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Investigation of the Auroral Electrojet

By H. HeinrICH, D. REIMER and H. SiEMANN, Braunschweig!)
Eingegangen am 25. Mirz 1970

Summary: The program PEJ 1, supported by the German Government, was planned in 1967
to investigate the Auroral Electrojet (AEJ). Three rockets of the Black Brant IIl-type with
magnetometers for measuring the field components, an impedance-probe and a retarded-
potential analyzer on board were launched in late 1968 from ESRANGE in Kiruna, Sweden.

A position-finding system, based on magnetometer measurements was used to calculate
the position of the ionospheric current-system and to control the count-down.

The gross structure of the AEJ was resolved by comparing the available data from ground-
based magnetometers with the height-profiles of the total intensity.

Above an altitude of 130 km a sudden change in the phase shift of the transverse magnetic
field has been measured. This can be interpreted as being due to a magnetospheric current
system that is closed in the ionosphere. From the height profiles of the electron density the
conductivities were computed. The electric fields as derived from the combined results of
these data and from the magnetometer measurements are comparable to results obtained by
barium-cloud experiments.

Zusammenfassung: Im November und Dezember 1968 wurden auf dem Geldnde der ESRO
(European Space Research Organisation) in Kiruna, Schweden, drei Raketen vom Typ Black
Brant 111 (Programm PEJ 1) gestarted mit dem Ziel, den mit magnetischen Baystorungen am
Erdboden verbundenen stark gebiindelten Teil (Polarer Elektrojet) des ionosphirischen Strom-
Systems zu erforschen.

Die Raketen waren mit Magnetometern zur Messung der Komponenten des Erdfeldes, mit
einer Impedanzsonde zur Erfassung der lokalen Elektronendichte und einem Bremsfeld-
analysator zur Ermittlung der Elektronentemperatur und der Geschwindigkeiten geladener
Teilchen ausgeriistet worden.

Zur Bestimmung der Position des Strom-Systems ist ein auf Magnetometerregistrierungen
basierendes automatisches Ortungssystem benutzt und zur Kontrolle des count-down ein-
gesetzt worden.

Die groBriumige Struktur des Polaren Elektrojet (PEJ) konnte durch Vergleiche von
Magnetometerregistrierungen am Boden mit den Hoéhenprofilen der Total-Intensitat abge-
leitet werden.

Oberhalb 130 km wurde eine starke Anderung der Phasenverschiebung des transversalen
Magnetfeldes beobachtet. Diese Anderung kann als Effekt eines magnetosphirischen Strom-
systems, welches durch die Pedersen-Strome in der Ionosphire geschlossen wird, gedeutet
werden. Aus den Elektronendichte-Profilen sind die Leitfihigkeiten berechnet worden. Die
kombinierten Ergebnisse von Magnetometern und Impedanzsonde liefern fiir die elektrischen
Felder Werte, die mit den Ergebnissen von Barium-Wolken-Experimenten vergleichbar sind.

1) Dr. H. HeINRICH: Institut fiir Geophysik und Meteorologie Techn. Universitit Braun-
schweig. — Dr. D. REiMER and Dr. H. SiEMANN: Institut fiir Geophysik und Meteorologie
Techn. Universitat Braunschweig; Present address: Dornier System, Friedrichshafen.
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1. General Introduction

Geomagnetic bay disturbances seem to be closely correlated with auroral displays
[AkAsoFu 1968], the most exciting physical phenomena in the auroral zone. although
magnetic bays have been observed with no visible auroras occuring. This means that
the ionospheric currents which are responsible for the observed magnetic disturbances
need not be confined to auroral displays, and there is some evidence for the north-
south extension of these ionospheric currents to be several 100 km.

Until now only a few direct measurements habe been performed to study such
current-systems while most of the investigations concerning ionospheric current-
systems are based on ground-based magnetometer data [AKAsSOFU et al. 1969].

Our aim was to investigate the most intense part of the current-system near local
midnight which we call Auroral Electrojet (AEJ), to find out its structure and to get
an idea of what may be the driving force of that current-system.

