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Abstract. Preliminary results on ULF waves in the range 0.2-11 Hz detected on board GEQOS-1 are
described. In this frequency domain one must consider two different categories of emissions: waves
with frequencies below the proton gyrofrequency f,; and frequencies above. Belonging to the first
category are the structured ULF events called ‘pearls’ which are very often observed on the ground,
but which were observed only twice on board GEOS-1 in seven months of operation. Most of the
monochromatic emissions with a frequency below f.. were detected while the satellite was near its
apogee (L=7). These waves are left hand polarized, perpendicular to the magnetic field. Other
monochromatic events, whose frequency lies above the proton gyrofrequency are predominantly right
hand polarized perpendicular to the magnetic field, whereas phenomena with complex, harmoni-
cally related structures, also detected above the proton gyrofrequency, are clearly polarized along the
magnetic field. These waves can be probably interpreted in terms of Ion Bernstein modes.

We make here a morphological description of these different waves. We present preliminary resuits
which relate their occurrence or characteristics to the parameters of the magnetospheric plasma.

This study is mainly based upon data obtained via the magnetic detector although on some occasiois,
the electri~ component of the waves has been also identified and measured.

1. Introduction

GEOS is equipped with detection chains of magnetic and electric field fluctuations
in the frequency range 0.05-11 Hz. This range covers three types of pulsations
from low frequency to high frequency: Pc-3, Pc-1-Pi-1, and ELF waves. Taking
into account the trajectory of the satellite (see in this issue the general introduc-
tion to GEOS where the orbital configuration is given), the proton gyrofre-
quency falls generally within the frequency domain detected by the sensors.
The study of Pc-3 is hampered by the fact that the spin rate of the satellite
which 1s approximately equal to 0.18 Hz, has obliged us to introduce a filter at this
frequency. The analysis of these waves is therefore more complicated than the
analysis in the rest of the passband and we have not yet tried to study these
waves, whose geophysical importance has however been stressed in a series of

recent papers (see for instance Singer et al., 1977: Cummings et al., 1978; Hughes

et al., 1978).
Since a long time intensive studies of Pc-1-Pi-1 have been carried out using

ground datia, and a classification of the different types of events which can be
observed 1n this frequency range has been made based on their spectral shapes on
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a three dimensional representation (Gendrin, 1970). Generally these pulsations
observed on ground have frequencies below the minimum proton gyrofrequency
along the field line and they are left hand polarized. One considers that these
pulsations are 10on cyclotron waves which can propagate along the field line at
frequencies below the proton gyrofrequency.

Much was expected from direct in situ observations of these waves by means of
satellites. The first measurements were carried out on board OGO-3 and -5. The
trajectory of these satellites was such that they explored a large volume of the
magnetosphere, leading Heppner et al. (1967, 1970) to find a Pc-1 distribution
with a maximum near the magnetopause at the 6 hr local time meridian with
high percentages extending tailwards near the magnetopause. Fredricks and
Russell (1973) observed ion cyclotron waves in the polar cusp. Using data from
Explorer 45, Taylor et al. (1975) found, on the contrary, about ten cases occurring
near the plasmapause and in the proton ring current but they could not conclude
that the waves were generated by the ion cyclotron instability or that the ion
cyclotron waves played a dominant role in the loss of the ring current ions. A
detailed comparison between the time of occurrence of these waves and the
particle distribution functions led Taylor and Lyons (1976) to distinguish between
two categories of waves: those which were associated with increasing fluxes of
protons and those which were not. In fact the waves studied by these authors
cover a wide frequency range (1-30 Hz) and no detailed spectral analysis of these
waves was availlable. With a similar purpose in mind and with a similarly poor
spectral mmformation, Kintner and Gurnett (1977) have looked at records from

Hawkeye 1. Only five events (over a period of 18 months) were detected and they
were confined to the plasmasphere.

A statistical study of the occurrence of Pc-1 recorded on ATS-1 as a function of the
local time and the magnetic activity was reported by Bossen et al. (1976a); these
authors found a maximum in the afternoon sector at geostationary orbit.
Comparison between ground measurements in the conjugate area and on board
ATS-1 led the authors to conclude that most of the events detected in situ are
IPDP’s with a rather large amplitude (Bossen et al., 1976b); this result is in
agreement with the preferential occurrence of pulsations around 18:00 LT.

