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Dirac quantization condition with the superconducting state

he

The author argues that the Dirac quantization condition up = 55 might
imply the existence of an undiscovered electromagnetic structure which
governs the quantization of the electric charge and the quantization of the
magnetic flux in the superconducting state. An experimental set-up which
can provide a strong evidence by predicting the discnmination between
the magnetic flux generated by the positive and negative electric charge in
the superconducting state is also proposed.

Although Dirac had brilliantly elucidated #he quantization condition between
the magnetic and the electric charge decades ago [1], the magnetic monopole
is still wanted, and ongoing efforts arc invested in [2]):Based on Dirac’s
argument [1], the magnetic monopole uo was assigned to be the source of the
magnetic field obeying inverse-square law analogous to the role of the electric
charge q in the electric field. It is obvious to notice that the vector potential
needed to describe the magnetic field of uo can not do without a singularity [3].
In order to better solve this problem, Wu and Yang proposed a pair of vector
potentials with the singularities lying along the -Z axis and the +Z axis

respectively [3):

9] Un(!::‘:;g) (0 S 9 O €, B 0)7 (1)
AR = —uell¥es®) (o -9 < q), L

happens SIgruﬁes a gauge transformation leading to the Dirac quantization

condition [3]:

up = 2 (e =%1.602x107"? coulomb, so in this article I define +uq = e
o = 35), (3)
This well chosen gauge transformation inspired me to consider the situation

stated by Dirac [1] where the magnetic monopoles of opposite sign bound so

strongly that we had not observed any separated ones. Namely, the magnetic

fields exerted just mutually neutralize, making them become invisible. In terms

of the vector potential, we can write down two pairs of vector potentials for

this kind ofsitualion:

LA = (4)
AQ = ﬂ"" (e<@<m—-¢g), (5)

rsind

B=V xA{) = VxA{) = 0 (e < 6 < n —¢), thus they are classically invisible.

SAP o dl = L, (6)

which renders +2x to the associated Aharonov-Bohm phase of point charges

(4], making them quantum mechanically invisible as well. The gauge

lransformation between them leads to the Dirac quantization condition.

2.A == rsmﬂ (e<@<m—¢), (7)
AYi= — (e<@<n—s) (8)

which are constructed from the symmetrical consideration : A§" is contributed

by + 110, while A® is contributed by - ug. B =V x AN =V x AP =0

(e < 8 < m — ¢), thus they are classically invisible.

§48 < dl = < )

and

§A§f’-a’;’= .E’IL (10)
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which render £27 to the associated Aharonov-Bohm phase of electron pairs

(@ =2e7) 1 wie superconducting state. making them quantum mechanicaily
invisible in the superconducting state. The gauge transformation between them
also leads to the Dirac quantization condition.

In other words, in an arca where no magnetic monopole exists, these two
pairs of vector potentials still can reasonably exist except for the singularities.
Would they have any physical significance? So long as we have realized that
the Dirac quantization condition can be derived from the gauge transformation
represented by each of these two pairs of vector potentials, reversely,
if the Dirac quantization condition is held, we can get the Aharonov-Bohm

phase factor /[3]: :
+2ugf = 1 = f= < (for the poml charges), (11)
tugf=1 - f= & 2" (for the superconductmg state), = {U2)

Therefore, 1 assume that +2uo(+ug) just represents the existence of one
hidden electromagnetic structure we have not discovered yet, it governs the
quantization of the electric charge (the quantazanon of the magnetic flux in the
superconducting state). The singularities in the vector potentials simply
represent the need of one unknown electromagnetic coordinate transformation
from the unknown electromagnetic structure represented by +2uq(4ug) to the
one with quantized electric charges which we are familiar with.

Here I will not discuss the unknown electromagnetic coordinate
transformation, but I will discuss if the unknown electromagnetic structure
represented by +2uq(tug) truly governs the quantization of the electric

charge (the quantization of the magnetic flux in the superconducting state),
1. I'he quantization of the electric charge : According to my assumption, the

electromagnetic energy goes through the unknown electromagnetic structure
represented by +2u to the quantized electric charge e* = +1.602x107'7
coulomb revealed by (11) and (6).

