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FIG. 2: A finite solenoid with idealised field cancelation
above and below the inner region together with the
static magnetic field (green), the axion-induced

oscillating ~Pa and ~Ma fields (blue and red) and the
axion induced oscillating ~Ea and ~Ba fields outside the

DC magnetic field (pink and orange).

the magnetic field region), real ~Ea and ~Ba fields are in-
duced in order to satisfy the boundary conditions. These
fields will be of similar form to the Hertzian conducting
dipole antenna radiated fields. The only di↵erence be-
tween this case and the case of the solenoid without field
cancellation, is that the fields take on the form of ~Ea and
~Ba fields rather than the equivalent ~Pa and ~Ma fields.
Likewise the ~Ba field will be suppressed by the Comp-
ton frequency when compared to the ~Ea field outside the
high DC ~B-field region.

INDUCED OSCILLATING VACUUM
MAGNETIZATION AND POLARIZATION

UNDER A DC ELECTRIC FIELD

It is also interesting to calculate the response of an ax-
ion field to a DC electric field. In general, the DC field
could have spatial variation (i.e. a dipole field ~E(r, z)),
but it must be constant in time (by definition). Apply-
ing a DC electric field drives an oscillating vacuum mag-
netization as defined in Eqn. (14), where here, again,
the axion acts like an oscillating scalar field at a fre-
quency equivalent to the mass of the axion. No axion
polarization can be directly induced, as ~B = 0, and thus
Eqn. (13) simply yields the unmodified ~D field. In this
case Eqn. (13) is not relevant for calculating the oscillat-
ing axion induced polarization. Instead, an orthogonal
polarization, ~Pa, will be induced by the oscillating mag-
netisation such that Ampere’s law is satisfied. Assuming
no free currents or charges, the axion will induce an os-
cillating magnetization given by

~Ma = �ga��

r
✏0
µ0

a(t) ~E(r, z). (30)
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FIG. 3: A pair of capacitor plates, showing the the
static electric field (green) and the axion-induced fields

(blue and red).

The associated oscillating electric polarization, or bound
current, may be calculated from the integral or di↵eren-
tial form of the modified Ampere’s Law in vacuum or a
medium (given by Eqn. (10)).

DC Capacitor of Infinite Length with no Fringing
Fields

For this case we assume an ideal DC applied field, ~E =
E0ẑ, of infinite extent in the z-direction with imaginary
capacitor plates of radius r = R. Under these conditions,
the induced axion vacuum magnetization becomes

~Mza =

(
�ga��

q
✏0
µ0
aE0ẑ, r < R,

0, r > R.
(31)

At the boundary r = R, one needs to invoke the axion
modified boundary conditions. From the integral form
of the modified Ampere’s Law we find an axion induced
bound surface current, will be of the form ~Kba = ~Ma⇥ r̂
at r = R. Thus the surface bound current cam be found
to be

Kba�̂ = ga��

r
✏0
µ0

aE0�̂ (32)

Finite Length DC Capacitor: an Electric Dipole

For this case, we assume a DC field is applied in the
positive z-direction between a pair of capacitor plates of
radius r = R, and plate separation d, giving ~B = 0.
Under these conditions the DC ~E field is only constant
between the capacitor plates, ~E = E0ẑ, as fringing oc-
curs and takes the form of an electric dipole outside the
capacitor plates. Between the capacitor plates the in-
duced vacuum magnetization is the same as the infinite


