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

Takashi Kato, 2015

Volume 1 Issue 1, pp. 58-82

Year of Publication: 2015

DOI- httpy//dx.doi.org/10.20319/mijst.2015.11.5882

This paper can be cited as: Kato, T. (2015). The mechanism of the Bose-Einstein condensation and its role
in the occurrence of the normal currents and supercurrents. MATTER: International Journal of Science
and Technology, 1(1), 58-82.

This work is licensed under the Creative Commons Attribution-Non Commercial 4.0 International
License. To view a copy of this license, visit http;//creativecommons.org/licenses/by-nc/4.0/ or send a
letter to Creative Commons, PO Box 1866, Mountain View, CA 94042, USA.

THE MECHANISM OF THE BOSE-EINSTEIN
CONDENSATION AND ITS ROLE IN THE OCCURRENCE OF
THE NORMAL CURRENTS AND SUPERCURRENTS

Takashi Kato
Institute for Innovative Science and Technology, Graduate School of Engineering, Nagasaki
Institute of Applied Science, 3-1, Shuku-machi, Nagasaki 851-0121, Japan
KATO_ Takashi@NiAS.ac.jp

Abstract

The mechanism of the Bose—Einstein condensation and its role in the occurrence of the normal
currents and supercurrents is investigated. In particular, the mechanism of the formation of
Cooper pairs and their role in the occurrence of non-dissipative diamagnetic supercurrents is
investigated. 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. On the other hand, according to the recent experimental research (Wehlitz et. al;
2012), the Cooper pairs have been observed at room temperatures in the neutral benzene (6an),
naphthalene (10ac), anthracene (14ac), and coronene molecules. That is, our prediction in our
theoretical researches [1-7] can be well confirmed by the recent experimental research (Wehlitz
et. al; 2012), and our previous theory can be reasonably applied to the explanation of the
mechanism of the occurrence of the granular high temperature superconductivity in carbon
materials. 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 Ampere’s law (experimental rule discovered in 1826) in
normal metallic and superconducting states, on the basis of the theory suggested in our previous

researches.
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1. Introduction

For seventy years, aromatic character and ring currents in aromatic molecules have been
of interest [1-7]. The diamagnetic anisotropy of aromatic hydrocarbons can be attributed to the
induced ring currents in their-electronic systems [1-7]. The diamagnetic ring currents of
aromatic molecules, annulenes such as benzene (6an), and polyacenes such as naphthalene
(10ac), anthracene (14ac), and tetracene (18ac) are nondissipative currents similar in many
respects to the persistent currents of superconducting rings, and have been often referred to as a
form of superconductivity [1-8]. The relationship between the ring current and the virtual
superconducting state in these molecular systems has been discussed [1-7]. In the previous work,
we discussed the relationships between the electron—phonon interactions and electrical
conductivity and provided an explanation of the diamagnetic ring current in aromatic
hydrocarbons with small molecular sizes, annulenes and polyacenes [1-7]. For seventy years,
aromatic character and ring currents in aromatic molecules have been of interest [1-7]. The
diamagnetic anisotropy of aromatic hydrocarbons can be attributed to the induced ring currents
in their  -electronic systems [1-7]. The diamagnetic ring currents of aromatic molecules,
annulenes such as benzene (6an), and polyacenes such as naphthalene (10ac), anthracene (14ac),
and tetracene (18ac) are non-dissipative currents similar in many respects to the persistent
currents of superconducting rings, and have been often referred to as a form of superconductivity
[1-8]. The relationship between the ring current and the virtual superconducting state in these
molecular systems has been discussed [1-7]. In the previous work, we discussed the
relationships between the electron—phonon interactions and electrical conductivity and provided
an explanation of the diamagnetic ring current in aromatic hydrocarbons with small molecular
sizes, annulenes and polyacenes [1-7].

On the other hand, even though these small molecules would exhibit non dissipative
intramolecular diamagnetic currents, their molecular crystals with macroscopic sizes in bulk
system would become insulator. We can expect that if the valence—conduction band gaps are
very large in bulk system such as diamonds, non-dissipative diamagnetic currents have a
possibility to occur in such bulk systems. As an example, we discussed the neutral sp3 type
carbons with macroscopic sizes, very pure diamonds, in which the band gap between valence and
conduction bands is very large [1-7]. As discussed in the previous researches [1-7], closed shell
electronic structures in the neutral annulenes and polyacenes with large energy difference

between the HOMO and the lowest unoccupied molecular orbitals (LUMO) can exhibit
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nondissipative intramolecular diamagnetic currents at 298 K in spite of the fact that such closed
shell electronic structures should be in insulating states from the point of view of solid state
physics. We can consider a bulk diamond as a macro-molecule with very large energy gap
between the HOMO and the LUMO. Therefore, it is rational to consider that very pure diamonds
with large energy gap between valence and conduction bands, which have been believed to
become insulator from the point of view of solid state physics, also have a possibility to exhibit
intramolecular diamagnetic currents in bulk systems.

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. Furthermore, in this article, we elucidate the
mechanism of the Ampére’s law (experimental rule discovered in 1826) in normal metallic and

superconducting states, on the basis of the theory suggested in our previous researches.

