):p: Cﬁ

A Bynit

<
ph oton

Fig. 4. The electronic s tates between j=0and j =1

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 kHocoO(AEunit, 0)(= 0) is induced but the spin
magnetic moment of an electron with opened-shell electronic structure is not changed (ospin = 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 ospin of an electron (similar to the
pcanonica N the superconducting states) but because of the change of the total magnetic momentum as a

whole Binduce (similar to the vem in the superconducting states).
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On the other hand, such excited bosonic electronic state pairing of an electron with the induced magnetic
fields F”OCO (D((ABunit .0);(AEunit, 0); Binduced ; ob 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 ( kroco (T)((ABuit,0);(AEunit, AEunit );Binduced ; Vem ) ) (Fig. 4(d)). In the knoco
{T)((ABunit 0);(AEunit, AEunit ); Binduced ; vem) state, z}n electron receives the electromotive force AE,,;;, and thus the
superconducting current can be induced, and thus there is kinetic energy ( Exineti€AEunit, AEunit)) Of the
supercurrent. I such a case, the B« (AEyy AEunit) and Ik (AEyy, AEunit) Values for the Knoco

{T)((ABunit,0): (AEunit, AEwnit );Binducea s Vem ) State ca)1 be estimated as

Bk oo (AEunit, AEunit)Z B'f—aoco (AEunit, O)
= %excited (T)cikHocoT,O (AEunit)

2
+ Pground (T )C*moco 10 (AEunit)

- %excited (T)CZ (AEunit)

~Knoco ., 0

+ Pground (T)CZ (AEunit)
+K poco ¥, 0

2
= 2Pexcited (T ) ‘{ +kroco 10 (AEunit)

2 .
~S Hoco 4, 0 (AEumt)

= Binduced<Hooo (AEunit, O)=*ABunit, (24)

koo (AEunit; AEunit)= Ik, (ABunit, 0)

2
= %excited (T)C+ Kroco 0 (ABunit )

23



MATTER: International Journal of Science and Technology
ISSN 2454-5880

2
+ Pground (T )C+K_|OCO »L,O (ABunit)
2
- %excited (T)C*kHOCO‘LyO (ABunit)

2
+ Pground (T )C—K-qoco 10 (ABunit )
2
= 2Pexcited (T){ (ABunit)

+kHOCO T,O

79i Hoco ¥, O(ABunit ) }

=Vem, kpoco (AEunita AEunit): AEynit. (25)

That is, the energy of the electromotive force AE,q; for the Kioco (T)((ABuit.0):(AEunit, 0); Binduced ; 0) s)ate
is converted to the kinetic energy of the supercurrent for the kifoco (T)((ABunt,0); (AEunit, AEunit );Binduced ; Vern ) >
state. ~ Both the supercurrent (vemk .., (AEunit AEunit)) and the magnetic field (Binducedk oo (AEnit, AEynit))
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.0); (AEunit, AEunit );Binduced ; Vem ) ))an 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)(AEunit,AEunit)aspin;pcamnica|)) (Fig. 4 (e)). In such a case, the Bc o (AEunit, AEunit)
and I .., (AEunit, AEunit) values for the |<Hoco (T)((ABunit,O);(AEunit,AEunit); Oipin ; pcamnica|) > state can be

estimated as

Bryooo (AEunit, AEunit)= By (AEunit, 0)
= <%excited (T)CikHocoT,O (AEunit)

2
+ Pground (T )C—K-aoco 10 (AEunit)

- <%excited (T)C2 (AEunit)

~Knoco ¥, 0

+ Pground (T)Cz (AEunit)

+k HOCO »Jr, 0
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2
=2 I:’excited (T ) (AEunit)

+Knoco T.0

2 .
~S Hoco 4, 0 (AEumt)

= Ospin,kyomo (AEunit-AEunit):_ABunib (26)

Ik oo (AEunit, AEunit)= Ik (ABunit, 0)
= %excited (T)Ci Koo ™0 (ABunit)
+ Pground (T )Cimoco 10(ABunit)
- {’excited (T)CEKHOCO 10 (ABunit)

2
+ Pground (T )C*‘%oco 10 (ABynit)
2
= 2Pexdited (T){ (ABunit)

+kpoco 1.0

2
S Hoco ¥, O(ABunit ) }

= Pcanonicalkyom (AEunit, AEunit)Z AEunit. (27)

It should be noted that the electronic 4Hoco (T)((ABunit,O)(AEunit,AEunit)O'Spin;pcamnica|) )state is now
somewhat fermionic because the peanonica Vvalue is not 0. In other words, the
|kHoco (T)((ABunit,0),(AEunit,AEunit)O'Spin ; pcamnica|)> state is closely related to the normal conducting states in

that the normal metallic current with pcanonicai= 0 and vem =0 is induced by the induced electromotive forces.

Such excited fermionic normal metallic states with currents and the induced magnetic field ( knoco
(J[)((ABunit,0)(AEunit,AEunit)o—spin;pcammca|)) can t)e 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 (IkHoco(T)((ABunit,ABunit);(O, 0);0;0)) (Fig. 4 (). Insuch a case,the
Big 00{(ABunit, ABunit) aNd oo (ABunit, ABunit) Values for the kidco (T)((ABunit ABunit );(0, 0); 0; 0) stéte can be

estimated as
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2
Ik hoco (ABunit,ABunit): %excited(T)C +Knoco Ts ABynit (0)

2
+ Pground (T)C+k Hooo 41 AB (0)

' unit
2
- <E’excited (T )C — Kuoco V- ABunit (O)

2
+ Pground (T)C—k Hoco T+ ABunit (O)

—o, (28)

and thus

(0)

2
Bk Hoco (ABun't » AByni ): %excited (T)C +Knoco T.AB

unit

2
+ Pground (T)C*kHOCO 128 (0)

unit
2
- %excited (T )C7 Kpoco ¥+AB it (O)

2
+ Pground (T)C+k Hooo V1 AB (0)

unit

2
= 2Pexcited (T ) {Jf Kpoco T AE it (O)

2
Kk poco ¥ AB i ()

= Ospin,Kroco (ABunit' ABunit):ABunit- (29)

It should be noted that the ground bosonic|kHoco (T)((ABunit,ABunit);(O, 0); 0; o) state is unstable with respect
to the ground bosonic state for zero magnetic field kuoco (T)((0, 0); (0,0); 0;))) :