Ionospheric electric fields appear to be the dominant driving forces, so a good deal
of rocket experiments have been performed to measure the ionospheric electric fields
in the polar region [HAERENDEL and LUsT 1968 ; POoTTER and CAHILL 1969; WESCOTT,
StoLARIK and HEPPNER 1969].

In addition, there exist a few model-calculations of the AEJ [BosTROM 1964;
BONNEVIER, BOSTROM and RoOsTOKER 1969] in which ionospheri electric fields are
employed. These calculations are the theoretical background of our work, there-
fore a short review is being given here.

1.1 The models of the AEJ

Let us assume the driving force of the AEJ to be an electric field which originates
in the magnetosphere.

Due to the high parallel conductivity in the magnetosphere the magnetic field lines
are equipotentials. Thus, any magnetospheric electric field will be mapped down into
the ionosphere along the field lines if we disregard effects possibly caused by an
ionospheric dynamo. We shall discuss two configurations and ask for important differ-
ences which may be detected by the instruments on board of a rocket.

To compute the height profiles of the Hall- and Pedersen-conductivities [FEJER 1965]
one has to know the height variations of the electron density and collision frequencies
of the particles involved in this process [DALGARNO 1961, NICOLET 1953].

Although the measured profiles of the electron density [KisT and SPENNER 1970]
may considerably differ from this function it does not affect appreciably the shape
of the height profiles of the conductivities under consideration.

In our considerations we shall employ height-integrated terms on account of the
fact that the electric field is nearly height-independent [see BOsSTROM 1964].
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Configuration I

Figure 1 shows a schematic representation of this model. We introduce a coordinate-
system x, y, z (x-axis pointing north, y-axis east, and z-axis positive towards the
earth’s centre) in which the current flows from east to west over a length of several
hundred km, at least. Its north-south extension is taken to be 10 km, its vertical
extension depends on the conductivities. The primary electric field E is homogeneous
in the region of the AEJ and no currents will flow to and from the magnetosphere.

Poloidal current system
(=14/m)

w HEIGHT 1n km

Aurorol elecirojel
(=10¢4)

- Mognelic field of the
poloidal current system

100

WEST

NORTH ———

Fig. 1: Schematic representation of currents and magnetic fields for configuration I [SEILER
und KEertZ 1967].

The Hall current of the field E will charge the boundaries of the current layer, and
give rise to a polarization-field Ep, the Hall current of which is responsible for the
large enhancement of I, thus producing an electrojet (Jy is the y-component of the
height-integrated current density).

The most interesting aspect of this configuration is the generation of an ionospheric
poloidal current-system surrounding the electrojet. This poloidal system is the source
of a horizontal magnetic field which is directed to the East and confined to an altitude-
range between about 100 km and 160 km.
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Configuration II -

The primary electric field E is now directed north-south and confined to the current-
layer while currents may flow to and from the magnetosphere.

In this model the electrojet is simply the Hall current of the field E. On the other
hand the Pedersen-current of this electric field is part of a magnetospheric poloidal
current system that produces a horizontal magnetic field which is directed to the west
and might be detectable up to great heights. Figure 2 shows a schematic representation
for the second configuration.

E
=
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y Poleidal
‘::E current system
[
-3
150+
Magnelic lield of the
poloidal current system
1
4 -~
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\ [ (= 10* A)
roo4 Vo
\ A
s \ ‘\V .
: Mognelic fieid of the AEJ
10 km
WEST 3

NORTH

Fig. 2: Schematic representation of currents and magnetic fields for configuration II [SEILER
und KerTz 1967).

The remarkable difference between the two configurations concerning the horizontal
fields produced by the poloidal current systems establishes an effective means to dis-
tinguish between the two models on the base of rocket magnetometer measurements.
We therefore decided to launch three rockets (the description of the experiments are
given in sections 3 and 4, see also [KisT and SPENNER 1970] to yield some information
about the gross structure of the jet, the driving forces, and, with a few reasonable
assumptions, the magnitude of the ionospheric electric fields.
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The results of ground based measurements are presented in section 2. The results
from the rocket magnetometers are given in section 3 and 4, and the close connection
of the results in section 2 and 3 should be mentioned. The flight performance of the
rockets and magnetograms are given in the appendix.

