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Abstract

Development of the convection eastward electrojet and the substorm
westward electrojet is investigated for the time interval from 1730 to
1900 UT on 16 March 1978. For that purpose, observations of two
Scandinavian and one Siberian magnetometer chain, the Scandinavian
Twin Auroral Radar Experiment (STARE) and the all-sky camera at
Kilpisjirvi are used. Different parameters of the electrojets are calculated
and their relation to the electric field and the conductivity in this region
are investigated. Following conclusions are made: (a) During the explosive
phase, the eastward electrojet is wider than the westward one, though the
current density and the total current have higher values in the westward
electrojet. (b) The current density of the westward electrojet varies very
much with latitude, while that of the eastward electrojet does not. (c) In
the region of the eastward electrojet there is an anticorrelation between
the northward component of the electric field and the ionospheric con-
ductivity. (d) The centre of the eastward electrojet is located on the
equatorward side of the conductivity and the northward electric field
maxima. The electric field maximum is in the most poleward location.
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1. Introduction

The existence of two auroral electrojets, the eastward electrojet in the evening
sector, and the westward electrojet in the morning sector, is a well known fact. Most
of the equivalent current systems derived from the bay-like variations of the geo-
magnetic field show more or less clearly the existence of these electrojets in the
auroral zone (e.g., VESTINE and CHAPMAN, 1938). At present, we know that the
large-scale (global) convective eastward and westward electrojets are mainly driven
by the magnetospheric electric field, which during quiet times maps down to the
ionosphere. Also the ionospheric conductivities play an essential role, especially in
disturbed conditions. During substorms, a substorm current wedge is superimposed
on the convective westward electrojet in the midnight sector (e.g. PYTTE et al., 1978,
PELLINEN ef al., 1982). KAMIDE and VICKREY (1983) and KAMIDE and BAUM-
JOHANN (1985) identify two types of westward electrojet, a convection electrojet
and a substorm electrojet. Enhanced precipitation in the latter case creates higher
conductivity values and leads to a disturbed electric field pattern where also local
polarisation fields extending over the highly conducting channel are important (e.g.
BAUMJOHANN et al., 1981).

A fundamental question raised in many studies dealing with auroral electrojets
is the following one: How are the two electrojets coupled during disturbed conditions?
Often this question has been answered by constructing tentative three-dimensional
current systems. An extreme explanation was proposed by AKASOFU et al. (1965),
who argued that the eastward electrojet in the evening sector is simply the return
current of the westward electrojet. Numerous studies on the structure of the dis-
turbed auroral electrojets made in the past using observations recorded by magneto-
meter chains have clearly shown that, in addition to the substorm current wedge,
the eastward electrojet in the afternoon and evening sectors is an essential element
of the magnetospheric substorm (see, e.g., KiISABETH and ROSTOKER, 1974, KAMIDE
and AKASOFU, 1975, WALLIS ef al., 1976, TSUNODA et al., 1976, MERSMANN ef al.,
1979, BAUMIOHANN et al., 1980, and USPENSKY et al.; 1983).

The large amount of particle energy which is transferred into the ionosphere
during a substorm process enhances mainly the Hall conductivity at an altitude of
about 100 km. This is most effective in the midnight and morning sectors, where
the dynamics of the westward electrojet are determined to a large extent by the
behaviour of the precipitating electrons (KAMIDE and BREKKE, 1977). On the
contrary, particle precipitation does not play such an import role in the generation
of the eastward electrojet (KAMIDE and VICKREY, 1983). More important in this
region is probably the action of the strong poleward directed electric field (KAMIDE
and BREKKE, 1977, KAMIDE and MATSUSHITA, 1979, ROSTOKER et al., 1979,-and
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VICKREY et al., 1982).

The transverse horizontal component of the electric field in the ionosphere is
enhanced in the afternoon and evening sectors as shown by the observation of the
Chatanika incoherent scatter radar (see, e.g., HORWITZ et al., 1978, and FOSTER
et al., 1982). The connection between the transverse electric field and the particle
precipitation during the substorm process is, however, not clear at all. Often an
anticorrelation is found between the electric field and the ionospheric conductivity
especially in the region of the eastward electrojet (BAUMIOHANN et al., 1980,
VICKREY et al., 1982, USPENSKY ef al., 1983).