So the famous number 1/137 may be interpretated as follows:
i2uo=i'—f - +2uo /137 =e* [1], (13)
which may represent the ratio for the electromagnetic energy quantized to the
electric charge e* to that still stays in the electromagnetic structure represented
by +2up, exactly as the coupling constant for the electromagnetic energy to
an electron (positron), probably being a new interpretation of the famous
number 1/137.

2. The quantization of the magnetic flux in the superconducting state:
According to my assumption, the electromagnetic energy goes through the
unknown electromagnetic structure represented by +ug to the quantized
magnetic flux @ = i = +2.067 x 10~ weber revealed by (12) , (9)
and (10).

From the present knowledge of superconductivity, the magnetic flux in the
superconducting state is quantized to +®g, which had already been verified in
experiments [5]. By conventional wisdom, the + sign of the magnetic flux
merely indicates the incoming or outgoing of the magnetic flux. But in my
interpretation, since the + sign of +2iy discriminates the positive from the
negative sign of the electric charge, the + sign of +uq should discriminate the
positive from the negative sign of ®g, namely +®; generated by the positive
electric charge from -®g generated by the negative electric charge. In other
words, the magnetic flux generated by the positive (negative) electric charge
goes through the unknown electromagnetic structure represented by +uq
(-up) to the quantized magnetic flux +®q (-®g). According to eq.(12), the



Aharonov-Bohm phase factor for +ug (—ug) 1S %f‘: —?1,1"7'), hence we have
achieved an important conclusion : the Aharonov-Bohm phase factor in the
superconducting state for the magnetic flux generated by the positive
(negative) electric charge is 2 {3;— ), namely, for the associated
Aharonov-Bohm phase y of electron pairs in the superconducting state,

Y =7Yo+ ;f,fc IA « dl (for the vector potential generated by the negative

electric charge) , (14)
Yy =7vo+ 2,,;' IA « dl (for the vector potential generated by the positive
electric charge), (15)

this could be judged by the experiment.

The experiment could be done by utilizing the dc Josephson effect [6]:
I=Ipsiny, 5 (16)
by conventional wisdom, y = yo + %r— _[TA « dl either for the vector potential

generated by the negative or positive electric charge, but in my interpretation,
the Aharonov-Bohm phase shift should be opposite in sign according to (14)
and (15). By intergrating eq.(16), we could get the Josephson junction diffraction

equation for a single Josephson junction [7]:
I =t “( sin{mﬁfﬁ)ul
max. — {c¢ =0/ E

which is plotted as ﬁgu}ci (7]

- (17)

Imax/1c

Y

e

figurel

Therefore, if we set up a single Josephson junction under the static magnetic
flux generated by the positive charge to arrive at, say point A in figurel, then
we add completely the same static magnetic flux generated by the negative
charge onto 1t, we will arrive at point B by conventional wisdom, but according
to my Interpretation, we should arrive at point C.

[f the above experiment could be verified, we could attain a strong evidence
that there truly exists an electromagnetic structure represented by +2uq (1)
which governs the quantization of the electric charge (the quantization of the
magnetic flux in the superconducting state). We might understand more about
the number 1/137 and the transition between the normal state and the
superconducting state (+2up «— +ug) if we go deep into the study of this structure.
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Table 1

Effects of breathing rate on mean value of Cn.

Breathing rate

3s/cycle 4s/cycle 6s/cycle 10s/cycle

(n=14) (n=14) (n=14) (n=14)
C1 1.02+0.06 1+0.04 1+0.03 0.99+0.03
C211 1.06+0.1%* 140.15 0.93+0.11*%*%  0.9+0.13**
C4 1.03£0.12 1.02+0.09 0.99+0.13 0.94+0.15
Cs 0.9+0.26* 1.01+0.19 1.04+0.22 0.97+0.27
C6 0.84+0.32%* 1.02+0.35 1.1+0.41 1.04+0.47
C7 0.92+0.47* 1.114+0.57 1.2+0.67 1.15+0.85
C8 0.96+0.4 1.12+0.61 1.24+0.66 1.17+0.82
C3 0.89+0.17** 0.96+0.13 0.96+0.16 0.92+0.17*
C9 0.93+0.29 1.06+0.38 1.19+0.49 1.09+0.52

Cn: harmonic proportion of the nth harmonic.

* p<0.1,** p<0.05 compared with spontaneous breath, under T-test.

T p<0.05 1 p<0.005 under ANOVA among four breathing rates.

