
Scientific session of the Division of General Physics and
Astronomy, USSR Academy of Sciences (26 December 1974)

Usp. Fiz. Nauk 116, 546-550 (July 1975)

PACS numbers: 01.10.F

A scientific session of the Division of General Phys-
ics and Astronomy of the USSR Academy of Sciences was
held on December 26, 1974 at the conference hall of the
P. N. Lebedev Physics Institute. The following papers
were delivered:

A. A. Galeev, R. Z. Sagdeev, V. D. Shapiro, and V. I.
Shevchenko, Nonlinear Effects in an Inhomogeneous
Plasma. When an electromagnetic wave propagates in an
inhomogeneous plasma, it is transformed at the plasma-
resonance point η = mw2/47re2 (ω is the frequency of the
wave) into plasma oscillations t1-1. Because of their low
group velocity, plasmons accumulate in the neighborhood
of the resonance. The increase in the longitudinal elec-
tric field in this region significantly lowers the thres-
hold for the appearance of nonlinear effects, which takes
the formC2> 3 ] e = (H2(O)sin20/l6ffnoT)L2/xD > 1. H(0) is
the magnetic field of the wave at the resonance point,
θ is the incidence angle, L"1 is the unperturbed-density
gradient, and XD is the Debye length. The principal non-
linear effects in the plasma-resonance region are
deformation of the density profile by the high-frequency
pressure force and dissipation of electromagnetic en-
ergy due to modulation instability.

Modulation instability results in the formation of
"cavities"—regions of lowered density with plasmons
trapped in them—in the neighborhood of resonance
against the background of the rather smooth electric -
field distribution. The "collapse" of the "cavities" and
the growth of the field in them is a process of explosive
nature (the singularity is reached during a finite time)
and is limited on attainment of the short scales at which
resonant absorption of plasmons by electrons becomes
significant t 4 ' 5 ^ . Absorption occurs on fast electrons,
the parameter kXjj < 1, and the other dissipation mech-
anisms (energy transfer to ions of the plasma being dis-
placed from the cavities, intersection of electron trajec-
tories) are not as significant.

The average field in the resonant region acts as a
pump wave for cavities with plasmons. Cavities are pro-
duced from the pump wave with a characteristic dimen-
sion I ~ XDvf16?7noT/(E2)> which is much smaller at
e » 1 than the width Δζ ~ L(E2)/l6im0T of the reson-
ance. The subsequent collapse of the cavities results in
short-wave pumping of plasmons into the part of the
spectrum for which resonant attenuation on electrons is
significant. The spectrum in the inertial range (between
large scales, where energy is pumped into the cavities,
and small scales, where attenuation occurs) is calculated
from the condition of constant energy flux (Kolmogorov
hypothesis): | E k | 2 ~ l/k1 + ( r/2) (r is the dimension of
the collapsing cavities). The rate at which energy is
pumped into the plasma turbulence is determined by the
effective plasmon scattering frequency veff
= su> (E2)/l6irn0T, where s is a numerical coefficient;
in machine experiments (see, for example, m ) , s » 1/4.
The average energy in the turbulent fluctuations is found
from the condition under which the energy dissipated
from the pump wave is cancelled by the energy flux into
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the shortwave part of the spectrum, (E2)
<E>7l6im0T.

<E)2(Ms2/m)

The spatial distribution of the average field in the
neighborhood of resonance is determined by the solution
of Maxwell's equations with a nonlinear dielectric con-
stant in which the dissipation of electromagnetic energy
is taken into account by introducing the effective colli-
sion frequency veff. In this way, it is possible to obtain
a quantitative explanation for experimental results on
nonlinear effects in the plasma-resonance region that
were obtained in a series of studies made at the Univer-
sity of California1-7"9-1. Displaced from the resonance
neighborhood, the plasma forms a potential well in which
plasmons are trapped. The average field in the region is
found from the formula <E> = H(O)sin0/eN; e^ = ~(z/L)
+ ((Ep/l6im0T)(l + is) is a dielectric constant that takes
account of both the displacement of the plasma by the
high-frequency pressure force and the nonlinear dissi-
pation of electromagnetic energy. The orders of magni-
tude of the field amplitude at resonance and the width of
the resonance are

£g ^ / m \2/5 / ffs (0) sin2 6 \ 1/5
ΙβπηοΓ^ {HTs^l [ Κπη0Τ / '
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The coefficient of absorption of the wave (the ratio of the
energy dissipated per unit time in the region of the
plasma resonance to the energy flux in the incident wave)
does not depend on s, and its maximum value R m a x