Waves with frequency above the proton gyrofrequency have been detected in
the magnetosphere. These pulsations were considered to belong to the ELF range
by Russell et al. (1970). The events observed on board OGO-3 occur only in the
outer plasmasphere (L =4-5) and are confined near the magnetic equator (Russell
et al., 1970). These waves are propagating perpendicular to the magnetic field.
Similar phenomena were detected at L =2-3, on board IMP-6 and Hawkeye-1 by
Gurnett (1976) who shows clearly the harmonic structure of such emissions.
Gurnett confirmed the strict localization of this noise near the magnetic equator.

Another type of electrostatic (or quasi electrostatic) noise attributed to plas-
mapause gradients has also been detected by Kintner and Gurnett (1978) in the
frequency range above the proton gyrofrequency.
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As appears from the above review of results obtained with the different
satellites 1n the frequency domain covering 0.2-30 Hz, we can conclude:

(1) Few emissions were observed due to the insufficient sensitivity of the on
board sensors.

(2) No precise information on the spectral characteristics of the phenomena
(monochromaticity or wide spectrum-for example - - -) has been brought out due
to the lack of systematic spectral analysis.

(3) No unambiguous classification (based upon the morphological properties or
on the mechanism of generation) has been defined so far.

As we will see 1n Section 2 where our magnetic experiment is briefly described,
the sensitivity of our own equipment is much better than the ones used previously.
In that section, the analysing method which leads to a systematic three
dimensional representation (frequency, time, intensity) is also described.

In the following sections, we will give successive examples of magnetic
phenomena with a frequency below the proton gyrofrequency (Section 3), then
above the proton gyrofrequency, (Section 4). Some examples of the relationships
which exist between the occurrence of the characteristics of the ULF emissions
and the variations of the plasma parameters are given in Section 5. The last

section 1s devoted to examples of electric signals some associated with magnetic
fluctuations and some not.

2. Description of the Magnetic Experiment

For the detection of the magnetic fluctuations, in the ULF/ELF range, there are
three orthogonal magnetic sensors whereas the electric signals are detected only
on one component measured with the long radial boom E, (see Figure 1 in S-300
experimenters, 1978). The magnetic component aligned along the spin axis is
called B, (in fact there is a small angle, =0.8° between the z antenna and the spin
axis so that this antenna is slightly affected by the rotation of the satellite,
especially in the inner parts of the orbit where the DC magnetic field is strong).
The two other components in the plane perpendicular to the spin axis are called
B, and B,. The frequency sampling of these signals is =23 Hz, giving a Nyquist
frequency =11.7 Hz.

Betore going into the details of the treatment applied to these three signals, it is
important to consider the sensitivity curves of the magnetic chain (see Figure 3b
of Jones (1978)). A comparison with the sensitivity curves of ATS-6 and
Explorer-45 shows that our ULF/ELF sensors operate with a better sensitivity
(=2x 107 vy rms Hz = at 2 Hz) than the others (more than a factor 10). The notch
which appears at the spin frequency (in the antenna reference system) is due to
the special despin system which is incorporated within the S-300 magnetic ULF
unit to attenuate the spin modulated component due to the DC field which would
have otherwise saturated the telemetry dynamics range (70 dB). This despin system
plays simply the role of a filter whose central frequency is synchronized to the
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Fig. 1. Spectra of the three components of the ULF signal. (a) B., B,, and B, in the antenna
reference system, B, being aligned (to within 0.8°) along the spin axis. In spite of the despin system,
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spacecraft spin. The attenuation is of the order of 26 dB, insufficient however to
remove completely the strong influence of the DC magnetic field during the mner
part of the GEOS-1 trajectory.

Signals are detected in the antenna reference system (upper part of Figure 1).
Parasitic peaks at the spin frequency F; appear on the three components in spite
of the despin system. One must note on this figure that the emission during this
period of time has a unique frequency F, on the B, component which 1s almost
unaffected by the satellite spin whereas the energy is split into two parts at the

frequencies F; = F; on the orthogonal components B, and B,. It is more interesting

to consider a stationary frame of reference and to distinguish between left hand
(B, ) and right hand (Br) components. This has been done applying Kodera et
al. (1977) method with which complex modulation effects induced by the spin are
casily removed by just a translation m frequency. The result obtained with such a
method is represented in the lower part of Figure 1. The natural emission 1S seen
now at the same frequency F, on the three components. The signal at the spin
frequency has almost disappeared whereas a small component at 2F, remains on
B, (which corresponds to the sense of rotation of the satellite at that time).