I.  The Origin of the Ampére’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, = Bin or Eiy) can be expressed as

|§€Hﬂ:ﬂ (Z{(Bouh Enl (EUuLEinl &HD:D ;Ikm )}

= {Pgomd(dmgﬂm‘iﬂ(xm))
++ Pexcited(rijG:O:Excited:D(xin)l (1}

where

m excited 0 ('fl.rb)
=i o0 (xin }Hmoco h)

te_p Lo (in ) —kmOCOY). (2)
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2 : 2 -
E"'kHDCD '-'Jl(xm ]+ E_EE ""‘:D:D (.'Il']n ]_ 1= (5}

2 . 2
€ o 1.0 (em )+ oo T oem )= 1. (6)

The magnetic field (Bqoco(Xout: Xin)(= Bin)) at the condition of the external applied field

Xout @nd the field felt by an electron X;, can be expressed as

Br. .. (Xout.xin)
=BL}[::D a(;m:fm]— %[DCD *(mrml (?}
where
¥ noco + ("-’nut - An )a
oo | i
3
= Pexcited (I }’:L . (IDUT- —Xin :l
_,_H}I-DZD +Xin
+ Pg[nm]d (T }I:"— (IEI'L'I.'L —Xin ): (E}
Bk Hoco + (-"-’nut - in )
_%‘HJZQL- Xin
= Pexcited (I }’:L (IDUT- —Am :l
Xig
+ l?:"gr-::uu.nl:i (-T }CI (-"-’l:uut —Xin :' (9}
+k Hoco -
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The electric field (I,o.o(%out %in)(= Ein)) at the condition of the external applied field Xou

and the field felt by an electron x;, can be expressed as

e (xout. xin )
BOCO

=L Crout. xin)= Lk (xout. %in). (10)

..Iir_|. -kI-El:D (-"fnuh "-'-]Il)

2
= Pexcited (T }E_kHID :ﬁi: (Igut — Xin ]

2

+ Paround (T )&HID Lx, (—'f-:lut—-"i'ml (11)
Lo G o)
7
= Pocited (T )2
excited ( }_EHI:J:D"“Ki:
+P_,:_|;[|:|'|_'|_nd (.?_ lq;.m:g "‘:x_ X — X (12}

Let us look into the energy levels for various electronic states when the applied field
increases from 0 to X,y 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

ESC,eIectronic(Xoub Xin)— EN M,electroni((O,O)

= —2Vonef Bose, O(Xin), (13)

where the -2V, 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 f gose, A€, (0) denotes the ratio of the bosonic property under the internal field x;,

Cone volmm )= 2olin )= cvitnoso 0 Gam ) and ey 40 )=c g oCoin )= e ke 0 Goin ).

EOCO ™

and can be estimated as
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fBose: D(Ijn)

1
="tk .D(Iin]’ﬂ—c 0 Wan ). (14)
b, HOCO —kuoco

The fgose sz, (0) denotes the ratio of the bosonic property under the internal field xin
!/'"C"'km:o '?B(Im )=c_ o ™. D(.‘Ci_n )=¢, oo 19 (xn ) and ok o -;B(Iin )=c_ oo - D(.‘Cj_n )=¢q oo 0 (éin )). and can

be estimated as

fBose:D(Ijn)
1

="+c (_‘Cj_nJ —-c (15)
2 kaoco0 kaoco L0,

electron—
phonon
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) )
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=
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L
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Figure 1: Stabilization energy as a cons sequence of the electron—phonon interactions as a
function of the external applied field

B. New Interpretation of the Ampére’s Law in the Normal Metallic States
Let us next apply the Higgs mechanism to the Ampere’s law in the normal metallic states.

Let us next consider the superconductor, the critical electric field of which is E.. Below Tc, the

bosonic Cooper pairs are in the superconducting states. We consider the case where the HOCO is

partially occupied by an electron.
We consider that the electric field is quantized by AEynit(=Ec /nc). The nc value is very

large and the quantization value of E./n; is very small (E./n.~0). That is, the jth quantized

electric field E; with respect to the zero electric field can be defined as
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Ej = JAEunit (16)

The ratio of the bosonic property under the internal electric field E;j, with respect to the
ground state for the zero magnetic fields can be denoted as f gose, o(Ein). We define the electronic
‘kHoco (TY(Bout: Bin ) (Eouts Ein ¥ By : koo ) STALE, Where the Eq,, 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 Bngucegk.op, OF the change of
the spin magnetic moment of an electron ospink, o, from the each ground state), and the I,
the induced electric moment of an electron (canonical electric momentum  peanonica, koo OF the
electric momentum of an electron vemy,.,)- Without any external applied electric field (j = 0;
Eout = Ein = 0), the ratio of the bosonic property under the internal electric field 0 can be
estimated to be f gese 0(0) = 1. Therefore, the electronic state pairing of an electron behaves as a

boson,

fBose, 0(0) =1 (17)

In such a case ( +Faoco T?Q(O:': “k HDCD T?Q(O)z Cor Hoco 4@ (0= C_kHDCO- e (0)=1/ EJT

there is no induced current and the magnetic fields, as expected,
Buuceo 0.0 =8 1(00- B, ,(0.0)
= {?exdted(rkih{oco T (0:H' P_s;mund (ﬂéjﬁmo To (U)

- {bexdted(r}fmvﬂ (U}'l' P?IUUHd(T}ci;i{DCO VQD‘(U)

=0, (18)

Beggo (0.0)=Lue ) (0.0)- L (0, 0)
= {Eexdted(r}:ikHDCD To (UjH' P?m”nd (QEE‘!‘HDCD V:D(U)

