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1 Introduction 

Investigations of plasma processes by spacecraft have shown 
the importance and necessity of wave measurements for the un
derstanding of the interaction between the solar wind and the 
magnetosphere. The fine-structure of the magnetopause, the 
magnetosphere boundary layers and flux transfer events (FTE) 
were studied by many experiments carried on board of the ISEE 
(Ref.l), AMPTE (Ref.2), GEOS-2 (Ref.3), PROGNOZ-8 and 
10 (Ref.4) spacecraft. It was found that the generation of high 
amplitude waves plays an important role in the macroscopic 
and microscopic structures of these regions. 

In the present paper an example of high amplitude electric field 
oscillations is considered, detected by PROGNOZ-8 near the 
magnetopause at very low frequencies ranging down to fractions 
of Hz. 

On board of this high apogee spacecraft (launched at 
25.12.1980, with inclination 65°, apogee 199 000 krn and 
perigee 550 krn), a plasma wave diagnostic complex was in
stalled, to study the electric field and plasma flux fluctuations 
in the frequency band from 30 mHz to 1 kHz. The slow ro
tation of the spacecraft allowed to investigate, among others, 
ultra low frequency fluctuations . However, this was not easy, as 
the frequency characteristics of the device decrease the signal 
amplitude at low frequencies in a nonlinear way. This is done 
to maximize the dynamic range in order to overcome telemetry 
restrictions. Therefore it became necessary to reconst ruct ac
curately the low frequency wave form for the electric field and 
plasma flux fluctuations. 

Besides the plasma wave complex, there was also a plasma 
spectrometer MONITOR, to study energetic spectra of ions 
in the 0.16-4.2 keY interval, with a time resolution of 1.29 
seconds. 

2 Determination of characteristic 
time-scales or scale lengths 

Among the many sessions from PROGNOZ-8 one of them was 
especially interesting, because of the presence of plasma waves 
with extremely high amplitude. During the period of about 10 
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Figure 1: Plot oj EWFF (a) and PWFF (b) a6 a junction oj 
time 

minutes several waves bursts with characteristic time 2-20 sec 
and amplitude from 10 up to several tens m V 1m were found 
accompanied by more high frequency waves with time scale 0.2 
sec. This waves were found both in the electric field and in the 
plasma flux fluctuat ions channels. 

One of the components of the electric field has been mea
sured by a dipole antenna perpendicular to the spin axis of 
PROGNOZ-8. On the other hand, the plasma flux l-.as been 
measured in a direction parallel to the spin axis . Both the 
electric field and the plasma flux were measured every 6.7 ms 
of time. The raw data have been corrected by two successive 
Fourier transforms to obtain the actual wave forms of both 
physical variables. After restitution of these signals, the elec
tric field intensity (EWFF) is given in m V 1m and the plasma 
flux (PWFF) in 105 cm-2 s-l . It is important to notice that we 
have measured only fluctuations, not DC components. Figs. la 
and Ib illustrate, respectively, EWFF and PWFF as a function 
of time in seconds. These two physical quantities are shown 
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Figure 2: Plot6 of PWFF 46 4 function of EWFF 

for a period of 2 seconds, on 14 Jan 1981 between 13:09:01 and 
13:09:03 Moscow local time. At that time the satellite was in 
the magnetosphere, at local time I1H and latitude 40· . 

From the measurements shown in figs. la and 1 b as well as from 
many similar samples examined in this study, it appears that 
in addition to these high amplitude variations with character
istic time-scales of 2-20 s there are relatively short time-scales 
of 0.2 s variations. Figs. 2a and 2b show plots of PWFF as 
a function of EWFF. In fig. 2a each point corresponds to one 
measurement. In fig. 2b a continuous line has been drawn be
tween all successive points. Note that this second presentation, 
which is often used in hodogram representations, is less com
prehensive, however, than the former one (fig. 2a) giving the 
density of points per unit length along the continuous line. 

