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A joint scientific session of the Division of General
Physics and Astronomy and the Division of Nuclear
Physics of the Academy of Sciences of the USSR was
held on September 27 and 28 in the conference hall of
the P. N. Lebedev Physics Institute. The following
papers were delivered:

1. S. N. Vernov, The earth' s radiation belts (new
data).

2. K. I. Gringauz, The low-energy magnetospheric
plasma: its origin and its role in large-scale magneto-
spheric processes.

3. B.A. Tverskoi, The magnetosphe re-ionosphere
interaction and mechanisms of charged-particle acceler-
ation in near-earth space.

4. R. Z. Sagdeev, How well do we understand the
magnetosphe re today?

5. V. Yu. Trakhtengerts, The magnetosphere as an
Alfven maser

6. A.A. Galeev, The mechanism of magnetospheric
substorms. We publish below brief contents of two of
the papers.

V. Yu. Trakhtengerts. The magnetosphere as an
Alfven maser. Studies of recent years have shown that
the dynamics of the Earth' s radiation belts (RB) is
determined in many respects by low-frequency electro-
magnetic radiation in the range from 105 to fractions of
a hertz. This emission owes its origin to a maser me-
chanism that arises in the Earth' s radiation belts. It
consists essentially of the following. The magnetos-
phere as an electrodynamic system is an enormous
plasma-filled cavity resonator whose shape is control-
led by the geometry of the magnetic field. The natural
oscillations of this cavity are Alfven waves and whist-
lers. The amplifying material in the magnetosphere is
composed of energetic RB electrons and protons, whose
source is the various accelerating mechanisms that
operate in the Earth' s magnetosphere. Over population
of levels in the Alfven maser (AM) is brought about by
the presence of a loss cone formed when particles with
high longitudinal (along the magnetic field) velocities
reach the dence layers of the atmosphere and are ab-
sorbed there. This gives rise to transverse anisotropy,
which in turn, causes cyclotron instability (CI) of the
RB. As CI develops, Alfven waves (in the case of RB
protons) and whistlers (in the case of the electron com-
ponent) are generated and cause pitch-angle diffusion
of the RB particles and preciptation of these particles
into dense layers of the atmosphere. Alfven waves
have a remarkable property in that they are rigidly
"tied" to the lines of force on which the source is sit-
uated. As a result, the cyclotron waves may be mult-
iply amplified in the RB with reflection from the ends
of the geomagnetic trap. Whistlers have the same pro-
perty, though to a lesser degree. Another essential
fact is that if CI arises at the center of an RB, it also
obtains over the entire length of the trap. All this
makes CI rather universal and often the most dangerous
instability under space conditions.

Even this cursory description of the magnetosphere
brings out its close resemblance to maser systems.
According to recent studies,1 this similarity also has a
profound physical basis. A wide variety of regimes

have been detected in the dynamics of CI: stationary,
periodic, stochastic, and peaking, i.e., practically all
the regimes characteristic of lasers.

The foundations for understanding the operation of an
AM were laid already in 1960-1961 in the first papers
on the linear and quasilinear theory of the CI of an an-
isotropic collisionless plasma.2'3 For application to the
RB, it was found necessary to supplement the quasi-
linear CI equations with a number of essential factors,
including allowance for the effects of the cold plasma
component and magnetic-field nouniformity, and to in-
troduce particle and wave sources and sinks.4"9

The theory of cyclotron instability of the Earth' s rad-
iation belts (RBCI) has now been reliably confirmed by
experiment and is generally accepted.

Analysis of RBCI under the action of a strong external
particle source brought out an interesting effect in
which particles are "locked" in the magnetic trap by
their own turbulence.10 When the characteristic pitch-
angle diffusion time of the particles in cyclotron waves
become smaller than the time of oscillation of the par-
ticles between magnetic mirrors, a kind of anomalous
viscosity arose in the hot plasma and retarded its
escape through the magnetic mirrors. In the magneto-
sphere, this effect may prove significant in strongly
turbulent regions at the boundary with the solar wind
and during the explosive of a magnetic substorm.

