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Method of Asymptotic Approximation for Systems with
Rotating Phase and its Application to Movement of Charged
Particles in Magnetic Field

Exact integration of the equations of movement of the charged particle in inhomoge-
neous electric and magnetic fields presents difficulties and in the majority of cases may
be done only by numerical methods. However,even that not always appears practical.
In particular, difficulties of the numerical calculations became almost unmanageable in
the case when the particle makes during its movement large number of rotations over the
Larmor circle. But exactly in this case it is possible to construct a method of asymptotic
approximation that allows circumventing difficulties of numerical calculations.

Let us assume that the magnetic field changes little over the length of the Larmor
radius:
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where Rp = w/wy is the radius of the Larmor circle, wy = eH/mc is the Larmor fre-
quency, w is a particle speed on the plane perpendicular to the magnetic field. Then the
charged particle moves mainly by the magnetic lines of force rotating around it at the
distance of the Larmor radius, and “drifts” in the direction perpendicular to the magnetic
field. Making use of this situation it is possible to construct simplified averaged equations
for movement of the Larmor circle’s centre of gravity.

Compliance with the condition (1) is facilitated by large value and homogeneity of the
magnetic field and small value of the particle speed. However, the condition (1) may be
fulfilled also with large speed of the particle, if the field is sufficiently large and homoge-
neous, and with small magnetic field, if the particle speed is sufficiently low and the field
is sufficiently homogeneous. This paper is devoted to investigation of movement of the
charged particle in inhomogeneous electric and magnetic fields, with assumption that the
magnetic field changes little at the length of the Larmor radius (1). A similar problem
was considered previously by various authors [1, 2], but it was solved with insufficiently
rigorous and consistent methods. In this paper the general method of asymptotic ap-
proximation is used for separation of the particle movement for rotation over the Larmor
circle and averaged movement of the Larmor circle’s centre of gravity with assumption of
small inhomogeneity of the magnetic field.
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