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Abstract

On Jan. 27, 1979, three rocket payloads were launched from

Kiruna, Sweden, into different phases of two successive auro-

ral substorms. Among other experiments, the payloads carried the

RIT double probe electric field experiments, providing elec-

tric field, electron density and temperature data, which are

presented here. These are discussed in association with ob-

servations of particles, ionospheric drifts (STARE) and elec*

trie fields in the equatorial plane (GEOS). The motions of

the auroral forms, as obtained from auroral pictures are com-

pared with the I* x B/B2 drifts and the currents calculated

from the rocket electric field and density measurements with

the equivalent current system deduced from ground based

magnetometer data (Scandinavian Magnetometer Array).



1. Introduction

Results are given from the RIT double probe electric field

experiments on three rockets launched from Esrange, Kiruna

(67,89°N, 21,11°E) on January 27, 1979, during two successive

auroral substorras (Fig 1). The experiment was intermittently

operating in two different modes, one for conventional

electric field measurements and the other for plasaa diagnostic

measurements, providing information on electron temperature

and density. Other experiments on the payloads measured
2 3 4 5

magnetic fields particles , waves , optical emissions ,

occurence of anomalous resistivity and plasma temperature

and density variations .

A detailed study was to be made of the various phases of the

auroral substorms, by the rocket measurements, using the

extensive support from associated ground observations and from

the GEOS II satellite, at this time situated in the equatorial

plane with it's magnetic footpoint close to Kiruna.

2. Geophysical situation

Around 16.30 UT, a southward dri f t ing auroral form, far
to the north of the range and associated with a developing
eastward e l ec t ro je t became v i s i b l e on the a l l sky TV,
operated at Esrange. The Kilpisjärvi photometer (cf P ig . 1)
recorded a sudden increase in the 6300Å radiation around
17.00 UT. The f i r s t rocket, S23L1 (apogee 270 km) was
launched at 17.12.32 UT into th i s pre-breakup arc, which at
th i s time was only about 40 km to the north of the range.
The arc which had been dri f t ing southward for nearly one
hour suddenly began to move northward with a ve loc i ty of
about 300 m/s during the ascent of the rocket. I t then
slowed down somewhat, which enabled the rocket to catch up
with i t at 160 s f l i g h t time. The rocket crossed the arc
region and then for about four minutes i t remained at the
northern boundary of the arc, which during th i s time dri f ted

1. Dept. of Plasma Physics, Royal Institute of Technology, Stockholm, Sweden
2. Danish Meteorological Institute, DMI, Copenhagen, Denmark
3. Kiruna Geophysical Institute, KGI, Sweden
k. Danish Space Research Institute, DRI, Lyngby, Denmark
5. Dept. of Meteorology, U. of Stockholm, MISU, Sweden
6. Centre de Recherche en Physique de 1'Environment Terreatre

et Planetaire CRPE, la Source Orleans Cedex, France
7« Uppsala Ionospheric Observatory, UIO, Sweden.



with approximately the horizontal velocity of the rocket.

At the end of the flight the auroral activity decreased and

only diffuse structures remained at the site of the rocket.

The next phase of the auroral substorm to be studied was the

breakup. Just before 20.58 UT a thin and straight arc developed

south of Esrange. At the same time, or shortly after,

sudden changes were observed by practically all ground based

instruments, for example a sharp negative magnetic bay of

400 nT, in the Kiruna magnetometer, corresponding to the

development of a strong westward electrojet and an emission

rate exceeding 1.5 kR, measured by the Kilpisjärvi photometer

(6300Å). According to the review of this event given by

Baumjohann (1979) the GEOS II satellite simultaneously mea-

sured increases in energetic electrons, electric fields, and

wave activity. At 21.01.59 UT the high altitude rocket, S23H

(apogee 415 km), was launched, into an IBC 3 aurora that

suddenly flared up all over the sky, and then moved northward

very rapidly, out of reach of the rocket. Diffuse auroral

forms, occasionally intensified, were however present during

the whole flight.

The second low-altitude rocket S23L2 was launched 21.52.20

UT into the post-breakup phase of the same substorm characte-

rized by extensive flickering and pulsating auroral structures

with an emission rate at 6300A of about 0,5 kR.

