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Abstract. VLF-ELF broadband measurements onboard the plasmaspheric hiss, chorus, discrete plasmaspheric
MAGION 4 and 5 satellites at heights above 1 Re in plasma- emissions;

sphere provide new data on various known phenomena re- _ qycted and nonducted whistlers:

lated to ducted and nonducted whistler wave propagation.
Two examples are discussed: magnetospherically reflected
(MR) whistlers and lower hybrid resonance (LHR) noise
band. We present examples of rather complicated MR whist- - Magnetospherically reflected (MR) whistlers.

ler spectrograms not reported previously and argue the condithe |iterature devoted to all these types of emissions is ex-
tions for their generation. Analytical consideration, togetheriensive. We refer to the review by Sazhin (1982) where the
with numerical modelling, yield understanding of the main references to many other papers can be found. For discussion
features of those spectrograms. LHR noise band, as welh the present study, we have chosen two phenomena closely
as MR whistlers, is a phenomenon whose source is the enconnected with LHR frequency of the medium: MR whist-
ergy propagating in the nonducted way. At the plasmaspherigers first observed by Smith and Angerami (1968) aboard
heights, where hydrogen (H}is the prevailing ion, and elec- OGO 1 and LHR noise (Barrington et al., 1963; Brice and

tron plasma frequency is much larger than gyrofrequency, thésmjth, 1965). These two phenomena are often found in the
LHR frequency is close to its maximum value in a given mag- data from MAGION 4 and 5.

netic field. This frequency is well followed by the observed The importance of LHR effects for understanding whist-

noise bands. The lower cutoff frequency of this band is some+er wave propagation in the magnetosphere has first been es-

as the possibility of using the LHR noise bands for locating account of LHR effects, the whistler mode wave can be re-

- lower hybrid resonance (LHR) noise band and LHR
whistlers;

the plasma through position, are discussed. flected from the magnetospheric (or upper ionospheric) re-
Key words. Magnetospheric physics (plasmasphere; wavedion where the LHR frequency of the medium exceeds the
propagation) wave frequency. As a consequence, the wave can be trapped

inside the region with a minimum in LHR frequency profile,
in particular, on the closed field lines in the magnetosphere
with the LHR minimum at the equator, or in some special re-
gions in the upper ionosphere where a minimum of LHR fre-
qguency profile may be formed due to specific behaviour of
1 Introduction the ion effective mass. A mechanism of quasi-electrostatic
wave trapping in LHR waveguide in the upper ionosphere

Broadband (VLF-ELFf < 225 kHz) electromagnetic wave Nas been investigated byidiek and Shklyar (1999).
measurements onboard the MAGION 4 and 5 satellites in- Kimura’'s idea of LHR reflection of whistler mode waves
clude electric and magnetic field components registered b)propa.gatlng In the.magnetosphere IS the kgy point in “”F’er'
a double-probe dipole 1.7 m long and by magnetic searchstanding of MR whistler trace formation. This understanding
coils, respectively. These measurements contain most of thB@S Peen achieved in basic studies of MR whistlers by Smith

known phenomena related to ducted and nonducted propag&nd Angerami (1968), Edgar (1976), and Thorne and Horne
tion of whistler mode waves: (1994). The ideas of these authors have been used by Shklyar

and Jricek (2000) for numerical simulation of various types
Correspondence tdr. Jiicek (fii@ufa.cas.cz) of MR whistler spectrograms observed by MAGION 4 and 5.
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Since MR whistlers and LHR noise bands were discov- MAGION 4 orb.86 16 June 1996 E
ered, there were suggestions that LHR waves could some-
times be excited by whistlers in the magnetosphere (Barring-
ton et al., 1963; Brice and Smith, 1964; Helliwell, 1965; see -
also the review by Jicek and Tiska, 1976; the paper by Bell
etal., 1991, and references to previous works therein). In par-;
ticular, the coupling of whistlers and LHR waves was found
in VLF transmitter signal broadening attributed to LHR wave 1 !
excitation by a transmitter signal (Titova et al., 1984; Bell LLRe
and Ngo, 1988). An important point in the wave coupling ] '\\" (\,«»ﬂ' o
is the recent experimental observation by Bell et al. (1991) hs _."‘*;\‘-._

