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HF radio waves can heat electrons in the polar D region ionosphere, leading to a localized volume of modified
plasma conductivity, and a modulation ∆J ≈ E∆σ + σ∆E of the polar electrojet current. Here, x̂ points east,
ẑ points up, E = Ex̂ is the electric field driving the electrojet, σ is the plasma conductivity (assumed isotropic
in the lower D region), ∆σ is a small (negative) conductivity modification due to the plasma heating, and ∆E

is a polarization electric field arising from the conductivity discontinuity. E∆σ is called the primary current, as
it is driven directly by the conductivity modification, whereas σ∆E is the secondary current, which arises from
the polarization field. We consider periodic (a few hundred Hz) modification of σ by pulsed HF radio waves,
which modulates the electrojet current, causing emission of extremely low frequency radiation. To determine the
spatial structure of the modulation current ∆J, we model the D region plasma conductivity as σ = σ0 exp(kz),
and the polarization field as electrostatic, ∆E ≈ −∇U . The continuity condition ∇ · ∆J = 0 implies

σ(∇2 + k∂z)U = ∇ · (E∆σ). (1)

The simplest case is ∇ · (E∆σ) = δ(r), where the solution for U , written in spherical coordinates (r, θ, φ), is

U(r) = − exp[−kr(1 + cos θ)/2]/(4πσ0r). (2)

A realistic model might consider the primary current E∆σ to be a horizontal cylinder-like structure of length
d, containing current I , such that ∇ · (E∆σ) ≈ I [δ(r + x̂d/2) − δ(r − x̂d/2)]. Thus the secondary current is
σ∆E = −σI∇[U(r + x̂d/2) − U(r − x̂d/2)]. For example, the total modulation current ∆J, near the z axis, is

(∆J)(x,y)≈0 = x̂∆J(z) = (E∆σ + σ∆E)(x,y)≈0 = x̂Iδ(y)δ(z) − x̂Id(1 + kρ/2) exp[k(z − ρ)/2]/(4πρ3), (3)

where ρ =
√

z2 + (d/2)2, and I < 0. Fig. 1 compares an experiment [1] with (3). The secondary current flows
largely above the modified volume, opposite the primary current, effectively forming a vertical current loop.
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Figure 1: Left, measured ∆J(z). Right, plot of (3), with d=15 km, k=1/(2.5 km), origin at 67 km.
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