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ASBTIACT 

The reaulta praaented hare ara froa a correlative atudy of ground baaed aagneto-
aeter data froa an auroral station, and STAIB radar auroral data froa a aaall 
ionospheric region located exactly above the magnetometer aite. The magneto
meter data includes both the horizontal X and T aagnatogran* and aicropulaa-
tion coaponenta. The STARE data repreaenta time aequenciea of both the echo 
intenaity and irregularity drift velocity (or electric field) vector. The 
obaervationa uaed in the analyaia are froa a reasonably diaturbed 16-hour 
period covering the afternoon, aidnight and aorning aectora of auroral oval. 
A cloae relationahip waa found to exiat between the geoaagnetic variationa and 
the backacatter amplitude. The reaulta auggeat that the conductivity, rather 
than the electric field, ia the prime agent reeponsible for the long period 
modulation observed on both the magnetic signatures and the backacatter inten
sity. In one caae, it waa found that conductivity modifications cause direct 
modulation of the direction but not the amplitude of the electric field. The 
rapid ac-fluctuations seen in the electric field most likely play a role in 
the generation of Pi-pulsations. 

INTRODUCTION 

In recent years there have been a large number of correlative studies between 
Pi-pulsations and other auroral zone phenomena (e.g. see a review paper by 
Heacock and Hunsucker, 1981). Such type of investigations is necessary in 
order to piece together a picture of what goes on in the ionosphere during 
disturbed periods and also to gain a better understanding of what ia the exact 
significance of each individual type of measurement. 

Detailed coordinated studies between Pi-pulsations and radar aurora have been 
rather limited partly becauae the aubject had not received much attention from 
radio auroral researchera and becauae of lack of auitable auroral radar systeat, 
This type of studies is now possible since the operation of STARE facility 
(Scandinavian Twin Auroral Redard Experiment) on a continuous basis. The 
STARE experiment ia a new auroral radar system (Greenwald et al., 1978) with 
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iaproved spatial «ad temporal resolution, which messurss nearly inataatanaoua-
ly the backacattar intensity «od I-regioo electron drifta, and therefore 
elect r ir f [«Ma, in a largo sector over Hortbarn Scandinavia. 

The purpose of this «ork ia to investigats for meaningful long and abort tara 
relations between the geomagnetic and radio auroral parameters during different 
tiaw sectors, A systematic analysis of this type is useful for a batter under
standing of the source mechanism(s) and the natura of Pi pulaationt while it 
could also provide important clues for answering unresolved questions related 
to radio aurora. 

In the present report, which coses as continuation of previous work (Haldoupis 
et al. 1981), we concentrate on the description of data and the preaentation 
of result. A stuav an the interpretation of these results is presently under 

EXPERIMENTAL SYSTEMS 
The magnetic data used in this study were obtained at Andenes, Norway, (geo
graphic coordinates: 69°18' N, 16°01' E; L ~ 6.3; magnetic midnight ~ 2130 UT). 
The recording system (Wilhelm et al. (1977) consists of two digital magneto
meters which measure simultaneously micropulsations of the X and Y component 
(denoted herein as Px and Py) and the horizontal X and Y ordinary magnetic varia
tions. The frequency response of the instrument is so that pulsations with 
periods between approximately 1 and 500 s (1 to 0.002 Hz) are observed. The 
sampling interval for the pulsation channels is 0.3 s (Nyquist frequency • 1.6 Hz) 
and 1.2 s for the variations of the field components. 

The radio auroral observations were made with the STAKE Doppler system (Greenwald 
et al. (1978) which consists of two radars located at Malvik, Norway and Hanka-
salmi, Finland operated at 140.0 and 143.8 MHz, respectively. Both radars measure 
the averaged intensity of the backscattered signal (related to the scattering 
cross-section of the echoing irregularities) and the mean Doppler shift (related 
to the line-of-sight irregularity velocities) at 50 ranges along different re
ceiving lobes of radiation in a large area over northern Scandinavia. The temporal 
resolution of the measurements is selectable in the 1 to 60 s range and in the 