The advantages and difficulties of this analyzing method are explamed
clsewhere (Robert et al., 1979). It has been systematically applied to the
ULF/ELF data on a routine basis. Spectra were computed over 512 points (i.e.
12 5). The transfer function of the chainand the gain factor of the step amplifiers (which
can take the values 5, 25, and 125) were also taken into account. The results are
plotted as a grey-scaled representation in the range 0-1.5 Hz as it can be seen on
the next pictures. We must also mention that a complementary picture is also
systematically generated. It consists of integrated powers of the signal in different
frequency ranges up to 11 Hz plotted as a function of time. Evaluation of the
amplitude is more precise on this second view.

It must be noted since now that the electric signal being detected only along
one direction E,, it is impossible to work with circular components 1o eliminate
‘he rotation influence. Conversely, knowing the frequency of the signal by
comparison with the magnetic emissions, 1t is possible to obtain an information on
the polarization of the electric waves. It the magnetic pulsations are not observed
simultaneously, it is not easy to exploit directly the electric data.

The two complementary pictures described above which are called ‘experimen-
ter summaries’ were generated on a routine basis, 1n real time by the ESA
Operation Centre in Darmstadt. The French Centre National d’Etudes Spatiales
also performs off-line computation on these same data and provides us with two
dimensional or three-dimensional pictures covering different frequency bands. All
this set of analyzed data has been used for making the study which will be
presented now.

3. Magnetic Emissions with [ <{;

Pulsations in the Pc-1 range commonly observed on the ground generally present
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a typical structure called ‘pearls’. On board GEOS-1 this characteristic spectral
shape was observed clearly only two times over seven months of ‘experimenter
summaries’ data. However this small number may be due to the limited time and
frequency resolutions used in these summaries. A study, now in progress, made
on more elaborate displays seems to indicate that the number of structured
events may be slightly larger. One of these examples 1s shown on Figure 2 (upper
parnel). The repetition period of the order of 150 s 1s larger than expected at this
distance (R/R. =4.5) and for this frequency (f=1.2 Hz), especially if one takes
into account that a repetition period of 150s at the level ot the satellite
corresponds to a repetitive period of =300s on the ground.

In fact the spectral shape presented by most of the fluctuations observed on our
records is given on the lower panels of the Figure 2. It consists of monochromatic
emissions without clear repetitive structures. The duration of such events can be long
(more than 3 hr on Aug 31, 1977). The wave frequency can be stable although the
satellite 1s crossing various L shells. A study of the simultaneous appearance of
these emissions at different ground stations is done elsewhere (Gendrin et al.,
1978).

Sometimes a noise with more or less wide spectrum 1s superimposed as
appears around 10:15 UT on the Aug 31, 1977 event. The origin of the harmonic
structure seen on these spectra i1s not yet known, but we know that it is not due to
a saturation of the detector because the amplifiers were in their lowest gain.

Events presented in Figure 2 are typical of quiet magnetic activity. During
periods of high magnetic activity (K, =6), bursts of noise are detected. They
present a repetition period =10-20 mn (see the upper event of Figure 3).

Oscillations similar to Irregular Pulsations of Diminishing Periods (IPDP),
Auroral Agitation (AA) and Short Irregular Pulsations (SIP) observed on the
ground are also observed on board GEOS. An example of SIP 1s given on the
lower panel of Figure 3.

Up to now, no precise statistics on local time of occurrence, amplitude,
polarization were developed for the different types of phenomena. But a first
examination of the data leads us to the following conclusions:

(1) Many ULF events have been detected in the magnetosphere (over a
seven month period, we have observed =180 cases of Pc-1, =150 SIP’s, =30
bursts events, characteristic of high magnetic activity and 4 IPDP’s).

(2) For monochromatic emissions, the average amplitude varies between 0.3
and 1+vy at 0.5 Hz, explaining why similar events were scarcely observed on
previous satellites.

(3) Many events were observed around apogee, i.e. outside the plasma-
sphere. However we must note that the cold plasma density, as measured by the
active wave experiments on board GEOS-1 (see for instance Etcheto and Bloch
(1978) and Decreau et al. (1978a)) was very high (=10-20 cm °) at large radial
distances, at least during the morning sector explored by GEOS-1 orbit during
these seven months.
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(4) The mean ratio between the frequency of the monochromatic emission and
the local proton gyrofrequency is of the order of 0.3.

(5) Although it is difficult to characterize the wave polarization, because the
angle 6 between the spin axis and the magnetic field B, often is large, the B, and
Br components of these f<f, emissions have a larger amplitude than the B,
component.

In this section, we have considered SIP’s because they are observed on the
cround and that a fraction of their spectrum is less than f, But in some
circumstances, emissions with wide spectra clearly extending above the proton
ayrotfrequency are detected in space as we will see in the next section which is
devoted to phenomena above the proton gyrofrequency.

