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ABSTRACT
Mag netosphere aves were theoretically investigated
» Magnetic field: approximated by offset, in a dipole magnetosphere with
tilted dipole | . rr'10wr.1g pIas.ma. Plasma mc?tlon was
simulated with its azimuthal rotation. The
model’s scope allowed for describing a transition
from the inner plasma sphere at rest to the outer
magnetosphere with convecting plasma and,
through the magnetopause, to the moving
plasma of the solar wind. Solutions were found
to equations describing longitudinal and
transverse structures of standing Alfv'en waves
with high azimuthal wave numbers mddi.Spectra

were constructed for a number of first harmonics
of poloidal and toroidal standing Alfv'en waves
inside the magnetosphere.

Alfvén waves has proven to be a valuable tool in
describing the propagation and evolution of field-aligned currents and the magneticfields produced by
these waves as observed on the ground. Although many models of this type have assumed that
magnetic field lines penetrate the ionosphere vertically, this assumption is not valid at lower latitudes
where the dipole tilt is significant.The structure and spectrum of standing Alfven For charged particles
with velocities greatly exceeding the velocity of the background plasma, an effective parallel wave
component of the electric field appearsin the region occupied by such waves. This results in structured
high-energy-particle flows and in the appearance of multiband aurorae. The transverse structure of
the standing Alfv’en waves’ basic harmonic was shown to be analogous to the structure of a discrete
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INTRODUCTION

The gradients in the Alfvén speed are particularly strongin the region up to about 1 RE altitude,
since the mass density decreases exponentially with increasing altitude while the magnetic field falls
off less rapidly. Thus, the Alfvén speed increases rapidly, reaching a peak at an altitude of about 1 RE
that can be comparable to the speed of light. This sharp rise forms a resonant cavity, termed the
ionospheric Alfvén resonator by Polyakov and Rapaport (1981) and studied extensively by
Trakhtengertz and Feldstein (1984, 1991) and Lysak (1986, 1988, 1991,

1993). This cavity has resonant frequencies in the range of 0.1-1.0 H Micropulsation
measurements in the magnetosphere provide important information on the processes of basic plasma
physics, the fundamental structure of the magnetosphere, and substorm processes. Analysis of
micropulsation events to determine the wave modes, growth characteristics, and propagation is
therefore vital to an understanding of the magnetosphere. In this paper, we will show observations of a
Pc 5 event seen near the magnetic equator by the retarding ion mass spectrometer (RIMS), the
energetic ion composition spectrometer (EICS), the magnetometer (MAG), and the plasma wave
instrument (PWI) on board Dynamics Explorer 1 (DE 1).The evolution of field-aligned currents can be
described in terms of the passage of shearmode Alfvén waves along auroral field lines. The auroral flux
tube is terminated by the conducting ionosphere, which reflects Alfvén waves unless the ionospheric
Pedersen conductance is matched to the Alfvén wave impedance (e.g., Scholer, 1970; Goertz and
Boswell,1979). Moreover, a realistic auroral flux tube contains strong gradients in the Alfvén speed,
with scale lengths less than typical Alfvén wavelengths. Such gradients cause partial reflection of the
wave (Mallinckrodt and Carlson, 1978), which can lead to a frequency dependence of the reflection
coefficients (Lysak, 1991).

Alfv’en oscillations in a magnetosphere are known to enjoy two types of polarisation (Dungey,
1954; Radoski, 1967,1969). Oscillations in an axisymmetrical magnetosphere, exemplified by a dipole

magnetic field model, may be representedas the sum of azimuthal harmonics of the form exp(imd),

where m is the azimuthal wave number, ¢ is the azimuthal angle. Oscillations with m o are termed
toroidally polarised, while those with m=0 are poloidally Precipitating in the ionosphere, these
electrons are capable of triggering aurorae in polar latitudes. Taking into account dispersion kinetic
effects in Alfv’en waves allows a longitudinal electric field E jto be revealed in these waves (Hasegawa,
1976; Goertz, 1984).In a nonlinear Alfv’en wave, the E amplitude is one order of magnitude larger than
in a linear one (Frycz et al., 1998). Taking into account the nonlocal conductivity effect for electrons in
the field of a nonlinear Alfv’en wave can increase E by several orders of magnitude (Rankin et al., 1999;
Tikhonchuk and Rankin, 2000; Samson et al., 2003; Watt et al., 2004). This is related to the fact that,
within one oscillation period of an Alfv'en wave, electrons experience multiple bounce oscillations
along field lines between the reflection points. Accelerated by the wave’s longitudinal electric field,
electrons can acquire energy necessary for aurorae to emerge in the ionosphere. Besides, kinetic
dispersion effects and nonlinearities result in Alfv’en oscillations being nonlinearly structured across
magneticshells (Rankin etal., 2004).
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Basic equations

First, we introduce the following designations: the capital letters B , P and J stand for the
equilibrium values of the magnetic field, pressure and current, the small letters b, p and j denote the
wave-associated perturbations of these quantities, & is the displacement of plasma from the
equilibrium position, p is equilibrium plasma density, E is the wave’s electric field, and w is the wave
frequency.

These quantities are related by the relation
VP =(411) ' ) B (condition of hydromagnetic equilibrium),

J=VxB,j=Vxb

iwb =cVXE (Maxwell equation),

E = _ﬂ_v 3 y B M . oy .
e (freezing-in condition).