2 present study was fixed at 20 s. The spatial resolution is 20x20 km and in 
those locations where both radars observe greater than 3 dB SNK, their Doppler 
data are combined to yield the irregularity velocity vector. In addition, using 
the assumptions that the irregularity Velocity is equal to the electron drift 
velocity and that the motions are t « I Hall drift motions, the horizontal iono-
shepric fiftld can also be inferred from the Doppler data (Greenwald et al. 1978). 
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SOM UMAtKS OH T V attt» 

In tha praaaoc «tady «a coapara taaporal faoaagnatic variations racordad 
on tha ground with coacurraat variations in tba radio signal backacattared 
froa a aaall araa in tba B-ragion above tba aagnatoaatar aita. The fora of 
radio data uaad bare conaiata of tiaa sequences of baekacatter intensity froa 
both radar* and tba Vx (northward) and Vy (aaatward) irregularity drift 
valocity coaponants, all rapraaanting averaged valuaa for an area eleaent of 
20 x 20 ka centered at tba location with geographic coordinate* 69° H, 16°L, 
i.e. alaoat exactly above the Andene* aagnetoaetar «cation. 

Here one Bay argue, quite correctly, that tba preaant radio auroral data 
have the diaadvantage of being the reault of a stricfct local aeaaureaent 
in the E-region, while the aagnetoaeters beneath integrate over considerable 
volume* of apace. In a comparison study of temporal variations, such as the 
one carried out here, this can give rise to differences that could be of 
spatial origin. This "spatial contamination" of the time sequences is ex
pected to be more serious when the current density flow in the latitudinal 
sector of interest is quite irregular. To get an idea of how variable the 
situation is in the region, we have computed from the radio data, spatial 
plots of E-region horizontal electron drift velocity vector* at regular 
intervals; each plot represents a map of irregularity drifts during an 
integration time of 20 s over the orthogonal geographical sector confined 
within 68° N, 14° E and 72° N, 22° E. 

To examine the spatial effect on the radio data, we have also considered 
2 time sequences corresponding to a larger area (60 x 60 ka ) centered at 

2 Andene*, and compared them to the 20 x 20 kn data. As expected the former 
sequences were smoother but generally it was found very good agreement. 
Since the temporal reaoluation of the radar data (At - 20 g) allows for 
variations in the backscatter properties with frequencies up to 25 mHz 
to be revealed, and therefore make possible a comparison with irregular 
Pi2 pulsations, we have chosen to use for the analysts a smaller area 

2 (e.g. 20 x 20 km ) rather than a larger one on which the smoothing effect 
could be serious for finer structure (higher frequencies). 

Finally we shall mention briefly another point concerning the drift velocity 
data. As mentioned, the irregularity drift velocity vector can be deduced 
from the raw data only if both radars receive sufficiently strong echoes. 
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Tbis unfortunately» it la not always tba case because the auroral irregula
rities are anisotropic and the strongest, called priaary, tend to (ora and 
propagate along the electron drift flow (Tsunoda at al..!976). In the STAKE 
syataa the Norwegian radar ia nore sensitive, aa compered to the Finaian, since 
tta radiated power is directed nearly parallel to the drift velocities (Andre' , 
1981). As a result there are intervale during which the Finnish radar receivis 
no echoes and this causes gaps in tba drift velocity (or electric field) tin» 
sequences. Regardless of the radar radiation beaa(c3.«aing of the backscatter 
can be dictated by the nature of the radio aurora itself. It is known (e.g. 
Tsunoda and Fresnel, 1976), that the scattering irregularities are generated 
and sustained only if the ambient electric field exceeds e threshold velue 
of about 25 «V/n. Cahill et et. (1979) found threshold values of 15 to 20 nV/n 
for the STAKE radars. Por the 16-hour tie* interval considered in thia study, 
the E-field rarely dropped below the threshold velue since the Norwegian radar 
received echoes neerly *il the tine. 

PRESENTATION OP RESULTS. 

The results presented in this section are baaed on simultaneous magnetometer 
and radar data during a 16-hour period on January 28 - 29, 1980. During this 
period, which starts at 1400 UT and covers the afternoon, midnight and morning 
time sectors, the general magnetic activity was characterized by an average 
Kp index near 5. Alao a sudden commencement took place at 1543 UT, as report
ed by the International Service of Geomagnetic Indeces. 

