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Abstract. Magnetic field data from the Active Magnetospheric Particle Tracer
Explorers/lon Release Module satellite are used to complete a statistical study
vielding occurrence rates of a number of different types of pulsations. Two hour
panels of dynamic spectra and detrended line plots were inspected to determine
occurrence rates over all local times from L = 6 to L = 20. Event types include
fundamental field line resonances, harmonic resonances, storm time pulsations, and
signatures of bursty bulk flows and fast flows. However, we also include observations
of Pc3 compressional pulsations and note their association with harmonic events.
Likewise, we include high—frequency events (40-70 mHz) and show a relation to
storm time pulsations. On the basis of the occurrence distributions, we are able
to make a number of conclusions. We determine that the excitation source of
fundamental resonances is likely band limited from 3 to 10 mHz and that harmonic
resonances are at least sometimes associated with compressional Pc3 pulsations.
Storm time pulsations, compressional in nature, are sometimes associated with
relatively high frequency transverse events and often occur in regions very close
to the magnetopause. On the basis of other works that associate these pulsations
with instabilities in the partial ring current, we suggest that particles that form the
partial ring current may extend to the magnetopause during storms and substorms.
Finally, we note that bursty bulk flows and fast flows in general have 2 magnetic
signature that is predominantly compressional, and we discuss the relevance this

may have regarding substorm dipolarization.

1. Introduction

A number of statistical studies of the magnetosphere
using both ground-based and satellite data have been
completed which have proven to be very useful in un-
derstanding generation mechanisms of various types of
pulsations. In this work, we report results of a statis-
tical survey of occurrence rates of signals with periods
in the Pc3-Pc5 range (10-600 s) observed by the Active
Magnetospheric Particle Tracer Explorers/Ion Release
Module (AMPTE/IRM) satellite. We consider events
of various types (and, presumably, different excitation
mechanisms) and define these types on the basis of pre-
vious reports of observations and theory. While some
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events such as fundamental and harmonic resonances
appear to be very well understood, other activity such
as that associated with bursty bulk flows has been stud-
ied much less. Not all of the events we include are
necessarily coherent pulsations. For example, signals
with compressional oscillations that may be associated
bursty bulk flows do not appear to result from wave ac-
tivity. These are included in this study because their
occurrence distribution may be helpful in understand-
ing their origins even if they are not wave related.
Statistical surveys have been completed using data
sets from many different satellites with different orbits.
A number of studies have investigated fundamental and
harmonic field line resonances using geosynchronous
data [Junginger et al., 1984; Kokubun, 1985; Kokubun
et al., 1989; Tokahashi and McPherron, 1984]. Ander-
son et al. [1990] used AMPTE/CCE data and Cao et al.
(1994} used ISEE 1 data, both with elliptical orbits, to
extend survey results to larger L shells near the equator.
More recently, data from polar orbiting satellites have
also been used for statistical analysis. Nosé et al. [1995]
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used magnetic field data from DE 1 and Potemra and
Blomberg [1996] used magnetic and electric field data
from Viking to investigate characteristics of resonances
at high latitudes.

Other studies have focused on compressional oscilla~
tions. As with observations of resonances, earlier sur-
veys used data from geosynchronous satellites [Barfield
and McPherron, 1972; Higuch: and Kokubun, 1988;
Kokubun, 1985; Tokahashi et al., 1985], while other
studies (mostly later) used data from satellites with el-
liptical orbits [Anderson et al., 1990; Cao et al., 1994;
Hedgecock, 1976; Zhu and Kivelson, 1991] and polar
orbits [Potemra and Blomberg, 1996]. While the ma-
jority of these studies considered the relationship be-
tween magnetic storms and compressional pulsations,
Anderson et al. [1990] took a more general approach
by separating compressional signatures associated with
storms from those with different origins. They were
then able to show a peak in the occurrence rate distri-
bution of non-storm-time compressional pulsations on
the dayside. Zhu and Kivelson [1991] recorded mean
wave amplitudes observed by ISEE 1 and 2 in the day-
side magnetosphere, and they suggest that pulsations
occurring on the dawn and dusk flanks are excited by
internal plasma instabilities. The relationship of their
study to others is difficult to reconcile, however, be-
cause the relationship between mean wave amplitudes
and occurrence rates is not known.

Coherent pulsations constitute only one of several
possible sources of signals in the Pc3-Pcd frequency
range. Other activity can also modulate the magnetic
field at these frequencies, although their signals tend
to be more broadband. Transient events can be ob-
served in the dayside magnetosphere [Sanny et al., 1996]
and in the nightside [ Takahashi et al., 1996]. Fluctua-
tions associated with substorms such as neutral sheet
oscillations [Bauer et al., 1995], low—frequency oscilla-
tions at substorm breakup [Holter et al., 1995], and sig-
nals associated with Pi2 onset [Saka et al., 1996 are
common. Kokubun [1983] showed that magnetic signa-
tures of storm sudden commencements are detected at
geosynchronous orbit over a broad range in local time,
from 0300 to 2100. All of these incoherent types {and,
undoubtedly, others not listed) contribute to the spec-
tral signatures in the plots we considered. By defining
a list of event types with clear signatures, we believe we
have significantly reduced the amount of contamination
from unwanted events in our study.

2. AMPTE/IRM Trajectory and
Magnetic Field Experiment

The AMPTE/IRM satellite was launched on August
16, 1984, into an elliptical orbit with an apogee of ap-
proximately 18.8 Rgp and a perigee of 557 km. The
orbit, with a period of 44.3 hours, was inclined 28.6°
from the geographic equator and precessed westward
23.0 hours in local time per year (0.95° per day). Mag-

LESSARD ET AL.: AMPTE/IRM PC3-PC5 PULSATION STATISTICS

netic fleld data were obtained using a three-axis flux-
gate magnetometer mounted at the end of a 2 m car-
bon fiber boom [Lihr et al., 1985], and sampled at 32
samples per second, although spin-averaged data (4.5
s period) were used for this study. The magnetometer
was capable of operating in two ranges and was con-
trolled automatically, but for the data we considered it
was always operated in the higher-resolution mode of
0.12 nT.

Because the satellite’s orbit was highly elliptical, its
speed through regions in the L = 6 — 9 range was very
fast, typically crossing AL = 1 in 40 min or less and
resulting in limited sampling of inner L shells. In ad-
dition, the relatively high inclination combined with
the dipole tilt provided latitudinal coverage of approx-
imately £40°. The combination of broad latitudinal
coverage and high satellite speeds resulted in sampling
intervals with inadequate latitudinal information for a
statistical survey. For this reason, we consider occur-
rence rates in only two dimensions, L shell and magnetic
local time.

