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A scientific session of the Division of General Physics
and Astronomy of the USSR Academy of Sciences was
held on October 30 and 31, 1974 at the Conference Hall of
the P. M. Lebedev Physics Institute. The following papers
were delivered:

1. G. B. Abdullaev, Thin-Film Switching Devices with
Controlable Electric Memory Based on Compound Crys-
talline Semiconductors.

2. P . P . Ryutov, Controlled Thermonuclear Fusion in
a Dense Quasistationary Plasma.

3. P. V. Sutnaruk and Ya. I. Fel'dshtein, Interplanetary
Magnetic Fields and Geomagnetic Variations in the Sub-
polar Region.

4. R. A. Syunyaev, "Black Holes" and Neutron Stars
in Binary Stellar Systems.

We publish below brief contents of two of the papers.

D . D. Ryutov. Controlled Thermonuclear Fusion in a
Dense Quasistationary Plasma. For the past several
years, the Novosibirsk Institute of Nuclear Physics has
been engaged in research with the object of determining
the possibility of designing a thermonuclear reactor
based on direct dense-plasma systems1'1. Longitudinal
thermal insulation of the plasma can be ensured by set-
ting up the plasma in the form of a bunch separated by
vacuum gaps from both ends of the device (see figure);
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a homogeneous longitudinal magnetic field can be used
for transverse confinement. This is a very simple system,
and there is no doubt that it will work. However, it has
two serious shortcomings. Firstly, because the longi-
tudinal expansion time of the plasma L / V T I (L is the
length of the device and V ^ is the thermal velocity of
the ions) must exceed the Lawson time, the device must
be very long: L (cm) > 2 x 1022/n (cm"3) (n is the density
of the plasma), i.e., even at η = 3 χ 1017 cm"3 the device
would have to be about 1 kilometer long. Secondly, mag-
netic confinement of a dense plasma requires a strong
magnetic field (H> 3 x 105 G), creation of which in a
large volume would encounter serious difficulties.

The Novosibirsk Institute has found one possible way
of greatly reducing the length of the device'21. It consists
in abandoning the homogeneous magnetic field in favor of
a so-called "multimirror" field (the device becomes a
sequence of "probkotron" mirror machines connected
end-to-end). A single probkotron must be shorter than
the free path of the charged particles, which, in turn, is
short in a dense plasma as compared to the length of the
device. Transition to the multimirror magnetic field
has as a consequence that the inertial excursion of the
plasma becomes a slow diffusive expansion, so that the
length of the unit can be reduced substantially. A quan-
titative theory describing the flow of a plasma in a mul-
timirror magnetic field was constructed in[ 3 1 and model
experiments were performed on a low-temperature alkali
plasma in[ 4 ] ; they fully confirmed the theory.

As for the transverse thermal insulation, a plasma of
density η ~ 3 χ 1017 cm"3 offers the possibility of using
"nonmagnetic confinement" (see, for example,[1> 5 ] ) , in

which transverse equilibrium is ensured by direct con-
tact of the plasma with the walls of the working volume
and the magnetic field serves only to suppress trans-
verse heat conduction. This makes it possible to change
to relatively weak magnetic fields Η ~ 105 G and elim-
inates the second of the difficulties mentioned above.
Numerical calculations made thus far have yielded
plasma lifetimes for nonmagnetic confinement under a
broad range of experimental conditions.

A hypothetical thermonuclear reactor based on the
above principles might have the following parameters:
number of probkotrons 40, mirror ratio 3, total length
of device 30 m, average plasma radius 5 cm, average
magnetic field intensity 100 kG, plasma density 3 χ 1017

cm"3 , plasma temperature 10 keV, total plasma enthalpy
100 MJ. Here the average radius of the plasma is es-
timated at R = 5 cm on the assumption that the trans-
verse thermal conductivity equal 1/30 of the Bohm_co-
efficient. If the transverse losses were classical, R
would be reduced to 1.7 cm and the total plasma enthalpy
to 10TJ.

Powerful relativistic electron beams (REB) could be
used to heat the plasma in installations of this type. The
existing theory161 and experiments that have been per-
formed"71 indicate high efficiency for the interaction of
the REB with the plasma. REB generators with total
pulse energies up to 1 MJ already exist[ 8 ]. A recently
proposed191 and experimentally tested[ 1 0 ] method of in-
creasing the electric strength of liquid dielectrics (used
in energy accumulators for REB generators) supports
the hope that more powerful sources may appear.
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P. V. Sumaruk and Ya. I. Fel'dshtelh. Interplanetary
Magnetic Fields and Geomagnetic Variations in the Sub-
polar Region. It is generally recognized that the sun is
a source of magnetic disturbances in near-earth space.
The kinetic energy density of the solar wind at the
earth's orbit is more than an order higher than the en-
ergy density of the magnetic field frozen into the plasma.
However, the first measurements of the density, velocity
and temperature of the solar plasma failed to detect any
substantial changes that might be regarded as responsible
for the generation of strong magnetic disturbances and
auroras. Research done during the last several years
has brought out the importance of the north-south com-
ponent (across the plane of the ecliptic) of the inter-
planetary magnetic field (IMF) in the development of the
strong polar magnetic disturbances that are a compo-
nent part of magnetospheric substorms covering the
entire planet. The same IMF component has been found
to be related to high-frequency magnetic-field variations
of type DP2, which are governed by large-scale convec-
tion of plasma in the tail of the magnetosphere.

