
MEETINGS AND CONFERENCES

Scientific session of the Division of General Physics and
Astronomy, USSR Academy of Sciences (24 September
1975)

Usp. Fiz. Nauk 118, 737-738 (April 1976)

A scientific session of the Division of General Phys-
ics and Astronomy was held on September 24, 1975 at
the conference hall of the P. N. Lebedev Physics In-
stitute. The following papers were delivered:

1. I. F. Shchegolev, Electronic Properties of
Quasi-One-Dimensional Mettallic Systems in TCNQ

L. N. Bulaevskii. The Peierls Transition in Quasi-
One-Dtmensional Crystals. We now know of rather
many compounds with rather high conductivity at room
temperature (100 Ω ' 1 cm"1 and higher) and strong anisot-
ropy of the one-dimensional type (conductivity anisot-
ropy of the order of 100 or more). These crystals in-
clude complexes of platinum-group transition metals of
mixed valence (for example, K2Pt(CN)4Br03 · 3H2O, KCP
for short), TCNQ salts, and crystals of (SN)X polymers.
But all compounds of this type except (SN)X become di-
electrics at low temperatures. It has been established
by experiment that the metal-dielectric transition in
KCP and TTF-TCNQ crystals is governed by Peierls
instability, which is inherent to systems with one-di-
mensional or almost one-dimensional motion of con-
duction electrons.

The one-dimensional metallic system with rather
weak Coulomb interaction of electrons is unstable under
distortions of the lattice with period l/2kF, where kF

is the Fermi momentum of the electrons. Within the
framework of the self-consistent-field model, this dis-
tortion appears below the temperature Tp of the Peierls
instability and results in splitting of the conduction band
into fully populated and empty subbands with an energy
gap between them. As the temperature Τ approaches
Tp from above, a gap appears in the phonon spectrum
at a quasimomentum 2kF (giant Kohn anomaly), the fre-
quency of these phonons vanishes at the point Tp itself,
and Peierls distortions appear below Tp as a result of
condensation of phonons with momentum 2kr.

Allowance for the fluctuations, which are significant
for the one-dimensional system, and allowance for the
interaction between the distortions of different chains
in the crystal result in modification of this simplest of
pictures of the Peierls transition if the interaction of
the chains is sufficiently weak. In this situation, large
regions with Peierls distortions appear within the
chains near the temperature Tp, but there is no long-
range order over the entire chain and no correlation
between chains. At a temperature around Tp/4, long-
range order has for all practical purposes been estab-

Complexes.

2. L. N. Bulaevskii, The Peierls Transition in
Quasi-One-Dimensional Crystals.

We publish below the brief content of the second
paper.

lished along the chain, and correlations appear between
the displacements in different chains.

The experimental data definitely indicate that pre-
cisely this picture of the Peierls transition is observed
in KCP. X-ray and neutron scattering in KCP at tem-
peratures above 120 °K have established the existence of
correlations between the displacements of ions along
the chains that correspond to tripling of the original
period, while the displacements between chains become
correlated below 120 °K. The existence of the giant
Kohn anomaly in the phonon spectrum of KCP is also
confirmed by room-temperature neutron inelastic scat-
tering experiments. In TTF-TCNQ, long-range corre-
lations of the molecular displacements within the chains
occur in the range from 60 to 40 °K (theynt^rrespohcTta -—
a superstructure with a period equal to 3.7 periods of
the original lattice), and correlations of the displace-
ments of different chains appear below 40 °K.

Self-consistent-field calculations indicate that there
is a collective mode corresponding to oscillations of
the displacements of the ions and of the electrons rela-
tive to the ions (a FrOhlich collective mode) in the
Peierls-dielectric state. This mode is optically active,
and its frequency is lower, the greater the difference
between the superlattice and original-lattice constants.
The FrShlich collective mode is manifested in a sharp
absorption peak at a low frequency (= 0.002 eV) at tem-
peratures below 120 °K in KCP. It results in a large
value of the dielectric constant of KCP (« 1000) at low
temperatures.

It is also affirmed in several papers that the FrShlich
collective mode makes an additional contribution to dc
conductivity above Tp (in the fluctuation regime), and
that this contribution increases as the temperature ap-
proaches Tp However, there are also papers that
question the existence of this effect.

