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Short history

» The idea of IAR was suggested by Polyakov [1976]

» First experimental evidence: Polyakov and Rapoport
[1981], Belyaev et al. [1987]

» Recent experimental studies: Belyaev et al. [1999],
Demekhov et al. [2000], Bosinger et al. [2002]

» Theoretical model of the IAR was first developed by
Trakhtengertz and Feldstein [1987,1991] and Lysak
[1991]

» Recent progress in the theory: Pokhotelov et al.
[2000, 2001, 2003, 2004], Lysak and Song [2002,
2003], Pilipenko et al. [2002], Streltsov et al.

[2002], Surkov et al. [2004]
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Schematic view

' Magnetosphere

Tonospheric :
Alfvéen
Resonator :




Gro

» Nizniy-Novgorod » Sodankyla (Finland)

(Middle Russia) » Crete (Greece)

» Borok (Middle » Table Mountain
Russia) obs., USA

» Mondy (Siberia, » FREJA satellite
Russia) » FAST satellite

» Karimshino » CLUSTER satellites

(Kamchatka, Russia) | | pEMETER




Sources of free energy for the
AR excitation

» High-latitudes -
Magnetospheric convection
(feedback instability)

» Middle-latitudes -
Thunderstorm activity

» Neutral winds, Subauroral
Polarization Streams (SAPS)
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JAR Eigenmodes and damping rates
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Eigen-frequencies
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Variation of the damping/growth rate in the
presence of magnetospheric convection




Basic NL equations

otentials

{AB}=(0,A)0,B—(5,A)0,B
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Nonlinear equations
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Multiscale expansion
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Quasi-monochromatic
approach

(9,2) = (4, Ah') expli(q-r—Qt)]+c.c.

(o, A) = (i, A expli(k-r—et)]+c.c.
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Convective cells generation
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Competing mechanisms

IAW = |AW + |AW
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Suppression of the parametric instability
in the auroral cavity

d(1-AV5)A+0,0=0
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Other predator-prey models

» Hasegawa-Mima » Charney model for
model for drift Rossby waves

turbulence » Generation of

» Generation of zonal and
zonal flows and meridional flows
streamers

» Bohm-like plasma
diffusion

» Suppression of
drift turbulence




Experimental evidence

Magnetosonic ULF waves generated
by modulated ionospheric heating
using recently completed HAARP
heater were measured on board the
DEMETER spacecraft. Modulated F-
region ionospheric heating thus
provides us with the first artificial Pc
1 source that can propagate laterally
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HAARP (High Frequency Active Auroral Research
Program)

The project started in spring 1997, Gakona Alaska
Similar projects

Russia (Vasilsursk) - SURA

Ukrain -Kharkov region

Tajikistan- Dushanbe

Peru - Jicamarka Radio observatory

Emission power

HAARP (Gakona, Alaska) - 3600 kW

EISCAT (Tromse, Norway) - 1200 kW

SPEAR (Longeer, Norway) - 288 kW
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Basic equations (lonoesph

Ampere's law

K(z) OE,

(V><5B)l =1 (J, +Jy )+

Here

C2

J, =0.,E, +0,zxE, and J,

ot

=(BxVé&p)/B*

Faraday's law
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Parallel electron motion
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Dimensionless torm
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where 6=(2/ ou,o, )1/2 is the skin depth
of the solid Earth
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Vertical
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Conclusions

- Alfven waves excited in the IAR practically never
appear as small amplitude linear disturbances

- Parametric instability provides a substantial
damping of the IAR eigenmodes and an
essential mechanism of eneggy transfer from
small-scale AWs to large and mesoscale
convective motions

- The convective cells can interact with the
background medium and develop 2D NL
motions in the form of Kelvin-Stuart vortex
streets

- Such a scenario constitutes a dynamical
paradigm for intermittency in the ionospheric
turbulence containing nonlinearly coupled AWs
and convective motions
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Demeter Detection of Electro-
MagneticEmissions Transmitted from
Earthquake Regions)
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OHY curnan pacmnpocrpaHsiercss Me:Kay 3emJsieili U uoHocepoii kak B chepudyeckom
BOJIHOBO/I€, HMKHEH CTEHKOH KOTOPOro SIBJISIETCHA IOBEPXHOCTH 3eMJIM, a BepXHed — camas
HUKHAA 4YacTb HOHOchepbl — cioil D. IddexTBHAA BBHICOTA OTPAKEHUS] CUTHAJIA OOBIYHO
npunuMaercss aHem /0, a Houbw - 90 kM. Xapakrtep pacnpoctpaHenus OHY curnana
onpeaeasiercs IIABHBIM 00pa3oM BeJIMYHUHOM W TPAJAMEHTOM JICKTPOHHOM ILUIOTHOCTH OKOJIO
rpaHuubl armocdepa-uonocdepa.

Bunepsbie meron MonutopuHra OHY curnanoB cucrembl «OMEI'A» B cBs3M ¢

CeMCMUYECKOH AKTHUBHOCTBIO ObLJI IPUMEHEH COTPYAHUKAMU HAILIEr0 MHCTUTYTA!

Gokhberg M.B., Gufeld I.L., Rozhnoy A.A. et al. Study of seismic influence on the ionosphere by super
long-wave probing of the Earth —ionosphere wave—quide, Phys. Earth and Planet. Inter. 1989. V. 57, Ne 1-2.
P. 64-67.

I'ybensn N.JI., Poxxnoit A.A., TromenrieB C.H. Bo3myiienus: pagroBOTHOBBIX TTOJICH TIepet
Pynbapckum n Paunackum 3emmnerpscenusamu, M36. AH Dusuxka 3emnu. 1992, N 3, c. 102-106
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The detection of natural disaster precursors
through micro- and nano satellite observations in the Earth’s
ionosphere

Joint Russia — UK satellite
project Twinsat







