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Short history            Short history            

�� The idea of IAR was suggested by The idea of IAR was suggested by PolyakovPolyakov [1976][1976]

�� First experimental evidence: First experimental evidence: PolyakovPolyakov and and RapoportRapoport

[1981], [1981], BelyaevBelyaev et al. [1987] et al. [1987] 

�� Recent experimental studies: Recent experimental studies: BelyaevBelyaev et al. [1999], et al. [1999], 

DemekhovDemekhov et al. [2000], et al. [2000], BosingerBosinger et al. [2002]et al. [2002]

�� Theoretical model of the IAR was first developed by Theoretical model of the IAR was first developed by 

TrakhtengertzTrakhtengertz and Feldstein [1987,1991] and and Feldstein [1987,1991] and LysakLysak

[1991][1991]

�� Recent progress in the theory: Recent progress in the theory: PokhotelovPokhotelov et al. [2000, et al. [2000, 

2001, 2003, 2004], 2001, 2003, 2004], LysakLysak and Song [2002, 2003], and Song [2002, 2003], 

PilipenkoPilipenko et al. [2002], et al. [2002], StreltsovStreltsov et al. [2002]et al. [2002], , SurkovSurkov et et 

al. [2004]al. [2004]



Ground and satellite Ground and satellite 

observationsobservations

�� NizniyNizniy--Novgorod Novgorod 

(Middle Russia)(Middle Russia)

�� BorokBorok (Middle (Middle 

Russia)Russia)

�� MondyMondy (Siberia, (Siberia, 

Russia)Russia)

�� KarimshinoKarimshino

(Kamchatka, Russia)(Kamchatka, Russia)

�� SodankylaSodankyla (Finland)(Finland)

�� Crete (Greece)Crete (Greece)

�� Table Mountain Table Mountain 

obs., USAobs., USA

�� FREJA satelliteFREJA satellite

�� FAST satelliteFAST satellite

�� CLUSTER satellitesCLUSTER satellites



Sources of free energy for the IAR Sources of free energy for the IAR 
excitationexcitation

�� HighHigh--latitudes latitudes -- MagnetosphericMagnetospheric
convection (feedback instability)convection (feedback instability)

�� MiddleMiddle--latitudes latitudes -- Thunderstorm Thunderstorm 
activityactivity

�� Neutral winds, Neutral winds, SubauroralSubauroralPolarization Polarization 
Streams (SAPS)Streams (SAPS)



Ground observations of SRSGround observations of SRS



Ground observations of SRSGround observations of SRS









Schematic viewSchematic view



IAR IAR EigenmodesEigenmodes and damping ratesand damping rates



EigenEigen--frequenciesfrequencies



Variation of the damping/growth rate in the Variation of the damping/growth rate in the 

presence of presence of magnetosphericmagnetospheric convectionconvection



More complex modelMore complex model
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ExcitationExcitation of the IAR by neutral winds.of the IAR by neutral winds.
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Magnetic field perturbation on the groundMagnetic field perturbation on the ground
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EigenfrequenciesEigenfrequencies (a,c) and damping (a,c) and damping 

rates (b,d) for fundamental moderates (b,d) for fundamental mode



A daytime power spectrumA daytime power spectrumA daytime power spectrum



The The nighttimenighttime spectrum. The low spectrum. The low frequencyfrequency

spikes at 0.25, 0.5 and 0.75 Hz are due spikes at 0.25, 0.5 and 0.75 Hz are due 

the shear Alfven modethe shear Alfven mode



The dependence of the spectrum on the The dependence of the spectrum on the 

ground conductivityground conductivity



Recent observationsRecent observations

�� Observations of the Observations of the IAWsIAWs provided by LAPD provided by LAPD 

experiments (UCLA). A special emphasis was given to experiments (UCLA). A special emphasis was given to 

structures of the order of the electron skin depth. It structures of the order of the electron skin depth. It 

was demonstrated that the phenomena observed in was demonstrated that the phenomena observed in 

laboratory experiments show striking similarities to laboratory experiments show striking similarities to 

those detected in space plasmasthose detected in space plasmas

�� FAST and FAST and FrejaFreja observations show that the energies observations show that the energies 

of the electrons which are accelerated by of the electrons which are accelerated by IAWsIAWs are are 

higher than those found in numerical simulations higher than those found in numerical simulations 

including the linear inertial effectsincluding the linear inertial effects



Basic NL equationsBasic NL equationsBasic NL equations
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MultiscaleMultiscale expansionexpansion
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QuasiQuasi--monochromatic approachmonochromatic approach
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Convective cells generationConvective cells generation
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Competing mechanismsCompeting mechanismsCompeting mechanisms
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BroadBroad--band approximationband approximation
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Numerical SimulationNumerical Simulation



Suppression of the parametric Suppression of the parametric 

instability in the instability in the auroralauroral cavitycavity
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Kinetic Alfven wavesKinetic Alfven waves
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Other predatorOther predator--prey modelsprey models

�� HasegawaHasegawa--MimaMima
model for drift model for drift 
turbulence turbulence 

�� Generation of zonal Generation of zonal 
flows and streamersflows and streamers

�� BohmBohm--like plasma like plasma 
diffusiondiffusion

�� Suppression of drift Suppression of drift 
turbulenceturbulence

�� CharneyCharney model for model for 
RossbyRossby waveswaves

�� Generation of zonal Generation of zonal 
and and meridionalmeridional flowsflows



Generation of zonal flows by Generation of zonal flows by 

RossbyRossby waveswaves
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Optimal parameters of ZFOptimal parameters of ZF
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EstimationsEstimations
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ConclusionsConclusions

�� Alfven waves excited in the IAR practically never appear Alfven waves excited in the IAR practically never appear 

as small amplitude linear disturbancesas small amplitude linear disturbances

�� Parametric instability provides a substantial damping of Parametric instability provides a substantial damping of 

the IAR the IAR eigenmodeseigenmodes and an essential mechanism of and an essential mechanism of 

energy transfer from smallenergy transfer from small--scale scale AWsAWs to large and to large and 

mesoscalemesoscale convective motionsconvective motions

�� The convective cells can interact with the background The convective cells can interact with the background 

medium and develop 2D NL motions in the form of medium and develop 2D NL motions in the form of 

KelvinKelvin--Stuart vortex streetsStuart vortex streets

�� Such a scenario constitutes a dynamical paradigm for Such a scenario constitutes a dynamical paradigm for 

intermittency in the intermittency in the ionosphericionospheric turbulence containing turbulence containing 

nonlinearly coupled nonlinearly coupled AWsAWs and convective motionsand convective motions
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