In experiments, conductivity in KCP decreases
monotonically with decreasing temperature, but in
TTF-TCNQ there is a conductivity peak at around 60°K.
For some of the crystals prepared by Heeger's group
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at the University of Pennsylvania, the conductivity ex-
ceeds 105O"1cm"1 in the peak, and arguments involving
the Frfihlich collective mode are advanced to explain
this high conductivity. The peak conductivities of crys-
tals made in other laboratories around the world do not
exceed 2xl04fi"1cm"1, and the conceptions of the single-
electron conductivity mechanism are sufficient to ex-
plain the peak. Thus, the question as to the height of
the conduction peak in TTF-TCNQ and its interpreta-
tion still remains unresolved.

As a rule, Peierls instability interferes with realiza-
tion of the superconductive state in systems of the
quasi-one-dimensional type. Therefore superconduc-
tivity can be obtained only in systems with chain inter-
actions that are strong enough to suppress Peierls in-
stability. (SN)* crystals are precisely such systems—
they have the lowest electronic-property anisotropy

among crystals of the quasi-one-dimensional type. It
will apparently be possible to synthesize organic "met-
als" and superconductors only when ways are found to
reduce the electronic-property anisotropy of highly
conductive organic crystals.

The materials of the paper were published in Usp.
Fiz. Nauk 115, 263 (1975) [Sov. Phys.-Usp. 18, 131
(19)].
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Scientific session of the Division of General Physics and
Astronomy, USSR Academy of Sciences (29 October 1975)

Usp. Fiz. Nauk 118, 738-742 (April 1976)

A scientific session of the Division of General Physics cesses in the Laboratory and in the Cosmic Plasma.
and Astronomy was held on October 29, 1975 at the con-
ference hall of the P. N. Lebedev Physics Institute.
The following papers were delivered:

1. S. I. Syrovatskit, Current Layers and Flare Pro-

S. I. Syrovatskii. Current Layers and Flare Pro-
cesses in the Laboratory and in the Cosmic Plasma.
About ten years ago, the Theoretical Section of the USSR
Academy of Sciences Physics Institute began studies of
the mechanism of particle acceleration in solar flares
in connection with the problem of the origin of cosmic
rays. This work led to a conception of the flare as a
process in which a pulsed electric field arises on rapid
disintegration (rupture) of a current layer in the plasma.
This process is quite universal: it is also observed in
heavy-current laboratory discharges, in the earth's
magnetosphere, and very probably in remote cosmic-
ray and nonthermal-emission sources.

The mechanism of the process is clarified by the
scheme in Fig. 1. At time t = 0, let the thin layer of
plasma with current that separates the oppositely di-
rected magnetic fields Bo and - Bo be removed. Elec-
tromagnetic waves (pulses) travel away from the layer
in either direction, transforming the original magnetic
field into a homogeneous electric field E(x, t) =B0e(c21?
-x?), where θ{χ) is a step function. In the presence of
a plasma with density «, this will be only the initial
stage: after a time

*~T-V i+-

2. /. S. Shapiro, Bound and Resonant States of the
Nucleon-Anti-nucleon System.

We publish below brief contents of the papers.

ficient to concentrate the magnetic-field discontinuity in
the skin layer (ω0 and ωΒ are the Langmuir and gyro-
frequencies). During this time, particles at the center
of the new layer acquire a momentum

-jA (Do

the field Ε will create in the plasma a new current suf-

At uft

B/Jo=Bz/iTtnmci» 1, the electrons (mass m) be-
come ultrarelativistic. The problem can be solved
rigorously in the limits (ω Β /ω 0 ) 2 « 1 and » 1, and is
one of the few examples of exact allowance for the ra-
diation reaction. : 1~4 :

In real applications, two basic questions arise: 1)
How can a current layer be created in a plasma with a
sufficiently large value of ω^/ojjj? 2) How quickly must
the layer be removed?

We now have a rather complete answer to the first
question. The appearance of plasma current layers on
magnetic-field zero lines has been studied theoreti-
cally, t 3 · 5 · 6 3 calculated on a computer,t 7 ] and brought
about in laboratory experiments. t 8 - l o : l In many respects,
current layers in plasma are similar to the shock waves
of ordinary gasdynamics: in the first approximation,
they can be treated as discontinuities (transitional be-
tween the rotational discontinuity, the slow MHD shock-
wave, and the tangential discontinuity); they appear as a
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