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Abstract. Kilometric continuum (KC) radiation was first identified from Geotail plasmawave
observations. Past authors have shown that this emission has a frequency range that overlaps
that of the auroral kilometric radiation (AKR), but is characterized by afine structure of narrow-
bandwidth, linear features that have nearly constant or drifting frequency. Thisfine strudureis
distinct from that of AKR. KC also apparertly has adistinct source region probably associaed
with the low-latitude inner magnetosphere, consistent with direction finding and ray tracing
results. We present new observations of KC obtained by the Polar plasma wave instrument in
the near-source region. These observations show intense electrostatic and less intense
electromagnetic emissions near the magnetic equator at the plasmapause. Simultaneously,
Geotail, located at 20 to 30 R, in radial distance, observes KC in the same frequency range.
These data suggest a possible mode-conversion source mechanismnear aregion of high density
gradient. High resolution data obtained from wideband receivers on board both Polar and
Cluster show closely-gaced bands of emisson near the magnetic equator that may be dueto
many nearby independent sources of EM emission that may be associated with density

fluctuations or cavities in the plasmasphere.



1. Introduction

Brown [1973] and Gurnett and Shaw [1973] first reported terrestrial nonthermal
continuum emission in a broad frequency range extending from ~5 kHz to < 100 kHz. Theterm
continuum implied a diffuse, rather continuous spectrum. Gurnett and Shaw [1973] and Gurnett
[1975] proposed a saurce near the dawnside plasmapause, with a source mechanism associated
with intense upper hybrid waves. Kurth et al. [1981] and Kurth [1982] described the details of
the narrow-banded escgping component of continuum emission providing clear evidence of its
narrow-bandedness associated with intense upper hybrid (UH) resonance emissions. These
emissions are a so believed to have alow-latitude source in the outer plasmasphere and in the
magnetopause [Morgan and Gurnett, 1991]. The source mechanism of this continuum emission
has been proposed to be a mode conversion process occurring near the dayside magnetopause
and/or the nightside plasmapause near the equator. Both linear [e.g., Jones, 1976, 1988; Budden,
1980] and non-linear [cf. Melrose, 1981; Fung and Papadopoulos, 1987; Ronnmark, 1983]
classes of mode conversion have been suggested as summarized in Kurth et al. [1992].

Hashimoto et al. [1999] have described kilometric continuum (KC) as emission that lies
in the same frequency range as auroral kilometric radiation (AKR) [cf. Gurnett, 1974], but with a
different spectral morphology and a unique source region, the low-latitude inner plasmasphere.
K C was observed by Geotail (in an equatorial orbit) to consist of slowly drifting narrowband
signalsin the frequency range 100 kHz < /< 800 kHz. Direction-finding using spin modulation
of the emission at 400 kHz indicated the source of the emission is consistent with the low-
magnetic-latitude inner plasmasphere. The emission thus has much in common with non-
terrestrial continuum emission observed at lower frequencies (typically < 100 kHz). More

recently, Green et al. [2002a,b] have shown an association of the kilometric continuumwith



plasmaspheric notches (bite-outs) of density and suggested that these large-structure cavities
may be a source region of the KC.

In this paper we show jant observations of Pdar and Geotail plasmawave data. Geotail
observes KC at distances > 10 R, while Polar passes through the magnetic equator near the
plasmapause and the proposed source region of KC. In addition we include some unique, high-
resol ution data obtained by the wideband receivers on board both Polar and the Cluster
spacecraft that provide new and interesting information regarding the source region and possible
density structure of the outer low-latitude plasmasphere.

2. Instrumentation
2.1. Polar

The Polar satellite was launched in late February 1996 into a polar orbit with apogee of
about 9 R, and a perigee of about 2.2 R,. Polar isthefirst satellite to have 3 orthogond electric
antennas (E,, E,, and E,), 3 triaxial magnetic search coils, and a magnetic loop antenna, as well
as an advanced plasmawave instrument [Gurnett et al., 1995]. This combination can potentially
provide the polarization and direction of arrival of asignal without any prior assumptions.

The Plasma Wave Instrument on the Polar spacecraft is designed to provide
measurements of plasmawavesin the Earth's polar regions over the frequency range from 0.1 Hz
to 800 kHz. Five receiver systems are used to process the data: a wideband receiver, a high-
frequency waveformreceiver (HFWR), alow-frequency wavefarm receiver, two mutichannel
analyzers, and apair of sweep frequency receivers (SFR). For the high frequency emissions of
interest here, the SFR is of special interest. The SFR has a frequency range from 24 Hz to 800

kHz in 5 frequency bands. The frequency resdution is about 3% at the higher frequencies. In



the log mode a full frequency spectrum can be obtained every 33 seconds. From 12.5 to 800
kHz, of interest in thisstudy of KC, afull frequency spectrum can be obtained every 2.4 seconds.
The wideband receiver (WBR) provides high-resolution waveformdata, and is
programmable allowing the selection of 11, 22, or 90 kHz bandwidths with alower band edge
(base frequency) at 0, 125, 250, and 500 kHz. In the 90 kHz bandwidth mode the sampling rate

is 249 kHz.

