N

N

Estimates of the field-aligned current density in
current-carrying filaments using auroral zone
ground-based observations
M. A. Danielides, S. Shalimov, J. Kangas

» To cite this version:

M. A. Danielides, S. Shalimov, J. Kangas. Estimates of the field-aligned current density in current-
carrying filaments using auroral zone ground-based observations. Annales Geophysicae, 2001, 19 (7),
pp.699-706. hal-00316867

HAL Id: hal-00316867
https://hal.science/hal-00316867
Submitted on 18 Jun 2008

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-00316867
https://hal.archives-ouvertes.fr

Annales Geophysicae (2001) 19: 699—7@5European Geophysical Society 2001 —

Annales
\ G Geophysicae

Estimates of the field-aligned current density in current-carrying
filaments using auroral zone ground-based observations

M. A. Danielides!, S. Shalimo¥, and J. Kangas'

1Department of Physical Sciences, P.O. Box 3000, FIN-90014 University of Oulu, Finland
?Institute of Physics of the Earth, Moscow, Russia
3Sodankyh Geophysical Observatory, FIN-99600 Sodaikginland

Received: 11 January 2001 — Revised: 25 April 2001 — Accepted: 17 May 2001

Abstract. We described the ground signatures of dynamicnetically invisible on the ground, but can be detected above
substorm features as observed by the imaging riometer, maghe ionosphere by satellites.

netometers and all-sky camera (ASC) at Kilgarsj, Finland Since the ground magnetic field disturbances depend on
on 5 and 25 October 1999 during the late evening hours. Thehe height-integrated horizontal ionospheric currgnt and
magnetometer data was consistent with the motion of upsince this current and the electric field in the ionosphére
ward field-aligned currents (FACs) associated with absorp-are connected by Ohm’s law via the Hail §) and Pedersen
tion patches moving within the field of view of the riometer. (X p) conductances, it would seem possible then, in princi-
We used riometer data in order to estimate the intensity ofple, by using divergence-free conditions for the total current,
FACs associated with these local current-carrying filamentsto estimate FACs from magnetic and electric field data if, for
It is shown that during these events, the estimated FAC inexample, the rati® /X p is assumed to be known. It is,
tensity exceeds a threshold value that corresponds to the exowever, usually difficult to make a quantitative analysis of
citation of the low-frequency turbulence in the upper iono- FACs because there is no simple way to estimate the iono-
sphere. As a result, a quasi-oscillating regime of anomalouspheric conductivity distribution or the particle flux.

resistivity on the auroral field lines can give rise to the burst-  |n addition, the precipitation of energetic particles in, for
like electron acceleration responsible for simultaneously Ob-example, auroral arcs can result in small-scale (filamentary)

served auroral forms and bursts of Pi1B pulsations. FACs and conductivity gradients. Such filaments which can
Key words. lonosphere (active experiments; auroral iono- /S0 be highly variable in time (for example, with a charac-
sphere; electric fields and currents teristic scale of 30 seconds or less for pulsating aurora) occur

within localized regions as small as 1-30 km, i.e. within the
auroral arc thickness. Strong conductivity gradients modify
the convection-driven electrojets and the associated convec-
tion electric fields. However, measurements of electric fields,

| S f field-alianed FACS) in th Icurrents, and conductivities for a localized region of 30 km
nvestigations of field-aligned currents ( §) in the aurora or less in dimension and with an appropriate time resolution

region are of great interest because it is a well established facﬁre rather difficult to obtain by satellites, rockets, and most
that FACs are responsible for the linkage between magneto- round-based experiments

spheric and ionospheri'c plasmas, and FACs are t.hus impor- lonospheric Hall and Pedersen conductances can be de-
tant for the understanding of the magnetosphere—lonospherﬁved for example, from auroral spectroscopic measurements

coupling. obtained with meridional scanning photometers (Mende et

th Itt ItSh also We(ljl-knowntfronj po![ar regl??helgctrodyhnamlcs al., 1984; Robinson et al., 1989). Conductances can also be

at etgroun malgr|1ed|c Sltgrlﬁ ures o fe 'Onoipffr:'c_curaerived from height profiles of electron density obtained by
rent systems are solely due o the source-ree part oTthe 10N, - o e rent scatter radars (see, for example, Schlegel, 1988;
spheric current system (due to Hall currents in the case o

a uniform ionospheric conductance distribution (Fukushima obinson et al., 1989). While a general agreement is ob-
1976)). This means that the curl-free part of the ionospheric:taInGd by using these basically different methods, some dis-

t tooeth ith the FACs. d t orod agreements illustrate the limitations of these experimental
current, together wi N S, 0O€s not produce any magfechniques. The radar yields accurate values of conductances
netic field disturbance below the ionosphere and is thus ma

Yith limited temporal and spatial resolution, while the opti-
Correspondence tayl. A. Danielides cal measurements provide less accurate values with high time
(michael.danielides@oulu.fi) resolution and over a large region of space.