that LHR waves are effectively excited by whistlers in mag-  ° ‘wmwzm; o =
netospheric regions where small scale plasma density irregu: L S
larities exist. Thus, the wave coupling responsible for signall 3 RS
spectral broadening involves VLF wave scattering on plasma

density irregularities. These irregularities could be connected MAGION S orb.3790 1 March 1999 E
with other waves, making this coupling a nonlinear effect.
Here we discuss another aspect of the relationship betweer - I
MR whistlers and LHR noise which is present in the absence

of linear or nonlinear wave conversion.

fikHz

fikHz)

2 Observations of nonducted whistler waves
from MAGION 4 and 5

2.1 MR whistlers

A type of MR whistler spectrogram, first observed onboard

9400 ALT (km)

OGO 1 (Smith and Angerami, 1968), has also been regis- -6.0 INVLT®)

tered by MAGION 4 and 5 when the satellites crossed the _ o
equatorial region of magnetospherdashells below 3. Ex-  Fig. 1. Examples of MAGION 4 and 5 MR whistler registrations
amples of such spectrograms from MAGION 4 and 5 data aredf similar type as observed onboard OGO 1. Positive and negative

INVLT correspond to the Northern and the Southern hemispheres,

shown in Fig. 1. However, the analysis of large amounts of .
respectively.

data on MR whistlers from MAGION 4 and 5 shows that this
type of spectrogram is not the most frequently found in the
data. More often, other types of MR whistler spectograms

are observed, few examples of which are shown in Fig. 2.5eryation point and geomagnetic activity. Large amounts of
Furthermore, Fig. 3 provides examples of rather complicatedyperimental data available from MAGION 4 and 5 measure-
spectrograms observed by the MAGION 4 satellite. ments provide evidences that the existence of extended plas-
During quiet magnetospheric conditions, MR whistlers aremasphere is a necessary condition for the formation of MR
typically registered in the equatorial region of magnetosphergynistlers. This follows from the observation that the prob-
at L-shells from about 2.1 to 3.1. The region where MR apjlity of MR whistler occurrence decreases with increas-
whistlers were found by MAGION 4 is shown in Fig. 4. jng geomagnetic activity when the plasmapause approaches
Observations from MAGION 5 confirm this result, and also |gwer L-shells. In Sect. 4, we will model this effect by tak-
show that MR whistlers are most frequently found néar  ing into account the plasmapause in simulations. We should
shell >~ 2.5. Although MR whistlers are related to non- mention that the role of sharp crogsdensity drop-off along
ducted propagation and, thus, their source region cannot bg particular field line in formation of upper-frequency cutoff

easily determined from the observation point and the spectropn MR whistler spectrogram has been considered by Edgar
gram pattern, in some particular cases, ducted whistlers Were 976).

observed simultaneously with MR whistlers, which gave an

idea about the exit region of the waves. It should be stressed 2 | HR noise

that the first trace of MR whistlers which is formed by half-

hop waves may be very close to a ducted whistler trace, thusThe noise band at the lower hybrid resonance, known as LHR

one should be very careful in distinguishing between them. noise (or LHR hiss), has been detected in the VLF recordings
Analysis of complex spectrograms found in experimentalin the plasmaspheric regions of the magnetosphere, begin-

data shows that their peculiar pattern is connected with spening from the observations of the Alouette satellite. The few

cific illuminating region and depends essentially on the ob-references listed below by no means represent all the signif-
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Fig. 2. Types of MR whistler spectrograms most frequently received at MAGION 4 and 5.

