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ABSTRACT

We present ground-based eledromagnetic data from the
MIRACLE and BEAR networks and satellite opticd
observations from the UVI and PIXIE instruments on the
Polar satellite of an omega band event over Northern
Scandinavia on June 26, 1998 which occurs close to the
morning side elge of a substorm auroral bulge. Our
anaysis of the data concentrates on one omega band
period from 03180327UT, for which we use the method
of charaderistics combined with an analysis of the UVI
and PIXIE datato derive atime series of instantaneous,
solely data-based dstributions of the mesoscde
ionospheric eledrodynamic parameters with a 1-min time
resolution. Our results sow that zonaly aternating
regions of enhanced ionospheric conductances
(“tongues’) up to ~ 60 S and low conductanceregions are
aswciated with the omega bands. The tongues have a
poleward extension of ~ 400 km from their base and a
zonal extension of ~ 380 km. While they are moving
coherently eastward with a velocity of ~ 770 ms?, the
structures are not strictly stationary. The current system of
the omega band can be described as a superposition of
two parts: One mnsists of anticlockwise rotating Hall
currents around the tongues, and Pedersen currents with a
negative divergence in their centers. The sign of this
system is reversing in the low conductance aess. It
causes the charaderistic ground magnetic signature. The
seoond part consists of zonally aligned current wedges of
westward flowing Hall currents and is mostly
magneticdly invisible below the ionosphere. This system
dominates the field-aligned current (FAC) pattern and
causes dternating yward and dovnward FAC at the
flanks of the tongues with maximum upward FAC of ~ 25
UA m2 Thetotal FAC of ~ 2 MA are cmmparable to the
ones diverted inside awestward traveling surge (WTS).
Throughout the event, the overwhelming part of the FAC
are asciated with gadients of the ionospheric
conductances, and 66-84%uof the FAC are conneded with
ionospheric Hall currents.

INTRODUCTION

Auroral omega bands are periodic, wave-like undulations
of the poleward baundary of the morning side diffuse
auroraocaurringin the recovery phase of substorms. The
name omega bands was originaly chosen by Akasofu and
Kimball (1964 with resped tothe dirk areas between the
poleward extending auroral waves or tongues, which
resemble the form of the inverted capital greek letter Q.

The luminous tongues tend to be narrower and having
larger latitudinal extent for more intense substorms, and
may occasionally develop into auroral torches which are
narrow, finger-like airoral forms that extend severa
degrees of latitude poeward from the auroral oval. Inside
the tongues which are primarily deformations of the
diffuse auroral boundary, also discrete airora can be
found, espedally at the tongues poleward baundary.
Pulsating aurora has been observed inside torches. The
typicd longitudinal as well as latitudinal extent of the
tongues amounts to about 400-500 km. Omega bands
have been found to grow simultaneously over a
longitudinal range of several magnetic locd time (MLT)
hours, and have dso been observed simultaneoudly in
both hemispheres (Mravlaget al., 1991).

The aurora forms ae drifting esstward with velocities
ranging between 400 and 2000ms*, with a tendency of
increasing drift speed with time. These velocities have
been found to agree dosely with the locd ExB drift
velocity. During their eastward drift, the shape of the
auroral forms is esentially preserved, thus indicding a
mostly stationary structure in the frame of reference
comoving with the forms. A ground magnetometer
positioned below the periodic, stationary and moving
auroral omega bands measures Ps6 pulsations, i.e.,
magnetic disturbances with periods of 5-40 min, and
amplitudes that may vary from 10 to over 1000nT. The
causal relation between the airroral and the magnetic
phenomena was first pointed out by Saito (1978. The
ground magnetic pulsations are most prominent in the
magnetic Y (eastward) component, in which the maxima
are more pronounced than the minima. The maximain'Y
occur between respedive minima and maxima in the Z
(verticd downward) component related to the same
omega band, where the Z minima ae leaing the Y
maxima by a phase shift of approximately 90 degrees. In
the X (northward) component, the pulsations are dso
often visible, but they are typicaly quite disturbed due to
thetempora variation of the substorm eledrojet intensity
duringthe recvery phase. For more detail s, seethe recent
review in Paschmann et al. (2003.