1 Introduction
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An elegant analytical approach was developed by Inheste &
et al. (1992) and Amm (1995) (called "method of charac- =
teristics”) in order to derive ionospheric Hall conductance £ 0.5
distributionX i from ground magnetic and ionospheric elec- 0
tric field observations (hence by estimatiRg; / > p the re-
maining ionospheric electrodynamical parameters can be in _, 50
ferred). =

For the events under study here, however, incoherent sca >~
ter radar data was not available for the conductance and elec 100t
tric field measurements, nor were the TV images calibratec
in intensity. But two other experiments were available: the &
Imaging Riometer for lonospheric Studies (IRIS) (Detrick 5>
and Rosenberg, 1990) for ionospheric absorption of cosmica 20 . . . . .
radio noise, and the International Monitor for Auroral Ge- 1%8'00 19:20 19:40 20:00 20:20 '20:40 21:00
omagnetic Effects (IMAGE) magnetometer networki(i, — . . K L
1994) for geomagnetic field disturbances and the corresponcE 1g8 I
ing equivalent currents. The data from these instruments N g
were used as input parameters in our model calculations -50 : : L el
which allowed us to detect and to estimate FAC intensities 19:00 19:20 19:40Tir%10é?8T]20:20 20:40 21:00
in current-carrying filaments. Next, we analysed a corre-(g)
lation of the suspected FAC filaments with some additional _
auroral phenomena observed by ASC and a pulsation mag_ﬂg
netometer in order to see in which events the most intenstz’
FACs were involved. We estimated from theoretical argu- 5
ments the threshold value of FAC needed to produce thesg
phenomena just under the center of a current-carrying flux
tube and compared the threshold value with values calcuE
lated from experimental data. After such a comparison, we—_oqg}
noted that at times the calculated FAC intensity exceeded th® . B . . .
theoretically-defined threshold value that corresponded to thi _4%%.30 16:|40 16|:50 17:00 17::10 17::20 17:30
excitation of the low-frequency turbulence in the upperiono-— 0oF ' " ]
sphere. Finally, we interpreted the observed correlation be'c-100}
tween the appearance of aurora, PiB pulsation activity, an(;;200 I
strong FACs through the mechanism related to the develop™ -
ment of a quasi-oscillatory regime of anomalous resistivity ~_ 16:

; L. L [
19:20 19:40 20:00 20;20 120;40 21:00

@]
)
Qo
<

Abs

and caused by the presence of the low-frequency turbulenc= 108 I
on the auroral field lines. E;\7100 i
m—200 i | | |
-300 : : : : :
. 16:30 16:40 16:50 17:00 17:10 17:20 17:30
2 Observations Time [UT]

(b)

:—Fgllzlrg;%;nn% rifr:g:;re?stiimzsngb(?éngg I;\I‘Iorgotf;%K;iﬁl‘?l Fi_g. 1. The four pan_els irfa) and(b) above show (from the top)_ the
) e ; wide-beam absorption data (IRIS) and the ground magnetic com-

The system operates_; at 38.2 MHz, and uses an array of 6éonems (IMAGE) at Kilpisjrvi, Finland on 5 October 1999 from
crossed half wave dipoles over a ground plane, with a se€fig:00 to 21:00 UT and on 25 October 1999 from 16:30 to 17:30
of Butler matrices from 49 independent beams. The signalsyT. There are two different activations observed on 5 October 1999
are received by time—sharing into 7 riometers, the outputs okt 19:57 and 20:30 UT, both in absorption and ground magnetic
which are digitised (12 bits) every second. The time reso-data. Note the clear signature of Pi2 pulsations in the magnetic Y-
lution is 1 second. The zenithal beam i Mide between component from 19:55 to 20:00 UT! On 25 October 1999 there are
half power points and the best spatial resolution at 90 kmfour different activations observed at 16:41, 16:49, 17:09 and 17:19
is 20 km. The oblique beams are considerably wider. TheYT-
eighth riometer is connected to a wide-beam antenna at the
site which covers a circle with a radius of 50 km at the 90 km
level (Hargreaves et al., 1991, 1997; Detrick and Rosenbergudes, up to the cusp/cleft regions in the European sector. All
1990). magnetometers meet certain standards in calibration, stabil-