The f goge, aB,,; (0) Value is smaller than the fgese,0(0) value. It should be noted that the f gose, 5, (0) Value
decreases with an increase in the| B} value. That is, the bosonic and fermionic properties decrease and
increase with an increase in the B}, vplue, respectively. The London penetrating length A | (ABunit, ABunit) Value

and the mass of a photon mpnoto{ABunit ABunit) for the ground bosonic normal metallic kyoco
{T)((ABunit ABynit );(0, 0); 0; 0) state }san be estimated to be + « and 0, respectively. That is, a photon becomes

massless at the ground bosonic electronic states ( kHocd> (T)((Bin, Bin ); (0, 0); 0; 0) ) under the magnetic
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field of B ., (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 ( Vkin, rermi, k.oe o{(0)~ 35 €V) for the Bose—
Einstein condensation ( pcanonical=0; Vkin,Bose,koeo(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 ( kHoco[T)((ABunit,O);(AEunit, 0);0;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 kdoco (T)((ABuit,0);(AEuni, 0); 0,0)  sthte is

still bosonic since the peanonica 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.0);(AEunit, 0); Binduced ;0) > This is the origin of the Ampére’s law. This induced magnetic
field Binauce Can expel the initially external applied magnetic field Boy(= ABynit) from the normal metallic
specimen. That is, the Binguce aNd Bout(= ABunit) 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)((2Bunit .0);(AEunit, 0); 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 |( krioco (T)((ABunit,0);(AEunit, AEunit ); Binduced ; ve,7>) ). In the kpoco
{M)((ABuit ,0):(AEunit, AEunit ); Binduced ; Vem ) staté, the supercurrent can be induced, and thus there is kinetic
energy ( ExinetiAEunit, AEunit)).  This is the origin of the Faraday’s law.  That is, the energy of the
electromotive force AE,,;; for the |<Hoco (T)((ABunit 0);(AEunit, 0); Binduced ; 0) state is converted to the kinetic
energy of the supercurrent for the kqoco (lf)((ABunit,O);(AEunit, AEqnit );Binduced ; Vem ) State. B§th the

supercurrent (Vemk .o (AEunit AEunit)) and the magnetic field (Bnaucegk 00 (AEunit, AEunit)) can be induced

under the condition of the opened-shell electronic structure with zero spin magnetic momentum and

canonical momentum (ospin = 0 ; Peanonica= 0). This is the origin of the Faraday’s and Ampére’s law. Such

excited bosonic states with supercurrents kunoco (T)(KABunit,O);(AEunit, AEqnit );Binduced ; vem) can be i)fnmediately

destroyed because of the unstable opened-shell electronic states, and the induced supercurrent
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can be immediately destroyed, and the electronic state becomes another excited fermionic normal metallic
state for j=0 (kHoco (T)((ABunit,O)(AEunit,AEunit);O'Spin;pcamnica|)>) (Fig. 1 (c)). The excited fermionic
normal metallic knoco (TX(ABunit,0 X (AEunit, AE unit ); Gspin pcamnica|)>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 (|kHoco (T)((ABunit ABunit );(0, 0); 0; b) ) medium.

II. ENERGY LEVELS FOR VARIOUS ELECTRONIC STATES
Let us look into the energy levels for various electronic states when the applied magnetic field ( Bout)
increases from 0 to AByyitat 0 K in superconductor, in which the HOCO is partially occupied by an electron.
The total energy Egai(xout, xin) fOr various electronic states with respect to the Fermi level before electron—

phonon interactions at 0 K and xy¢ = xin= 0 (Fig. 1) can be expressed as

Etotal(xout, Xin)= ESC(Xout, Xin)— ENM(O,O)

= Eelectroni&xoutv Xin)+ Emagnetic,(xoutv Xin)- (30)

At Bou= Bin= 0, the electronic state is in the ground normal metallic kyoco(I)((0, 0); (0,0); 0; 0) state f§>r

j=0. The electronic and magnetic energies for the kjioco (T)((0, 0); (0,0); 0; o))state can be expressed as
Eelectroniéoi 0): —2Vonef Bose,O(O) =-2Vone (31)
Emagneti€0,0)=0. 32

The Eejectroni€ABunit, 0) Value for the |<Hoco (TX(ABunit .0 }(AE unit, 0, 0;0) )state can be estimated as

EeI ectron i(ABu nits 0)
=—2Vone f Bose,0(0)+ Ej . (ABunit ,0)
HOCO

= *ZVonef Bose,O(ABunit)v (33)
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where the E, (ABunit, 0) value denotes the energy of the electromotive force, and is estimated as
HOCO

Ei,  (ABunit,0)
HOCO

= 2Vone (f Bose ,0 (0)* f Bose ,O(ABunit ))

= 2Vone (1 —fBose 0 (ABunit )) (34)

Furthermore, we must consider the magnetic energy ( EmagnetiABunit, 0)) @s a consequence of the expelling

of the external initially applied magnetic field ABynit,

Emagn eti ((ABu nits 0) = Eexpel (ABu nit O)

1
=S uoAB® v (35)
2 unit SC

where the 1o denotes the magnetic permeability in vacuum, and the vsc denotes the volume of the

specimen. The total energy level for the k4<oco (T)((ABunit,O);(AEunit, 0); 0;0) sta;te can be estimated as

Etotal(ABunit, 0)

= Eelectron i((ABJ nit 0) + Emagneti((ABun its 0)

1
= —2Vone f Bose,0 (ABunit )+ - HO ABZ ] v . (36)
2 unit SC

We can consider from Egs 33-36 that the energy for the excited normal metallic

*Hoco (M((ABunit 0):(AEunit, 0); 0;0) ) state is 2V with the energy of the electromotive force

2Vone (fBose,O(O)— f Bose, 0 (AEunit)) and the energy of the expelling of the external initially applied magnetic field
EmagnetidAEunin0) , and thus the total energy for the bosonic excited normal metallic kHoco
{T)((ABuit.0);(AEunit, 0);0;0) state is}zvonef Bose,0( AEunit)+ Eexpel(ABunit, 0). In other words, the energy

for the applied magnetic field AByt is converted to the energy of the induced electric field
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2Vone (f Bose,0(0)— f Bose, 0 (AEunit)) and the energy of the expelling of the external initially applied magnetic
ﬁ6|d Eexpe|(ABunit, 0) .

The Ecicetronifazunis 0) Value for the oco (T)X(ABunit 0 }(AEunit, 0 ) Bindwed; 0) $tate can be estimated as

Eelectroni(AEunita 0)
=—2Vonef Bose,0(0)+ E| " (AEunit, 0)
HOCO

= *2Vonef Bose,O(AEunit)- (37)

Furthermore, we must consider the magnetic energy ( Emagneti{AEunit,0)) as a consequence of the induced

magnetic field Eg, ___(AEunit.0),

Emagnetic(AEunit !O): EBk (AEunit :0)

HOCO

1
=" o AB* v . (38)
2 unit SC

The total energy level for the *Hoco (T)((ABunit 0);(AEunit, 0); Binduced; 0}) state can be estimated as

EtotaI(AEunita O)

= Eelectroni((AEunitaO)+ Emagnetic(AEunit’O)

1
=—2Vone f Bose,0 (ABunit)+ T Ho AB? v

2 unit SC .

(39)

We can consider from Eqs 37-39 that the energy for the normal metallic

*Hoco (T)((ABunit 0);(AEunit, 0); Binduced ; (}) state is —2Vqne With the expelling energy of the electric field

2Vone(fBose,0(0)— fBose,o(AEunit)) and the energy of the induced magnetic field EBkHoco(AE“”it'O)’ and thus the

total energy for the bosonic excited normal metallic kroch (T)((ABunit.0);(AEunit, 0); Binduced ; 0) stat)a is

~2Vone T Bose 0(AEunit )+ = (AEunit ,0). In other words, the energy for the applied magnetic field AByi is

converted to the energy of the electromotive force 2Vone (f gose,0(0)- f Bse, 0 (AEwnit)) and the induced magnetic

field EBkHOCO(AEunit,O) )
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The Eeiectroni€AEunis AEunit) Value for the *HOCO (T)((ABunit 0} (AE units AE unit } Bindiced ; Vem) state can be

estimated as

Eelectroni(AEunit- AEunit)
= —2Vonef Bose,0(0)+ Eg,T(AEunita AEunit)

= _2Vonef Bose,O(AEunit): (40)

where the E,__ (AEunit, AEynit) Value denotes the kinetic energy of the supercurrent, and is estimated as