INSTRUMENTATION AND OBSERVATIONS

The MIRACLE network of ground-based instruments
(Syrjasuo et a., 1998 consists of the IMAGE
magnetometer network (seedats with starsin Figure 1),
the renewed STARE coherent scater radar which
measures the ionospheric dedric field in the aeaof the
blad frame indicaed in the Figure, and several all-sky



cameras which are not used in this gudy due to the
northern summer light conditions. For our event on June
26, 1998 in addition to IMAGE, data of the temporary,
but very extended BEAR magnetometer network (Korja
et al., 2002 are available (seedatsin Figure 1). These
two networks together provide the densest coverage of
magnetometers that has existed in Northern Scandinavia
asyet.
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Figure 1. Location of the IMAGE (dots with stars) and
BEAR (dots) magnetometer stations in Northern
Scandinavia, and the field of view of the STARE radar
(black frame).

From remote sensing of the UV- and X-ray aurora, the
Ultraviolet Imager (UVI) and the Polar lonospheric X-ray
Imaging Experiment (PIXIE) onboard the Polar satellite
can provide instantaneous global maps of the predpitating
eledrons.

The UVI instrument measures UV-emisgons within
the Lyman-Birge-Hopfield (LBH) band (140-180 nm),
caused mainly by the predpitating eledronsimpad on N,.
When produced at altitudes below about 150 km, some of
the LBH emissons will be asorbed by O,. The anount
of absorption is determined by the O, Schumann-Runge
absorption continuum, which pe&s at the shorter
wavelengths and deceasswith longer wavekenghs. The
LBH emissons are thus divided into two bands: A shorter
wavelength region of 140-160 nm denoted LBHS, with
significant lossdue to O, absorption, and another region
between 160 and 180 nm, LBHL, with less loss By
taking the ratio between the intensities of the two
LBH-bands, we can estimate the average predpitating
eledron energy. As the longest wavelengths are hardly
affeded by O, absorption, the LBHL emissons are
further diredly propational to the incident auroral
eledron energy flux. Using UVI measurements, we ae

thus able to perform a remote diagnostic of the
predpitating eledrons in the energy range between
approximately 0.1 and 20keV. The spatial resolution of
the UVI cameraisnominaly ~40km (Torr et al., 1995,
but wobHing of the despun platform on the Polar satellite
means the spatia resolution is degraded in one diredion
to ~ 360km. For more detail s, seeGermany et al. (1997,
199&,b).

The PIXIE camera measures bremsdrahlung in the
energy range between approximately 2 and 22 keV
(Imhof et al., 1995), produced by the interadion between
precipitating eledrons and the nuclei of atmospheric
particles. There exist a well-established relationship
between predpitating eledrons and the production of
X-rays (Evans, 1955. From the derived PIXIE X-ray
spectra, a four-parameter representation of the
predpitating eledron energy spedra cah be estimated,
having an eledron energy range of 5-100 keV and a
gpatial resolution of 600-900 km (depending on Polar
altitude). A detail ed deription of the procelureis given
by @stgaad et al. (200Q 2001).

In Figure 2, the spatio-temporal variation of the
magnetic field during our analysis interval has been
represented by the equivalent current vedors just below
the ionospheric plane J (e.g., Untiedt and
Baumjohann, 1993. These Vedors have been derived
from the ground magnetic disturbance field using the
Sphericd Elementary Current System (SECS) method
(Ammand Viljanen, 1999. During this procedure, J eqion
is partly also derived on areas which are not in"an
immediate vicinity of the ground magnetometers. The
reliability of this approach has been confirmed by
Pulkkinen et al. (2003. In addition, the clour panelsin
Figure 2 show the UVI measurements in the aea of
Northern Scandinavia. As the UVI camera operates
aternately with the LBHL and LBHSfiltersfor this event,
both image types are alernating in the time series. For the
full minutes around which no UV data &e avail able, only
Jeq on 1ISShown. These datara arenged in threedifferent
rows such that time proceeds from left to right. When
looking at a series of LBHL and LBHS images it is
important to kegy in mind that the same ionospheric
feature may appea somewhat different in them due to
their different energy and absorption charaderistics as
explained above. While the ground-based instruments
have atime iesolution of 20s, the UV integration time is
37 sfor our event. In order to make the presentation of
N and the UVI images most consistent, we have

a\?qé'r(gged J ion OVer the UVI integration time periodsin
Figue2.
Also J shows the typicd signature expeded for

omega bafﬁds The substorm westward (equalent)
eledrojet with maximum current amplitudes of ~2 Am™
shows a meandering behaviour such that around 0323UT
when a Z component minimum at the IMAGE
magnetometer station KIL (data not shown) indicaes that
the central “tongue” of the omega band is above the
station, J, exhibits an anticlockwise vorticity and
vedors Weuh arger amplitudes (up to ~ 1.3 Am™) shift
polewardsto ~ 71° latitude. Oppgsitely, around 0326UT
when a Z component maximum indicates that the KIL
magnetometer is located in the regions between the
tongues, a dockwisevorticity isobserved and thelargest J,
vedors are concentrated at the equatorward border o?qt'he
areashown in Figure 2. As can most easily be seen from
the Jeq,ion signature of the tongues, the equivalent current



