
pie, liquid HeJ) do not exhibit this property at low tem-
peratures. But at ultralow temperatures (of the order
of 10~3QK) we have reason to expect the production of
bound pairs of Fermi particles (like Cooper electron
pairs in superconductors). Such pairs will form a Bose
condensate, and the property of superfluidity may ap-
pear as a result.

During the past year, two phase transitions have been
observed in liquid He3 at equilibrium with solid He3

(pressure about 33 atm): an A transition at Τ = 2.65
χ 10~3 °K and a B transition at Τ ~ 2 χ 10"3 °K.

Heat-capacity investigations have shown that the A
transition is a second-order phase transition (a heat-
capacity jump is observed), and that release of a latent
heat of transition on the order of 15 erg/mole is ob-
served in the Β transition. As the pressure is lowered,
the temperature of the A transition decreases ( p m i n

= 10 atm, T m m = 2 χ 10"3 °K). In a magnetic field, the
A transition splits into two phase transitions, Ai and A2.
The temperature difference for these transitions is pro-
portional to the magnitude of the applied magnetic field.
Study of the NMR and static susceptibility indicates that
the A phase has a large internal field, which could be
explained if atoms with parallel spins were paired. The
resulting pair would have a spin S = 1. It then follows
that the orbital momentum L of the pair is odd (evidently
equal to 1). The magnetic properties of the phases can
be understood qualitatively if the condensate is aniso-
tropic in the A phase and isotropic in the Β phase.

The appearance of superfluidity in the A and Β phases

was very recently demonstrated experimentally. The
resonance vibration amplitude of a string immersed in
liquid He3 increased sharply with decreasing tempera-
ture in the new phases.

Thus, liquid He3 presents physics with a totally new
object—a superfluid, anisotropic magnetic quantum fluid.

The discovery of this phenomenon can, without fear of
exaggeration, be called the most important event in
physics during recent years.

LD. D. Osheroff, R. C. Richardson, and D. M. Lee, Phys.
Rev. Lett. 28, 885 (1972).

2 D. D. Osheroff, W. J. Gully, R. C. Richardson, and
D. M. Lee, ibid. 29, 920.

3R. A. Webb, T. J. Greytak, R. T. Johnson, and J. C.
Wheatley, ibid. 30, 210 (1973).

4 D . T. Lawson, W. J. Gully, S. Goldstein, R. C.
Richardson, and D. M. Lee, ibid., p. 541.

5Yu. D. Anufriev, T. A. Alvesalo, Η. Κ. Collan, Ν. Τ.
Opheim, and P. Wennerstrom, Phys. Lett. A43, 175
(1973).

6 D. N. Paulson, P. T. Johnson, and J. C. Wheatley,
Phys. Rev. Lett. 30, 829 (1973).

7 T . A. Alvesalo, Yu. D. Anufriev, H. K. Mollan, O. V,
Lounasmaa, and P. Wennerstrom, ibid., p. 962.

8 A. J. Leggett, ibid. 29, 1227 (1972) (and also to be pub-
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9V. Ambegaokar and N. D. Mermin, ibid. 30, 81 (1973).
1 0 P . W. Anderson, ibid., p. 368; P. W. Anderson and
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Scientific Session of the Division of General Physics and Astronomy,
USSR Academy of Sciences (19-20 December 1973)

Usp. Fiz. Nauk 113, 714-718 (August 1974)

A scientific session of the Division of General Phys-
ics and Astronomy of the USSR Academy of Sciences
was held on December 19 and 20, 1973 at the conference
hall of the P. N. Lebedev Physics Institute. The follow-
ing papers were delivered:

1. Z. R. Mustel', Supernova Outbursts and Trans-
formations of Elements.

2. Yu. N. Efremov, S. B. Novikov, and P. V.
Shcheglov, Development of Ground-Based Optical
Astronomy and its Prospects.*

3. V. S. Letokhov, Selective Laser Irradiation of
Matter.

4. D. N. Mirlin, Optical Studies of Surface Vibrations
in Ionic Dielectrics and Semiconductors.

5. G. A. Askar'yan, V. A. Namiot, and M. S.
Rabinovich, Use of Ultracompression of Matter by Light
Reaction Pressure to Obtain Microcritical Masses of
Fissile Elements, Ultrastrong Magnetic Fields, and
Particle Acceleration.