- %exdted(rkfmv:u (U}'l' P_EIDUIld(T}CEgﬁDCD A:D(O}

= 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 (knoco

(T)((0,0);(0, 0);0;0)) (Fig. 2 (a)).
It should be noted that the electronic states are in the ground normal metallic states when
all the Pcanonica, Vems Ospin, and Binduce values are 0 ( Pcanonical= 0, Vem=0, 0spin=0, and Binduced= 0),

and the are in the excited normal metallic states when the pcanonica, Vem, Gspin, OF Binguce Values
are not 0 ( Pcanonical® 0, Vem # 0, Ospin # 0, Or Binduced* O)-
When the electric field ( I, (AEuni 0)= AEynit) is applied, a Nambu-Goldstone boson

formed by the fluctuation of the electronic state pairing of an electron kqoco(T)((0, 0); (0,0); 0; 0) is

absorbed by a photon (electric field) (Fig. 1(b)). Therefore, a photon (electric field) has
finite mass as a consequence of interaction with the Nambu—Goldstone boson formed by the

fluctuation of the bosonic electronic state pairing of an electron. In such a case, the I,

(AEunit, 0) and BkHOCD (AEunit, 0) values for the knoco (T)((ABunitIO);(AEunit, 0); Binduced ; 0) state (Flg 2

(b)) can be estimated as
Tk (ﬂ@unir,-.ﬂ'): '%Dexcited (IJEEE .0 (ﬂEunit)

2 :
+ Pgmund (T)e hgoco b ﬁ(ﬂEunlt)

s O (amw)

- kroco 4. 0

+ Poround (T)c” (ﬁEUﬂit )E
—keoen T.0

=0, (20)

and thus
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B (AEmit,0)= Pexcted(De? 1 o (8Furit )

+ Pﬁ;rnund(r}ci&{mo 7 o(AEumit )
B %J“”‘d“fd(ﬂiz (ABunit )

—kmoco~. 0

5
+ Poroumd (T}ﬂ'h (ﬂEum]
+& goco . 0

>
= zpexdted(r}%

.:LkHDco TO (AEmm)

. 0 (AEunit)

_—‘;E.E;:HDCD v,
= Binducedkmn Lééuuu..@.lf:éﬁumw (21)

Soon after the external electric field is applied, the momentum of the bosonic electronic

state pairing of an electron cannot be changed but the magnetic field can be induced. It should be
noted that the magnetic field Binducedkiom(AEunit, 0) is induced (Binguced# 0) 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 (pcanonicai= 0)- The magnetic field is
induced not because of the change of the each element of the spin magnetic moment of an
electron (similar to the pcanonica I the superconducting states) but because of the change of the
total magnetic momentum as a whole (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)((O, 0); (AEunit, O); Binduced;O) can be immediately destroyed because

the initially applied electric field penetrates into the normal metallic specimen, and the electronic

state becomes another bosonic excited supercurrent state for j = 0 (knoco (T)((o, 0); (AEunit, AEunit );

Binduced;Vem ) ) (Fig. 2 (€)). In such a case, the Bi(AEunit, AEunit) and
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() [k oco (7 )(0.0)(0,0)0;0)

(b) |[kioco (T X(0.0) (AEunt 0} Bincuces 0 )

photon |
sy {4 o ¥
Binauced

(c) |"‘I-I.'3Il!31'3I (T IID 0k (AEuni- AEunt ) Binduced: "'"Efnl-'

phntnn

':l'ELll'It "rE'IT

Binduced
(d) |FTHJCCI (r ﬁﬂ- 1) [:-flEmt AEyni }Jspn'ﬂcaﬁri-:a }
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pGEII'I'EI"ICE
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Figure 2: The electronic states between j=0and j =1
lkoco(AEunit, AEunit) Values for the kroco (T)((ABunit 0);:(AEunit, AEunit ); Binduced ; Vem ) State can be

estimated as

Bl (AEumit, AEumit)= B o (AEumit. O]
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= %exdted(r}clkHﬂmﬁﬁ {-"l—""E'IJIIjI )

+ Pround (T)c” koo ™ o(AEmit )

:
- PriedD (AB)

-k mocow. 0

.
+ Poroumd (T} c™ (ﬂEunit]
+kgocg . 0
T
= EPexdted(T} ‘T'kHEICﬂ +0 {ﬂ'ﬁEunit)

|
% k moco . ﬁ{ﬁm“)

— Binduced ks (ABmit. 0)= ABymit (22)

Ikm {'&E'IJﬂih '"Il"“E'F'I.'I.'Iil.ﬂ::l

~Van ksoco (APt ABmit)= AEmi (23)

In the kioco (T)((0, 0); (AEunit, AEunit ); Binduced Vem) State, an electron receives the induced
electric field AE,,;, and thus the superconducting current can be induced as a consequence of the
electromotive force, and thus there is kinetic energy ( Exineti{AEunit, AEunit)) Of the super current.

That is, the expelling energy of the initially applied electric field AEynit

for the knoco (T)((o, 0); (AEunit, 0); Binduced ;0) state is converted to the kinetic energy of the super

current for the kHoco(T)((O, 0); (AEunit, AEunit ); Binduced ;vem) state. Both the super current (vemk (AEunit,

AEunit)) and the magnetic field ( Bingucediyon(AEunit 0)) can be induced under the condition of the

closed-shell electronic structure with zero spin magnetic field and zero canonical momentum
(0%pin="0; Pcanonica= 0). This is the origin of the Ampere’s law.

