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ABSTRACT
ix:In this paper we investigate the characteristics of plasma waves
observed by the Hawkeye 1 spacecraft in the vicinity of the polar
cusp. The primary types of plasma waves associated with the polar
cusp are (1) a band of ULF-ELF magnetic noise extending from a few
Hz to several hundred Hz, (2) a broad-band electrostatic emission
extending from a few Hz to about 30 to 100 kHz, with maximum intensities
at about 10 to 50 Hz, (3) electrostatic electron cyclotron waves near
the electron gyrofrequency and (4) whistler-mode auroral hiss emissions.
Of these various types of waves, only the ULF-ELF magnetic noise is
uniquely associated with the cusp in the sense that the noise can be
used as a reliable indicator of the polar cusp region. All of the
other types of plasma waves occur in regions adjacent to the polar
cusp as well as in the cusp it‘.self...,s
Spectrum measurements often sh that the ULF-ELF magnetic noise
extends up to, but does not exceed, the local electron gyrofrequency,
f/f;., This upper cutoff strongly suggests that the noise consists of
whistler-mode electromagnetic waves. The mechanism for generating
these waves remains highly uncertain, however, since the electron
angular distribution in the cusp is usually not sufficiently aniso-

tropic to account for these waves by the well known whistler-mode

cyclotron resonance instability. Other mechanisms, such as turbulence




generated by the Kelvin-Helmholtz instability or by a drift wave
instability, have also been suggested to generate this noise. The
broad-band electrostatic noise is believed to be caused by a current-
driven electrostatic instability (ion-cyclotron or ion-acoustic)

of the type widely believed to occur in auroral field-aligned current
systems. The mechanisms for generating electron cyclotron waves and
auroral hiss emissions are believed to be reasonably well understood,
based on previous studies of these emissions in other regions of the

magnetosphere.
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I. INTRODUCTION

In this paper we present a detailed study and investigation
of plasma waves in the polar cusp using measurements from the Hawkeye 1
spacecraft. ' This spacecraft has a highly eccentric polar orbit with
the apogee located at a radial distance of about 20.5 Re over the
north pole and is specifically designed for investigating plasma
processes in the polar cusp and polar magnetosphere. The data presented
in this study cover a period of about two and one-half years'of in-
flight operation, starting from lauuch on June 3, 1974, and extending ‘
through January 1, 1977. Secular changes in the orbit during this period
provide excellent coverage of a broad region of the polar magnetosphere,
with polar éusp crossings occurring over a wide range of radial dis-
tances, from about 5 to 10 Re over the northern hemisphere and from
about 1.1 to 2.0 Re over the southern hemisphere.

The entry of magnetosheath plasma into the magnetosphere through
the region called the polar cusp was first reported at high altitudes
by Frank [1971] using measurements from the IMP 5 spacecraft, and at
low altitude by Heikkila and Winningham [1971] and by Frank and
Ackerson [1971] using measurements from the low-altitude polar-
orbiting ISIS 1 and Injun 5 spacecraft. Plasma wave observations
have been obtained in and near the polar cusp by several spacecraft.

At low altitudes the primary plasma wave phenomenon which has been




associated with the polar cusp is auroral hiss [Laaspere et al., 1971;
Gurnett and Frank, 1972; Laaspere and Hoffman, 1976]. At high alti-
tudes, in the region of primary interest for the entry and acceleration
of the polar cusp plasma, the plasma wave observations are more limited.
Only two spacecraft, OGO 5 and HEOS 2, have provided plasma wave
measurements in the polar cusp at high altitudes. Of these, only

OGO 5 has electric field measurements. The OGO 5 observations are
limited to a single event obtained during a large magnetic storm on
November 1, 1968, which displaced the polar cusp to an abnormally low
latitude [Russell et al., 1971]. During this event intense wave

levels were observed over a broad range of frequencies, both within

the polar cusp [Scarf et al., 1972] and in the interface between the
cusp and the magnetosheath [Scarf et al., 1974]. The primary types of
waves detected by OGO 5 in the polar cusp consist of (1) ULF magnetic
fluctuations at frequencies below the proton gyrofrequency, f < f;,
identified as ion-cyclotron waves, (2) impulsive broad-band electric
field bursts, with frequencies of ~ 3.0 kHz and intensities as large

as 33 mV m'l

, associated with steep gradients in the plasma density
and magnetic field, and (3) broad-band electric field emissions

with a low frequency cutoff near the local lower hybrid resonance
frequency, frye :,J—_Z_?*-. In a later analysis, the impulsive broad-
band electric field bursts observed in the polar cusp during this

event were interpreted by Fredricks et al. [1973] as being due to

either ion-acoustic or Buneman mode waves driven by field-aligned




currents. Fredricks et al. [1973] also presented evidence that field-
aligned potential drops as large as 2 kV could be produced by the
anomalous resistivities associated with these large electric field
intensities.

Further measurements of magnetic field fluctuations in the polar
cusp were obtained from the HEOS 2 spacecraft, which has an orbit
chosen to provide repeated passes through the high altitude regions
of the polar cusp [D'Angelo et al., 1974]. Intense ULF magnetic field
turbulence, extending from frequencies below 20 Hz to greater than
236 Hz, was frequently detected in the polar cusp region by HEOS 2.
This magnetic turbulence typically had a power law amplitude spectrum,

Acx £ 1

, with n ~ 1.5 - 2.0, and was usually most intense at the
boundaries of the cusp, in regions with large gradients in the plasma
flow velocity. These ULF magnetic field fluctuations were interpreted
[D'Angelo, 1973; D'Angelo et al., 1974] as being due to a Kelvin-
Helmholtz instability excited at the cusp boundaries by a shear in the
ion flow velocity.

In comparison with the OGO 5 and HEOS 2 results, the Hawkeye 1
spacecraft provides plasma wave measurements over a broader range of
frequencies with better electric field coverage and better time
resolution. The most prominent type of plasma wave detected in the
polar cusp by Hawkeye 1 consists of a broad band of ULF-ELF magnetic

field noise extending from frequencies below 1 Hz up to approximately

the electron gyrofrequency, f;, which is typically a few hundred Hz at

high altitudes. The evidence of an upper cutoff frequency to the




ULF-ELF magnetic noise spectrum suggests that this noise may consist of
whistler-mode waves. Electric field intensities are surprisingly small
in the polar cusp, seldom exceeding broad-band field strengths of 1
to 5 mV m L, The primary types of electric field emissions detected

in the cusp are (1) broad-band electrostatic noise extending from a

few Hz up to near the electron plasma frequency, fi, which is typically

30 to 100 kHz, (2) electrostatic electron cyclotron waves at f ~ o

and (3) quasi-electrostatic auroral hiss emissions. The Hawkeye 1
observations of ULF-ELF magnetic noise in the polar cusp are found to
be in substantial agreement with the HEOS 2 results. The much lower
electric field intensities detected by Hawkeye 1, compared to the OGO 5
observations, indicate that the storm time event detected by OGO 5 is

unusual and probably not typical of normal conditions in the polar

cusp.




