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In this work, we present the results of in-situ measurements of the characteristics of electromagnetic and plasma
disturbances in the ionospheric region modified by high-power emission from the NWC transmitter, which were
obtained using the onboard equipment of the French microsatellite DEMETER. It is shown that under the influence
of VLF emissions from the ground-based transmitters, artificial plasma-wave channels with typical transverse scales
of about 1000 km can be formed in the ionospheric plasma.

PACS: 52.35.Mw, 94.20.wj, 94.20.Vv

INTRODUCTION Fig. 1,e shows the number densities of primary ion
species observed by the IAP instrument.
It is known that radio emissions of operating VLF The modified region is marked by the solid lines in

transmitters can turbulize the illuminated region of the  Fig. 1.
ionosphere [1, 2].

Plasma-wave structures generated in the ionosphere
by VLF emissions from ground-based transmitters make
it possible to change the local ionosphere-
magnetosphere coupling and determine the radio
communication characteristics in this frequency range.

To study the characteristics of such induced plasma- 70010t
wave structures, the results of measurements of plasma 2.00610*
and electromagnetic-field parameters, which were '
obtained wusing the onboard equipment of the
DEMETER satellite during its passage above a 1-MW
VLF transmitter NWC in 2004...2010, are analyzed in
this paper.
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OBSERVATIONS g

The NWC transmitter located at Northwest Cape, 1aza
Australia (21°49’S, 114°10'E) is one of the most 45
powerful communication transmitters in the world that 1073
are currently in operation. The radiated power of this ]
transmitter is 1 MW and the operating frequency
fe=19,8 kHz.

Fig.1 shows the representative DEMETER
observations of the parameters of electromagnetic and L P S el
plasma disturbances during the satellite passage over the 10010 = \i
NWC transmitter from 14:43:00 to 15:17:30 UT on — s '

i
10005

September 22, 2006. T ST e he gt
Fig. 1,a shows a 17-t0o-20 kHz spectrogram of the = 104 wANL ’
electric-field component of VLF turbulence above ol X

NWC, which was obtained by an ICE instrument of the I e s e e
satellite. The NWC signal at 19,8 kHz is present at the Tl A
very top of the spectrogram. In addition, a band of Long.  faaes g fo7e8 sser 50
plasma waves can be seen. Fig. 1,b shows a spectrogram

of the magnetic-field component of VLF turbulence  Fig. 1. Electromagnetic and plasma disturbances in the

observed by an IMSC instrument of DEMETER. ionospheric region modified by VLF emission from the
Figs. 1,c and 1,d show the local electron temperature NWC transmitter

(T.) and density (N.), respectively, which were

measured by the Langmuir probe instrument (ISL). Significant changes in the electron density and

temperature (N, decreases by ~ 50 % and 7, increases
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by~ 50 %), coincident with the localization zone in
which the intensity of the NWC signal was high, were
observed at the altitudes of the Earth’s outer ionosphere,
in the region of a disturbed magnetic flux tube. The
induced density disturbances were aligned with the
geomagnetic field, which allowed one to identify them
as artificial plasma-wave channels (density ducts) with
nonuniform (stratified) distribution of plasma density.

A typical transverse scale of the density duct along
the satellite trajectory is about 1000 km. In such an
artificial density duct, guided propagation of whistler-
mode waves at the NWC-signal frequency and
stimulated intense quasi-electrostatic (QE) waves are
observed.

Changes in the ion composition (enhanced density of
O+ species) were also observed in the ionospheric
region modified by VLF emission from the NWC
transmitter.

Fig. 2 shows the velocity of the ion flow during the
passage of the satellite on September 22, 2006.
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Fig. 2. Velocity of the ion flow in the direction of the
geomagnetic field B,

In the modified region, the direction of the ion-flow
velocity reverses its sign, and the upward flows are
observed. The stimulated changes in the ion flows
contribute to redistribution of the ion composition.

Disturbances induced by VLF high-power radio
emission extend along B, into the region magnetically
conjugate with respect to the NWC transmitter [3].
Fig. 3 shows the DEMETER observations of the
parameters of electromagnetic and plasma disturbances
during the satellite passage over the NWC conjugate
region from 12:51:30 to 13:26:56 UT on February 3,
2009. The format of the figure is the same as in Fig. 1.