2. The Position-Finding System for the AEJ

2.1 Introduction

The magnetic fields of the poloidal current systems of configurations I and Il were
to be measured to get the desired informations about the driving mechanism of the
AEJ. Thus the AE] itself,—for the moment we consider the AEJ to be a line current—,
must be located within the rocket trajectory. This requires an accurate position-
finding system (PFS) for the AEJ.

The main features of our system (PFS), which is based on magnetometer measure-
ments, will be briefly discussed in this section.

2.1.1 Model current systems

For simplicity we assume that the measured magnetic disturbances at the earth’s
surface represent the field of a single line current in the ionosphere.
Then we find

Z|H=—d|h (2-1)

= vertical component of the earth’s field

= horizontal component of the earth’s field

= north component of the earth’s field

= east component of the earth’s field

= distance between observation point and the current
= height of the current

TR~ >xTN

The cartesian coordinate system we use throughout this paper gives heights above
ground level as negative values. The direction x + 90° of the auroral electrojet will
be calculated from

tga=Y/X (2-2)

(~ being rotated in a clockwise sense).

On account of the fixed trajectory for a given type of rockets at ESRANGE,
Kiruna, the rocket reaches the altitude of 100 km a well known time after take off.
Thus if we know the position and velocity of the AEJ at any time, we are able to
determine the exact launch time to meet the conditions mentioned in chapter 2.1.
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Provided the AEJ is a single line current in the E-region, we only need one magneto-
meter station to yield the required information about d, 1, and the current strength /
of the system.

In reality there are several complicating factors:

a) The AEJ is not a line current. Ground-based magnetometers on a north-south-
profile often measure almost identical horizontal disturbances over several degrees
of latitude.

b) One has to account for the induction effect of the well-conducting earth.

¢) Pulsations and effects with time scales of e.g. one day are unwanted pertubations.
To take these pertubations into consideration the PFS should consist of more than
one station, because more than three parameters may be determined to calculate d,
x and 1.
We decided to use two stations. Thus a model of the AEJ may contain six para-
meters for a unique solution.

2.1.2 The model for the AEJ

KERrTZz [1954] has shown that the field of a line current I, at height &z equals the
field of a plane current at height A exactly if the current distribution is

I h—h,
n (x—x0)° +(h—hy)?*

The half-width of this distribution is 2 & = 2 (h — hr) and the total current is

in(x)= (2-3)

+ 0

j' ip(x)dx=I,.
—or

To account for point a) in chapter 2.1.1 we assume that the AEJ has the distribution
given in (2—3), and we may use the equivalent line current [y, for the calculation of
d, x and I.

To account for points b) and c) we use the differences of corresponding components
of two stations and allow for a homogeneous field (Ho, Yo, Zo are the field-components)
in all components. The advantage of this method is that the homogeneous field con-
tains all the fields the sources of which are at great distances as compared to the dis-
tance of the ground stations. Daily variations and ring current effects are eliminated
as well as the influence of deep-seated induced currents. For detailed information see
REIMER [1969].

2.2 The position-finding system

For fast accurate calculations a small computer was used. The setup of the whole
system is specified in the block-diagram of figure 3.
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Fig. 3: Block diagram for the position-finding system with two identical magnetometer
stations.

As magnetometers we used two sets of three-component fluxgates with a range of
£2000 y and an electrical suppression of the normal fields. The block containing the
three sensors was oriented such that one component was perpendicular to the horizon-
tal magnetic field during quiet periods. The sensors and the boxes containing the
electronics were buried about 50 cm below the earth’s surface to eliminate drifts pos-
sibly caused by variations of temperature. A calibration could be done in situ by
applying a dc-current to the feed-back coil of the magnetometers. For more infor-
mation see MULLER [1970].