icant works on this subject, but could serve as milestones irin the bottom panel of Fig. 5, the satellite leaves the plas-
the investigations of this phenomena (Barrington and Bel-masphere after the sudden commencement of magnetic dis-
rose, 1963; Brice and Smith, 1965; Laaspere et al., 1971turbance (SSC). Arrow 1 shows the location of the plasma-
Burtis, 1973). Based on the papers listed above, importanpause before SSC, determined®y index, according to the
features of LHR noise can be summarized as follows: Carpenter and Anderson (1992) model. Arrow 2 shows the
haro lower fr N toff that in aeneral varies with location of the plasmapause at the time of observation cor-
sharp fower frequency cutolt that In general varnes responding to an increasing magnetic disturbance. This il-

varying satellite position; lustrates how the location of the region where LHR noise is

- connection with nonducted whistlers and magnetospheobserved depends on magnetic disturbances and the related
ric reflections; location of the plasmapause; the observation of LHR noise is

- predominant observation with electric antennas; usually ceased near the plasmapause.

A short interval from the record of electric component dis-
played in the upper panel of Fig. 5 is presented in Fig. 6
as VLF spectrogram detected with electric and magnetic an-

Figure 5 shows examples of LHR noise along MAGION 5 tennas (upper and lower panels, respectively). While usual
orbits. The lower cutoff frequency of the band follows the whistlers are seen in both panels, LHR noise is registered
LHR frequencyfinyr. The curve of fiHrmax (Se€ Sect. 5)  only by the electric antenna. This agrees with the well known
is shown by a dashed line. Close to the end of this recordfact that LHR noise represents a type of quasi-electrostatic
the satellite approaches the plasmapause. The effect of th@ave. Figure 7 displays 28 seconds from the electric field
plasmapause is a little more distinctly expressed in the lowespectrum, shown in the top panel of Fig. 5, and clearly
panel of Fig. 5. The decrease @¢fyr at about 04:18 UT  demonstrates a close connection of the observed LHR noise
together with occurrence of chorus above 4 kHz are typi-with the whistler mode wave energy propagating in non-
cal signatures of plasmapause crossing. In the case showducted mode, namely, with diffusive whistler traces exhibit-

- triggering of LHR noise by magnetospherically reflec-
ted whistlers.
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Fig. 3. Examples of more complicated types of MR whistlers go up to higherL-shells where they become magnetospher-

recorded on the same orbit of MAGION 4, where the MR whist- ically trapped; at higher latitudes, not only the number of

ler shown in the upper left panel of Fig. 2 has been received. lightnings usually decreases, but also the waves entering the
magnetosphere at large L have a strong tendency to bend to-
wards lowerL-shells (see Shklyar andfifiek, 2000).

ing a partial wave leakage from the duct and underdeveloped
MR whistlers. Even when whistlers appear at the threshol
of sensitivity, they are connected with the narrow LHR noise

band. In the framework of geometrical optics, the propagation of
Most of the data on LHR noise is related to observationswhistler mode waves is determined by the dispersion relation

on low-orbiting satellites. While it was always suggested

that the lower frequency cutoff of LHR noise band was con- , 5 k? 5 k,z‘k2

nected with the local LHR frequency in the vicinity of the © = “LHzz ¢ q2 Ty (k2 + q2)2

satellite, a quantitative comparison was not easy due to the ) )

lack of ion concentration measurements. In the case of MA- _ 9y w}; COS 6 )

GION 5, the magnetospheric parts of the satellite path are at (14 4%/k?) (1+ qz/k2)2'

the heights above 5000 km, where protons are the predomi-

nant ions. LHR noise has most often been observed by MAHerewn is the lower hybrid resonance frequency

GION 5 fromL ~ 2to L ~ 3.5, i.e. in the range of.-shells 2 2

where MR whistlers are usually found. This confirms the iy = 1 ©pCH 1 _ Me N Ml (2)

