
T H E  P O S S I B I L I T Y  OF P R O D U C I N G  T H E R M O N U C L E A R  R E A C T I O N S  

IN A G A S E O U S  D I S C H A R G E *  

I . V .  K u r c h a t o v  

Of foremost significance among the more important  problems of modern engineering science is ut i l izat ion 
of the energy of thermonuclear reactions.  Physicists the world over are attracted by the extraordinarily interest-  
ing and very diff icult  task of controlling thermonuclear  reac t iom.  

Investigations in this field are being carried out by Academic ian  Artsimovich a t  our Institute. A leading 
role in the theoret ical  investigations has been played by Academic ian  M.A. Leontovich ~ *.  

As is known, thermonuclear reactions can arise i f  the temperature of matter  is sufficiently high for a tomic 
nucle i  to surmount the forces of the Coulo'mb barrier  with appreciable probabili ty daring thermal collisions. The i f  ariDi1. 1 1 rg
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When the rate of current build-up is of the order of 10 tt amp/sec, the interval between breakdown of the 
gas and appearance Of the first voltage drop is several microseconds, 

This time interval is a regular function of the parameters characterizing the initial condiriom of the dis- 
charge. For a given discharge-tube diameter it varies approximately as the fourth root of the gas mass per cen- 
timeter length of the discharge gap. 

Inductive reactance is much larger than ohmic resistance in pulsed discharges in which the current In- 
creases+ at a high rate. Thus, by  using current and voltage oscillograms one' may find the time dependence of  

the inductance of the plasma column and hence determine how the radius of the column changes at various 
stages. An analysis of this type shows that in all cases the very first stage of the process is featured by an in- 
crease of the inductance due to contraction of the plasma towards the discharge-tube axis. The speed of 'con- 
striction of the plasma increases with the initial current build-up rate t( that is, with the derivative dI/dt) and 
decreases with the gas density. At the instant when the kihk on the current oscillo~ram appears and a sharp 
drop in the potential is observed, the inductance begins t ~ decrease. This means that this t ime corresponds to  

maximum contraction of the plasma filament. This situation is followed by a rapid expansion of the plasma 
filament, ff a few kinks are observed on the currem oseillogram, it means that successive contractions and e x -  

pansions of ihe column take place. 

These conclusions, 



cxparL~iou of the plasma eolumn in rare{led gases was found to re~tch hundreds of kilometers per second. This 
siguifics fl}at the kiuetic et~ergy oi fl~c drift of the plasma ions is of file order ol scvcralhundred electron volts. 

()lie of" 1]!~. nl0,~| Interesting effects observed in Intense pulse discharge In light gases is the appearance of 
peuctratiug radiation. In 1952, soun after yxperimcnts 'd th  pulse discharges werc started, it was found ilia, at 
sufficiently high (-urrcnt.~ the dischargc ill deuteritlm becomes a source of neutrom. 

The first experiments performed with the aim Of studying thts phenomenon showed that neutrons appear 
when rite ix'ak discharge current is 400-500 Idloamp and the initial deuterium pressure is about 0.1 mm ltg. 
"File ucutron emission ~as ()bserved in a relatively narrow pressure range and its in temi~  rapidly Increased with 
incrca.~c of the applied voltage, i.e., with increase of the peak current. In these flr~ experiments the radio- 
activity induced in a silver target embedded in a paraffin block blaced near the discharge tubeserved as the 
ilCUtrOu detector. A prrasible explanation of this phenomenon was that the neutron emission resulted exclusively 
front collisions between the accelerated deuterons and deuterium adsorbed by the electrodes on tu~)e walls; 
liowever, control experiments did not confirm this explanation. 

At the early stages o f  investigation it was quite 
natural to assume that the neutrons resulted from ther- 
monuclear reactions in the plasma heated to a high 
temperature. This wa, exactly what was expected 
from the beginning and the fact that the effect was 
detected under conditions that completely corresponded 
to the a priori theoretical prediction~ seemed to  speak 
in favour of this viewpoint. The behavior of the neu- 
tron radiation (its dependence on pressure and current) 
observed in the first experiments qualitatively agreed 
~qith the assumption tha: the phenomenon was due to 
a thermonuclea~ mechanism, ttowever, serious doubt 
concerning the correctness of finis assumption soon began 

r ig .  9. ~ci l lograms of "3~c current and the neutron to appear. This happened after it was found that neu- 
pulse for a discharge in deuterium with V 0 = 40 kv trom can be observed at comparatively small peak dis, 
and P0 = ~" 10-2 mm Hg. charge currents, of the order of 150 kiloamp. Accord- 

ing tO the initial calculation, the intensity of the ther- 
monuclear ieaction at cmlents of 150 kiloamp should 
be practically zero. 

In subsequent exoeriments the neutrons were recorded with a scintillation counter fed to an o~cillograph. 
It was found that the neutrons were always emitted when the second kink appeared on the current oscillogram, 
i.e., at the moment when the plasma was subjected to the second contraction (Fig. 9) .  No neutrons were pro- 
duced during the first contractiort. 

The neutrons were always emitted as short pulses with a steep frothS. The rise t~iae of the pulses was sev- 
eral tenths of microseconds. The chief results of tile oscillographic investigations were not ctmsistent with the 
initial assumption that the neutron emission is the result of quasi-stationary heating of the plasma during which 
the temperature increases proportionally to the square of the current. 

Further investigations yielded new interesting facts pertaining to the plasma neutron ra ~dJation. In partic- 
ular, it was established that in specially designed discharge tubes t_he neutrons could appear at ~fairly high deu- 
terium demities, as much as several tens of millimeters of initialpressure. This fact signified that the neutron 
emission was certainly not a trivial effect. 

It was found that not only neutrons but hard X-rays as well were produced in pulse discharges. Penetrating 
X-rays x.~ere found when large currents were passed through hydrogen, deuterium and helium. The radiation pro- 
duced by discharges in deuterium always consisted of short spurtS. The  pulses due to d~e neutrons and X-ray 
quanta always appeared simultaneously on the oscitlograms. The energy 



under the action of electrodynamic forcos ts still at such a stage that quite a number of facts remain to be ex-  
plalned. However, the general picture of tile 



An English tramlatlon of this report was dlst/tbuted at Harwell by 
the ~ovlet scientists vtsitlng England. This translation has been 
verified by the Conmltants ~uteau Staff. and some slight modlfl- 
eatlom made. 

The Kurchatov lecture, together with c o m m i t s  by American 
and British ,physicists and government officials, was published 
in Nucleonics, June, 1956. 
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