II. SOME REPRESENTATIVE HAWKEYE 1 PASSES
THROUGH THE POLAR CUSP

To illustrate the general features of the plasma waves observed
by Hawkeye 1 we first discuss four representative passes through the
polar cusp.‘ These passes were all selected near the magnetic local noon
meridian to eliminate complications due to local time effects. The
plasma wave and magnetic field data for these passes are shown in
Figures 1-4 and the corresponding charged particle measurements from
the low-energy proton and electron differential energy analyzer (LEPEDEA )
on Hawkeye 1 are shown in Plates 1-h. Since the details of the Hawkeye 1
instruments have been described in previous reports [Kurth et al., 1975;
Gurnett and Frank, 1976] only a few brief comments are made concerning
the instrumentation. Both the electric and the magnetic fields of
plasma waves are detected by Hawkeye l. Electric field measurements
are obtained from a 42.45 meter electric dipole antenna and magnetic
field measurements are provided by a search coil magnetic antenna.
Electric field intensities are determined in 16 frequency channels,
from 1.78 Hz to 178 kHz, and magnetic field intensities are determined
in 8 frequency channels, from 1.78 Hz to 5.62 kHz. The field strengths
for each of these channels are shown in the bottom two panels of Figures
1-4. The intensity scale for each channel is proportional to the

logarithm of the field strength, with a range of 100 db from the

base line of one channel to the base line of the next higher channel.
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Static magnetic field measurements are provided by a tri-axial flux

gate magnetometer. The top panels of Figures l-U4 give the magnetic
field magnitude and direction in polar coordinates. The angle QB is the
angle between the magnetic field and the spacecraft spin axis and the
angle @B is the azimuthal direction of the magnetic field projected in

a plane perpendicular tou the spin axis. Because of a failure in the
attitude determination system about 3 months after launch, the magnetic
field direction usually cannot be determined in inertial coordinates.
When the attitude determination system is not operating the angle mB

is computed using an approximate average spin period and an arbitrary
initial reference angle. Although the absolute direction of the magnetic
field cannot be determined under these conditions, relative changes and
short time scale fluctuations are easily detected. Measurements of
positive ions and electrons in the energy range 50 eV< E < LO keV are
provided by an electrostatic analyzer (LEPEDEA) which has a field of
view perpendicular to the spacecraft spin axis. The LEPEDEA also
includes a thin-windowed Geiger-Mueller (GM) tube which responds to
electrons with energies E > 45 keV and protons with energies E > 650 keV.
The two panels of Plates 1-4 are color coded energy-time spectro-

grams of the electron and proton intensities detected by the LEPEDEA.
The small panel above each energy-time spectrogram gives the pitch

angle (0° to 180°) of the particles shown in the corresponding
spectrogram. Since the polar cusp, particularly at low altitudes, is

strongly controlled by the geomagnetic field, geomagnetic coordinates
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are used throughout this paper. MLT is the magnetic local time, Am

is the magnetic latitude and R is the geocentric radial distance.

Day 172, 1976

The first representative pass, in Figure 1, is an inbound pass
near local noon at a magnetic local time of about 13.7 hr. The space-
craft trajectory in a magnetic meridian plane through the spacecraft
(R, km coordinates) is shown by the small sketch in the center panel
of Figure 1. As can be seen, the spacecraft approaches the earth
from a very high latitude in the polar cap, gradually decreasing in
latitude with decreasing radial distance from the earth. At a mag-
netic latitude of about 65° and a radial distance of 6.2 R, & region
of high density magnetosheath-like plasma is encountered. This
region, from about 1422 to 1434 UT in Plate 1, is the polar cusp. The
maximum proton intensities in this region occur in the energy range
from about 500 eV to 2 keV, and the proton densities and temperatures
are about 45 cm™3 and 9 x 106°K, respectively. These parameters are
in good quantitative agreement with the previous polar cusp plasma
measurements by Frank [1971], Rosenbauer et al. [1975] and Paschmann
et al. [1976]. 1Inspection of the angular distribution of proton in-
tensities in plate 1 shows a distinct maximum at pitch angles of
about 0°, indicating a directed flow of plasma downward along the
magnetic field toward the earth. These observations, together with

the spatial location, provide substantial evidence that this region is

the polar cusp. After the polar cusp crossing the intensity of electrons
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with energies, E 2 5 keV, increases substantially, indicating that the
spacecraft has entered the stable trapping region of the outer magneto-
sphere.

The magnetic field variations during this pass, shown in the top
three panels of Figure 1, indicate a relatively smooth transition from
the nearly radial field over the polar cap to the dipolar field within
the magnetosphere. Small perturbations in the magnetic field magni-
tude and direction are evident as the spacecraft passes through the
polar cusp, indicating the presence of field-aligned currents. Since
the cusp crossing occurs at an intermediate altitude between the mag-
netosheath and the ionosphere the magnetic field is relatively large
in the polar cusp, B ~ 200 gammas. The ratio of the plasma to
magnetic field pressure in the polar cusp is estimated from the
LEPEDEA and magnetic field measurements to be approximately B =
8m nkT/B° ~ 0.6.

Several types of plasma waves can be identified in association
with the polar cusp crossings in Figure 1. The most prominent wave
phenomena associated with the cusp are (1) a band of ULF-ELF magnetic
noise extending from below 1.78 Hz up to about 1.78 kHz and (2) numerous
bursts of broad-band electric field noise extending up to frequencies
as high as 56.2 kHz. Other wave phenomena, also apparently associated
with the cusp but not necessarily confined to the immediate vicinity,
are the whistler-mode auroral hiss emissions indicated in Figure 1 and
the electrostatic electron cyclotron waves at f x~ fa. The auroral
hiss and electron cyclotron waves are shown in greater detail by the

frequency~-time spectrogram in Figure 5. Comparison with the results

of D'Angelo et al. [1974] indicates that the ULF-ELF magnetic noise is
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essentially identical to the ULF magnetic noise detected by HEOS 2 in
the polar cusp. Since the electric field noise bursts in the cusp
extend to frequencies well above the electron gyrofrequency (f; ~ 5.6
kHz) it seems reasonably certain that this noise is electrostatic,
since no electromagnetic mode of propagation occurs at these fre-
quencies. The electric field spectrum of this noise, at a time of
maximum intensity, is shown by the dashed line in Figure 6. As can
be seen, this noise extends with detectable amplitudes over a very
broad frequency range, from less than 1 Hz to greater than 100 kHz.
The low frequency component of this noise, which is not clearly
evident in Figure 1, can be seen more clearly in Figure 5. This

noise is essentially identical to the "broad-band electrostatic noise"
previously reported by Gurnett and Frank [1977] at other local times
on the auroral field lines. Although the broad-band electrostatic
noise is quite evident during this polar cusp crossing, the integrated
broad-band electric field strength, E =~ 4.8 mV m'l, is substantially
less than the field strengths typically observed for this type of
noise in the local evening regions of the magnetosphere. The auroral
hiss emissions in Figure 5 are identified on the basis of their close
similarity to previous auroral hiss observations at low altitudes
[Gurnett and Frank, 1972]. As indicated by the dashed line in