We publish below brief contents of three of the papers.
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V. S. Letokhov. Selective Laser Irradiation of Matter.
Recent progress in broadening the range of laser wave-
lengths and in the development of methods for tuning and
frequency control of lasing have enabled us to enter upon
systematic study of the possibility of controlling selec-
tive chemical reactions with laser radiation. This prob-
lem is of fundamental importance for the use of coherent
light in chemistry, especially in photochemistry and
nuclear chemistry and possibly in biology, medicine, and
other fields. The basic idea is to use the difference be-
tween the absorption spectra of substances not for analy-
sis of their composition and structure, but for selective
treatment of the substances with the object of changing
their composition and properties. The general statement
of the problem will be found in^1-1.

A mixture of molecules (atoms) A and Β with very
closely similar chemical properties is considered, and
the problem is to obtain preferential participation of,
let us say, molecule A in a chemical reaction. As a
coefficient of selectivity we might take the ratio of the
number of reacted molecules A to the number of mole-
cules Β at equal initial concentrations: S =
— 1. S = 0 in the absence of selectivity, and S
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corresponds to high selectivity. If the absorption spec-
tra of molecules A and Β have at least one noncoincident
absorption line belonging to molecule A, it can be used
for selective excitation of molecules A only by laser
radiation of the appropriate wavelength (see Figure).
The selectively excited molecules A* can, first of all,
enter into a chemical reaction with a certain acceptor R
at a higher rate than the unexcited molecules A and B.
Secondly, the excited molecules have a dissociation or
ionization energy that is smaller than that of unexcited
molecules A and B, and this can also be used for selec-
tive laser treatment of the substance.

There are two mechanisms of excitation selectivity
loss. First, a mixture of gases may be heated as a re-
sult of relaxation of excitation, with subsequent thermal
(nonselective) excitation of both species of molecules.
This mechanism appears, for example, on excitation of
vibrational levels of the molecules. Secondly, there is a
rather fast resonant transfer of excitation between mole-
cules (atoms) A* and B. To act selectively on molecules
A, it is necessary that the rate of the selectivity-pre-
serving processes (fast chemical reaction, dissociation
of excited molecules) greatly exceed the rate of the
stability-losing processes. The idea that selective reac-
tions might be made possible by excitation of particles
of a given species with monochromatic radiation was
advanced 50 years ago1- . A few successful experiments
were made during the 1930's^3·1. Naturally, the idea was
resurrected with the advent of the l a s e r 1 - . But the high
intensity of laser radiation makes possible selective
photoionization of excited atoms [ 5 ' 6 ] or photodissocia-
tion of excited molecules'-5'6-1 at a rate much higher than
that at which selectivity is lost due to collision proces-
ses. In many cases, this is of fundamental importance
for preservation of selectivity, since, like the rates of
the various selectivity-loss processes, the rate of chem-
ical reaction of the excited particles is proportional to
the number of collisions.

The paper reports results of an experimental study
of the thermal mechanism of selectivity loss on excita-
tion of vibrational levels of the NH3 molecule by '
CO2-laser radiation in the continuous and pulsed
modes E7-1 and an investigation of the rate of vibrational -
vibrational excitation exchange in a mixture of 14NH3 and
15NH3 molecules and a buffer gas[ 8 : l „ The measurement
method is based on direct observation of the NH3 vibra-
tional level population kinetics as reflected in the
strength of the absorption lines in the 2200 A range1- .
A "bottleneck" effect due to rotational-level relaxation
of the molecules'-10-1 was observed experimentally in1-8·1

on excitation of molecular vibrational levels with a short
laser pulse, and population-factor measurements are
reported for one sublevel of the C2F3C1 molecule1-11-1.

