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FIG. 1. One-dimensional model of a magnetic trap with a small Fresnel
number F= S/LA (A. is the wavelength of the radiation, L is the length of
the trap, 5 is the area of its endfaces, reflecting electrons and the electro-
magnetic field).

ployed in electronics, in resonators (for example, in the case
of cyclotron masers based on the anomalous Doppler effect)
and from the quasiperiodic oscillations associated with non-
linear Landau damping in plasma physics. Unlike the non-
linear Landau damping, which exists in the absence of real
energy dissipation and is determined by the dephasing of
particles with different velocities and energies, in the system
of single-velocity particles under study the process loses its
oscillatory character and becomes aperiodic owing to strong
dissipation of the energy in the field, associated with its es-
cape from the trap.

In the report, the conditions for the appearance of cylo-
tron superradiance, its linear and nonlinear stages, as well as
the temporal and energy parameters of the pulses generated
in the single-and multimode regimes of superradiance are
described.l>5 The characteristic form of the pulse in the case
of instability of one cyclotron mode of the oscillations of the
trap is shown in Fig. 2. In the case of simultaneous instability
of several cyclotron modes it is shown that there exists a
"mode succession" regime, corresponding to the uniformly
retarded motion of the electron stream and propagation of
the radiation power upwards in the frequency spectrum of
the modes of the trap.

Together with the general properties of cyclotron su-
perradiance and Dicke superradiance, a number of differ-
ences between these two properties were clarified. The most
significant difference is associated with the type of nonlin-
earity determining the form of the superradiance pulse. For
two-level atoms the nonlinearity is of the saturation type,
owing to the change in the difference of the populations of
the levels of the atoms, which affects the increments of the
polariton modes with different wave numbers to the same
extent, whereas for electrons moving in a magnetic field the
nonlinearity is of the resonance type, caused by the Doppler
shift of the frequency of the oscillations of the electrons as
they are retarded by the field, which has a selective effect on
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FIG. 2. Shape of the cyclotron superradiance pulse in the one-mode re-
gime. The pulse duration is of the order of several T = 2ircr0cn/co2

L

( D I I — c()), the delay time is rd = T In (Qmax/Q0), the maximum power per
unit volume is £>„,„ = &t)Ne<u1 ( U j — ca)/<aa(ea — l)£,>coi where eaa

= «BCO/(U|| — c0) is the frequency of the radiation, a>B = eBt/mc is the
relativistic gyrofrequency, <UL = (4ire2Nc/m)l/2 is the plasma frequency
of the electron beam, cra is the effective conductivity, characterizing the
distribution of the diffraction or ohmic radiation losses in the trap, and Qn
is the initial spontaneous power of noncoherent cyclotron emission from
the trap.

the increments of the cyclotron modes with different wave
numbers.

It should be emphasized that the concrete analogy es-
tablished between Dicke superradiance in the system of
quantum (two-level) atomic oscillators and cyclotron su-
perradiance in a system of classical electron oscillators,
moving in a magnetic field under the conditions of the anom-
alous Doppler effect, has not been exhausted, and actually
merely raises the problem of SR (collective spontaneous
emission) in classical plasma physics and electronics. In par-
ticular, according to Ref. 6, the possibilities for realizing
collective spontaneous emission of a moving cluster of elec-
trons also exist in free-electron lasers. In addition, the emis-
sion by an electron cluster of both discrete modes and waves
of the continuous spectrum, including those in the regime of
unidirectional emission of a superradiance pulse, is also of
interest.
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V. Yu. Trakhtengerts. Ion cyclotron maser and the dy-
namics of the magnetospheric ring current. It is well known
that the properties of the earth's magnetosphere as a maser
system largely determine the dynamics of the high-energy
component of the plasma and of the electromagnetic radi-
ation in the circumterrestrial space. The magnetospheric
maser is based on the magnetic force tube filled with the
background plasma, which together with the ionospheres of

the conjugate hemispheres (playing the role of mirrors)
serves as a resonator for Alfven and whistler waves. The
active material in the magnetospheric maser, called the Alf-
ven maser (AM), consists of high-energy electrons and ions,
which are produced by different acceleration mechanisms
during magnetic disturbances. High-energy particles, as a
rule, have a nonequilibrium (anisotropic) momentum dis-
tribution, a result of which is the development of cyclotron
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instability in the AM. There is a variant of the AM that is
distinguished by a special uniqueness—the ion cyclotron
maser (ICM), whose operation is closely associated with the
dynamics of the so-called magnetospheric ring current. The
ring current is formed during magnetic storms at distances
of 3-5 earth radii from the center of the earth and contains
from 20 to 60% of the total energy of the magnetic storm.
This energy is confined primarily in hot electrons with ener-
gy W> 50 keV.