This survey was completed with the goal of determin-
ing occurrence rates of pulsations in the regions from
L = 6 to the magnetopause. Our results should over-
lap those of Anderson et al. [1990], although the cov-
erage of inner L shells provided by AMPTE/CCE is
significantly better. Our intention has been, in part, to
extend their results to magnetospheric regions beyond
AMPTE/CCE apogee, which occurred near L = 9.
In order to exclude events in the magnetosheath, we
use a conservative definition for detection of the mag-
netopause, similar to that used by Zhu and Kivelson
[1991]. If the satellite is on the outbound leg of its or-
bit, we ignore data beyond the point where the plasma
velocity exceeds 100 km/s the first time. If the satel-
lite is inbound, we consider data only after the plasma
velocity has dropped below 100 km/s for the last time.

Figure 1 shows observation times as a function of L
shell and magnetic local time. Bins having a total of 2
hours or less are cross hatched, and occurrence rates in
these bins are not calculated because of the poor statis-
tics. The average position of the magnetopause [Holzer
and Slavin, 1978] is plotted as a solid line, and regions
beyond this line are typically cross hatched because of
the above requirement that the satellite be within the
magnetopause, resulting in little or no observation time
for these bins. The clear increase in times for larger L
shells results from the large apogee of the satellite and
the associated slower speeds in those regions.

We examined data obtained over the interval from
October 1, 1984 through October 31, 1985, during
which time the satellite precessed slightly more than
24 hours in local time. No attempt was made to re-
move cyclical effects of solar origin although such ef-
fects are present. Figure 2 shows the daily average 4,
index during the entire interval. This index, a measure
of geomagnetic activity, is similar to the K, index ex-
cept that it is based on a linear scale as opposed to the
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Figure 1. Observation times of AMPTE/IRM from
October 1, 1984 through October 31, 1985. Cross-
hatched bins represent those with less than 2 hours to-
tal time, which we require as a minimum for statistical
purposes. Bins outside the magnetopause are typically
cross hatched because of the requirement that the satel-
lite be within the magnetopause, resulting in little or no
observation time for these bins.

quasi-logarithmic scale of K,. We first point out that
the data used for this study were obtained at a time
approaching solar minimum. The smoothed line shown
in Figure 2 shows a clear decrease in A, over the period
although it can be seen that the change is small, imply-
ing that magnetic activity was relatively stationary for
this period. The relevance of this information to occur-
rence rates presented in this work is difficult to quantify,
although occurrence rates obtained during solar maxi-
mum would certainly be higher. Two other effects may
be more important because they relate to changes in
activity occurring over timescales shorter than the in-
terval used in this study. The first is the 27 day solar
rotation cycle, visible in the 4, index presented in Fig-
ure 2. Because the satellite’s orbit precessed 0.95° per
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day, relative peaks in occurrence rates should appear
approximately every 26°, or 1.7 hours in magnetic local
time. However, the bin size of 1 hour in local time re-
sults in spatial aliasing, so that the solar rotation peak
is not visible in the plotted occurrence rates, although
the effect is assumed to be present.

Finally, we also expect to observe seasonal variations
[Bartels, 1963]. Such variations occur as a result of en-
hanced coupling between the solar wind and the Earth’s
magnetic field at vernal and autumnal equinoxes, and
they account for increased activity at those times [Jose-
lyn, 1995; Russell and McPherron, 1973]. From the
smoothed line in Figure 2, however, it is apparent that
this effect was not significant for our study. The reason
may be related to the decreased activity associated with
solar minimum.

3. Data Format and Analysis

This study was carried out by visually scanning plots
of detrended magnetic fleld data and their dynamic
spectra, as is shown in Figure 3. Durations of vari-
ous events (defined below) were recorded as well as the
satellite position during these times. Occurrence rates
were calculated by normalizing the total event time by
the total observation time for each I shell and hour in
magnetic local time. The coordinate system, similar to
that used by Anderson et al. [1990], is a spherical one
with its polar axis aligned with the Farth’s magnetic
dipole and the data presented in radial (Br), eastward
(Bg, and compressional (Bx) coordinates. In this sys-
tem, compressional perturbations are directed along the
background magnetic field, which is calculated from the
observed field as described below; the background mag-
netic field so calculated is nominally northward. The
eastward direction is taken to be the negative of the
unit vector pointing from the center of the Earth in the
direction of the satellite, crossed into the unit vector of
the calculated background field. The radial direction is
then calculated by crossing the eastward unit vector into
the background fleld unit vector. Note that the radial

Cct 84 Dec 84 Feb B3

Jun 85 Aug 85 Cct 85

Figure 2. The daily average A, index for the duration of this study. The smoothed line shows
A, averaged over 80 days and is an indication of the general trend. Although it shows a decrease
in activity as solar minimum approaches, the change is small compared to normal activity.



LESSARD ET AL.: AMPTE/IRM PC3-PC5 PULSATION STATISTICS

(9]

AMPTE /IRM Mcgnetometer

~
v

o8]

3C Jen 86

Radiat

tastword

Frequency (mHz)

Compressionol

RIR NI A e i i

08:0C 20 40
L sheii= ¢ 8
Meg LT= &
Meg lot= -17 -15

o
)
<

NN
(@]

0 4 M
40 i

[
(@]
(@]

[

-8 -4 ~13

Figure 3. An example of the type of plot used in this study. The top three dynamic spectra
are of the radial, eastward, and compressional components. The three detrended line plots at the
bottom are of the same three components. Universal time is indicated along the horizontal axis,
and vertical lines mark times when the satellite crossed into certain L shells or local times. This
particular example shows the presence of a fundamental resonance of 3~10 mHz (from 0800 UT,
fading at 0936 UT) and harmonic resonances {foeax > 10 mHz) from 0820 UT through the end
of the plot. Note the frequency dependence on L for both types of events.

direction does not strictly point outward from the cen-
ter of the Earth because it depends on the orientation
of the background field, which fluctuates constantly and
1s nominally dipolar, at least for the inner L shells. The
data, while in a solar magnetic (SM) coordinate system,
are then detrended by subtracting a background field,
calculated point by point as follows [Zhu and Kivelson,
1991. For each data point, a segment consisting of ap-
proximately 30 min worth of data (400 data points),
whose midpoint occurs at the time of the data point,
is fitted with a straight line. Segments of 30 min are
used because they are effective in removing the back-
ground magnetic fleld without reducing Pc5 pulsation
amplitudes. The value of the midpoint of the fitted line
is taken to be the value of the background field at the
time corresponding to the data point. The calculated
background field is then used to calculate the compres-
sional component b - B/B, where B is the background
field and b is the magnetic field data in the SM system.
The other two components are calculated as described
above.