In this paper the characteristic differences between the eastward and westward
electrojets and the differences in their source mechanisms are studied. Also some
common features in their development are searched. This is done by deriving some
basic parameters of the auroral electrojets using magnetic ground-based data recorded
on 16 March 1978.

2. Observations and principles of data handling

For the investigation of the large-scale structure of the eastward and westward
electrojets of 16 March 1978, the following data were used:

(a) Magnetograms of profiles 2 and 4 of the Scandinavian Magnetometer Array
(SMA, KUPPERS et al., 1979). The stations are listed in Table 1.

(b) Magnetograms of the magnetometer chain operated in Mid-Siberia as part of
the Geomagnetic Meridian Project (see IMS Newsletter 8/1976). (Table 1).

(c) STARE data on the drift velocity of the ionospheric irregularities and the
intensity of the backscattered radar signals from a region of 68°—72° geo-
graphic latitude and 15°—24° geographic longitude (see GREENWALD et al.,
1978).

(d) All-sky camera pictures recorded at Kilpisjirvi (69.0°N, 20.8°E).

One of the aims of this paper is to compare some parameters calculated for the
eastward electrojet with the distribution and variations of the electric field and the
ionospheric conductivity in the same region. Unfortunately, such a comparison can
be done only in the northern part of profiles 2 and 4 of the SMA because of the
limited coverage of STARE-observations in this region (see, e.g., Fig. 1 in BAUM-
JOHANN et al., 1980). From this point of view the comparison is rather incomplete.
The STARE system gives information about the ionospheric electric fields and the
ionospheric conductivities (GREENWALD, 1979, HALDOUPIS et al., 1982). The
irregularity drift velocity is approximately equal to the electron drift velocity, and
can be used to estimate the ionospheric electric field. The backscatter amplitude
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Table 1.
No.in  Symbol Station Geographic coordinates  Revised corrected geomagnetic
Fig. 2 coordinates (after GUSTAFS-
SON 1974)
1 BEY Beliy Island 73.3°N  70.0°E 67.8°N  146.0°E
2 TMB Tambey 71.5 71.8 66.2 146.8
3 HAR Harasvey 71.1 66.8 65.9 142.2
4 SEY Seykha 70.1 72.5 65.1 146.2
5 CKA Cape Kamenniy 68.5 73.6 63.6 146.4
6 AMD Amderma 69.5 61.4 64.7 136.6
7 NDA Nyda 66.6 73.0 61.8 145.9
8 UGU Ugut 61.0 74.0 56.7 145.0
9 SOY Soroya 70.6 22.2 67.4 107.9
10 MAT Mattisdalen 69.9 22.9 66.6 107.8
11 MIE Mieron 69.1 23.3 65.9 107.4
12 MUO Muonio 68.3 23.6 64.8 106.7
13 PEL Pello 66.9 24.7 63.5 106.6
14 OUL Oulu 65.1 25.5 61.8 106.1
15 SAU Sauvamiki 62.3 26.7 58.8 105.3
16 AND Andenes 69.3 16.0 66.6 102.4
17 EVE Evenes 68.5 16.8 65.8 102.2
18 RIJ Ritsemjokk 67.7 17.5 64.9 102.1
19 KVl Kvikkjokk 66.9 17.9 64.1 101.7
20 SRV Storavann 65.8 18.2 62.9 101.0
21 LYC Lycksele 64.6 18.7 61.7 100.6

is related to the mean (ambient) electron density, and can therefore be used to
estimate the Hall conductivity. In studying this same event, USPENSKY ef al.,
(1983) found a linear relationship between the STARE backscatter amplitude and
the Hall conductivity.