The IMAGE project includes 15 ground-based magnetomeity, and frequency response, ensuring that a homogeneous set
ters covering the range from sub-auroral through auroral lati-of data emerges from the measurements. Samples are taken
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at 10 seconds intervals and the resolution of the instruments Comparing all activations and corresponding ionospheric
is 1 nT or better (iihr, 1994). effects, we note that the last activation at 17:19 UT, while it
In this study we analyse the magnetic disturbances thais also associated with the FAC, is accompanied by neither
were recorded by the IMAGE magnetometer network on 5magnetic pulsations in the PiB range nor auroral activity.
October 1999 from 19:00 to 21:00 UT, and on 25 October There exists strong arguments that in order for a field-
1999 from 16:30 to 17:30 UT. We focused on local magne-aligned potential drop to build up enough strength to accel-
tometer measurements obtained at Kiigj. Multi-instru- erate electrons to several hundred eV which is necessary for
mental data, including riometer and ASC images, as wellthe excitation of auroral emissions, the FAC must exceed a
as pulsation magnetometer data from Kilpisj were also critical value sufficient to cause plasma instabilities (Kindel
added in order to study the spatial and temporal developmerdnd Kennel, 1971). We believe that it is the FAC intensity
of the phenomena involved. The selected time periods weravhich is responsible for the complete set of phenomena ob-
characterized by disturbed geomagnetic conditiéps=£ 18 served just under the center of the current-carrying filament
on 5 October 1999 anéip = 16 on 25 October 1999). structure. It implies that the FAC intensity must exceed some
Figure 1 (panels from the top) shows relevant ground-basethreshold value. Both numerical and theoretical estimates of
wide-beam absorption data from the imaging riometer IRISthis value will be presented in the next section.
and magnetograms{, y- andz- components) from the IM-
AGE station at Kilpisgrvi, respectively. From magnetometer
data it can be seen that there are several activations observéd Theoretical estimates
at Kilpisjarvi on 5 October 1999 from 19:00 to 21:00 UT,

namely at 19:57:40 and 20:30:10 UT, as well as on 25 Octo V& estimate first the magnitude of FAC in the upper iono-
ber 1999 in the time interval from 16.30 to 17.30 UT, namely SPhere which is needed to produce aurora. As noted by Swift

at 16:41. 16:49. 17:09. and 17:19 UT. On 5 October 1999 (1978), current-driven anomalous resistivity associated with
the two activation regions were located close to substorm onPlasma turbulence is most important where the electron drift

sets. However, among the activations on 25 October 1999V€0City Vp = jj/ne is maximal. To determine at which
only the one at 17.09 UT marks the onset of an expansivé‘e'ght this takes place, the calculation of the drift velocity
phase of the substorm, as follows from the analysis of dat&Vas performed (Mozer et al., 1980) using a measured ;?Iasma
from the whole IMAGE array (not shown here). Each acti- density profile. In this, the fact that the current dengity

vation is associated with an increase in riometer absorptiorsCa€s as the magnetic field strengitis considered when

and with a magnetic perturbation consistent with the develthe current in a flux tube is conserved. They found that the

opment of filamentary upward FACs (seen in total equivalentdTift velocity peaks in the region of 6000-7000 km. The cor-
current patterns (not shown here); the latter is also inferred©SPOnding FAC at this distanc& & Rr) was estimated to
from the behaviour of the-component). be
This interpretation is confirmed by displaying the Differ- .m)
ential Equivalent Currents (DECs) with a differential time of /I
A =30 seconds. Figure 2 a-e shows the DEC vectors on §Mozer et al., 1980).
October 1999 at 19:57:40 and 20:30:10 UT, as well as on For a dipole geomagnetic fiel#(R) = Bg - (Rg/R)?
25 October 1999 at 17:10:50 to 17:11:10 UT with the time (where By is the magnetic field on the ground, Rt= Rg),

resolution of 10 seconds. It follows from Fig. 2 that an an- and using the conservation of magnetic flux and the total cur-
ticlockwise current circulation around a center is exhibited rent in a magnetic flux tube, the relationship between the

when the current pattern is added to the former existing patgac densityj(m) in the magnetosphere at a distankg
tern. Such an equivalent current loop will be generated if I
a vertical upward directed FAC is escaping from a laterally )
homogeneous ionosphere (see, for exampisi®yer et al., jlf’”) = jH(’) - (Ri/Rm)®. Assuming thatR; ~ Rz andR,, ~