Figure 5, the auroral hiss has a sharply defined upper cutoff frequency
which closely tracks the local electron gyrofrequency, f;. Although

the auroral hiss is observed a considerable distance from the cusp, it

seems most likely that this radiation is produced by low-energy
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electrons in the polar cusp since this relationship has been previously
established at low altitudes [Gurnett and Frank, 1972; Laaspere and
Hoffman, 1976]. Since the whistler-mode auroral hiss emissions cannot
reverse their direction of propagation along the magnetic field once

the radiation is generated, the decrease in the upper cutoff frequency
with decreasing radial distance from the earth provides strong evidence
that these emissions are generated substantial distances below the
spacecraft. A representative electric field spectrum of the auroral

hiss is shown by the solid line in Figure 6 at about 1345 UT. The
sporadic narrow-band emission slightly above the electron gyrofreguency
f; in Figure 5 is an electrostatic electron cyclotron wave, of the

type first observed by Kennel et al. [1970] in the inner regions of

the earth's magnetosphere. Although electron cyclotron waves

are obuerved in the polar cusp, this same type of local (non-propagating)
emission is also observed with sporadic intensity variations over a
large r=-gion on either side of the cusp. Thus, these waves do not
appear to be particularly associated with the polar cusp, even though
they occur in the cusp. The maximum electric field amplitude of

these waves is quite small, typically only a few hundred uV ok

Day 174, 1976

The second representative pass, in Figure 2, occurs on **e next
orbit following the example in Figure 1. This pass was selected to
illustrate the close similarities which are often observed between

successive polar cusp crossings at intermediate altitudes. The space-

craft again approaches the earth from high latitudes in the polar cap




.

14

and crosses the polar cusp near local noon at a geocentric radial
distance of about 6 R,. The LEPEDEA data for this pass, in Plate 2,
shows that the polar cusp is broader, extending from about 1712 to
1800 UT. The maximum proton density in this case is about 40 cm'3
and B is approximately 0.2. Again the magnetic field is
relatively strong, B ~ 150 gammas, with only very small perturbations
in the cusp region. On the high latitude side of the cusp, before
about 1748 UT, the proton angular distributions, evident in Plate 2,
show a distinct maximum at pitch angles near 180°, indicating a
'Elggggﬂgig;wsﬁﬁward away from the earth. This region is believed to
correspond to the plasma mantle, as discussed by Rosenbauer et al.
[1975]. As the spacecraft proceeds to lower latitudes the angular
distribution becomes more nearly isotropic. Finally, in a narrow region
on the low latitude boundary of the polar cusp, at about 1759 UT, a
distinct maximum is evident in the proton angular distribution at pitch
angles near 0°, indicating a plasma flow downward toward the earth.
The nlasma wave data for the pass in Figure 2 again show the
occurrence of ULF-ELF magnetic noise and broad-band electrostatic
noise in the polar cusp, with some of the bursts of broad-band elec-
trostatic noise extending as high as 100 kHz. No auroral hiss or
electrostatic electron cyclotron waves are detected during this pass.
The entry into the magnetosphere is marked by an abrupt onset of
continuum radiation at about 1800 UT. Gurnett and Shaw [1973] have

previously shown that the continuum radiation is trapped within the

magnetosphere at frequencies below the local electron plasma frequency,
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f;. The approximate electron plasma frequency variation at the polar

cusp/magnetosphere boundary is indicated by the dashed lines in Figure 2.

Day 186, 197L

The third representative pass, in Figure 3, is an inbound pass

near local noon at a magnetic local time of about 12.5 hr. This pass,
which occurs about two years before the passes in Figures 1 and 2,
is at a substantially lower latitude due to secular changes in the
orbit parameters. Because of the lower latitude the spacecraft in
thic case enters the polar cusp directly from the magnetosheath,
without first passing through the polar cap. The low latitude boundary
of the polar cusp is clearly evident in both the plasma and wave data
at about 2255 UT. Plate 3 shows that prior to this time substantial
fluxes of protons with energies from about 200 eV to 2 keV are being
detected by the LEPEDEA. The proton densities in this region are
very large, approximately 100 cm'3. The entry into the magnetosphere
at about 2255 UT is marked by an abrupt increase in the energetic,
E 2 5 keV electron intensities, characteristic of the outer radiation
zone, and a substantial decrease in the low energy proton densities.
A further indication of entry into the magnetosphere is also provided
by the electric field measurements, in Figure 3, which show an abrupt
onset of continuum radiation trapped inside of the magnetosphere at
2255 UT.

A detailed investigation of the region of high plasma density

immediately before the entry into the magnetosphere provides strong

evidence that this region is the polar cusp. As shown in the top




panel of Figure 3 the magnetic field in this region is highly turbulent

and irregular, in sharp contrast to the smooth regular field inside of

the magnetosphere. However, in addition to the turbulence, a smoothly

varying background component is also evident in this region. This

background field is shown in greater detail by Figure 7, which gives

15 minute averages of the magnetic field vectors projected onto planes

parallel and perpendicular to the meridian plane. During this pass

the spacecraft orientation system was operating so the direction of the

magnetic field can be determined in geomagnetic coordinates (eﬁ is the

magnetic latitude of the B field direction and ¢ﬁ is the magnetic |
longitude referenced to the magnetic meridian plane). The close cor-
respondence of the magnetic field to the expected dipolar form is
clearly evident within the magnetosphere, after 2255 UT. In the
more disordered field before 2255 UT a strong dipolar component is |
evident in the average megnetic field direction from about 2225 to

2255 UT, with some skewing out of the meridian plane toward local dawn.

Although the spin axis orientation is not optimal for determining the

pitch angle distribution, inspection of the proton angular distributions

in Plate 3 shows that the plasma in this region (particularly from

about 2225 to 2245 UT) has a component of flow directed along the mag-

netic field away from the earth (maximum intensities at pitch angles

near 180°). The dipolar form of the average magnetic field and the

plasma flow away from the earth strongly suggest that the region from

about 2225 to 2255 UT corresponds to the "entry layer" region of the

polar cusp, as described by Paschmann et al. [1975]. Further evidence




AR AT

5

identifying the region from 2225 to 2259 UT as the polar cusp is given
by the plasma wave data in Figurc 3 which shows the occurrence of
intense ULF-ELF magnetic field noise throughout this region, with a
sharp cutoff at the polar cusp/magnetosphere boundary. As previously
shown on passes which enter the polar cusp from the polar cap, this
noise usually provides a reliable indication of the polar cusp. A
detailed magnetic field spectrum of the ULF-ELF magnetic noise is shown
in Figure 8, from about 2249 to 2252 UT near the time of maximum in-
tensity. This spectrum shows clear evidence of an upper frequency
cutoff near the electron gyrofrequency, f;.