In this work, we use uncorrected STARE intensity data, which is sufficient due
to the following reasons. First of all, only intensities recorded by the Finnish
radar, looking more or less perpendicular to the electron flow, are used. Hence,
flow angle corrections are unimportant. Secondly, the aspect angle and range
corrections are small within the region of the eastward electrojet, located in the
lower part of the STARE field of view. Finally, we are interested only in two
features: the location of the conductivity maximum in the eastjet and the tem-
poral variations of the conductivity at a specified point.

The magnetograms from the three different meridional chains were used to
calculate the following parameters:

1) Position of the centre of the electrojet;
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Fig. 1. A-components of Profile 4 of the Scandinavian Magnetometer Array (left panel) and
H-components of the Mid-Siberian magnetometer chain (right panel) for the substorm event

on 16 March 1978.
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2) Width of the current sheet, which was assumed to be infinitely thin at a height
of 120 km;

3) The height-integrated current density;

4) The total current intensity;

5) The direction of the equivalent current vector with respect to the revised cor-
rected geomagnetic north.

The centre of the electrojet was defined as usual by the zero cross-over of the
magnetic vertical disturbance field along a latitudinal profile. Whenever necessary,
current-sheet width, current density and total current intensity were calculated
separately for the two regions poleward and equatorward of the electrojet center.
In general, the current density of the electrojets changes along the meridian. To
simplify matters, we assumed in our calculations a constant current density over
the whole electrojet width. This does not resemble the real situation, but as
GRAFE (1978) has shown the calculated values for width and total current
intensity are almost independent of the form of the current density profile. The
same is valid for the current density averaged over the profile. Therefore, this
assumption of a uniform current density gives a mean for the current density.
The calculation of the electrojet parameters was performed with the method
described by GRAFE (1978); for details see Appendix 1.

Model curves of the ratio AH/AZ along a profile perpendicular to the current
sheet for different values of current-sheet width were calculated according to the
general relations of the magnetic horizontal and vertical components of a current
sheet, as given, e.g., by CHAPMAN (1951). The width of the current sheet was
obtained by comparing the observed latitudinal profiles of the AH/AZ ratio with
those model curves. It could be shown that induction effects have no essential
importance for the typical variations in the electrojets (see also KUPPERS ef al.,
1979). The estimation of the width of the electrojet has an accuracy of about
+40 km. The accuracy in the current density and in the total current intensity
lies within 15 %. These values result from the error in the calculation of the
disturbance vector and from the error in the graphical method in the comparison
between observational and model curves.

In calculating the parameters, not the whole horizontal magnetic disturbance
vector was used, but only the part caused by the »real ionospheric electrojet
currenty. This »real electrojet currenty was obtained assuming the electrojets flow
in the revised corrected geomagnetic east-west direction and are infinitely extended
in longitude. Thus the electrojet current could be related to the magnetic pertur-
bations in the revised corrected geomagnetic north-south direction.
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3. Results of the data analysis

a) General character of the disturbances

On the evening of 16 March 1978 at 1827 UT, a substorm onset occurred to
the east of Scandinavia. The break-up was preceded by a relatively quiet period,
resembling an interval between two moderate substorms. During this period, some
growth phase features were observed, as described in detail in USPENSKY ef al.,
(1983).

The variations in the SMA magnetic field (profile 4, 4 component) and in the
Mid-Siberian profile (H component) are shown in Fig. 1. Between 1730 to 1830 UT,
all stations display pronounced disturbances. After 1800 UT the positive disturbances
in SMA decrease while a minor substorm over Siberia is recovering. Later the posi-
tive disturbances intensify in the west at the southernmost stations. Poleward to
this region strong negative disturbances appear. The positive disturbances last until
about 1900 UT.

In Fig. 1 we also see that between 1800 to 1830 UT the Mid-Siberian magnet-
ometer chain is obviously situated within the Harang discontinuity region. After
1830 UT, strong negative bay disturbances appear at all stations in this region.
Especially the time interval from 1830 to 1900 UT is suitable for investigating
the influences of substorm activity on the development of westward and eastward
electrojets. However, to study some special features of the eastward electrojet in
more detail, the whole time interval from 1730 to 1900 UT has to be analysed.