3. Experiment and Analysis

The electric field measurements were carried out in the con-

ventional way, by measuring the potential difference between

two spherical probes mounted on booms extended from the pay-

load. The configuration of the probe array is shown in Fig. 2.

The nominal distance between two opposite probes was for the

upper pairs 4.1 m and for the lower pair 5.5 m. The upper

probes were used for electric field measurements with bias

currents to the probes but also for the plasma impedance

experiment of CRPE. The lower probes were operated in two



different modes, one for electric field measurements with

bias currents to the probes and the other (the Langmuir

mode) for plasma diagnostics. In the latter mode a series

of bias current pulses, positive and negative of successively

varying magnitude were supplied alternately to the probes in

a probe pair. The potential difference was then measured

between the biased probe and the other probe which was at

floating potential. In this way a current-voltage characteristic

was obtained, every fifth second throughout the flight,

providing information of the electron density and temperature.

The potential differences between opposite probes used for

the E-field reduction were measured with a time resolution

of 2.5 ms.

In the data processing procedure, the instantaneous electric

field components measured in the frame of the rocket, have

been converted, including subtraction of the v x B contri-

bution, into an earth fixed system, with axes oriented north;

west- and upwards. Only the E-field component perpendicular
—- R

to the spin axis of the rocket, Ex, has been used. The
— Rremaining component E,,, parallel to the spin axis was not

possible to obtain because of DC-offsets due to unknown work

function differences. It has been assumed that the electric

field ccmponent parallel to F was zero throughout the flights. If

this assumption should not be correct, it would show up in

the analysed data as a modulation at the coning frequency.

In order to determine the plasma properties during the

flight experimental current-voltage characteristics have

been compared with theoretical characteristics, based on a

model developed by Josephson (1977). An improved technique

for the iteration procedure was developed during this

work, which resulted in a much faster and more accurate

determination of the electron density and electron temperature.

3. Observations

S23L1

In Fig. 3 the electric field data and plasma parameters obtained



during the first flight S2 3LI, are presented vs time after

launch and altitude. The rocket enters the precipitating

region at 161 s, marked by the sharp gradients in all the

measured parameters, and further by the distinct increase in

the electron energy fluxes, as measured by the KGI detector. From

auroral pictures, provided by Uppsala Ionospheric Observatory

it is clear that the similar parameter changes seen at 380

s, mostly are due to a sudden weakening of the auroral

activity.

1. A clear anticorrelation between the electric field and

the electron density. Observations of electric field

depression within and over auroral arcs have been

reported previously (Wescott et al., 1969, Walker,

1971) . According to Walker, in regions of large currents

there is a tendency towards opposing density and electric

field gradients. Since the conductivity is enhanced

within the arc, less electric field is needed to support

a given current.

2. Rapid fluctuations on time scales of a few seconds ara

seen around 180 s, and between 260 s and 360 s which corre-

spond to the times, when the rocket was at tl.c southern and

northern boundary of the arc,respectively, as can be deduced

from auroral pictures. For these events the northward

drift of the auroral forms were comparable with the hori-

zontal speed of the rocket. Hence, one interpretation to

the electric field fluctuations is that the rocket moved

in and out of the arc, either due to variations in the

northward drift (see Fig. 8) or due to the rapid motions

of auroral structures along the boundaries of the arc

(see section 5 below).

3. An intense poleward electric field of 115 mV/m simultaneously

with an electron density minimum is seen in the region

just to the south of the arc. The field direction is

the same as,but the magnitude nearly four times larger



than,the average auroral zone electric field at this

local time as reported on by Mozer and Liicht (1974) .

Large poleward electric fields, related to substorm

activity have been observed by for example Smiddy et

al. (1977) and Maynard (19 78) in the pre-midnight

magnetic local time sector in narrow latitude strips,

equatorward of the auroral oval. The local electron

densitites are seen to reach a minimum at the times of

these observations. According to Schunk et al.

(1975), these fields can in the F-region give rise to

strong sunward plasma drifts, which will deplete the

electron density. A similar depletion will also be found

in the underlying E-region, according to the results of

Banks and Yasuhara (1978) . However the minimum observed

here may at least partly be due to an ordinary altitude

variation, obscured by the strong increase seen when

the rocket entered the denser arc region.

S23H

The results from the flight,S23H, are presented in Fiq.4.