Although the boundary between the polar cusp and the magneto-
sphere on this pass is distinct aund well defined the boundary between
the magnetosheath and the polar cusp is much more difficult to identify.
Almost all of the available measurements show some distinctive change
in characteristics between about 2220 and 2230 UT, indicative of a
transition between the magnetosheath and the polar cusp. However,
the location of the transition depends on the phenomena being con-
sidered. The magnetic field data in Figures 3 and 7 show a distinct
transition in direction from 2220 to 2230 UT, changing from a generally
southward field before 2220 UT to a dipolar field after 2230 UT. The
wave magnetic field data in the middle panel of Figure 3 also show
a distinct change in character, from impulsive narrow-band bursts
at ~ 100-300 Hz before 2220 UT, to the broad-band ULF-ELF magnetic

noise after about 2230 UT. Detailed examination of the frequency-time

spectrograms of the narrow-band bursts shows that this noise consists
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of "lion's roar", a type of whistler-mode emission commonly found
throughout the magnetosheath [Smith et al., 1969; Smith and Tsurutani,
1976]. A typical frequency-time spectrum of the lion's roar emissions,
from 2135 to 2137 UT, is shown in Figure 9, expanded to a time scale
suitable for resoliving the individual bursts. Since lion's roar emissions
are known to be a characteristic feature of the magnetosheath, the
presence of these emissions before about 2220 UT provides strong
evidence that this region is the magnetosheath. Further evidence of
the transition from the polar cusp to the magnetosheath is given by
the electric field measurements in Figure 10. Electrostatic electron
cyclotran waves at f ~ f; and broad-band electrostatic noise are
clearly evident in Figure 10 from about 2230 to 2255 UT, in the polar
cusp region. Although the electron cyclotron waves do not delineate
the polar cusp/polar cap boundary (see Figure 5), previous studies

of electrostatic waves in the magnetosheath [Rodriguez and Gurnett,
1975] never show the occurrence of electron cyclotron waves in the
magne tosheath. Since these waves are found in the polar cusp but

not in the magnetosheath the onset of electron cyclotron waves at

2230 UT provides a further indication of a transition from the

magnetosheath to the polar cusp.

Day 31, 1976

The fourth representative pass, in Figure 4, is a low-altitude
pass over the southern polar cap near the noon-midnight meridian.
This pass was selected to illustrate the plasma wave phenomena in

the polar cusp close to the earth, at radial distances less than
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2.0 Re. The LEPEDEA data for this pass, in Plate 4, show the electron
and moton intensities as the spacecraft crosses over the polar

cap from about 1704 to 1717 UT and through the polar cusp from about

1717 to 1720 UT. The polar cusp is again indicated by an intense

flux of the low-energy, 200 eV to 2.0 keV, protons. As can be seen

from Plate 4, the proton angular distribution has a distinct maximum

at pitch angles near 180°, which in the southern hemisphere corresponds

to a flow of plasma downward toward the earth. The entry into the durable
trapping region of the outer magnetosphere is clearly indicated by the
abrupt increase in the energetic, E > 5 keV, electron intensities at about
1720 UT. In the polar cusp, from 1717 to 1720 UT, intense fluxes of
low-energy electrons are also evident in the upper panel of Plate L,

These electrons have an angular distribution sharply peaked at pitch
angles of about 45° (corresponding to a motion upward, away from the
earth), suggesting that these electrons are being accelerated by an
interaction with the polar cusp at some point below the spacecraft.

“he plasma waves observed during this low-altitude polar cusp
crossing are displayed in Figure 4 and exhibit many of the same basic
characteristics evident at intermediate and high altitudes. Strong
ULF-ELF magnetic noise is present in the polar cusp at frequencies
below about 178 Hz. In the electric field data, strong electric fields
are detected over the entire frequency range covered, from 1.78 Hz to
178 kHz. At high frequencies, above about 1.0 kHz, this noise consists

of auroral hiss. As in the high altitude observations the auroral

hiss is not confined to the immediate vicinity of the cusp, but spreads
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out over a wide range of latitudes, particularly on the polarward side
of the cusp. Auroral hiss is also detected from the nightside auroral
region and merges with the dayside auroral hiss to form a nearly con-
tinuous band of noise over the entire polar cap. At low frequencies,
less than about 1.0 kHz, the auroral hiss merges into an intense band
of noise comparable to the "broad-band electrostatic noise" observed at
high altitudes. The broad-band electrostatic noise is much more local-
ized than the auroral hiss and can be clearly identified with two dis-
tinct regions, the polar cusp on the dayside of the earth and the auroral
zone on the night side of the earth. 1In the polar cusp the electric
field strength of the broad-band electrostatic noise, integrated fram

1

1.78 Hz to 178 kHz, is about 15 mV m . In the night side auroral zone

the broad-band electrostatic noise is even more intense, with a broad-

band electric field strength exceeding 100 mV oL,
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III. FURTHER ANALYSIS AND DISCUSSION

A. ULF-ELF Magnetic Noise

As shown by the examples in Figures l-4 and numerous other passes
which have been investigated the ULF-ELF magnetic noise is nearly
always present in the polar cusp. At intermediate and low altitudes
the region of occurrence of this noise has a very close correspondence
with the enhanced 200 eV to 2 keV proton intensities which are taken
to be the primary signature of the polar cusp at these altitudes. At
higher altitudes the ULF-ELF magne tic noise provides a good indicator
of the polar cusp/magnetosphere boundary, but does not provide a good
indicator of the polar cusp/magnetosheath boundary because of the
presence of similar broad-band ULF-ELF noise throughout the magneto-
sheath [Smith et al., 1967]. Usually the ULF-ELF magnetic noise is
more intense in the polar cusp, however the intensity often
varies gradually from the polar cusp into the magnetosheath, as in
Figure 3, so that a well-defined boundary cannot be identified.