It can be seen from fig. 2a that there are periods of time when 
10 or more points are located along a line segment with a con
stant slope. At other times there is no such linear coherence 
in the data (e.g. see fig. 3): in cases like those illustrated 
in fig. 3, the plasma is turbulent over smaller time-scales (or 
shorter scale lengths). The number of points for which the data 
are well organized along straight-line segments can be used as 
an indication of the characteristic time (or scale length) over 
which the plasma is 'coherent' , i.e. over which some plasma 
properties are constant in time (or uniform in space). A his
togram of such 'number of points forming almost a segment of 
straight line' can be produced for any set of data. One may 
envisage that such histograms can be used to identify charac
teristic time-scales (or scale lengths) in a medium. Depending 
on the level and type of turbulence of a plasma in a given region 
of space, the histograms should have different typical shapes. 
This type of histogram could then beeome a diagnostic tool 
for analysing plasmas and their degree of inhomogeneity. Be
fore this method can be used as a tool for plasma diagnostics 
it has to be studied in more detail from a mathematical and 
numerical point of view. It could then be complementary to 
the classical Fast Fourier Transform (FFT) which is now used 
to determine the characteristic time-scales (or length scales). 
Indeed power spectra of FFTs are especially suited to study 
periodic phenomena (waves), whereas the kind of histograms 
proposed here seems more appropriate to investigate plasma 
structures within which the properties are piecewise constant. 

The comparison of the plasma wave data with the energetic 
spectra of ions from the MONITOR device has shown that 
the high amplitude structure discussed above is located at the 
boundary of a 'plasma island', a plasma structure consisting 

of magnetosheath plasma which penetrated into the magne
tosphere. This plasma structure was investigated elsewhere 
(Ref.5). In fig. 4 a dynamic spectrogram is shown for ions 
observed in the sunward direction (top panel). Also shown 
dynamic spectrograms of the plasma flux (middle panel) and 
electric field (bottom panel) fluctuations in the frequency range 
0.1- 10 Hz, obtained by FFT and frequency corrections. The 
time of observation of the structure considered above is marked 
by an arrow. Three plasma islands are clearly seen, at 13:08:01, 
13:09:00-13:10:00 and 13:11 :00, accompanied by bursts of low 
frequency plasma wave activity. Unfortunately, we do not have 
full magne tic field measurements and therefore it is impossible 
to identify the nature of the phenomenon observed. However, 
such extremely high electric field fluctuations are interesting 
in themselves. Possible explanations of these phenomena are 
discussed in the next paragraph. 

3 

3.1 

Discussion of high amplitude elec
tric field fluctuations 

Observations by other spacecraft 

The velocity and magnetic field shear, density gradient in the 
r egions of magnetosphere boundaries can excite several types 
of plasma instabilities, such as the tearing mode, Kelvin
Helmholtz and drift instabilities (lower- hybrid, ion-cyclotron) 
(Ref.6,1,8,9). In the magnetopause region an increased level 
of wave activity has been observed, of the type of broadband 
electrostatic bursts, magnetic field fluctuations in the proton 
gyrofrequency range and lower hybrid waves (Ref.l). Never
theless, because of the insufficient frequency resolution and the 
high level of electric field noise in the ISEE measurements, con
nected with a periodic shadowing of the probes, it was difficult 
to study the very low frequency range more carefully. The at
tention was also drawn to investigations of fine structure of 
such interesting phenomenon like FTE and others, connected 
with the excitation of high amplitude plasma wave activity. 

FTE structures were simultaneously measured by the ISEE and 
AMPTE UKS spacecraft (Ref.10) . Detailed analyses of plasma 
waves by the AMPTE IRM spacecraft (Ref.ll) have shown sev
eral important features . In the range from several Hz to several 
hundred Hz, electric field fluctuations achieve several mY 1m, 
whereas in the range from hundred Hz to 10 kHz one only gets 
0.1 mY 1m. The principle conclusion of these investigations is 
that even the maximum wave amplitude (few mV 1m) in this 
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6tuion6 



MEASUREMENTS BY PROGNOZ-8 83 

Figure 4: Dynamic .pectrogram of the ion. from the MON
ITOR device, taken in the .unward direction, in the energy 
range 0.16-... 2 keY (top panel). Dynamic .pectrogram6 of the 
pla6ma flux (middle panel) and electric field (bottom panel) 
fluctuation. in the frequency range 0.1-70 Hz. 

frequency range (> 1 Hz) does not correspond to the anoma
lous resistivity required by the MHD reconnection model of 
FTE (Ref.12). 