Study of the kinetics of selective vibrational excita-
tion of 15NH3 molecules mixed with WNH3 made it possi-
ble to select conditions for experimental observation of
two-stage selective photodissociation of the molecules
under the action of a CO2 laser pulse and a pulse from
an ultraviolet radiation source[ 1 2 : l . The selectivity of
the dissociation was measured after separation of the
14N and 15N isotopes. The final products (H2 and N2) of
selective photodissociation contained about 80% of 15N
and 20% of 14N when the initial concentrations were
equal1-13-1, giving a selectivity S = 4. Maximum enrich-
ment with a coefficient S « 10—50 was obtained in ex-
periments carried out under special conditions .

Λ Dissociation or
ionization of
excited particlesClassification of processes

causing retention of selectivity
(fast chemical reaction, photo-
dissociation or photoioniza-
tion of excited particles) and
loss of selectivity (thermal ex-
citation and resontant excita-
tion transfer).

The process of selective two-stage photodissociation
is a practically universal tool for laser separation of
isotopes. However, selective dissociation can be at-
tained by excitation with radiation at a single frequency
when predissociation absorption lines are used1-13'14-1.
The paper describes the results of an experiment in
selective predissociation of orthoiodine molecules by
radiation from an argon laser at λ = 5145.3 A1-1 . Use
of this method brought about a strong shift in the ortho-
I2-para-I2 equilibrium in the direction of para-I2, and
the predissociation probabilities and relaxation rates
were measured for the ortho and para components of
the iodine. This method can be used to separate the iso-
topes 1 2 7I and 1 2 9 I .

The conclusion examines the possibilities for attain-
ing selectivity on overlapping absorption lines with
single-quantum[6-1 and two-quantum[16^ excitations of a
gas at low pressure in the field of a standing wave, and
also the possibility of preventing chemical binding of the
dissociation products in the gaseous medium due to es-
cape of molecule fragments from the irradiated gas jet.

1)rThe editors plan to publish, in one of the upcoming issues of this
journal, an article by these authors that reflects the text of the paper
delivered.
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D. N. Mirlia, Optical Studies of Surface Vibrations in
Ionic Dielectrics and Semiconductors. This paper sets
forth the results of a joint study made with V. V.
Bryksin, Yu. M. Gerbshtein, and I. I. Reshina. A spec-
troscopic method was used to observe surface optical
vibrations in crystals and investigate them in detail. In
accordance with the phenomenological treatment, such
vibrations arise in the frequency range between WrpQ and
a-'Lo^the limiting frequencies of transverse and longi-
tudinal optical phonons—where the dielectric constant is
negative (the range of "residual rays"). The studies
were made on a series of ionic dielectrics and semi-
conductors with the structure of NaCl, CaF2, and TiO2,
and on InSb and a-SiO2. The experimental part of the
work was done using a modification of the disturbed total
internal reflection (DTIR) method, which made it possi-
ble to investigate the absorption in a nonradiative region
of the spectrum, i.e., at kx > ω/c (where kx is the wave
vector of the surface vibrations). DTIR spectra were
calculated for the configuration of the experiment. Dis-
persion relations for the surface vibrations were ob-
tained experimentally for the first time, and the influ-
ence of anharmonicity on their characteristics was stud-
ied. It was shown that satisfactory agreement between
the calculated and observed frequencies requires consis-
tent consideration of the anharmonic contribution to the
dielectric constant of the crystal. Splitting of the sur-
face-vibration frequencies was detected in thin films:
in this case, two surface-phonon branches were ob-
served. Mixed surface plasma-phonon modes were in-
vestigated in degenerate semiconductors, dispersion and
concentration dependences of the frequencies were re-
corded, and the damping of the surface plasmons was
measured. (In InSb, it was found to be 2—3 times stron-
ger than the damping of bulk modes.)

The influence of anisotropy on the conditions under
which surface vibrations appear and on their character-
istics was investigated. The existence of two types of
surface-vibration branches in uniaxial crystals was es-
tablished experimentally: one of them exists only in the
polariton region of the spectrum and has no analog in
isotropic crystals. As the k x of these "anomalous" sur-
face excitations increases, they mix with the bulk spec-
trum and attenuate.