Fig. 2 shows the equivalent current vectors in the Scandinavian and Mid-Siberian
regions at three different instants. At 1806 UT, a substorm growth phase was in
progress and a pronounced rather broad eastward electrojet existed in the Scan-
dinavian region. The Mid-Siberian magnetometer chain shows latitudinal variation
in the directions of the current vectors, a feature typical of the Harang discon-
tinuity (see, e.g, HARANG, 1946, HEPPNER, 1972, KAMIDE, 1978). At 1838 UT,
a clear westward electrojet associated with the substorm is flowing in the Mid-
Siberian region. This substorm-related westward electrojet is observed to flow to
the north of the eastward electrojet in the Scandinavian sector. At 1854 UT a
pronounced eastward electrojet is observed over Scandinavia and a broad west-
ward electrojet over Mid-Siberia. Under these circumstances, calculation of the
parameters for the eastward electrojet for the whole time interval from 1730 to
1900 UT and for the westward electrojet for the time interval from 1830 to
1900 UT is possible.
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Fig. 2. Equivalent current vectors in the Scandinavian and Mid-Siberian regions at three dif-
ferent instants. The numbers of the stations refer to Table 1. ‘
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b) Variations in the electrojet parameters

The parameter values for each 2 minutes of the electrojets were determined
according to the method explained in Section 2. Fig. 3 shows curves for the dif-
ferent parameters of the eastward electrojet calculated for profile 2 of the SMA.
Figs. 4a and 4b show the parameter-time diagrams for profile 4 of the SMA and
for the Mid-Siberian profile. These diagrams characterize mainly the large-scale
variations of the two electrojets, since the short-period changes have been more
or less eliminated. Negative values in height-integrated current density and total
current are related to the westward and positive values to the eastward current.
After the substorm onset, the centre of the westward electrojet in the Mid-
Siberian sector shifts suddenly 4 degrees polewards while the location of the
eastward electrojet centre stays almost constant.

Table 2 summarizes the time-averaged values of the parameters. The mean
width of both electrojets attains a value of about 500 km. For the time interval
from 1830 to 1900 UT, for which a direct comparison between the two electrojets
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Fig. 3. Parameter-time diagram for the eastward electrojet (1730—1800 UT on 16 March
1978). The parameters were calculated by using the magnetograms of Profile 2.
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Table 2. Time-averaged parameter values.

Scandinavian region Mid-Siberian region

1730-1830 UT 1830-1900 UT 1830-1900 UT

Profile 2 Profile 4 Profile 2 Profile 4

Electrojet width (km)
equatorward 286 255 210 206 255
poleward 226 216 190 167 250

Height-integrated
current density (mA m™1)

equatorward 290 260 340 370 550
poleward 320 290 340 350 520
Total current (kA)

equatorward 156 134 67 63 121
poleward 142 125 64 59 127

is possible, the main results are the following:

1.

The time-averaged value of the width of the substorm enhanced westward
electrojet is slightly greater than that of the eastward electrojet. However,
during the substorm explosion phase (1843 UT) the eastward electrojet is
wider than the westward electrojet.

. The current density in the substorm enhanced westward electrojet is greater

than in the eastward electrojet.

. The total current intensity of the substorm enhanced westward electrojet is

two times higher than that of the eastward electrojet.

. The differences in the parameter mean values calculated separately for the

poleward and equatorward parts of the electrojets are small.

A careful investigation of the parameter-time diagrams reveals that during some

large variations in the electrojet width, changes in the current density as well as
in the total current intensity are more pronounced in the westward than in the
eastward electrojet. In Figs. 5 and 6 we show the dependence of the current
density and the total current intensity on the electrojet width, respectively. Fig. 6
presents a comparison between westward and eastward electrojets and the results
can be summarized as follows:

1. The scatter of the data points is smaller in the eastward electrojet than in the

westward electrojet, as seen in the relationships between the current density
and the width (upper panel) and between the total current and the width
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Fig. 5. Relationship between current density and electrojet width and between total current
intensity and electrojet width for the eastward electrojet during the growth phase (1730—

1830 UT). The straight lines refer to a linear regression

(lower panel). In Table 3 the scatter is given in absolute values. However, for
example, the current density of the westward electrojet (Table 2) is not even
two times greater than the current density of the eastward electrojet whereas

the scatter is nearly one and a half order of magnitude greater.

