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Radiofrequency Conductivity of Gas-Discharge
Plasmas in the Microwave Region

LapisLas GOLDSTEIN AND NATHANIEL L. COHEN
Federal Telecommunication Laboratories, Inc., New York, New York
November 10, 1947

N connection with a specific application, we have been
investigating the conductivity of gas discharges in the
microwave region. The problem involves the transmission
of low power, very high frequency signals through a coaxial
transmission line containing part of a gas-discharge tube as
a dielectric gap in the center conductor.! The length of this
gap is so determined that the radiofrequency signal
normally is attenuated at least 40 decibels when the dis-
charge is off.

The conditions established with respect to the signal
level are: (1) that the radiofrequency energy be insufficient
to accelerate electrons produced in the discharge to inelastic
collision levels, and (2) the mean free path of electrons in
the discharge be large compared to the amplitude of possible
electronic oscillations in the radiofrequency field. Simple
theoretical considerations lead, in the steady state, (1) to
the use of non-electronegative gases, and particularly to the
heavier rare gases such as argon, neon, krypton, or ap-
propriate mixtures of them, and (2) to pressures such that
the electronic mean free time be of the order of the period
of the incident waves.?

The most significant results are presented here. The data
shown below are for measurements made with signals of
2000 megacycles per second and power levels below about 1
milliwatt. For these conditions, pressure below 10 millime-
ters of mercury of the gases cited above gave best results in
accordance with the tentative theory. Some typical
characteristics of radiofrequency signal attenuation as a
function of discharge direct current are shown in Fig. 1.
The discharge tubes were so constructed relative to the
coaxial line that discharge plasma fills the region of the
dielectric gap. For relatively low current discharges, with
either normal glow or arc conditions, the attenuation of the
incident signal increases beyond the attenuation of the gap
in the absence of a discharge. With further increases in
discharge current, the attenuation is seen to fall sharply to
a low value. This rapidly rising characteristic is suggestive
of a resonance phenomenon. This appears to be related to
the high frequency electronic plasmoidal oscillations.®* The
frequencies of such oscillations are given by v = (Ne?/7xm)3,
where N is the electron density in the discharge plasma, e,
and m are the electronic charge and mass, respectively.
Hence, in a discharge plasma one might expect a continuous
spectrum of oscillation frequencies limited at the high
frequency side by the value of » corresponding to the maxi-
mum electron density. The maximum electron densities
deduced from the discharge direct currents at conditions of
minimum attenuation of radiofrequency signal (order of 3
decibels) were found to correspond to values of N which,
when inserted in the above equation, yield a value of »
approximating the frequency of the radiofrequency signal.
It appears that for conditions of maximum conductivity of
a radiofrequency signal of frequency v,, an oscillation close
to that frequency would exist in the conducting plasma
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F1G. 1. Typical characteristics of radiofrequency signal attenuation as a
unction of discharge direct current.

even in the absence of the radiofrequency signal. This led
us to investigate the radiofrequency oscillations produced
in a direct current gas discharge in the absence of any
external radiofrequency fields.

The results of this investigation indicate that such high
frequency oscillations do exist in the discharge and have
increasing amplitudes with increasing direct currents. In
addition to these high frequency oscillations, we observed
low frequency oscillations similar to those previously re-
ported.5 ¢ These oscillations are classified here, along with
random oscillations, as noise. For conditions of minimum
attenuation, this noise power was found to be of the order
2% 1071 watts/cycle at 2000 megacycles per second.

It may be indicated that this method may be used in the
study of the properties of the gas discharge plasma. In
particular, information concerning electron densities, elec-
tronic mean-free path, and in the disintegrating plasma, the
electron distribution functions may be obtained.
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The Radiations from 2.70-Day Au'®®

PauLr W. LEvy AND E. GREULING
Clinton National Laboratory, Ock Ridge, Tennessee
November 21, 1947

HE radiations from 2.70-day Au!'®® have been in-
vestigated with photographic and counter recording
spectrometers of 10-cm radius. Sources were prepared by
irradiating gold foil in the Clinton pile. Kurie plots, made
from sources of various thicknesses, all indicate that the
maximum energy of the continuous spectrum is 0.970
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+0.010 Mev. Also, these plots are linear for energies greater
than 0.6 Mev, but below this energy the points gradually
rise above the straight line. This effect is observed even
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F1G. 1. Suggested decay scheme for 2.70-day Aul®s.

with the thinnest source used, 0.25 mg/cm?, and conse-
quently it is felt that it is not due to back-scattering or self-
absorption. Superimposed on the continuous spectrum are
prominent K, L, and M conversion lines from a gamma-ray
of 0.408 Mev, and several weak lines from lower energy
gamma-rays. The decay of these lines and the continuous
spectrum was followed with the spectrometer, and they
were found to have the same half-life. The conversion lines
were studied with the photographically recording spectro-
graph, and the results are summarized in Table I.

TasLE I. Gamma-rays and conversion lines in Au!,
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the continuous spectrum are 0.970+0.010 Mev and 0.605
+0.014 Mev. The end point of the low energy component
was obtained by subtracting the sum of the energies of the
low intensity gamma-rays from the maximum energy of the
high energy beta-component. From the position of the
inflection point in the Kurie plot we obtained a value for
the low energy end point that agrees with, but is less
accurate than, the value given above. The intensity of the
low energy component is 15 percent, or less. The uncertainty
in this figure is difficult to estimate since, in determining it,
we had to assume that the back-scattering and absorption
in the thinnest source was negligible.

A paper giving full details of this investigation and a
discussion of the beta-ray theory involved is in preparation.
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Spark Breakdown at Atmospheric Pressure and
Above in Relation to Paschen’s Law

CHARLES G. MILLER AND LEONARD B. LOEB
Department of Physics, University of California, Berkeley, California
November 22, 1947

HE streamer theory of the spark was developed inde-
pendently by Loeb and Meek! and by Raether? from
193940 and is applicable to sparks at pressures of about
atmospheric and above; it depends on ion concentrations.
In consequence, as Varney and later Loeb and Meek!
have indicated, Paschen’s law observed for lower pressures
and classically accepted as universally applicable, no longer
holds. Proof of its failure in spark breakdown studies at
higher pressures had been lacking because of inadequacy
in range of the past observations until the recent work of
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in Fig. 1. The maximum energies of the two components of