Surface waves at the boundary between two dielectrics
were also investigated, and extinction of these waves at
a boundary with a metal was observed. "Boundary"
plasmon-phonon modes at metal (semiconductor)-dielec-
tric boundaries were studied. Various manifestations of
the surface phonons can be expected in study of trans-
port phenomena in thin films, in the surface layers of
single crystals, in multilayered structures, in tunnel
spectroscopy, etc. In particular, surface-phonon mani-
festations can be expected in Raman spectroscopy of
semiconductors with excitation beyond the edge of the
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fundamental band, where the light penetrates only to a
small depth.

The basic results discussed in the paper were set
forth in the following articles:

V. V. Bryksin, Yu. M. Gerbshtein, and D. N. Mirlin,
Fiz. Tverd. Tela 13, 2125 (1971); 14, 543 (1972) [Sov.
Phys.-Solid State 13, 1779 (1972); 14, 453 (1972)]; Phys.
Stat. Sol. B51, 901 (1972).

V. V. Bryksin, D. N. Mirlin, and I. I. Reshina, ZhETF
Pis. Red. 16, 445 (1972) [JETP Lett. 16, 315 (1972)];
Fiz. Tverd Tela 15, 1118 (1973) [Sov. Phys.-Solid State
15, 760 (1973)]; Sol. State Comm. 11, 695 (1972).

I. I. Reshina, Yu. M. Gerbshtein, and D. N. Mirlin,
Fiz. Tverd. Tela 14, 1280 (1972) [Sov. Phys.-Solid State
14, 1104 (1972)].

G. A. Askar'yan, V. A. Namiot, and M. S. Rabinovich.
Use of Ultracompression of Matter by Light Reaction
Pressure to Obtain Microcritical Masses of Fissile
Elements, Ultrastrong Magnetic Fields, and Particle
Acceleration. The possibility of obtaining very high
pressures by vaporizing metal1-1-1 with a powerful light
or charged-particle flux (ρ ~ i/v, where I is the power
density of the incident radiation causing vaporization and
ν is the outflow velocity of the matter) has recently been
put to use to obtain ultracompression1-2^—an increase in
the density of matter by hundreds and thousands of
times—under quasismooth (without shock-wave forma-
tion) isostatic compression by a vaporization pressure
ρ « ΙΟ11—1012 atm. At such densities and pressures,
matter behaves like a degenerate electron gas whose
pressure is determined by quantum motion of the elec-
trons: ρ ~ nee, where we have from the indeterminacy
principle: e « (AP)2/2m « h2/2m(Ax)2 « h2n|/3/2m and
the pressure ρ « h2ne

/3/2m, i.e., the effective adiabatic
exponent γ = 5/3 unless the total number of electrons
changes appreciably.

The paper l-2-) proposed the use of ultracompression
to lower the threshold for initiation of controlled thermo-
nuclear fusion and to increase its efficiency. We shall
consider other aspects of ultracompression—the forma-
tion of microcritical masses of fissile elements'-3·1,
ultrastrong magnetic fields1-3-1, and acceleration of par-
t ic les^ 3 .

1. Microcritical masses of ultracompressed fissile
elements. Back in 1943, Neddermeier (a reference to
his work appeared only recently, in t 4 3 ) took note of the
possibility of lowering the critical masses of fissile
elements by explosive compression, but modest blast
pressures did not open the possibilities inherent in
ultracompression, which produces critical dimensions
and masses so small that they can be accommodated in
the small regions occupied by concentrated high-density
radiation.

In fact, the critical dimension R c r « If ~ l/n^, while
the critical mass M c r ~ njRc r ~ l/n?, whence it follows
that even hundredfold density increases reduce the criti-
cal mass by a factors in the tens of thousands. The con-
centration of the nuclei then reaches n̂  ~ 1025 cm'3,
which corresponds to an ionization multiplicity Ze£f
« 10. Ultracompression permits the use of an ultradense
reflecting layer to reduce the critical size still further.
The equation describing the development of the neutron
avalanche is
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