Once data have been transformed to this system, dy-
namic spectra for each component are then calculated.
No averaging is performed, and all of the data are used,
retaining the sampling period of 4.5 s with a Nyquist
frequency of 111 mHz. The data are whitened to reduce

background noise in the lower frequencies [Engebretson
et al., 1986], and then linear interpolation is used to fill
gaps of 120 s or less. Segments of 256 points {approxi-
mately 19.2 min, resulting in a frequency resolution of
0.87 mHz) are then extracted and a Bartlett window
is applied before calculating the fast Fourier transform.
The window is advanced 60 s and the calculation is re-
peated until enough spectra have accumulated to fill 2
hour panels. Because of the large range in wave power
in different regions such as the inner magnetosphere, the
magnetosheath, and the solar wind, the power spectral
density is plotted using a log scale that spans several
orders of magnitude. With this scaling, the minimum
detectable signal level is approximately 1 nT.

The satellite position is calculated assuming a dipole
magnetic fleld. L shell, magnetic local time, and mag-
netic latitude information are included on the plots, al-
though, as discussed above, latitudinal effects are ig-
nored because of the sparse coverage. While a dipole
fleld is appropriate for mapping regions in the inner
magnetosphere, it is used here simply as a convenient
means of organizing the data for the sake of compari-
son to AMPTE/CCE results of Anderson et al. [1990].
On the nightside, in particular, field line stretching will
distort the field significantly from a dipole configura-
tion, especially during active periods. Events occurring
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at large L, especially on the nightside, probably do not
realistically map to a footprint on the Earth calculated
using the dipole mapping r = Lcos?§, where § is invari-
ant latitude.

4. Event Types and Sample Data

The main purpose for completing this survey is to
identify regions within the magnetosphere where vari-
ous types of pulsations tend to occur. Rather than se-
lecting events solely on the basis of spectral and polar-
ization characteristics, we have identified various types
of events on the basis of a synthesis of properties re-
ported in the literature. Naturally, certain types of
pulsation events have been better identified than others.
In cases where distinctions were not clear, we adopted
2 broader event definition than might be necessary in
order to be confident that we included all events within
a category. Our approach has a couple of consequences.
First, it means that there are certainly times when ac-
tivity is present but does not fit any of our event def-
initions. These intervals are ignored. Second, some of
the definitions may be too broad and may unintention-
ally include pulsations excited by different and possibly
unrelated sources. For these cases, while spatial occur-
rence distributions may provide useful information as
to their sources, it is likely that more work is needed
beyond this survey before they are well understood. In
sections 4.1-4.4, we discuss each of the different types
of events in detail.

4.1. Fundamental and Harmonic Resonances

Fundamental and harmonic resonances are probably
the most easily observed and most well defined types of
pulsations. The general idea is that standing waves are
set up along magnetic field lines whose fundamental and
harmonic frequencies depend inversely on the Alfvén
transit time, which increases with higher L [Samson
and Rostoker, 1972]. A satellite crossing field lines radi-
ally, then, observes oscillations in the azimuthal compo-
nent of the magnetic field with a frequency that changes
- smoothly as a function of radial distance {while main-
taining a coherent signal). Reports of observations of
standing Alfvén waves by ATS 1 appeared nearly 30
vears ago [Cummings et al., 1969]. Singer et al. [1982]
later showed that electric and magnetic fields measured
by ISEE 1 during these events were 90° out of phase,
providing strong support for their standing nature. The
harmonic structure has also been well studied and doc-
umented [Cummings et al., 1969; Engebretson et al.,
1986; Takahashi and McPherron, 1982], and it now
seems clear that satellites near L = 5 to L = 9 observe
fundamental resonances below 10 mHz while harmonic
resonances occur generally above 10 mHz. We empha-
size that these resonances are associated with broad-
band excitation sources and not necessarily typical of
field line resonances observed on the ground, which
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most often appear to be present over some spatially thin
region [Ruohoniemi et al., 1991; Walker et al., 1979].

For the purposes of this survey, we adopt definitions
of fundamental and harmonic resonances identical to
those used by Anderson et al. [1990]. Any resonance is
first identified as a narrowband signal (Af < 10 mHz)
whose frequency decreases with increasing radial dis-
tance. The event is recorded as a fundamental reso-
nance if its frequency is less than 10 mHz; otherwise
it is recorded as a harmonic event. Anderson el al.
[1990] were able to show that this definition was reli-
able by noting that the occurrence rate of fundamental
mode resonances had a node near 0° magnetic latitude
and that it increased smoothly with increasing latitude,
consistent with the expected signature of an odd-mode
resonance. We point out that consistent with the results
of Takahashi and McPherron [1982] and Anderson et al.
[1990], the presence of a fundamental resonance in our
data did not seem to be necessarily well correlated with
the presence of harmonics. Either type of event could
appear independently of the other. Figure 3 shows a
typical example of both types of resonances (visible as
intensifications of power in the eastward component),
occurring simultaneously in this case. The fundamental
resonance begins at ~ 3 mHz and gradually approaches
10 mHz as it fades near 0936 UT. Harmonic resonances
can be seen faintly as early as 0820 UT after which they
intensify significantly. Note that although the signal
levels in the detrended data are very low {fundamen-
tal resonances are often 15 nT or more), the dynamic
spectra enhance these features significantly.

4.2. Storm Time Pulsations

Observations of magnetospheric fluctuations at Pch
frequencies (1.7-6.7 mHz) with significant power in the
compressional component of the magnetic field are very
common. There are many types of phenomena that
would have this signature, not all of which are pulsa-
tions. A partial list includes transient events [Borod-
kova et al., 1995; Sanny et al., 1996], sudden com-
mencements [Kokubun, 1983], storm recovery phases
[Baumjohann et al., 1987, dipolarization at substorm
onset [Baumjohann et al., 1991], neutral sheet oscilla-
tions [Bauer et al., 1995], oscillations associated with
substorm breakup [Holter et al., 1995], and Pi3 pulsa-
tions, possibly due to solar wind pressure fluctuations
[Matsuoka et al., 1995]. Not included in this list are
bursty bulk flows, which are discussed below.

Particular types of compressional signals commonly
observed in the dayside and afternoon sectors have been
well correlated with magnetic storms. Barfield et al.
[1972], Barfield and McPherron [1972], Barfield and
MecPherron [1978], and Kokubun [1985] identified events
that tend to be located in the afternoon sector and
were able to associate them with substorms and the
main phase of storms. Kremser et al. [1981] suggested
that these pulsations may be associated with electron
oscillations (of energy F. > 22 keV) in phase with to-
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tal magnetic field fluctuations and out of phase with
ion oscillations (of energy E; > 27 keV). In their work,
Barfield and McPherron [1972] describe storm time pul-
sations as having a mean frequency of 5 mHz and a
mean amplitude of 10 nT. Events typically last from 15
min to several hours, during which time the wave re-
mains quasi-monochromatic with very nearly constant
frequency. Events in their study ranged in frequency
from 2.5 to 9 mHz, although 18 of the 20 events they
studied had a frequency of 5 + 2 mHz. Barfield et al.
[1972] also mention that the compressional and radial
components are, on average, in antiphase.