No dramatic changes are seen, neither in the electron

temperature nor in the large scale electric field in con-

trast to the previors flight. This is reasonable since no

discrete arcs but instead fairly homogeneous and diffuse

auroral forms were present along the rocket trajectory.

The small scale electric field is however very fluctuating

(on timescales of 5-10 s) throughout the flight.

A large peak in the electron density of 8,5 • 10 m is

observed only during the upleg around 350 km.Simultaneosly

at 220 s, there is a change in the direction of the E-field

from a weak northward component to a southward component

of about 10 mV/m. Comparisons with the equivalent current
J
eq'deduced from ground magnetometers((cf sect.6) supports

the conclusion that this is a spatial variation. The rocket

E"-fi#ld ( see J in Fig, 11) rotates much faster at this

time,i.e. 21.05-21.06 UT, than J . Thus these observations

indicate the presence of a field-aligned current directed



upwards. This is further consistent with the observation

of field-aligned electron fluxes, which show a sharp

peak at this time and sharply peaked electron energy spectra

as measured by the KGT particle detectors.(I.Sandahl,

private comm.)

S23L2

The result from the last flight S23L2 is presented in Fig.

5. Only electric field data are available from this flight.

The reason why electron density and temperature are missing

is a technical malfunction. No startpulse was received to

initiate the supply of current pulses and bias current to

the probes. The electric field data exhibit a modulation

starting at about 220 s and having about the same period as

the coning of the rocket. It is not possible to explain this

with a parallel electric field, since that would give a diffe-

rent phase relation between the north and west components

than that which is observed.

From a study of the geometry of the probes in relation to

the rocket body it seemed very likely that the modulation

disturbance in the electric field data from this flight was

due to the wake of the rocket. This is most pronounced during

descent, when the upper probe pairs are in the wake of the

large underlying rocket body. The reason that wake effects

became serious in this flight was the above mentioned technical

malfunction. Without bias current, the probe-plasma impedance

becomes very large, making the probe measurements more sensitive

to various disturbances.

In Figs. 6 and 7 vector representations of the electric field

measured on the first two flights are given along a horizontal

projection of the rocket trajectories.

5• Comparison between auroral drifts and electric field data

Except during the expansive phase of auroral substcrms, auroral

arcs have a tendency to cirifc with the ionospheric E x



drift velocity, as shown by investigations of for example

Kelley et al. (1971) and Subbarao and Rostoker (1971). Using

the electric field measured on the rocket we shall here compare

E x B, B2 with the auroral motions observed from the ground.

In Fig. 8, the result of such a comparison for the north-south

motion during the first flight S23L1 is presented. The three

solid curves, give the location of the northern edge of the

arc, at three adjacent longitudes (20, 21, 22°E), as deter-

mined from pictures taken by a sec-vidicon camera, operated

at Esrange by UIO. The dashed line represents the expected

motion of the arc, if subject to a pure E x B/B2 drift. There

is a fairly good agreement up to about 300 s, although newly

created or disappearing structures some times cause disagree-

ment. At the end of the flight the arc has more or less

disappeared. Only in the southern part of the previous arc

does some activity still remain. During this time an agreement

is therefore not to be expected.

East-west auroral motions are more difficult to observe, due

to the east-west alignment of the arc. However some well-

defined structures were possible to follow on the recordings

from the Rappsåive TV-system. In the southern and central

parts of the arc region westward motions of typically 3-5

km/s were observed, which correspond to northward electric

fields of 150 to 250 nV/m. This is in agreement, within

approximately a factor of two, with the electric field

measured to the south of the arc. In the northern parts,

however, eastward auroral motions were seen with typical

velocities of 1 km/s, which correspond to southward electric

fields of about 50 mV/m. Similar flow reversals have been

observed by for example Hailinan and Davis (1970). They may be

explained in terms of U-haped equipotential surfaces centered

around the arc (Carlqvist and Boström (1971)).

During the breakup-phase, the dynamic character of the

aurora with its rapidly changing and patchy structures, made

it almost impossible to perform a correlation-study in the

same way as for the previous flight. The electric field was

directed between west and southwest throughout the flight



with an average magnitude of 17 mV/m which should correspond

to drift velocities of about 350 m/s in a direction between

south and southeast. However, the observations show auroral

drifts in practically all directions, with velocities sometimes

much larger than 350 m/s.