The variations in the current density in the westward electrojet are greater than

in the eastward electrojet.
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Fig. 6. Same as in Fig. 5, but for both eastward and westward electrojets during the substorm
expansion phase (1830—-1900 UT).

3. The increase in total current intensity during the expansion of the electrojet
width is stronger in the westward electrojet than in the eastward electrojet.

The averaged values of the parameters are summarized in Table 3. They show
the same trends as reported above. Especially striking is the greater variance in
the current density and the total current for the westward electrojet. An informa-
tive value obtained from Figs. 5 and 6 is the relative change of the current density
and of the total current intensity for a change of 100 km in the width. Also these
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Table 3. Variance and relationships between the parameters.

Scandinavian region (eastward electrojet) Mid-Siberian region
(westward electrojet)

1730-1830 UT 1830-1900 UT 1830-1900 UT

Profile 2 Profile 4 Profile 2 Profile 4

Variance (°i2) in

current density (AZm2)

equatorward 3.38 103 1.10 1073 3.64 103 5.57 1073 1.79 1071
poleward 3.26 103 2.65 1073 4.58 1073 4.81 1073 3.18 1071

Variance (012) in

total current (A2)

equatorward 4.0210°% 2.1410° 7.13 108 1.2110° 5.08 1010
poleward 1.8210% 1.1510° 3.96 108 8.04 108 3.48 1010

Differential change in

current density (di/dc)

related to changing

width (-10°3 Am™2)

equatorward -0.16 1073 0.14 1073-0.22 1073-0.51 1073 -1.54 1073
poleward -0.24 103 -0.17 1073 0.16 103 0.14 1073 -0.27 1073

Differential change in

total current (dI/dc) related

to changing width (-10"3Am™)

equatorward 272 270 310 329 468
poleward 300 290 333 355 494

Relative change (Ai/i) in

current density (%)

equatorward -5.5 5.4 -6.5 -13.8 -28.1
poleward -1.4 -5.5 4.7 4.1 -5.2

Relative change (AI/I) in

total current (%)

equatorward 30.8 39.8 46.3 52.2 38.7
poleward 43.0 47.0 52.0 60.2 38.9

values are given in Table 3. From these values it can be concluded that the relative
changes in the current intensities of both electrojets are far greater than the relative
changes of the current densities. This is not surprising because the total current
intensity is equal to the product of the electrojet width and of the current density.
In this context, a comparison between the eastward and westward electrojets for
the time interval from 1830 to 1900 UT shows clearly that also the relative changes
in the current density of the eastward electrojet are smaller than those of the west-
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ward electrojet. However, the relative changes of the total current intensity are
greater. Again, the absolute changes of the total current intensity of the eastward
electrojet are smaller than those for the westward electrojet, but the relative
changes are greater.

The values in Table 3 show still another fact. The current density of the pole-
ward part as well as of the equatorward part of the westward electrojet decreases
with increasing electrojet width. On the other hand, in the region of the eastward
electrojet the-current density in the equatorward part increases slightly with en-
hancing width and decreases in the poleward part. Fig. 7 shows the dependence
of the current density on the width by using values averaged over the poleward
and equatorward halves. This result is unambiguous and confirms the opinion
presented already by LoGINOV ef al., (1978) that the current density of the
eastward electrojet is influenced only a little by changes in the width. It should
be taken into account that the crosses in Fig. 7 designated by 1, 2 and 3 are
points before the active substorm phase when the electrojet is not well developed.
Therefore, these points are not significant.

¢) Variations in the parameters observed by STARE

Due to the limited spatial coverage of the STARE observing area, we have no
radar observations from the region of the westward electrojet, and only a limited
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area of the eastward electrojet is covered.