In the following we shall first describe the overall picture and then concen
trate on those data intervals where the micropulsetion activity is enhanced. 
The Cartecian system used here for all quantities is the conventional one 
with the X-axis pointing towards geographic north and the T-axis eastward. 
January 28 - 29, 1980; 1460 - 0600 UT: A general overview. 
The magnetic data during the 16-hour interval is summarized in Fig.l. Notice 
that moat of the activity occurs in the afternoon and morning sectors which 
are dominated by an eastward ( AX. >0) and a westward ( £X <0) electrojet, 
respectively; the situation is rather "quiet" around local magnetic midnight 
(~ 2130 UT). The variations seen along the east-west direction (Y-component) 
are of comparable magnitude as those of the X-component, but of different 
polarity (AT < 0 in the afternoon and AY > 0 in the morning). This means 
that there is an equivalent current flow present along the north-south 
direction which reverses polarity in the postmidnight .period (from poleward 
to equatorward). 
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Th« tias sequanciaa in Figs, la and lb ahow that a strong eaticomlatiou 
exiace between cba long period variations in tba I and Y coaatonaata. This 
suggaata that both X and Y consonants ara mainly dua to the sane currant 
systea. According to Hugbaa and Roatoker (1977) the strong cornlation or 
anticorralation (depending on tba direction of tba currant flow) batman 
AX and AY is caused by the horisontal ionospheric electrojet whose path 
is not orthogonal to the naridional lina. In soaaary, Fig.l indicates 
that the equivalent currant flow is confined in tha northeast quadrant 
in tha afternoon and southwest quadrant in tha evening sector. If the 
X,Y deflections were mainly due to an ionospheric Hall currant, then one 
would expect to Measure an electric field directed into the northwest 
and southeast quadrants in the evening and aorning respectively. We shall 
soon see that this ia generally true especially in the morning sector. 

During the evening sector, a westward equivelent current flow dominates 
above Andenes only for a short time interval near 18.40 UT. At about 18.30 
UT there is a sudden intensification seen in the Y-component and a decreaae 
and eventually polarity reversal in the X- component. Theae ground signatures 
are indicative of the occurence of the Harang discontinuity, the dynamic 
transition boundary between the eastward electrojet to the south and the 
westward electrojet to the north (Chen and Rostoker, 1974). 

The lower two sequencies in Fig.l show the irregular Fx and Py pulsation acti
vity. The evening sector activity consists of burst-like pulsations whose on
sets are marked in the upper half of Fig.l by the vertical dashed lines. 
Notice that all onsets are associated with a sudden negative deflection 
in the Y-component, contrary to the X magnetogram which appears to change 
smoothly. The sudden commencement at 1S43 UT coinsides with a strong Px burst. 
The pulsation activity in the morning sector is characterized by an irregular 
waveform that is significantly correlated with the equivalent current enhance
ments as evidenced by the bays in X and Y magnetograms. 

The dynamic spectra, corresponding to the Px and Py sequencies of Fig.l, 
are shown in Fig. 2. To compute such a dynamic spectrum, the long time 
sequence was divided into small segments whose length was chosen to provide 
the desired resolution in frequency and tis». After a data segment was 
passed through a detrending filter and tapered (using Hanning window), its 
power spectrum was computed (by using the Fast Fourier transform) and stored. 
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The procedure was Iter*tau until all of the initial long data aaameace 
waa need. After normalising all apectra to aa arbitrary —vimum value, 
contour plot» a* function of frequency and tiat were produced. The 
darkeat area* in Pig.2 correspond to the strongest spectral peaks. 
Taking into consideration that in Fig.2 40-levels of power ware used, 
we sea that the Pil contribution ia United since the dominant peaks 
are located below ~ IS mBs in the Pi2 and Pi3 range. 

Fig. 3 summarizes what the radara see during the 16-hour period. The 
top two panela show that there is a good relationship between the vari
ations in backscatter intensity seen by both the Norwegian and Finnish 
radars. However, the signal level received by the Norwegian radar is 
almost always a few dB higher; also, at moments' the Finnish backscatter 
drops instantly to nil. These differences emerge becaut* the spatial 
distribution of the scattering irregularities is anisotropic depending 
upon the local electron drift direction. 