The features of nonducted whistler wave propagation
in the plasmasphere

conclusion drawn by many researchers (e.g. Laaspere and Met (a)lz, + w%,) Meft ne imima

Johnson, 1973) that nonducted energy of MR whistlers is the

source of LHR noise. The experimental result of MAGION 5 n., m, are electron concentration and mass, respectively;
on the predominant range of MR whistler occurrence can ng, m, are the same for ions of species k% = k?, + ki

be understood if one takes into account that whistler modevherek, andk; are components of the wave normal vec-
waves enter the magnetosphere at loweshells first, then  tor parallel and perpendicular to the ambient magnetic field;
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Fig. 5. Examples of LHR-noise recorded by the electric antenna inFig. 6. VLF wave spectrograms from a short interval of the MA-
the plasmasphere. GION 5 orbit No. 2913 (see Fig. 5, upper panel). Electric and mag-

netic components are shown in the upper and lower panels, respec-
tively. LHR noise band is observed in the E- component only.

q?> = w3/c% w, andwy are electron plasma frequency
and gyrofrequency, respectivelyjs the speed of light, and
0 = cost(k,/ky). Whistler mode waves described by a summary of the propagation features for this wave. We
the dispersion relation (1) have different character dependsee that initially the wave propagates in quasi-longitudinal
ing on the parameter?/q2. Fork?/q? < 1, which corre-  regime and moves towards increasibghells. However, in
sponds to quasi-longitudinal mode of propagation (Ratcliffe,the course of magnetospheric propagation, the wave normal
1959; Helliwell, 1965), the wave magnetic field dominates angles becomes very close to/2; the parametet?/42 es-
the wave electric field; at the same time, the wave group vesentially increases, so that the wave becomes quasi-electro-
locity is of the order ofw/k ~ copw,. Fork?/q> > 1,  static and enters the quasi-resonance regime of propagation
the wave becomes quasi-electrostatic and its group velocitywalter and Angerami, 1969; Kimura, 1985). As was men-
essentially decreases. The corresponding regime of propioned above, a quasi-resonance wave does not propagate in
agation is often referred to as a quasi-resonance one (e.ghe region where its frequeney is essentially smaller than
Walker, 1976; Alekhin and Shklyar, 1980). In general, whist- «, ,;, and is reflected ab < w.H. Thus, the wave be-
ler mode waves exist ab > win, as well aso < wiH;  comes trapped in the region where> w . At the same
however, the last range is accessible only for waves in quasitime, the transversal group velocity | becomes negative
longitudinal mode of propagation. As for quasi-resonanceand very small in comparison with typicaj, (which is vio-
waves having® > ¢, they do not propagate in the regions |ated only in the vicinity of the “reflection” point where,,
wherew is significantly smaller tham 4, whilew >~ w4 is = 0). Thus, at this stage, the wave propagates predominantly
achieved only for the wave normal angteslose tor /2. along the field line and slowly moves towards lovieshells

It is instructive to consider a typical whistler mode wave (v, < 0.) This general tendency of nonducted waves to en-
trajectory in the magnetosphere, and the variation of impor-ter the quasi-resonance regime of propagation and to finally
tant wave parameters along the ray path. Figure 8 showsnove towards loweL-shells is an essential feature of whist-
the ray trajectory for 5-kHz wave launched vertically from a ler wave propagation in the plasmasperic region of magneto-
500 km altitude at a latitude af = —45°, and Fig. 9 provides  sphere, which helps to understand the spectrograms of non-



