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ments V ~ 10 keV and consequently u < 3 x 109 

em/ sec and A ~ 3 x 109 x 10// 3 x 109n < l if 
n ,G 108• Hence we can introduce an effective con­
ductivity a= e 2nA/mu R:! Wp and write Ohm's Law 

I = V / R eff, R eff = l·1012 / l'3 ·109 nS 

(the cross section of the pinch S R:! 50 cm2 ). 

The resistance derived in this way is of the 
same order as the experimental value of R. Con­
sider Fig. 1. At the transition to the oscillatory 
regime the current is approximately 200-300 A 
so that R = 30-50 Q. If it is assumed that the 
densityatthistimeis 10 12 cm- 3 then ReffR:l 30Q. 
The qualitative nature of the curve can be ex­
planed as follows: The trap is filled by plasma in 
10-15 11sec. During this time interval the current 
increases because the resistance Reff is being 
reduced. As the density increases the streaming 
velocity u ~ n -112 is reduced. At some value of 
n the velocity u becomes smaller than the criti­
cal value, the instability is quenched, and the 
anomalous resistance disappears. This instant of 
time may be related to the onset of the periodic 
discharge. 

The ion heating can arise as a result of an in­
stability due to opposed ion streams or as a re­
sult of Landau damping of the oscillations excited 
by the electron current. 

Thus, in these experiments we have observed 
an anomalously high resistance and intense elec­
tron heating in the plasma in a linear discharge 
that takes place along the magnetic field in the 
"probkotron." This effect in conjunction with 
adiabatic compression results in a plasma char­
acterized by a density greater than 10 12 cm- 3, an 
electron temperature of approximately 200 keV 
and an ion temperature of approximately 3 keV. 
Plasmas of this kind have been confined in the 
probkotron for the entire lifetime of the magnetic 
field, which is approximately 2 msec. 

In conclusion the authors wish to thank A. I. 
Gorlanov for his help in the experiments. 

1 Babykin, Gavrin, Zavo'Lskil, Rudakov, and 
Skoryupin, JETP 46, 1050 (1964) [Sic!]. 

2 Suprunenko, Fa'Lnberg, Tolok, Sukhomlin, 
Reva, Burchenko, Rudnev, and Volkov, Atomnaya 
energiya (Atomic Energy) 14, 613 (1963). 

3 J. H. Adlam and L. S. Holmes, Report CN-
10/64/ A, International Conference on Plasma 
Physics, Salzburg, 1961. 

4 Fanchenko, Demidov, Elagin and Ryutov, 
JETP 46, 497 (1964), Soviet Physics JETP 19, 
337 (1964). 

5 Babykin, Gavrin, Zavo'lskil, Rudakov, Skory­
upin and Sholin, JETP 46, 511 (1964), Soviet 
Physics JETP 19, 349 (1964). 

Translated by H. Lashinsky 
226 

SPECTRAL DISTRIBUTION OF THE EF­
FECT OF QUENCHING OF THE RECOM­
BINATION RADIATION OF GERMANIUM 
BY INFRARED LIGHT 

I. K. KIKOIN and Yu. P. KOZYREV 

Submitted to JETP editor July 29, 1964 

J. Exptl. Theoret. Phys. (U.S.S.R.) 47, 1600-
1601 (October, 1964) 

IN an earlier paper LtJ, we reported the quenching 
of the recombination radiation of germanium by 
the illumination of the sample with spectrally un­
resolved infrared light. The present note reports 
the preliminary results of a study of the spectral 
distribution of this effect. 

Ge disks, of about 10 mm diameter and from 4 
mm to 50 11 thick, were placed in a special holder. 
Minority carriers were injected by illumination 
with white light from an incandescent lamp, the 
light having been passed first through a water 
filter 100 mm thick so that only the wavelengths 
A < 1 11 reached the sample. This light was modu­
lated at 117 cps by means of a rotating disk with 
apertures. The same surface of the sample 
could be illuminated with unmodulated monochro­
matic infrared radiation coming from a mono­
chromator. A PbS photoresistor, placed next to 
the unilluminated side of the sample, served as 
the receiver of the recombination radiation. The 
signal from the PbS was fed to a measuring cir­
cuit, consisting of a resonance amplifier, a syn­
chronous detector and an automatic recorder. 

The germanium sample, together with the PbS 
receiver, was placed in a metal Dewar with KBr 
windows and cooled with liquid nitrogen. 

The integral intensity of the recombination 
radiation was measured with and without the ad­
ditional illumination of the sample by means of 
infrared light. Some of the infrared light reached 
the PbS receiver after passing through the sam­
ple. Because of this, the working point of the 
photoresistor characteristic shifted, which in 
turn altered the magnitude of the signal generated 
by the recombination radiation being measured. 
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FIG. 1. G0 is the intensity of the recombination radiation in 
the absence of infrared illumination; G is the intensity of this 
radiation for illumination with infrared light. 

To allow for this, we developed a special 
measurement method which will be described in 
detail in a later communication. 

We investigated p- and n-type samples, both of 
high and low resi sti vi ty. It was found that for p­
type samples of 50 ohm. em resistivity and n­
type samples of 40, 20, and 11 ohm. em resistiv­
ity, the quenching effect had maxima at the in­
frared wavelengths At~ 2.7 11 and A2 ~ 3.6 11 

(Fig. 1) (the quenching effect was defined as the 
relative change in the integral intensity of the 
recombination radiation under the action of the 
infrared illumination). 

For p-type samples of 0.7 and 3 ohm. em re­
sistivity, we found only one quenching-effect max­
imum at the wavelength At~ 2.7 11 (Fig. 2) and 
the amplitude of this maximum was smaller than 
that for high-resistivity samples. 

For p- and n-type Ge of resistivity of the 
order of 0.01 ohm. em, no quenching was ob­
served at all. On reduction of the sample thick­
ness, the spectral width of the maxima decreased. 

It is very likely that there is some analogy be­
tween the investigated effect and the photoconduc­
tivity quenching. [2] As is known, [2] the photocon­
ductivity quenching is usually ascribed to the 
presence of impurities which give rise to deep 
levels in a semiconductor. In our case, such an 
impurity is, obviously, copper which forms three 
acceptor levels in germanium. [fl The recombina­
tion radiation quenching is likely to be associated 
with the 0.33 eV level whose energy separations 
from the conduction and valence bands correspond 
exactly to the frequencies at which the quenching 
maxima were observed. The absence of quenching 
in samples with the lowest resistivity can be ac­
counted for by the predominance of the "band-
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FIG. 2 

band" recombination process, [3] over the recom­
bination process through impurity levels. 
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VEKLENKO and Novobrantsev[t] (VN) pro-
posed a variant of the one-electron approximation 
for the case when one of the particles is in a con­
tinuous spectrum state. Specific calculations were 
made for the scattering of electrons by hydrogen 
atoms at zero energy. Unexpectedly good agree­
ment was obtained with the results of the thorough 
but much more laborious calculations of Temkin [2] 

and Schwartz L3]. 

Temkin solved the electron scattering problem 