1981). ) o 2R, we obtain that the ionospheric FAC densityjflé) >
The corresponding activity, as seen by auroral the all-sky,

2
camera (ASC), shows a distinct increase in auroral Iuminos-SMA/m '
ity around 19:57 and 20:30 UT on 5 October 1999 and shortly

after 16:41, 16:46, 16:50 and 17:06 UT on 25 October 19994 Numerical estimates

(Figs. 3a, b, upper panel), whereas Figs. 4a, b presents the in-

duction coil magnetometer data of the magnetic H-componemb obtain a representative figure, we used the formula given
during the same time interval, displaying pulsations in thein the Appendix

Pi2 and PilB frequency range. PiB’s are defined as broad-

band impulses. The long—periofl & 40—150 seconds)and 20\ [ a(2a® —r?)

the short—periodl = 1 — 40 seconds) parts of the impulses /I = (MOR) (a2 + r2)5/2 @

are usually specified by the abbreviations Pi2 and PilB, re-

spectively (Saito, 1969; Kangas et al., 1979%sBiger and  for the FACs associated with observed magnetic disturbances
Wedeken, 1987). and absorption spikes. The magnetic permeabilitygs=

~13-10% A/m? (1)

andj”(” in the ionosphere ak; can be obtained as follows:
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Fig. 2. Two-dimensional map of observations from the IMAGE network and the imaging riometer IRIS at &ipjstinland on 5 October
1999 from(a) 19:57:40 UT(b) 20:30:10 UT andc-e) on 25 October 1999 from 17:10:50 to 17:11:10 UT with 10 second resolution. As a
reference, a geographic grid, coastlines, and national borderlines are underlayed. The differential equivalent current (DEC) vedters with
30 seconds show a counterclockwise and vortex-like pattern close by the region of an absorption spot n€awiKilfhisjvertical magnetic
componentsh;, are represented by rectacular boxes and circles, whereas boxes are negative and circles are positive.

4 - 107"H/m andR = Xy /Xp is the Hall to Pedersen estimated from riometer data with the following empirical
conductance ratio. relations:

For this purpose we have to know the rakipthe flux tube Sy =149+167- A+ 0.15- A2, ©)
radiusa, and the distance of a station from the center of
a current-carrying filament. Walker and Bhatnagar (1989)
have shown that the Hall and Pedersen conductances can & = 0.60+ 4.57- A + 0.07- A?, 4)
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The radiusa and the distance can be calculated by an
1 algorithm where the main points are as follows:

[

oo
T

1. We select as a background level for the absorption the
average value during the time interval under considera-
N tion (around 0.5 dB in our case);

)
T

Intensity

© o o o

N
T

N 1
19:20 19:40

[
©O
=}
o

2000 2020 20:40 2100 2. For each absorption event above this level, the coordi-
x10° nates of maximum absorption, which are taken as the
o center of the current-carrying flux tube, can be deter-
mined (hence the distanedrom the observational point

to the center of the tube can be determined);

FAC density [A/m?]

2_____________jW\« o o 3. The radius of the flux tube in the presented case is sim-
0 ‘ : ‘ I ‘ ply given as the half-width of the absorption patch im-
1900 1920 19:40 Tiﬁg?gn 2020 2040 21:00 age in the IRIS field of view. (For a more general ap-

proach, the morphology of the absorption filament can
be taken into account.)

—
QD
f=

] The geometry, size, and location of the absorption filament
8 is used to estimatg by formula 8 in the Appendix.

1 Taking all of these points into account, the current density
i during the selected time interval has been calculated, and the
o ‘ ‘ ‘ ‘ ‘ results are presented in Figs. 3a and 3b (lower panel). The
16:30 1640 1650 1700 1710 1720 1730 dashed line marks the threshold current density estimated in
x10° ‘ ‘ ‘ ‘ the previous section.

