
Numerical results

A numerical experiment was carried out for the
one-dimensional Vlasov-Poisson system, with a Gaussian ion
profile (12), with the scale length L = 400 rD.
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Figure 1. The dynamics of electrons trapped and oscillating in a large
potential well, while interacting to form small-scale waves under the
influence of an outer perturbation.

As can be seen in Fig. 1, a perturbation for negative z creates
Langmuir waves. These are Landau damped by accelerating
particles, which are transported to positive z where Langmuir
waves are re-generated.
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Figure 2. The time for information to propagate from one side of the ion
profile to the other side.

The regenerating time for the process in Fig. 1 can be
predicted to be approximately tosc/2 = 890 ℘−1. The time for
the tunnelling to appear in the simulation was approximately
1000 ℘−1, in good agreement with the prediction; see Fig. 2.

Suggested experiments
In order to verify whether or not the observed regeneration of
waves observed in experiment may be explained by the

kinetic tunnelling process, the following experiment is
suggested: A ionospheric modification experiment should be
repeated, and the following parameters should be measured:

1. The time between the switch on of the transmitter and the
regeneration to appear should be measured. S. Revenchuk
et al. [2000, 2001] propose an experiment with short pulses
in order to measure the time for the regeneration to appear.
It was indicated theoretically and shown numerically that
the regeneration of waves should appear after
approximately one half bouncing time in the self-consistent
potential well of the ionosphere. Electrons at a temperature
1500 K has the thermal velocity vth ≈ 1.5 × 10

5
m/s. The

scale length L of the ionosphere is of the order 10 – 100 km,
which gives the bounce time according to Eq. (14) as
Tb ≈ 0.3 – 3 seconds. If the regeneration appears on this
time scale, then the kinetic tunnelling could be an
explanation. If the regeneration appears on a much faster
time scale, then it indicates that some kind of tunnelling of
electromagnetic waves must occur, and that it is unlikely
that kinetic tunnelling can explain the experimental results.

2. One should measure the location of the regeneration on the
top side of the ionosphere. The electrons are likely to follow
the magnetic filed lines of the geomagnetic field, since the
mobility across the magnetic field lines is very low. If the
regeneration is due to kinetic tunnelling of electrons, then it
should be possible to predict where the regeneration
appears on the top side by following the magnetic field lines
from the location of the perturbation on the bottom side, to
the top side. If, on the other hand, the regeneration is
distributed over a large area of the top side, then it is more
likely that some other tunnelling mechanism takes place, for
example electromagnetic tunnelling, which is not
constrained by the magnetic field lines.
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