152 F. Jiicek et al.: LHR effects in nonducted whistler propagation

s_MAGION5 orb.2913 1 Aug 1998 E 4 50 8
35 g Az.s
- 2 < 2
= 2 3 < o g15
?:é ‘3 2 _‘25 é < 1
o3 % ’ 3 0.5
i { 2 -50 0
¢ 0 5 10 15 0 5 10 15 0 5 10 15
. \
4 A 20 1 120
8 BESSEEE "’:'ﬁr,*,{_-“‘«" LA RARE el Y SR s gy 15 05 A100
0~ . & & $ e
obed0  UT 10s 2o 50 € o
2.60 L z
6370 ALT(km) 5 -0.5 0
294 INVLTE)
0 -1 20
0 5 10 15 0 5 10 15 0 5 10 15
Fig. 7. 28 second interval from electric field registrations shown
. . . . . 03 0.2 10
in the top panel of Fig. 5. A relationship between LHR noise and .
nonducted whistler mode waves is evident. 0.02 01 58
>
Zioot <o 34
) R‘ay tracing for‘f:SKHz wav? in smooth r‘nagnetosphe‘re 0 0.1 = E
-0.01 0.2 2
0 5 10 15 0 5 10 15 0 5 10 15
2000 300 800
B E 1500 = 600
3 200
£ e )
£ 1000 5 150 £ 400
3 % o0
& 500 - 200
] 0 0 0
5 10 15 0 5 10 15 5 10 15
Time (s) Time (s) Time (s)

Fig. 9. Essential parameters characterizing the wave propagation
shown in Fig. 8.

0 05 1 15 2 25 3 35 4 dipolar model of the ambient magnetic field and gyrotropic
(wf7 o wy) model of plasma density have been used. The
undertaken computer simulations, together with the analyt-

calculated without taking into account the plasmapause. The con'—Cal consideration, permitted On,e to reproduce and explain
tour corresponding to LHR frequency 5 kHz in the model used in a number of features of MR whistler spectrograms. Those

calculations is shown by dotted line. features are:

Fig. 8. Propagation paths for the wave with frequenty= 5 kHz

1. Spectrograms observed at higlieshells . = 3) are
poor in high frequencies. The higher frequencies corre-
ducted waves like MR whistlers and Nu whistlers (Smithand ~ SPond to the waves originating at largesshells, while
Angerami, 1968). the lower frequencies are related to lower inifiathells
of the illuminating region (Edgar, 1976).

2. All clearly defined traces on the spectrograms are
formed by the wave packets making the same number

Observations onboard MAGION 4 and 5 have provided ex-  ©f hops before reaching the satellite.

tensive original_data on nonducted VLF waves a_md stimu- 3 The nose frequency on the spectrogram corresponding
lated new studies of these phenomena, in particular, MR 14 4 minimal time on a given trace is formed by the wave
wh|stler_s. In an attempt to gain an understandmg of general  ith ve1 = 0 at finite wave normal angle.

properties of MR whistler spectrograms determined only by

propagation features in a smooth magnetosphere, a computer A detailed account of all these (as well as some other)
program has been developed that accumulates the results &atures may be found in the paper by Shklyar amEek

ray tracing calculations for a representative 2D continuum of(2000). Qualitatively, they can be understood on the basis of
wave trajectories, which permits one to generate, in one steghe wave propagation properties discussed in Sect. 3. The
a spectrogram for a given observation point and illuminatingfirst two features are connected with the quality of quasi-
region (Shklyar and @icek, 2000). In the ray tracing, the resonance waves that finally move towards loweshells,

4 Some results on MR whistler modelling
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Fig. 10. Comparison of simulated
MR whistler spectrograms with (lower
panel) and without (upper panel) tak-
ing into account the plasmapause, in
the case when a satellite is below the
plasmapause.

and this tendency is more pronounced for higher frequencyaise a new, important aspect of the problem of MR whist-

waves. That is why, if a spectrogram is taken at high

lers. As follows from the experimental results, MR whistlers

shells, most of the high frequency waves appear to propaare hardly observed in magnetospherically disturbed condi-
gate in bounce-oscillating regime below the satellite, whiletions, when the plasmapause is at lowteshells. This is in
those which are observed should have come from higher latline with the understanding gained from both analytical and

itudes. Feature number 2 is, after all, connected with a connumerical analysis that an extended smooth plasmasphere

tinuous dependence of the time of propagation to the obseris necessary to obtain a full pattern of MR whistler spec-
vation point on the initial latitude and wave frequency. Fea-trogram. In the simulations by Shklyar andidek (2000),

ture number 3 is the manifestation of the dispersion prop-however, the plasmapause has not been taken into account.