031739-031816 UT

18 22 26 1318 2

LBHS

032043-032120 UT

032347-032424 UT 032651-032728 UT

14 18" 22 5 %6 14018 22 . 26

Only

Jeq

LBHL

0.55

0.00

Figure 2. lonospheric equivalent currents (vectors) and UVI emissions (greyscale plots) for our detailed analysisinterval.
Plots around full minutes are organised from left to right with proceeding time, and according to the available
UVI image: LBHS filter: upper row; LBHL filter: lower row; no UVI images. central row. The equivalent
currents are averaged with respect to the UVI integration periods noted above each plot.

structure is moving eastward over the MIRACLE area
From this sgnature, the velocity can be estimated to ~
770ms?, well in the typicd range of omega lands.

The UVI camera on Polar observes an eastward
moving form with enhanced intensities reading about
2.5 kR at most. This form intrudes to the southwestern
edge of the displayed area & 0320UT, and covers the
equatorial part of that areaup to ~ 71° latitude & a
southwest-northeast aligned strip at 0324UT. Thisfeaure
is well aigned with the westward flank of the tongue of
the omega band as determined from Jegion» @ in the
LBHS image of 0324 UT it aso coversits central part.
Outside this intensification the UVI intensities are
considerably smaller, particularly at the poeward side of
our area Asisto beexpeded (e.g., Frey et al., 1999, the
observed UVI signature is not exadly identicd with the Q
type appeararetypicdly seen in visual band opticd dat.
Still, the eagward movement of atongue-like feaure and
the darker aress around it are dealy discernable. Asthe
global UVI imagesindicate (data now shown), the omega
bands shown are located at the morning side edge of the
substorm auroral bulge.

The STARE radar measures a mainly southward
direded eledric field E (data not shown) with
magnitudes varying from ~ 30 - 75 mV m™ where the
largest eledric field magnitudes are observed at the
poleward edge of the omega structures. A negative
divergence of E isobserved during the period when the
tongue of the omega band moves throughthe radar’ s field
of view.

ANALY SIS TECHNIQUES

Two techniques to derive ionospheric conductances are
used for our analysis: The two-dimensional (2D) method
of charaderistics and a technique to derive the
oonductances from the UVI and PIXIE data. The method
of charaderistics (Inhester et al., 1992 Amm, 1995
1998 combines satial data of J with data of E to
solve a differential equationfor th SHAI conductance z,
For this, an estimate of the Hall to PedarsencondJctance
ratio o is needed. With the resulting X, and the input
data, the true horizontal currents J and thefleld -aligned
currents j, can then be cdculated. This paper focuses on
the discusdon of the results of the two-dimensional
method of charaderistics for the period presented in the
previous sedion. The derivation of the ionospheric Hall
and Pedersen conductances from UVI and PIXIE datais
here only used for the estimation of o which is assumed
uniform in space for a given timestep. This task is
perfomed using a cmputer code developed by the
University of Maryland. The mde is based on the
TANGLE code (Vondrak and Baron, 1976 Vondrak and
Robinson, 1985, and it modelsionospheric conductarces
by taking predpitating eledron energy spedraasinput. A
detail ed description of the coakis piovided by Aksres et
al. (2002 2004.
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Figure 3a. Analysisresults of the method of characteristics: Hall conductance Z,,.
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aligned currents (crosses: downward currents;

Analysis results of the method of characteristics: Field

squares: upward currents).