Concerning the electric field oscillations in the low frequency 
range « 1 Hz), there was the same problem as for ISEE, due to 
the rapid spin of the spacecraft. Lower frequency electric field 
meMurements by GEOS-2 (Ref.3) have shown the existence 
of significantly more powerful electric field oscillations, with 
amplitudes of up to 10 m V 1m in the magnetosheath close to the 
magnetopause. The analysis of these fluctuations, appearing 
as intensive short duration bursts, has indicated that the best 
possible explanation is a nonlinear Alfvenic structure traversed 
by the satellite. 

3.2 Convection of plasma structures 

The most natural source of the very low frequency bursts with a 
duration of T ::::: 2+20 s is the motion over the spacecraft with a 
convection velocity Vconv perpendicular to the magnetic field of 
a plasma magnetic structure with characteristic transverse di
mension .A ::::: T Vconv . In this case one should register a convec
tion electric field of the order of E ::::: B Vconv . Using the charac
teristic time of the magnetospheric convection (::::: 15 min), one 
can evaluate this convection velocity Vconv ::::: 15RE I15 min 
::::: 100 lcrn/s and for T = 5 + 20 sec estimate the dimensions as 
.A ::::: (0.5 + 2}i03 lcrn, which is of the order of typical spatial 
scale of the MHD turbulence in the magnetosheath plasma flow. 
Assuming a geomagnetic field value close to the magnetopause 
of B ::::: 60-80 nT, we find the associated convective electric 
field E ::::: 6-8 mV 1m. Such relatively 'weak' (~ 10 mV 1m) 
events are observed rather often. In the case shown on Fig. 1 
very low frequency bursts was detected in the magnetosphere 
(under the magnetopause) simultaneously with plasma islands. 
Localized penetration through the magnetopause of structures 
consisting of magnetosheath plasma suggests something similar 
to FTE events (Refs. 13-15) and impulsive penetration events 
(Refs. 16,17). FTE are thought to be generated during spon
taneous or driven reconnection processes of the interplanetary 

and geomagnetic fields and are convected to the night side by 
the solar wind. On the contrary, solar wind plasmoids with an 
excess momentum density with respect to the background can 
penetrate impulsively inside the geomagnetic field. 

In certain cases more intense impulses with 8E ~ 20-40 mV 1m 
are much more rarely observed. Observation probabilities of 
such impulses correspond most likely to the probability that 
diamagnetic plasma irregularities with characteristic dimen
sions of the order of 1 RE originate in the solac wind. Their 
densities and velocities can substantially exceed average val
ues. Such 'plasmoids' have been observed in laboratory exper
iments long ago (Ref.16). Plasma blobs, moving with relative 
velocities of 400-600 lcrn/s, can penetrate through the magne
topause and will be observed in the magnetosphere as plasma 
islands. This event is called impulsive penetration and can 
be observed as an increase of the convection electric field up to 
E = VconvB Ie::::: (40(H)()() krn/s} X (60- -8OnT}/c ::::: 24--48 
m V 1m. Such a type of interaction of plasmoids with the magne
tosphere has been simulated in terms of currents and magnetic 
fields (Ref.17,18). 

The above described high amplitude fluctuations are connected 
with the convection of plasmas in transverse electro-magnetic 
fields. In this sense it is natural to suppose that one sees high 
amplitude nonlinear waves moving over the satellite. This is 
supported by the observed correlation or anticorrelation of the 
electric field and ion flux fluctuations (fig. I). A nonlinear 
Alfven wave description was used by Rezeau et al. (Ref.3) 
to explain low frequency electric field fluctuations in the mag
netosheath. But even an overestimated value of the Alfven 
velocity only gives electric field fluctuation amplitudes of at 
most 20 mV 1m, with dimensions of the structure of the order 
of the ion gyroradius. The investigations of nonlinear evolution 
of ion-cyclotron wave have been carried out analytically and 
numerically in (Ref.8,9) . The estimates of characteristic wave
length and nonlinear wave amplitudes indicate that structures 
with dimensions of interest have electric field amplitudes of the 
order of few m V 1m. 

3.3 Solitary nonlinear structures 

An alternative explanation of the observed phenomenon is a 
solitary nonlinear structure. Among several types of nonlinear 
motions in magnetized plasmas, namely the above mentioned 
Alfven waves, the potential drift and the drift vortices (Ref.19), 
we will only consider the last one. This is a negative energy 
structure and so under certain conditions it can grow, due to 
some kind of dissipation leading to highly nonlinear quasista
tionary structures in a plasma flow with magnetic field and 
plasma density gradients. 

