
A. V. Kozlov, E. A. Nemchenko. On the semi-classical origin of the electron anomalous magnetic moment

UDC 530.1; 539.1
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For modern theoretical physics there is tendency to review methods of describing quantum-mechanical systems in terms of
relationship with classical analogues. We attempted to calculate the anomalous magnetic moment from a semiclassical view
(with consideration for Zitterbewegung) on the basis of electromagnetic �elds generated by the electron in the immediate
vicinity of the charge point. Derived value of anomalous magnetic moment is in full agreement with the Schwinger's
calculations.
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1 Introduction

In 1941 W. Pauli [1] showed that it's possible to
add a relative invariant an additional to Bohr magne-
ton µ0 = e~/2m0c magnetic moment part µa describ-
ing interaction with external electromagnetic �eld. At
�rst it seemed to be purely abstract theoretical con-
struct. In 1947 G. Breit [2], analyzing experimental
data for measuring the hyper�ne structure of the hy-
drogen atom spectrum, suggested that the magnetic
moment of the electron has the intrinsic anomalous
part:

µ = µ0 + µa.

The �rst theoretical calculations of the anomalous
magnetic moment of the electron were provided by J.
Schwinger [3] in 1948. These calculations were excel-
lent application of the developing quantum electrody-
namics. The result obtained by Schwinger:

µa = µ0(1 +
α

2π
),

where α = e2/~c � �ne structure constant, which was
in good agreement with experiment [4]. Further cal-
culations and measurements, which took into account
higher approximations of the �ne structure constant
[5], depending on the presence of a strong external
�elds and the number of electron energy level [6] re-
sulted only with a re�nement of the obtained expres-
sions for the Schwinger's anomalous magnetic moment
(see review works [7, 8] and others).

The discovery of the anomalous magnetic moment
was a milestone in the construction of modern quan-
tum �eld theory. Attempts of better visibility of the
semi-classical presentation goes back to the Welton and
Koba works [9,10] (see also [8]). Of course, the Welton-
Koba method still represents only a qualitative interest
for the interpretation of the anomalous magnetic mo-
ment. And it can not claim to be serious quantitative
results.

In our work to obtain the theoretical value of the
anomalous magnetic moment used exact methods of
purely relativistic classical electrodynamics [11]. Only
at the last stage of calculations the electron's self-�eld
is determined by semi-classically introducing Compton
wavelength. This allows to de�ne more precisely the
e�ective electromagnetic mass of an electron, and with
it the anomalous magnetic moment. But the classical
goal is not important in itself. The quantum mechani-
cal picture when expressed in terms of invariance prin-
ciples will show the relationship between the classical
variables. This is our main motivation for the classi-
cal analysis of spinning particles: to �nally obtain a
thorough quantum scheme [12].

2 Electomagnetic self-action of an electron in
classical electrodynamics

In the classical �eld theory interaction of a charged
particle with an external and its own electromagnetic
�eld can be formulated using a di�erential conservation
law of momentum density [13]:

DνPµνe +DνPµνext+DνP̄µν +Dν
˜̄Pµν +DνP̃µν = 0, (1)

here

Pµνe = M0

∫
vµ(τ)vν(τ)δ(Rρ − rρe(τ))dτ

� momentum density tensor of particle with e�ective
mass M0,

Pµνext = − 1

4πc
(HµρH ν

ρ +
1

4
gµνHαβH

αβ)

� momentum density tensor of external �eld with stress
Hµν
ext. The last three members in the eq. 1 take into ac-

count the �eld produced by the charged particle. It is
composed of the convective �eld H̃ ∼ 1

r̃2 and the radi-
ation �eld H̄ ∼ 1

r̃ . Therefore, the momentum density
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tensor of the self-�eld of the charge consists of three
parts

Pµνself = P̄µν + ˜̄Pµν + P̃µν ,

where

P̄µν =
1

4π

e2c3

(r̃ρvρ)4
(
1

2
gµν − r̃µvν + r̃νvµ

r̃ρvρ
− c2 r̃µr̃ν

(r̃ρvρ)2
)

∼ 1

r̃4

� corresponds to the convective �eld,

P̃µν = − 1

4πc

e2

(r̃ρvρ)2
(c2

(r̃ρw
ρ)2

(r̃ρvρ)4
− wρw

ρ

(r̃ρvρ)2
)r̃µr̃ν ∼ 1

r̃2

� describes radiation �eld,

˜̄Pµν = − 1

4π

e2c2

(r̃ρvρ)3
(
r̃µwν − r̃νwµ

r̃ρvρ
− r̃µvν + r̃νvµ

(r̃ρvρ)2
r̃ρw

ρ

−2c2r̃µr̃ν r̃ρw
ρ

(r̃ρcρ)3
) ∼ 1

r̃3

� corresponds to part of mutual interference. In Pµνself
�eld are de�ned in the retarded time and therefore for

them D̃µ = ∂̃µ + r̃µ

r̃ρvρ
d
dτ . To obtain the equations of

motion of a charged particle the eq. 1 should be inte-
grated throughout the four-dimensional space around
the world line of the segment of length cdτ . In the �rst
two members integration is carried out using a four-δ-
function and a second pair of Maxwell equations in the
second term. The result of these procedure is the usual
Lorentz force. The remaining three members are inte-
grated with the theorem of Gauss-Ostrogradsky in the
volume enclosed between the two light cones and the
time-like hyper band (see �g. ). It is called Bha-bha
tube with elements of the hypersurface:

dσ = ε2((1 +
ε

c2
wρe

ρ)eν +
ε

c3
wρe

ρvν)dΩcdτ,

where dΩ - element of solid angle in the rest frame of
the particle, eν � Rorlich's vector and

eνe
ν = 1, eν = −c r̃ν

r̃ρvρ
− 1

c
vν , vνe

ν = 0.