ANALYSISRESULTS AND DISCUSSON

The results of the analysis with the 2D method o
characteristics are displayed as time series in Figure 3.
The values of a that resulted from the UVI and PIXIE
analysis and which are used for the caculation are 2.75
for 03180319 UT, 2.4 for 03200325UT, and 23 for
0326-0327 UT. Figue 3a shows the result ng
distributions, the primary output of the method d
charaderigtics, asisocontour plots. A poleward extending
tongue-like region of enhanced Z; values, slightly tilted
in northwest-southeastern di redlon is € to move
eastward over the analysis region from 0319UT to 0325
UT. The maximum conductances inside the tongue ae
varyingfrom ~ 40to 60 S and ar locaed nost pdeward
between 0321and 0323UT. Starting from 0326UT, the
maximum Hall conductances in the poleward part of the
analysis area deaease, and the gpeaance of the
conductance structure beames more diffuse. At the
flanks on the moving tongue, regions with low X, values
below 5 S are visble. Steg conductance gradlents
particularly in longitudinal diredion, are present between
the tongues and the aljacent regions. The second area
where enhanced conductances are observed with
magnitudes comparable to the maximum ones in the
tongues is the equatorward bader of our analysis areg
the “base” of the omega bands. The conductance structure
in this region does not follow the movement of the
tongues.

The resulting true ionospheric currents J (not shown)
are generally pointing southwestward, as a onsequence
of the mostly southward eledric field that generates
southward Pedersen and westward Hall currents. The
maximum current density reades to over 4000 mAm* in
the area of the tongues of conductance enhancements
around 0323 UT. In response to the stegp conductance
gradients, similar steep gradients in zonal diredion are
also seenin J, except for in the aeaof the base of the
omega bands. The most obvious diff erence between the
equivalent (Figure 2) and the true currents isthat the later
do not show a meandering signature like the former do,
but are essentially disrupted when they encounter a low
conductance areg and regpea in the subsequent high
conductance area @ain.

Consequently, this changein J needs to be moderaed
by upward (downward) field-aligned currents JH (FAC) at
the westward (eastward) flank of the high conductance
regions (Figure 3b; crosses denote downward, squares
upward FAC). Alternating, meridionally aligned (with a
dight tilt in northwest-southeast diredion) sheds of FAC
are visible which are cmoving with the mnductance
tongue structures. The uEward FAC vary in magnitude
between ~ 15 - 25 pA m*, while the downward FAC ae
on average smaller and mostly do not exceedl 10pA m?
(for amore detailed discusgon on the FAC balance ad
current closure seebelow). These alernating FAC sheds
together with the horizontal currents cause the
charaderistic meandering signature observed in J ion®

A decomposition of the true ionospheric currents J
into their curl-freg divergence-freeand Laplace(i.e, curls
and/or divergences lely outside of the analysis region)
parts (cf., Amm, 1996, separately performed for the Hall
and Pedersen currents (plots not shown), results into the
following subdivision of the omega band current system
into two parts on top d the badkground westward
eledrojet: One part consists of anticlockwise rotating Hall

currents around the tongues, and Pedersen currents with a
negative divergence in their centers. The sign of this
systemisreversingin the low conductance aess. It causes
the charaderistic ground magnetic signature. The second
part consists of zonally aligned current wedges of
westward flowing Hall currents and is mostly
magneticdly invisible below the ionosphere. This system
dominates the FAC pattern and causes alternating upward
and downward FAC at the flanks of the tongues with
maximum upward FAC of ~ 25 pA m?

In the following, we aralysesome aspeds of the FAC
system and the current balancein more detail: In Figure 4
we andyse the FAC distribution at 0323 UT by
decmposing the total FAC (compare Figure 3b) into

jy = Vy B+ VB B+ VB, -(exE)

where the subscript ‘h’ denotes the horizontal part of the
nabla operator, and Z is the unit vedor in downward
diredion. The threeterms of the right-hand side of this
equation are caled “term 1” to “term 3" here. While term
1 isrelated to the divergence of E, terms 2 and 3 are
propational to the gradients of the Pedersen and Hall
conductance, respedively. Term 1 contributes to upward
FAC in the aeaof the enhanced conductance tongue of
up to ~ 4 pA m® magnitude. Both terms related to the
oonductance gradients exhibit upward FAC at the western
flank of the tongue, and some downward FAC are present
at the northeastern edge of the analysis area However,
term 3 related to the gradients of the Hall currentsiswith
upward FAC amplitudes up to ~ 20 uA m? by far
dominating bath other terms. This result underlines the
importance of the conductancegradients for the resulting
current system (as for uniform conductances only term 1
would be non-zero), and the dominating role of the
westward direcied Hall current wedge for the FAC related
to our event. Note that in some studies (e.g, Sofko et al.,
1995, term 1 has been cdled “magnetospheric FAC’
while terms 2 and 3 have beemamed “ionospheric FAC”,
athoughit appeasdifficult to justify such a sepation in
terminology in a cupled system. While in those studies
term 2 and 3 are usually negleded, they contribute more
than 85% of the totd FAC in our cag at 0323UT.