Table 2
Effects of breathing rate on A Cn



Breathing rate

3s/cycle 4s/cycle 6s/cycle 10s/cycle
(n=14) (n=14) (n=14) (n=14)
A C1 1.25+0.54 1.23+0.56 1.82+0.49 1.13+0.44
AC2 1.06+0.46 1.16+0.57 1.35+0.52 1.05+0.5
AC3 0.91+0.41* 0.95+0.55 1.08+0.6 1.33+0.62
AC4 1+0.43 1.124+0.58 1.53+0.78 1.56+0.81**
AC5 0.94+0.32 0.96+0.5 0.81+0.82 1.19+0.8

AC6 f 0.74+0.43** 1.03+0.56 0.7+0.72 1.45+0.89
ACT 0.76+0.34** 0.96+0.38 1.28+0.72 1.33+0.76
AC8 0.94+0.45 0.91+0.37 0.74+0.51 1.18+0.6
AC9 0.93+0.36 1.03+0.35 1.04+0.4 1.18+0.49

A Cn: difference between the biggest and the smallest Cn
* p<0.1,** p<0.05 compared with spontaneous breath, under T-test.

T p<0.05 1 p<0.005 under ANOVA among four breathing rates.

Table 3

Effects of breathing rate on mean value of Pn.
Breathing rate

3s/cycle 4s/cycle 6s/cycle 10s/cycle
Unit: radian (n=14) (n=14) (n=14) (n=14)
P1 0.01+0.08 0+0.07 -0.04+0.07*  -0.07+0.11**
P2 -0.15£0.22%*  -0.03+0.16 -0.01£0.18 -0.07+0.2
P3 -0.15£0.19%*  -0.03+0.23 0.03+0.22 -0.02+0.23
P4 -0.14£0.25*%*  0.01£0.16 0.06+0.16 0.03+0.19
P5t -0.27+£0.27*%*  -0.04+0.36 0.05+0.37 0.03+0.3
P6 -0.12+0.23* 0.02+0.33 0.08+0.34 0.08+0.29
P7 -0.08+0.23 0.03+0.31 0.1140.29 0.11+0.26
P8 -0.02+0.36 0.04+0.28 0.13+0.29 0.13+0.2%*
P9 -0.1+0.44 -0.04+0.41 0.08+0.38 0.1+0.26

Pn: harmonic phase angle shift of the nth harmonic
* p<0.1,** p<0.05 compared with spontaneous breath, under T-test.

T p<0.05 1 p<0.005 under ANOVA among four breathing rates.

Table 4
Effects of breathing rate on A Pn



Breathing rate

3s/cycle 4s/cycle 6s/cycle 10s/cycle

(n=14) (n=14) (n=14) (n=14)
AP1 1.1+0.46 1.17+0.85 1.2+0.85 1.44+1.01
AP2 0.93+0.32 1.02+0.62 1.224+0.99 1.4+0.7

AP3 1 0.87+0.3* 1.13+£0.41 1.22+0.46  1.49+0.53**

AP4 1.06+0.37 0.98+0.24 1.03+0.36 1.15+0.44
AP5 1 0.83+0.25%* 1+0.23 1.12+0.38 1.34+0.45*
AP6 0.87+0.28** 1+0.31 1.06+0.52 1.2940.52*
APT 1.11£0.56 1.01+0.49 1.03+0.46 1.42+1.16
AP8 1.03+0.42 1+0.49 0.99+0.47 1.51+1.71
AP9 1.13£0.68 1.13+0.7 0.93+0.56 1.61£2.27

APn: difference between the biggest and the smallest Pn
* p<0.1,** p<0.05 compared with spontaneous breath, under T-test.

T p<0.05 7t p<0.005 under ANOVA among four breathing rates.
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Table 1

Effects of breathing rate on mean value of Cn.

Breathing rate

3s/cycle 4s/cycle 6s/cycle 10s/cycle

(n=14) (n=14) (n=14) (n=14)
C1 1.02+0.06 1+0.04 1+0.03 0.99+0.03
C211 1.06+0.1%* 140.15 0.93+0.11*%*%  0.9+0.13**
C4 1.03£0.12 1.02+0.09 0.99+0.13 0.94+0.15
Cs 0.9+0.26* 1.01+0.19 1.04+0.22 0.97+0.27
C6 0.84+0.32%* 1.02+0.35 1.1+0.41 1.04+0.47
C7 0.92+0.47* 1.114+0.57 1.2+0.67 1.15+0.85
C8 0.96+0.4 1.12+0.61 1.24+0.66 1.17+0.82
C3 0.89+0.17** 0.96+0.13 0.96+0.16 0.92+0.17*
C9 0.93+0.29 1.06+0.38 1.19+0.49 1.09+0.52

Cn: harmonic proportion of the nth harmonic.
* p<0.1,** p<0.05 compared with spontaneous breath, under T-test.

