
ture is most likely due to waves rotating at an angular
velocity n,= 24 km/sec-kpc. Here the position of the
sun turns out to be exceptional: it is situated near the
corotation circle (which is unique in each galaxy), on
which the angular velocity of the Galaxy's differential
rotation is equal to the angular velocity of the wave.
Qi the Galactic scale, the sun is very close to corota-
tion—the deviation from it is small, of the order of
magnitude of &R/r =0.3 (where AR = Rc- R3, and Rs
and ,RC are the distances of the sun and the corotation
from the Galactic center).

It is shown that this specific position of the sun makes
it possible to relate the three fundamental time scales
of cosmogony, Tt« 4.6 • 109 yr, T2=108yr, and T3= 106

yr (as established from the radioactivities of various
nuclides) to the passage of the presolar cloud across the
spiral arms. The scale 1^ (the "lifetime" of the Solar

System) is the lifetime of the protosolar cloud in the
space between the Galactic spiral arms; the scale T2 is
the lifetime of the presolar cloud within the spiral arm,
and the scale T3 is the characteristic time of the hydro-
dynamic processes of interaction of the cloud with the
wave. The possibility of unforced explanation of the
time scales of cosmogony on the basis of a single pro-
cess, assuming that the sun is near corotation, may be
an argument in favor of the proposition that proximity to
corotation is necessary for formation of systems simi-
lar to the Solar System. If the specific location of the
sun in the Galaxy is indeed no accident, but a necessary
and (or) sufficient condition for formation of systems of
the Solar System type (with the corresponding disposi-
tion of the planets, angular momentum, existence of
life, etc.), the corotation circles of our Galaxy and
other galaxies are the places near which it is worth
while to look for beings like ourselves.

V. D. Kulakovskii, I. V. Kukushkin, and V. B. Timo-
feev. Spin-oriented exciton gas in uniaxially deformed
germanium. The well-known theoretical conception
based on integer exciton spin predicts the quantum-
statistical behavior of a system of high-density excitons
in semiconductors at low temperatures if the short-
range repulsion predominates over the van der Waals
attraction.1 For ordinary "atomic" excitons, this be-
havior is excluded by the dominance of attractive forces,
which bind them into excitonic molecules (EM) and an
electron hole liquid (EHL).4 However, the nature of the
paired exciton-exciton interaction can be modified by
orienting the electron and hole spins in the excitons,
e.g., with a magnetic field. The stability of EM's then
vanishes owing to the exchange repulsion of these "spin-
oriented" excitons at short distances. In this respect,
the system of spin-oriented excitons has a far-reaching
analogy to the gas of spin-oriented hydrogen atoms5 and
should exhibit a more pronounced quantum behavior
than the EM gas.

The above conception is an alternative to the observed
phenomenon of exciton condensation in EHLs.4'6 In un-
deformed germanium, the bonding energy of the EHL is
very large (<p~0.5 R, where R is the excitonic ryd-
berg).6 Therefore the exciton gas in such a crystal is a
classical gas ( I nei\ »kT, where nef is the chemical po-
tential of the excitons) throughout the entire region of
its coexistence with EHL. The density of the exciton
gas in Ge may approach the corresponding quantum lim-
it if the EHL is destablized by very strong uniaxial de-
formation of the crystals in a direction close to (001).
Orbital degeneracy in the electron (hole) bands is lifted
under these conditions, thereby lowering the density of
states, to which the bonding energy of the e-h liquid is
most sensitive. The partial fraction of the EM also in-
creases (%-«*,), and a channel corresponding to radia-
tive annihilation of the EM is observed in the emission
spectrum. The bonding energy of the EM in Ge is
-0.1 R or ~3 K.7-8

Owing to the small scale of the bonding energy, EM in
germanium crystals present a highly convenient model
for investigation of molecular properties in magnetic
fields: for example, the energies of the paramagnetic
splitting and the diamagnetic shift in the exciton are al-
ready comparable to the EM binding energy in fields
H= 2-3T. It has been found experimentally that the
diamagnetic susceptibility of the EM is about three ex-
citon susceptibilities. Therefore at T~ 2 K in fields
H>\ T, when the spin splitting of the exciton terms be-
comes larger than the binding energy of the EM and the
average thermal energy of the excitons, the EM emis-
sion line vanishes from the spectrum since spin-orient-
ed excitons cannot form a stable molecular state.8

It has also been found experimentally that switching
on magnetic fields H <5 T does not significantly stabil-
ize the EHL because of the large value of the diamagnet-
ic correction for Landau diamagnetism.9 In strongly
deformed germanium in magnetic fields H = 2-3 T,
therefore, we have a unique opportunity to investigate
the statistical behavior of the spin-oriented exciton gas
all the way up to the densities at which they begin to de-
compose by ionization. The most important limitations
are imposed by the fundamental difficulty of cooling
an exciton gas to very low temperatures because of the
nonequilibrium nature of the system.

