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Demeter
ÅDEMETERis a low-altitude microsatellite (710 km) launchedin June

2004onto a polar andcircularorbit whichmeasureselectromagnetic
wavesall aroundthe Earthexceptin the auroralzones(Parrot,2006).
In December2005, the altitude of the satellitewasdecreasedto 660
km. TheELF/VLFrangefor the electric field is from DCup to 20 kHz.
Thereare two scientificmodes: a surveymodewherespectraof one
electric and one magneticcomponentare onboardcomputedup to
20 kHz and a burst mode where, in addition to the onboard
computedspectra,waveformsof one electricandone magneticfield
component are recorded up to 20 kHz. The burst mode allows
performing a spectral analysis with higher time and frequency
resolution. Detailsof the waveexperimentcanbe found in Parrotet
al. (2006) and Berthelier et 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 ς4MHz

ÅFrequency band , B 10 Hz - 18 kHz

ÅSensitivityB: 2 10-5 nTHz-1/2 at 1 kHz

ÅSensitivity E : лΦн ҡ± IȊ-1/2 at 500 kHz

Å Ion density: 5 102 - 5 106 /cm3

Å Ion temperature: 1000 K - 5000 K

ÅElectron density: 102 - 5 106 cm-3

ÅElectron temperature: 500 K - 3000 K

ÅEnergeticelectrons 30 keV - 10 MeV

Å Ion composition H+, He+, O+, NO+
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What is turbulence
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This question 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)

All of them in non -linear

interaction (cross-scale couplings)

Main characterization:

Shape of the power spectrum

and higher spectral features
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Wavelet Analysis

ÅCriteriafor wavelet 
function and form of 
Morlet wavelet 

Any localized function 

can be  chosen as mother 
wavelet, if it satisfies the 
given on the left criteria

The complex Morlet wavelet is 
representing by this function

Continuous Wavelet Transform 
(a is scaling parameter) 
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Bispectral analysis

Å This method allows us to find the wave modes nonlinearly interacting 
by 3 waves processes. 

Å The resonance conditions for these processes are:
Å 1̟Ҍ 2̟Ґ ˖3

Å k1+k2 =k3

Å Verification of these conditions is possible by computing the 
bispectrumfor 3 wave modes k,l and k+lwhich is defined as below:

Å B(k,l)= E[Xk Xl X k+l *]
Å where X are the spectral components of signals k,l andk+l respectively. 

Averaging is over the time.
Å A quantitivemeasure of the phase coherency may be made by 

computing of the bicoherencespectrum which is defined in terms of 
the bispectrumas

Å Where P(k),P(l) andP(k+l) areauto power spectra
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Geomagnetic conditions prior to the LôAquila earthquake
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Demeterôsorbit on March 29-8 days to the earthquake
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March 29-8 days to the earthquake Kp index 20090329     1 1-1 1-1-1+1-1  Ɇ7 
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Demeterôsorbit on April 1 -5 days to the earthquake
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5 days  to the earthquake 2009 04 01 Kp1 0 0+1 1-1-1+2 Ɇ7 
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2 days to the earthquake 2009 04 04 morning
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2 days to the earthquake 2009 04 04 Kp 0 0 0 0+0+0+0+0+ Ɇ2-

morning
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2 days to the earthquake 2009 04 04 Kp 0 0 0 0+0+0+0+0+ Ɇ2-

morning
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2 days to the earthquake 2009 04 04 Kp 0 0 0 0+0+0+0+0+ Ɇ2-

morning
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2 days to the earthquake 2009 04 04
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2 days to the earthquake 2009 04 04 Kp 0 0 0 0+0+0+0+0+ Ɇ2-

night
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2 days to the earthquake 2009 04 04 Kp 0 0 0 0+0+0+0+0+ Ɇ2-

night
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2 days to the earthquake 2009 04 04 Kp 0 0 0 0+0+0+0+0+ Ɇ2-

night
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-1 day 2009 04 05 Kp 1+2-2-1 1-1+1-0+  Ɇ9-
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-1 day 2009 04 05 Kp 1+2-2-1 1-1+1-0+  Ɇ9-
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-1 day 2009 04 05 Kp 1+2-2-1 1-1+1-0+  Ɇ9-
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-1 day 2009 04 05 Kp 1+2-2-1 1-1+1-0+  Ɇ9-
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Friedman
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Ouzunov et al. 2008



Workshop VESTO, Chiba, March 26-28, 

2009

-6 days
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