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Figure left: Setup for the time-resolved measurement of the floating potential (in the afterglow chamber). The floating potential is
measured between the probe and the wall of the afterglow chamber.

Figure right: The afterglow chamber in Kühlungsborn can establish a stable plasma comparable to the ionosphere (D-region with 10³
ions/cm³) for about 5 minutes. As the dimensions of the chamber are about 70 cm a cyclotron motion of the ions is not feasible and whether
the lower-hybrid frequency nor the ion cyclotron frequency can be excited.

Figure top: Dispersion relations of plasma waves in a non-magnetized plasma for the
longitudinal modes. Two branches of longitudinal waves exist: the electron sound wave
starting from the electron plasma frequency and the ion sound wave below the ion plasma
wave. For zero temperature the ion acoustic mode shows a resonance at the ion plasma
frequency. In this case no longitudinal waves can propagate between the ion and the
electron plasma frequency.

Figure bottom: Dispersion relation of a magnetized plasma. The electromagnetic signals
propagate in the so called whistler mode. Depending on the propagation direction to the
magnetic field, these waves are partly electrostatic longitudinal waves.

We have to consider different propagation behavior of plasma waves. The

ionosphere outside the satellite is a magnetized plasma, where the

propagation behavior of the electromagnetic waves is dependent on the

angle between the propagation direction and the magnetic field. Inside

the satellite no cyclotron motion of the ions can be executed and the

waves propagate more like in a non-magnetized plasma. In both cases

longitudinal waves can be excited which show a resonant structure. The

resonances important in the magnetized plasma is the lower-hybrid

frequency (about 1 kHz) and the ion cyclotron frequency (some 100 Hz). In

the non-magnetized plasma the plasma frequency of the ions is

important, which is also around 1 kHz.

On electrostatic accelerometers of the gravity field missions CHAMP,

GRACE and GOCE many high frequency, and on GOCE also broad band

noise, can be seen. Some are analyzed already: the heater switching spikes

on GRACE (Flury et al. 2008), the magnetic torquer switching on GRACE

(Peterseim et al. 2012) and so called twangs (Peterseim 2014). One type of

twangs can be correlated with the troposphere and the excitation of

whistler waves (in VLF very low frequency range) injected by lightning

strokes in the troposphere and propagating in the ionosphere-Earth

waveguide as sferics and leaking into the ionosphere. As these

disturbances are not seen in all directions of the accelerometer in equal

amount but differ in amplitude, we propose that these signals do not

couple into the instrument by normal EMC.

Figure: The dispersion relation of a plasma
resonance and the acoustic waves in a metal or
ion crystal can intersect or at least can get very
close. We propose that for the case of
intersection acoustic waves in metals and ion
crystals can be excited or in the case they get at
least close to each other a scattering
mechanism can excite phonons of lower
frequency. These acoustic waves can transport
mechanical and electrical energy.

Figure:

Disturbances in the kHz-range (ion plasma frequency) are excited in the afterglow

plasma by means of a short rod antenna. Depending on the shielding of the antenna,

the conditions under which these disturbances propagate in the plasma are

investigated. For this purpose, a high-impedance measurement of the potential of an

isolated probe located in the plasma (the floating potential) is performed using an

oscilloscope. The probe feed line is designed in tri-axial technology. The inner conductor

is double shielded. The outer shield is grounded and the inner shield has the potential

of the inner conductor. So no leakage currents can flow from the inner conductor to

ground. The inner shield is driven by an electrometer amplifier which also allows the

high-impedance measurement. The amplifier has a constant gain (currently about 5)

between 0.1 Hz and 100.00 kHz at the output which is connected with the oscilloscope.

Figure: Geographical plot of positive twangs between 25° North and South in
May 2008 together with lightning strokes detected by the World Wide
Lightning Location Network (WWLLN), which occur within a distance of 30°
and a timespan of 30min around the location and detection time of the
twang. 30 min is the mean duration of a thunderstorm. Within 30° for 99-
100% of the twangs at least one lightning stroke can be found. Within 10° the
value reduces to 57-65%.

GRACE B: matching lightning strokes on descending passes in may 2008 

Due to these observations we want to examine if the special propagation

mode of electromagnetic and electrostatic signals in a plasma are

responsible for these disturbances. Our first focus is on materials which

have an ion structure as they may react on the electric field of the signal.

We found no studies of interaction of these propagation modes with

materials, especially not with metals. As metal are used every where in

satellites to shield electromagnetic signals, but are not studied at all if they

are able to shield this special propagation mode, we focus on these

materials first.

If we compare the dispersion relation of longitudinal plasma waves with

the dispersion relation of longitudinal acoustic waves in metals or ion

crystals an overlap between both curves may be possible. In this case a

resonance excitation of acoustic waves in these materials should be

possible.