To obtain a better impression of the region in wﬁich the ULF-ELF
magnetic noise is observed a survey has been conducted of all of the
data available from Hawkeye 1 within + 2 hours of the noon-midnight
meridian plane. The results of this survey are shown in Figure 11,

which shows all of the measurements with magnetic field strengths exceeding

the instrument noise level (see Figure 8) by more than 10 db
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from 1.78 to 56.2 Hz. This threshold level is set sufficiently low

to include both the relatively weak magnetosheath ULF-ELF magnetic
noise as well as the more intense noise in the polar cusp. Geomagnetic
coordinates are used in Figure 11, with the Zm axis parallel to the
earth's dipole axis and the sun in the Xm, Zm plane. At large radial
distances from the earth, 2 10 Ry, the ULF-ELF magnetic noise is mainly
associated with the magnetosheath. On the night side of the earth the
large variations in the magnetopause boundary position are mainly due i
to seasonal effects, since geomagnetic coordinates do not provide a
good representation of the magnetopause, particularly on the night

side of the earth. Closer to the earth the outlines of the polar cusp
region, penetrating in close to the earth, are clearly evident. The
low-altitude cutoff in the northern hemisphere, at about 5 Re’ is due
to limitations in the orbital coverage, since passes through the polar
cusp field lines do not occur at radial distances less than about 5 Re
in the northern hemisphere. Several polar cusp encounters are evi-
dent in the southern hemisphere at radial distances less than about

2 Re. To take into account the effects of the orbital coverage a
detailed statistical analysis has been performed. The results of

this analysis are iilustrated in Figure 12, which shows the frequency
of occurrence as a function of magnetic latitude and magnetic local
time in fixed radial distance intervals. The general outlines of the
polar cusp region are clearly evident, increasing in angular size with
increasing distance from the earth. 1In the 5.01 R, < R< 6.31 R,

radial distance interval the number of data points near the cusp is
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too small for good statistical accuracy, ~ 10 samples per box. In-
sufficient data is available at radial distances less than 5.01 Re
to provide a meaningful statistical analysis.

In considering the possible origin of the ULF-ELF magne tic
noise an important gquestions to be considered is whether the noise
is caused by wh stler-mode waves, which is the only propagating elec-
tromagnetic mode in this frequency range, or by quasi-stationary
magnetic perturbations which are being convected by the spacecraft.
An argument can be made for the presence of whistler-mode waves on
the basis of the upper frequency range of the noise, which is fre-
quently found to extend up to, but never to exceed, the electron gyro-
frequency, f;, (see Figure 8, for example). As is well known, the
whistler-mode has an upper frequency cutoff at the electron gyrofre-
quency. Although the correspondence of the upper cutoff frequency
to the local electron gyrofrequency is strongly suggestive of the
whistler mode it is desirable to have a more definitive determination
of the mode of propagation. Attempts have been made to measure the
electric to magnetic field ratio to determine if this ratio is con-
sistent with the whistler mode index of refraction, however the low
frequency component of the broad-band electrostatic noise is generally
too strong to permit detection of the electric field of the ULF~ELF
noise, assuming that it is whistler-mode noise. It is possible that
the ULF-ELF magnetic noise and the broad-band electrostatic noise

are somehow closely related, since the spectrums of both types of

noise are quite similar, decreasing rapidly in intensity with increasing
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frequency with a power law index of about -2 to -3. However, compari-
sons of the electric to magnetic field ratios vary over a wide range,
cB/E ~ 1 to 30, and are generally too small to be in agreement with

the whistler-mode index of refraction. Inspection of the electron
angular distributions in the region where the ULF-ELF magnetic noise

is observed, as for example from 1422 to 1434 UT in Plate 1 or from
1712 to 1800 UT in Plate 2, usually does not indicate a sufficient
anisotropy to generate whistler-mode waves according to the mechanism
of Kennel and Petschek [1966]. The measured anisotropy of the electron
angular distributions within the energy range ~ 100 eV to 1 keV is

less than a factor of 2. However, these observations do not preclude
the possibility that narrow field-aligned electron beams with angular
dimensions substantially lesser than those of the plasma analyzer, ~ 25°,
are present in the polar cusp at these times. Several other mechanisus,
based on shear-driven instabilities [D'Angelo, 1973] and drift-wave
instabilities, exist which could generate whistler-mode waves and the
possible role of these mechanisms in generating the ULF-ELF magnetic

noise needs further investigation.

B. Broad-Band Electrostatic Noise

Electrostatic noise with characteristics very similar to the
broad-band electrostatic noise in the polar cusp has been found in
the distant magnetotail [Gurnett et al., 1976], along the auroral
field lines extending into the distant magnetotail [Gurnett and Frank,

1977] and in the magnetosheath [Rodriguez and Gurnett, 1975]. The

broad-band electrostatic noise in the polar cusp appears to be
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essentially the dayside extension of a region of broad-band electrostatic
noise which extends along the auroral field lines at all local times,
following the auroral oval around the earth. This viewpoint is supported
by the frequency of occurrence diagram in Figure 13 [from-Gurnett and
Frank, 1977], which shows the distribution of broad-band electrostatic
noise as a function of magnetic latitude and magnetic local time at
radial distances from 5.0l to 6.31 Re' These data show that the broad-
band electrostatic noise extends all the way around the earth in a
narrow region bounded by L-values from about 8 to 12 on the night side
of the earth, and by L-values from about 18 to 30 on the day side of

the earth. This noise is therefore not unique to the polar cusp and is
probably associated with some other feature cof the auroral field lines,
such as field-aligned currents, which also occurs in the polar cusp.
Comparisons of electric field spectrums of the broad-band electrostatic
noise in the polar cusp with similar spectrums on the night side of

the earth show that the night side noise is much more intense. Typical
maximum broad-band electric field strengths are about 3.0 mV m'l in
the polar cusp, compared to about 30 mV m'1 on the night side of
the earth. The low altitude pass in Figure 4 also shows this marked
difference in the intensity of the broad-band electrostatic noise
between the night side auroral zone and the polar cusp.

High-time resolution spectrograms of the broad-band electro-

static noise, such as in Figure 14, from the polar cusp crossing on

Day 186, 1974, show that the noise consists of many short impulsive

bursts with very little frequency structure. As shown in Figures 1l
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to 4, this noise often extends with weak but detectable intensities
up to frequencies as high as 30 to 100 kHz. The upper frequency limit
of the broad-band electrostatic noise appears to be somewhat higher
in the polar cusp than on the night side of the earth, which is typically
about 10 to 20 kHz. This difference in the upper frequency limit is
believed to be due to the higher plasma densities, hence electron
plasma frequency, f;, in the polar cusp compared to the night side
auroral field lines. Typically the broad-band electrostatic noise
does not extend significantly above the local electron plasma frequency
as determined from the charged particle measurements.

At the present time the origin of the broad-band electrostatic
noise is not adequately understood. Ashour-Abdalla and Thorne [1977]
have suggested that this noise consists of high harmonics of an
electrostatic ion-cyclotron instability, smeared by doppler shift
effects to give an essentially continuous spectrum. This model has
recently been further developed and investigated by Swift [1977] to
explain large potential drops along the auroral field lines. Other
possibilities, previously suggested by Scarf et al. [1972] and Fredricks
et al. [1973] to explain similar impulsive electrostatic waves detected
in the polar cusp by OGO 5, include the ion-acoustic instability or

the Buneman instability [Buneman, 1958].