The irregularity drift velocity data, which reflects changes in the 
horizontal ionospheric electric field, is shown in the lower two panels 
of Fig.3. Notice that the electron drift direction (we assume that the 
irregularity drift to a first approximation is equal to the electron 
drift; e.g. see Ecklund et al. 1977) is in the southwest quadrant in 
the evening and then reversaa into the northwest quadrant later in the 
morning when the backacatter signal is strong. The variations in electron 
drift direction are generally in line with what we have inferred earlier 
when examining the ground magnetic signatures. Since the STARE measure
ments determine the approximate direction of the Hall current (Greenwald 
et al. 1978) we conclude that, for most of the time, the equivalent currenc 
seen by the magnetometer is to a large extend due to a Hall current in 
the ionosphere driven by a nearly northward electric field in the afternoon 
sector and a southeastward one later in the morning. Fig. 3d shows that 
the magnitude of the irregularity drift fluctuates rapidly and on the 
average its mean level is higher in the evening than in the morning sector 
(mean values ~ 850 m/s and ~ 500 m/s respectively. 

In Fig. 4 we present the previous data in a different way in order to 
facilitate astraightforward comparison between the absolute magnitudes 
of the various quantities. 
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The X, T, Px and Py sequtncies shown in Pig. 1 art now reetifled,normal i ted 
to their maximum values and plotted. As a result the ant{correlation tetween X 
and Y aeen in Pig. 1, become» now correlation. Also, instead of ploting the back-
scatter intensity in dB we plot in Pig.i the echo amplitude in linear scale. 
A brief inspection of Pig. 4 shows that the long tarn variations in the backscatter 
amplitude have a close relationship, which for all practical purposes can be 
considered linear, to the equivalent current density variations seen by the 
magnetometer. Also,echo intenaificationa are closely related to enhanced pulsation 
activity. On the other hand, the long term variations seen in the E-field strength 
seem to have no simple relationship to the magnetic variationa. 

A careful inspection of Fig. 4 suggests the following: 1) The bursts observed 
in the pulsation waveform are accompanied by enhancements in the radar backscatter. 
2) The electric field magnitude is not the prime agent responsible for the long 
period modulation of the magnetic variations and the amplitude of radio scatter; 
most likely Che variations observed are mainly due to conductivity (or electron 
density) modifications. 3) In the morning hours from 00 - 03 UT, the backscatter 
amplitude has a better correlation to AY than AX variations; the opposite is true 
in the early afternoon sector from 14 - 17 hours UT. 4) In the interval right 
after magnetic midnight, e.g. 2130 - 2400 UT, when the equivalent current densitv 
flow is very weak, there are a few well defined peaks in the radio backscatter 
which, contrary to what is observed during the rest of the 16-hour period, have 
no marked relationship to X or Y magnetograms; however these backscatter enhance
ments are veil correlated with similar peaks observed in the E-field magnitude 
and enhancements in the Px pulsation activity. 

The facts presented above underline the complexity encountered when one 
deals with a large period of data which covers various time sectors with different 
properties. In the following, we shall concentrate on shorter data segments 
during which the micropulsation activity was enhanced. 

Afternoon sector. 

Fig. 5 presents the micropulsation and radar data during the 3-hour interval 
from 1500 to 1800 OT in the early evening sector. Notice (Fig. 5e) that Che 
E-field is directed mainly northwards having a rather small westward component. 
The nearly northward field exhibits some long term magnitude changes which seem 
to have a racher complex relationship to the concurrent variations observed in 
the backscatter amplitude. On the other hand, the latter have an almost linear 
relationship (see Fig. 4) to the eastward current density variations. This 
indicates that the backscatter amplitude modulation is primarily controlled by 
electron density modifications having a direct effect on the eastward electrojet. 
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The relatively poor correlation found betwaen X and Y aagnttograas In the 
1400 to 1700 UT time interval (tea Fig. 4) can be understood if we assume that 
the doainant horizontal ionospheric currant is an E x B Ball currant. For the 
above interval this current it directed nearly eastward and therefore will ha* 
an effect only on X-coaponent. The relatively large deflections seen in Y aust 
be due to field-aligned currenta (FAC) which have littl» or no effect on X. 

