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Abstract

In 1948, F. London calculated the quantum of magnetic flux from an electric current created
by a single electron. The key condition for the calculation was ascribing a quantum of kinetic
momentum 7 to the electron. In 1956, L. Cooper described two-particle systems of correlated
electrons (Cooper pairs) arising in conductors as a result of electron-phonon interaction.
Assigning a quantum of kinetic momentum 7 to a two-particle system leads to a twofold
decrease in the calculated value of the magnetic flux quantum. In 1961, B.S. Deaver and
W.M. Fairbank and independently R. Doll and M. Nebauer measured the quantum of magnetic
flux. The result turned out to be half as much as F. London’s quantum. Since then, it has
been believed that the quantum of magnetic flux is created exclusively by Cooper pairs and
that it is half as much as F. London’s quantum. The aim of the study is to rethink the above
circumstances. The geometric shape of an electron is unknown. However, it is believed that it
is neither a ball nor a sphere. This follows from the formula of its classical radius. The complete
uncertainty of the electron's shape allows its spin to be consistently represented as an angular
momentum generated by a material point with the mass of an electron, rotating along a circle
of an indefinite radius (arbitrarily small, and its value is of no importance). This approach
may have shortcomings, but it also has a significant advantage in the form of the possibility of
using a ready formula for the magnetic flux created by the “current” of one electron. In reality,
there is the quantum of F. London, the quantum of magnetic flux caused by the electron spin,
and their superposition (quasi-quantum).
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AHHOTAIUSA

B 1948 1. ®. JloHAOH BBIYHCIMJI KBAaHT MAarHUTHOTO TOTOKa OT OJJIEKTPHUYECKOTO TOKa,
CO3/IaHHOTO OJHHMM 3JIEKTPOHOM. KiIi04ueBbIM yCIIOBHEM BBIYMCICHHS SIBUJIOCH MPUITHCHIBAHHE
9JIEKTPOHY KBaHTa KHMHETHYeckoro mMomeHTa /. B 1956 1. JI. Kymep ommcan aByX4acTHYHBIE
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CHCTEMBI KOPPEIHPOBAHHBIX 3JEKTPOHOB (KYIIEPOBCKHE Maphl), BOZHUKAIOIIHE B MPOBOJHUKAX
BCJIC/ICTBUE JJIEKTPOH-(OHOHHOTO B3auMoyeiicTBus. [IpunuceiBaHne ABYXYaCTHYHOW CHCTEME
KBaHTa KHHETHYECKOIO MOMEHTa /i TNPHUBOAMT K YMEHBIICHHIO BBIYHCIISIEMOrO 3HAYCHUS
KBaHTa MarHUTHOTO moToka BaBoe. B 1961 r. b. C. lusep u Y. M. ®3p03HK U HE3aBHCHUMO
P. Jlonnm m M. Hebaysp m3aMepwiu KBaHT MarHUTHOrO IOTOKa. Pe3ynbrar okasalcs BIBOE
menbie kBaHTa @. Jlonnona. C Tex mop cuuTaercs, 4YTO KBAaHT MAarHUTHOTO MOTOKA CO3aeTCs
UCKJIFOUMTEJIBHO KYIEPOBCKMMU IIapaMu M 4TO OH BABOe MeHbule kBaHTa @. Jlonpona. Llens
HCCIICIOBAaHUS 3aKJIIOUAETCS B MEPEOCMBICICHUM YKa3aHHBIX 00CTOSATENIBCTB. I eoMeTpuueckast
¢dopma snexTpoHa HeusBecTHa. OIHAKO CYMTAETCS, UTO TO HE IIap U He cdepa. DTO cienyer
U3 (GOpMyINbl ero Kiaccuueckoro panmyca. [loiHas HeompeaeneHHOCTh (OpMBI BJIEKTPOHA
MI03BOJISIET HEMPOTHBOPEYHBO MPEJICTABUTD €T0 CIIMH B BUI€ MOMEHTA UMITYJIbCa, 00pa30BaHHOI'O
MaTepHaIbHOM TOYKON C Maccoi 3MeKTpoHa, oOpaniaroiecs mo OKpy>KHOCTH HEOMPEACIEHHOTO
paguyca (CKOJIb yrOAHO Majioro, NMPUYEM €ro BeIWYHHAa 3HAYEeHUsS He HUMeeT). DTOT MOIXOJ
MOXET UMETh HEJOCTaTKH, HO OH MMEET M CYLIECTBEHHOE JIOCTOMHCTBO B BHJI€ BO3MOKHOCTH
UCIIOJIb30BAaTh TOTOBYIO (DOPMYINY JJIss MAarHUTHOTO TOTOKA, CO3JaHHOTO «TOKOM» OJIHOI'O
aMeKTpoHa. B aelicTBUTENbHOCTH CylIeCTBYIOT KBaHT @. JIoHI0HA, KBAaHT MAarHUTHOTO TOTOKAa,
00YCIIOBJICHHBIH CIIMTHOM DJIEKTPOHA, ¥ UX CYTNEPIo3HuLus (KBa3UKBAHT).