erty of whistler mode waves, which consists in the existenceHere we extend these simulations by considering the conse-
of maximum longitudinal group velocity corresponding to quences of the plasmapause.

k?/q? ~ 1,v,1 = 0 andd # O (the analog of Gendrin
angle (Gendrin, 1961) for the dispersion relation with the

For this aim, we have performed the calculations similar

account of finite LHR frequency). In the present study, we to that by Shklyar and dcek (2000), but with the following
model of plasma density that takes into account the plasma-
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pause: (provided thatp < 1, of course), andL , is the characteris-
2 n tic width of the plasmapause. These three parameters make it
wi, X @y - P(L) 3) ) ) . W
possible to model the plasmapause quite well in most “one-

The factorP (L) which enters the expression (3) foi (thus,  drop” cases.
for plasma density) and models the plasmapause is chosen in

the form: Itis easy to see thak(L) iscloseto 1 foll < L, — 4L,

and takes another (smaller) constant value &t L, + 5L .

P(L)=1-p) exp(_eL,;LL”> + p. (4) Thus, before and beyond the plasmapause, the cold plasma
density in this model is proportional to theth power of

The quantityP (L) depends only oi. and is determined by gyrofrequency.

three parameterd. ,, L, andp, which have clear physical

meaning, r_'amhf*'w s the Va'f“io“”f“ beyond therf"asma' ical modelling is illustrated by Figs. 10 and 11. In these

pall(use,ﬁp |s|t @ position of the plasmapause whetel) simulations, the following values of parameters have been

takes the value used:n = 1; L, = 3; 6L, = 0.2; p = 0.15. In Fig. 10,

p<p+@Q-— p)e_l =1-1-p@A- eh<1 the satellite position is at = 2.5 at the equator, and the

The influence of the plasmapause as infered from mumer-
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Fig. 12. LHR frequency contours in a densed three componentFig. 13. LHR frequency for various ion composition and finite val-
plasma. ues ofwpy /wp.

illuminating region is assumed to be spread in the latitudethe following. According to our observations, the frequency
range 25 — 5(° at the he|ght of 500 km. The Spectrogram in band of plasmasphel’ic hiss is in the range below 1.5 kHZ,
the upper panel of Fig. 10 is calculated without taking into Which is lower than LHR frequency on MAGION 4 and 5
account the influence of the p|asmapause and in the |0we|PathS where LHR noise is observed. As far as the Wlde band
panel, the plasmapauselas = 3 is introduced into consid- auroral hiss is concerned, we do not rule out a possible rela-
eration as described above. We see that the large number Pn between this emission and LHR noise. However, unfor-
traces of MR whistler are completely destroyed in the pres_tunately, due to technical reasons, the observations of MA-
ence of plasmapause, since sharp gradients remove a smod{ON 4 and 5 are confined tb < 7, where auroral hiss is
dependence of propagation characteristics on initial condinot observed.

tions. The organization and the parameters used in the mod- Returning to consideration of the whistler mode waves, we
elling, shown in Fig. 11, are the same as in Figure 10, but Zemember that they may propagate at frequensies o,
satellite is located at = 3.3. Thus, in the case shown inthe as well as aty < w . Why then does the spectrum usually
lower panel, the satellite is above the plasmapause, which igbserved in the experiment have a pronounced maximum at
still at L = 3. One can see an essential degradation of the? = wLn? To explain this, we briefly recall the arguments

spectrogram when a plasmapause is present, especially whéyhich have been used in many consider_ations. While non-
the satellite is above the plasmapause. ducted whistler mode waves propagate in smooth plasmas-

