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Time-integration and
Sophisticated signal processing

  extracts the frequency spectrum 
 

Least squares fitting produces
ionospheric plasma parameters
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controlled by daily variation
of the sun: UV radiation
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by energetic electron beams
that also produce aurora
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The Incoherent Scattering Spectrum
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Each charge in the plasma behaves as in vacuum but it 
polarises the rest of the plasma resulting in neutralising 
clouds around each charge:

the charge and its cloud is a dressed (quasi) particle
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300m

Arecibo Observatory
Puerto Rico

cost ~150 M USD
in today’s $



2. Natural Enhanced Ion Acoustic Lines, NEIAL
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  • Only at high latitudes > 67°N & S hemispheres, 80-90 km
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  • Only possibility: Neutral air turbulence; Ne is passive scalar

  • Up to x10   enhancement above thermal level4

• Problem: NO fluctuations at radar (Bragg) scale

• Solution: Charged ice extends electron scale: Sc number

• Gravity waves reverse GLOBAL wind circulation
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• 10-50 nm ice particles form: Noctilucent clouds

• Ice particles are charged: Dusty plasma
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3. Polar Mesospheric Summer Echoes PMSE
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  • Only at high latitudes > 67°N & S hemispheres, 80-90 km

  • Only in summer: coldest near Earth environment: ~ 140°K

  • Only possibility: Neutral air turbulence; Ne is passive scalar

  • Up to x10   enhancement above thermal level4

• Problem: NO fluctuations at radar (Bragg) scale

• Solution: Charged ice extends electron scale: Sc number

• Gravity waves reverse GLOBAL wind circulation

• Polar mesosphere is a refrigerator due to adiabatic cooling

• 10-50 nm ice particles form: Noctilucent clouds

• Ice particles are charged: Dusty plasma

• Electron diffusion slowed down by heavy charged ice
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  • Only at high latitudes > 67°N & S hemispheres, 80-90 km

  • Only in summer: coldest near Earth environment: ~ 140°K

  • Only possibility: Neutral air turbulence; Ne is passive scalar

  • Up to x10   enhancement above thermal level4

• Problem: NO fluctuations at radar (Bragg) scale

• Solution: Charged ice extends electron scale: Sc number

• Gravity waves reverse GLOBAL wind circulation

• Polar mesosphere is a refrigerator due to adiabatic cooling

• 10-50 nm ice particles form: Noctilucent clouds

• Ice particles are charged: Dusty plasma

• Electron diffusion slowed down by heavy charged ice

• Electron turbulence is extended to Bragg scale: PMSE
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Noctilucent Cloud – 27 Jul 1989 – Turku, Finland
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!e mesosphere has free electrons and ions:
thermal current equilibrium results in negative charge on the dust particles
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Electrons diffuse with the mass of the dust due to Coulomb force
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Electron velocity
fluctuations can
be induced by
air turbulence
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Energy Dissipation
Rate of Turbulence 

= α σ2
v

Electron velocity
fluctuations can
be induced by
air turbulence
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test the hypothesis by measuring the PMSE 
scattering cross section and check that it 
requires Sc numbers that are attainable in 
the mesospheric environment
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EISCAT Heating Facility
Equivalent Radiated Power
ERP Max 1.2 GigaWatts
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EISCAT Heating Facility
Equivalent Radiated Power
ERP Max 1.2 GigaWatts

How PMSE responds to 
artificial HF heating?
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Ove Havnes (2001)
predicted the
Overshoot effect 

(Biebricher et.al 2005)
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Painting the sky with the EISCAT Heater:

7KH�ZRUOG·V�ILUVW
EURORA  

 

This unique artificial aurora formation was unexpectedly generated by the super-Heater, operating at 630 MW, 

on 12 November 2001 at 16:41:20 UT with the beam tilted 9
o
 South. The wavelength is 557.7 nm and the image 

integration is 5 sec. 
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ARTIFICIAL AURORA
16 Feb 1999   4.04 MHz   ERP = 75 MW   O-mode

17:40 HF ON

17:44 HF OFF

Brandstrom et al., GRL, 199941st EPS Plasma Physics Berlin 20014                                                                                                                                                                                        28/30



the future: EISCAT_3D artist conceptadvertisement
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the future: EISCAT_3D

• 4th generation IS radar
• in the roadmap of ESFRI
• raising funds at present
• cost EUR 130 million
• construction 2015–2021

artist conceptadvertisement
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incoherent scatter theory is one of the first and 
most compelling successes of linear plasma 
physics theory. Don Farley

… the predictions of the 2-D Langmuir 
turbulence theory in [ionospheric heating] are 
now well verified. It is one of the best verified 
regimes of plasma turbulence. Don DuBois
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thank you !
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• gravity waves break up in the mesosphere

• reversal of the sun-driven zonal winds

• reversal of pole-to-pole meridional wind

• vertical upwelling in summer pole

• adiabatic expansion in mesosphere

• cooling of the summer mesosphere
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