4. Magnetic Emissions with f> f_;

On two occasions, the magnetopause compression was so large that GEOS-1
crossed the magnetospheric boundary. This happened on July 29, 1977 and on
Dec 2, 1977. At the time during which the satellite was located in the mag-
netosheath, noise of large amplitude and with a continuous spectrum, extending at
least up to 10.5 Hz (the Nyquist frequency of our equipment is =11.7 Hz) was
observed (Figure 4). These emissions are characteristic of the very strong plasma
turbulence which occurs in the magnetosheath. A quantitative spectral study of
this turbulence 1s 1n progress.

Different types of magnetic fluctuations above the proton gyrofrequency have
been detected on board GEOS-1. We have listed approximately 40 such events.
The most simple ones consist of a single monochromatic emission similar to those
observed below f, but with a mean frequency higher than f... An example of such
cvents 1s given on Figure 5. It presents a fine structure (at the end of the emission)
as do classical Pc-1 pulsations. Note that the signal is stronger on the Bj
component (B; and By having the same black level). Therefore this kind of
emission can be considered to be a right hand polarized magnetosonic wave near
10N gyroresonance.

lhe other type of events presents a more complex structure. Generally it
consists of several superimposed emissions separated or not by the proton
gyrofrequency. These events look similar to the ones detected by Gurnett (1976)
on board IMP-6, in a higher frequency range (30-100 Hz) but at lower L-values
2-3.5). Different cases are examined below.

In the examples presented on Figure 6, two different emissions are detected
simultaneously. The emission around 0.4 Hz below f., (especially clear on the
third panel from the top) is left handed polarized perpendicular to the magnetic
field (B, component) whereas, at the same time, higher frequency emissions
composed of several harmonics (8 harmonics are visible around 14:50 UT) are
clearly polarized along the magnetic field (large B.). Occurrence on the B,




S. PERRAUT ET AL.

356

‘pueq Aduonbalj o[oym ) Ul PajeIZAUIL ‘(()(): £() Ieou) A()] Se y3Iy se
[9A9] [BUSIS B 91RIIPUL YOIYM ‘WnIdads ay) mo[oq SoAInd romod oY) 29s) opnjjduwre a31e] 9ARY UOISAI SIY) UL PI]0213p S[RUSIS S3UIss01d o1dnnuu yjeaysojausew
Jo eordA) st juowrdinbo Sumrwsuery o Jo Aouaonboury 3SInbAN oY) 01 Furpuaixe wNIPads SNONUIUOD B YIIM ISIOU SIY . JUIAD / /6] ‘7 IoqQUID0d(] oY 't 913

m.ﬁ\-q mﬁim m.v-N mw l.—\ l..._..-_]_
_ 4 1 A 1 A I..—. - i A i A _ : i 5 8 1 1 1 |
£7°3 62°9 2L °9 £G°G £€°C 03N 3080 03N 1 43080 JWIL IVI07
86 3 68°9 2L°9 67'9 8l °9 Q3N1 4300 awiszon ( 3y) IINVLSIO
9°G2 1°G2 7°92 G°€2 2°22 03N 1 43080 aWI4308 () JANLILY
GOl 8°9¢L 8°97L [ °92L €071 Q3M1 43080 03N 1 330NN (,) YL3l
—:‘ ¥ 5 T T 1 ) ___ 2§ L] T T T d T ¥ T .
~ R€0-30L°0 O
A 8 H z )
B 9 A . RE€0-30L°0 *
'S1INTT ISVE &
ZHOS"0L-0L "0
S
z_
g TMH_ 0
4 07 _ =
i m m e
i — 1 i I _ 1 i . .Gm —
. ) 19
€9°l 092 (zH) -4
A _ 4 £ - : ..O
B Y
G'E B ZH/8 SB°2
_w m BVlel s
=
M LR
i sl S i i = i Sl 5 Fa

LE6L/2L/2 17N | S039




357

ULF-WAVES OBSERVED WITH MAGNETIC AND ELECTRIC SENSORS ON GEOS-1

quouodwod puey JydLx A8Ie[ € sey L[} 0€ : €0 punote uoIssiu a4y, (0¢: €0
punoie) “f oA0(Qe UOISSIWD o) Ul opmiijdwe 19810 JO opouwr 19 © spuasaxd (Ot : €O punoie) [ MO[oq UOISSIWD O} B} SI9S QU0 SUOISSILD 0M] 2] I0] [enbd
jsouwife 3uiaq p[oy d1jougdeld 9] pue SIXe urds oy uaam]aq 9[dur g I ], "P0URISIP dWeSs ] e Ind0o Ajorewrxoidde ‘AouonbaijoIAd uojoid oyl mo[aq pur 2A0qe
A[9AIDAdSDL [N OF: SO PUB ()€ €() PUNOIR SUOISSIWD oM} 9 |, "AouonbaljolAT3 uojoId (B0 9] 9A0QE PIAIIS(O dABM OdIjRWOIYoouOW € Jo ojdwexyy ¢ "SIy