2.3 Results from ground-based measurements

2.3.1 Height integrated current densities

During the campaign recordings of the magnetic field have been taken at the five
stations Kiruna, Abisko, Tromso, Esrange and Kilpisjarvi (120 km north of ES-
RANGE), the last two being used in the position-finding system. The recordings of
the last two stations are shown in the appendix for the times of the three rocket flights.
These magnetograms were employed in a detailed study in which the height-integrated
Current densities were determined on the basis of more sophisticated models for the
AEJ. The most complex model allowed for two independent equivalent line currents
and their induced currents. Thus up to nine parameters had to be evaluated. This was
done using a least-squares-fit and an iterative method. The results for rockets 1 and 2
are shown in figures 4 and 5 for the launchings on Nov. 19., 2h 38m 30s, and on
Dec. 4., 23h 26m 30s. It must be pointed out again that the current density functions
shown are derived solely from ground-based measurements. This means that varia-
tions on scales less than about 100 km could not be detected. Significant features are
the great half-width of the current-distributions of the order of 500 km and perhaps

the acvmmaeatrv



Fig. 4: Height-integrated current densities for flight of rocket 1 (19. 11. 1968).

The dashed lines illustrate the horizontal distance of the rocket from the launch-site.
The arrows show the results of the position-finding of the AEJ.
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Fig. 5: Height-integrated current densities for flight of rocket 2 (4. 12. 1968).

The dashed lines illustrate the horizontal distance of the rocket from the launch-site.
The arrows show the results of the position-finding of the AEJ.
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Fig. 6: Height-integrated current densities for flight of rocket 3 (3. 12. 1968).

The dashed lines illustrate the horizontal distance of the rocket from the launch-site.
The arrows show the results of the position-finding of the AEJ.

To check the validity of the deduced current distributions, more calculations have
been done. Good agreement with the rocket measurements of the total intensity of
the magnetic field was found.

2.3.2 Result from the PFS

Small arrows in figures 4 and 5 indicate the position of the equivalent line current
as determined from the records of only two stations. The arrows point to small
maxima of the current distribution which are superimposed on the very wide general
distribution. This performance was expected as the model allowed for a single equi-
valent line current and a homogeneous field.

The limits of the model are shown during the flight of rocket 3 launched on Dec. 3.,
22h 59m 00s. The investigations based on all the accessible ground-level measure-
ments yield a current distribution with two strong and narrow peaks (figure 6). The
rocket passed through the current-carrying layers halfway between the two maxima.
The position-finding system—forced to interpret the measurements as belonging to
one equivalent line current—sometimes pointed to one maximum, and sometlmes to
the other one.

So we may conclude that the system actually used, and the model with a homo-
geneous field and one equivalent line current did work and did give reliable results
as long as the overall distribution of height-integrated current density could be ap-
proximated by the function given in (2-3).
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To allow for more complicated structures a model containing two equivalent line
currents and perhaps their induced currents should be used. This model requires
ground-based measurements from at least three stations.

3. The Results of the Proton-Magnetometer Measurements

3.1 Introduction

3.1.1 The rocket-instrument

In the proton-magnetometer the well known effect of nuclear energy-level splitting
by a magnetic field is used to derive the total strength of the earth’s magnetic field by
simply measuring the Larmor frequency.

It was calculated that for the maximum weight and resistance allowed a magneto-
meter probe of width 5 cm and length 10 cm yields optimum signal strength of the
voltage induced in the receiver coil. A sensor of these dimensions, filled with butyl-
alcohole which has a relaxation-time of 0.9s, and a coil with 2300 windings were
used. This combination yielded an ac-signal of 10 wV,y across the matched input of
the amplifier.

The amplifier was composed of high-reliability operational elements and a relais-
switching circuit with electronic control during the various switching steps. The
amplified signal was fed into the IRIG-Standard telemetry and recorded at the sur-
face together with a 200 kHz-reference ground station signal.

