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1. INTRODUCTION 'PDR B

Department of Physics
The University of Michigan

This paper is devoted to a discussion of the equation of motion for the
intrinsic angular momentum of a classical particle placed in a homogeneous ex-
terral electromagnetic field.l The interest in this problem has a number of
facets. The first is practical in that the classical equation of motion is

identical with the equation of motion for the expectation value of the intrinsic

spin of a quantum particle.2 Thus, for example, the results of this paper are
applicable to the discussion of the motion of the spin of an electron in an
external electromagnetic field. Another interest in these classical equations
stems from Kramers, who in his book on quantum mechanics showed that for a
particular choice of the equation of motion one is led to conclude that the
gyromagnetic ratio for a classical particle is the same as that for the Dirac
electron.’ Although, as Kramers himself states, the equation of motion he

discusses is a special case of the most general equation of motion which was
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first irntroduced much earlier by Frenkel,u the belief still seems to persist \\)

that the gyromagnetic ratio of a classical particle is uniquely implied by the
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where v is the velocity of the particle.

2. The equation should be first order in the electromagnetic field tensor,

0 Bs -Bz -iE;

B3 0 B, -iEp
(F) = | : (2.6)

In particular we assume the equation does not involve derivatives of the elec-
tromagnetic fields.

3. The equation should be homogeneous in Snx'

L. The equation should be form-invariant under the improper Lorentz trans-
formations of time reversal T and spatial inversion P. It is in regard to this
requirement that we distinguish the magnetic dipole and electric dipole coup-
lings. Thus, the non-relativistic equation is form-invariant under T and P
only if we assume that the coupling constant g, which is Just the Lande g-
factor, does not change sign under either T or P and that the coupling constant
f changes sign under T as well as under P. In other words, according to Wat-

anabe's classification g is a regular scalar while f is a first kind pseudo-
9

scalar.

5. Finally there are two dynamical requirements upon the equation of

->
motion. The first is that the intrinsic engular momentum S must be unchanged

in magnitude during the motion, i.e;,

Skn Skn = S5 + 58 + 82 (2.7)















are completely equivalent.

3. THE EQUATION OF MOTION FOR 5

The equations of motion obtained in the previous section, while quite
general, are not in the most convenient form for the discussion of the motion
of the intrinsic spin, § In order to obtain an explicit equation of motion
for § we must introduce the Lorentz transformation, L,, from the rest frame
to the laboratory frame. This uust be a pure Lorentz transformation, with-

out rotations, which has the property that

U = LWy, (3.1)

vhere Uy is the proper velocity of the particle in the laboratory frame, given

by (2.9), and

(We) = (0, 1) (3.2)

is the proper velocity in the rest frame. The transformation which fulfills

these requirements is

1
Lo, = B # ml: U - (1+27)UKW>\ + W, + UKU>\] ’ (3.3)

as can be verified by taking -1; along one of the coordinate axes and using the

fact that
WU, = -7, (3.4)

The four-vector S,, whose equation of motion expressed in the laboratory

freme is (2.2L) is related to S:, which has the form (2.18), by

9
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