To describe such large scale magnetized plasma motions one 
can use the kinetic description given by Khabibrakhmanov and 
Verheest (Ref.20), in which the solution of the Vlasov equation 
is expanded up to third order, using as small parameters the ra
tios of characteristic temporal and spatial scales to respectively 
the ion gyroperiod and gyroradius. In this approximation the 
flux of plasma particles of species Cl is expressed as: 

1 ( 1 oPcr . ) = naVE;r+- -----+ncrTg 
na rna oy 

~t_l_oPcr 
n~ rna ox ' 

1 ( 1 oPcr . ) ncrVEy+- ---+ncrTf 
ncr rncr ox 

_1_t_l_ oPcr 
n~ rna oy , 

(I) 

(2) 

where V E = (J = eEy/ B, 9 = -eE;r/ B) is the convective drift 
velocity, na the density, Pa the pressure and na the gyrofre
quency of particles of species Cl with mass mao Furthermore, 
t = 01 ot + V E . 'il. 
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The continuity equation for the ions, 8n;/8t + V' . (niU;) = 0, 
and the ion pressure equation, TPi = 0 , constitute the set of 
equations describing drift vortex type motions: 

0 , (3) 

= 
. 1 1 8B 8P 

Tn - -V' . {P, V'1It} + ----. (4) 
02m OmB 8x 8 y 

Here we have dropped subscripts on the ion parameters and 
used the drift velocity potential V E = (- 8 11t/8y,811t/8x), to
gether with the standard notation for Poisson brackets 

(5) 

In dimensionless variables, Ot -+ t , r/rei -+ r , n/no -+ 1 + N 
and l111t /0 -+ l111t , we have the set of equations: 

= 0, 

• 8N 
TN - V' . {N , V'1It} - 2g a;; , = 

where 2g = -8ln B/8x. T h ere is an ener gy in t egral: 

(6) 

(7) 

(S) 

with kn = d ln no/dno , so that N -+ kn x far from a distur
b ance. There are well known solutions of t h is Larichev-Rezn.ik 
type equation. The detailed discussion of this solution for the 
case of a cometary coma is given in a companion paper (Ref.21) . 

The most significant feature of this solution is that for a con
figuration in which the magnetic field and plasma density gra
dients are aligned, their energy 

(9) 

is negative (kng < 0), and the whole structure can be amplified 
due to some kind of dissipation. The three dimensional struc
ture of electric field in such a vortex is shown on Fig. 5. Hence 
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Figure 5: Three dimen,ional image of the electric field in vor
tex. 

fluctuations can reach high amplitudes E = Eeonva (a :> 1, 
Eeonv ~ VeonvB / c) and sufficiently large dimensions of th e 
order a = l /k , where k 2 = 2gkn / u(kn - u). 

The dependencies of amplification coefficient a on vortex size 
normalized on t h e ion gyroradius are shown on Fig . 6. 

Asswnin g t he m agnetic field value in m agne toshea t h B > 5 nT , 
kn ~ 0.01 (curve 1 on F ig. 6) and Veonv ~ 100 krn/sec -;'efind 
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Figure 6: Th e depend encie, of th e amplification facto r a on 
norm alized vortex ,ize. Curve 1: k n = -g = 0.01, u = 
0 .01001. Cur ve 2: k n = -g = 0.25 , u = 0 .2501 

Pi ~ 500 km and Eeonv ~ 0, 5 m V / m . For vortex size a ~ 3 Pi 
t he ampli fied value of electic field E ~ 30 m V / m. In t he vicin
ity of the magnetopause the values of Band k n become m uch 
large B ~ 50 nT and kn ~ 0 .1 + 0.25 (curve 2 on F ig. 6) the 
apmlified electric field value in principle can become larger by 
the order of magnitude. Such vortices may penetrate through 
the magnetopause along the FTE's open field lines frozen in 
magnetosheath plasma flow and detected in magnetosphere &8 

p lasma islands. 

However, without additional observational data it is difficult to 
choose between different types of nonlinear wave disturbances. 
We hope to have this information from future projects. 