On the other hand, such excited bosonic normal metallic states with super currents( kroco
(T)((O, 0); (AEunit , AEunit ); Binduced ;vem)) can be immediately destroyed because of the unstable

opened-shell electronic states subject to the external applied electric field, and the electronic
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state becomes another excited fermionic normal metallic state for j =0 (knoco (T)((o, 0); (AEunit,
AEunit ), Ospin’ pcamnica|)) (Fig. 2 (d)). It should be noted that the electronic knoco (T)((o, 0); (AEunit,
AEunit ) Ospin ; pcanonical) state is now somewhat fermionic because the pcanonica Value is not 0. In

other words, the kpoco (T)((o, 0); (AEunit , AEunit )} Ospin ; pcamnica|) state is closely related to the
normal conducting states in that the normal metallic current with peanonicai= 0 and vem = 0 IS

induced by the applied electric field. In such a case, the B« rHoco (AEunit, AEunit) and IkHoco

(AEunit, AEunit) Values for the knoco (T)((o, 0); (AEunit , AEunit ) Opin pcamnica|) state can be estimated as
Blroe (AFumit. ABunit)= B, (AEmit. 0)
B
= eyt T - ~, -&E i
{thmhd( }C+k1-]-::|¢~::| Jl{ unit )

+ Poround (-T] E':_!i_mm 0 {ﬂ\.Eunit )

5
- ‘?Jexcited (ﬂi 1': ﬂ'l-Eunit-]

-k mocow. 0

-
+ Poroumd (ﬂ e (ﬂEu.uit ]
+k HOO0 . 0

\
= EPexdted(T}‘{;kHGm 0 {_ﬂ'lEunit)

-

% é HOCO . E'{ﬂEumt)

= Ogpink moco (J"—"ﬂEunih ﬂEu.uit}= ABymit. (24)

Iy (AEumit. AEymit)

= Peanonicdkng LWH it ABymit )= ABymir. (25)

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

field ( kHoco(T)((O, 0); (AEunit , AEynit ) aspin;pcamnicaO ) can be immediately destroyed because
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of the unstable opened-shell electronic states subject to the external applied electric field, and

the induced current and the magnetic field can be immediately destroyed. Therefore, the

electronic state tries to go back to the original ground bosonic metallic state for j =0 (kpoco (T)((0,
0); (0,0); 0; 0) ). In such a case, the Bknoco (0, 0) and Ixnoco (0, 0) values for the kyoco (T)((0, 0);

(0,0); 0; 0) state can be estimated as Eqgs. 18 and 19, respectively.

The ratio of the bosonic property f gose, A€, a5
fBose, AEnit (0)
(ﬁﬂlnit )
=T ok (&E’umt)ﬁ —c
2 HOCD —koco
< fRose0(0) =1. (26)

The f gose, aE,(0) Value is smaller than the feose, 0(0) Value. It should be noted that the f gos, £
in (0) value decreases with an increase in the Ej, value. That is, the bosonic and fermionic
properties decrease and increase with an increase in the gj, value, respectively. In summary,
because of the very large stabilization energy ( Vkin, Fermi, koo o{0)~ 35 eV) for the Bose-
Einstein condensation ( pcanonicai= 0; Vkin, Bose, koo o (0) = 0 €V), the electric and magnetic

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

state becomes kHoco(T)((O, 0); (AEunit, 0); Binduced; 0). On the other hand, such excited bosonic

supercurrent states with the induced magnetic fields knoco (T)((o, 0); (AEunit , 0); Binduced ;0) can be

immediately destroyed because the applied electric field penetrates into the normal metallic

specimen, and the electronic state becomes another bosonic excited super current state for j=0 (
Knoco (T)((O' 0); (AEunit- AEnit ); Binduced ;Vem) ) In the kHoco (T)((O, O); (AEunit, AEynit ); Binduced; Vem) state,
the super current can be induced, and thus there is kinetic energy (Exinetic (AEunit, AEunit)). That

is, the expelling energy of the initially applied electric field AEynit for the kpoco (T)((o, 0); (AEynit,
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0); Binduced ;0) state is converted to the kinetic energy of the super current for the kyoco (T)((o, 0);

(AEunit, AEunit ); Binduced ;Vem ) State. Both the super current (vemk (AEunit, AEunit)= 0 ) and the magnetic

field ( Binducedk,op (AEunit, 0)= 0) can be induced under the condition of the opened-shell electronic

structure with zero spin magnetic momentum and zero canonical momentum in a bosonic

electronic state pairing of an electron (ospin =0 ; pcanonica= 0). This is the origin of the Ampére’s

law. On the other hand, such excited bosonic states with super currents keoco (T)((0, 0); (AEuni,

AEyit ); Binduced;vem) can be immediately destroyed because of the unstable opened-shell electronic

states, and the electronic state becomes another excited fermionic normal metallic state for j=o.

(kroco (T) ((o, 0); (AEunit, AEunit ) Gspin’ pcammca|)). The excited fermionic normal metallic kyoco (T)((o,

0); (AEunit , AEunit ); Gspin; pcamnica|) state is very unstable and try to go back to the original ground

bosonic metallic state for j = 0 (knoco (T)((0, 0); (0,0); 0; 0) ), and the induced electrical current and

the induced magnetic field can be immediately dissipated.