6. Ionospheric current systems

In order to determine the local ionospheric current system,

we have calculated the height-integrated Hall and Pedersen

conductivities and combined these values with the horizontal

electric field measured along the rocket trajectory, accor-

ding to the well known formula

J = £ (I + V x B ) + 2HB X (I + V X B)/B .p_ n n n
Here J, Z and £„ denote the height-integrated current density

P " _
and Pedersen and Hall conductivities, respectively,v . the

neutral wind velocity vector and £ and B, the electric and

magnetic field vectors, respectively. An uncertain parameter

here is the unknown neutral wind velocity vector, which might

have a considerable effect on the result.

The altitude dependent conductivities were calculated using

the classical expressions given by for example Boström (1964).

The electron density profiles were based on the rocket

measurements and complemented with the E-region electron

density maxima as obtained from ionosond and photometer

data (courtesy of B. Holback, UIO). In the regions where

data were missing suitable model density profiles, selected

from previous flights corresponding to the ionospheric

conditions during the two flights discussed here, were used.

The neutral atmosphere model was taken from Jones and Rees

(1973) and the expression for the ion-neutral collision

frequency from Rees and Walker (1968). The altitude variation

of the calculated Hall and Pedersen conductivities o» and

o , are shown in Fig. 9 and 10 for the two flights, respectively,

together with the electron density and electron temperature

profiles, that have been used.



For the first flight E and F. were found to be about equal

with a value close to 4 mho. This implies that a Pedersen-

current was flowing in the direction of the poleward electric

field and that an equally laxge Hall-current was flowing in

the eastward direction, assuming the effect of neutral winds

to be negligible. The direction of the Hall-current is consistent

with the eastward electrojet, which was flowing about 50 km to

the south of the arc, as detected by for example the Kiruna

magnetometer and the Braunschweig magnetometer chain. The Pedersen

current, might have been the ionospheric link between two

oppositely directed Birkeland currents, a current configuration

producing no magnetic effect on the ground.

Also for the second flight, the height-integrated conductivities

were found to be about equal with a value of about 11 mho's

each. If no neutral winds were present this implies that a

Pedersen current was flowing in the electric field direction

between west and southwest, and that an equally large Hall

current was directed between north and northwest, see Fig.

11. For comparison, the Figure also includes the equivalent

current vectors at ground representative for the Kiruna area,

which have been deduced from the Scandinavian Magnetometer Array

(SMA) observations by the Mönster group (by courtesy of W. Baum-

johann). As can be seen these currents are mainly pointing in the

Pedersen direction. This alignment is even closer if the

average equivalent current directions are instead derived

from measurements at a number of nearby stations...

One way to explain this is that the Hall current was part of

a magnetospheric current system undetectable from the ground

as for the case of the Pedersen current argued above. Another

explanation is possible if a fairly strong neutral wind was

present during the flight. Consider for simplicity the case

of a perfect alignment between the electric fields and the

equivalent currents. As can be seen in Fig. 12a an anti-clock-

wise rotation of 45° of the total current vector Ju + J
H p

is needed for alignment with the equivalent current. This

might be accomplished by any neutral wind vector with the

tip on the line L,, in Fig. 12b, i.e. roughly a wind direction
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between E and E x B and a velocity v such thatwm g < v < g.

Next let us consider the characteristics of neutral winds,

especially E-region neut al winds (which have the largest

influence on the direction of the height integrated current

J) around 2200 LT and during magnetic substorras. In the F-

region ion drag is the dominant force in driving neutral

winds, which therefore will move in approximately the 1* x

B direction (see for example Meriwether et al., 1973).

The E-region neutral wind pattern is more complex, but also

here there exists a direct relationship between the neutral

wind and the E x B direction according to the results of

Brekke et al. (1973). Below 110 km, Hook (1970) has

shown that in the premidnight local time sector, the neutral

winds are mainly directed in the south to southwest

direction. The neutral wind velocity is generally smaller

than the ion drift velocity, which in the F-region is about

equal to the E x B/B2 drift velocity. Stoffregen et al.

(1971) have found the approximate relation v = 0.4 v. from

studies on neutral and ionized Ba-clouds.