4 Detection of charged dust grains 

It has also been envisaged to examine the whole set of 
PROGNOZ-8 high time resolution waveforms to detennine if 
there is any evidence for electric field spikes produced 
(1) either by the impact of interplanetary dust grains on the 
surface of the spacecraft, or 
(2) by the passage of a charged rnicrometeoroid within a dis
·tance of one Debye length (10-20 m) from the electric antenna. 

Indeed, it has been shown by Lesceux et al. (Ref.22) that dust 
grains, at a potential of 5 V with respect to the ambient plasma, 
can produce large electric potential differences, provided they 
pass close enough to the dipole antenna. 

P eak values of 5 X 10-4 V can be obtained this way, at the ·time 
of closest approach of the charged grain. From the shape of the 
electric signal, and from its duration Lesceux et al. (Ref.22) 
have shown that the velocity of a rnicrometeoroid relative to a 
spacecraft can be determined. 

For rnicrometeoroids moving with a velocity of 10 krn/ s nearby 
an antenna 10 m long, the whole duration of the characteristic 
d ouble-spike signature is less t han 10 ms. Since t he t ime res0-

lution of the PROGNO Z-S electric wave experimen t is a t best 
20/3 rns, th e chance to detect such short duration signals in the 
d ata is margin al; except perhaps for the rare dust grains wh ose 
relati ve velocity wi th respect to t h e spacecraft would be less 
t han 1 km / s. Ind eed, for such slowly m oving rnicrometeoroids 
the duration of the signal would be com p arable to the actual 
t ime resolution of PROG NOZ- 8 E - field measurem ents . 
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Except for the many spikes attributed, by DO's spacecraft en
gineers and scientists, to electronic upsets, there seems to be no 
characteristic E-field signature which can be attributed to the 
passage of micrometeoroids in the close vicinity of the dipole 
antennae of PROGNOZ-8. The data sets that we have ex
amined cover only a period of 2 hours. From the interplane
tary micrometeoroid flux model of Griin et al. (Ref.23), it can 
be calculated that circa one micro meteoroid could come close 
enough to be detected by this method. Therefore, on top of 
the question of the too low time resolution of the electric field 
measurements, the amount of data available is rather small to 
catch such rare events in the interplanetary medium. 

This would of course not be the case in dusty cometary plasmas 
or in the upper atmosphere of Earth and other planets or of 
their natural satellites where such a method could be quite 
appropriate. 

5 Search for solar wind Alfven waves 

One additional aim of our investigation was to look for low
frequency phenomena, such as Alfven waves, in the sessions 
when PROGNOZ-8 was in the solar wind outside the magne
tosphere. Such Alfven waves have periods which are typically of 
the order of the spin period of the spacecraft (about 2 minutes). 
This spin period, however, is known only approximatively and 
a programs was developed to remove the rotational effects when 
the satellite was in the solar wi»d outside the.1>ow shock. This 
was done by minimizing tr L:i=l[(By(t;) - By)2 + (B.(t;)
E.)2), where the x-axis has been taken along the spin axis of 
the spacecraft, N is the number of measurements in a session, 
E",% are the average values of the components of the solar wind 
magnetic field and 

By(ti) 
Bz(ti) = 

B~(t;)cosOti - B~(t;)sinOti' 
By(t;)sinOti + B.(t;)cosOti. 

(10) 

The primed variables are the measurements in a reference 
frame, co-rotating with the spacecraft at angular frequency O. 
In an inertial frame, the smoothed data showed no clear ev
idence of any solar wind Alfven waves of sizeable amplitude, 
but we did not dispose of enough periods when PROGNOZ-8 
was in the solar wind to draw meaningful conclusions. 

6 Identification of discontinuities 

The data, demodulated or not for the rotation effects of the 
satellite, did show the occurrence of several discontinuities in 
the solar wind, as shown in the demodulated fig . 7. 
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Figure 7: Plot of the demodulated magnetic field component8 

However, as obvious already from the notations and remarks in 
the preceding paragraph, PROGNOZ-8 measured the magnetic 
field only in the two dimensions perpendicular to the spin axis. 

Hence the precise nature of discontinuities or shocks (tangen
tial or rotational), nonlinear waves and vortices could not be 
inferred . Three-dimensional infonnation is needed to elucidate 
these nonlinear phenomena or structures. 
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discussion and Dr. Klimov S.l. and Dr. Vaisberg O .L. for the 
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