2.2. Geotail

Geotail was launched into alow-inclination orhit, and since February 1995 this orbit has
been elliptical with a perigee of about 10 R, and an apogee of about 30 R,.

The Sweep-Frequency Analyzer (SFA) on Geatail is comprised of eight receivers that
measure the electric field over the range of 24 Hz < f'< 800 kHz, and the magnetic field over the
range 24 Hz <f'< 12.5 kHz. Inthe KC frequency range there aretwo receivers. One opeatesin
the range 12.5 kHz to 100 kHz in 680 Hz steps, and the other operates over the range 100 to 800
kHz in 5.4 kHz steps. The instrument uses two spin-plane electric dipole antennas with a tip-to-

tip length of 100m [cf. Matsumoto et al., 1994].

2.3. Cluster

The Cluster 11 mission consists of four identical satellitesin a high-inclination orbit with
anominal apogee of 12 R, and perigee of 2 R,. The mission objectives include studies of the
magnetopause and magnetotail reconnection sites and magnetospheric phenomena.

The wideband plasma wave investigation on Cluster is part of the Wave Experiment

Consortium (WEC), which consists of five instruments designed specifically to study



magnetospheric wave phenomena [Pedersen et al., 1997]. The Cluster mission and wideband
instrument have been described in previous publications [cf. Gurnett et al., 2001]. The
objective of the wideband plasmainvestigation is to provide very high-time resolution
measurements in order to resolve spatial and temporal structure in the plasmawaves and
magnetosphere. Theinvestigation consistsof four identical instruments (one on each spacecraft)
called the Wideband (WBD) plasmainstruments. These instruments measure electric or
magnetic field waveformsin one of three possible bandwidths: 25 Hz to 9.5 Hz, 50 Hz to 19
kHz, or 1 Hz to 75 kHz. The base frequency (frequency offset) can be programmed to be ether

125 kHz, 250 kHz, or 500 kHz. The bit rate in the real time mode of operation is 220 kbits/s.

3. Observations

We have examined alarge portion of the Polar SFR data and the Geotail SFA data for
examples of possible encounters with KC emissions. The orbits of the two satellites during
1996-1997 made these two instruments particularly well-suited for ajoint study. Polar was
placed in a 90-degree inclination orbit with an apogee of about 9 R, and a perigee of about 1.8
R.. Theorbital period isabout 18 hours. Polar passed through the nightside equatorial region
near the plasmapause (4-5 R,.), and at somewhat lower distances (2.5 - 3.5 R;) on the dayside
during the period of analysisin this study. During this period the apogee was over the northern
polar cap and perigee over the southern polar regon. The Geotail satellite orbit during 1996 to
1997 was in an equatorial orbit with a nightside apogee of about 30 R, and a dayside perigee of
about 10 R, and the orbital period was about 1.5 days. The purpose of the present study was to

investigate observations of kilometric continuum emission (KC) observed by both satellites,



particularly simultaneous observations. The orbit of Polar brought it near the proposed source
region of KC, near theequatorial plasmapause [Hashimoto et al., 1999; Green et al., 2002g)].

We have chosen a number of interesting examplesto display. These cases represent
times when the PWI detected el ectromagnetic (EM) emission near the upper hybrid frequency,
Jfun generaly when the spacecraft was near the magnetic equator. Thisis not acomprehensive
study of all of the equator passes, but does represent a sizeable sampling of the data.

We start with data from May 20, 1996, when Polar at lower-altitude and Geotail at higher
altitude are ssimultaneously monitoring the same magnetic local time (MLT). In Figure 1 we
display afrequency-time spectrogram of the Geotail plasma wave instrument sweep-frequency
analyzer with relative power gray-coded. This spectrogram covers a six-hour period when the
spacecraft was on the nightside at a distance ranging from 15.75 R, to 12.3 R,, and ranging in
magnetic latitude from 8.4° through the magnetic equator to -6.1°. The near constant-frequency
structures extending in frequency from 100 kHz to over 600 kHz are kilometric continuum
emission and are distinguished morpholog cally from the more broad-banded structures
comprising the auroral kilometric radiation (AKR). We will concentrate on a 25-minute time
period from 03:40 to 04:05 that is displayed in the Polar PWI sweep-frequency receiver (SFR)
datain Figure 2. Herethe MLT is near 22 hours and the spacecraft variesin radial distance from
4.11to 3.58 R,. The magnetic latitude, A, variesin the polar orbit from 15° to < 4.7°. Thetop
panel displays the electric field while the bottom panel shows the magnetic field datain a
frequency range from 100 kHz to 250 kHz. These spectrograms show a banded electromagnetic
emission with separation of the bands consistent with harmonics of the local cyclotron
frequency, f.,, which varies from about 12.5 to 19 KHz over thistime range. This emission

