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Demeter

A DEMETER a low-altitude microsatellite (710 km) launchedin June
2004 onto a polar and circularorbit which measureselectromagnetic
wavesall aroundthe Earthexceptin the auroralzones(Parrot,2006).
In December2005 the altitude of the satellite wasdecreasedo 660
km. The ELF/VLIFangefor the electricfield is from DCup to 20 kHz
Thereare two scientificmodes a surveymode where spectraof one
electricand one magneticcomponentare onboard computedup to
20 kHz and a burst mode where, in addition to the onboard
computedspectra,waveformsof one electricand one magneticfield
component are recorded up to 20 kHz The burst mode allows
performing a spectral analysis with higher time and frequency
resolution Detailsof the wave experimentcanbe found in Parrot et
al. (2000 and Berthelieret al. (2006. During the burst mode, the
waveformsof the six componentsof the electromagneticfield are
alsorecordedup to 1.25 kHz Thisallowsperforminga detailedwave
analysis
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Measured Parameters

Frequency band, E DC¢ 4MHz

A Frequency band , B 10Hz- 18 kHz

A SensitivityB: 2 105nTHZz1/2 at 1 kHz
A Sensitivity E : n®H /2 at 50D kHz
A lon density: 51¢%-51C¢/cm3

A lon temperature: 1000 K- 5000 K

A Electron density: 102-5 16 cm-3

A Electron temperature: 500 K- 3000 K

A Energetielectrons 30 keV- 10 MeV

A lon composition H+, He, O, NO
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What is turbulence

This guestion has no clear answer.
The definition of the turbulence in the
fluids, gases and plasmas is still
under discussion, but some essential
features of the turbulence are out of
the discussion. They are :

Many degrees of freedom (different
scales)

Energy conaimingrenge meriminbrange ampmnrmnge Al Of - them  In non  -linear
B 1 o s A i s i i inte_raction (cross_-scgle couplings)
ek e et s Main characterization:

et ol o i Shape of the power spectrum
and higher spectral features

K K;
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Wavelet Analysis

A Criteriafor wavelet Any localized function
function and form of
Morlet wavelet y(t)
Ry () =0 can be chosen as mother
- o - - wavelet, If it satisfies the

Vi Iven on the left criteri
ﬁy/zdt<n g e left criteria

y () =expiwt- t>/2) The complex Morlet wavelet is
. . representing by this function
- J2expiwst - t2 - nz/4)

s Continuous Wavelefiransform
ﬁ((t)y* (t Sl \dt = CWT(¢ , ) (a is scaling parameter
e _

-a
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Bispectral analysis

This method allows us to find the wave modes nonlinearly interacting

by 3 waves processes.

The resonance conditions for these processes are:
+ 1b +2|-I 3 +

ki+k2 =ks

Verification of these conditions is possible by computing the
bispectrumfor 3 wave modeg,l andk+lwhich is defined as below:

A BK,D=EK X Xw*]
where X are the spectral components of sigrkglandk+lrespectively.
Averaging is over the time

A quantitive measure of the phase coherency may be made by
computing of thebicoherencespectrum which is defined in terms of

the bispectrumas
1 IB(k1)/?

T P(K)P(H)P(k +1)
WhereP(k),P(land Pk+l) are auto power spectra

b2(k,1) = lim
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2 days to the earthquake 2009 04 04 Kp 0 0 0 0+0+0+0+0+ E 2-

morning

Spectrogram
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2 days to the earthquake 2009 04 04 Kp 0 0 0 0+0+0+0+0+ E 2-
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2 days to the earthquake 2009 04 04 Kp 0 0 0 0+0+0+0+0+ E£ 2-
morning
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2 days to the earthquake 2009 04 04 Kp 0 0 0 0+0+0+0+0+ E 2-
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Spectrogram
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2 days to the earthquake 2009 04 04 Kp 0 0 0 0+0+0+0+0+ E 2-

night

Frequency Fl (Hz)

Wavelet Squared Bicoherence
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-1 day 2009 04 05 Kp 1+2-2-1 1-1+1-0+ E 9-
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Wavelet Square Modulus
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Categories of Plasma Instability

Source of Free Energy Type of Instability

Streaming of one species Streaming Instability
relative to another

Gradient in plasma pressure Gradient Instability
plus external force

Gradient in plasma pressure Universal Instability
without external force

Non-Maxwellian particle Kinetic Instability
distribution



F-Region Gradient Drift Instability

» Electrons collisionless

E, + lons almost collisionless
— 2 . . .
V=(ExB)/B By » Residual collisions cause ions to
B drift in direction of ambient electric
field.
% +E=E +E,
Higher density plasma - Lower density plasma
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