KuroueBble cioBa: 37I€KTPOH, KyNEpOBCKas Mapa, KBAaHT KHHETHYECKOTO MOMEHTAa, KBaHT
MarHuTHOrO TMOTOKa, KkBaHT @. JloHIOHAa, CHWH, CYNEPHO3ULUs, KBAa3HKBAHT, (OHOH,
(beppomMarueTuk

dunancupoBanue. Vccnenopanue He UMeI0 GUHAHCOBOM MOIACPKKU

Jas mutupoBanusi: [Tornos Y. I1. KBaHT MarHMTHOTO 1TOTOKA, 00YCIOBICHHBIN CITHHOM 3JICKTPOHA.
Vestnik of NEFU. 2025, Vol. 22, No. 3. Pp. 48-54. DOI: 10.25587/2222-5404-2025-22-3-48-54

Introduction

In 1948, F. London calculated the quantum of magnetic flux from an electric
current created by one electron. The key condition for the calculation was to assign a
quantum of kinetic momentum 7 to the electron.

In 1956, L. Cooper described two-particle systems of correlated electrons (Cooper
pairs [1-3]) arising in conductors due to electron-phonon interaction [4-6]. Assigning
a quantum of kinetic momentum /% to a two-particle system leads to a halving of the
calculated value of the magnetic flux quantum.

Neither F. London nor L. Cooper took into account magnetic fluxes caused by electron
spins in their calculations.

In 1961, B.S. Deaver and W.M. Fairbank and independently R. Doll and M. Nebauer
measured the quantum of magnetic flux [7, 8]. The result was half that of F. London.

Since then, it has been believed that the quantum of magnetic flux is created exclusively
by Cooper pairs [9] and that it is half the quantum of F. London.

The purpose of the study is to establish the spin magnetic flux of an electron.

The relevance of the work is determined by the fact that the spin magnetic flux of an
electron, being the basis of the intrinsic magnetic field of ferromagnets, has not yet been
established. The problem here is that the generally accepted concept of electron spin does
not allow it to be calculated. Therefore, it becomes necessary to make additional temporary
(working) assumptions.

Materials and methods

The geometric shape of the electron is unknown. However, it is believed that it is
not a ball or a sphere. This follows from the formula for its classical radius
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Here |, is the magnetic constant, e is the electron charge, and 1, is the electron mass.
In the case of a sphere, the formula would look like

r :é—uoez )
54mm,

In the case of a sphere, the formula would look like

1 2
p =L hee
2 4mm,

The complete uncertainty of the electron's shape allows us to consistently
represent its spin as an angular momentum generated by a material point with the
mass of an electron, rotating in a circle of an indefinite radius (arbitrarily small, and
its value is of no importance; the proposed assumption is not considered as competing
with the known descriptions of the electron spin, for example, in the works of Belinfante
or [10]). This approach may have shortcomings, but it also has a significant advantage
in the form of the possibility of using a ready-made formula for the magnetic flux created
by the "current" of one electron, obtained in [11] according to the scheme

=12
2

Finally

2nR
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e

Here E is the energy, / is the electron current, 7 is the electron rotation period,
R is the radius of the laboratory tube (in the experiments of B.S. Deaver, W.M. Fairbank,
R. Doll and M. Nebauer), v is the linear velocity of a single electron, p is the momentum
of a single electron.