In addition to the Andenes Pi data. Fig. 5 includes also the micropulsation 
H-component recorded in the aid-latitude station of (Vittingen. A strong Pi2 
event of about 80 s period was recorded in G9ttingen exactly at 1543 UT. This 
coinsided with enhanced Pi2 activity of about the same period at Andenes, specially 
evident in the Px-comp. Pi2 activity was seen again in GSttingen near 1615 UT 
when alao Pi pulsations intensified at Andenes. The simultaneous low latitude 
Pi2 activity is a strong indicator (Sakurai and Saito, 1976) that the Pi 
intensifications coinside with substorm onsets. 

What do the radar data indicate during the Pi enhancements? In both cases 
(1st at 1543 UT and 2nd at about 1615 UT), the direction of the E-field remains 
unchanged but its amplitude decreases while fluctuating rapidly. The decay in 
E- field magnitude is especially evident during the second Pi-packet, from 1615 
to 1630 UT, when E drops from 95 to 20 mV/m, The mean levels of the rapid 
ac-fluctuations in the E-field strength are as high as 25!! about the dc value. 
In principle, these fluctuations, which have the high frequency content of the 
magnetic pulsations, can cause fine structure modifications of the horizontal 
electrojet density and therefore create irregular pulsation noise. 

Fast variations are also seen in Che backseat ter amplitude during Pi 
enhancements. This is illustrated in Fig. 6 where the Px, Rn and Py time sequencies 
of Fig. 5 have now been filtered. The filtering technique used here is described 
by Behannon and Ness, 1966. The filter response is flat from 3-5 to 23.5 mHz, and 
frequencies below 2 mHz are completely suppressed. As effect of filtering, some 
points at the beginning and the end of the original sequencies are lost. Fig. 6 
shows that the ac-fluctuations of the radio auroral signal have a meaningful 
relation to the Pi pulsations. Fig. 7 shows the power spectra corresponding to 
the tiae sequencies of Fig. 6. There is a general agreement between the magnet ir 
and radio auroral pulsation spectra; the dominant peaks in all spectra are 
confined in the same frequency range, from 3 to 15 mHz. 

Fig. 6 shows, in expanded time scale, the temporal variations from 1820 to 
1945 UT when the eastward equivalent current flow reverses to wesward above 
Andenes. This is during the time when a strong burst of irregular pulsations 
(PiB) was observed ( see Fig. 1 and Fig. 2). The appearence of a PiB in the 
evening sector is usually associated with a substorm onset (Heac ock and 
Hunsucker, 1977). The first intensification in the equivalent current system 
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is observed clearly in Y at 1627 UT. The deflection in Y cointides with an 
abrupt increase in backscatter aaplitude and Pi activation. It is incerescing 
to notice that OX and AY are noc well correlaced ( or anticorrelated ); the Y 
exhibits more structure which is closely related to Pi intensifications. Since 
the Y can be greatly influnced by field-aligned currents (Hughes and Rostoker, 
1977) one may infer (Haldoupis et al., 1981) that the PiB here is most likely 
associated with the presence of FACs in the region. 

The E-field data have many gaps and cannot be used for a detailed correlative 
analysis. There is however enough information to suggest that, under the assumption 
of an E x B current, the direction of the field is generally compatible with the 
equivalent current flow direction. For example, it is clear that the north-south 
E-field is directed southward only during the reversal of the equivalent current 
from eastward to westward. However, careful examination shows that the long term 
trends in Ex and Ey do not correlate well with the variations seen in X and Y. 
For example, the structure seen in X cannot be contributed to changes of Ey-field 
(whose level seems to remain constant at about 20 mV/m). This again suggests 
that conductivity modifications, caused by variations in the precipitating 
particles, must play the deciding role to the observed magnetic signatures. 

The spatial picture seen by the radars in the E-region over northern 
Scandinavia during the PiB is rather variable. The spatial distribution of both 
the backscatter intensity and irregularity drift in a fixed area, undergo dynamic-
changes. The general picture, in the interval from 1825 - 1835 UT, is so that 
the region south and north of Andenes is occupied by a mainly eastward electron 
flow (westward electrojet). As the substorm recedes, the eastward current first 
recaptures the region south of Andenes and moves northward. Fig. 9 is a spatial 
map of irregularity drift and backscatter intensity at 1846:40 UT. This is a 
typical STARE signature (Nielsen and Greenwald, 1979) associated with the 
Harang discontinuity region which apparently is situated near 70 latitude 
accross the Scandinavian sector. 