According to the above results, E-region neutral winds for the

local time discussed ought to be pointing in a direction

somewhere between E x B and south or southwest, and have

typical velocities lower than •=. Using the present electric

field data it may be found that a neutral wind, pointing

between south and southwest with a velocity of 240 - 340 m/s

does fulfill the above requirements. It is also in agreement

with the neutral wind needed for an alignment between the

equivalent currents and the total currents Jo + J derived
H p

here.

Thus it may be concluded that either of the two current

descriptions given here are possible and consistent with the

observations. Additional information from other associated

observations might help to reveal whether neutral winds were

present or not.
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7. Comparison with STARE and GEOS data

STARE (Scandinavian Twin Auroral Radar Experiment) measures

roughly the ionospheric F x B-drift velocity from which the

electric field can be deduced. Since only one radar (at

Trondheim) was operating at this time only the component

of the electric field perpendicular to the line of sight could

be deduced. This component agrees well with the corresponding

component of the S vector seen on the first flight until the

rocket entered the arc region. The drastic reduction in the

rocket E-field within the arc is not seen in the STARE E-field

which remains fairly constant throughout the flight. Either,

the high-altitude source of the ionospheric irregularities

within the arc does not move with the E x B velocity deduced from

the rocket data, or the spatial resolution of the STARE radar

is insufficient to measure drift velocities within this arc.

For the second flight STARE sees strong variations in contrast

with the fairly stable drifts observed during the first flight.

The agreement with the rocket data is poor, which may not be

unexpected for the prevailing breakup conditions.

Comparisons with GEOS data have been made only for the second

flight, due to a datagap during the first flight. According

to Pedersen (private communication), the GEOS field mapped

down to the ionosphere was rather fluctuating and on the

average more southward directed than the field seen from the

rocket. A perfect agreement is not however very likely to

exist for several reasons. First the mapping procedure is valid

only if the magnetic field is very stable and no parallel elec-

tric fields exist between the equatorial plane and the iono-

sphere. In the present case, during a strong magnetic substorm

and with the satellite situated in the midnight sector where

the field is rapidly changing, the result of the mapping must

therefore be treated with great caution. Secondly, the GEOS

footpoint was most likely connected to an area to the south of

Kiruna. Over such a distance the electric field might vary

considerably.



12

8. Summary

The result of the analysis of the Substorm-GEOS rocket

data can be summarized as follows:

1. A clear anticorrelation between the electric field and

the electron density across a discrete arc.

2. Significant variations in the electric field strength

with a time scale of a few seconds at the two boundaries

of the arc, tentatively interpretated as being due to

fluctuating boundaries, through which the rocket moved

in and out.

3. An intense poleward electric field of 115 mV/m is

measured just to the south of the arc. The simultaneous

electron density minimum, may be due to a combination

of an ordinary altitude variation, a strong sunward

I x B-drift and rocket entry into the denser arc region.

4. A good agreement is found between the auroral motions

and the ionospheric E x B- drifts prior to, but not

during breakup, consistent with earlier findings.

5. During the breakup, a reversal of the northward electric

field component was measured simultaneously with a

large peak in the electron density, indicative of the

presence of an upward field aligned current.

6. The electric field during the second flight was found

to be pointing approximately in the same direction as

the equivalent currents, derived from ground based

magnetometer observations. This may be explained either

if the Hall current was undetectable from the ground or

if a strong neutral wind directed between south and

southwest was present.

7. The agreement with drifts measured by the STARE backscatter

radar is fairly good prior to, but not during breakup.

The GEOS electric field measured during breakup is

rather fluctuating and, if mapped down to the ionosphere,

the directions agree roughly with the rocket observations.



13

Acknowledgements

We are especially grateful to Mr B. Holback, H. Derblom and

Dr R. Boström, at the Uppsala Ionospheric Observatory for

providing TV-film and for valuable suggestions and support,

Dr A. Pedersen at ESTEC for providing GEOS data and valuable

commentB to the work, Mrs. I Sandahl at the Kiruna Geophysical

Institute for providing particle data, Mr W. Baumjohann and Prof.