« 0.4. The phase of the field changes by π on passage
through the resonance. Figures 1 and 2 show character-
istic curves of the absolute value of the field vs. the co-
ordinate. Figure 2 pertains to a case of rather weak
dissipation in which the wave acts as an electromagnetic
piston. The depth of penetration of the wave into the
plasma is ~AZ/S 2 / S . The spatial-distribution features of
the electric field that are characteristic for this case
can be observed experimentally by switching the electro-
magnetic field on pulsewise, in which case there is not
enough time for modulation instability to develop during
the "on" time ί1οΊ-.
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The above formulas pertain to the case in which the
field amplitudes in the incident wave are not very large:
(Ηθ/ΐ6πη0Τ) < Vm/Ms^sin^. In this case, as in the linear
theory1^1-1, the wave penetrates into the plasma-resonance
region at rather small angles θ ~ (c/uL) . At large
wave amplitudes, the penetration region broadens to
values sin θ ~ ^H|/167m0TVMs2/m. The basic result of
the above analysis—the presence of an effective electro-
magnetic energy dissipation mechanism in the resonance
region due to modulation instability—also persists in this
case; this is a highly important point for the problem of
initiating a pulsed thermonuclear reaction with powerful
laser radiation[ 1 1^.
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L. I. Dorman, Cosmic Rays and the Solar Wind. About
a quarter of a century ago, long before direct studies in
space began, it was possible to acquire important
information on the plasma streams from the sun and on
the magnetic fields frozen into them from cosmic-ray
observations. Two types of streams were detected. It
was then possible to establish with the aid of the cosmic
rays that the magnetic field strength is a few gammas
(1 γ = 10~5 G) in type I streams (which later came to be
known as the quiet solar wind after a suggestion of
E. Parker), and an order higher in the type Π streams
(the disturbed solar wind, which causes magnetic storms
on the earth). Direct measurement of the magnetic fields
made in interplanetary space many years later con-
firmed these results. We should note that the first
cosmic-ray solar-wind information was obtained by the
use of the coupling-coefficient method, which was ap-
plied to data from continuous ground observations of the
mesonic (from 1935) and neutron (since 1952) cosmic-
radiation components'-1-'.

Solar-wind cosmic-ray sounding techniques were
subsequently improved both by the use of a powerfully
developed experimental base (ground observations of
cosmic rays at more than a hundred stations equipped
with neutron and meson supermonitors; observations in
the stratosphere and at various depths underground; in-
direct methods using meteorite and ionospheric data;
cosmic-ray experiments on satellites and unmanned
interplanetary spaceprobes) and by the development of
methods for extraction of space-physical information
from cosmic-ray observations (allowance for meteoro-
logical and geomagnetic effects; satellites, variational
coefficients, the ring of stations, reception vectors; de-
termination of the total cosmic ray distribution function
in interplanetary space from measurements at the
worldwide station network; study of cosmic-ray fluctua-
tions) C2"93. The reliability and accuracy of information
obtained from cosmic rays on processes in interplane-
tary space also depend in large part on the correctness
and completeness of our conceptions as to the manner
in which cosmic rays (CR) propagate and their interac-
tion with the solar wind (theory of isotropic and aniso-
tropic diffusion of CR with consideration of convective
transfer and adiabatic cooling, calculations for unsym-
metrical models with consideration of the real distribu-

tion of solar activity over the sun's disk and its varia-
tions with the 11-year cycle; the kinetic theory of
cosmic-ray propagation and modulation and of the
formation of anisotropy and fluctuations of the CR, the
interaction of cosmic rays with interplanetary shock
waves) C1(rl93. A nonlinear theory of the modulation of
cosmic rays in interplanetary space with consideration
of the reciprocal effects of the CR on the solar wind has
also been developed on the basis of a system of self-
consistent equations '-20-1.

The problem of the cosmic ray-solar wind interaction
is exceptionally complex and many-sided. In recent
years, it has been possible to obtain significant results
in the following areas: a) action of the solar wind and
distortion of the spectra of various nuclei and electrons
of the galactic cosmic rays in the energy range
0.1 MeV—2 χ 102 GeV, reconstruction of the interstellar
spectrum and the problem of subcosmic rays; b) action
of the solar wind on the external anisotropy of cosmic
rays of galactic origin (which is especially significant
at low energies); c) establishment of a relation between
the modulation parameters of cosmic rays in inter-
planetary space and the solar-activity indices (with
consideration of the delay of electromagnetic conditions
at various distances from the sun relative to the proces-
ses in the solar atmosphere); d) investigation and inter-
pretation of the 11-year, annual, and 27-day variations,
of the solar anisotropy, and of the radial and transverse
cosmic-ray gradients in interplanetary space; e) inves-
tigation of the properties of the solar wind at great dis-
tances from the sun and from the plane of the ecliptic
(where we do not yet have direct measurements of the
plasma and magnetic fields from space vehicles) through
the cosmic-ray modulation effects, prediction of the
presence of a transitional layer between the solar wind
and the interstellar medium and estimation of conditions
in it; f) use of cosmic rays to investigate the sector and
jet structure of the solar wind and features of the regu-
lar component of the interplanetary magnetic field
(cosmic-ray current systems, rotation of anisotropy
vector on crossing between sectors, analysis of the sec-
ond cosmic ray spherical harmonic, propagation behavior
of solar cosmic rays along the boundaries between sec-
tors with opposite field directions); g) study of the shape,
structure, and velocity of interplanetary shock waves
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