Higbie et al. [1982] and Nagano and Araki [1983]
reported observations of compressional pulsations ob-
served near magnetic noon, and they showed that they
typically occur during the recovery phase of storms.
These waves tend to persist for several hours (27 hours
for the event reported by Higbie et al. [1982]) and have a
maximum in frequency near local magnetic noon {at 13
mHz for one example) with lower frequencies on either
side of noon. Takahashi et al. [1985] investigated eight
events, including those first reported by Higbie et al.
[1982] and Nagano and Arak: [1983], although not all
of the events were associated with the recovery phase
of a storm. They determined that the azimuthal wave
number for these events ranged from 40 to 120, that
the waves typically propagated westward with a veloc-
ity of 10 km/s, and that harmonics of local standing
Alfvén waves often occurred simultaneously. They were
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also able to show that energetic electron flux oscillations
remained in phase with energetic ion flux oscillations,
both out of phase with fluctuations of the total mag-
netic field. Kremser et al. [1981] had also noted these
characteristics of compressional pulsations near mag-
netic noon. Finally, Takahashi et al. [1985] note that
the magnetic fleld signature typically shows a phase lag
of 180° between the parallel and radial components and
a phase lag of £90° between the parallel and azimuthal
components.

In their definition of storm time events, Anderson
et al. [1990] included monochromatic pulsations (A f <
15 mHz) if the upper frequency limit was 15 mHz or
less and broadband pulsations {15 mHz < Af < 80
mHz) if the lower frequency limit was 5 mHz or less.
In our definition of storm time pulsations we impose
somewhat tighter constraints and require Af < 15 mHz
and 1 mHz < f < 20 mHz. We also require that the
wave power in the northward and radial components be
greater than that in the eastward component, similar
to the constraint used by Anderson et al. [1990]. Using
this definition, we expect to include both main phase
and recovery phase related events as described above.
We point out that it is not possible to distinguish be-
tween these two types of events on the basis of mag-
netic fleld data alone. Figure 4 shows the signature of a
storm time pulsation along with high-frequency trans-
verse pulsations. The high~frequency pulsations are dif-
ferent than harmonic resonances and are discussed in
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Figure 4. An example of storm time and related high—frequency transverse pulsations. Storm
time activity can be seen from 1230 UT through the end of the plot. High—frequency transverse
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compressional component is present from 1240 to 1300 UT.
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Figure 5. Magnetic signature of a bursty bulk flow. From the plasma data it was determined
:haz the flow arnved at 0822:50 UT, although the signature in the magnetic field data is apparent
beginning near 0821:10 UT. This event is tvpxcal in the sense that most of the power is present
in 5he compressxonai component and the spectrum consists of discrete peaks superimposed on a

broadband background.

section 4.3. Onset of the storm time pulsations occurs
at 1230 UT and continues through the end of the plot-
ted data. Note that the presence of frequency doubling
of the compressional component occurs near 1300 UT.
Frequency doubling of the compressional component of
storm time pulsations was reported by Coleman [1970]
and further investigated by Higuchi et al. [1986] and
Takahashi et al. [1990a]. Southwood and Kivelson [1997]
present a nonlinear theory explaining that such pulsa-
tions are associated with resonant ring current particles
and that these waves play an important role in limiting
ring current growth. Higuchi et al. [1986] called the type
of activity in Figure 4 transitional because the compres-
sional component contains power at the frequency of
the radial component and twice that value. While the
example in Figure 4 is not the clearest one in our data
set, we omit frequency-doubling events from the survey
because of the rarity of their occurrence. The low occur-
rence rate in our data set may be due to the restriction
that the satellite must be within 2° of the magnetic
equator to observe them [Takahashi et al., 1990a].

4.3. High-Frequency Azimuthal Pulsations

High-frequency transverse pulsations such as those
visible in Figure 4 at 1315 UT are observed occasion-
ally by AMPTE/IRM. The duration of this particular
event, ~ 10 min, is typical. We include events of this
type in our survey because of their apparent associa-

tion with storm time pulsations. We require that they
be transverse or azimuthally polarized, with frequencies
such that Af < 10 mHz and fpeax > 20 mHz.

4.4. Bursty Bulk Flows and Other Fast Flows

Angelopoulos et al. [1992] describe bursty bulk flows
as intervals, typically lasting 10 min, in the inner cen-
tral plasma sheet when plasma velocities are enhanced.
Embedded within these intervals are brief “flow bursts”
with velocities greater than 400 km/s lasting the order
of 1 min. Flows are predominantly earthward and per-
pendicular to the background field. Of the events stud-
ied by Angelopoulos et al. [1992], 90% were associated
with an AF index greater than 100 nT, and they sug-
gest that these flow events may be important to plasma
sheet transport during substorms if their cross section
is the order of a few tens of R%. Shiokawa et al. [1998]
recently analyzed one event in detail and showed that
observation of a high-speed flow preceded formation of
the current wedge by 3 min and geosynchronous particle
injection by 6 min.

Figure 5 shows a typical magnetic signature of a flow
burst, which was one of the events considered by An-
gelopoulos et al. [1992]. Although the flow arrives at
0822:50 UT (not shown), the signature in the magnetic
field data is apparent near 0821:10 UT. As is typical for
virtually all of the events studied, increased power is
primarily present in the parallel (compressional} com-
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Table 1. A Summary of Event Type Definitions Used in the Survey

Event Type Polarization

Frequency

Fundamental resonance
Harmonic resonance

Pc3 compressional

Storm time
High-frequency azimuthal

compressional
meridional

Bursty bulk flow (BBF) compressional

transverse, predominantly azimuthal
transverse, predominantly azimuthal

transverse, predominantly azimuthal

Af <10 mHz, foeax < 10 mHz, L dependent
Af <10 mHz, foeax > 10 mHz, L dependent
Af <10 mHz, foeax > 10 mHz
Af <10 mHz, 0 mHz < foeax < 20 mHz
Af <10 mHz, foeax > 10 mHz,
L independent
broadband with discrete peaks, maximum
duration of 30 minutes

ponent of the magnetic field with a spectrum consisting
of increased broadband noise accompanied with peaks
in power occurring at discrete frequencies throughout
the 0-80 mHz range.