In the bottom panel of Fig. 8 (profile 2) the latitudinal changes in four dif-
ferent parameters are shown: the position of the electrojet centre, the location of
the observed conductivity maximum, maximum of the observed electric field and
the location of the southernmost auroral arc observed at Kilpisjirvi before 1830 UT.
9, is the revised corrected geomagnetic latitude (GusTAFssoN, 1974). From these
curves we see the following:

1. In the eastward electrojet, the electric field maximum occurs poleward of the
conductivity maximum.

2. The centre of the eastward electrojet is located equatorward of the electric
field maximum and probably also equatorward of the conductivity maximum.

The latter can be concluded also from the magnetic ground-based data alone.
Fig. 9 clearly shows that the current density is greater on the poleward side of
the electrojet center. By comparing the behaviour of the poleward and equator-
ward parts of the two electrojets during the time from 1830 to 1900 UT (Fig. 10),
it seems that the current density is greater poleward than equatorward of the -
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diagonals in each frame refer to the poleward = equatorward line.
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Fig. 10. Same as in Fig. 9, but for both eastward and westward clectrojets between 1830 and
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EW) and Vpyg (corr. geom. NS) and of the backscatter signal intensity. Lower part: Time-
averaged values of the same parameters as for the upper part.

center for both electrojets. On the other hand, the picture is not as clear for the
relationships between the poleward and equatorward widths and total currents.
It must be emphasized that in the equatorward part of the eastward electrojet,
the current density increases slightly with increasing width while poleward of the
center, it decreases slightly. This is not the case for the westward electrojet as
clearly shown in Fig. 6 and Table 3.

Similar differences in the position of the electric field maximum and the con-
ductivity maximum in the afternoon sector have been reported in USPENSKY ef
al., (1983).

The two middle panels in Fig. 8 show the variations in the electric field and
the logarithm of the conductivity (the uncorrected SNR of Finnish radar) over
one station of profile 2.

In Fig. 11, for the period from 1730 to 1830 UT, the values of the logarithm
of the conductivity averaged over profile 2 and the components of the drift
velocity are represented in corrected geomagnetic coordinates in the upper part,
in the lower part are the values averaged over the period from 1730 to 1830 UT
along profile 2.
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1. In the period from 1730 to 1830 UT the westward directed electric field
(= Vyg) rarely varies, but the northward directed (= Vgyy) does.

2. With the beginning of intensification of the eastward electrojet from approx.
1750 UT (see Fig. 1), a distinct anticorrelation between the conductivity and
the northward directed electric field can be noticed.

3. The time-averaged values of the conductivity and the electric field show a
characteristic latitudinal profile where the conductivity maximum occurs some-
what more to the south than the maximum of the northward electric field. The
centre of the eastward electrojet is about 2 degrees more southward (see also
Fig. 8 for the instantaneous values).

4. There is a good correlation between the conductivity and the northward com-
ponent of the electric field along the profile.

4. Discussion

In this investigation the analysis of the geomagnetic data from meridional chains
is carried out in such a way that only the large-scale structures of auroral electro-
jets are considered. It is not unambiguously clear if in the case of negative hori-
zontal magnetic disturbances we have to suppose effects of a DP1 or a DP2 current
system in the differentiation between the two different westward electrojets as
suggested by KAMIDE (1982).

Though it is well known that during magnetospheric disturbances, the eastward
clectrojet reaches a lower activity level than the westward one, the physical nature
of the eastward electrojet and its generation mechanism are by no means com-
pletely explained. Is it an element of the large-scale convection process or is it
activated by other elements of the substorm process, t00? BAUMJIOHANN ef al.,
(1980) introduced the concept of ysubstorm-intensified eastward electrojetn. The
investigations presented in this work, however, also are unable to give the desired
answer to this question, in particular because only one event is investigated, which
means that the results cannot be generalized.