Evem (AEunithEunit)
=2Vone (f Bose ,0 (0)_ f Bose ,O(AEunit))

=2Vone (1 —fBose 0 (AEunit )) (41)

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

induced magnetic field Es, ___(AEunit, AEunit),

Emagnetic(AEunit ) AEunit): Eg (AEunit ) AEunit)
kHoco

1
- (42)
2 unit SC

The total energy level for the *Hooo (T)((ABunit ,0);(AEunit, AEunit ); Binduced ; ven>) state can be estimated as

Etotal(AEunit’ AEunit)
= Eelectron i((AEu nit: AEun it)+ Ermagneti C(AEU nit AEun it)

1 2
=—2Vone f Bose,0 (AEunit )+ HOAB™ v . (43)
2 unit SC

We can consider from Eqs 40-43 that the energy level for the excited normal metallic

|kHoco (T)((ABunit ,0);(AEunit, AEunit ); Binduced ; ve}) state is -2V, With the kinetic energy of the supercurrent
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2Vone (fBose 0(0)- fose, 0(AEunit ) )and the energy of the induced magnetic field Es, __ (AEunit, AEunit), and thus
the total energy for the bosonic excited normal metalliq knoco (T)((ABunit,O);(AEunn,AEunit);Binduced;vem)>state
IS —2Vone f Bose ,0(AEunit )+ E hoce (AEunit, AEynit ). Inother words, the energy for the initially applied magnetic
field ABynit is converted to the kinetic energy of the supercurrent 2Vone (f Bose ,0(0)— f Bose , 0 (AEunit )) and the

energy of the induced magnetic field =9 (AEunit, AEqnit).
OCO

The Eelectroni(AEuniﬁ AEunit) value for the II(HOCO (T)((ABunit10);(AEunit’AEunit)O'spin ; pcamnical) >State can be

estimated as

EelectronigAEunit: AEunit)

=—2Vonef Bose,0(0)+ Eponica (AEunita AEunit)

= —2Vonef Bose,O(AEunit)a (44)

where the Ey ___ (AEunit, AEuir) Value denotes the kinetic energy of the normal current, and is estimated as

Epcanonical (AEunit’ AEunit)
= 2Vone (f Bose.0 ()~  Bose 0(AEunit )

=2Vone (1 —f Bose 0 (AEunit )) (45)

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

induced spin magnetic moment Eo,, (AEunit, AEynit ),

spinHOMO

Emagn eti (AEU nit ABun it)

1
=Es (AEunit, AEunit)Z _,quB2 Voo (46)

spin,HOMO 2 unit SC
The total energy level for the kHoco (T)((ABunit ,0 )} (AE unit, AE ynit )} Gspin ; pcamnica|)>state can be estimated as

Etotal(AEunit’ AEunit)
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= Eelectron i((AEu nit: AEun it)+ Emagn eti C(AEU nit AEun it)

1
=—2Vone f Bose,0 (AEunit )+ B ,UOABZ v (47)
2 unit SC

The Eelectroni(ABunit:ABunit) and Emagneti((ABunitaABunit) values for the kI—(OCO (T)((ABunit,Aajnit);(O, 0),0; 0) >

state can be estimated as

Eetectroni€AE unis AEunit)= —2Vone Boseas , (0).,  (48)

EmagnetidABunit ABunit)=0. (49)

The total energy level for the kioco (T X((ABusit, ABurit );(0,0);0;0) Ystate can be estimated as

EtotaI(AEunita AEunit)
= Eel ectron i((AEu nit AEu n it)+ Emagn eti c(AEu nit AEu n it)

= —2Vo nef BoseAB it (0) (50)

The energy for the excited normal metallid: krioco (T)((ABunit.0);(AEunit AEunit);Binduced;vem) state is —2Vgne
with kinetic energy of super current 2Vone (1—f Bose 0(ABunit )), and thus the total electronic energy for the
bosonic excited normal metallid kuoco (N((4Byit.0):(AEunit AEynit ):Binduced: Vem ) Stte IS ~2Vone fisose,0(ABynit)-
The electronic energy level for the bosonic ground normal metallic kLoco(T)((ABunit,ABunit);(o, 0); 0; 0) s)ate
is the same with those for the bosonic and fermionic excited normal metallic
|kroco (TX(4Bunit O X(AE nit, AEunit } Bincucedt:Vern )) AN Koo (TH(ABunit 0 X(AE unit, AE unit ) Cepin; Pearonicat ) states,

respectively. On the other hand, it should be noted that even though the electronic energies are conserved

between them, the kinds of energiesare different. The electronic energy level itself for the

|kHoco (T)((ABunit ABunit ):(0, 0); (} 0) IS ~2Vone f Bose,0(ABunit) With zero kinetic energy for the supercurrent,
while those for the | krioco (T)((ABurit 0):(AEunit, AEunit ):Binduced: Vem )) and

|kHoco (T)((ABunit,0),(AEunit,AEunit) ipin ; pcamnica|)> states are —2Vone With the kinetic energy of super current
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2Vone (1- fBose o(ABunit )). ~ That is, the bosonic|kHoco(T)((ABunn,o);(AEumt,AEunit);Binduced;vem))and fermionic
|kHoco (T)((ABunit ,0 ) (AE ynit, AE unit ) Gspin ; pcamnica|)> 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 knoco (T)((0,0:(0,0);0;0) ) This is because the kinetic energy of currents (2Vone (1- feose o(ABunit ))) for
the  |kroco (TX(ABunit O Y(AE it AE unit ) BincucedsVern ) @nd |kHoco (T(ABuric 0 X (AE unit, AE unit } Gipin; pcamnical)>
states are larger than that (0) for the kuoco (T)((0, 0); (0,0); 0; 0)) state, while the electronic energy level for
the  |koco (TH(ABunit 0 X(AE ynit, AEunit ) Bindiced Vem) and |kHoco (TX(4Bunit . X(AE ynit, AEunic ) Gipin pcamnical»
states are the same ( —2Vge ) Wwith that for Kioco(T)((0,0);(0,0);0;0) ). The bosonic
*Hoco (T)((ABunit,ABunit);(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 fielq kHoco(T)((o,o);(o,o);o;o) :
This is because the electronic energy level (—2Vone f Bose o(aBunit)) fOr the| krioco (T)((ABunit ABunit );(0, 0); 0; o)
is higher than that —2v,, for the Kroco (M((0, 0); (0,0); 0; o) state, while the Kkinetic energies for both the
1<Hoco (T)((ABurit ,ABunit ):(0, 0); 0; })) andl knoco (T)((0, 0); (0,0); o> 0) states are zero. That is, the total
electronic energy is conserved when the| KHoCO (T)((ABunit,o);(AEunit,AEunit);Binduced;vem» state is converted to
the oco (TY(ABunit, ABunit );(0, 0);O; o)> state via the |kHoco (TX(ABunit ,0 X (AE unit, AE unit ) Gepin pcamnica.> state.
During this conversion, the kinetic energy for the kr*Jco (T)((ABurit 0);(AEunit, AEunit ); Binduced ; vem> and
1<Hoco (T)((ABunit ,0 ) (AE unit, AE unit ) Gipin ; Pearonical )> states can be changed to the higher electronic state energy
for the |koco (M)((ABurit ABunit );(0,0);0;0) )state by the penetration of the magnetic field (AByni).
On the other hand, the magnetic energy for the kHo({o(T)((ABunit,0);(AEunit, AEqnit ); Binduced ; vem) sta)e (