We include events of this type in our survey, although
the definition is relaxed from that used by Angelopou-
los et al. [1992], who considered plasma sheet flows in
excess of 400 km/s. Because we consider magnetic field
data alone, we no longer require that flow velocities
exceed 400 km/s, and we place no restrictions regard-
ing the location of the satellite. We only require that
a flow event has a signature as described above. In
particular, we require that {1) the power be primarily
compressional, {2) the spectrum have a low-level broad-
band background, (3} peaks appear in the spectrum at
discrete frequencies, and {4) the event duration be less
than 30 min. The last constraint is imposed in order
to exclude compressional activity associated with sub-
storms that does not result from the passage of a bursty
bulk flow. Such activity might result from substorm
dipolarization, fast mode waves excited in conjunction
with substorm onset, or other types of phenomena that
are not yet well understood. By using a relaxed event
definition for this survey, our intention is to consider all
flow-type events in any region, not just plasma sheet
flows with speeds greater than 400 km/s. Angelopou-
los et al. [1994] investigated the occurrence distribution
of bursty bulk flows, noted a decreased occurrence rate
nearer the Earth, and suggested that flow speeds de-
crease as bursty bulk flows approach the Earth. By re-
laxing the constraint that flow speeds exceed 400 km/s,
we hope to determine occurrence distributions of the
flows as they decelerate. Finally, we point out that fast
flows are typically embedded in bursty bulk flows and
do not appear separately in our study.

5. Results

Table 1 shows a summary of the event definitions de-
scribed in section 4. For each event type, the survey
was completed by examining both line plots and dy-
namic spectra, plotted as shown in Figures 3, 4, and 35,
and recording total observation time along with event
times. Occurrence rates are calculated by dividing event

times by total observation times for each bin, and they
are presented and discussed in sections 5.1-5.4.

5.1. Fundamental Resonances

Occurrence rates for fundamental resonances are pre-
sented in Figure 6, which shows results similar to those
obtained by Anderson et al. [1990]. In their work they
showed that fundamental resonances observed within
13° of the equator are observed less frequently {less than
40%) than those observed at higher latitudes are (nearly
80%), and they attribute this difference to the presence
of a node near the equator because of the odd mode res-
onance. As mentioned in section 2, AMPTE/IRM sam-
pled £40° in magnetic latitude, which when combined
with the relatively fast speed of the satellite, resulted in
poor statistical coverage as a function of latitude. For
this reason, we ignore latitudinal effects and present
only the occurrence rates observed for all latitudes, ob-
taining a maximum rate of 57%, consistent with the
results of Anderson et al. [1990].

Figure 6. The occurrence distribution of fundamen-
tal field line resonances. Note the pronounced dawn-—
dusk asymmetry in occurrences. Also, note the lack of
resonances near the magnetopause, likely an indication
that the source spectrum does not contain power below
a certain frequency, which we estimate to be ~ 10 mHz.
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Figure 7. An example of how the signature of a fundamental resonance fades as the satellite
approaches the magnetopause. The resonance appears at 1000 UT as a narrow banded structure
near 7 mHz in the eastward component only. The signal fades near 1040 UT but intensifies
somewhat and then fades finally at ~ 1112 UT after its frequency has decreased to ~ 3 mHz. Note
that the signal fades near L =~ 9.2 but that the satellite does not encounter the magnetosheath

until near L =~ 10.2.

Perhaps the most useful information in Figure 6 is
concerned with the spatial aspects of the occurrence
rates. In spite of the poor sampling of some regions, it
seems clear that fundamental resonances are not typ-
ically observed near the magnetopause. Although it
may be suggested that the field topology and motion
of the magnetopause may have shielded their signature,
we note that we found no cases where a fundamental
resonance was observed as the satellite encountered the
magnetopause. Figure 7 shows an example of how the
signal of a fundamental resonance fades near the mag-
netopause. The resonance appears in Figure 7 (at 1000
UT) as a narrow banded structure near 7 mHz in the
eastward component only. As the satellite crosses field
lines {moving radially outward), its frequency decreases
to a minimum near ~ 3 mHz. The signal can be seen
to fade initially near 1040 UT (in spite of the bad data
segment) but intensifies somewhat and then fades for
the last time at ~ 1112 UT in the region of L =~ 9.2.
Magnetic fluctuations typical of the magnetosheath be-
gin to appear at 11580 UT, when the satellite is close to

=~ 10.2.

A similar trait can be noted regarding the high-
frequency end of fundamental resonances. Figure 3
shows an example of how the frequency of a fundamen-
tal resonance typically appears to not exceed 10 mHz.
The signal, nominally ~ 3 mHz at 0800 UT, increases

to ~ 10 mHz as the satellite moves radially inward be-
fore fading near L =~ 6.4 at 0936 UT. This behavior,
combined with the fact that harmonic resonances are
not strongly associated with fundamental resonances
and the discussion of the previous paragraph, suggests
that the excitation source is band limited. We con-
clude that the excitation source must contain power at
frequencies ranging from ~ 3 to 10 mHz. A Kelvin-
Helmboltz instability acting at the magnetopause has
often been invoked as the excitation source of field line
resonances. Miura [1987] modeled this instability at the
magnetopause and predicted that perturbations should
occur in the frequency range from 3.2 to 9.3 mHz, which
is consistent with our results. This lends strong credi-
bility to the association of fundamental resonances with
the Kelvin—Helmholtz instability.

Although it is apparent from Figure 6 that funda-
mental resonances can be detected over a very broad
range in local time, Figure 6 also shows that they are
most likely to occur near dawn, a result consistent with
that of other studies [Anderson ef al., 1990; Kokubun,
1985; Kokubun et al., 1989; Takahash: and McPherron,
1984] Assuming that a Kelvin-Helmholtz instability is
responsible for fundamental resonances, it may seem
that occurrence rates at dawn and dusk should be sim-
ilar. Anderson et al. [1990] considered the possibil-
ity that fundamental resonances on the dusk side are
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Figure 8. The occurrence distribution of harmonic
field line resonances. Such events are most likely to
occur near local noon in contrast to fundamental reso-
nances, which tend to occur near the flanks of the mag-
netosphere.

present but are masked by other pulsation activity, al-
though their result was inconclusive. However, results
from the model of Lee et al. [1981] show that the insta-
bility criterion is more easily satisfied in the morning
sector, which may explain the reason for the dawn—dusk
asymmetry noted in the various studies. In particular,
excitation of the magnetopause in their model depends
on the magnitude and direction of the magnetosheath
magnetic field. Because the magnetosheath magnetic
field intensity in the morning sector is generally smaller
than that in the afternoon, the instability criterion for
the instability is more easily satisfied in the morning
sector.