Oohm 00 "G Oo.v oo_.m _m::.:
i 4 — A W S A il 1 " i - L 1

67°L ot L

S9°8 78°3
7°9¢ S°9e
b °GEl ¢ LEL

8£°9 02°9 20°9 JWIL Y207
86°9 68°9 €L°9 (3Y) 3IONVLSIO
8°G¢e L L2 () 3anLILv’l

|2 £°E71 7°€71 £°L7L ( «¥ ¥l3L

ggor

o &
L] L]
:‘gl’"(ﬂ

-3

"0
3 L LV
24/ 7L°L

CrEa B

BB R
Tp)
™
3INO34 4

iIMIVg
o't &
Sh i e R e I P e
- /Y
; ] i . ; ] ) : R
C°0OL~

*H L LY
2H/,8 £2°2
el

als

'y
™M

o
P.

R TRy v 3 ¥T
o

(2H) AIN3INO3H S

P . . § 3 W il o = “ . C 0L

e connece i s s o ¢ A A R

-

_i . S ; LA T R , ._._”..w...”.. hcao y e .n..; 2y ,.5 e U ..._,.. ........... ...... T e gk m ,..._ i s e S s iog o ——— .
; ~ . _m H L LY
: » r 4
G'g ® *HAR Lé"e
e
= 'XIV18
.y &
0O°L 2 *
lln. lu & i n & n B b 5 k . _ I.- .,j,“m [ ] ] _ m,- L O .—.-.rl-

B - . L UM 4- > W_ ( ZZD@ I m_ P 2 m: M m m &x m O O M; . ﬁw - M ﬂ D J J 4 tLtbL/GL!Y 4



S. PERRALIT ET AlL.

358

‘AouanbaijorAs
uojoid oy} uey) Iomo[ ARUSIS SI SJUDWI[D JUAIIJIP 2Y) udamloq uorneredos Aduonboairj oayy pue play onoudewd
(] 2Y] JO SUOnenIdNy 941 MOJ[0] 0} SWwds Aouanbaij uoISSIWD [RIUdWERPUNY () JO SUOINIRLIBA Y, "dUI| P[oy 9Y) SUO]e
pazirejod Apreapd oxe yorym AouonboijoiAs uojord oY) 9A0Qe SUOISSIWD POJR[dI A[[RIIUOULIRY [BIDAIS pUR ‘P[o dIjoUIe L
oy 03 Iemoipuadiod paziiejod puey 3jo[ St goga (joued raddn oyj uo udds osje st yorym ng doy ayy woij pued
PIIY) o) U0 I1eapd Afeioadsa) AcuanbaljoI1A3 uojoid o) mo[oq ZH 47 () PUnote uorssiid Aouonbaij mo] e Ajsnoauejnuils
SOAIDSQO QUO 2sed SIY) U] -AouonborjoirA3 uojoid oyj 9A0Qe SUOISSIWD paje[al Afjedruoulrey jJo sjdwexyg "9 "8I

o = [ -
00 "9l 00 °"SL 00" 7L 00 "EL UILN
l L 1 1 : N A A A : A i : A 4 L A l
: . . . ¢ 1L v2071
77°Ll 82°Ll 71 "Ll 00°Ll 97°9L lE°9L 9L 9L 3u
LL"S 88°9 86 "9 00°L 96°9 c8°9 rm.m ( 34) 3ONvVLSIA
7°'LL L6 0°8 £°9 9°v 6°2 L' ) 30NLI LY
6°LE B 62 L°E2 29l A" L°6 9°6 (.) Vi3l
. A  C—— _ ; -— _ I —— . e i o e 0
T Mg ey R F s b ek ke ade T RRT Vel e Bl da e wororeled B R R L0 ade W T e #..ﬂ,.ﬁ_. iy ML LY
i : o : w : & f_m ﬁ m .w..x 3 _.,:.H. .,.._._. m.ma BB * e, Ry it cww.ﬁ, rw:ﬂ m«ﬁ?ﬁ%ﬁ%ﬂ%v%w%ﬁ m@%ﬂauﬁﬂ.ﬂﬁmﬁm w.m
| B ﬁ _.,. 5 ol %% M e L e s g ] H/,R EC 0
- | bl 50 .
o TMIV1g
™
(B
_
™
0°L 2 N Mm_
i
T
%]
€L =
0
34 L LY
/8 EC°0
= '
D *¥IvVd
™
=
_ =
33 Il
l .
T
¥
'L ~
W. A 2 ‘0
4 L LV
m G'E B H,L 060
: o 'IV8
- o't 8
: < N o
[ " ]
- m .ﬂ—rf.
. i A -Q
: ML LV
. lce g HYBME?L
: _ - 1INIVE
- Joe & 1|_mw
g . T
. i B GOk~