could be KC near its source in the frequency range of 150 to 200 kHz.
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In Figure 3 we show a much higher resolution spectrogram that coversonly two minutes
of time. Here a spin modulation of the electric and magnetic field datais discernable. Thespin
period of the Polar satellite is about 6 seconds while the nulls in Figure 3 are about 10 seconds
apart. Thisisdueto an aliasing of the spin period with the instrument frequency cycling period
of about 2.4 seconds. We have determined the angle between the PWI E, antenna and the local
magnetic field for thistime period. The peaksin the electric field intensity occur when the
antennais nearly perpendicular to the ambient magnetic field, B, while the oscillating magnetic
field intensity shownin the lower panel shows intensity maximumthat are almost aligned with
B. These observations are consistent with electrostatic upper hybrid emission and
el ectromagnetic ordinary mode emission. This example is similar to numerous other examples
of well-organized spin modulation data.

In Figure 4 we show a spectrogram of Polar SFR data for a one-hour period on day
February 11, 1997. During thistime period the spacecraft is located in the afternoon sector with
MLT ranging from 15.0 hoursto 16.1 hours. The radial distance variesfrom 2.11 R, t0 3.4 R,.
Significantly the magnetic latitude varies from high southern latitudes, -38.2° through the
magnetic equator to ~14.4°. The electric field data show a band of upper hybrid emission
centered near 200 kHz with two regions of more enhanced emission near 15:20 and A, ~ -23.5°
and again near the magnetic equator at about 15:43 spacecraft event time (SCET). During both
of these times the emission becomes el ectromagnetic as seen in the bottom panel. During this
same time period Geotail observed KC and was located in the MLT range of 15.9 hours £ MLT
< 16.2 hours, 14.3 R, < R<14.9R,, and 7.5° <A,, < 10.4°. If the EM emission observed by

Polar isKC, then it is observed at a magnetic latitude that is significantly higher than 10°, which



Hashimoto et al. [1999] reported as the nominal maximum magnetic latitude of KC emission
observed by Geotail.

In Figure 5 we show Geotail observations for May 23, 1996. Polar observations for the
period from 02:10 to 02:32 are compared in Figure 6. We note that Geotail at thistimeis located
at R~30.25 R;, MLT ~14.55 hours, and A,, ~14.1 degrees, while Polar wasin therange 3.1 R, <
R<3.7R,, -4.9° <A, <7.75° and 21.9 hours< MLT < 22 hours. Thus Polar is about 8 hours
away in MLT. It would be unlikely that a plasmaspheric density notch would extend in
longitude for thisrange. In Figure 6 we observe several bands of UH emission in the electric
field data and afew bands of EM emission in the magnetic field data of the lower panel. The
bands of emission are separated by ~20 kHz, consistent with the local value of £, which, during
thistime period, liesintherange 16 kHz < £, < 24 kHz. Spin modulation is clearly seen in the
Polar data and analyses of the antenna orientations relative to the local ambient magnetic field
give results consistent with those for the data of May 20, 1996, shown inFigure 3. The electric
field data are consistent with UH emission while the magnetic data are out of phase by 90° in
spacecraft rotation and thus indicate possible ordinary mode emission.

In Figure 7 we show an example of Polar SFR datafor May 15, 1996. The spacecraft is
located intherange 3.8 <R<5.3R,, - 7.0° <1,<13.2°, and MLT ~22.3 hours. The interesting
aspect of thisdataistheclear oscillation of the UH signature in both the electric and magnetic
field indicating a probable density fluctuation, perhaps due to the spacecraft crossing a dengty
duct or encountering a density cavity. The dengty cavity appears to extend several degreesin
magnetic latitude. At this same time period, Geotail detected clear signatures of KC emission
over the frequency range 100 kHz < f'< 800 kHz, but the spacecraft was located on the dayside

near 9 hours MLT. Thisexample of oscillations of the UH emission in the Polar UH wave



emission is certainly not unigue. Numerous other examples with corresponding EM emission
have been discovered inthe Polar PWI data