C. Electrostatic Electron Cyclotron Waves

Narrow-band electrostatic emissions near the local electron
gyrofrequency, fé, comparable to those illustrated in Figure 5, are

commonly observed in the polar cusp. These emissions, which are
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referred to as electron cyclotron waves, always occur at a frequency
slightly above the electron gyrofrequency, typically f ~ 1.1 fé to
1.2 r;. Cccasionally an emission can also be detected near the
second and higher harmonics of the electron gyrofrequency, nf;, as
in Figure 14. The electric field strength of these waves is normally
very weak, typically only ten to one hundred uV m'l. As evident in
Figure 5 the electron cyclotron waves are not uniquely associated with
the polar cusp, but often extend into the magnetosphere and polar cap
regions on either side of the cusp. These waves are not however
normally detected in the magnetosheath and in some cases the
termination of these waves provides an indication of the polar cusp/
magnetosheath transition, as in Figure 10. Often the electron
cyclotron emissions are most intense and clearly defined in the
region of steady magnetic fields just inside the magnetosphere and
are weaker and more diffuse in the polar cusp (see Figures 10 and 1kL).
Electrostatic waves of this type, near harmonics of the elec-
tron gyrofrequency; have been previously observed in the inner regions
of the earth's magnetosphere [Kennel et al., 1970; Fredricks and
Scarf, 1973; Shaw and Gurnett, 1975] and in the distant magnetotail
(Scarf et al., 1974; Gurnett et al., 1976]. Usually, these waves
occur near half-integral harmonics of the electron gyrofrequency,
(n + l/2)f;. Although the waves observed in polar cusp are closer to
the harmonics than half-integral harmonics, they are still believed
to belong to the same general class of electrostatic electron

cyclotron instabilities studied by Young et al. (1973], Ashour-Abdalla

and Kennel [1976], and others.
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D. Auroral Hiss

Whistler-mode auroral hiss emissions, comparable to those in
Figures 1 and 4, are a common feature of the polar cusp crossings
observed by Hawkeye l. The intensity and frequency of occurrence
of these emissions generally increase with decreasing altitude.
Near the earth, at R« 2 Re, auroral hiss is detected on nearly every
pass through the polar cusp. At high altitudes, R 2 6 Re’ the
auroral hiss distribution has a distinct latitudinal asymmetry, with
the auroral hiss only occurring on the poleward side of the polar
cusp, as in Figure 5, for example. A similar asymmetry is also
observed for auroral hiss emissions on the night side of the earth
[compare with Figure 5 in Gurnett and Frank, 1977]. This latitudinal
asymmetry at high altitudes is considered somewhat unusual, since at
low altitudes the auroral hiss usually he: a latitudinally symmetric
structure, often with a characteristic v-shaped low frequency cutoff
[Gurnett and Frank, 1972]. Since the auroral hiss detected at high
altitude appears to be propagating upwards away from the earth, it
seems most likely that this asymmetry is an absorption effect, with
strong absorption on the magnetosphere side of the cusp and little or
no absorption in the polar cap. Such an asymmetry in the whistler
mode absorption is not unexpected, since resonant damping processes
should be much stronger in the hot magnetospheric plasma compared to
the relatively cold plasma in the polar cusp. Evidence of cyclotron

damping in the polar cusp is in fact indicated by the sharp upper

cutoff of the auroral hiss in Figure 5, at about f o~ 0.85 f;. The
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electron energy responsible for this absorption, computed from the

whistler-mode resonance condition [Kennel and Petschek, 1966],

. (%)(1-;%)3,
using f/fé = 0.85, N = 1 electron em™3 and B = 100 gammas, is
estimated to be about 100 eV. Since substantial absorption probably
occurs well before the resonance energy reaches the average energy of
the electrons, this energy implies an average electron energy of a
few tens of eV. Energies of ~ 10 to 50 eV are believed to be typical
of the relatively cold, low density, polar cap plasma.

At low altitudes substantial evidence has been presented
showing that auroral hiss is produced by large fluxes of low energy,
~ 100 eV, electrons in the polar cusp [Gurnett and Frank, 1972;
Laaspere and Hoffman, 1976]. In general the Hawkeye 1 observations
at high altitudes continue to support this relationship, since
sul:stantial fluxes of low-energy, ~ 100 eV, electrons are a common
feature of the polar cusp. Detailed comparisons however do not show
as clear a relationship between the ~ 100 eV electron intensities
and the occurrence of auroral hiss as in the low altitude observations.
Since the source of the auroral hiss is evidently far below the space-
craft, significant acceleration of these electrons may be occurring
between the spacecraft and the region where the auroral hiss is
generated, which would temd to obscure the relationship. Just how the
auroral hiss generation is related to these acceleration processes

and the exact altitude range in which the radiation is produced remain

quite uncertain.
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IV. CONCLUSION

The principal types of plasme waves observed by Hawkeye 1
in and near the polar cusp are (1) ULF-ELF magnetic noise, (2)
broad-band electrostatic noise, (3) electrostatic electron cyclo-
tron waves, and (4) auroral hiss. The region of occurrence of these
waves and their relation to the major regions of the magnetosphere
are summarized in Figure 15. Of these plasma wave phenomena only the
ULF-ELF magnetic noise can be considered to be uniquely associated
with the polar cusp. All of the other types of waves either occur too
sporadically or are not sufficiently localized within the cusp to be
useful as an indicator of the polar cusp location. The Hawkeye 1
observations of the ULF-ELF magnetic noise are in close agreement
with the earlier HEOS 2 measurements. The main differences are that
the Hawkeye 1 measurements of the ULF-ELF noise extend to higher
frequencies, providing evidence of an upper cutoff near the electron
gyrofrequency, and that the noise tends to occur throughout the polar
cusp rather than just at the boundaries of the cusp as stressed by
D'Angelo [1973] and D'Angelo et al. [1974]. This last difference is
not to be strongly emphasized, since we do on some occasions find
that the maximum intensities occur near the cusp boundaries (particu-

larly at the cusp/magnetosphere boundary, as in Figure 3). However,

many other cases occur in which the ULF-ELF noise is essentially
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uniform throughout the cusp (as in Figures 1 and 2). Also, at high
altitudes, near the magnetosheath, it is very difficult to clearly
identify the magnetosheath/cusp interface, so there is some uncer-
tainty in the relationship of the ULF-ELF noise to the polar cusp
boundaries in this region, depending on how the boundaries are defined.
The primary interpretational questions which remain involving
the ULF-ELF magnetic noise are concerned with the mode of propagation
and the mechanism for generating these waves. D'Angelo et al. [1974]
regard this noise as turbulence generated by the Kelvin-Helmholtz
instability. 1In this interpretation the turbulence is not identified
with any particular plasma wave mode but represents a steady state
noise spectrum arrived at by the non-linear cascading of the turbulent
energy to higher and higher wave numbers. On the other hand, the fact that