The above result is further spedfied for the whole
time series of our analysisin Figure 5. The dots show the
part of the total FAC that conred to Hall currents
(1v,, -J ul) in percent (scae on the right side of the graph),
mtegrated over theanalysis area The remainder conneds
to ionospheric Pedersen currents. Throughout the whole
event, the FAC part connedingto Hall currents dominates
with ~ 66 84%. The adosses denote the asolute FAC
(|J | * 11} goun |) integrated over the andlysis areafor
P mestep (scae on the left side of the graph). These
total absolute FAC are varying from ~ 1.5 MA in the
beginning and end of the analysed period to the maximum
vaueof ~2.3 MA at 0323UT. We note that these @ ues
are of a similar order of magnitude &s the total upward
FAC diverted in a westward traveling surge (WTS), the
westward end of the substorm eledrojet, as estimated to ~
1 MA by Opgenoorth et al. (1983h and ~ 2.5 MA by
Gjerloev and Hoffman (2002. This indicates that a
significant part of the substorm eledrojet in the morning
sedor is intermediately disrupted due to the znaly
aternating high ad low condictance structures related to
the omega bands in the morning sedor of the substorm
auroral bulge. Generaly, our results are in good
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agreament with the finding of Lu (2000 that the FAC
conneded to the Hall currents amount to ~ 30-50%of the
total FAC, seen over the whole substorm bulge.
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Figure5. Total absolute FAC in A (crosses, scale on the
left side of graph) and percent of FAC connecting to
ionospheric Hall currents in % (dots, scale on the
right side of the graph) as a function of time over the
analysisinterval.
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Figure 6. Integrated upward FAC (crosses), integrated
downward FAC (squares), and integrated total FAC
(dots) in A over the analysis region, as a function of
time over the analysisinterval.

An interesting open question that arises is how the FAC
are balanced and how the aurrent closure in the
ionosphere is established. A number of ealier papers
asume explicitly or implicitly that the upward and
downward FAC associated with omega bands are purely
closed by zonaly flowing ionospheric aurrents (e.g.,
Yamamoto et al., 1993 Luihr and Schlegel, 1994). In this
case one would exped that if the FAC are observed in a
certain fixed region over which the omega bands are
moving in zonal diredion, they would balance over one
cycle of the omega bands, except for possble small
deviations due to effeds of partial non-stationarity. Figure
6 shows the integrated upward and downward FAC for
ead timestep of our analysis (marked by crosses and
squares, respedively), and the integrated total FAC
(marked by dots). Except for the timesteps 0318 UT,
0326 UT and 0327 UT, the integrated total FAC are
upward throughout our event. The upward FAC tend to
get larger when he conductancetongue isin the center of
the analysis areg with a maximum of ~ 1.9 MA at 0323
UT, while the downward FAC are simultaneously
beoming small er with a mimimum of ~ 0.5 MA at 0324
UT. (An exception is the timestep 0322UT where fart of
the FAC structure gpeas to move out of our analysis
region in poleward diredion.) Summed up over the whole
omega band cycle, an excessof ~ 4.6 MA of upward FAC
exists, which isfar too large to be explained by any non-
stationary effeds. This number should becompared with
the total of ~11.9 MA of upward FAC summed over our
analysis period, indicaingthat the excessof upward FAC
amounts to ~ 39%. Therefore we conclude that the FAC
cannot be solely closed by zonally flowing ionospheric
currents, but part of the upward FAC inside our analysis
region haweto be conneded with downward FAC outside
of it by currents flowing in meridional diredion. Given
the diredion of E, these alditional downward FAC
regions can only be locaed pdeward of our analysis area

SUMMARY AND CONCLUSIONS

In this gudy, we have presented eledromagnetic
observations from the ground-based MIRACLE and
BEAR networks and opticd observations from the Polar
satellite of an omega band event over Northern



Scandinaviaon Jure 26, 1998 with a spedal focuson one
omega band period from 03180327 UT. We have
analysed these data using the 2D method of characeristics
in combination with a method to derive ionospheric
conductances from the UVI and PIXIE data from the
Polar satellit e, which was here used to estimate the Hall -
to Pedersen conductance ratio. The results of this dired
and solely data-based analysis all ow us for the first time
to fully resolve the spatio-temporal evolution of an omega
band over one full periodwith a 1-min timeand ~50km
spatial resolution.