The high resolution wideband data of the PWI is not often available during magnetic
equator crossings. However, on April 10, 1996, we were fortunate to have atime interval in
which the instrument was operating in the correct frequency range. In Figure 8 we show the
spectrogram of the data from the SFR. This datalooks typical of many of the other crossings of
the magnetic equator, thistime located at MLT ~0.35 and R ~4.5 R,. Thereis some rather
intense electric field emission and faint, but distinct magnetic oscillations observed in the
interval from about 15:27 to 15:32. In Figure 9 we show the wideband receiver data for a 48-
second time interval darting at 15:30.046. This data covers afrequency range from 125 kHz to
about 215 kHz, which includes the EM emission seen in Figure 8. Of particular significancein
Figure 9 are the many relatively intense near-constant frequency emission bands observed. In
the frequency range 150 kHz < f'< 170 kHz the separation of the bandsisin the range of 2to 3
kHz, whereas the spacing iseven lessfor /> 170 kHz. Thereis also a spin-modulation of the
data showing nulls at ~3 second intervals. This modulation is consistent with electrostatic UH
emission for the most intense bands in the interval 150 kHz < f'< 170 kHz. We note, however,
that the emission at higher frequencies, /> 170 kHz, shows emission maxima and nulls that are
~90° out of phase relative to the lower frequency emission. Thisindicates emission consistent
with the ordinary mode. The local cyclotron frequency at thistime isabout 9 kHz, and is much
larger than the approximate separation of the bands seen in Figure 9. Therefore these bands
most likely do not represent harmonics of local f,..

The Cluster spacecraft orbit intercepts the magnetic equator near the plasmapause during

2002, and we were fortunate to have the plasma wave wideband instrument in a fortuitous
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operating mode on June 19, 2002. In Figure 10 we display a spectrogram of the wideband
instrument for the SC2 spacecraft. The spedrogram covers a frequency range from 250 kHz to
260 kHz over a 30-second time interval. The spacecraft is located just above the magnetic
equator at A,, ~3.2°, R=4.36 R, and MLT ~17 hours. Seen in the figure are very many closely-
spaced emission bands that increase dightly in frequency over the 30 second period of the plot.
Spin modulation lanes are also seen at about 2 second intervals. The similarity between this plot
and Figure 9 is striking. The differenceisin the frequency resolution. While operating in the 10
kHz bandwidth mode, Cluster has a higher frequency resolution than the Polar wideband
instrument, and is capable of detecting emission differences of ~100Hz in this frequency range.
In Figure 10 the band separations discernable are only afew hundred Hz and perhaps smaller.
The cyclotron frequency for this time period is approximately 10 kHz, so that the bands of

Figure 10 are much too close to represent harmonics of £, .

4. Summary and Conclusions

We have presented plasma wave data from three satellites that suggest kilometric
continuum emission has a source in the low-latitude plasmasphere as has been argued by
Hashimoto et al. [1999]. The Polar spacecraft orbit allowed direct observation of magnetic
equator crossings in the range of distances from ~2.5 R, (dayside) to ~4.5 R, (nightside) during
1996 and 1997. On many passes Polar observed upper hybrid emisson near the higher dengty
regionsin the vicinity of the magnetic equator as has been reported often in the past [cf. Kurth,
1982]. Often this emission was accompanied by EM emission detected by the magnetic receiver
of the Polar PWI. Onnumerous passes, this emission was observed simultaneously with Geotail

observations of kilometric continuum, when Geotail and Polar werenear the same MLT and both
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close to the magnetic equator. Other similar EM observations were made when Polar and
Geotail were well-separated in MLT. The Polar SFR observations are typically banded with
separations in frequency consistent with the local cyclotron frequency. Spin-modulation
observed by the Polar observations indicate the electric field emission is consistent with UH
waves, and the magnetic oscillations are consistent with ordinary mode emission.

Green et al. [2002a,b] have reported that kilometric continuum appears to have a source
within the plasmasphere density notch or bite-out region. These regions have been detected in
images obtained fromthe extreme ultraviole (EUV) imager on board the IMAGE satellite which
was launched in 2001. Asreported by Green et al. [2002a] these notch regions are of large scale
with extents of perhaps 10° to 15° with density depletions of perhaps 90% of the local nominal
value. Our Polar observations cannot confirm that the EM emission is within a density notch,
but several observations of oscillating frequency of UH emissionindicate fluctuations in local
density values of a somewhat smaller size scale, such asthose seen in Figure 7. The
simultaneous observations of Polar and Geotail, when the two spacecraft are well-separated,
could only be associated with a plasmaspheric density notch if therewas more than one notch in
the plasmasphere at the time. It isalso interesting to note that Polar PWI observed EM emission
within the plasmasphere at relatively high latitude, well above the +10° limits set for KC by
Hashimoto et al. [ 1999] (cf. February 11th observations, FHgure 2).

