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Two Applications of Axion Electrodynamics
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The equations of axion electrodynamics are studied. Variations in the axion field can give rise to
peculiar distributions of charge and current. These eAects provide a simple understanding of the frac-
tional electric charge on dyons and of some recently discovered oddities in the electrodynamics of anti-
phase boundaries in PbTe. Some speculations regarding the possible occurrence of related phenomena in
other solids are presented.
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Whether or not axions' have any physical reality, their
study can be a useful intellectual exercise. For by having
a field which modulates the eA'ects of anomalies and in-
stantons and calculating the consequences of its variation
in space and time, we can get some intuitive feeling for
these important, but often subtle and obscure, things.
Also, it is (I shall argue) not beyond the realm of possi-
bility that fields whose properties partially mimic those
of axion fields can be realized in condensed-matter sys-
tems. In this spirit, I will consider in this paper two situ-
ations where the equations of axion electrodynamics
seem to illuminate otherwise surprising phenomena, and
then speculate briefly on potential generalizations.
To begin, let us recall the equations of axion electro-

dynamics. They are generated by adding to the ordinary
Maxwell Lagrangean an additional term

hL=xaE 8,
where K. is a coupling constant. The resulting equations
are

al VaxE+aB. The form of these terms reflects the
discrete symmetries of a: a is P and T odd. Also, these
terms depend only on space-time gradients of the axion
field. This is because with a =const, hX in Eq. (1) be-
comes a perfect derivative, and does not aAect the equa-
tions of motion.
Dyon charge. —Consider a magnetic monopole sur-

rounded by a spherical ball in which a=O, modulating
within a thin shell into a =0 at large distances (Fig. l).
Now because of the axion term in (2) one finds that the
domain wall carries electric charge density —KVa. B, or
charge/unit length —tcVaC& when integrated over direc-
tion, where @ is the magnetic flux. The total charge seen
by observers far from the monopole is

q = —rc&k (6)

The Witten eflect, that in a 0 vacuum magnetic mono-
poles become dyons with fractional charge to their mag-
netic charge and to 0, is essentially contained in (6). By
our introducing axions, and allowing 0 to become a

V E=p —xVa B,
V x E = —BB/Bt,
V. B=0
V x 8 =BE/Bt +j+ rc(a B+Va x E),

(3)
(4)
(s)

where P,j are the ordinary (nonaxion) charge and
current. We see that there is an extra charge density
proportional to —Va B, and current density proportion-

FIG. l. Monopole surrounded by a shell of axion domain
wall

1987 The American Physical Society 1799