LL6l7y 'L 110 -1 S049




S

l\-"..-'ll-\'-'l-l‘l-f_]' -

FLh &

The variations Of the TundalntGiiidl LTSS

along the field line.

ween the different elements

oyrofrequency.

is slightly lower than the proton

the frequency separation bet

magnetic field and

ULF-WAVES OBSERVED WITH MAGNETIC AND ELECTRIC SENSORS ON GEOS-1 359

~nonent after 14:30 UT is due to the fact that the 6 angle (between B, and

- <pin axis) increases with time. Other characteristics of this emission can be

nted out: the frequency variations of the fundamental seems to follow the
“..ctuations of the DC magnetic field (see the lower panel of Figure 6) and the
‘requency separation between the harmonics 1s slightly smaller than the proton
~vrofrequency. Finally we must note the splitting of the emission at the end of the
-vent. Such a splitting is visible on the two first bands. 'The frequency separation
< of the order of f./8. Very often similar fine structures are observed In these
~anded emissions as is shown in the next example.

Because of the complexity of its configuration, the phenomenon presented on

Ficure 7 is especially interesting. It consists of four distinct bands (even five
sround 15:10 UT). Each band itself is divided into a main emission and some

‘vinter sideband lines. The main emissions of the different bands are harmonically

~elated whereas the sideband lines are not. A careful examination of the struc-
‘ures leads to find that the frequency separations of a main emissions and its
1djacent sidebands are the same for all the bands. This last observation certainly
sroves that the harmonic emissions have a natural origin and are not due to a
.aturation effect. In the previous example we had seen that the harmonically

related bands were multiples of a frequency slightly different from the proton
oyrofrequency. In this example, the situation is even clearer: the bands are

harmonically related with a fundamental frequency of =2 Hz whereas the local
sroton gyrofrequency is 1.3 Hz. The frequency separation between the main
~mission and associated sidebands are multiples of f./4.

In the last example, we show emissions harmonically related at exact multiples
of the proton gyrofrequency (Figure 8). Again, we have two simultaneous events.
The first one is a low frequency monochromatic emission around 1Hz seen
mainly between 11:50 and 12:00 UT and around 12:25 UT. The fact that this
~mission is seen on B; (upper panel) and not on B, (middle panel) indicates that
't is mainly polarized (in the left hand mode) in the plane perpendicular to the DC
maenetic field (note that the 6 angle remains small throughout the event). The
nicher frequency part of the event (between 3.5 and 10.5 Hz), seen only on the B,
-omponent (middle panel) consists apparently of a mixture of decreasing and
ncreasing frequencies. However, if we consider that the stronger rising tones are
iue to the aliasing of emissions occurring above the Nyquist frequency of 11.7 Hz,

interpretation becomes easier. On the lower panel of Figure 8, we have

- onstructed what should be the original signal, by taking the symmetrical image

ith respect to the Nyquist frequency. We therefore see that the picture becomes
werent: the high frequency emission consists of a series of bands, harmonically

- sted and which, in this example and within the accuracy of the measurements,

-~ exact multiples of the proton gyrofrequency, which is slightly decreasing from
< Hz at 12:00UT to 1.55Hz at 12:40 UT.