The analysis of the observational material, however, yields results which are of
importance in regard to the different structure of both electrojets and to the east-
ward electrojet in its relation to conductivity and electric field. These results are
summarized as follows:

1. During the explosion phase the eastward electrojet is wider than the westward
one, though the current density and the total current intensity of the westward
electrojet reach higher values.

9. The variations of the current density in the westward electrojet are greater than
those in the eastward one. The current density increases in the westward electro-
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jet along with the width while it hardly varies in the eastward electrojet.

3. In the eastward electrojet the northward and westward components the electric
field vary only slightly. A pronounced anticorrelation exists between the north-
ward component of the electric field and the ionospheric conductivity.

4. The centre of the eastward electrojet is located on the equatorward side of the
conductivity and the northward electric field maxima. The electric field maximum
is in the most poleward location.

The first result shows distinct differences between the eastward and the west-
ward electrojets. Although the energy brought into the ionosphere is higher in the
region of the westward electrojet, the area of energy injection into the ionosphere
is obviously greater in the eastward electrojet. This result is typical for the ex-
plosion phase in this event and thus the concept of DP1-type substorm westward
electrojet around midnight cannot be extended to the convection westward electro-
jet in the morning sector. The reason in this case might be that the eastward
electrojet, as shown by KAMIDE and VICKREY (1983), is produced mainly by
the large-scale electric field than by particle precipitation. The particle precipita-
tion producing the substorm-related westward electrojet is obviously confined to
a restricted area.

Figs. 9 and 10 distinctly show that the current density is greater for both
electrojets in the poleward part of the electrojet (see also USPENSKY ef al., 1983).
Hence, for both electrojets a model of asymmetric current density distribution
with geomagnetic latitude is applicable. Naturally, this emphasizes the significance
of particle precipitation for the generation of both electrojets. However, still
another indication, to be discussed in the last paragraph, has been found which
points to the influence of particle precipitation in the generation of the eastward
electrojet.

An essential result of this paper is the relation of electrojet current density to
the electrojet width. This relationship is different for the two electrojets as shown
in Fig. 6 and Table 3. These differences are most distinct if the parameters are
calculated for the entire electrojet as shown in Fig. 7. The question to be raised
is: Why does the current density of the eastward electrojet vary so little with
width while the current density of the westward electrojet varies greatly? In fact,
we may conclude that in the eastward electrojet there is an anticorrelation
between the transverse electric field and the conductivity. This is distinctly shown
in Fig. 11. Since the height-integrated current density is the product of the height-
integrated conductivity and the horizontal electric field, an anticorrelation of con-
ductivity and electric field can lead to approximately constant values of current
density.
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Fig. 7 as well as Table 3 show that the current density in the westward electro-
jet is higher than in the eastward electrojet. Hence, the broadening of the electro-
jet is connected with a faster increase in the total current of the westward electro-
jet than in the eastward electrojet. This means that the enhancement of the
energy input from the plasma sheet during the expansion of the precipitation
region must be higher in the region of the westward electrojet than in the region
of the eastward electrojet.

In order to understand the development of the eastward electrojet during sub-
storms, the physical process governing the observed relationship between the
electric field and the conductivity has to be known, which is not the state of the
art at the moment. As we have observed, the electric field maximum occurs some-
what poleward of the conductivity maximum. This means that in the plasma sheet,
particles are accelerated in an area closer to the Earth than the region where the
electric field reaches its maximum values.

Characteristic differences between the eastward and westward electrojets have
also been found by CLAUER et al., (1981). They found that the AL activity
(activity of the westward electrojet)ﬁepends very much on the solar wind
parameters, but the AU activity (activity of the eastward electrojet) does not
show a clear dependence on the solar parameters. Similar results were obtained
by SPRENGER and GRAFE (1984), who investigated the dependence of the
occurrence of radar auroras on the sector structure of the IMF and found that
radar auroras occurring in the evening sector do not depend on the sector
structure, but the radar auroras in the morning sector show a considerable
dependence on the sector structure. These results are in good agreement with
the above mentioned ones. There, however, still remains the question about the
process causing the anticorrelation between the electric field and the conduc-
tivity. Or are there in the case of the eastward electrojet two different generation
mechanisms, too, where one is determined by the electric field and the other one
by the effect of particle precipitation? In order to answer these questions further
investigations have to be done.
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Appendix 1
Method for determination of the electrojet parameters