Finally, another interesting observation is the deep quasi-periodic fading 
observed in the backscatter signal during the PiB. These are the most rapid 
fluctuations seen in the backscatter during the whole 16-hour period under 
examination. Fig. 10 shows that there is an association between the radio auroral 
and magnetic pulsations. The backscatter sequence shown in Fig. 10a is the echo 
amplitude received by the Norwegian radar; the small gap in reception, from 
1832 - 1836 UT, was substituted by Finnish radar data (see lower two panels in 
Fig. 8). The time series shown in Fig. 10a is passed through a band pass filter 
(Behannon and Ness, 1966) which regects frequencies lower than 2.5 mHz and 
higher than 24 mHz; the filter output is plotted in Fig. 10b. The same filtering 
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proctsa ia alio applitd on both Px and Py puliation! and tba rtsult* appear in 
Plgi 10c and lOd respectively. By inspecting Fig. 10, on* «ay com'ude char 
there ia a aaaningful relationship between Pi and radar amplitude pulsation» 
In. comparing those sequences on* should keep in aind that the radio auroral 
data and Pi data do not nessecerily correspond exactly to the saae region. 

Morning Sector. 

Fron the postmidnight aector we consider only the time interval 0000 to 03Ui< 
UT when the strongest activity is observed on both the magnetometer and radar 
recordings. The general features, which have been presented earlier, suggest that 
during this period the situation ia a typical one of the morning sector with £ 
fairly stable mainly westward directed electrojet occupying the region. We have 
verified this by inspecting spatial maps of irregularity drifts showing that a 
relatively uniform flow prevails over the whole candinavian sector. The direction 
of the electron flow is mainly eastward but there is also a significant poleward 
component present. 

Fig. 11 shows some of the observed data sequencies during the above period. 
We see that the intensification of the equivalent current flow occurs near 
0020 UT and is accompanied by a pulsation enhancement, a sharp increase in echo 
intensity and a decrease in E-field strength while the E-field direction follows 
a sharp jump from eastward to southward. After the onset and when the strongest 
deflections are observed in the magnetograms, the mean E value drops to a nearly 
constant level ( 23 mV/ni) possibly due to conductivity enhancements (e.g. Horwitz 
et al., 1978). The magnitude of the electric field does not follow the long 
period variations seen in the backscatter and the horizontal magnetograras, but 
exhibits rapid ac-cype fluctuations having rms values as high as 30% of the 
mean (dc) value. The field direction (Fig. lie), which is constantly confined 
in the southeast quadrant, has not the fine structure seen in E-field strength 
(Fig. 11d), and follows rather consistent changes with time whose importance 
will be soon examined in more detail. 

The pulsations observed in this morning interval appear to belong to the 
long lasting PiC (Pi-continuous) type which is observed mainly in the morning 
hours (Heacock, 1967). Clearly, the pulsation intensity has a certain degree of 
correlation with magnetic bay intensities and the strength of backscatter. 
Contrary to the evening Pi activity, the spectra of the morning pulsations (not 
shown here) have their strongest peaks located in the Pi3 (T > 150 s) and not 
in the Pi2 (40 s < T < 150 s) range. Finally, inspection of Fig. 11a and 11b 
shows that there is a reasonable degree of correlation between the changes seen 
in backscatter amplitude and the Y magnetogram. 
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Next we con* id*r cht Mpwnt (roa 0042 te 0226 UT which ha* no • * in the 

electric field data. In Fig. 12 thtra ara «uperimjoaed. tvo typa* of variation*: 

tha fir*t i* basad on the radar Doppler data and include* eltetric field (or 

electron drift) vector variation*; the aacond typa (smooth chick line*) include* 

temporal variation* bated on the ord.'nary tugnatic recording*. By coaparing onlv 

the electric field data in Pig. 12 we conclude that I) the magnitude of E i* 

controlled mainly by the southward field component which undergoes rapid ac-type 

fluctuation*, and 2) the E-field direction (obteined by rotating 90° clockwise 

the electron drift vector) i* very closely correlated to the eaatward field 

component which follow a strong quasi-periodic low frequency variation. 