EmagnetidABunit0) )  with  respect to the next ground normal metallic ground
|krioco (TX((ABunit A Bunit );(0, o);o;o)) state  ( EmagnetidABunit ABunit) ) Can be expressed as uoAB? sc /2.
Therefore, because of the magnetic energy EmagnetidABunit 0)> EmagnetidABunit ABunit), Such excited normal
metallic kHoco (T)((ABunit 0);(AEunit, AEunit ); Binduced ; ven}) state is not stable, and thus the bosonic excited

normal metallic |kHoco(T)((ABunit,O);(AEunit,AEunit);Binduced;vem)>e|eCtI‘0niC state is converted to the next
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bosonic ground normal metallic ground kqoco (T)((ABunit,ABunit);(O, 0); 0; 0) sta)e via the another fermionic

excited normal metallic |kHoco (T)((ABunit,O)(AEunit . AE ynit ) Gipin ; pcamnica|) state.
The total energy level ( Etowmi(Bout, Bin) ) for the fermionic excited normal metallic kyoco (T)((ABunit

,|O),(AEunit,AEunit),(fspin;pcamnica|) state can bé estimated to be the same with that for the bosonic

excited normal metallic kHoco(T)d(ABunit,O);(AEunit, AEunit );Binduced; Vem ) State e}/en though the
potential energy Vpotentia fOr the bosonic state is converted to the kinetic energy Viin, remi ko o(0) for the
fermionic state.

We can consider that the Eq(asuniv 0) Values for the kHoco (M)((ABurit0);(AEunit, AEunit );Binduced ; Vem )> and
|kHoco (T)((ABunit,O)(AEunit,AEunit)O'Spin ; pcamnica|)> states are  larger than that for  the
|krioco (TX(ABynit ABi ):(0,0%,0;0)) state by the EnmgnetidABunit 0)— EmagnetidABunit ABunit) ( #orBAnitsc 12)
value. Therefore, the conversion from the unstable|kHoco (T)((ABunit,O)(AEunit,AEunit) Oipin ; pcamnica|) state
to the stable k|-|<oco (T)((ABunit ABuynit );(0, 0); 0; 0) st}te occurs by the first-order process of the electron— phonon
interactions.  In other words, the unstable kHo(Lo (T)((ABunit ,0 ) (AE ynit , AEunit ) Opin ; Pearonical )> state is
converted to the stable |kHoco (T)((ABunit,ABunit);(O, 0); 0; 0) > state as a consequence of the energy conversion

from the magnetic energy ( Emagneti{ABunit,0)— EmagnetidABunit ABunit) (: ,quBzum'Isc/Z)) to the photon

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

( Emagnetid2Bunit 0)— EmagnetidABunit ABynit) (: LoAB2nivsc /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.

The energy for the magnetic field 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, 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
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(Vkin, Fermi, koo o(0)= 35 eV ) for the Bose—Einstein condensation ( peanonicai= 0 ; Vkin, Bose, k 1o o (0) =0 €V)
originating from the disappearance of the Kkinetic energy of an electron ( pcanonica=0 ;
Vikin, Bose, kuogo o (0) = 0 €V) 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 pcanonicai= 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 itself, related to the electromotive force, kinetic energy of an electron, and
electrical resistivity.

I1l. THE DIRECTION OF THE ELECTRICAL CURRENTS AND KINETIC
ENERGIES
Let us next look into the energy levels for various electronic states when the applied magnetic field ( Boyt)
changes from yABnit to (7 + 1)ABynirat O K in superconductor (Figs. 5 and 6), but in which the HOCO is
partially occupied by an electron.

The energies for the| Knoco (T)((;/ABunit, ¥ABunit ); (O, 0);)0; 0) state can be expressed as

Eelectroni(?’ABunit’ VABJnit)

= *2V0 nef Bose yAB it (O), (51)
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Emagn eti<(7ABq nit: YABun it) =0, (52)

EtotaI(7ABu nit: YABun it): Eelectron i(VABu nit 7ABun it)
+ Emagnetic(VABunit: VABunit)

= *2Vo nef Bose yAB it (0) (53)

The energies for the k|.|oco (T)(((yi 1)ABunit, 7ABunit ); (3AEunit, +AEunit ):Binduced;vem) Statg can be estimated
as
Eetectronic((7 % 1)ABynit, 7ABunit )
= ~2Vone f Bose, By (0)+ Eve, (72 1)ABunit, 7ABunit )

= —2Vonef Bose jAB it (i ABunit), (54)

Evem ((7/ i:l-)ABunit, 7ABunit)
=2Vone (fBose,yABunn(O)_ f Bose, yAB, it (iABunit )) (55)
Emagnetic((7 i:I-)ABunit: 7ABunit )

= EBkHoco ((?’il)ABunit: VABunit)

1
=“uorB® v (56)
2 unit SC

Etotal ((7il)ABunit7 7ABunit)
= Eelectronic ((7 T 1)ABunit: VABunit)

+ Emagnetic ((7’ + 1)ABit, VABunit)

1
=—2Vone f Bose,yAB (i ABunit)-i- - ,u()AB2 v (57)
unit 2 unit SC

The energies for the |kHOCO (T)((Q/i 1)ABunit! VABunit)i (iAEunit, TAEnit ); Ospin » Pcanonical )> state can be

estimated as

Eelectronic((?’i 1)ABunit, VABunit)
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=—2Vonef BoseyAB it (0)
+Epcanonical ((7il)ABunit! 7ABunit )

= —2Vonef Bose, jAB i (i ABunit), (58)

Ep canonical ((}/i 1)ABunitl ?/ABunit)

=2Vone (fBose,yABunn(O)* f Bose, yAB it (iABunit )), (59)

Emagnetic((Vil)ABunit , VABunit)

= Eogip HOCO (7% 1)AByit, 7AByit )
1

2 unit SC

Etotal ((7il)ABunitv VABunit)
= Eelectronic ((7 * 1)ABunit: 7ABunit)

+ Emagnetic ((7 + 1)AByni, 7ABunit)

1
=—2Vone f Bose ,7AB (i ABunit)+ - ,UOABZ v (61)
unit 2 unit SC

The energies for the *Hooo (T)((()/i 1)ABunit, (7+ 1)ABunit );(0, 0); 0>0) state can be expressed as

Eelectronic((7 + 1)ABynit, (7% 1)ABunit)

=—2Vone f Bose (7 +1)ABy (0): (62)
Emagnetic((7£1)ABunit, (7£1)ABynit )= 0, (63)

Etotal ((Vil)ABunit, (Vil)ABunit )
= Eelectronic ((7 + 1)AByni, (7% 1)ABunit)
+ Emagnetic ((7/ + 1)ABynit, (7 + 1)ABunit)