Intensity

7 5 Discussion and concluding comments

FAC density [A/n?]
o - N w B (6]
‘

- -‘-‘-‘-‘-M-_‘Tﬁ_-________ 1 SUR— The method used in the present study seems to be applicable
‘ ‘W \ ‘ ‘ JM i for the estimation of FAC intensity associated with localized
16:30 1640 1650 Tir};:?ST] 1710 17:20  17:30 auroral structures detected within the field of view of both
(b) IRIS and ASC, provided there is no delay between auroral

_ o _ and absorption events (or at least the delay is hot more than
Fig. 3. The upper panel shows the normalized intensity from the 5 fa\y tens of seconds). In this case, the precipitations as-
ASC at Kilpisjrvi, Finland(a) on 5 October 1999 from 19:00 to sociated with aurora and absorption can approximately oc-

21:00 UT and(b) on 25 October 1999 from 16:30 to 17:30 UT cupy the same ionospheric region and the current filament
with 20 seconds resolution. Regions of intense luminosity can be Py P 9

found for the same times as in Fig. 1. In the lower panel the ﬁeld_co-locates with the absprptlon spot Wh'Ch is generally not
aligned current (FAC) density estimated by formula (8) from the the case. For example, in a study using a network of broad-
appendix is shown. A dash-dotted line shows a theoretical estimate#€am riometers and all-sky camera data, Collis and Korth
threshold value of 10°A/m2. In (a) the strong activations exceed (1983) reported a delay of about 2 min between the passage
this value at 19:57 and 20:30 UT. The first three activations in (b)of a visible westward travelling surge and a sharp onset of ra-
clearly reach this value. However, the last activation around 17:19dio absorption. Stocker at al. (1997) similarly observed the
UT stays below this threshold value. de|ay which varied from 0 to 60 sec.

As shown in Figs. 3a, b, the threshold value of FAC den-

, , . , . sity measured at a given site is comparable to the estimated
whereA is the ionospheric absorption at 30 MHz in dB. The y,resho|d level by each activation. In the case of the last ac-

absorption at frequency is given by Walker and Bhatnagar ation on 25 October 1999 around 17:19 UT, only low au-

(1989): roral excitation is seen.
30+ /1 2 The estimated FAC density is, in general, equal or lower
A(f)= A ( FEr ) , (5)  than the threshold value during this event. We suggest that
L

part of the current can be attributed with high-energy parti-
wheref; is the electron gyrofrequency (about 1.6 MHz at 90 cles which are responsible for the production of the absorp-
km altitude), and the plus/minus corresponds to ordinary/extion spike, while the other part of the current with a value
traordinary mode wave. From these formulas we can estiwhich is probably less than the threshold can be attributed
mate the valuek for absorption observed with the IRIS sys- with relatively cold plasma, which is responsible for the well-
tem at a frequency of = 382 MHz in our experimental developed region of anomalous resistivity and, as a conse-
data. guence, the development of the aurora and PiB pulsations.
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Fig. 4. The H-component of the pulsation magnetometer observations from itgiga) on 5 October 1999 from 19:40 to 20:40 UT and
(b) on 25 October 1999 from 16:30 to 17:30 UT is shown in the upper panel. Below, a frequency spectrum for the same time is shown. The
four activation regions from the preview figures show significant Pi2 and Pib1 pulsations.

However, it is difficult to separate the relative contribution of current filament with its center far from Kilp#jvi. If we

the different plasma content into FAC. check the complete IMAGE data set, it appears that the max-
Note that the absorption area shown by the IRIS data colMum magnetic disturbances were observed to the west from

incides with the local particle precipitation region, whereas Kilpisjarvi at stations Tromso and Andenes.

the pulsation magnetometer responds to changes over a wide Further, it is known that the Pi1lB amplitude maximum ob-

current region. Therefore, it may well be that the mag- served on the ground is located just underneath active auroral