the spectrum of the ULF-ELF noise often extends up to near the elec-

tron gyrofrequency, but never seems to exceed this frequency suggests
that the turbulence consists of whistler-mode waves. Unfortunately,

it has not been possible to confirm this mode identification by
measuring the electric to magnetic field ratio. If the ULF-ELF noise
does consist of whistler-mode waves it does not appear that the waves
are produced by the well-known cyclotron resonance instability dis-
cussed by Kennel and Petschek [1966], since the noise is often observed
in regions with a nearly isotropic electron distribution. Other
methods of generating whistler-mode turbulence in the polar cusp

need to be investigated.
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Of the three remaining types of plasma wave analyzed, broad-
band electrostatic noise, electron cyclotron waves and auroral hiss,
none are uniquely associated with the polar cusp, even though they
are frequently observed in the cusp. All of these waves are detected
primarily by their electric field, since they are essentially elec-
trostatic, with electric field energy densities exceeding the magnetic
field energy density. As can be seen from Figures 1l-L, it is usually
not possible to uniquely idéntify the polar cusp on the basis of
the electric field measurements alone, since all of these waves
extend to varying degrees into the region outside the cusp. Of these
waves the weak high frequency, 2 10 kHz, component of the broad-band
electrostatic noise appears to be most closely confined to the
polar cusp. At lower frequencies, < 10 kHz, the broad-band electro-
static noise often extends well beyond the polar cusp boundaries, as
in Figures 1 and 3. Similarly, the electrostatic electron cyclotron
waves often extend into the magnetosphere and polar cap regions on
either side of the cusp. The broad region of occurrence of these
waves indicates that the particular feature of the particle distri-
bution function required for the generation of these waves is not
confined to the polar cusp, but also occurs in the regions adjacent
to the cusp. The auroral hiss emissions generated within the polar cusp
are detected large distances beyond the cusp boundaries, which is not

surprising since these emissions are whistler-mode waves which propa-

gate with relatively little attenuation in the magnetospheric plasma.
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The only previous electric field measurements which can be
compared with these electric field measurements are from the 0GO 5
spacecraft [Scarf et al., 1972; Fredricks et al., 1973]. The 0GO 5
observations are all from a single large magnetic storm on November 1,
1968, which displaced the polar cusp to a sufficiently low latitude
to be detected by OGO 5. The OGO 5 cusp observations are characterized
by very large electric field intensities, 10 to 40 mv m‘l, with

ur’ Tgr Tp

and f;) wave modes [Scarf et al., 1972]. Although some of the wave

strong excitation of a number of electrostatic (f o f

modes detected by Hawkeye 1 can be regarded as broadly similar to
the OGO 5 observations, in general the wave intensities detected at
high altitudes by Hawkeye 1 are substantially less intense than
those detected by OGO 5. The similarities include observations of
auroral hiss with a low frequency cutoff near the local lower-hybrid-
resonance frequency, broad-band bursts of electrostatic noise
(although of substantially lower intensity for Hawkeye), and electro-
static waves near the electron gyrofrequency. The large electric
field intensities detected by OGO 5 in the polar cusp are not
necessarily considered to be in disagreement with the Hawkeye 1
measurements because of the unusual nature of the 0GO 5 event (Kp = 8+)
and the fact that the OGO 5 polar cusp crossings occurred at radial
distances (3 to 5 Re) closer to the earth than for Hawkeye 1.

In comparison with the plasma wave phenomen occurring in

other regions of the earth's magnetosphere, the plasma waves observed

in the polar cusp bear a strikingly close resemblance to similar
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plasma wave phenomena in the magnetosheath. Magnetic noise, comparable
to the ULF-FLF magnetic noise found in the polar cusp, also occurs
throughout the magnetosheath [Smith et al., 1967]. This magnetosheath
magnetic noise has a spectrum varying approximately as f'3 and

extends from a few Hz to about 300 Hz. The intensity of the mag-
netosheath noise is highly variable, and on the average is slightly
weaker, by about a factor of 3 to 10, than the noise in the polar
cusp. Electrostatic noise, comparable to the broad-band electro-
static noise found in the polar cusp, is also observed throughout the
magnetosheath [Rodriguez and Gurnett, 1973; Rodriguez, 1977]. The mag-
netosheath electrostatic noise is a broad-band electrostatic emission
which extends from frequencies of a few Hz up to near the electron
plasma frequency at about 20 to 30 kHz. The intensity of the magneto-
sheath electrostatic noise is also highly variable, and is usually
most intense in the region immediately behind the shock, decreasing

in amplitude with increasing distance from the shock. A similar

type of broad-band electrostatic noise is also observed in the

distant magnetotail at the outer boundaries of the plasma sheet
(Gurnett et al., 1976] extending along the auroral field lines to low
altitudes in the ionosphere [Gurnett and Frank, 1977]1. Although

close similarities exist between the plasma waves in the magnetosheath
and polar cusp, important differences are also evident. Narrow-band

"lion's roar" emissions, which are commonly observed throughout the

magnetosheath, are almost never observed in the polar cusp and
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electrostatic electron cyclotron waves, which are commonly observed
in the polar cusp, are not normally observed in the magnetosheath.

The reasons for these similarities and differences are not fully

understood and need further investigation.
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Figure 1

Figure 2

L3

FIGURE CAPTIONS

The electric and magnetic field measurements for a
representative Hawkeye 1 pass through the polar cusp.
The corresponding charged particle intensities for this
pass are shown in Plate 1. The spacecraft enters the
polar cusp from the polar cap at about 1422 UT and
crosses into the magnetosphere at about 1434 UT. The
approximate configuration of the magnetic field and the
spacecraft trajectory are shown by the small sketch in
the bottom panel. Within the polar cusp the primary
plasma wave phenomena evident in these data are the
ULF-ELF magnetic noise from about 1.78 Hz to 178 Hz and
the high frequency components of the broad-band electro-
static noise. Small perturbations in the magnetic field,
probably indicative of field-aligned currents, are also

evident in the polar cusp region.

