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In the framework of the classical relativistic theory of spin, the expressions for
moment and force of reaction of electromagnetic radiation for objects with a charge
and dipole moments are derived. It is shown that on this basis the relations directly
generalize well-known Bargmann–Michel–Telegdi spin equations from the viewpoint
of a consideration of the radiation self-interaction can be deduced.
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Reaction of the electromagnetic radiation caused by the magnetic moment is of interest for
a wide range of problems: from evolution of pulsars up to self-polarization of particles of high
energy in magnetic and electric fields. As is known, under suitable conditions [1], the behavior
of relativistic particles with the intrinsic moments can be considered (including the influence
of reaction of radiation) according to the classical relativistic theory of spin (CRTS) [2].

In [3], in the framework of CRTS for a relativistic particle with a charge, spin and dipole
magnetic (and/or electric) moment, the expressions for the force and the moment of force of
reaction of electromagnetic radiation were derived. As the first step, the regular part of the
electromagnetic field created by a particle in a point of its localization was found. According to
Dirac [4], this part is a half-difference of retarded and advanced fields of radiation. The second
step consisted in the addition of this regular part to an external electromagnetic field and in
substitution of result in the corresponding equations of motion. To obtain the expression for
force of reaction, it is necessary to find not only a regular part of the field tensor but also its
gradient.

In [3], ”self-actions” of three kinds were taken into account in the expression for the mo-
ment of force: ”charge-charge”, ”moment-charge” and ”moment-moment”, while this latter was
neglected in the expression for the force. The derived 4-equations of spin look like:

◦
Sα = [µ×Bext]

α + [η × Eext]
α + Nα

rad, (1)

where the 4-moment of force of reaction of radiation takes the form
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S
]α
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[ ·
S×S

]α)
, (2)

q is the charge, Sα is the 4-spin, µα = χSα and ηβ = α Sβ are the magnetic and electric
dipole 4-moments, uα is the 4-velocity, Hα = 1

2
εαβγδF

βγuδ and Eα = Fαβuβ are the 4-vectors

of magnetic and electric fields, εαβγδ is the antisymmetric 4-tensor, [a× b]α = εαβγδ aβ bγ uδ,
◦
aβ =

(
δν
β + uβuν

) ·
aν ,

·
aβ = Daβ/dτ , τ is the proper time.

It should be noted that at uα = const, ηα = 0 relation (2) gives the well-known [5] expression
for the dissipative moment of force of reaction of radiation for a free magnetic dipole, and in
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the general case (1) and (2) allow to take into account simultaneously both the reaction of
radiation and the influence of relativistic orbital movement on the evolution of the spin of a
dipolar object.

It is also essential that, as shown in [6], from (1) and (2) it is possible to deduce the
relations generalizing the widely used Bargmann–Michel–Telegdi (BMT) spin equations [7]. A

substitution of the expressions for
·

~Sα and
◦◦◦
~Sα calculated according to equation (1) (but without

the term Nα
rad) is sufficient for this purpose. As a result, after corresponding transformations

the relativistic spin equations with the self-action, that do not contain the derivatives of the
high order, were deduced in [6]. If ηβ = 0, they look like:

·
Sα = uα

·
uβ Sβ + [Ω× S]α , Ωα = −χHα + Ωα

rad , (3)

where Ωα
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)
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Comparison with [7] shows that relations (3) and (4) generalize the BMT equations con-
cerning a consideration of reaction of radiation and their applicability for nonuniform external
electromagnetic field. In an uniform field, Ωα

rad reduces to the expression:

Ωα
rad →

2

3
χ3

(
χ2HβHβ + (q/m)2EβEβ

)
[S ×H]α , (5)

where m is the particle mass.
From relations (3) and (5), the 3-dimensional spin equations follow:

d~σ

dt
= [~ω × ~σ] , ~ω = −χHv + ~ωT + ~ωrad, (6)
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]
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2 ,
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Equations (6) shows that the 3-moment of the force of radiation reaction

[~ωrad × ~σ] =
2

3
γ2χ3

(
χ2H2

v + (q/m)2E2
v

) [
~σ ×

[
~Hv × ~σ

]]

tends to orientate 3-vector of a spin ~σ along the direction of the vector ~Hv.
The expression for the 4-force of reaction of radiation derived in [3] looks like:
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)
. (7)

The first term in (7), as it must, coincides with the expression of the 4-force of reaction of
radiation for a relativistic particle with a charge [4]. For completeness of taking into account
of the influence of reaction of electromagnetic radiation on orbital movement of an object (that
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may be essential, for example, for evolution of system of double pulsars) it is necessary to
calculate the members which describe the ”moment-moment” self-action and to add them to
(7).

It is important that for a consideration of the influence of an external gravitational field
within the limits of the general theory of relativity, by virtue of local character of ”self-action”,
it is sufficient to understand all considered 4-dimensional relations as the general covariant ones
in the Rieman space-time.
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