At the same time, it was known from magnetic-activity
studies that strong magnetic disturbances with no relation
to magnetospheric substorms occur over the subpolar
regions during the daytime hours in summer. Attention
was drawn in1^'2 ] to the existence of two characteristic
types of variations in the subpolar region, variations
that cover the northern and southern polar caps simul-
taneously and are closely related to the sectoral struc-
ture of the IMF (toward the sun or away from the sun in
the plane of the ecliptic). Disturbances of a certain type
usually exist for several days in a row, forming a group.
The groups show a tendency to recur at 27-29-day inter-
vals, indicating a solar origin of the disturbance source.
During certain time intervals, sometimes as long as a
whole day, however, significant disagreement has been
observed between the field variation expected in the
subpolar regions on the basis of the sign of the IMF sec-
tor and the variations actually observed. It was shown
in [ 3 ' 4 ] that this disagreement is eliminated if it is as-
sumed that the nature of the magnetic variations in the
subpolar region is controlled not by the direction of the
IMF sectoral structure, but by the direction and mag-
nitude of the azimuthal (YSE) east-west component of
the IMF. We shall denote this variation by DPC(YS E).
On magnetograms from the subpolar observatories, the
DPC(YgE) are superimposed on the field variations due
to other parameters of the interplanetary medium, the
magnetosphere, and the ionosphere and (or) their vari-
ations. Separation of DPC(Ygj;) in pure form is a rather
complex problem, and there is much disagreement in
the literature in regard to definition of the zero refer-
ence level describing field variations other than DPCfYgg
(see1'1). The paper[ 5'proposed a method of separating
D P C ( Y S E ) in the three components of the field variation
in the subpolar region on the basis of correlations be-
tween the intensity of the variations and the Ygg inten-
sity. The contribution of the magnetospheric-substorm
field was eliminated by choosing one-hour intervals
with AE < 150 γ. Table I gives the correlation coef-

ficients (r) and their standard deviations (σΓ) for each
three-hour Universal Time interval as obtained during
the summer of 1966 at Northern Hemisphere high-lati-
tude magnetic observatories for the north (horizontal)
component. At 80° == Φ' < 84°, a rather close correlation
exists for practically the entire day, but outside of this
latitude belt the variability of the field due to other
sources makes it impossible to discern the correlation
except in the daytime hours. Table II gives equations
of linear regression of X (H) on Ygg and the possible
errors of the respective terms. The absolute term and
its variations throughout the day, season, and solar-
activity cycle describe the field variations that are un-
related to the YgE component of the IMF. The slope co-
efficient of YgE, the susceptibility of X (H) to the azimu-
thal component, varies significantly in the course of the
day, reaching its maximum values during the midday
hours. Similar relationships were also obtained for the
vertical (Z) and east (Y) components of the geomagnetic ;
field at all high-latitude observatories. In practically
all cases, if there is a correlation between Χ, Ζ, Υ

TABLE I. Coefficients of correlation between values of azimuthal

interplanetary magnetic field components ( Y S E ) a n d north (horizontal) v

component of geomagnetic field at subpolar observatories durung July-

August 1966

Observatory

Alert (X)
Thule (H)
Resolute Bay (X)
Mould Bay (X)
Godhavn (X)
Baker Lake (X)
Churchil (X)

Observatory

Alert (X)
Thule (H)
Resolute Bay (X)
Mould Bay (X)
Godhavn (X)
Baker Lake (X)
ChurchU (X)

0 - 3

0.47+0.12
0.5-1-0,11

0.67±0.08
0.66+0.08
0,65+0.08

—
—

12-15

—0.68+0.06
0.6+0.07

—
•

—

0.58+0.8

3 - 6

0.52±0.11
0.68±0.07
0.5+0,1

—

15—18

0.7±0.05
0.48±0.09
0.07±0.06
O.46±O,O9

— •

0.4+0.1

β—9

0,54±0.1
0.55±0.1
0.61+.0.08
0.4±0.13

—

18—21

0.7+0.07
0.8+.0.05

0.85±0.04
0.58±0.1

—

9—12

-0.45±0.12

0.56±0.09
0.4±0.1
0.7±0.07
0.4±0.11

—

21—24

0.69±0.07
0.8±0.05

0.91+0.02
0.65±0.08

—

TABLE II. Equations of linear regression between values of north

(horizontal) component of magnetic field at subpolar observatories and

IMF YgE during July-August 1966.

Observatory

0—3UT
3—6
6-9
9—12

12-15
15—18
18-21
21—24

Alert (.*) (500 v+) 1 Thule (H) (3800 v+>

3.2+0.8yS E+240+l

—8.7+2.4yS£+202+9
- 6 0+0 9yS£+-204+2

Observatory

0 - 3 UT
3—6
B—9
9—12

12-15
15—18
18—21
21—24

3.0±0.7ySE-)-234±l

10.0+l.lyS E+-150±4
17.0+1.0yS £+169+4
l l . l ± l . l y S E + 1 9 5 + 3
5.7±1.4rS£+236±l

Mould Bay № (900 v+>

12.0+1.3Y'S£+139±3
4.9+O.5ySE+163+l
3.3+0.6yS £+182+i
3.4+0.8ySE+194±2

12.8+1.2Y'SE+182±3
26.2+1.2ySf?+143+3
28.0+1.2ySE+158+3

Resolute Bay (X)

6.3±0.7KS£+146±l '
3.3±O.7ySE+178±l
4.1±O.8KS£+-196±2
5.6+0.9rs£+197±2

10.5+1.9KSE+-136+5
20.6+1.2yS£4-lll±4
14.6±0.9yS£+129+l

Godhavn (H) (8000 v+)

3,0±0.4VSE+308±0
4.0+0.8ySE+297+2
4.0+0.5yS E+272±l
7.8±1.3ySE+229±3

6.4+1.3ySE-f310±3
8,9±1.5ySE+304±4
6.0+0.8ySE+-295±l
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