If the EM emissions observed by Polar are KC that is identified in the Geotalil
spectrograms, then aur results indicate that KC emission is not necessarily confined to
plasmaspheric notch regions. Thisis true because Polar observed this emission typically asit
neared the magnetic equator, independent of the location of Geotail. Unless the plasmaspheric

notches are much mare common than observations to date imply, then Polar observations imply
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that the presence of a density notch is not necessary for the generation KC. However, the notch
may focus the KC emission viarefraction sothat it is more easily detected by aremote satdlite
[cf. Green et al., 20014d)].

The wideband observations of Polar and Cluster provide new and interesting
information. Multiple closely-spaced (in frequency) bands observed by both spacecraft near the
magnetic equator and within the plasmasphere indicate that the emission is not just due to
harmonics of f,. One explanation for such emissionisthat it is due to multiple UH sources or
ordinary mode emission from source regions located at different radial distances (hence
frequency). A radia separation of < 1000 km could explain differences of f,, of only afew
hundred Hz. If the lines observed in Figures 9 and 10 are due to UH resonances, then density
fluctuations would also be important because £, = |/(f; + f..), wheref; isthe plasma
frequency. It isconceivable that density fluctuations in the form of cavities or ducts may be
present. Density cavities have recently been reported by Decreau [ private communication, 2002]
by the Cluster WAVES experiment [e.g. Moullard et al., 2002].

The source mechanism of KC emission is probably the same as that of the terrestrial and
planetary non-thermal continuum which has been generally described by the linear conversion
theory of Jones [1988] or by the non-linear conversion mechanisms described by Melrose
[1981], Barbosa [1982], or Ronnmark [1983, 1989, 1992]. All of these mechanismsinvolve
upper hybrid waves. Inthe linear mechanism UH waves refract (in a geep density gradient) to
z-mode waves at awave normal angle near 90°. Z-mode waves can mode convert to O-mode
waves [cf. Horne, 1989, 1990]. The non-linear mechanisms are described by the authors as more
efficient than the linear conversion mechanism. For these processes UH waves coalesce with

some lower frequency wave. The polarization and wave modes obtained by Polar are consistent
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with these theories, but we cannot easily distinguish between them. It is hoped that future
Cluster observations may help resolve some of these outstanding questions regarding the source

of KC.
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Figure Captions

Figure 1. In Figure 1 we display afrequency-time spectrogram of the Geotail plasmawave
instrument (PW1) sweep-frequency analyzer (SFA) with relative power gray-coded. This
spectrogram covers a six-hour period on May 20, 1996, when the spacecraft was on the nightside
at adistance ranging from 15.75 R, to 12.3 R,,, and ranging in magnetic latitude from 8.4°
through the magnetic equator to -6.1°. The kilometric continuum emission is seen as the narrow-

band frequency-drifting features indicated.

Figure 2. A frequency-time spectrogram of the PWI sweep-frequency receiver for atwenty-five
minute period of day May 20, 1996. Herethe MLT is near 22 hours and the spacecraft variesin
radia distance from 4.11 to 3.58 R,. The magnetic latitude varies in the polar orbit from 15° to

< 4.7°. Thetop panel displays the electric field while the bottom pand shows the magnetic field

datain afrequency range from 100 kHz to 250 kHz.

Figure 3. A much higher resolution PWI spectrogram of day May 20, 1996, that covers only two
minutes of time. Here a spin modulation of the electric and magnetic field data is discernable.
The spin period of the Polar satellite is about 6 seconds while the nullsin Figure 3 are about 10
seconds apart. Thisisdueto an aliasing of the spin period with the instrument frequency cycling

period of about 2.5 seconds.

Figure 4. In Figure 4 weshow a spectrogram of Polar SFR data for a 55-minute period on day
February 11, 1997. During thistime period the spacecraft islocated in the afternoon sector of

MLT ranging from 15.0 hoursto 16.1 hours. Theradial distance variesfrom 2.11 R, t0 3.4 R,.
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Significantly the magnetic latitude varies from high southern latitudes, -38.2° through the

magnetic equator to ~14.4°.

Figure 5. In Figure 5 we show Geotail observations for May 23, 1996. Polar observations for
the period from 02:10 to 02:32 are compared in Figure 6. We notethat Geotail at thistimeis
located at R ~30.25 R, MLT ~14.55 hours, and A, ~14.1 degrees, while Polar was in the range
31R,<R<3.7R;-49°<A,<7.75° and 21.9 hours< MLT < 22 hours. Thus, the MLT of

Polar is about 8 hours different from that of Geotail.