3.1.2 Data processing

To obtain the total intensity of the earth’s field the frequency of a decaying sine
wave has to be measured with a high degree of accuracy.

To eliminate the noise from the record the data had to be digitized first and then
subjected to a (digital) high-pass filter, because no appropriate analog device was
available.

Subsequently, the ‘‘hyper-rapid Fourier transform™ was used to compute the
spectrum of each signal. The frequency at the spectral peak—which is the relevant
information—was found by applying some interpolation formula.

Careful tests with exactly known sets of simulated data were performed to check
the whole procedure. It turned out to be accurate within - 10 y. On account of the
perturbation fields of the payload and the rocket itself several reductions were made.
Thus, the absolute accuracy of the measured data depends solely on the accuracy to
which the perturbation fields are known—which is = 50 y—whereas the relative
accuracy equals that of the data-processing procedure.

The effect of the rocket spin on the Larmor-frequency was eliminated. For further
information see HEINRICH [1969].
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3.2 Measurements and Interpretation

3.2.1 Height-Profiles of AF

AF is the difference between the measured total intensity and the corresponding
value calculated from a spherical harmonics expansion (Program FIELD and set
12/66 of coefficients) of the earth’s magnetic fields.

The next three figures, 7, 8 and 9 show plots of AF versus altitude for the three
rocket flights.

To interpret these results we shall first look at the possible current-distribution as
given in section 2 and derive a three-dimensional current-distribution on the base of
these data which is in agreement with the electron-density results [KisT et al., 1970].
Finally we shall compute the magnetic field of this current-system, and, by selecting
the component in the direction of the earth’s field, we will try to fit the measurements.

3.2.2 The magnetic field of a three dimensional current-system

As pointed out in section 2, we can easily calculate the field-components of a line
current. This magnetic field may be produced as well by some equivalent current-
distribution at a certain height.

For further calculations we assume the maximum current-density (concerning the
height variations) to be at the 110 km level, where the maximum electron-density was
measured.

The height variation of the current density corresponds to that of the conductivities.
We therefore introduce a Chapman-function, CF(h), to describe the height variations
of the current-density.

Using the notation of section 2 we may write

; I b . -
Jj(h, x)=_n£(x——_;52:Fz CF(h) (3-2)

(with j being the current-density within the electrojet system). After an integration
we obtain I, the strength of the equivalent line current.
The magnetic field of this model electrojet had to be computed numerically.

3.2.3 Interpretation of the results

Rocket 1

From the appropriate height-integrated current densities that were given in section 2
(cf. fig. 4) we calculated the magnetic field along the rocket trajectory, and compared
the result with the proton-magnetometer data. A better agreement was achieved after
the original distribution had been modified slightly. These changes (of amplitude,
position and half-widths of the peaks) were well within the limits of resolution given
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Fig. 7: Results from the proton-magnetometer measurements for rocket 1.

in section 2. The time variation of the modified distribution is shown on the right-
hand side of fig. 10. The other graph shows the computed magnetic field F of this
current distribution along the rocket trajectory.
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Fig. 8: Results from the proton-magnetometer measurements for rocket 2.
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Fig. 9: Results from the proton-magnetometer measurements for rocket 3.

A comparison of this result with the AF-curve in figure 7 clearly demonstrates the
really good agreement of the measurements and the calculations.

Among the variety of distributions that can be derived from ground-based data, the
distribution we chose for figure 10 describes very well the distribution at those times.
Yet, we de not claim to have given the exact values of amplitude, position and half-
width, since some other combination of two—ore even more—current-systems might
yield similar results. However, the shape of the combined system may not be altered
much from that given in fig. 10 in order to fit the AF curve as good as in this case.

Rocket 2

When we applied the trial-and-error method described above to the data for
rocket 2 we found that the current distribution as given in fig. 5 had to be altered
more distinctly than in the first case:

The half-width of the northern current band had to be reduced to about one half
of the value deduced from ground-based measurements (see also Kist and SPENNER
[1970]).