5.2. Harmonic Resonances

Qccurrence rates of harmonic resonances are pre-
sented in Figure 8. The spatial distribution is again
similar to that of Anderson et al. [1990], except that the
peak in our survey occurs near noon, while theirs oc-
curs a few hours earlier. The reason for the discrepancy
is not clear, although it may be due to the difference
in latitudes sampled by the satellites. The maximum
occurrence rate that they obtain, near 63%, is similar
to ours of 72%.

The relatively uniform occurrence distribution as a
function of radial distance is noted by Anderson et al.
[1990] and may well have implications regarding the
excitation source for these resonances. In particular,
such a distribution implies that the source permeates
the dayside magnetosphere uniformly. Anderson and
Engebretson [1995] compared the relative power of all
three components of magnetic field data obtained by
AMPTE/CCE in an attempt to determine the source
of harmonic and broadband resonances observed in the
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dayside magnetosphere. They conclude that harmonic
resonances are likely generated by one of two mecha-
nisms. The first possibility is the high-latitude entry
mechanism discussed by Engebretson et al. [1991]. In
this case, coupling occurs at the high-latitude footprint
of the field line where resonances are directly excited.
The second possibility they suggest is that harmonic
resonances are generated by propagating compressional
oscillations resulting from perturbations of the mag-
netospheric cavity, although they point out that such
a cavity would have to be a relatively poor resonator
(its @ would be low). Coupling between compressional
waves and field line resonances has been studied theo-
retically by a number of authors [Chen and Hasegawa,
1974; Hasegawa et al., 1983; Southwood, 1974], who
show that energy is transferred from the compressional
wave to the resonance.

Figure 9 shows an example of one of the events we
considered in our survey. Harmonic resonances can be
seen from 0945 to 1147 UT as spectral peaks in the
azimuthal component that decrease in frequency as the
satellite moves radially outward. Beginning at 0922 UT,
compressional power is visible at a frequency of 31 mHz,
which gradually decreases to 24 mHz. Low-level broad-
band compressional power is also seen throughout the

~ interval from ~ 20 to 60 mHz. Although we have not

investigated this event in detail, it seems likely that the
narrowband compressional power plays a significant role
in the excitation of the harmonics, given its greater in-
tensity relative to the broadband compressional power.
At 1048 UT (near L = 7.6) the azimuthal power in-
tensifies as the compressional power subsides, suggest-
ing that the two modes are coupled at this point and
that energy is transferred to the harmonic mode, al-
though it can not be determined with certainty from
Figure 9 whether this effect is entirely spatial or tem-
poral. This event, along with at least a few others like
1t, prompted us to include narrowbanded compressional
pulsations with frequencies greater than 10 mHz in our
study. - Figure 10 shows the spatial occurrence distri-
bution of these events, and it is immediately clear that
they are observed in regions that overlap with obser-
vations of dayside harmonic events, a result consistent
with a study by Yumoto and Saito [1983]. Takahashi
and Anderson [1992] used data from AMPTE/CCE and
showed a peak in Pc3 compressional power from L = 3
to L = 5 in the prenoon region. However, they also
showed that at least at 10 mHz (see their Plate 4), an
additional peak was observed postnoon for L > 3, con-
sistent with our results, although we only consider nar-
rowband signatures while they had no such restriction.
They suggest that these waves may result from cou-
pling to toroidal resonances observed in the region or,
alternatively, that compressional power originates from
interactions of the solar wind with the magnetopause
and subsequently propagates earthward. Our results
presented in Figure 10 show an increased probability of
occurrence of these waves in the outer L shells (up to
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Figure 9. An example showing the simultaneous occurrence of harmonic resonances and com-
pressional Pc3 pulsations. Harmonic resonances, visible in the eastward component, are present
from 0945 to 1147 UT. The compressional signature begins at 0922 UT at a frequency of 31 mHz
and decreases to 24 mHz as it fades near 1050 UT. The disappearance of the compressional sig-
nature at nearly the same time as the enhancement of the harmonic resonance suggests coupling
of the two modes and energy transfer to the harmonic mode.

the magnetopause), suggesting that the latter situation
is more likely.

The occurrence of compressional pulsations in the
same region where harmonic resonances are observed

Figure 10. The occurrence distribution of Pc3 com-
pressional pulsations. The peak in occurrences just af-
ter local noon overlaps the region where harmonic res-
onances are also observed.

suggests that the resonances are likely excited by the
compressional pulsations in at least some cases. Ander-
son and Engebretson [1995] pointed out that in order for
this coupling to occur, both modes should be observed
simultaneously, basically in agreement with the exam-
ple shown in Figure 9. On one hand, our results indicate
that harmonic resonances are excited by compressional
oscillations. However, the peak occurrence rate of the
resonances (72%) is significantly greater than the peak
occurrence rate of the compressional waves (27%). Un-
less this discrepancy is due to some unknown latitudi-
nal effect, it appears that harmonic resonances on the
dayside may also be excited via the high latitude mech-
anism described by Engebretson et al. [1991].

5.3. Storm Time and High~Frequency
Azimuthally Polarized Pulsations

Figure 11 shows occurrence rates of storm time pul-
sations. It is apparent from Figure 11 that storm time
pulsations can be detected at almost any location within
the magnetosphere. We should point out that occur-
rence rates (near dusk) that lie outside the average
magnetopause position drawn on the plot are actually
within the magnetosphere, although the occurrence dis-
tribution suggests that these pulsations can occur very
close to the magnetopause. Consistent with the results
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Figure 11. The occurrence distribution of storm time
pulsations. The peak in occurrences near dusk is con-
sistent with other studies that have shown that these
pulsations are associated with instabilities in the par-
tial ring current. The distribution shown here implies
that particles that form the partial ring current may
be present in regions close to the magnetopause during
storms and substorms.

shown in Figure 11, Anderson et al. {1990] showed that
the occurrence rate of storm time pulsations is signifi-
cantly greater for outer L shells. Using AMPTE/CCE
data, they reported that events occur less than half as
often in the L = 6 — 7 region as they dointhe L =89
region. Our observations show a peak in the occur-
rence rate of storm time pulsations between L = 10
and L = 12.