Fig. 12a compares the E" x T? electron drift direction measured by the radars 

with the equivalent electron flow direction deduced from the horizontal X, Y 

ground magnetograms. Obviously, there is a rather good relation between those 

two variations. This strongly suggests that the ground signatures are greatly 

shaped by a horizontal Hall current 7 • ØjX.x T? / 8 (a - height integrated Hall 

conductivity, E • horizontal ionospheric electric field), flowing into the 

southwest quadrant. In the above equation the term due to Pedersen current 7.» pÉ* 

is ommited on the assumption that o„ « 0„. This is believed to be generally 

true for the auroral E-region especially during the morning westward electrojet 

regime when it has been found that o is greatly enhanced compared to 0_ (e.g. 

Kamide and Brekke, 1977; Horvitz et «1., 1978). 

In Fig. 12d we compare the electric field strength, E, with the magnitude 

of the horizontal magnetic disdurbance vector, H, computed from the X and Y 

components. Apparently, E does not follow the long-period variations seen in H 

which, on the other hand, are in good agreement with these variations observed 

concurrently in the E-field direction or the eastward Ey field.Also, from Figs. 

12b and 12c it is clear that both X and Y magnetograms undergo a similar modulation 

strongly related to the low frequency variations seen in E-field direction; this 

is better observed in the case of Y-component (fig.12b). 

Someone would expect that the goad correlation found between the ground 

magnetic signatures and the E-field direction could even be better if differences 

due to spatial effects were not present. Besides the heavy low-pass filtering 

applied on the magnetograms there is also a smoothing effect due to broad field-

of-view (compared to the small ionospheric area where the radar data originates 

from).Thus it is not surprising that,during the same time interval, a very good 

correlation was found to exist between Ey and the backscatter amplitude variations 

since those sequencies are purely temporal. This good correlation is illustrated 

in the upper three panels of Fig. 13 where the normalised ac-variations are 

plotted for the echo amplitude of both radars and the Ey field component. 
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Th* agreement ia better for the caa* of Rn aignal received by the Norwegian 
radar which is nor* than twice stronger than the aignal of the Pinniah radar. 
The positive correlation between the two radar signala, especially at the Ey 
maxima, will be discussed later in conjunction with the question concerning 
the csuse of the observed low-frequency modulation (I mHz) seen in the 
magnetogram», E-field direction (but not direction)and the backacatter amplitude. 

Next we take up a final point on the relation of Pi activity and the 
E-field variations. According to Heacock and Hunsucker (1961), there seems tn 
have been no detailed study of the relation of Pi to E or to the temporally 
fluctuating component of E. Our data suggesta that if there is a relation between 
E and Pi it seems to be rather obscure and complex. We have however observed 
a fine structure in E strength, with frequencies in the Pi-frequency range, 
which can attain at times quite significant levels (20 to 403!). This is 
especially obvious in the morning period under examination (0000 to 0300 IT). 
The strong ac-fluctuations observed in E-field it is likely to be related to 
the Pi pulsation "noise" observed in the magnetic field. The purpose of the 
lower three panels in Fig. 13 is to show that such a relationship mav indeed he 
meaningful. All three sequencies in the lower part of Fig. 13 are filtered so 
that frequencies below 1.S mHz are removed. We see that the temporal 
ac-fluctuations in Ex component, which are almost the same as these in E (see 
Fig. 12), do have a reasonable degree of resemblance with Px and Pv pulsations. 
Again, in comparing these sequences one should bear in mind that some of the 
differences observed can be of spatial origin. 

SUMMARY OF THE RESULTS 

The main findings of this investigation are summarized as follows: 

1) The direction of the equivalent current, deduced from the horizontal magneto-
grams, is in good agreement with the electron drift direction observed by 
the radars in the E-region. The evidence suggest that, for most of the time, 
the magnetometer deflections are mainly due to an ionospheric 1 x B Hall 
current driven by a nearly northward electric field in the afternoon sector 
and a southeastward one later in the morning. 

2) The pulsation actitf-'.'y is significantly correlated with current-intensifi
cations as evidenced Dy the bays in X and Y magnetograms, and is always 
accompanied by enhancements in the backscatter intensity, but usually not 
in the electric field. 
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3) The long tera variations in the backseattar amplitude havs a clot» relation

ship, which for all practical purposss can be considered linear, to the 

equivalent curvent density variations scan by the augnetoa*ter. 

4) The electric field magnitude is not the prise agent responsible for the long 

period Modulation of Che «agnatic variations and tba amplitude of radio 

acatter; these variations seat likely sre due to conductivity (or electron 

density) «edifications. 