1. Energy Levels for Various Electronic States

Let us look into the energy levels for various electronic states when the applied electric

field (Eou) increases from 0 to AEy,i;at O K in superconductor, in which the HOCO is partially
occupied by an electron. The total energy Etai(xout, xin) fOr various electronic states with respect

to the Fermi level before electron-phonon interactions at 0 K and xqy = xin = 0 (Fig. 1) can be

expressed as

EtotaI(Xout,Xin) = ESC(Xout, Xin) —~Enm(0, 0)

= Eelectronic(xoub Xin) + Emagnetic(xout, Xin) (27)
At Equt = Ein =0, the electronic state is in the ground normal metallic knoco (T)((0, 0); (0, 0);

0; 0) state for j = 0. The electronic and magnetic energies for the knoco (T)((0, 0); (0, 0); 0; 0) state

can be expressed as
Eelectron i&ov 0)=—2Vone fBose0(0) = —2Vone (28)
E magretic (0, 0) =0. (29)

The Eelectronic(AEunib 0) value for the knoco (T)((O, 0), (AEunit, O) Binduced; 0) state can be
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estimated as
E&l&‘tmnt(ﬁunﬁ D)

=2 I;DﬂEfBDEE_ D(D ]+ EItHﬂhﬂ (.nle]Jﬂﬂ‘_. D)
= 2Vone Bose, D(ﬁfmﬁ): (3':')

where the Ejroco (AEuni 0) value denotes the expelling energy of the applied electric field, and
is estimated

ElkHoco (AEunit, 0)= 2Vone(f Bose, 0 (0) —f Bose, 0 (AEunit ))

= 2Vone (1— f Bose,0 (AEunit )) (31)

Furthermore, we must consider the magnetic energy ( EmagnetidAEuni0)) for the induced

magnetic field AByit as a consequence of the applied electric field AEpit,

Emagnetic(AEunit, 0)= EB induced (AEunit, O)

1 Y7, oAB2 Vv
5 unitsc (32)

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

the specimen. The total energy level for the kuoco (T)((o, 0); (AEunit, 0); Binduced; 0) state can be
estimated as

EtotaI(AEunit, 0)
= Eelectronic(AEunitlo)Jr Emagnetic(AEunit,o)
= —2Vone f Bose, 0 (AEunit )+ L ,LlOAB2 v

5 unit SC (33)

We can consider from Egs 30-33 that the energy for the excited

normal metallic  kuoco(T)((0, 0); (AEunit 0); Binduced ;0) State is —2Vqne With the expelling energy

of the applied electric field 2Vype (f Boe 0(0)— f Bos , 0 (AEuni )) and the energy of the induced

magnetic field EmagnetidAEunit, 0), and thus the total energy for the bosonic excited normal

metallic kyoco (T)((O, 0); (AEunit, O); Binduced ;0) state is —2Vonef Bose,O(AEunit)Jr EBinduced (AEunit, 0).
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In other words, the energy for the initially applied electric field AEy is converted to

the energy of the electromotive force 2Vone (f Bose, 0(0) — f Bose , 0 (AEunit )) and the energy of the
induced magnetic field Eg, ., (AEunit, 0).

The Eelectronic(AEunit: AEunit) value for the Knoco (T)((O, 0); (AEunit, AEunit)- Binduced ;Vem) state

can be estimated as

Eelectroni((AEunit, AEunit)
= —2Vonef Bose,0(0)+ Ev (AEunit, AEunit)

= —2Vonef Bose,O(AEunit), (34)

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

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

=2Vone (1 —fBose ,0 (AEunit )) (34)

Furthermore, we must consider the magnetic energy (Emagnetic(AEunit 0)(: Emagnetic (AEunit,

AEynit )) for the induced magnetic field ABynit as a consequence of the applied electric field

AEunit,
Emagneti ((AEu nit: AEun it)= Emagneti ((AE unit AEun it)

= EBinduced(AEunit, AEunit)

LB v (36)
2 unit SC

The total energy level for the knoco (T)((0, 0); (AEunit, AEunit); Binduced; Vem) State can be

estimated as

EtotaI(AEunit, AEuni'[)
= Eelectron ic(AEu nit: AEun it)Jr Emagneti c(AEu nit: AEun it)

1
= —2Vone  Bose, 0 (AEunit )+ = ,LlOAB2 v
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2 unit SC (37)

We can consider from Eqs 34-37 that the energy level for the excited
normal metallic kroco (T)((0, 0); (AEunit, AEunit );Binduced :Vem)  State is —2Vone With the kinetic energy
of the supercurrent 2v .. (f Bose ,0(0)— f Base, 0 (AEunit )) and the energy of the induced magnetic
field Egk Hoco (AEwnit, AEuit ), and thus the total energy for the bosonic excited normal metallic
krioco (T)((ABuit.0);(AEunit, AEunit ); Binduced ; Vem ) State is —2Vonef pose o(AEunit )+ Esroco(AEunit, AEunit ). IN
other words, the energy for the initially applied electric field AE,ni; is converted to the energy

of Kkinetic energy of the supercurrent 2Vqne (f Bose .0(0)— f Bose , 0 (AEunit )) and the energy of the
induced magnetic field Eg,,_(AEunit, 0).