Active experiments play an important role in better

FIG. 1. Active experi-
ments: variation of nxL

(1), modulation of R by
periodic heating of the
ionosphere (2), and cyclo-
tron heating of the RB (3).
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understanding of the RB processes (some of them are
represented in Fig. 1). The first experiment, which
was proposed by Brice in 1970,9 was based on the de-
pendence of CI on cold-plasma density. By releasing
cold plasma into the magnetosphere from an artificial
satellite, it is possible to initiate CI beyond the limits
oftheplasmosphere, where instability is not generally
excited under natural conditions. Q-switching of the
Alfven cavity by periodic heating of the ionosphere is
the content of the second experiment. Here we may
expect the excitation of periodic CI regimes. The third
experiment is based on cyclotron heating of RB elec-
trons with ULW transmitters, an effect that can be re-
garded as an artificial particle source in the RB. The
various regimes of this heating open the way to the
most comprehensive study of Alfven-maser dynamics.
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A. A. Galeev. The mechanism of magnetosphere sub-
storms. A magnetosphere substorm is a complex set
of phenomena that accompany the development of the
global instability that is internally inherent to the mag-
netosphere as a dynamic system. The main source of
energy for these processes is the energy of the mag-
netic field in the extended magnetospheric tail.

Specialists have long believed that the nonequilibrium
nature of the tail of the magnetosphere is due to the
presence of a neutral layer, on opposite sides of which·
the force lines of the magnetic field have opposite dir-
ections (toward the Earth in the north half of the tail
and away from the Earth in the south half). Therefore
Compi, Laval and Pellat, and, later, Schindler pro-
posed that a "tearing" instability is responsible for the
dissipation of the energy free of the tail which is known
from controlled thermonuclear fusion research. The
physical mechanism of the instability is easily per-
ceived by imagining a distributed current in the form
of a set of current filaments that is responsible for the
magnetic-field reversal in the neutral layer. Such
current filaments have a tendency to "stick together,"
since the attractive force between adjacent filaments
rises rapidly as they approach one another, while their
bonds to the other filaments are weakened because of
the increasing distances. This results in a change in
the topology of the magnetic field: part of the magnetic
flux, which had previously been directed along a flat
current layer, is reconnected to form lines of force
that close around a pair of currents stuck together.
However, it is clear that reconnection is possible in
the presence of finite dissipation, when freezing of the
force lines into the plasma no longer holds. In the pro-
posed theories, dissipation is provided by Cherenkov
interaction of the "tearing" mode with particles moving
in the neutral layer, where the magnetic field is small
and therefore not an obstacle to resonant interaction.

It was possible to explain the striking stability of the
magnetospheric tail during the many hours between
substorms in this approach, recognizing that part of the
flux of magnetic force lines still crosses the neutral
layer in the magnetospheric tail (in which sense, str-
ictly speaking, it is no longer neutral). The explanation

for the stability of the actual configuration is that as
the current filaments approach one another, it is ne-
cessary to expend energy to compress the electron
component of the plasma frozen into the magnetic force
lines crossing the neutral layer.1 Since the disturbance
of electron density nle, which is inversely proportional
to the magnetic field component normal to the layer
•Bio(wie/Wo = -Bii/Bio)> t h e stability of the tail decreases
as this component increases. Later expermental
studies2 showed that magnetic-fie Id fluctuations with a
characteristic dimension of the order of the "tearing"-
mode wavelength actually do develop in the magneto-
spheric tail during active periods (this length is of the
order of the plasma-layer thickness in the tail, which
is 0.5-2 Earth radii). Also confirmed is the conclusion
of Ref. 1 that a magnetic-field disturbance of finite
magnitude may act as a "trigger" for development of
magnetosphereic-tail instability.3

However, recent experimental studies have con-
fronted the theory with new questions. It developed
that high-velocity plasma fluxes appear as a result of
this instability with a characteristic time in the tens
of minutes.4 On the other hand, energetic particles
appear in the tail after a time of the order of a few min-
utes.5 Therefore if it is assumed that the global dynam-
ics of the plasma in the tail has characteristic times of
the order of the reciprocal linear instability increment
(as is confirmed by simple estimates), the time to
accelerate the particles to high energies should corres-
pond to faster ("explosive") processes. Theoretical in-
vestigations of the nonlinear "tearing"-mode stage6

have shown that it does indeed assume an explosive
character. The physical explanation for this is that the
magnetic islets surrounding the stuck current filaments
become much larger at the nonlinear stage than the
Larmor radius of the ions. In this case, the magnetic
field prevents resonant energy exchange between the
particles and the "tearing" mode everywhere except in
a small neighborhood of the neutral lines. Since the
size of this neighborhood decreases with increasing
amplitude, the magnitude of the vortical electric field
(E1~dBl/dt) must increase in the "tearing" mode in
order to ensure the necessary dissipation of free en-

196 Sov. Phys. Usp. 22(3), March 1979 Meetings and Conferences 196