phere, they naturally turn into quasi-resonance mode, where
their group velocity essentially decreases. From the energy
conservation, which requires the energy flux to be constant
along the ray path, one can easily understand that the region
of minimum group velocity should correspond to maximum
Although the problem of LHR noise cannot be completely wave amplitude. It appears that the minimum group velocity
reduced to geometrical optics, and although linear and nonef the wave is achieved in the region where the wave fre-
linear wave conversion, as well as wave generation processesuency is very close to the local LHR frequency. In real-
should play a part, it is first of all necessary to explore theity, sincev, | is very small, the minimumu,| is achieved
cesses mentioned above.) We suppose that LHR noise rep- 12
mode waves, excited by lightnings, which are then trapped, )

As for other sources of LHR noise, in particular, concern- researchers often found that the spectrum lies below local

consequences of the consideration in the frame of geometriin a close vicinity of the point where,, = 0. As follows
resents a kind of wave which is always present in the mag- ( k2

due to the magnetospheric reflections, and thus, fill up thewhich, for typical values of the parametet/q? at the re-
ing wide band auroral and plasmaspheric hiss, we should sayHR frequency. Since the finite values iit/¢2 can hardly

5 What can be infered from geometrical optics
concerning LHR noise

cal optics. (In this paper, we do not consider at all the pro-from (1), it takes place at
netosphere. Obviously, the first candidates are the whistlef’ = “# | ;2 +¢2
magnetosphere. flection point, is very close te 4 (see Fig. 9). However, the
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account for this, a possible reason may be that the lower frewhich leads to qualitative new features of the spectrogram
quency cutoff is often compared with the LHR frequency cal- and permits one to account for experimental observation that
culated in the assumptions of purely proton, dens? & a full pattern of MR whistler spectrogram is found only in
w?) plasma, which provides the maximum possible valueduiet magnetospheric conditions.

of wH in a given magnetic field, equa| (me/mp)l/sz1 Recent registrations of LHR noise onboard MAGION 4
which we denote as"2%. If any, or both, of the assumptions and 5 have confirmed the features of this noise band known
mentioned above is violated, the real LHR frequency de-from early satellite experiments: quasielectrostatic charac-
creases. For example, in the case of one component plasmégr Of this emission, and lower cutoff at the local LHR fre-

if the quantitywlz,/wi, drops from 10 to 5 (or 3), themy quency (see the spectrograms above). The region where LHR
changes from @502 to 0,917 (or 0.871®). The noise is detected usually coincides with that of MR whistlers.
presence of different ion species, other than protons, alsé" the events where LHR noise is connected with “ducted”
leads to a decrease ofn, as compared to>*. The in- whistler traces, the noise band is registered only when the

the case of three ion species is illustrated in Fig. 12, wherg?rovide strong evidences that LHR noise is nothing but non-

the contours of the parameter dupted whistlers, or MR wh_istlers observed at their reerption
point where the wave amplitude has a pronounced maximum.
_ [Mpy, ey w% The occurrence oﬁ_HR_ values Iowe_r than thei Hrmax
n= T, Meff = @( + 22 can be explained especially by the higher content of He
P

ions. This is in agreement with DE-1 result which shows

(see Eq. (2)) are plotted on the plane whereandz axes  that there is a region in the plasmasphere abew00 km
represent the percentage of the helium and oxygen ions, reand L =~ 2.0 where the H&/H* density ratio has been ob-
spectively. A combined influence of both factors can be es-served to maintain a nearly constant value of approximately
timated with the help of Figs. 12 and 13. Figure 13 shows0.2. (Newberry et al., 1989).

the contours ofv 4 normalized taw[|§* in the (, wy /w)p) _
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6 Discussion and conclusions

New observations of nonducted VLF waves onboard MAG-

ION 4 and 5 stimulated interest to further studies of various

phenomena connected with nonducted whistler propagation
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