The Eelectronic(AEunit; AEunit) value for the kqoco (T)((Q 0)? (AEunit . AEunit)§ Ospin; pcamnical) state

can be estimated as
Eelectron i(AEunib AE it)
=—2Vonef Bose, 0(0)+Ep canonicat( AEunits AEunit)
= —2Vone]c Bose, O(AEunit)1 (38)

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

Ep canonical (AEunib AEunit)
= 2Vone (f Bose, 0 (O)_ f Bose, O(AEunit ))

= 2Vone (1 —f Bose, 0 (AEunit )) (39)

Furthermore, we must consider the magnetic energy (EmagnetiéAEunit, AEunit)) as a
consequence of the induced spin magnetic energy EspinHoMo(AEunit, AEunit ),

Emagneti {AEqnit, AEynit)

1
= E 5 spinHOMO (AEunit, AEynit ) =" ,UOAB2 v (40)

2 unit SC
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The total energy level for the kyoco (T)((o, 0); (AEunit, AEunit ) Tspin ; pcamnica|) state can be

estimated as

EtotaI(AEunitv AEunit)
= Eglectron i((AEu nit: AEun it)+ Emagn eti L(AEU nit: AEun it)

1
=—2Vone f Bose ,0 (AEunit )+ N #OABZ V. (41)
2 unit SC

We can consider from Eqs 38-41 that the energy level for the excited normal

metallic kpoco (T)((o, 0); (AEunit , AEqynit ) aspin;pcamnica|) state is —2Vone With the kinetic energy of

the normal current 2Vone (f gose ,0(0)~ f pose, 0 (AEwit)) and the energy of the induced magnetic

field EBkHOCO(AEunit,AEunit), and thus the total energy for the bosonic excited normal metallic

kHoco (T)((ABunit ,O)i(AEunit, AEunit) Ospin ; pcanonical) state IS —2Vone f Bose ,O(AEunit )+ EcsignHOCO(AEunit :
AEynit ). In other words, the energy for the initially applied electric field AEq is converted to
the energy of kinetic energy of the normal current 2Vgne (f Bose, 0(0)— f Bose, 0 (AEunit )) and the

energy of the induced spin magnetic moment EsignHoco(AEunis 0)-

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

applied electric field AEyy; is converted to photon emission energy and the Joule’s heats.

I11. Ampere’s Law in the Two-Electrons Systems in Superconductivity
Similar discussions can be made in the two- electrons systems in superconductivity.

Because of the very large stabilization energy (2Viin rermik sHoco (0) = 70 ev) for the Bose—Einstein
condensation (peanonicai= 0; Vkin, Bose, kuoco o (0) = 0 eV), the electric and magnetic momentum of a

bosonic Cooper pair cannot be changed but the magnetic field can be induced soon after the

electric field is induced. Therefore, the electronic state becomes kyoco (T)((o, 0); (AEunit , 0); Binduced

;0). On the other hand, such excited bosonic supercurrent states with the induced magnetic fields
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kHoco(T)((o, 0); (AEunit, 0); Binduced ;0) can be immediately destroyed because the applied electric field
penetrates into the superconducting specimen, and the electronic state becomes another bosonic

excited supercurrent state for j=0 ( kroco (T)((0, 0); (AEunit, AEunit ); Binduced ivem) )- IN the knoco (T)(,
0); (AEwnit » AEunit ); Binduced ;vem) State, the supercurrent can be induced, and thus there is kinetic
energy ( Exineti{AEunit, AEunit)). That is, the expelling energy of the initially applied electric field

AEqnit for the kxoco (T)((0, 0); (AEunit . 0); Binduced :0) State is converted to the kinetic energy of the

supercurrent for the kuoco (T)((0, 0); (AEwnit, AEunit ); Binduced iVem) State. Both the supercurrent (vem

(AEunit, AEunit)= 0') and the magnetic field ( Binducedk,o(AEunit 0)= 0 ) can be induced under the

condition of the closed-shell electronic structure with zero spin magnetic field and zero canonical

momentum in a bosonic Cooper pair ( ospin = 0 ; Peanonical = 0). SUch excited bosonic states with
supercurrents  kuoco (T)((0, 0); (AEunit , AEunit ) Binduced :vem ) cannot be destroyed because of the stable
closed-shell electronic states, and thus the induced supercurrent and magnetic field cannot be
dissipated. That is, the excited bosonic superconducting kpoco (T)((o, 0); (AEunit, AEunit ); Binduced ;vem)

state is very stable and do not try to go back to the original ground bosonic superconducting
state for j = 0, and the induced electrical current and the induced magnetic field cannot be

dissipated. This is the origin of the Ampére’s law observed in the superconductivity.
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Figure 3: The electronic states between j =0 and j = 1 in superconductivity

IV. Ampére’s Law in an Electron Traveling in Vacuum

Let us next consider the Ampere’s law in vacuum. We consider that there is a reference
electron in metal. If very strong electric field is applied to a reference electron, this electron
behaves according to the Ampére’s law in metal, as discussed in the previous section. On the
other hand, once the electron moves away from the metal, and goes into the vacuum, there is no
reason (electrical resistivity and Stern—Gerlach effect, etc.) that the electron moving is dissipated.
Therefore, the electron moves in vacuum with electrical momentum (vem = 0) and the induced
magnetic field (Binguces= 0). This is the Ampére’s law observed in the traveling charged particles

such as electrons in vacuum.