Another representative polar cusp crossing, similar to

Figure 1, which enters the cusp from the polar cap. The
corresponding charged-particle intensities are shown in

Plate 2. Again the ULF-ELF magnetic noise and the high




Figure 3

Ly

frequency components of the broad-band electrostatic

noise are present in the polar cap region. No significant
magnetic field perturbations are evident in the polar cusp
during this pass. The electromagnetic continuum radiation
has an abrupt cutoff at the cusp/magnetosphere boundary,
indicating an abrupt change in the plasma density and

electron plasma frequency, fp

A polar cusp crossing at a slightly lower latitude than
in Figures 1 and 2. The spacecraft in this case enters
the cusp from the magnetosheath, without passing through
the polar cap. The corresponding charged-particle in-
tensities are shown in Plate 3. The cusp/magnetosphere
boundary is quite clear and distinct, and is characterized
by an abrupt decrease in the plasma density, a change
from a disordered to an ordered magnetic field, an
abrupt terminat ion of the ULF-ELF magnetic noise and the
onset of trapped continuum radiation at f > f;. The
magnetosheath/cusp transition is not as well-defined and
is characterized by an increase in the magnetic field
fluctuations in the cusp, a transition from lion's roar
emissions in the magnetosheath to ULF-ELF magnetic noise

in the cusp, and an increase in the intensity of the

broad-band electrostatic noise.




Figure 4

Figure 5

Figure 6

A low-altitude polar cusp crossing near the noon-midnight
meridian over the southern hemisphere. The corresponding
charged-particle intensities are shown in Figure 4. The
polar cusp is again characterized by large ULF-ELF
magnetic noise and broad-band electrostatic noise in-
tensities. Also, intense whistler-mode auroral hiss emis-
sions are observed in the polar cusp, over the polar

cap, and in the night side auroral zone.

High resolution frequency-time spectrograms showing
further details of the electric field emissions detected
during the polar cusp crossing in Figure 1. The low
frequency component, € 2.0 kHz, of the broad-band elec-
trostatic noise is clearly evident in the polar cusp.
Whistler-mode auroral hiss emissions, with a sharp upper
frequency cutoff slightly below the electron gyrofrequency,
f;, can be seen propagating into the region on the
polarward side of the cusp. Electrostatic electron
cyclotron waves at f ~ f; are also evident in the

polar cusp. These waves also occur in the polar cap

and magnetosphere.

Representative spectrums of the broad-band electrostatic
noise and auroral hiss from Figure 1. The r.m.s.

electric field strength of the broad-band electrostatic

noise is about 4.8 my m'l.




Figure 7

Figure 8

Figure 9

Figure 10

The magnetic field directions and magnitudes for the
pass in Figure 3. The magnetic fields are shown pro-
jected in a magnetic meridian (pm, Zm) plane through

the spacecraft, and in a plane perpendicular to the

P axis. The Zm axis is parallel to the magnetic dipole
axis of the earth. 1In the polar cusp, from about 2225
to 2255 UT, the magnetic field has a strong dipolar
component, with some skewing of the magnetic field out

of the meridian plane toward local dawn.

A spectrum of the peak and average magnetic field
strengths of the ULF-ELF magnetic noise in Figure 3.
Note the upper cutoff in the noise spectrum near the
local electron gyrofrequency, f;. This cutoff suggests

that the ULF-ELF noise consists of whistler-mode waves.

A frequency-time spectrogram showing that the impulsive
magnetic noise bursts before about 2225 UT in Figure 3
consist of whistler-mode lion's roar emissions. This
type of «mission is commonly found throughout the

magnetosheath.

High resolution frequency-time spectrograms of the elec-

tric field emissions detected during the polar cusp




Figure 11

Figure 12

Figure 13
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crossing in Figure 3. The electrostatic electron cyclo-
tron waves are seen to terminate near the cu:p/magneto-

sheath boundary.

The region of occurrence of the ULF-ELF magnetic noise
in geomagnetic coordinates. Only events exceeding the
receiver noise level (see Figure 8) by at least 10 db
from 1.78 to 56.2 Hz are shown. The ULF-ELF magnetic
noise in both the magnetosheath and the polar cusp

usually exceed this threshold.

The frequency of occurrence of the ULF-ELF mAgnetic
noise as a function of magnetic local time and magnetic
latitude within specific radial distance ranges. The
general outline of the polar cusp region, decreasing in
angular size with decreasirg radial distance, is clearly

evident.

The frequency of occurrence of the broad-band electro-
static noise as a function of magnetic latitude and
magnetic local time in the region from 5.01 to 6.3l R,
(from Gurnett and Frank, 1977]. In contrast to the
ULF-ELF magnetic noise, the broad-band electrostatic
nolse occurs at all local times and is not uniquely

related to the polar cusp region, even though it occurs

in the cusp.




Figure 14

Figure 15

Plate 1

L8

Expanded time scale spectrograms of the electron cyclotron
waves and broad-band electrostatic waves near the cusp/
magnetosphere boundary in Figure 10. Within the cusp the
electron cyclotron waves become very diffuse and poorly
defined. The broad~band electrostatic noise is seen

to consist of many impulsive bursts extending across a

broad range of frequencies.

A summary of the primary types of plasma wave phenomena
observed in the polar cusp and the magnetosheath. Many
of the plasma waves observed in these two regions are
very similar. The main differences are that the lion's
roar emissions do not occur in the polar cusp and the
electrostatic electron cyclotron waves are not observed

in the magnetosheath.

Plates l-4 are to be published in color.

The LEPEDEA data for the polar cusp crossing in Figure 1.
These spectrograms display the color-coded response of
the LEPEDEA as functions of the logarithm to the base 10
of the energy in eV (ordinate) and Universal Time
(abscissa). The pitch angle of the particles being

detected (0 to 180°) is shown at the top of each

spectrogram. The region of intense low energy (500 eV




Plate 2

Plate 3
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to 2 keV) proton fluxes from about 1422 to 1434 UT is
the polar cusp. The maximum intensities occur at
pitch angles near 0°, indicating a directed flow of
protons downward along the magnetic field toward the

earth.

The LEPEDEA data for the polar cusp crossing in Figure 2.
The polar cusp is again indicated by a well-defined
region of enhanced low-energy proton intensities,

from about 1712 to 1800 UT. The proton angular dis-
tributions are more complex in this case, with a flow
away from the earth (pitch angles near 180°) in a broad
region on the poleward side of the cusp, and a flow
toward the earth in a narrow region near the low latitude

boundary.

The LEPEDEA data near the polar cusp/magnetosphere
boundary in Figure 3. The spacecraft crosses from the
polar cusp into the magnetosphere at about 2255 UT,
coincident with a large decrease in the low-energy
proton intensities and an increase in the GM tube
counting rate. In the polar cusp region, before about

2245 UT, the pitch angle distribution indicates a

proton flow upward along the magnetic field, away from




Plate 4

50

the earth. This region is believed to correspond to

the entry layer discussed by Paschmann et al. [1976].

The LEPEDEA data for the low-altitude polar cusp
crossing in Figure 4. The spacecraft passes over the
polar cap from about 1704 to 1717 UT and through the
polar cusp from about 1717 to 1720 UT. The polar cusp
region is again indicated by an intense flux of low-

energy protons. The pitch angle distribution indicates

a proton flow downward toward the earth.
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