Figure 7. Schematic sketch of the geometry of the
westward substorm electrojet within the omega
bands: The electrojet is not meandering through the
omega band (left panel), but except for a continous
part at its base it is intermittently diverted by upward
FAC inside the tongues, and fed by downward FAC in
the dark areas, thus forming a number of small
current wedges (right panel).

Our observations and anaysis results can be
summarized as foll ows:

1. The basic properties of the omega bands analysed
here agree with the findings of ealier studies. A
meandering equivalent current structure moves eastward
with a velocity of ~ 770 m s*, causing magnetic Ps6
pulsations on the ground with a period d ~8 min 30 s
duringthe studied interval which are most clealy seenin
the Y and Z disturbance @mponents. While no visual
band opticd observations are avail able, the UVI images
show an eastward moving intensificaion which is
approximately aligned with the westward flank of the
region of anticlockwise vorticity of the eguivalent
currents.

2. Except for the equatorward base region of the
omega band, regions of large (upto ~60S) and low (< 5
S) Hal conductance ae mnadly dternating. The
enhanced conductance “tongues’ extend ~ 400 km
polewards from the base of the omega bands and have a
longitudinal extension of ~ 380 km. Stegp conductance
gradients are present at the zonal and pdeward edges of
these regions. The cnductances in the base region are
comparable to the onesin the tongues.

3. The aurrent system of the omega bands can be
decomposed into two parts: One part consists of
divergence-free Hall currents circulating anticlockwise
around the enhanced conductance tongues and of almost
radia Pedersen currents which divert to upward FAC of ~
4 yA m?in the center of those tongues. This current
system causes the daraderistic ground magnetic
signature and is equivalent to the one proposed by
Gustafson et al. (1981). Its dgn reverses inside the
regions of low conductance The second part mostly
consists of westward flowing curl-free Hall current
wedges which divert into strong upward FAC of ~ 15-25
HA m? at the western flanks of the conductarcetongues.

Their feeding downward FAC at the eagern flanks of the
tongues show magnitudes around ~ 10 pA m2. These
currents are magneticaly invisible below the ionosphere.
Both current parts mentioned are eout equally strong
with maximum current densities of ~ 1200mA m™ and
are superposed to the badkground westward eledrojet
currents. The geometry of the westward substorm
eledrojet within the omega bands is <hematicdly
sketched in Figure 7.

4. For our event, an overwhelming part (e.g., > 85% at
0323UT) of the FAC is asciated with gradients of the
ionospheric conductances, while the remaining part
associated with divergences of the dedric field is snall.
Between 66-84% of the FAC is conneded with
ionospheric Hall currents and controlled by the gradients
of the Hall conductance The total absolute FAC varies
between 1.5-2.3 MA and is comparable to the one
asciated with a WTS. As the upward and dowvnward
FAC are not balanced over one omega band period inside
our analysis areg we @nclude that part of the upward
FAC hasto be fd ty downward FAC locatedpdeward of
this area. Thusthe dosing currents in the ionosphere ae
not flowing solely in zona diredion, but have an
(equatorward) meridional component.

5. While the structures associated with the omega
band are moving coherently eastward, they are not strictly
stationary.

In additi on to the ionospheric paint of view, the results
of our study have an important impad on the nvestigation
of the ionosphere-magnetosphere wupling of omega
bands. In particular our finding that zonally aligned
wedges of westward flowing Hall currents exist colocaed
with the conductarcetongues issignificant in this resped.
These wedges cary a substantial amount of the total
westward current and cause mnaly aternating FAC
which carry integrated currents comparable to aWTS to
and from the magnetosphere, and are thus dominating the
total FAC pattern of the omega bands. Althoughthistopic
is beyond the scope of this paper, we remark that such a
situation might be cmpatible with the suggestion by
Jargensen et al. (1999 of large-scde oscill ations of the
inner edge of the tail current shed. It would thus be of
strong scientific interest to conduct a study like the
present one when a multi -satellit e magnetospheric misson
like Cluster islocaed in an appropriate conjugatelocation
with the omega bands.
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