+ he underlined that the emissions showing a harmonic structure are clearly
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Harmonically related emissions at multiples of the local proton gyrofrequency. On the upper

~cls are shown spectrograms of the phenomenon observed on B; and B, components. Again one

.crves simultaneously a low frequency emission below f.,, which 18 left handed polarized perpen-
r to the magnetic field (note that the 6 angle is small) and higher frequency emissions polarized

—_—

= e |
v Y

- e o

the magnetic field. The experimental spectrum between 0 and 10.5 Hz 1s represented in the

= panel. After taking the image of the most prominent lines with respect to the Nyquist
we obtain the schematic representations of the lower panel. Note that all the lines are

o~ of the fundamental frequency which follows the variation of the local proton gyrofrequency.

rized along the magnetic field. Such waves cannot propagate along the field
:nd this explains why they are so seldom recorded on the ground.
“r~t approach for the interpretation of these emissions 1s to identify them
Bernstein waves (Kennel et al., 1970; Fredricks and Scarf, 1969;

.n and Gomberoft, 1977) but theoretical work has still to be done 1n
understand better the different behaviour of these waves. If 1t were
v further study, that the different bands are always at exact multiples of

-

_ome S

-mental frequency, we should abandon the 1dea that these emissions are
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related to the so-called (n+3)f., instability (Ashour-Abdalla and Thorne, 1977).
T'he strong magnetic component of these waves lead us to interpret them as
magnetosonic waves, non-linearly coupled to each other. The fact that there is a
difference between the frequency of the fundamental and the local proton
gyrofrequency could indicate that these waves were generated on different L

shells and had propagated to the satellite perpendicularly to the DC magnetic
field.

On some occasions, however, it is possible to compare the characteristics of the
emissions with some important local plasma parameters. This is the subject of the
next section.

S. Relation with Plasma Parameters

We present here some preliminary results obtained in trying to relate the
characteristics of ULF emissions to the local plasma parameters as deter-
mined by other experiments on board GEOS. Besides the local proton gyrofre-
quency, the plasma parameters which play an important role in the amplification
of ULF/ELF waves are the cold plasma density and the high energy particle
fluxes. For the cold plasma density, we use the results of the active part of the
5-300 experiment (see Etcheto and Bloch, 1978, and Decreau et al., 1978a). One
of the drawbacks of these experiments is that they are not continuously operating,
so that it i1s not always possible to have detailed variation of the cold plasma
density. For the high energy proton population, we use the result of experiment
5-321 (Korth et al., 1978). In this case the results are very preliminary because
the particle data have not yet been sorted out according to their true energy and
pitch angle distributions.

Studying the role of the cold plasma density on the appearance of 1on cyclotron
instability, Cornwall et al. (1970) have argued that such instability should prefer-
entially take place within the plasmasphere. However a more refined study
(Perraut et al., 1976) has shown that this should not always be the case if one
takes Into account the variation with L of the thermal energy and of the
anisotropy of the hot particle population. The fact that the emissions below & are
mostly observed in the vicinity of GEOS-1 apogee is in agreement with this
refined theory. Such an agreement is more easily understood if we note that the
cold plasma density at these high L values (L =~6-7) is indeed much higher
(n. =5-20 cm°) than the values currently admitted (n. =1 cm ) on the basis of
measurements made with ion detectors whose results must in fact be considered
cautiously (Decreau et al., 1978b).

The influence of the cold plasma density on the emitted frequency of the waves
has also been considered. It is well known that the larger the cold plasma
density, the lower the amplified frequency, assuming that the other parameters
are constant. It has been possible to study such an effect on the August 14 event
(Figure 9). Knowing the magnetic field B, obtained from the GEOS
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Fig. 10. Simultaneous increase of the proton flux and anisotropy and appearance of a harmonically

related ULF emission. The angle 6 between the spin axis and the magnetic field being small, the

different angles quoted at the top of the figure for the different proton detectors correspond roughly to

true pitch angles. The thick lines on the spectrogram correspond to the experimentally observed signal

below the Nyquist frequency. The thin lines are obtained by a procedure similar to the one which was
used in Figure 8. The emission is also polarized along the magnetic field.
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uxgate magnetometer and the cold plasma density n, obtained from the mutual
mpedance experiment (Decreau et al., 1978a), it is easy to deduce the Alfvén

:locity V5 and the reduced frequency x, = f/f.;. The parallel resonant energy is
ziven by the following relation:

(1= x())3

_— 2 =1 2
ER”—ﬁm\/;—jva "
0

With the data measured on board GEOS-1 for B, and n, around 11:00 and
14:00 UT, one finds an equal value for the resonant energy (Egz ;=40 keV). In
both parts of the event Vg/V, is larger than 2. Therefore, provided that the
anisotropy 1s larger than 1, the mean thermal velocity U, of the particle distribu-
tion function 1is almost equal to the resonant velocity (see for instance Figure 8 of
Gendrin et al.’s (1971) paper). The change in the mean frequency of the emission
can therefore be attributed solely to the change of the cold plasma density, the high
energy proton thermal energy remaining constant.