Figure 6. Electric and magnetic field data observed by Polar for a portion of the time period
shown in Figure 5 (Geotail). We observe several bands of UH emission in the electric antenna
and afew bands of EM emission in the magnetic field data of the lower panel. Spin modulation

isclearly seen in the Polar data which alows us to speculate on the wave modes present.

Figure 7. We show anexample of Polar SFR datafor May 15, 1996. The spacecraft islocaed
intherange3.8<R<5.3R,, -7.0°<1,<13.2° and MLT ~22.3 hours. The interesting aspect
of this datais the clear oscillation of the UH signature in both the electric and magnetic field
indicating a probable density fluctuation, perhaps due to the spacecraft crossing a density duct or
encountering a density cavity. Inthe magnetic field data (lower pand) there are interference

lineslocated at f'= 50 kHz, and /= 100 kHz.

Figure 8. Polar SFR spectrogram for a magnetic equator crossing on April 10, 1996. Thisdata

looks typical of many of the other crossings of the magnetic equator, thistime located at MLT
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~0.35and r ~4.5 R,. Thereissome rather intense electric field emission and faint, but distinct
magnetic oscillations observed in the interval from about 15:27 to 15:32. For this crossing,

however, high resolution data shown in Figure9 is also available.

Figure 9. Spectrogram of the high resolution wideband receiver data for a 48-second time
interval starting at 15:30.046. This data covers a frequency range from 125 kHz to about 215
kHz, which includes the EM emission seen in Figure 8. Of particular significance are the many
relatively intense near-constant frequency emission bands. The frequency separation of these
bands is much less than the local electron cyclotron frequency. Thereis also a spin-modulation
of the data showing nulls at ~3 second intervals. This modulation isconsistent with electrostatic
UH emission for the most intense bands in the interval 150 kHz << 170 kHz. For f> 170 kHz
the emission nulls are ~90° out of phase with those for /< 170 kHz, and are consistent with

ordinary mode emission.

Figure 10. A spectrogram of the wideband instrument (WBD) on board the Cluster (SC2)
spacecraft. The spectrogram covers a frequency range from 250 kHz to 260 kHz over a 30-
second timeinterval. SC2 islocated just above the magnetic equator at A,, ~3.2°, R=4.36 R,,
and MLT ~17 hours. Seen in the figure are very many closely-spaced emission bands that
increase slightly in frequency over the 30 second period of the plot. Soin modulation lanesare

also seen at about 2 second intervals. The similarity between this plot and Figure 9 is striking.



BE:OQT Z0-WNNr-8T 03553704 97 TA 15457110
141057 [0025096 [0S 42" H1HO 12 005040 HAHE H dulldi

ZHN WS AGP

68322 91:22 55:12 9e: 12 61:12 S0: 12 25:02 = NU:dH
CUH ©9°22 SYH 92722 S¥H [6°12 S¥H 09712 SYH 26712 S4H 80712 SWH (8702 = 17U
,08°262  ,€2°108 ,92°DIE ,99°BIE 667625 ,LE9°0VE ,24°1SE = ANDILY
JF1TO- L 22°E- .BE°D- ,82°2 .89 LD JBE'B = LEP
W 62°T Y EST I OBTT I OPTZ I 20°E W ILE W ey y = USOZ
3 vZ°r  3¥ 595 3y 96°9 3y £2°8 3 98°B I £¢ 0l I}y Oyl = US4
3y 26721 3¥ 9921 3 2¥El 3 00°FI 3§ 95Kl 3 LI1°Gl 3y SL°SI = m
3 66°0 3Y 06°0 3Y 09°0 I 0L°0 3 BS°0 I 9¥°0 Iy 9¢°D = 3867
28y 3Y LTS Y BITL I PST8 I £9°6 I 9010 I 2272l = 3844
3 6P TI- Y SPTTI- 3y [€°T1- 3y LO°T1- 3y SL°0T- 3y LE°OI- 3y €6°6- = 386y
1 oo:80  DO:L0 D090 0050 00:¢¥0 00220  D0:&0
0 . N N S SN N L1 Ny
00 06! i
002 00z
00% 008
00% 00¢ %
00% 006 2
008 009 —.
00/ 00/ %
008 008 W
1 oo:80  DO:L0 D090 0050 00:¢¥0 00:E0  D0:40

Sty G0 L5 000020 (02 AvW) [l —86

V45 IMd TIVIOFD




QLELT0OT O

o 0L
-, 0L
L, _aL
_u__.l_n__.
g 0L
1k
0L
o=t
m_l_u__.