J.Untiedt at Westfäligche Wilhelms-Universität, MOnster, for

valuable comments and for providing analysed magnetometer data,

Or E. Nielsen, Max-Planck-Institut, Lindau, for STARE data,

Mr U. Werner for constructing the electronics, Mr R. Mehra for

part of the programming work, Mrs K. Forsberg for making ex-

cellent drawings and Prof. C.-G. Fälthairanar for valuable dis-

cussions and comments to the manuscript.

The project scientist, Dr U. Fahleson was lost in an accident

shortly after the rocket launchings. We would especially

like to express our deep appreciation of him both as an eminent

scientist and a good friend.



14

References

Banks, P.M., and Yasuhara, F., Electric fields and conductivity

in the nighttime E-xegion: A new magnetosphere-ionosphere-

atmosphere coupling effect, Geophys. Res. Lett., £,

1047, 1978.

Baumjohann, W.,"Review on Observations during the ABC II

79-01-27, 20-22 UT Interval", prepared for the IMS

Workshop in Skokloster, Sweden, September 1979.

Boström, R., A Model of the Auroral Electrojets, J. Geophys.

Res., 69_, 4983, 1964.

Brekke, A., Doupnik, J.R., Banks, P.M., A Preliminary Study

of the Neutral Wind in the Auroral E-region, J. Geophys.

Res., 713, 8235, 1973.

Carlqvist, P., Boström, R., "Space-Charge Regions above the

Aurora", J. Geophys. Res. 7_5, 7140, 1971.

Hallinan, T.J. and Davis, T.N., Small-scale auroral arc

distortions, Planet. Space Sci., lj$, 1735, 1970.

Hook, J. L., Winds at the 75-110 km level at College, Alaska,

Plane.:. Space Sci., IS, 1623-1638, 1970.

Jones, R.A., Rees, M.H., Time Dependent Studies of the

Aurora, 1, Ion Density and Composition, Planet. Space

Sci., 21, 537, 1973.

Josephson, D-, "Interpretation of Current-Voltage Characteristics

from Spherical Langmuir Probes in The Ionosphere",

Internal Rep. 77-104, at Dept of Plasma Phys. RIT,

Stockholm, 1977.

Kelley, M.C. Starr, J. A., Mozer, F.S., Relationship between

Magnetospheric Electric Fields and the Motion of Auroral

Forms, J. Geophys. Res. 7j6, 5269, 1971.



15

Maynard, N. C , On Large Poleward-Directed Electric Fields

at Sub-Auroral Latitudes, Geophys. Res./ Lett., ,3, 617,

1978.

Meriwether, J.W., Heppner, J.P., Stolarik, J.D., and

Wescott, E.M., Neutral Winds above 200 kin at High

Latitudes, J. Geophys. Res., 7J8, 6643, 1973.

Mozer, F.S., Lucht, P., The Average Auroral Zone Electric

Field, J. Geophys. Res., 79, 1001, 1974.

Rees, M.H., Walker, J.C.G., Ion and Electron Heating by

Auroral Electric Fields, Ann. Geophys., 24, 193, 1968.

Schunk, R.W., Raitt, W.J., and Banks, P.M., Effect of Electric

Fields on the Daytime High Latitude E and F Regions, J^

Geophys. Res. 80, 3121, 1975.

Smiddy, M., Kelley, M.C., Burke, W., Rich, F., Sagalyn, R.,

Shuman, B., Hays, R., and Lai, S., Intense Poleward-

Directed Electric Fields near the Ionospheric Projection

of the Plasmapause, Geophys. Res. Lett., 4_, 543, 1977.

Stoffregen, W., Derblom, 3., Ladell, L., Gunnarson, H., The

Chemistry of Artifinial Clouds in the Upper Atmosphere and

their Response to Winds and Fields, Rep. no. 17, 1971,

part B at Uppsala Ionospheric Observatory, Uppsala, Sweden,

1971.

Subbarao, S., Rostoker, G., Relationship of Southward Drifting

Auroral Arcs to the Magnetospheric Electric Field and

Substorm Activity, J. Geophys. Res., 78, 1100, 1973.

Walker, J.C.G., ionospheric Effects of Auroral Electric

Fields in "The Radiating Atmosphere", ed. by B.M.

McCormac, D. Reidel, Hingham, Mass., 1971.