From a rapid comparison with the proton data in the energy range above
20 keV obtained from the S-321 experiments (Korth et al., 1978), we have
verified that there exist clear relationships between the occurrence of ULF waves
and variations in the flux or anisotropy of high energy protons. A striking example
1s given on Figure 10. In this event high frequency, harmonically related emissions
similar to those presented on Figure 8 are present. The beginning of the event is
associated with a sudden increase of the integral flux in the direction perpendicu-
lar to the magnetic field, corresponding to a large increase in anisotropy of the
distribution (Note that the 6 angle is small, allowing us to consider the particles
detected by the perpendicular detector have pitch angles near 90°). At the
same time, no characteristic perturbation appears on the electron distribution.
The same kind of particle fluctuations has not been observed in the other events.
It may be due to the fact that we should look for lower energy protons (<20 keV)
for which the data are not yet available.

6. Electric Component of ULF Fluctuations

One electric component of ULF fluctuations is measured by the quasi-DC

xperiment employing .the sensors at the ends of the long radial boom . 1he

neriment’s sensitivity to ULF signals is shown inset in Figure 3a, ‘Introduction

‘he 5-300 Wave Experiment’, this volume. The reduced sensitivity in the ULF

> as compared to that at higher frequencies (>10 Hz) is a consequence of the

cment that the dynamic range be able to accommodate the relatively large

nduced at the spin frequency by the DC electric field. At the high

1cy end of the ULF range, the sensitivity is further reduced by a low-pass

1ich was 1ncluded to avoid aliasing of signals above the Nyquist frequency
‘evant telemetry channel.

ctrograms are constructed by performing dynamic Fast Fourier Trans-

11 on the signal. The example shown in Figure 11 illustrates an event
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vhen both electric and magnetic ULF components are detected below the proton gyro-
frequency.

The frequency correspondence between the electric and magnetic components
'« somewhat obscured by the fact that with a single rotating electric antenna,
signals are shifted in frequency by an amount equal to the spin frequency
(0.17 Hz); the shift may be positive or negative depending on the sense of wave
polarization. The red line at 0.17 Hz in Figure 11 represents the DC electric field
which has been Doppler shifted from zero trequency.

It is seen in Figure 11 that the electric signal has a structure extending to higher
frequencies, the waves being apparently located between harmonics of the hellum
gyrofrequency.

These are probably ion cyclotron harmonic waves which have been reported to
exist at low geocentric distances by Gurnett (1976) and Kintner et al. (1978); a
theoretical approach to these phenomena has been recently made by Ashour-
Abdalla and Thorne (1977).

On other occasions particularly during disturbed conditions signals detected
on both electric and magnetic sensors extend up to high frequencies with no
distinct harmonic structure. Both types of phenomena are the subject of further study.

Conclusion

We have presented here results which show that indeed the magnetosphere 1s very
active in the ULF range. A large number of events have been recorded. The
systematic spectral analysis of the events. associated with a polarization analysis,
has allowed us to make a preliminary classification of these events. If we exceptl
the rare wide band events which are encountered when GEOS-1 was within the
magnetosheath, all the events can be classified by their simultaneous frequency
and polarization characteristics. Quasi-monochromatic emissions are mainly
polarized perpendicular to the DC magnetic field. Often there 1s a mixture of left
hand and right hand waves when f< f., but when f is larger than f.. the wave 18
generally polarized in the right hand mode. Emissions which present a harmoni-
cally related structure are mainly polarized along the DC magnetic field. The
frequency of the fundamental emission may be above, below or at the proton
syrofrequency. Such emissions do often present sideband lines.

Preliminary results have been obtained on the relationships which exist between
the ion cyclotron emissions (f <f.) and the cold plasma density. It has been
shown that ion cyclotron waves generally occur near the GEOS-1 apogee, that 1s
to say outside the dayside plasmasphere, 1n contradiction with previous theories.
However the local cold plasma density is much higher than previously assumed
‘or these large radial distances. On one example we were able to verify that the
‘requency of the emission was decreasing when the cold plasma density was

-easing, and a quantitative estimation allowed us to check that the observed
-ncy was in agreement with the one we could deduce by assuming a constant
wution of high energy protons.
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The conditions of generation of the harmonically related structures have not
been studied in enough details. In particular, it would be interesting to have more
measurements about the angular distribution of protons at energles below 20 keV.
Similarly we should verify if these emissions are restricted to a well defined region

around the geomagnetic equator as evidenced by Gurnett (1976) for low L-
values.

=

Finally, a better understanding of the regions of the magnetosphere in which
the low frequency emissions (f<f..) take place will be obtained by a comparison
between ground and satellite measurements (Gendrin et al., 1978).
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