EH U

ZH o W g

Loy R c'F ToF St ¥
20CL LS00 PR LA P L QDL
it B854 ool BICL LDl
B LLE LB BEY L1 ¥
Q00 L5eE D5-r L2 D20
E x
s F S
E X
E I s
= _ e
E F g
E x
— _ _ _ _ . ﬂ
7 8-445 1Md Ipjod
E x
E - S
E g
E { E g
E | x
E g
E E g
- | | | | .

OO 0T/50/9860 N3 Y¥—y4S |4 40|24

O iEn 0ESS0/9661

[ il B i N ol B ol o Nl e |

[l S i R i T il B ol N ol N il |

L
LE L
L,
L x5,
=
=02
(A
L=

L0
LE L
L,
L5,
LxE"
=02
(A
L= 2

{zH) Aouanbeay

{zH) Aouanbaay



QLELT0OT O

o0l
-, 0L
0L
oL—4t
9,0
1k
g1V
Sl

YT
ced
BRTL
RET

St e 0

EH U

ZH o W g

SCF
(LA
TR
G
BN g Y

LCF
(b
LT
LY
Qe

05
(LA
]
'ty
D

[

1

(VAN

RN
AN

1,

v
Iy

Qe 194500

u

1 H—d4s IMd JPlad

u

SEIE0 0T/S0/9661

N3 ¥—44% Mg 4U0[kd

TFIED 0E/S0/9661

o T e T R T Ty

uj ol

F T i T e T R T T

u

0

[ i T il B i N ol T N ol

[l S i R i T il B ol N ol N il |

L
LE L
L,
L x5,
=
=02
(A
L=

L0
LE L
L,
L5,
LxE"
=02
(A
L= 2

{zH) Aouanbeay

{zH) Aouanbaay



QLELT0OT O

o 0L
-, 0L
L, _aL
_u__.l_n__.
g 0L
1k
0L
o=t
m_l_u__.

EH U

ZH o W g

[F1= A0 TN [ 540 S58°C [N
Q0TS TES] Q851 eyl BES] LS,
R - A A L A FoTE— G gE—
e oL SE'C 2E o L1°¢
0oig b 0SS oFSh 0Tig ) rAlegl oG
1 9-445 IMd pjad
E ﬁ__ 0
] |

aotaL LSS0 LE6]

N3 ¥—44% Mg 4U0[kd

SoiEL LLAT0/LE6]

Db g

ul

S0bxtZ

=g

u

X8l
cO+%0T
cOIXTT

cObxtZ

{zH) Aouanbeay

{zH) Aouanbaay



9500 Z0-WNNr-6T 03553004 97 TA 15457110
141057 [0EaS096 [0S 40" HLHD 12 005040 XA HE H dulldi

ZiHp S S AP
00" 01 1~ I ——— 00" 051~
0S:FI PASER | SF:FI bE:FI PASER | Lastl = NHYHH o
EHH 667 FI1 EdH L2°FI EdH 947 FI1 EdH 9 ° FI1 EdH ES°FI EHH St T = L
G FETEYI JBT78L0T . 907 EDZ 98768 . =47 852 S0 FES = LN
JFLTO ,BE" S ,BE" O JFSTE JBTFI S92 Bl = LHALE]
Iy FETE- 4 BE° 4 34 2897 0- 34 6270 Iy 8272 4 BE° 2 = WSZ
Iy 0E° T2 Iy 99° 02 Iy LBBI Iy TT°BI Iy LORI iy B9l = WS-a )
Iy OF° 0L Iy E¥° 0L Iy 2¥° 0L Iy 9" 0E Iy 927 0L Iy 21708 = o
I4 FroE- 34 6¥F E- d4 £S5°E- d4 55°E- 34 LS E- dy 85°E- = 357
Iy 22712 34 1S5° 02 34 29°61 34 GLTEI 34 98° L1 Iy 2297 = 354,
Iy £ 12 Ay T2 22 Iy 267242 Iy 29° L2 I L1°F2 4 B9 Fe = 354K
1N 00:07 00: 80 00: 90 00: +0 00: 20 00: 00
g ) M
ao L acl &=
00z Q0T 2
Qo Q0T m
Q0¥ a0y 2
005 005 =<
Qs Q0os —
aleya Qos T
004 aocg M
1N 00:07 00: 80 00: 90 00: t0 00: 20 00: 00

siy 0| 1N 00:00:00 (¢7 AVA) v+ 1 —06

V1S IMd 1IVLI0dO




QLELT0OT O

=

alL

AR

91—

i

a1l

a1

AR

Gl—

al

oL

EH U

ZH o W g

T Ly bBFL L9 R
BE LD Pl oo A 2 Loa A FE L &L
98— L2 L — LB Q9B ST
tle BOY oty S5 B9
A YA BTN S-ad Y A
E F S
s F S
E E S
E JHife - -
3 TR F S
g - 5
E x
— , J _ : ||ﬂ
7 4—445 IMd Ieled
E F S
E - S
E %
= | | .ﬁ_.:::_._____:__ __ _S.__—___ WIM
3 0 =
E - S
E E g
= | | | | o

