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CONTROLLABLE THERMONUCLEAR REACTIONS BY MEANS OF
GAS DISCHARGES®

HEORETICAL and experimental work in
atomic and nuclear physics has in recent
yvears led to searches for new ways of utilis-
ing atomic energy for peaceful purposes. Of
these, special mention may be made of thermo-
nuclear reactions, where the energy contained
in the nucleus of the atom is emitted, not by
the fission of heavy atomic nuclel of uranium
or thorium, but as a result of deuterium or tri-
tium, which are rare varieties of hydrogen.
Deuterium is found in nature and can be ex-
tracted in large quantities from water by elec-
trolysis. Tritium can be obtained in atomic re-
actors by bombarding lithium with neutrons.

In the hydrogen bomb it has been possible
to create conditions for converting deuterium
into helium. This is. precisely a thermonuclear
reaction. But in order to make it a controllable
reaction it is necessary to find ways to ensure
that it shall not be in the nature of a power-
ful and destructive explosion.

Thermonuclear reactions can arise only if
the temperature of a substance is so high that
when nuclei collide as a result of their ther-
mal movement, there is a possibility of over-
coming the mighty electrical forces of repul-
sion existing between the nuclei. The excita-
tion of thermonuclear reactions in deuterium
or in a mixture of deuterium and fritium 1s
of particularly great interest, as in this case
the temperature required to produce a notice-
able effect is lower than when other substances
are used. However, even in this most favour-
able case, in order to come even near the
threshold of thermonuclear reactions, the tem-
perature of the substance has to be raised to
some millions of degrees. At that temperature,
deuterium can exist only in the form of plasma
—a mediumr composed of electrons and bare
atomic nuclei divested of electron shields.

The amount of energy that must be concen-
trated in the plasma for its temperature to
rise to heights at which thermonuclear reactions
can become sufficiently intense is relatively
small. At a temperature of a million degrees,
the thermal energy accumulated in one gram
of deuterium is only a few Kkilowatt-hours.
Therefore, if a method were invented for heat-

®* ¥rom an article in Prapvda by Academician I, V,
Kurchatov,

ing the plasma so as to ensure the preserva-
tion of the accumulated thermal energy, 1t
would then be possible to cause ntensive
thermonuclear reactions. The chief difficulty,
however, is precisely that of precluding heat
losses, which already at a temperature of some
tens of thousands of degrees become so large
that without thermal insulation a further rise
of temperature becomes a practial impossibi-
lity.

When a very dense substance is heated, yet
another serious obstacle arises. It is necessary
to overcome 1n some way the enormous mecha-
nical forces that arise owing to pressure 1n-
creasing with temperature. In trying to heat
solid or liquid deuterium, one finds that already
at 100,000° C the pressure exceeds a million
atmosphere Therefore, in a substance of high
density a thermonuclear reaction can only be
induced for a very brief space of time and
such a process will be In the nature of a
short pulsation or weak explosion. This makes

1t necessary to conduct experiments with
gaseous deuterium.

But in heating deuterium, it is essential to
prevent its particles, which assume high wvelo-
cities, from dispersing on all sides, carrying
the thermal energy io the walls of the wvessel
in which they are contained., For this, it is
necessary to devise an experiment making it
possible to retain the particles in the plasma,
that is fo say, to deprive them of the possibi-
lity of transmitting heat to the walls.

One idea that has arisen in connection with
this problem is to use a magnetic field for
thermal insulation of the plasma. This was
first suggested in 1950 by Academician A. D.
Sakharov and by Academucian I. E. Tamm.
They have shown that a magnetic field can
play the part of an “invisible wall”, restricting
the plasma and creating thermal insulation. A
magnetic field fundamentally changes the
nature of the movement of the charged parti-
cles, ie., electrons and nuclei, in the plasma.
They cease to move in straight trajectories and
begin {o move in spirals with a small radius.
Using a common figure of speech, it can be
said that they are imprisoned in the plasma
like a sguirrel in a cage. Having lost its free-
dom of movement, the particle, if there iz a
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magnetic fleld, can no longer carry energy
away from the piasma.

The magnetic field required for thermal in-
sulation can be created by passing a sufficientiy
strong electric current—a current of some
hundreds of thousands of amperes—through a
rarefied gas. M an electric discharge more
powerful than any lightnmg is created in the
pas then, on the basis of theoretical considera-
tions, it may be expected that the substance
in the discharge chamber will for some mil-
lionths of a second ke compressed into a thin
plasmic cord severed from the walls of the
chamber and heated to a very high tempera-
ture. If such a discharge takes place In deu-
terium, then, given a sufficiently strong cur-
rent, we should observe the emission of neu-
trons produced as a result of the thermc-

nuclear reaction.

On the basis of these considerations Soviet
physicists organised experiments to study
powerful electric discharges in gases. In these
experiments they investigated phenomena aris-
ing when strong currents are passed through
hydrogen, deuterium and other gases at vari-
ous degrees of rarefaction The peak current
reached two million amperes, and the instan-
taneous energy released in such brief discharges
in some of the experiments was more than
ten times as great as the capacity of the Kubiy-
shev Hydro-Electric Station For such experi-
ments, however, it is not enough to have In-
stallations that make it possible fo concentrate
such vast energy. If is also necessary to have
highly efficient apparatus of various kinds to
record the development of processes in the
plasma that last for some mullionths of a second.
High speed oscillographs, ulira-high-speed
motion picture filming, cameras with electri-
cally powered shutters, and electronic compu-
tors—all this complex arsenal of modern ex-
perimental physics was used in studying the
properties of the plasma heated by an instan-
tanecus impulse current,

Briefly, the experiments have shown that by
passing a current of several hundred thousand
amperes through a rarefied gas 1t is actually
possible to heat the plasmic cord that is form-
ed to a temperature of the order of a million
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degrees centigrade. No one had previously
succeeded in obtaining such a temperature in
laboratory conditions. A higher {emperature is
achieved only in a hydrogen bomb. In that
case, however, the investigator dare not risk
coming within less than a few kilometres from
the explosion. In the exper ments reported here
the thin streak of the heated plasma contained
inside the discharge chamber is not dangerous
because it consists of only a small amnount of
substance,

A result of these investigations that is no
less interesting was the discovery in 1952, of
the em:ssion of neutrons and high energy X-
rays Ifrom the discharge. True, the neutron
cmussion 1n this case cannot be regarded as a
result of thermonuclear reaction, since it is
evidently conditioned in the main by some new
and previously unknown processes in the
plasma. It appears that the phenomena taking
place in the plasma are very much more com-
piex than the simplified picture produced in
the initial theoretical constructions.

The facts obtained experimentally have up-
set many conveniional conceptions about the
properties of plasma, which gained currency
as a result of many years of investigation of
gaseous discharges in ordinary conditions. The
plasma in the discharge chamber goes through
rapid and successive compressions and expan-
sions, during which the substance alternately
converges on the centire of the discharge cham-
ber and disperses to the walls with an enor-
mous speed reaching 100 kilometres per
second. In the process, very high electric
potentials—which, perhaps, are one of the
basic reasons for the appearance of neutrons
and penelrating X-rays—form in the plasma
for a short time.

Only further investigations will be able to
provide an answer to the question whether it
is possible by proceeding along this path to
approach the creation of a controllable thermo-
nuclear reaction of high intensity. At the same
time, it 1S necessary to study other f{rends in
solving this basic problem. Of considerable in-
terest, in particular, is the study of the possi-
bility of obtaining a thermonuclear reaction in
continuous processes of lpng duration.