Fig. 3,a shows a spectrogram of a component of the
observed electric field. The spectra include the NWC
signal and intense QE waves (Fig.3,b shows no
discernible magnetic field for these waves).

Figs. 3,c,d show that there are no large disturbances
in T, and N, over the region magnetically conjugate to
the NWC VLF transmitter.

This form of turbulence has been associated with
small-scale plasma density irregularities [4].
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Fig. 3. Electromagnetic and plasma disturbances in the
NWC conjugate region

The satellite passages were selected from those
which were in the near vicinity of the modified (see
Fig. 1) or magnetically conjugate (see Fig.3) region.
The trajectories of the DEMETER satellite are shown in
Fig. 4.
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Fig. 4. Trajectories of the satellite on (1) September 22,
2006 and (2) February 3, 2009. The locations of the
NWC transmitter and the magnetically conjugate point
are indicated by the asterisks
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CONCLUSIONS

The presented results of in-situ measurements allow
us to conclude that ionospheric heating by powerful
VLF transmitters can lead to the formation of electron
and ion density disturbances that are aligned with the
geomagnetic field. Such density irregularities can serve
as ducts for low-frequency waves.

Since the plasma density distribution in the duct is
nonuniform and rapidly varying, the spectrum width of
quasi-electrostatic emissions excited via conversion of
whistler waves on these irregularities is noticeably
wider than the spectrum of the VLF transmitter signal.

In the modified region, the direction of the ion-flow
velocity reverses its sign, and the upward flows are
observed. As a result, the ion composition is

redistributed.
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CITYTHUKOBBIE HABJIIOJIEHUSA IIJTASMEHHO-BOJIHOBBIX BO3MYIIIEHU,
NHAYHUPOBAHHBIX MOLIHBIM PAANON3JTYYEHHUEM INEPEJATYUKA NWC

A.C. Benos, I.A. Mapxoe, M. Parrot

[TpencraBnensl pe3yiabTaThl HETOCPEINCTBEHHBIX (in-situ) m3MepeHHMi OOPTOBOH ammapaTypod (paHIly3cKOro
mukpocnyTHuka DEMETER  xapakTepuCTMK  JIEKTPOMAarHMTHBIX M IUIa3MEHHBIX ~ BO3MYILIEHHMH B
MOIM(UIIMPOBAaHHOW MOIIHBIM H3iMydeHHeM nepenarunka NWC obmactn moHocdepsl. OTMmMedeHO, 4YTO NpH
Bo3aericTBur OHY-m3nmydeHnsT Ha3eMHBIX MEPEJaTIYNKOB B HOHOC(HEpHOU TiazMe (popMUPYIOTCS UCKYCCTBEHHEIC
TUTa3MEHHO-BOJTHOBBIE KaHAIBI C XapaKTEePHBIM ITOTIepedHbIM MacmTadoM ~ 1000 kM.

CYIIYTHHUKOBI CHOCTEPEXEHHA IIJIABMOBO-XBUJIbOBUX 35YPEHB, IHITYKOBAHUX
HOTYKHUM PAJIOBUITPOMIHIOBAHHAM INEPEJJABAYA NWC

A.C benos, I A. Mapxos, M. Parrot

IpencraBneni pesynbraTe Oe3mocepenHix (in-situ) BUMIpIOBaHb OOPTOBOIO amapatypor (HpaHIly3bKOTo
mikpocynytHuka DEMETER XxapakTepHCTHK eleKTpOMarHiTHMX 1 IDIa3MOBHX 30ypeHb y MoaudikoBaHii
MOTYKHUM BHIIPOMiHIOBaHHsAM mnepenaBada NWC oOmacti ioHocdepu. Bimsnaueno, mo mpu Brumsi OHY-
BUIIPOMIHIOBaHHS Ha3eMHHX IIepeJaBadiB B ioHOC(EpHiH mia3Mi GopMyIOThCs MITYy4YHI TJIa3MOBO-XBHIILOBI KaHAIIN
3 XapaKTepHUM HonepedyHuM mMaciutadom ~ 1000 km.
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