netic disturbance recorded at 17:19 UT originates in a strondorms (see, for example, Haldoupis et al., 1988sBger and
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Wedeken, 1987; Arnold et al., 1998, and references therein)are easily calculated (Glassmeier and Heppner (1992)). Here,
We computed the same relationship in our study (see Figsk is the height of the ionospheric layerg = 47 - 10~ ’"H/m
3a, b and 4a, b). Note, however, the fact that the PilB acis the magnetic permeability, amf®l = Xy /X p is the Hall
tivity maximum may not co-locate with the point of observa- to Pedersen conductance ratio. The vertical magnetic com-
tion, which imposes an apparent limitation on our method. ponent was chosen as a rough indicator of FAC intensity
Now, using the observed correlation of auroral and Pilin the model. This component reaches its maximum value,
pulsation activity in conjunction with strong FACs, we can bI"** = (a/(a + h)?)Wp, at the center of the current fil-
produce theoretical arguments why aurora may be connecteament. This value fob?'“ is rarely measured. However,
with the simultaneous appearance of Pil bursts. One of th@sing ground vertical magnetic componépmeasurements
possible explanations may be the following: we note that theand following the suggestion by Pilipenko et al. (1999) we
value obtained for the magnetospheric current derﬁl@/ can obtain the amplitude factdrg
exceeded the threshold for the excitation of low-frequency 2 1 r2)3/2
turbulence in the topside ionosphere (see, for example, Mozepg = . - (a+h)”+r9) , (7)
etal., 1980). The evolution of the corresponding ion-acoustic a-(a+h)

instability leads to quasi-oscillations around the saturationfor the case where the current-carrying flux tube is not direct

level with time approximately reciprocal to the instability above the magnetometer station. It was found thgis of
growth rater; and subsequent fading (in time which is  the order of 5 to 1010-3T-m.

3-30 seconds for typical plasma parameters (Shalimov and The FAC above the ionosphere
Liperovsky, 1988; Pilipenko et al., 1999)). Consequent vari-
ations of anomalous conductivity result in pulsed electron | 2%y a(2a® —r?)
precipitation and aurora, as well as noise generation in thel = </L0R> (a2 +r2)5/2 )"
PilB band.

It should be noted that, in principle, Pil bursts may be also reaches its maximum vallﬁ’,“x = (4Wo/uoR)(1/d?),
caused by the excitation of an lonospheric &ifvResonator  at r=0.
(IAR) with an impulse of FAC (Lysak, 1997). Preliminary
theoretical estimates (Pilipenko et al., 1999) and experimenAcknowledgementNumerous discussions with T.oBinger are
tal studies (Belyaev et al., 1999), however, show that thegreatly acknoledged. We acknowledge financial support from the
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would have been not possible.
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storm development in association with the observed absorpﬁe“o in evaluating this paper.
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and aurora. Therefore, at least a part of the Pil activity carReferences

be associated with strong FAC development accompanied by ) o _ _
quasi-oscillating anomalous resistivity. Amm, O., Direct determination of the local ionospheric Hall con-

ductance distribution from two-dimentional electric and mag-
netic field data: Application of the method using models of typi-
6 Appendix cal ionospheric electrodynamic situations, J. Geophys. Res., 100,
21473, 1995.
For the estimation of FAC intensity, we followed the idea Arnold, R. L., Posch, J. L., Engebretson, M. J., Fukunishi, H., and
suggested by Glassmeier and Heppner (1992) (see also Pili- Singer, H. J., Pil magnetic pulsations in space and at high lati-
penko et al., 1999). As a model of the current filament, tudes on the ground, J. Geophys. Res., 103, 23581, 1998.
they exploited the azimuthally symmetric flux tube, having Belyae.v’ P.P., Bsinger, T, Isaev, S., af‘d Kangas, J., First evidence
a radiusa, with an upward flowing FAC in the center and a at high latitudes for the ionospheric ABn resonator, J. Geo-

. o phys. Res., 104, 4305, 1999.
downward flowing current at the flanks. The magnetic field Bosinger T., Alanko, K., Kangas, J., Opgenoorth, H., and Baumjo-

in the atmosphere can be described by a magnetic scalar po- hann, w. , Correlations between PiB type magnetic micropulsa-
tential W (r, z) which obeys Laplace’s equation. This poten-  tons, auroras and equivalent current structures during two iso-
tial in the atmospherez(> 0) may be chosen to coincide  lated substorms, J. Atmos. Terr. Phys., 43, 933, 1981.

with the potential of a point charge;4m Woa, located at  Bosinger, T. and Wedeken, U., PilB type magnetic pulsation si-
z = —a. Thus, in cylindrical coordinates, the magnetic po- multaneously observed at mid and high latitudes, J. Atmos. Terr.

tential isW (r, z) = Wo(a/v/(z +a)2 +r2) atz > 0, where Phys., 49, 573, 1987. _ _

W is the amplitude factor. Then the ground magnetic fieId,Cot'r':\;e'Tl'ir"\‘d gggeKoggn';‘ gggif'srgd'%fbfg;g“igggd westward
b=~V |:—4, and the ionospheric FAC, Detrick, D. L. and Rosenberg, T. J., A phased-array radiowave im-
. 2 2 ager for studies of cosmic noise absorption, Radio Sci., 25, 325,
JI = —(MO—R)VL‘I’ |z=0, (6) 1990.