=—2Vone f Bose (7 +1)ABy (0)- (64)
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It should be noted that the ground bosonic ||<Hoco (T)(((;/ir 1)ABunit, (7% 1)ABunit );(0, 0); 0; 0) state as well as
the excited bosonic |<Hoco M(((7 + 1)ABuic, 7ABunit ); ($AEunit , +AEunit ) Binduced vem) ) a@nd  fermionic
*Hoco (T)(((]/i 1)ABunit, 7ABunit ); (+AEunit , +AEunit ); Gspin ; Peanonical ))states are unstable with respect to the ground
bosonic kHoco (T)((;/ABunit, #Bunit ); (0, 0); O; 0) state under the magnetic field ABy;x (in  the
kHoco (T)((;/ABunit, 7\Bunit ); (0, 0); O; o)> superconducting  space).That s, the ground bosonic
*Hoco (T)((;/ABunit, Byt ); (0, 0); O; 0) state is more stable than any other electronic state under the magnetic
field yABy,i (in the kHoco (T)((yABunit, #Bunit ); (0, 0); 0; Q) superconducting space). That is, even though the
electronic |kHoco M(((r + 2)2Buit, (7% 1)ABunit )i(0, 0)0; 0)> ,
kHoco(T)(((}/il)ABunit,7ABunit);(iAEunit,iAEunit); Binduced ;Vem)) , and
KHoco (T)(((j/J_rl)ABunit, 7MBunit ); (FAEunit, +AEunit ); Gspin ; Peanonical )) states are less stable than the

kHoco(T)((;/ABunit, yABunit);(0,0);O;O» state under the  magnetic  field By (in the

|kHoco (T)((yABunit, yABunit);(0,0);O;O» superconducting space), once the electronic state becomes
|kHoco (T)(((;/J_r 1)ABuyrit, (7% 1)ABunit );(0, o);o;o)) state under the magnetic field (y+1)ABuic (in the
|kHoco (T)(((}/J_r 1)ABuyrit, (7% 1)ABunit );(0, 0);0;0)) superconducting space), the
|kHoco (T)(((yi 1)ABynit, (7 £ 1)ABunit);(0, 0); (); 0) state becomes more stable than any other electronic state.

The electronic energy level for  the kLoco (T)(((y+ 1)ABunit, (7+ 1)ABunit );(0, 0); O; 0)> :
[kitoco M(((+ 1)ABurit, 72Bunit - (AEunit AEunie ) Binduced:Vem) ) : and
|kHoco (T)(((}/+ 1)ABunit, 7ABunit ); (AEunit, AEunit ); Gspin ; pcanonica|) stétes are higher than that for the

|krioco (T((7ABunit . 7ABunit ); (0, O); 0;)0) state in the knoco (T)((0, 0); (0,0); 0; §) space where we live (i.e., real
space) (Figs. 7 and 8). This can be understood as follows. When the electronic state changes from the
krioco (T)((0, 0); (0,0); 0; 0) Jto the kioco (T)((74Bunit, 7ABunit ); (0, 0); 0; 0) §tate, an electron receives the electric
field AEynit, ytimes, and thus the total Kinetic energy for this electronic state changing is

2Vone@-* fBoe ,7AB,; (0)) for counter-clockwise moving. When the electronic state changes from the
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|ktioco (TN((ABuit, 7ABuni (0, 0); 0; 0) to the Koco M(((+ 1ABuni, (r+ 1)ABuni ):(0, 0); 0; 0)) state, an electron
receives the electric field AE,,i;, One time, and thus the total kinetic energy for this electronic state changing
Is 2v0neGBOSB 8 (0 TBog (y41)a8,, () O counter-clockwise moving.  That is, when the electronic state
changes from the Hoco(T)((0,0); (0,0); 0; 0) )to the kHl)CO (T)(((7+ 1)ABuynit, (7+ 1)ABunit );(0, 0); 0; 0) )state, an
electron receives the electric field AE, ¥ +1 times, and thus the total kinetic energy for this electronic state

changing is zvone(l— fBos ,(y+1)ABunit(0)) for counter-clockwise moving.  The Kinetic energy of the 2Vone
(17 fBow ,yAB,; (0)) is smaller than that of the 2vone(17 fBoe ,(M)ABW(O)) This is the reason why the kyoco
{T)(((}/ +1)ABunit, (7 +1)ABunit ):(0, 0);0; 0) )state is less stable than the
|krioco (T)((72Bunit, 7ABunit ); (0, 0); O; o)) state in energy in thd kuoco (T)((0,0); (0,0); 0; d) space. That is, we can
define the Kkinetic energy for the change from the kHdco (T)((}/ABunit, YABunit ); (0, 0); 0; 0)> state to the

*Hoco M((G+2)ABuit, (7+1)ABunit );(0, o);o;o))state inthe knoco(T)((0,0);(0,0);0;0) $pace as

2Vone @-— fBog ,0 ((}/ +1)ABunit ))
—2Vone (1 —fBose 0 (7ABunit ))
= 2Vone (f Bose ,0 (VABunit )— f Bose .0 ((7+1)ABunit ))> 0.

(65)
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7ABynit

® ph oton
(d) excite d bo sonic no rmal met allic state for0

|k HOCO(T )(((}“r 1)ABunit’ 7A Bunit);(A Eunit » AEunit ); Binduce()v em)
Vem = AE it

)
[ 4
ABunit
YRS Binduced =2Bunit
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@ photon
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|k HOCO (T )(((}/+ 1)ABunlh 7 ABunit );(AEunn , AEynit )Uspm; P canonical )/
ph oton emi ssion (e lectical re sistivity) p canoni cal= AEunit

7ABynit 0 spin = ABunit
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A Bypit
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ph oton
Fig. 5. The electronic s tates betweenj =yand j = y+1

7ABynit

On the other hand, the electronic energy level for the kuoco(M(((7~ 1)ABuit.(7 ~ 1)ABuit i(0,0); 0;0) >

|kHOCO (T)(((7/ — 1)ABunit, 7/ABunit); (—AEunit ,—AEunit ); Binduced §Vem)>

and
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|kHOCO (T)(((y, 1)ABun|t, }/ABumt ), (*AEunit, *AEunit ), Uspin , pcanoni>a|) StateS are |OW€I’ than that fOI’ the

kioco (M)((72Bunit, 7ABunit ); (0, 0); 0; b) state in the|kuoco (T)((0, 0); (0,0); 0; §) space where we live (i.e., real
space) (Figs. 9 and 10). This can be understood as follows. When the electronic state changes from the

|krioco (T)((0, 0); (0,0); 0; 0) to the Kroco (T (7ABunit, 7ABunit ) (0, 0); O; 0))state, an electron receives the electric
field AEuit, » times, and thus the total kinetic energy for this electronic state changing is

2V0ne(1— fBoe ,yAB, (0)) for counter-clockwise moving. ~ When the electronic state changes from the
|kHoco (M((72Bunit, 72Bunit ); 0, 0); 0; o) to the kLoco (T)(((;/— 1)ABurit, (7 — 1)ABunit );(0,0); 0; o))state, an electron
receives the electric field ~AEni, One time, and thus the total kinetic energy for this electronic state changing

IS 2v0ne(fBOse 8B (0~ TBoss (1), (0))<0 for counter-clockwise moving
(|2vone(fgose,m3unit ©)— fBoe .y 1)AB (o)]>o for clockwise moving). That is, when the electronic state

changes from the kioco(T)((0,0);(0,0); 0;0) stgte to the kHocol(T)(((y— 1)ABunit, (7~ 1)ABunit ):(0,0); 0; 0) , an >
electron receives the electric field AE.;i;, -1 times, and thus the total Kinetic energy for this electronic state

changing is 2vone(1— fBose ,(y 1)AB (0)) for counter-clockwise moving.  The kinetic energy of the 2Vone
(1— fBow AR, (0))is larger than that of the zvone(l— fBos (7 1)AB (0)) This is the reason why the knoco
{T)((2ABurit, 7Bunit (0, 0);0;0) > state is less stable than the
|kHoco (T)(((yf 1)ABuit (7 — 1)ABunit ); (0,0); 0; ;») state in energy in the knoco (T)((0, 0); (0,0); 0;)0) space. That
is, we can define even negative kinetic energy for the change from the} KHoco (T)((;/ABunit, 7ABunit );(0, o);o;o)

state to the |kHoco (T)(((;/— 1)ABunit, (7 — 1)ABuit );(0,0); 0; 0)> state in the |kqoco (T)((0,0);(0,0);0;0) )space as

2Vone @-— fBoe 0 ((7/ —1)ABUnit ))
—2Vone (1 —fBose 0 (VABunit ))
=2Vone (f Bose ,0 (J’ABunit )* f Bose ,0 ((7*1)ABunit ))< 0.