Information on the behavior of the exciton gas as its
density varies can be obtained from analysis of the ex-
citon-phonon emission spectra. As «el increases, the
emission line first narrows in accordance with the
change in the exciton distribution in the band in accord-
ance with the Bose-Einstein statistics.10 The interac-
tion between the excitons begins to assert itself at large
nel, and their emission line broadens. An attempt may
be made to describe the emission spectrum of the weak-
ly nonideal Bose electron gas in terms of recombination
of ideal quasiparticles with a single-particle spectrum
restructured by interaction. The dispersion law of the
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corresponding single-particle spectrum can be found by
analyzing the contour of the exciton-phonon emission
line.

In the dispersion law found in this way, as we should
expect for a weakly nonideal gas, we observe an acous-
tic branch at small quasi-momenta, and the effective
mass of the excitons "dressed" by the interaction in-
creases.

lonization decomposition of excitons accompanied by
a stepwise change in the transport electron properties
has been observed at densities corresponding to a di-
mensionless parameter rs<=2.u
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G. A. Askar'yan. Possibilities for enhancement of
the transmission of light and other forms of radiation
through soft turbid physical and biological media. The
problem of light scattering in turbid media has acquired
new interest with the discovery of the biostimulated ac-
tion of low intensity laser and narrowband radiation. It
has been found, in particular,1'3 that radiation from a
helium-neon laser at A =0.63 /im and power no greater
than 10 mW is capable of initiating and accelerating
healing of trophic ulcers, festering wounds, stomach
ulcers, etc. However, the small depth of attenuation of
this radiation in the tissues (2, = 1-2 mm) means that
such treatment can be used effectively only for super-
ficial or intracavity irradiation at small depths.

An essential characteristic of these media—their
softness or compliance under pressure—has not been
taken into account in penetration estimates. This paper
is devoted to possible ways of increasing the penetration
of light through soft turbid physical and biological media
(for details see Ref. 4).

Porolon was chosen as a first model of a soft turbid
physical medium. The transmission of light from an
LG-75 helium-neon laser with a power of 10-15 mW
through a layer of Porolon with an initial thickness z0

= 25 mm was investigated with the material pressed be-
tween a glass plate and a Plexiglas cylinder, through
which the laser beam was passed. The patch of scat-
tered light was observed to shrink and its intensity to
increase under compression. This improvement in
transmission was measured by a photomultiplier onto
the photocathode of which light from the center of the
spot was directed through a hole in the end of the PM
case or through a lightguide. Figure la shows the in-
crease of the intensity / a the center of the spot as a
function of the thickness z jf the compressed layer, and
Fig. Ib the decrease in the dimensions of the spot on
compression, (exposure 1/500 sec). A 30-40-fold
brightness increase was registered when the Porolon

layer was compressed to one-tenth of its original thick-
ness. A relation of the form /~z~° gave a» 1.2.

The intensity increases on compression of the layer
were estimated for various models: multiple scattering
at small angles (0*«z/2s, zs~l/naa, where n is the con-
centration of scattering centers. For nz =* const, the
area of the spot s«(z0a)2~22 i.e., a»2) for strong dif-
fuse spreading, etc. The exponent a could vary from 1
to 2, depending on the variant. Typically, strong com-
pression is required to obtain a significant intensity in-
crease in physical media, and this would hardly be ac-
ceptable for biological tissues.

However, investigation of biological tissues (the palm
of the hand, soft tissues) indicated a much stronger
effect—a 30-50-fold intensity increase was observed
even under mildly uncomfortable pressure reducing the
thickness of the hand at the center from 2.5 to 2 cm.
The photographs in Fig. 2 show the increased transmis-

2-(7r

Z" 5 mm

FIG. 1. Increase of intensity of light on compression of
Porolon layer, a) intensity 7 at center of spot as a function
of the thickness z of compressed medium; b) photograph of
scattered-light spot with Porolon compressed between glass
and Plexiglas cylinder 10 mm in diameter. The diameter
of the lower, small spot is 15 mm; exposure 1/500 sec.
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