V. Reconsideration of the Ampére’s Law

According to the conventional empirical Ampére’s law, it has been considered that any
moving charged particle itself creates a magnetic field. On the other hand, according to our
theory, the magnetic field originating from the magnetic moment of electron may be induced in

order that the photon becomes massive (that is, electric field is expelled from the specimen) by
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absorbing Nambu—Goldstone boson formed by the fluctuation of the electronic state pairing of

an electron, because of the very large stabilization energy ( Viin, Fermi, k yoo o (0) = 35 V) for the

Bose—Einstein condensation (Pcanonicai= 05 Viin, Bose, kuuco o (0)= 0 eV), and the Stern—-Gerlach effect.
The initial electronic state tries not to change the electronic structure (pcanonica= 0) by induction of
the magnetic field. After that, the photon becomes massless (electric field can penetrate into the
specimen), and thus the electrical current can be induced. Therefore, the induced electrical
current as well as the magnetic field can be observed. This is the reason why we can observe that
any moving charged particle seems to create a magnetic field, as explained by the Ampeére’s
law. On the other hand, such electrical currents as well as the induced magnetic fields can be
immediately disappeared because of the unstable opened-shell electronic states subject to the
external applied electric field. And at the same time, photon is emitted from an electron and this
is the origin of the electrical resistivity. This process can be continuously repeated while the
external applied electric field continues to be applied. That is, according to our theory, the
electrical current (i.e., moving charged particle) itself is not directly related to the creation of the
magnetic field. The induced magnetic field in the Ampére’s law is realized because the bosonic
electronic state tries not to change the electronic structure (pcanonicai= 0 and vem = 0) by inducing the
spin magnetic field Bj,guee- If @an electron is not in the bosonic state, the applied electric field
immediately penetrates into the specimen as soon as the electric field is applied, and any induced
magnetic momentum (the induced magnetic field) even in the normal metals, expected from the
Ampere’s law, would not be observed. This bosonic electron is closely related to the Higgs

boson.
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Figure 4: The electronic states between j =0 and j = 1 in from normal metal to vacuum

V1. The Role of the Stern-Gerlach Effects in Metals

A. Introduction

In both normal metallic and superconducting states, an electrical current can be induced
only when an external electric or magnetic field is applied, and to our knowledge, the possibility
of spontaneous currents without the application of an external electric or magnetic field has not
been thoroughly investigated. The electrical conductivity of many electrons in a solid has long
been discussed from the microscopic perspective. In conventional solid state physics, we cannot
expect spontaneous net charge transfer in any direction without the application of an external
electric or magnetic field; this understanding does not arise from the perspective of the intrinsic
features of an electron, but from the perspective of the statistics of many electrons in a solid.
However, we cannot explain why we do not observe spontaneous net charge transfer of a single

electron in any direction without an applied electric or magnetic field from a statistical
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perspective because we consider only one electron. That is, the driving force that suppresses the
spontaneous current of a single electron has not been elucidated. In this research, we investigate
the electrical conductivity of a single electron from a microscopic perspective. We demonstrate
why we do not usually observe spontaneous currents without an external applied magnetic or
electric field in view of the Stern—Gerlach effect, that is, in view of the interactions between the
spin magnetic momentum and the induced magnetic momentum resulting from the movement of
an electron. Furthermore, we show that the two-fluid model, which has been widely considered
in the solid state physics, is not necessarily realistic. We will consider the theory concerning the
Ampere’s law discussed in the previous sections.
B. Induced Ring Currents and Magnetic Fields
Let us consider a neutral alkali metal atom in which an electron occupies the ns atomic
orbital. If the ns valence electron goes around the atomic nucleus clockwise or counter-
clockwise, we can also consider that the nucleus relatively goes around the ns valence electron
clockwise or counter-clockwise, respectively. Ring currents ( lingns, x) arise from such relative
movements of the nucleus around the ns valence electron. The magnetic field (Bringns, x ) IS
induced by the relative motion of the nucleus around the ns valence electron.
C. Stabilization Energy as a Consequence of the Stern—Gerlach Effect
Because electrons have a spin magnetic moment (s,sx ), there should be an interaction
between the spin magnetic moment of an electron occupying the ns atomic orbital and the
magnetic field ( Bringns, x ) induced by the ring currents due to the relative motion of the nucleus
around the ns electron. This interaction removes some of the energy level degeneracies ( kps,
x.ground @Nd Kns, x excited ). Because the removal of degeneracies creates new, distinct energy levels,
the spectrum of the alkali metal atom should change accordingly. This change can be explained
by the Stern—Gerlach effect.
D. Electronic States as a Function of Temperature
Let us next examine the relationship between temperature and the electronic states of the
ns valence electrons in alkali metal atoms. The electronic states in the ns valence electrons in

alkali metal atoms at T (given in K) can be expressed by Konens x(T) =ax(T ) kns, x,ground
+ ak (T) kns, X, excited= 1- Pknsyx,emed (T) Kns X, ground  t+ Pkns,x,excited (T)kns, X excited ) where
Kns, X,ground = C+anVX¢ +Kns x V+c Kns x T —kKns x T and Kns, X excited = Cikne «1 +Kns x T C_k nsxt —Kns, x VooOf

No external electric or magnetic field is applied ( xexternat= 0 ), the ns valence electron is in one of
four electronic states ( +knsx ¥, —knsx T, +knsx T, and —knsx + ), and the two electronic states

in the ground and excited electronic states rapidly and evenly convert (c,, ,=c +=1/2;
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Cateyy 1 = Gk 4 = 1/ 2) @t relatively high temperatures.