(66)
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(@) ground bosonic normal metallic state fgr=0
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Fig. 6. The electronic s tates betweenj =yand j = -1
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kinetic energy of total charge

Q)

|k Hoco (M((00):(0.0 ):0:0)

%
Y/

% more s table

kIHOCO (T )((VABunit , YAB unit )i(o ,0 )ioié)

7

counter-clockwise i\l
oneime %
counter-c lockw is

}< Hoco (T )(((}“r 1)AB ynit, 7 AB unit );(A Eunit » AEunit ); Binduc ed;\’)em)

4
Y/
\

ytimes
counter-c lockw is

1 times

counter-c lockw ise% less s table
==

kIHoco (T )(((;/ +1)ABunit, (7+ 1)AB unit);(0, 0);0;0))
Fig. 7. The electrical currents forj =yand j = y+1

In general, the ground bosonic kHoco (T)((Bin, Bin ); (0, 0); 0; 0) state is the most stable in energy under B;,
magnetic field ( |kHoco (T)((Bin, Bin );(0,0); O; 0) superconducting space).On the other hand, the
*Hoco (M((Bin, Bin ):(0,0);0;0) s)ate becomes more unstable with an increase in the B, valug if the

|krioco (M((0, 0); (0,0); ©; )0) space. The Joule’s heats originate from the disappearance of the induced

magnetic field. The induced magnetic field is generated by the initial dynamic change of the magnetic field

(generation of the electricity). The absolute value of the initial change of the magnetic field is related to
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the Joule’s heats. On the other hand, the direction of the electromotive force, the electrical current, and the
sign (positive or negative) of the kinetic energy in the kuocd (T)((0, 0); (0,0); 0; 0) spa):e depends on the

direction of the change of the magnetic field itself. Similar discussion can be made between another two
neighboring quantized magnetic fields repeatedly.

ve
L]

£

0 0

roco (T )((0,0):(0 0 ):0:0}) m
more stable

ye ye'

k|Hoco (T )((»AB unit,» ABunit ):(0 0 ):0:3} )

e

re

'( HOCO (T )(((}/+1)ABunn,}/ABunn );(A Eunit , AEumt)J Binduc e}iJV em)

less stable m

(#+1)e (#+1)e’
kifco (T)(((7 + 1)ABuni, (7+1)8Bun):(0, 0);0)0)
Fig. 8. The total electrical currents forj =yand j = y+1

V. MEISSNER EFFECTS IN THE TWO-
ELECTRONS SYSTEMS IN
SUPERCONDUCTIVITY
Because of the very large stabilization energy ( 2Vkinrermik 000 o(0) = 70 €V') for the Bose—Einstein
condensation (' peanonical= 03 Vkin, Bose, koo 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
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applied. This is the excited bosonic superconducting state for j=0 { kuoco (T)((ABuit 0):(AEunit, 0); 0;0)))

(Fig. 11). In such a case, the induced electric field as well as the applied external magnetic field is

expelled from the superconducting specimen.

It should be noted that the electronic
|kroco (T)((ABunit ,0);(AEunit, 0); 0)0) state is still bosonic

kinetic energy of total charge

Q)

[k Hoco (T)((0.0):0.0 ):0:0}

%
Y/

% less s table

Kioco (T)((y ABunit , 78 unit ):(0.,0 ):0:¢ )

7

counter-c lockv ise“
one ime

clockwise C§3

kHOCO (T X((?’_:DABumtv }ABunn)(—AEumtY—AEumt)Bmduced;Vem ))

»-1 times \l
counter-c lockw ise more s table

[ k toco (T X(7 ~DABun, (¥ ~2)ABuni ) (0,050;0)}

ytimes
counter-c lockw is

Fig. 9. The electrical currents forj =yand j = -1

since the pcanonica Valueis 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. Therefore,
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the electronic state becomes | krioco (T)((ABuit ,0);(AEunit, 0); Binduced ; o) . This induced magnetic field Bi,quce
can expel the initially external applied magnetic field Bou(= ABynit) from the superconducting specimen.

That is, the Binguce @nd Bou(= 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 *Hoco (T)((ABunit .0);(AEunit, 0); Binduced 0) can be immediately destroyed

because the induced electric field
ye e/

£

0 0

khoco (T)((0.0): (0.0 y04)
less stable /\

ve re'

I Khoco (T X(}’ABumlv ﬁBunit)(OvO);Oro))
=

N

re ye'
}< Hoco (T )(((7— 1)ABunit, 7AB unit )i(— AE unit ,— AE unit )iBinduc edi\bem ) f—\
more stable
(-1)e (-1’

Ik Hoco (T )(((;/— 1)ABunit (7= 1)AB unit );(0,0 );0)) )
Fig. 10. The total electrical currents for j =yand j = -1

Penetrates into the superconducting specimen, and the electronic state becomes another bosonic excited
supercurrent state for j=0 ( kLoco(T)((ABunit,o);(AEunit, AEqnit );Binduced ; vem) )> (Fig. 1 (c)). In the knoco
{T)((ABunit 0):(AEunit, AEunit ); Binduced ; Vem ) staté, the supercurrent can be induced, and thus there is kinetic

energy ( ExinetiéAEunit AEunit)).  That is, the energy of the electromotive force AEni: for the
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|kHoco(T)((ABunit,O);(AEunit, 0); Binduced; 0) )state is converted to the kinetic energy of the supercurrent for the

|kHOCO (T)((ABunitxo);(AEunitv AEynit ); Binduced ; Vem) state. Both thesupercurrent (Vem,k HOCO (AEunita AEunit)) and the

magnetic field (Bnducedk om (AEqunit, 0)) can be induced under the condition of the closed-shell electronic
structure with zero spin magnetic field and canonical momentum (ospin=0; Ppcanonical= 0)-
of the Ampere’s law and the Meissner effect in superconductivity.

supercurrents Kroco (T)((ABunit.0);(AEunit, AEunit );Binduced ; Vem ) ca)mot be destroyed because of the stable

This is the origin

Such excited bosonic states with

closed-shell electronic states, and the induced supercurrent cannot be destroyed. This is the reason why we

can observe non dissipative currents in superconductivity during the applying the magnetic field.
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Fig. 11. The electronic s tates between j=0and j =1
in superconductivity

V. RECONSIDERATION OF THE LENZ’S LAW
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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 very large stabilization energy (  Viin, remi koo o(0) ~35¢eV ) for the Bose—Einstein
condensation (' peanonicai= 0; Vkin, Bose, koo o (0)=0¢€V), and the Stern—Gerlach effect. ~ The initial electronic

state tries not to change the electronic structure ( peanonica= 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 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, 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
( Vkin, Fermi, ki ueo o (0) = 35 eV) for the Bose—Einstein condensation ( peanonica= 0 ; Vkin, Bose.k (oo o(0)=0eV')
originating from the disappearance of the Kkinetic energy of an electron ( pcanonical=0 ;

Vkin, Bose, k_ueo o (0)= 0 €V) 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.