5) There is a broadband fine structure in E-field data, which at tiaes can 

attain quite significant levels (~ 30X), with frequencies in the same frequence 

range ae the Pi puleations. It is possible that these ac-variations seen 

in the electric field are responsible, in conjunction with sc-type electron 

density fluctuations, for the generation of the Pi pulsation "noise" observed 

simultaneously. 

6) During the afternoon sector there are at times fast fluctuations (mainly in 

the Pi3 and lower Pi2 range) seen in the backåcatter amplitude which have a 

definite relationship to concurrent burst-like Pi activity; the dc-level of 

the E-field during impulsive Pi-activity decreases while its ac-fluctuating 

part shows no changes. 

7) During the morning sector a common long-period (~ 10 min) modulation was ob

served om the ordinary magnetograms (especially the Y-conponent), the back-

scatter intensity, and the direction, but not the amplitude, of the E-field. 

This most likely is a P?5 disturbance,, a subcategory of the Pi3 long-period 

irregular pulsations (Kawasaki and Rostoker, 1979). The evidence suggests 

that this modulation is due to variations in conductivities and not the 

electric field. It remains to be explained how these conductivity (or elec

tron density) variations can cause direct changes in the direction butnot 

the amplitude of the E-field. 
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FIGURE CAPTIONS 

Fig. 1: Horizontal ground signatures of both ordinary magnetic variations and 
irregular Pi pulsations observed at Andenes during a 16-hour period 
on January 28-29, 1980. 

Fig. 2: Dynamic spectra (contour plots vith 40 levels of spectral power) of 
Px and Py components show that the irregular pulsation activity is 
mainly confined in Pi2 and Pi3 frequency ranges (f » 20 mH«). 

2 Fig. 3: STARE backscatter data from an ionospheric area of 60x60 km centered 
exactly above the magnetometer site in Andenes during the 16-hour 
period on January 28-29, 1980. The time resolution is 60 s. 

Fig. 4: Comparison between the magnetic and radio auroral activity. Each 
variation is normalised to its maximum value. Rn » backscatter ampli
tude received by the Norwegian radar. Set text for details. 

Fig. 5: Pulsation and radio auroral data during a 3-hour period in the after
noon sector. The radar data corresponds to a small ionospheric area 

2 of 20x20 km above Andenes. The time resolution is 20 s. 

Fig. 6: Comparison between magnetic pulsations and concurrent pulsations seen 
in the backscatter amplitude. Frequencies below 2.0 mHz have been 
removed by a digital filter. 

Fig. 7: Power spectra corresponding to the time sequencies shown in Fig. 6. 
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Fig. 8: Temporal variation» ot simultaneous nagnetnaeier ami «!.•• oh~ v -
tions fro» 1820 to 1945 UT. The signal U received bv tn< 'mnisr 
radar is relatively weak compared to Rn suggesting that the scatterer» 
are anisotropic. A pulsation bust (PiB) took place at ~ 1830 IT. 

Fig. 9: A spatial radar signature of electron drifts and backscatter intensity 
shows that the region is occupied by the Harang discontinuity. 

Fig. 10: The backscatter amplitude seen by the Norwegian radar (Fig. 10a) is high 
pass filtered and the result, shown in Fig. 10b, is compared to 
simultaneous Px and Py pulsations. Their corresponding spectra are 
shown to the right. 

Fig. 11: Magnetometer and radar data during a 3-hour period in the postmidnighi 
sector when a strong westward current flow prevails i" the region. 
See text for details 

Fig. 12: Electric rield variations (thin lines), inferred by the radar 
irregularity drift data, are compared with concurrent magnetic field 
variations (thick lines) observed by the magnetometer. Notice that 
there is a low frequency (1 ~ mHz) modulation observed in all se
quences except the magnitude of the electric field. 

Fig. 13: The top three figures show that there is a good correlation between 
the variations in backscatter amplitudes, received by both radars, 
and the eastward electric field component which reflects changes in 
the E-field direction (see Fig. 12). The lower three figures compare 
the rapid fluctuations seen in the magnitude of the Ex-component with 
the simultaneous irregular pulsations; low frequency variations 
(f < 1.5 mHz) have been removed by filtering. 
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