T p<0.05 1 p<0.005 under ANOVA among four breathing rates.

Table 2
Effects of breathing rate on A Cn

Breathing rate

3s/cycle 4s/cycle 6s/cycle 10s/cycle
(n=14) (n=14) (n=14) (n=14)
A C1 1.25+0.54 1.23+0.56 1.82+0.49 1.13+0.44
AC2 1.06+0.46 1.16+0.57 1.35+0.52 1.05+0.5
AC3 0.91+0.41* 0.95+0.55 1.08+0.6 1.33+0.62
AC4 1+0.43 1.124+0.58 1.53+0.78 1.56+0.81%*
ACS 0.94+0.32 0.96+0.5 0.81+0.82 1.19+0.8

AC6 T 0.74+0.43** 1.03+0.56 0.7+0.72 1.45+0.89
ACT 0.76+0.34** 0.96+0.38 1.28+0.72 1.33+0.76
ACS8 0.94+0.45 0.91+0.37 0.74+0.51 1.1840.6
AC9 0.93+0.36 1.03+0.35 1.04+0.4 1.18+0.49

A Cn: difference between the biggest and the smallest Cn
* p<0.1,** p<0.05 compared with spontaneous breath, under T-test.

T p<0.05 1 p<0.005 under ANOVA among four breathing rates.



Table 3

Effects of breathing rate on mean value of Pn.

Breathing rate

3s/cycle 4s/cycle 6s/cycle 10s/cycle
Unit: radian (n=14) (n=14) (n=14) (n=14)
P1 0.01+0.08 0+0.07 -0.04+0.07*  -0.07+0.11**
P2 -0.15£0.22%*  -0.03+0.16 -0.01£0.18 -0.07+0.2
P3 -0.15£0.19%*  -0.03+0.23 0.03+0.22 -0.02+0.23
P4 -0.14£0.25*%*  0.01£0.16 0.06+0.16 0.03+0.19
P5 -0.27+£0.27*%*  -0.04+0.36 0.05+0.37 0.03+0.3
P6 -0.12+0.23* 0.02+0.33 0.08+0.34 0.08+0.29
P7 -0.08+0.23 0.03+0.31 0.1140.29 0.11+0.26
P8 -0.02+0.36 0.04+0.28 0.13+0.29 0.13+0.2%*
P9 -0.1+0.44 -0.04+0.41 0.08+0.38 0.1+0.26

Pn: harmonic phase angle shift of the nth harmonic
* p<0.1,** p<0.05 compared with spontaneous breath, under T-test.

T p<0.05 § p<0.005 under ANOVA among four breathing rates.

Table 4
Effects of breathing rate on APn

Breathing rate

3s/cycle 4s/cycle 6s/cycle 10s/cycle

(n=14) (n=14) (n=14) (n=14)
AP1 1.1+0.46 1.17+£0.85 1.2+0.85 1.44+1.01
AP2 0.93+0.32 1.02+0.62 1.22+0.99 1.4+0.7

AP3 1 0.87+0.3* 1.13+£0.41 1.22+0.46  1.49+0.53**

AP4 1.06+0.37 0.98+0.24 1.03+0.36 1.15+0.44
AP5 1 0.83+0.25%* 1+0.23 1.12+0.38 1.34+0.45*
AP6 0.87+0.28** 1+0.31 1.06+0.52 1.2940.52*
APT 1.11+£0.56 1.01+0.49 1.03+0.46 1.42+1.16
AP8 1.03+0.42 1+0.49 0.99+0.47 1.51+1.71
AP9 1.13£0.68 1.13+0.7 0.93+0.56 1.61£2.27

APn: difference between the biggest and the smallest Pn
* p<0.1,** p<0.05 compared with spontaneous breath, under T-test.

T p<0.05 § p<0.005 under ANOVA among four breathing rates.
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