VI. COMPARISON OF THE NORMAL METALLIC STATES WITH
SUPERCONDUCTING STATES

A. Problems between the Lenz’s Law in the Normal Metallic States and the Meissner Effects in

the Superconducting States
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Let us next compare the normal metallic states with the superconducting states (Fig. 12). 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 field.

Let us consider the experiment at room temperature, in an applied external magnetic field ( Bq,, (Bj,
B J=Bj =iABuic)<B ) at the  bosonic  ground  normal  metallic  state kroco
T)((iABunit, iABunit ):(0,0);0;0) .

Therefore, the magnetic field B¢ ., (B,-, B,-) can completely penetrate into the sample, and the electrical
current is not induced ( I ., (Bj Bj )=0). Now cool the specimen in the magnetic field B, (8j, Bj ) to
below the T¢. In such a case, the ground normal metallic electronic kHocd(T)((jABunit, jABunit );(0,0); 0; o) )

states can change and can be in the bosonic excited superconducting states

kroco (T)((iABunit, 0):(AEunit . JAEwnit ) Binduced :vem ) Ybelow Tc. Therefore, stable Cooper pairs can be formed
below Tc, and the ground electronic states koco (M((iABunit, jABunit ); (0,0); 0; 0))( Bout = Bin ) in the normal
metallic  states  ( Begp (B Bj=Bj=iABumi) ) change to the excited electronic states

*HOCO (T)((jABunit’ 0);(jAEunit  JAE g ); Binduced ;Vem) ()30ut¢ Bin) in the superconducting states ( B 0w (Bj, OIZ 0)).
Therefore, according to the Meissner effects, the magnetic field cannot penetrate into the sample anymore

(B (Bi:0)=0)), and the electrical current is induced (1, (Bj, 0 )oc Bj = jABunit ))-
According to the Lenz’s law, the magnetic field (B, (B, Bj )= Bj = jABunt )) would penetrate into the
sample completely even below T¢ since the magnetic field (B, (B,-, Bj X: Bj = jABuni )) does not change

during temperature decreasing process. On the other hand, it has been well known that the magnetic field
cannot penetrate into the sample at all well below T¢, according to the Meissner effect. At this time, this
phenomenon does not obey the Lenz’s law. That is, even in superconductivity, the electronic properties
usually obey the Lenz’s law, on the other hand, sometimes do not obey the Lenz’s law. This is because the
Meissner effect can be always dominantly applied even in the case where the electronic states cannot obey
the Lenz’s law. That is, since the discovery of the Meissner effect, it has been considered that the
superconductivity as well as the normal metallic states basically obey the Lenz’s law, on the other hand, if
there is discrepancy between the Lenz’s law and the Meissner effect, the Meissner effect can be considered
to be more dominant than the Lenz’s law in superconductivity. The Meissner effect is independent basic

property and cannot be derived from the zero resistivity. This means that the Meissner effect is more
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essential than the Lenz’s law, and the Lenz’s law should be explained in terms of more fundamental
Meissner effects in the normal metallic states as well as in the superconducting states. In other words, the
observation of the Lenz’s law can be considered as a special case of the Meissner effect in the normal
metallic states. That is, the unified interpretation between the Lenz’s law and the Meissner effect, that is,
between the normal metallic states and superconducting states has not been completely established.
Therefore, we try to establish the unified interpretations between them.

B. The Meissner Effects in Superconductivity in the Two Electrons Systems
There are only two ground states ( j = 0, n. ) between the magnetic fields 0 (j=0) and B;(j = n¢).

Conventional Meissner effects in the superconducting states can be considered that the perfect

diamagnetism can be applied in the wide range from the ground|kxoco (M)((0, 0); (0,0); 0; o)) states at the zero
magnetic field ( B(9,9) =0) ( Peanonicai= 0; Vem =0 t0 the ground kroco (TY((Be. B );(0, 0); 0; 0) states at )

the critical magnetic field (B, (+Bc, B¢ )= +Bc= £nc ABunit) ( Peanonicai= 0; Vem=0) (Fig. 2).  In the various
excited superconducting ranges |<Hoco (T)((Bj,O)(E -} ) Binduced ;vem)> between Khoco (TX(0,0),(0,0);0;0) )

and kLoco(T)((Bc,Bc);(o, 0); 0; 0)}the supercurrent can be induced ( I (Bos 0)oc Bour) because of very

stable bosonic electron Cooper pairs formed by two electrons with opposite momentum and spins
occupying the same orbitals.

C. The Lenz’s Law in the Normal Metals in the One Electron Systems
On the other hand, there are n.+1 ground superconducting states ( j =0, 1,2,..., nc) between the magnetic
fields 0 (j=0) and B;( j = n¢) in the normal metallic states. The Lenz’s law in the normal metallic states

can be considered that the perfect diamagnetism can be applied only from the initial ground state
|kioco (TX(iABunit, jABunit ) (0,0);0;0)) under the magnetic field (B, (Bj.Bj )C Bj = iABunt )) (Peanonicai=0;
vem = 0) to the neighboring quantized ground states kHOI:O (M((i+ 1)ABynit, (j = 1)ABuit; (0, 0); 0; 0) und)er the
magnetic field (Bc, . (Bj:1.Bjs1 (= Bjz1=(j+1)ABuit)) (Peanonict=0; Vem=0) Via the excited bosonic
|krioco (T)((G + 1)ABunit, jABuni; (+AEunit, + AEunit );Binduced; Vem ) and fermionic
|kHoco (T)((i £ 1)ABunit, jABunit; (XAEunit , = AEunit ); Gspin’; pcanomcabelectronic states (Fig. 2).  Inonly very small

ranges ( +ABynit ) between | krioco (T)((1ABunit, iABunit ) (0,0);0; 0)) and
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|kHoco (M(( £1)ABunit. (j +1)ABunit: (0, 0); 0; o)> : the excited supercurrent state
( |koco MG+ D)ABwit, iABunit (+AEunit, + AEunit );Binduced: Vem ) ) can be induced
(K o0 (Bj21.Bj (cBjz1 — Bj = (j + 1)ABynit — jABunit = +ABunit )) ( Peanonicai= 0; Vem=0).  On the other hand, such
currents can exist for only very short time and can be immediately dissipated. This is because electronic
pairing states in the opened-shell electronic structures are very fragile subject to the external applied field.
At the same time, a photon is emitted from such an  electronic  state
kHoco (M(( % 1)ABunit, jABunit; (AEunit, + AEunit ); Gipin ; Peanonical » )nd this is the origin of the electrical resistivity
in the normal metallic states. That is, we can interpret that the Lenz’s law in the normal metallic states are
the continuous Meissner effects between each ground ( peanonicai=0; vem=0) and excited ( pcanonicai= 0 ;

Vem # 0 and peanonical 0; Vem = 0 ) superconducting states which appears only on small range of the magnetic

field ( +AByni<< ) ) between the adjacent quantum ground states |kHoco(T)(Bj,Bj;(O,O);O;O)> and

ktioco (T)(Bj 1. Bj21: (0,0):0;0) >for only very short time.
Finite Besc(= ne ABunit >> ABynit) Values in superconducting states originate from the closed-shell

electronic structures formed by two electrons with opposite momentum and spins occupying the same
orbital by which the Cooper pairs become stable with respect to the small magnetic field. On the other

hand, infinitesimal B¢ nm(=+ABunit) Values in the normal metallic states originate from the opened-shell

electronic structures formed by only one electron, by which bosonic electronic state pairing of an electron
can be easily destroyed by even very small applied magnetic field. Therefore, the Meissner effects can be
observed only for a very short time in the normal metallic states. We can consider that the Lenz’s law in
the normal metallic states is the continuous phenomenon where the Meissner effects in the superconducting

states can be observed for a very short time repeatedly.