Kremser et al. [1981] identified spatial distributions
of storm time events using data from GEOS 2 at geosyn-
chronous orbit. They noted two peaks in their distribu-
tion, one at dusk and another near noon with approxi-
mately twice the occurrence rate. Qur data, which are
not of geosynchronous origin, show a clear peak near
dusk and a very modest peak near noon, similar to the
results of Zhu and Kivelson [1991], who used ISEE 1
and 2 data but also observed events on the dawn side.
We point out, however, that they considered compres-
sional events in general, with a more relaxed defini-
tion than ours. Our results are also similar to that
of Anderson et al. [1990], with a couple of notable ex-
ceptions. First, their work shows a clear peak in the
predawn hours while ours does not. Figure 11 does
show a slightly increased probability that events will
occur in the predawn region, but a clear peak is not
visible. Second, our maximum occurrence rate of 71%
is significantly higher than theirs, which is ~ 50% when
AMPTE/CCE was within 4° of the equator. However,
we note that the maximum occurrence rate in our data
set occurred beyond the region where AMPTE/CCE
was able to sample. In the regions where AMPTE/IRM
and AMPTE/CCE observations overlap, the rate ob-
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served by AMPTE/IRM still appears to be greater than
that observed by AMPTE/CCE, although this may re-
sult from the poor statistics associated with the high
speed of AMPTE/IRM through the inner L shells. Con-
sistent with the study of Anderson et al. [1990], we find
that the occurrence rate is higher for outer L shells.

We also note, as does Anderson et al. [1990], that the
definition of storm time pulsations used here is more
general than that used in early studies [Barfield and
McPherron, 1972, 1978; Kokubun, 1985]. By selecting
events on the basis of spectral characteristics alone, we
include events {those with low amplitudes in particu-
lar) that would have been excluded by previous authors.
Only half of the 95 events selected in our study were as-
sociated with a D;; index of -10 nT or less, and the av-
erage index for all 95 events was -15 n'T, indicating that
our criteria for selecting storm time pulsations include
those that are present during intervals when storms are
not occurring. Because we examine magnetic spectra
alone, we are not able to determine whether more than
one wave mode is being included in our study or whether
we observe a single wave mode that is simply enhanced
during storm intervals.

Kremser et al. [1981] were able to show that events
contributing to peaks in occurrence distributions at
noon and dusk are likely generated by a drift mirror
instability, associated with a high 8 plasma [Hasegawa,
1975; Lanzerotti et al., 1969]. Barfield and McPher-
ron [1972] showed a strong correlation between events
near dusk and substorms, and they suggested that the
pulsations may be associated with a peak in the par-
tial ring current. If storm time pulsations are excited
via ring current particle populations, as was strongly
suggested by the various studies, then Figure 11 may
provide some information as to the spatial distribution
of injected particles. In particular, Figure 11 implies
that particles that form the partial ring current may be
present in regions close to magnetopause during storms
or substorms, at least in the dusk sector. Hamulion et al.
[1988] showed that ring current populations near local
noon can show enhanced densities out to L = 8 during a
major storm. The data they showed, however, were ob-
tained by AMPTE/CCE (with apogee of 8.8 Rg), and
no information was available for regions beyond L = 8.
Takahashi et al. [1990b] and Wodnicka [1989] modeled
particle injections during storms and showed that sig-
nificant populations can be present out to L = 10 and
greater in the the dusk sector.

Figure 4 shows the presence of relatively high fre-
quency transverse pulsations centered around 1315 UT.
The transient character of these signals is typical, and
their association with storm time pulsations is strong.
Figure 12 shows their occurrence distribution, which
clearly peaks in the same region as storm time pulsa-
tions. While not all storm time events included high~
frequency transverse signals, 72% of the high~frequency
events we considered occurred at the same time as storm
time pulsations, and all of the high—frequency events
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at local times greater than 1600 magnetic local time
{MLT) occurred when storm time pulsations were also
present. In all cases, the high-frequency signal is trans-
verse and in the frequency range typical of ion cyclotron
waves. The event shown in Figure 4 with frequencies
ranging from 40 to 70 mHz is common. André [1985]
discusses electromagnetic and electrostatic waves in this
frequency regime and presents dispersion surfaces for
a number of models, including the case with three ion
components, protons and singly ionized helium and oxy-
gen. He shows that helium cyclotron waves can exist
at frequencies below the helium cyclotron frequency if
oxygen is present, which is often the case during mag-
netic storms. The helium cyclotron frequency for the
example in Figure 4 is estimated to be ~ 115 mHz,
on the basis of a dipole magnetic fleld. The dispersion
surface presented in Figure 6 of André [1985] shows the
frequency dependence on kj for various waves, and it in-
dicates that the 40 to 70 mHz fluctuations are likely to
be helium cyclotron waves, i.e., waves on the helium cy-
clotron dispersion surface (left-hand polarized) for par-
alle] propagation, which asymptotically approaches the
helium cyclotron frequency for large k;. Such waves
may be associated with compressional perturbations
that induce a temperature anisotropy, which is ulti-
mately responsible for wave growth. While the occur-
rence of cyclotron waves during low—frequency compres-
sional wave activity suggests that the Pc5 waves may
play arole in the excitation of the cyclotron waves, more
work needs to be done before this can be verified.

5.4. Bursty Bulk Flows and Other Fast Flows

The occurrence rate distribution of events associated
with fast flows is presented in Figure 13. Occurrence

~
°

8
Figure 12. The occurrence distribution of high-
frequency transverse pulsations. We show an associ-
ation of these waves with storm time pulsations in the
text. This distribution shows that occurrences are lo-
cated in the same region as that where the peak in storm
time pulsations occurs.
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Figure 13. The occurrence distribution of bursty bulk
flows and other fast flows. The distribution is similar to
that shown by Angelopoulos et al. [1994] except that our
occurrence rates are more uniform across L shells, which
probably results from our more general event definition.
By not requiring that flows have a minimum speed, our
data show a relatively higher occurrence rate than that
shown by Angelopoulos et al. near the Earth. We also
note that the occurrence distribution suggests that flows
propagate radially.

rates of fast flows have been investigated by a few au-
thors [Angelopoulos et al., 1994; Baumjohann et al.,
1990; Shiokawa et al., 1997], all of which used plasma
data. While we completed our survey using only mag-
netic field data and note that we may have included
events other than fast flows, the results we obtained
have an occurrence distribution similar to these other
studies. We note that our criteria for selecting these
events resulted in the inclusion of all of the events re-
ported by Angelopoulos et al. [1994], although others
were included as well.