®)



706 M. A. Danielides et al.: Estimates of the FAC densities in current-carring filaments

Fukushima, N., A generalized theorem of no groung magnetic ef- Phys. Chem. Earth, 22, 757, 1997.
fect of vertical current connected with Pedersen currents in theMende, S. B., Eather, R. H., Rees, M. H., Vondrak, R. R., and
uniform conductivity ionosphere, Rep. lonos. Space Res. Jap., Robinson, R. M., Optical mapping of ionospheric conductances,
30, 35, 1976. J. Geophys. Res., 89, 1755, 1984.

Glassmeier, K.-H. and Heppner, C., Traveling magnetospheric conMozer, F. S., Cattell, C., Hudson, M. et al., Satellite measurements
vection twin vortices: Another case study, global characteristics, and theories of low altitude auroral particle acceleration, Space
and model, J. Geophys. Res., 97, 3977, 1992. Sci. Rev., 27, 155, 1980.

Haldoupis, C., Nielsen, E., Holtet, J. A., Egeland, A., and Chivers, Pilipenko, V. A., Shalimov, S. L., Fedorov, E. N., Engebretson, M.
H. A., Radar aurora observations during a bursts of irregular J., and Hughes, W. J., Coupling between field-aligned current
magnetic pulsations, J. Geophys. Res., 87, 1541, 1982. impulses and Pil noise bursts, J. Geophys. Res., 104(8), 17419,

Hargreaves, J. K., Detrick, D. L., and Rosenberg, T. J., Space-time 1999.
structure of auroral absorption events observed with the imagingRobinson, R. M., Vondrak, R., Craven, J., Frank, L., and Miller,
riometer at South Pole, Radio Sci., 26, 925, 1991. K., A comparison of ionospheric conductances and auroral lumi-

Hargreaves, J. K., Browne, S., Ranta, H., Ranta, A., Rosenberg, nosities observed simultaneously with the Chatanika Radar and
T. J., and Detrick, D. L., A study of substorm-associated night- the DE1 Auroral Imagers, J. Geophys. Res., 94, 5382, 1989.
side spike events in auroral absorption using imaging riometersSaito, T., Geomagnetic Pulsations, Space Sci. Rev., 15, 573, 1969.
at South Pole and Kilpigyvi, J. Atmos. Solar-Terr. Phys., 59, Schlegel, K., Auroral zone E-region conductivities during solar
853, 1997. minimum derived from EISCAT data, Ann. Geophysicae, 6, 129,

Inhester, B., Untiedt, J., Segatz, M., and Kurschner, M., Direct de- 1988.
termination of the local ionospheric Hall conductance distribu- Stoker, P. H., Mathews, M. J., and Scourfield, M. W. J. , Cosmic
tion from two-dimentional electric and magnetic field data, J.  radio noise absorption related to structures in auroral luminosity,
Geophys. Res., 97, 4073, 1992. J. Geophys. Res., 102, 7439, 1997.

Kangas, J., Pikkarainen, T., Golikov, Y., Baransky, L., Troiskaya, Shalimov, S., and Liperovsky, V., On saturation of turbulent energy
V., and Sterlikova, V., Burst of Irregular Magnetic Pulsations, J.  in field-aligned currents,Cosmic Res., 26, 247, 1988.

Geophys., 46, 237, 1979. Swift, D. W., Mechanisms for the discrete aurora — a review, Space

Kindel, J. M. and Kennel, C. F., Topside current instabilities, J. Geo-  Sci. Rev., 22, 35, 1978.
phys. Res., 76, 3055, 1971. Walker, J. K. and Bhatnagar, V. P., lonospheric absorption, typical

Luhr, H., The IMAGE magnetometer network, STEP International, ionization, conductivity, and possible synoptic heating parame-
USSCO, 4, 1994. ters in the upper atmosphere, J. Geophys. Res., 94, 3713, 1989.

Lysak, R. L., Propagation of Alen waves through the ionosphere,