For the auroral electrojet flowing as a horizontal surface current in the iono-
sphere, certain parameters, like the width of the current layer, the current density,
the total current intensity and the position of the electrojet centre, can be deter-
mined from the components of the geomagnetic variation field under certain
assumptions. Methods for determination of the parameters have been presented
by CHAPMAN (1951), WALKER (1964), SCRASE (1967), LANGEL and CAIN (1967)
and CzecHowsky (1971).

A current layer which has a symmetric current density distribution around its
centre is characterized by a disappearing vertical intensity (AZ=0) along the central
line under the current layer. Therefore, the position of the electrojet centre is
often being identifies as the position of the zero passage of the meridional AZ
profile. This is the first assumption. Secondly, it is supposed that the auroral
electrojets are flowing at a height of 100 to 120 km. This assumption is justified
since it is obvious that these currents are flowing in the E layer, which also has
been confirmed by direct rocket measurements (e.g., REIMER 1969, POTTER
1970).

The third assumption which, is far more critical, deals with the meridional
current density profile. In the past, model calculations have been carried out using
the following current density profiles: constant current density (WALKER 1964),
parabolically distributed current density (CHAPMAN 1951), Gauss-distributed
current density and linearly from the centre decreasing current density (CzEcHOWS-
Ky 1971).

The components of the magnetic field are described by rather complicated ex-
pressions if one of the three last-named current density profiles is assumed. There-
fore we decided to utilize for our calculations a profile of constant current density.
Our method gives only the current density value averaged over the width of the
profile. For a current layer of constant current density (i) the magnetic horizontal
and vertical components according to the Biot-Savart law are as follows (neglecting
the inductive part generated in the Earth’s crust):

AH=2iarctg( 2ck )

W2 412 ¢2 )

(—c)? +n?

AZ =iln (w) (2)
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Where ¢ = electrojet halfwidth, & = height of the electrojet and ! = horizontal
distance of the observation point to the centre of the layer. In these relations,
only A is known by assumption. For the eastward electrojet, # = 120 km may be
assumed. Knowing the value / from the observed AZ profile (AZ = 0), ¢ can be
calculated if 7 is eliminated by the ratio AH/AZ. Then,

2ch )

AH 2ar°tg(h2+z2—c2
AZ - In(g1+c)2+hZ> &)

(=02 + 2

Since the direct calculation of ¢ from AH/AZ is very tedious, a graphical
method is preferred. At first, curves AH/AZ (I) are drawn for several values of

c. These are represented in Fig. Al. They are characterized by a hyperbolic-like
shape at which the radius of the drawn circle corresponds to the big semiaxis.
This value (a) is depending on the width of the electrojet as shown in Fig. A2.

By comparing the observed AH/AZ profile curves with the model curves, ¢ can
easily be determined. It has to be taken into account that the scales in the model
calculation and the observations are the same ones. The absolute accuracy is about
+40 km.

The procedure is the following: From the observed AH and AZ values along
the magnetometer chain, meridional AH and AZ profiles are drawn. The AZ
profile supplies the electrojet centre (at AZ = 0) and thus the values / for each
point in the profile. From these profiles, the most probable (AH/AZ) values are
taken which then supply a sufficiently dense profile (AH/AZ) that is necessary
for an exact determination of c. After derivation of the width of the current layer
the current density is obtained from the intensity of the horizontal disturbance
vector in the centre of the current layer. From (1), then follows (I = 0)

.1 AH
) 2ch )
arc tg W _c2

According to CHAPMAN (1919) and AxAsoru (1960) only about 60 % of the
observed horizontal component is given by the external induced field, which has
been considered in the calculation of the current density. The total current / of

the current layer is calculated according to the relation:

I=2ci (5)
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