VIlI. RECONSIDERATION OF THE ELECTROMOTIVE FORCES

A. Conventional Lenz’s Law

Let us consider the case where we cool the superconducting specimen in the constant magnetic field B
Hooo (B,-, B,-)from room temperature to 0 K (Fig. 12). According to the conventional Lenz’s law, it has

been considered that the electromotive force is induced when the applied magnetic field changes, as

| ccemf oc Boyt— Biniia- 1 Nerefore, when we cool the superconducting specimen in the constant magnetic
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field By ., (Bj, B) from room temperature to 0 K, the electromotive force would not be induced, as

I oc emf oc Boye— Bintitiai= Bj —Bj =0.  On the other hand, it has been well known for a long time that the
perfect diamagnetic supercurrents (and thus electromotive force) can be induced when we cool the
superconducting specimen even in the constant magnetic field B, (B,-, B,-) from room temperature to 0 K.
That is, this phenomenon cannot be explained by the conventional Lenz’s law, and the Lenz’s law and
Meissner effects contradict each other in this case.

B. New Definition of the Lenz’s Law

However, we can consider that during temperature decreasing process even under the constant magnetic

field ( Bout = Bj = const. ), the electronic states have been changed from the two one-bosonic normal metallic
particles ground states ||<Hoco (T)((jABunit, jABunit ); (0,0); 0; 0) ( Bj) to the one-bosonic superconducting particle

excited states | knoco (T)((i4Bunit, 0);(IAEunit, JAE it ); Binduced Vem ) )(B,- ). According to our theory discussed in
the previous studies [1-7] (Fig. 12), the electromotive force can be well explained by considering that the
electromotive forces can be induced by the difference between the applied magnetic field ( Bo) and the
magnetic field for the bosonic ground states ( Byrou n d), 8S | o< emf o Byt — Bground- 1€ magnetic field of the
ground  states  for  the  two-one-bosonic  normal  metallic  particles  ground states
|kHoco(T)((jABunit, jABunit ); (0,0); 0; 0) ( Bout=Bj) is also Bj ( Bgrouna=Bj), on the other hand, that for one-
bosonic superconducting particle excited states | krioco (T)((iABunit, 0);(IAEunit , JAEunit ); Binduced ;Vem ) )( Bout= Bj)

IS O (Bgouna=0 ). Therefore, the electromotive force for the normal metallic ground states

*HOCQ(T)((jABunit, jABunit ); (0,0); 0; 0) z}t room temperatures under the constant magnetic field ( Boyit=Bj) can
be estimated as | o emf oc Byt — Bground= Bj — Bj= 0 at 300 K. On the other hand, that for the superconducting
excited states | kroco (T)((iABunit, 0):(jAEwnit . JAEunit ); Binduced Vem) )at 0 K under the constant magnetic field

( Bout=Bj) can be estimated as I o« emf o Boyt— Bground= Bj — 0 = Bj at 0 K. In other words, we may consider
that the electromotive force is observed as a consequence of the fact that each excited bosonic (pcanonicai=0;

vem#=0) electronic states try not to be converted to the another ground bosonic (pcanonicai=0; Vem=0)
electronic states.

The electromotive forces have been considered to originate from the changes of the applied magnetic
fields. Therefore, according to the conventional interpretation of the electromotive forces, the

electromotive forces would not appear and electrical currents cannot be observed during temperature
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decreasing process under the constant magnetic field ( Bowt = Bj = const. ). On the other hand, during
temperature decreasing process even under the constant magnetic field ( Bou: = Bj= const. ), the electrical

currents can be observed. This can be understood by considering that the electronic states have been
changed from the two  one-bosonic  normal  metallic  particles  ground states
*Hoco (T)((jABunit, jABunit );(0,0); 0; 0) ()Bj) to the one-bosonic superconducting electronic state. That is, the
applied magnetic field does not change, but the ground states related to the Meissner effect, to which each
electronic state belongs, can change during temperature decreasing process under the constant magnetic
field ( Bow= Bj = const. ). In other words, the difference between the magnetic field which is applied to the
excited electronic state, and the magnetic field under which the reference electronic state becomes the
ground state, appears during temperature decreasing process under the constant magnetic field
(Bout = Bj =const.). Therefore, we can conclude that the difference between the magnetic field which is
applied to the excited electronic state ( Boy), and the magnetic field for the ground states to which the
reference electronic state belongs, rather than the changes of the applied magnetic fields ( Bowt — Bintitia), IS

the origin of the electromotive forces (Fig. 12).

I c emf o B out— B ground
=Bj —Bj =0at 300K
-

k—lk HOCO (T )((jABumt 3 jABum( )!(01 0), () 0)

cooling

»> Bout

<>
| oc em foc By — B ground
=Bj-0=Bjat0K

| kro co(T)((1Bunit,0):(GAEunit, JAEunit): Binducedivain)

Fig. 12. The origin of the electromotive force.
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VIIl. CONCLUDING REMARKS

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 (experimental rule discovered in 1834) in normal metallic states and the Meissner effects
(discovered in 1933) 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 ( pcanonical=0 ;
Vikin, Bose, kuoco o (0) = 0 €V) 1S much more stable than an electron in the fermionic state with large kinetic
energy of about 35 eV (peanonical 0; Vi, Fermi,kouo o{0)~ 35€V) by about 35 eV, in the normal metallic state.
Two electrons in the bosonic state with zero kinetic energy (pcanonicai=0; 2VkinBose koo o(0)=0€V) is much
more stable than two electrons in the fermionic state with large kinetic energy of about 70 eV ( pcanonicai# 0;
2VkinFermik oo (0)~70€V) by about 70 eV, in the superconducting state. ~ Because of the very large
stabilization energy ( Viin, rermi, k.00 o(0)= 35 eV ) for the Bose—Einstein condensation ( pcanonicai=0 ;
Vkin, Bose, koo o (0) = 0 €V), the magnetic momentum of an electron cannot be changed but electromotive force

(AEunit) 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 00 (AEunit AEunit)) @nd the magnetic field ( Binducedk o, (AEunit, AEunit) ) can be induced under the
condition of the opened-shell electronic structure with zero spin magnetic momentum and canonical
momentum (ospin = 0 ; Peanonica= 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 Bingucedk, oo (AEunit, 0) €Xpels the initially applied external magnetic field
ABynit from the normal metallic specimen.  Therefore, the induced magnetic field Binducedk, o (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 Binducegk,op, (AEunit 0)(=0) is induced but the spin
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magnetic moment of an electron with opened-shell electronic structure is not changed (ospin =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 ( peanonicai= 0)- The magnetic field is induced not
because of the change of each element of the spin magnetic moment opin Of an electron (similar to the
Peanonica 1N the superconducting states) but because of the change of the total magnetic momentum as a
whole Binguce (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 pcanonicai= 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 itself, related to the electromotive force, kinetic energy of an electron, and

electrical resistivity.
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