Results and Discussion

First derivation of the formula for the quantum of magnetic flux caused by the electron spin
The electron spin is [12, p. 224; 13, p. 252]
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Taking into account (1), the quantum of magnetic flux caused by the electron spin is
equal to
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Note 1. The classical radius (7,) is not used in the calculations of the article and
therefore does not affect the results. It is mentioned solely to illustrate the uncertainty
of the electron shape.

Note 2. There is no need to choose R for formula (1). The radius is not included in
the resulting formula (3) for the spin quantum of magnetic flux (“dissolved” in the spin).
Therefore, its value is of no importance. At least, it can be assumed that it is large enough
to prevent the development of excessive energy.

Experimental verification of the spin quantum of magnetic flux

The circular current in a laboratory tube formed by one electron creates a magnetic flux

_2mh_h
e e.

This is the formula of F. London [14].
The electron spin can have only two projections on the direction of the magnetic field
of the flow (4), namely

@, “@

L
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Due to the law of conservation of angular momentum, the spin is opposite to the orbital
angular momentum. Therefore

h

esB 2 :

Therefore, the magnetic flux due to the electron spin is subtracted from the flux (4)
(its projection).

Thus, in 1961, B.S. Deaver, W.M. Fairbank, R. Doll and M. Nebauer measured the
orbital quantum of the magnetic flux of ONE electron minus the projection of the spin
quantum of the magnetic flux (through the end surfaces of their laboratory tubes

h h h
———=r )
e 2e 2e
This is a quasi-quantum, not a quantum from a Cooper pair.
h
O = 6
0 e (6)

The coincidence of the measured value (5) with (6) is completely random.
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However, this coincidence is a reliable experimental verification of formulas (1), (3)—(5)
and the accepted assumption about the electron spin.

Second derivation of the formula for the quantum of magnetic flux caused by the
electron spin

Both the quantum of magnetic flux of F. London (4) and the quantum from the Cooper
pair (6) can be represented in the form

)
q q
Finally
D, :2—nLq,
q

where ¢ is the charge, L, is the quantum of kinetic momentum.
Substituting the charge of the electron and its kinetic momentum (spin) (2) into this
formula directly yields

O3 :2—nLq :2—n£h
q e 2

Finally

N3k
es 2 e'

Coincides with (3), which is also a reliable verification of formulas (1), (3)—(5) and the
accepted assumption about the electron spin.

Conclusion

In [15-17] it is shown in detail that attributing a quantum of kinetic momentum 7 to a
Cooper pair of electrons is unacceptable. Therefore, the related formula for the quantum
of magnetic flux from a Cooper pair (6) is equally unacceptable [18].

In reality, there is a quantum of F. London (4), a quantum of magnetic flux (3) due
to the electron spin, and their superposition (5) (quasi-quantum).

It (quasi-quantum) was measured in 1961.

The main result of the work, which constitutes scientific novelty: the spin magnetic
flux of an electron is

It is the basis of the intrinsic magnetic field of ferromagnets.

At the same time, the assumptions about the electron spin adopted in the work
did not affect the final result and therefore can be considered temporary (working) and
not opposed to the generally accepted concept of spin.

The practical significance of the work is determined by the following. It is known that
magnetic flux quantization manifests itself on a macroscopic scale. . In the experiments
of B.S. Deaver, W.M. Fairbank, R. Doll and M. Nebauer, the magnetic field strength
turned out to be weaker than the Earth's magnetic field strength by only five times. This
creates good prospects for creating a new generation of computers using spin magnetic
fluxes of electrons.
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