The excitation of electromagnetic waves in the ICM
plays an extremely important role in the dynamics of the ring
current. The cyclotron instability, arising when high-energy
protons from the sun are injected into the magnetosphere,
sharply limits the lifetime of these particles in a geomagnetic
trap. At the same time, as the cyclotron instability develops,
heavy ions from the ionosphere (oxygen and helium) are
efficiently accelerated2 and an overall heating of the back-
ground plasma also appears—phenomena that are typical
for the ring current during the principal phase of a magnetic
storm.

For a low level of magnetic activity, when the source of
high-energy protons is weak and the degree of departure
from equilibrium (anisotropy) of the active material is

small, the processes in ICM proceed somewhat differently.
Under these conditions the heavy ions apparently have an
insignificant effect on the cyclotron instability, and the iono-
spheric mirrors play the main role in the dynamics of the
ICM.3 These mirrors in the studied frequency band of 0.1-5
Hz are in many ways reminiscent of Fabry-Perot resonators.
Their reflection characteristic as a function of frequency has
a resonance character, which, combined with the nonlinear
restructuring of these mirrors during the operation of the
ICM, leads to excitation of unique spiking regimes of radi-
ation generation with frequency drift within the spike.3"5

An extensive class of geomagnetic pulsations of the Pc-1
type observed in the magnetosphere can be linked to these
regimes.
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V. V. Zaitsev, E. Ya. Zlotnik, and V. E. Shaposhnikov.
Cyclotron mechanism of decameter radio emission of Jupiter.
In spite of investigations of the decameter (DCM) radio
emission of Jupiter performed over many years, the nature of
the different components of the emission is still not com-
pletely understood. At the same time, as a result of close
passage of space probes, a great deal is now known both
about the details of DCM and the physical parameters of the
Jupiter atmosphere (magnetic field and the electron density,
temperature, and high-energy particle distributions). In
particular, direct measurements of the magnetic field con-
firm the hypothesis from the 1950s that the frequency of
DCM corresponds to the electron gyrofrequency in the ion-
osphere and the lower magnetosphere of Jupiter.

The main preconditions of the theory of DCM bursts
are high intensity, limited frequency bands, short time
scales, and the sporadic character of the radiation—all this
indicates that the emission mechanism must be coherent.
Cutoff of the spectrum at 40 MHz (which apparently corre-
sponds to the maximum gyrofrequency and maximum mag-
netic field at Jupiter's surface) and the absence of traces of
higher order harmonics indicate that the radiation is genera-
ted by nonrelativistic particles and is most likely linked with
the instabilities in the ionospheric and magnetospheric plas-
ma at frequencies close to the local electron gyrofrequency.
In this connection, instabilities of plasma and electromag-
netic waves, owing to the existence of groups of nonequilibri-
um electrons in the ionosphere and magnetosphere, are dis-
cussed in the literature.

A mechanism for generation of DCM .s-bursts has been
proposed in Refs. 1-3. This narrow-band, sharply directed
radiation has a high brightness tempergure, and is polarized
with the sign of the extraordinary wave and is often observed
in the form of quasiperiodic sequences of millisecond bursts.

The dynamic spectra always contain a negative frequency
drift, and fine structure in the form of frequency splitting is
sometimes recorded. The appearance of .s-bursts is clearly
correlated with the phase of the moon /0 and the longitude of
the central meridian.

The principal points of the scheme for generation of s-
bursts proposed in Refs. 1-3 are as follows: 1) nonequilibri-
um electron distribution over the transverse (relative to the
magnetic field) velocities; 2) the kinetic instability, caused
by these electrons, of plasma waves in the magnetized plas-
ma at a frequency close to the frequency of the upper hybrid
resonance; and 3) conversion of plasma waves into extraor-
dinary waves with a refractive index «e < 1 on weak fluxes of
electrons along the magnetic field. Invoking extraordinary
waves with «e < 1 makes it possible to explain the fact that
the frequency drift is always negative (owing to the effect of
group delay) and the fact that the emission is highly direc-
tion. The choice of plasma waves is linked with the interpre-
tation of the spontaneous frequency spectrum: the incre-
ment with an oscillating frequency dependence, explaining
the observed frequency splitting in s-bursts (the so-called
band-like emissions), is realized only for plasma waves with
sufficiently large refractive index and is impossible for elec-
tromagnetic waves with «0e 5 1. Induced scattering of plas-
ma waves into electromagnetic waves leads to the appear-
ance of quasiperiodic sequences of .s-bursts.
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