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High  frequency  phenomena  on  space  accelerometers
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Heater  switching  
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Courtesy	  Jakob	  Flury	  
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Schema+c  diagram  of  ONERA  accelerometers

Josselin	  et	  al.	  1999	  
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µV	  –kV	  for	  proof-‐mass	  control	  
100	  kHz	  capaciQve	  read-‐out	  
100	  Hz	  proof-‐mass	  control	  
	  	  10	  Hz	  data	  available	  (GRACE,	  GOCE	  DFAC	  mode)	  



Dispersionrela+on  in  the  magne+zed  ionosphere
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ωHe	  cyclotron	  frequency	  of	  electron	  
ωpe	  plasma	  frequency	  of	  electron	  
	  
ωHi	  cyclotron	  frequency	  of	  ion	  
ωpi	  plasma	  frequency	  of	  ion	  
	  
ωUHR	  upper	  hybrid	  resonance	  
ωLHR	  lower	  hybrid	  resonance	  

Very	  low	  frequency	  VLF	  

Ion	  whistler	  mode	  

Electron	  whistler	  mode	  

Handbook	  of	  atmospheric	  electrodynamic	  

Depending	  on	  the	  orientaQon	  to	  the	  magneQc	  field	  

Only	  poorly	  electromagneQc	  	  
parallel	  to	  the	  magneQc	  field.	  



Resonances  and  antennas
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Colestock	  and	  Gedy	  1977	  

„The	  purpose	  of	  this	  measurements	  is	  to	  verify	  
the	  theoreQcal	  predicQon	  for	  excitaQon	  of	  	  
resonance	  cones	  and	  other	  wave	  phenomena	  	  
in	  a	  bounded	  plasma	  by	  finite-‐sized,	  wide	  k-‐	  
spectrum	  sources.“	  
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Whistler

7	  Stanford	  VLF	  Group	  



Twangs

8	  Peterseim	  2014	  
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Twangs

Jakob	  Flury	  



Occurance  of  twangs
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bands	  

shadow	  
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Occurance  of  twangs

Frequency	  of	  cloud	  coverage	  

Wylie	  et	  al.	  1994	  
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Occurance  of  twangs



Coupling  of  sferics  into  the  ionosphere
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Unducted	  whistler	  only	  in	  radial	  direcQon	  
	  
Not	  strictly	  electromagneQc	  in	  nature	  but	  	  
Great	  longitudinal	  component	  

RefracQon	  index	  depending	  on	  angle	  between	  	  
propagaQon	  direcQon	  and	  magneQc	  field	  



Dispersion  of  sferics
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According	  to	  Dowden	  et	  al.	  2002	  

Cavity	  between	  conducQng	  ground	  and	  ionosphere	  (70km)	  



Unducted  whistler

15	  Holzworth	  et	  al.	  2011	  
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Whistler  and  lower  hybrid  frequency
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Overview  of  natural  VLF  phenomena

17	  Handbook	  of	  atmospheric	  electrodynamics	  

Nature	  geoscience	  2008	  

„Since	  the	  energy	  source	  of	  the	  equatorial	  solitary	  structures	  	  
is	  different	  from	  that	  involved	  in	  the	  auroral	  processes,	  our	  	  
findings	  support	  the	  idea	  that	  the	  formaQon	  of	  lower-‐hybrid	  	  
solitary	  structures	  may	  be	  a	  universal	  mechanism	  operaQng	  in	  
	  inhomogeneous,	  magneQzed	  plasma,	  …“	  



Other  observa+ons?
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Other  observa+ons?

GOCE:	  correlated	  noise	  

specificaQon	  



Shielding  in  GRACE
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Helicon	  mode	  in	  metals	  



Conclusion

•  The	  ionospheric	  environment	  is	  complex	  with	  many	  resonances	  in	  the	  
VLF	  regime.	  

•  Experiments	  are	  necessary	  to	  proof	  this	  assumpQon	  of	  VLF	  
incompaQbility!	  

•  Experiments	  on	  shielding!	  

•  Effect	  not	  special	  for	  ONERA	  accelerometers!	  
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