The most important feature in Figure 13 is the in-
creased probability of occurrence in the premidnight
region, lending support to the association of fast flows
with substorms. This pattern is similar to that of An-
gelopoulos et al. [1994], and we arrive at similar occur-
rence rates, which is somewhat unexpected given that
we do not require the minimum flow speed to be 400
km/s in our event definition as they do. In addition,
each of the above studies finds that occurrence rates of
fast flows are higher for more distant regions, out to 19
Rg. On the other hand, our results seem to show oc-
currence rates fairly uniformly distributed with respect
to radial distance. Because we consider magnetic field
data alone, it may be the case that we have included
events in our survey that were not “flow” events, al-
though we expect that this number would be small. If
this is the case, the difference between our occurrence
distribution and that of Angelopoulos et al. [1994] may
indicate that flow speeds tend to decrease as the flows
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move earthward, since Angelopoulos et al. excluded
events with speeds below 400 km/s and we impose no
such restriction. Shiokawa et al. [1997], on the other
hand, determined that bursty bulk flows in the central
plasma sheet are stopped rather abruptly as they ap-
proach the Earth, and the debate of how flows are de-
celerated continues. Finally, we note that the shape of
the distribution pattern in Figure 13 implies that flows
propagate earthward radially.

Angelopoulos et al. [1992] carried out a superposed
epoch analysis to show that bursty bulk flows are asso-
ciated with dipolarization of the magnetic field. That
is, as a flow passes the satellite, an increase in the By
component and a decrease in the Bx component are
observed. They noted that in 50% of the events they
considered, the fleld returned to its original configu-
ration after the flow passed, while for the remaining
events the field remained dipolar afterwards, implying
a possible relation to substorm dipolarization. The sig-
nature of a typical flow burst, presented in Figure 5,
shows that most of the power in the magnetic field fluc-
tuations occurs in the compressional component. This
is reasonable if we consider the following. In the case
where the flow is perpendicular to the background field,
magnetic field lines will be forced to be compressed in
front of the peak in the flow, resulting in a smooth in-
crease in the parallel component of the magnetic field.
The increased parallel component will appear as a dipo-
larization regardless of the behavior of the radial com-
ponent because the elevation angle will change by virtue
of the increased parallel component alone. In the case
of oblique crossings of the background field, power will
appear in the transverse components as well, and this is
often observed in our data set. Baumjohann et al. [1990]
showed that nearly all flows in the outer central plasma
sheet and plasma sheet boundary layer are primarily
field aligned but that 80-70% of the flows in the neutral
sheet are mostly perpendicular. Of the events consid-
ered by Angelopoulos et al., most were perpendicular to
the background field. While the scenario described here
can explain the magnetic fleld signature of fast flows,
the dipolarization associated with it would be transient
and so would not support the idea that fast flows are
directly responsible for substorm dipolarization.

Finally, we note that the discrete peaks in the com-
pressional component visible in Figure 5 are present
with virtually every flow burst. Inspection of ~ 20
events seems to show that at least for a few cases, these
peaks result from a transient (but distinct) decrease in
the compressional component of the field. In the same
way that Fourler decomposition of a square wave shows
power in the odd harmonics only, a transient decrease
might be expected to have a discrete spectrum.

6. Discussion and Conclusions

Magnetic field data from the AMPTE/IRM satellite
were used to complete a survey of occurrence rates of
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a number of different types of pulsations. The satellite
apogee of ~ 18.8 R has allowed the outer regions of the
magnetosphere to be included in the survey, although
we have taken care not to include magnetosheath or so-
lar wind data. Because of inadequate sampling of mag-
netic latitude (which spanned +40°), occurrence rates
are projected into the equatorial plane, where they are
binned according to L shell and magnetic local time.
The total observation time of 1148 hours resulted in
reasonable statistics, although a large portion of this
time was concentrated at higher L values because of
the highly elliptical trajectory of the satellite.

A number of different types of pulsations were in-
cluded in the survey. Except for fluctuations associ-
ated with bursty bulk flows and other fast fows, event
types were defined on the basis of a synthesis of de-
scriptions reported in the literature. Using these defini-
tions, occurrence rates were determined by inspecting
2 hour panels of dynamic spectra and detrended line
plots. The following paragraphs summarize our most
important conclusions.

1. Fundamental resonances were observed to occur
over a limited range of L shells. In particular, we found
that they tended to be absent from regions within 1 or
2 Rg of the magnetopause in the dawn sector, where
they are observed most often. There is no obvious rea-
son for this confinement in L unless it is an indication
of the spectral content of the source. On the basis of
this argument, we place a lower limit on the excitation
source of fundamental resonances at ~ 3 mHz.

We also note that harmonic resonances are not well
correlated with fundamental resonances. Again, this
implies that the source of fundamental resonances must
be band limited, and we place an upper frequency limit
on the source spectrum of ~ 10 mHz. These frequency
limits are virtually identical to the results of Miura
[1987], who modeled a Kelvin-Helmholtz instability at
the magnetopause, lending strong support to the idea
that fundamental resonances are excited by such an in-
stability.

2. We have found, consistent with other studies, that
harmonic and fundamental resonances are not well cor-
related. However, we have shown that compressional
Pc3 pulsations are observed just after local noon, a re-
gion that includes observations of harmonic resonances.
We have also shown an example of the simultaneous
occurrence of Pc3 pulsations and harmonic resonances,
and we conclude that at least some of the harmonic
events that occur later than noon are likely excited by
compressional Pc3 pulsations. However, the occurrence
rate of the compressional pulsations is less than half
that of the resonances, so it appears that the reso-
nances may also be excited by other means, perhaps
the high-latitude entry mechanism described by Enge-
bretson et al. [1991].

3. On the basis of the spatial distribution of storm
time pulsations, our results suggest that particles that
form the partial ring current may extend to the magne-



LESSARD ET AL.: AMPTE/IRM PC3-PC5 PULSATION STATISTICS

topause during storms and substorms. Storm time pul-
sations, associated with the partial ring current and be-
lieved to result from a drift mirror instability of ring cur-
rent particles [Barfield and McPherron, 1972; Kremser
et al., 1981}, are observed at L shells that are very close
in proximity to the magnetopause in the dusk region.

We have also shown high~frequency transverse waves
ranging from 40 to 70 mHz occurring simultaneously
with storm time pulsations. The high—frequency waves
appear to be helium cyclotron waves whose frequency
indicates the presence of oxygen. Such waves are of-
ten excited by magnetic field compressions that cause
a temperature anisotropy, which is ultimately respon-
sible for wave growth. This scenario suggests that the
compressional signature of storm time pulsations may
play a role in their excitation, although a more thorough
analysis needs to be done.

4. We have shown that the magnetic field signature of
bursty bulk flows and other fast flows is compressional
in nature. Flows that move perpendicular to a back-
ground magnetic field will necessarily compress the field
lines in front of the flow, which could be responsible for
the observations presented above. Such a process would
imply that the dipolarization observed with the passage
of a fast flow is transient and would not contribute to
dipolarization commonly associated with substorms.

We have also noted the presence of discrete peaks in
the spectrum of the compressional component. Inspec-
tion of a number of events seems to show that these
peaks may result from Fourier analysis of a transient
decrease in the compressional component of the field,
although a more detailed analysis is warranted.
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