Wescott, E.M., Stolarik, J.D., Heppner, J.P., Electric

Fields in the Vicinity of Auroral Forms from Motions of

Barium Vapor Releases, J. Geophys. Res., 7_4, 3469,

1969.



I 16

Figure captions

Fig. 1 Map of the rocket trajectories and some ground

observation sites in geographical coordinates.

Fig. 2 The geometical configuration of the probe system.

Fig. 3 Results from the RIT electric field and plasma

diagnostic experiment on the S23L1 payload launched

17.12.32 UT, on Jan. 27, 1979. The panels show

from the top the electron temperature (mV) the

electron density (m~ ), the westward, northward

and total component of the electric field (mv/m),

vs time after launch (s) and altitude (km).

Fig. 4 Results from the S23H payload, launched 21.01.59

UT on Jan. 27, 1979. For explanation see Fig. 3.

Fig. 5 Results from the S23L2 payload, launched 21.52.20

UT on Jan. 27, 1979. For explanation, See Fig. 3.

Only electric field data are available from this

flight for reasons explained in the text.

Fig. 6 Horizontal electric field vectors, along a horizontal

projection of the rocket trajectory, for the S23L1

flight.

Fig. 7 Same as in Fig. 6, but for the S23H flight.

Fig. 8 Latitudinal motion of the northern edge of the

pre-breakup arc around 17.15 UT, along three

adjacent geograph longitudes, 20°E, 21°E, anc

represented by dots, crosses and rings respectively.

The dashed line represents the expected N-S mot:

of the arc if subject to a pure É x B/B2 drift.

, adjacent geograph longitudes, 20°E, 21°E, and 22°E

P
|;. The dashed line represents the expected N-S motion

Fig. 9 Altitude variation of the Hall and Pedersen conductivity

(mho/m , electron density (m~ ) and electron



i;

temperature {mV), for the S23L1 flight. The model

electron density and corresponding conductivity

profiles are represented by the dotted lines, and

the measured electron density and corresponding

conductivity profiles by the solid lines.

Fig. 10 Same as in Fig. 9, but for the S23H flight. Here

also the E-region maximum electron density as de-

rived from ionosond and photometer data is included.

Fig. 11 Comparison between the directions of the height

integrated Hall and Pedersen current vectors JH and

J , as calculated for the S23H flight by assuming

no neutral winds and the equivalent current vectors

J- representative for the Kiruna area, as deduced

from the Scandinavian Magnetometer Array observations

by the Mlinster group. The magnitudes of the latter

are given in terms of the differential magnetic distur-

bances (nT), measured on the ground.

Fig. 12a To the left are shown the directions of the Hall (JH>,

Pedersen (J ) and total horizontal current vector

(Ju + J ) in relation to the equivalent current for

the case of no neutral wind. After an anti-clock-

wise rotation of 45°, accomplished by a neutral wind,

the total current vector is pointing in the direction

of the equivalent current as can be seen to the right.

Fig. 12b This diagram shows possible neutral wind vectors v ,

that are consistent with an alignment between the

total current JH + J and the equivalent current. As

can be seen from the figure for any of the vectors

vn with the tip on the line L., the sum vector

(E + vR x B)/B which defines the Pedersen direction/

will be pointing in the same direction.
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ROCKET MEASUREMENTS OF ELECTRIC FIELDS, ELECTRON DENSITY

AND TEMPERATURE DURING THE THREE PHASES OF AURORAL SUBSTORMS

G. Marklund, L. Block, P.-A. Lindqvist

December 1979, 29 pp. incl. ill., in English

On Jan. 27, 1979, three rocket payloads were launched from

Kiruna, Sweden, into different phases of two successive auro-

ral substorms. Among other experiments, the payloads carried the

RIT double probe electric field experiments, providing elec-

tric field, electron density and temperature data, which are

presented here. These are discussed in association with ob-

servations of particles, ionospheric drifts (STARE) and elec-

tric fields in the equatorial plane (GEOS). The motions of

the auroral forms, as obtained from auroral pictures are com-

pared with the E x B/B2 drifts and the currents calculated

from the rocket electric field and density measurements with

the equivalent current system deduced from ground based

magnetometer data (SMA).

Key words; Electric field, electron density, electron tempe-

rature, auroral drift, ionospheric conductivity, auroral sub-

storm, ionospheric current, rocket measurements