Invariant quantity ε = r̃ρe
ρ plays the role of a spherical

radius.

Figure 1: Bha-Bha tube.

As a result of integration over the four-dimensional
volume, taking into account the delay of the radiation
we get

M0w
µ(τ) =

e

c
Hµν
extvν(τ)− 2e2

3c5
(wαw

αvµ+
3c3

4ε
wµ)τ∗→τ .

The last term on the right side in the radiation friction
force is a divergent expression, since ε = c(τ∗− τ)→ 0
then, to be excluded from the de�nition of force, let
taking into account the delay of the radiation

wµ(τ∗) = wµ(τ)− κẇµ(τ)∆τ,

where κ � constant factor, which can be determined
from the condition of the space-like radiation friction

force. Putting κ = 4/3, we obtain

(M0+
e2

2εc2
)wµ(τ) =

e

c
Hµν
extvν(τ)+

2e2

3c5
(wµ− 1

c2
wνw

νvµ).

Thus on the right side we get the Lorentz force and the
standard expression of the radiative friction force, on
the left - the de�nition of four-dimensional force vec-
tor with a massive multiplier that allows for self-action
of the electromagnetic �eld. Interesting that the delay
parameter of the radiation

4

3
∆τ =

4ε

3c
=

2e2

m̃0c3
= τ0

coincides with the quantum of time that proposed by
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P. Caldirola [14], if under m̃0 is understood electro-
magnetic mass of an electron:

m̃0 =
e2

2εc2
.

To obtain the standard expression for the Lorentz force,
taking into account the radiative friction force should
take

M0 + m̃0 = m0.

3 Semi-classical self-action and the anoma-
lous magnetic moment

Thus, we have a well-known equation

m0w
µ =

e

c
Hµνvν + F̃µ

which is satis�ed if in the original equation the e�ective
mass equals to

M0 = m0(1− e2

2εm0c2
).

In fact, that it is mass of "naked" particle in the ab-
sence of the self-interaction with the electromagnetic
�eld. It is obvious that the magnetic moment of an
electron with an anomalous addition is determined by
this mass:

µ =
e~

2M0c
∼= µ0(1 +

e2

2εm0c2
).

The idea, that the anomalous magnetic moment of the
electron is directly related to the e�ective mass of the
particle, found its con�rmation in quantum electrody-
namics [15]. This idea has been actively developed in
classical electrodynamics by MacGregor [16], but his
calculations have essentially approximate nature.

Until now we have been using only the methods of
relativistic electrodynamics. Our further calculations
will be associated with the re�nement of the concept
of radius of the spherical electromagnetic �eld around

the electron. Clearly, this is the minimum distance at
which the electromagnetic �eld, leaving the electron
leaves it "naked". Compton wavelength of an electron
is known to be an indicator of the distance at which
quantum e�ects become important, considering

ε =
1

2
λC =

π~
m0c

we get

M0 = m0(1− α

2π
),

then according to the de�nition

µ = µ0(1 +
α

2π
).

It is Schwinger's result for the anomalous magnetic mo-
ment. It's very interesting that the value of ε can be
associated with the Schrodinger's Zitterbewegung, con-
sidering

~ωZb = 2moc
2.

Then we get the same value ε, if we take

ε = cTZb =
2πc

ωZb
=

π~
m0c

.

4 Conclusion

Feature of our work is that the derivating of
the anomalous magnetic moment of the electron, we
started from a purely classical theory - exact relativis-
tic radiation. Only at the last stage of calculations we
attracted semiclassical postulates to describe the inter-
action of an electron with a quantized electromagnetic
�eld.

Our result con�rms the correctness of our assump-
tions and the validity of the principle of correspondence
of classical and quantum �eld theory. It opens up new
possibilities in the study of the e�ects of phenomena
such as electromagnetic mass of an electron, Zitterbe-
wegung and quantization of time and etc.
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À. Â. Êîçëîâ, Å. À. Íåì÷åíêî

Î ÏÎËÓÊËÀÑÑÈ×ÅÑÊÎÌ ÏÐÎÈÑÕÎÆÄÅÍÈÈ ÀÍÎÌÀËÜÍÎÃÎ ÌÀÃÍÈÒÍÎÃÎ
ÌÎÌÅÍÒÀ ÝËÅÊÒÐÎÍÀ

Â äàííîé ðàáîòå ïðåäïðèíÿòà ïîïûòêà ðàññ÷èòàòü àíîìàëüíûé ìàãíèòíûé ìîìåíò ýëåêòðîíà ñ ïîëóêëàññè÷åñêîé
òî÷êè çðåíèÿ ñ ó÷¼òîì ÿâëåíèÿ Zitterbewegung è íà îñíîâàíèè ýëåêòðîìàãíèòíûõ ïîëåé, ñîçäàâàåìûõ ýëåêòðîíîì â
íåïîñðåäñòâåííîé áëèçîñòè îò çàðÿäà. Ïîëó÷åííîå çíà÷åíèå àíîìàëüíîãî ìàãíèòíîãî ìîìåíòà íàõîäèòñÿ â ïîëíîì
ñîãëàñèè ñ ïåðâîíà÷àëüíûìè ðàñ÷åòàìè Øâèíãåðà.

Êëþ÷åâûå ñëîâà: êîíâåêòèâíîå ýëåêòðîìàãíèòíîå ïîëå, àíîìàëüíûé ìàãíèòíûé ìîìåíò, Zitterbewegung, ïîëóêëàññè÷åñêàÿ
òåîðèÿ.
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