CEITO FE/S0/988L N3 Y—H4S Mg 40|24

OLE0 FEAS0/9661

[ il B i N ol B ol o Nl e |

[l S i R i T il B ol N ol N il |

L
LE L
L,
L x5,
=
=02
(A
L=

L0
LE L
L,
L5,
LxE"
=02
(A
L= 2

{zH) Aouanbeay

{zH) Aouanbaay



QLELT0OT O

t
t

I2:2 0T ¥ 09'% ¥0°g TG T
2z'7e 0573 R 1£'TT 6222 LW
o0 — s 5¥ 526 IR,
A= Koy Te TEF oT's
neiel Sligl 0o} Chid | DEilb 130S
¢ -t E -, 010
_al . -
¢l = s B
=
L=k o -
T 3 C L 0bxEL
?__ ] B m.
TE :
3 . _01x0°Z
_m..«.|_H__\ m _ m =
Sl = _ _ _ _ [ OIXEZ
1 H—d4% IMmd JB 94
g9l |m W#Eéﬁ
7] L [ -
pi=ob 5 3 y = i
m,r ] | u
g1-9 3 - L01XGL
N _ n
o=t - — 01%0°g
] | [
Sl _ _ _ _ SOLXEZ

SEEL S1A50/9661

V4> id

ORAL SLAS0/9661

{zH) Aouanbeay

{zH) Aouanbaay



QLELT0OT O

¢4t

z1-9t

T

71—k

nél.m:.

e Ol

EH U

ZH o W g

LLF
OFa
B t—
LN
el

B ¥
REH
Flo—
LY
L]

Ot ¥
50
ARV
Bt ¥
sl

Ny
AR
a8
Q97
gl

99
L0
R=R
¢t
sl

OE¥
STy,
L0705
¥EV
Ll

u

1 H—d4s IMd JPlad

u

gl oL a661

N3 ¥—44% Mg 4U0[kd

TLEL Ol a661

F T i T e T R T T T T e T R T R T g Ty

u

[ il B i N ol B ol o Nl e |

[l S i R i T il B ol N ol N il |

LH

1,

1355
L
LE L
L,
L x5,
=
=02
(A
L=

L0
LE L
L,
L5,
LxE"
=02
(A
L= 2

{zH) Aouanbeay

{zH) Aouanbaay



(995) HWII
0
02
[
uﬂm dP
l
5o 02T
=
=i 07
jie]
=
S 2 oo
[——
_ g 09
S
78 06-
L
g =
s 08
% o 09
]
m. 4
= 00T —
EHH @Es5 =Hq B5E -
EHH SZT =HH4 @ i
NOLIWTETEL 077 —

bk

0

(19

03

— 00T

— g1

yrg-raia-pioa| T

NOLLTIOBHE |

f—

ng T g 10| e

@b ]
TR LI i

B9 ]

[ Bz
[ 8
L

[51- R

Iid - IeTCd

T Bg

[ZHH) AduanbaIg

(dp) urED



LETLGO Bwan

£k

g1-0*
5=t
10
g1t
7=t

w-THE- A,

el L R

Ot ¥

HaaL

et

ar ¥

OT D

Ot ¥
ELERRt
8¢

ar ¥

et

DY L | — 0000

Ot ¥

HaaL

LY

ar ¥

OZ 40

% DORROLE L — 302008 1A LN

Ot ¥

gad

61T

ar'F

ShFHd

Ot ¥

E5 3L

tlE

ar'F

Qg

MED ZHH GG Oga S91=n|0

Ot ¥

E5 3L

ar'F

Sl

Ot ¥
Baal
50'E

ar'F

P+

¥oE

95s

BEE

nas

[zH4] Asuenbeay 23



	Article File #1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12
	page 13
	page 14
	page 15
	page 16
	page 17
	page 18
	page 19
	page 20

	Figure 1 -
	Figure 2 -
	Figure 3 -
	Figure 4 -
	Figure 5 -
	Figure 6 -
	Figure 7 -
	Figure 8 -
	Figure 9 -
	Figure 10 -