We consider the hydromagnetic waves in those magnetospheric regions where the plasma to
magnetic pressure ratio B =7? 8 TP/B is much less than unity. In these regions equilibrium plasma
pressure across and along field lines differs no more than by 20% (Lui and Hamilton, 1992; Michelis et
al.,, 1997); therefore, the anisotropy of the pressure tensor can be neglected. The pres- sure
perturbation can then be found using the adiabaticity condition, the linearized form of which is written
as

P=-£2P-yP?2-&

The RIMS instrument is described fully by Chappell et al. [1981]. The instrument consists of
three nearly identical ion detector heads aligned parallel, antiparallel, and perpendicular to the
spacecraft spin axis, denoted -Z, + Z, and radial (RL), respectively. The instrument comprises a high-
resolution mass spectrometer preceded by a retarding potential analyzer (RPA) stage, covering an
energy range of 0 to 50 eV and a mass range of 1 to 32 amu. For a typical survey mode, in 16 s the
instrument measures the integral flux spectra for the six principal ion species: H+, He+, O+, N+, He++,
and 0++. RIMS has been working successfully since launch apart from one anomaly; after 1981 day 329,
the RPA on the radial detector failed to function (the RPA voltage remains fixed at 0 V regardless of the
RPA command setting); however, the RPAs on the + Z and -Z head detectors are still functioning
normally. This means RPA analysis from the radial head is not possible for the chosen event. The
energetic ion composition spectrometer (EICS) has been discussed by Shelley et al. [1981]. It resolves
all major magneto- spheric ion species and covers the energy range from spacecraft potential to 17
keV/e. In the data presented here, 15-point energy spectra for H+ and 0+ were obtained for 24 "look"
angles every 24 s. The lowest-energy channel was operated with a 10-V bias to reject all ions with
energy less than 10 eV/e above the spacecraft potential. The lowest channel has a broad energy
response and is sensitive to ions with energies up to -100 eV/e. The University of lowa plasma wave
instrument (PWI) includes a static electric field detector, which is used to measure Pc 5 electric fields
directly. In high gain, the instrument is capable of measuring electric fields down to --0.5 mV/m, using
the long electric antenna. This 200-m antenna is a fine-wire dipole, which is insulated except for 30 m
on each end. Effective center-to-center separation of the uninsulated portions of the antennais 173 m
[Shawhanetal., 1981].
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DISCUSSION

Inthe analysis above we neglected the coupling of the Alfven wave with the slow mode because
of huge difference of their frequencies. Nevertheless, it is worth studying whether this coupling can
significantly change our results. For this purpose, let us write a dispersion equation for the coupled
poloidal Alfv’en and slow modes
(e.g.Klimushkin and Mager, 2008)

2P wh —kﬁv;a
i) u wipik?

Here the prime means differentiating with respect to the radial coordinate,

54 : .
U =T is slow magnetosonic speed,
. i .
S= [—= is the sound speed

Since the parallel reflection points are determined as the points where the condition k || = Os
satisfied, it is easily canbe seen that the reflection still takes place where w 2 = H, with the only
difference that the sound speed is replaced by the slow magnetosonic speed, S -Vs . Therefore, we may
conclude that the coupling with the slow mode cannot drastically change the results: it does not
significantly shift the parallel reflection point found in this study, nor it introduces additional reflection
points. The account of the finite-pressure effect has shown that regionswith strongly bent field lines
may not just partially reflect poloidal Alfv’en waves, as was predicted in Pilipenko et al. (2005), but even
impose a stop-band for them. We have to indicate that the effect of partial or even total Alfv'en wave
reflection from this region may occur for an azimuthally-small scale (poloidal) mode. The Alfv'enic
disturbances of this type are to accompany localized bursty or non-steady processes in the nighttime
magnetosphere. A possibility of this effect for an azimuthally large-scale (toroidal) mode needs a
special consideration, but most probably it is to be much less pronounced. But it can be observed alsoin
the compressional component of the magnetic field b || which is coupled with electric field in a finite
pressure plasma.

CONCLUSION

This paper reports the particle detector and electric field measurements for a Pc 5 event
encountered by the DE 1 spacecraft between 1830 and 1930 UT on July 14, 1982. These measurements
(which have a "double-lobed" drift velocity variation over the event) for the first time show
simultaneously measured E x B and particle-derived drift velocities during a Pc 5 event. The
measurements indicate a rotation of the plasma in the direction normal to the magneticfield. The drift
velocity modulation reaches peak values of 20 to 25 km s in both lobes, but shows a change in the
direction of rotation of the plasma from left- to right-hand polarized between the two lobes of the
event. Both regions extend over a 20-min period with Pc 5 oscillations within each lobe of 190 and 233
s, respectively. This "double-lobed" structure is present both in the low-energy particle data and in the
quasi-static electric field data. The data in the first half of the event also indicate a relative increase in
the eccentricity of the wave over the first lobe which is well correlated with the wave amplitude
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structure of the lobe. This suggests that the lobe structure is indicative of an encounter with a localized
Pc 5 resonance structure in the afternoon magnetosphere. Since the observed electric field
polarization was left-handed on both sides of the resonance and became essentially linear at the peak
of the lobe, the 20-min period of the lobe structure can be interpreted as a resonance region (10 to 20
RE) traveling past, but radially within the orbit of DE 1, with a velocity of approximately 200 km's The
second lobe is more complicated, and a predominance of highly eccentric right-hand polarization of the
plasma suggests that the location of the traveling resonance was just radially outside of the location of
the DE 1 spacecraft. Alternatively, the double-lobed structure and eccentricity changes may be
interpreted as simply temporal variationsin the pulsation.
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