The direction of the spin magnetic moment (spsx ) in the +kpsx T and —knsx 4 States
becomes opposite to that of the induced magnetic field ( Bringns, x ) applied to the ns valence
electron. In contrast, the direction of the spin magnetic moment (spsx ) in the +knsx + and —knsx
T states becomes the same as that of the induced magnetic field ( Brngns x ) applied to the ns
valence electron. Therefore, the +kpsx T and —knsx 4 States become unstable in energy relative
to the +knsx ¥ and —knsx T states. Therefore, the +knsx T and—kqsx + states are the excited
electronic states whereas the +knsx ¥ and —kqsx T states are the ground electronic states. The
energy curve for the excited electronic states at 298 K becomes parabolic. Therefore, the H 1s,

Li 2s, Na 3s, and K 4s valence electrons are in the excited electronic states

kns,x,exdted(z(Jrkns,xT + —Kns x ¥ )/2) (approximately 50 %) and in the ground electronic

states kns xgramg (= (+knsx & + —knsx T )/2) at 298 K. Additionally, at very low temperatures,

spontaneous symmetry breaking can occur, and the energy curve for the ground electronic states
at very low temperatures becomes Mexican hat-shaped.

E. Intrinsic Properties of a Single Electron at High Temperatures
When an ns valence electron in alkali metal atom X moves around the nucleus clockwise
at 298 K, the electronic state for the ns valence electron in the alkali metal atom X is in the
excited +knpsx T state and the ground +kns x 4 state. The magnetic fields ( Bringns, x ) induced by
the ring currents caused by the relative motion of the nucleus around the H 1s, Li 2s, Na 3s,
and K 4s valence electron are moderate or strong (in the order of 0.1~1 T). The direction of the
spin magnetic moment ( sps x ) in the +kysx T States (up) becomes opposite to the direction of the
induced magnetic field ( Bringns, x ) applied to the ns valence electron (down). Therefore, it is
reasonable to consider that the excited +k,sx T state with spin up changes to the excited —kns x ¥
state with spin down. That is, once the ns valence electron starts to move clockwise, a strong
magnetic field is induced and causes the excited electronic states with clockwise movement to
become unstable, and thus, the ns valence electron starts to move counter-clockwise. In a similar
way, conversion from counter-clockwise movement to clockwise movement can occur. For this

reason, spontaneous currents do not usually exist at room temperature.
Therefore, the spin magnetic moment (sysx ) in an electron, or more specifically, the
Stern-Gerlach effect, is the primary reason that the spontaneous current is suppressed at room
temperature. Note that we cannot explain this phenomenon from a statistical perspective but
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from the perspective of the intrinsic features (the spin magnetic moment) of an electron. If
electrons did not have a spin magnetic moment (s, x ), Spontaneous currents would occur even at
high temperatures.

On the other hand, it should be also noted that electrons are waves as well as particles.
Therefore, we may consider the bosonic resonance effects between the fermionic +k,sx T and -
knsx ¥ states. That is, we must consider that the +kns x T and —kns x T states occur at the same time
as a wave. In such a case, the moderate and strong magnetic fields and ring currents, and
photoemission from an accelerated electron cannot be observed even during very short time.
That is, the electronic states for an electron is composed of each fermionic electronic states, on
the other hand, the two electronic states are resonance states formed by these fermionic
electronic states. Therefore, even an electron can be considered to behave as a bosonic particle
with zero canonical momentum (pcanonica= 0) at the ground states. This is the reason why an
electron occupying the ns orbital are in the stable ground state, and does not approach the
nucleus with photon emission. If an electron occupying the ns orbital were fermionic, this
electron would approach the nucleus with photon emission when conversion between the +knsx T

and —kns x ¥ States occurs.
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Figure 5: The Stern-Gerlach effect

F. Summary

In this section, we looked into the electrical conductivity of one electron from the
microscopic point of view. That is, we investigated the reason why we do not usually observe the
spontaneous currents without any external applied electric or magnetic field. In particular, as
simple examples, we look into the one-ns valence electronic states in alkali metal atoms such as
H, Li, Na, and K atoms, in which we do not have to consider the vibronic interactions.

The direction of the spin magnetic momet (4ns,x) in the +knsx T and —knsx + states
becomes opposite with respect to that of the induced magnetic field ( Bringns, x ) @pplying to the ns
valence electron. The excited +knsx T state with up spin is changed to the excited —kns x  State
with down spin. That is, once the ns valence electron starts to move clockwise, §trong magnetic
field, by which the excited electronic states of clockwise movement become unstable, is induced,

and thus the ns valence electron starts to move counter- clockwise. Similar discussions can be
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made in the conversion from the excited —knpsx + state to the +knsx T State. The spin
magnetic moment (s,sx ) in an electron is the main reason why the spontaneous current is
suppressed at room temperatures. That is, the Stern—Gerlach effect is the main reason why the
spontaneous currents usually do not exist at room temperatures.

Most of H 1s, Li 2s, Na 3s, and K 4s valence electrons are in the ground states at the

temperatures of the order of 10~1 K. The electronic state for the ns valence electron in alkali
metal atom X is mainly in the ground state, and is only rarely in the excited state at the low
temperature regime. At very low temperatures, spontaneous symmetry breaking can occur,

spontaneous current can occur.
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