Figure 11 shows the result. Apart from the rapid changes in the measured curve
above 130 km—which we believe are due to rapid motions of the southern current-
System on a small scale-—the calculated curve again shows the same features as the
measured curve in figure 8, so the same conclusion as for rocket 1 holds.
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Rocket 3

Because of the telemetry breakdown no data were available for the descent part of
the trajectory. On account of the various possibilities to fit the AF curve given in
fig. 9 no model calculations have been performed in this case.

According to the ground-based results, the rocket passed the current-system in be-
tween two strong bands (cf. fig. 6). The position and amplitudes of the peaks are
somewhat uncertain, because the small values recorded on the ground had to be
interpreted as being differences of large contributions of either current band. No
wonder then, that the ground-based data do not show all details that can be deduced
from the rocket magnetometer data. For instance, an analysis of fig. 9 displays an
asymmetry of the current concentration that is not shown in fig. 6. It is easily vis-
ualized that the field produced by a current-distribution, which is centered ap-
proximately 40 km south of the launch-site and which looks like a line current (10 km
south of launch-site), nicely fits the data. The southern current appears to have been
stronger as well as lying closer to the rocket trajectory than the northern current band.

4. The Results of the Search-Coil Magnetometer Measurements

4.1 Introduction

4.1.1 Description of the Instrument

The sensor of the search-coil magnetometer was a flat coil with a diameter of 12 cm
which had 13000 windings and was mounted in such a way that its axis was per-
pendicular to the spin axis of the rocket. Because of the rocket’s rotation in the geo-
magnetic field an alternating voltage was induced in the coil. Its amplitude and
phase yielded the projection of the magnetic field vector into a plane normal to the
spin axis. The signal was amplified and fed to an analog-to-digital converter.

4.1.2 Calibration of the Magnetometer

Although metal parts were avoided in the vicinity of the search-coil a distortion of
the measurements (especially concerning the phase) by eddy currents had to be ex-
pected. Therefore the magnetic frequency response of the magnetometer was de-
termined with the instrument mounted in the payload. Braunbek-Coils were used to
generate homogeneous alternating fields, and digital data processing techniques were
employed [SCHNEBEL 1970].

4.1.3 Data Processing

First the PCM-signal delivered by the analog-to-digital converter had to be de-
coded. Then with the aid of a digital computer, the amplitude and phase of the quasi-
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sinusoidal signal were determined as functions of time. These time functions were
corrected by taking into account frequency response obtained during the dynamic
calibration of the built-in magnetometer.

4.1.4 Separation of the disturbance caused by the AEJ from the undisturbed field

Unfortunately, at the time the payload had been constructed there was no device
available which allowed the rocket’s attitude to be determined with respect to some
coordinate systems fixed to the earth. Thus the permanent part of the geomagnetic
field could be eliminated only by assuming that neither the attitude nor the spin rate
changed during flight. Because of the aerodynamics of the rocket this is probably
only true for altitudes higher than 100 km. Therefore only data from measurements
taken above this level have been processed.

Due to the nearly vertical attitude of the rocket axis the amplitude of the signal is
about the absolute value of the horizontal field component. The undisturbed hori-
zontal field component measured along the rocket trajectory as a function of time
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Fig. 12: The dotted curve represents the measured phase shift of the transverse magnetic
field versus flight time, the solid line is obtained after correction for nutation effects.
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would be a parabola because the altitude of the rocket as a function of time has this
shape and the apogee is very small compared to the earth’s radius. Therefore the
permanent part of the measured field component is assumed to be a parabola found
by a least-squares polynomial approximation, and the effect of the AEJ is given by
the deviation from this curve.

By analogy the effect of the AEJ on the signal’s phase is the deviation from a
straight line, also obtained from a least-squares approximation.

Now the amplitude deviation as well as the deviation in phase still contain an ap-
proximately sinusoidal part which is caused by the coning motion of the rocket. This
distortion was removed by approximating the time function by a polynomial of the
10th degree. The effect of this procedure on the phase shift is shown in fig. 12.

4.2  Measurement and Interpretation
4.2.1 Horizontal Intensity

The pertubation of the horizontal intensity, caused by the AEJ, as measured with
the search-coil magnetometer agrees with the results from the measurements of the
total field intensity. As these measurements have been discussed in detail in chapter 3.2,
a discussion of the measured horizontal intensity is being omitted here.

4.2.2 Direction of the Horizontal Component

As outlined in section 1, BosTrROM [1964] developed several models to explain the
phenomenon of the AEJ, the two most important of which were shown in fig. 1 and 2.
Both models include a poloidal current system, which generates a horizontal magnetic
field that cannot be detected on ground but can be measured with rocket magneto-
meters.

Configuration |

Contains a poloidal current system which causes a horizontal magnetic field of
some 1000 y pointing east between 100 km and 160 km altitude.

Configuration 11

Contains a poloidal current system which causes a horizontal magnetic field of
some 1000 y pointing west above 130 km altitude.

When the horizontal intensity of the undisturbed field (pointing to the north) is
10000 v, an additional field of 1000 v shifts the field direction about 3-5 degrees.
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This means:

If the measurements of the search-coil magnetometer show a phase shift of some
5 degrees in the range between 100 km and 160 km one should accept configuration 1.
If the measurements of the search-coil magnetometer show above about 130 km a
phase shift of some 5 degrees one should accept configuration II.

Figure 13 and figure 14 show the phase shifts observed during flight 1 and flight 2,
respectively, as a function of altitude.

Unfortunately ascent und descent do not show nearly the same values as one
would expect. This means that the spin rate of the rocket was not sufficiently constant
as had been presumed for the method of data processing described above.

But when we look at the ascents, in which one can trust more than in the descents
because of the aerodynamics of the rockets, we observe a sudden change in the phase
shift above 130 km.

5. Conclusions

As had been expected it was possible to determine the center of the horizontal
distribution of a current system with the position-finding system.

In connection with data from several observatories the measurements yielded a
broad horizontal distribution in all three cases. For flights 1 and 2 an asymmetric
distribution was found. For flight 3 the shape of the distribution was determined by
two large maxima separated by at least 200 km.

The structure of the AEJ was determined by the proton-magnetometer data with a
resolution much higher than any one that could have been obtained from the ground-
based measurements.

In addition, the altitude of the AEJ could be determined by the proton-magneto-
meter data. The measurements supported the assumption of the position-finding
procedure that the altitude of the AEJ ranges between 100 and 120 km.

The results of the search-coil suggest that Bostrom’s configuration 1I (cf. sect. 1)
might describe the AEJ mechanism quite well on account of the measured sudden
change in the phase shift above an altitude of 130 km.

The combined results from magnetometer and electron-density measurements
yielded electric fields in the ionosphere comparable to those obtained from ion-cloud
experiments.

The spin frequency and the attitude of the rockets were not sufficiently constant
between 80 km and 130 km (due to unknown effects, perhaps aerodynamics) as had
been presumed for the method of data processing described in sec. 4. Thus a very
Precise attitude measurement system and an accurate determination of the spin
frequency together with the component-magnetometers are necessary equipment for
further investigations of the AEJ. In addition, the apogee of the rocket should be
above a height of 250 km.
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To get a precise picture of the ionospheric conditions during a magnetic bay-
disturbance one must include simultaneous measurements of the ionospheric electric
fields. The results of these combined measurements would yield the desired informa-
tion about the unknown source mechanisms involved.

Although one might be afraid of the technical complexity of a project like this, we
suppose that further investigations of the AEJ are urgent and we hope that our
results will have a stimulating effect.
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Appendix

A. Flight performance of the rockets.

Day launch-time apogee remarks
Rocket 1 19.11.68  02h38m30sLT 169 km
Rocket 2 4.12.68 23h26m30sLT 167 km
Rocket 3 3.12.68 22h59m00s LT 168 km telemetry breakdown near

apogee
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