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surface and heated for three hours at 918'C at a residual gas
pressure of SX10 ' mm mercury. It was found that during the
vacuum heating radioactive copper was collected on a cold finger
in the vacuum system indicating that copper had evaporated
from the germanium. From the change in sample surface count
before and after the vacuum heating and from the amount of
copper collected on the cold finger, it is estimated that at least
96 percent of the copper was evaporated from the germanium
during the vacuum heating. Hall measurements made on the
sample show that after the initial heat treatment in helium, the
density of added acceptors was I~=1.43X10"/cm', and after
the vacuum heat treatment the remaining density of acceptors
was ng =3.4X 10'4/cm'.

The evaporation of copper during the vacuum heating corre-
sponds within experimental error to the loss of acceptors as given
by Hall measurements.

The author wishes to thank Dr. George Morrison for the work
with radioactive tracers and Dr. S.Mayburg and Dr. E.N. Clarke
for much helpfu1 discussion.
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In Fig. 1 the diode characteristic is plotted for a hollow cathode
arrangement in which the current from an aperture of one milli-
meter diameter is collected by an anode spaced one millimeter
distant. This is compared with the curve one would expect from
an equivalent planar diode, i.e., one with the same emitting
material, with a cathode area equal to the aperture area, and with
the same cathode-anode spacing.
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'F a current is drawn from an aperture of a hollow cathode,
~ ~ the inside surface of which is coated with Ba—Sr oxide
emitting material, a diode characteristic is obtained which does
not resemble the typical Child-Langmuir characteristic.

FlG. 2. Schematic diagram of the experimental arrangement used for the
study of the characteristic of a spherical hollow cathode.

Three typical features of this characteristic are of particular
interest:

(1) The rapid increase of current even if small positive poten-
tials are applied to the collector electrode.

(2) Over the entire potential range higher currents were ob-
tained than are to be expected from the equivalent planar diode.

{3)At potentials above which the planar diode exhibits satura-
tion, the current in this structure continues to increase at a con-
siderable rate.

Figure 2 shows schematically the experimental arrangement
being used in these studies. The spherical hollow cathode is
heated uniformly and indirectly by a larger concentric heater
sphere (not shown in Fig. 2). For purposes of comparison two
apertures with their corresponding collector electrodes are pro-
vided. Since particular care was taken to avoid spurious effects
of any kind, the collector electrodes are water-cooled to eliminate
the possibility of thermionic currents in the inverse direction. The
inverse impedance under operating conditions is found to be very
large indeed; it is of the order of 3)(10' ohms.

A probe which can be inserted or withdrawn during operation
a1lows the study of the conditions inside of the sphere.

These experiments are a phase of a general study of electron
gases in equilibrium' ' and will be reported in greater detail in a
later article.
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lished).
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FIG. 1; Comparison of the measured current-voltage characteristic
obtained through the aperture of a hollow cathode with the computed
characteristic of a planar diode with a cathode area equal to the aperture
area.

' +EACH'S' very pretty explanation of the formation of metallic
whiskers~ seems to be ruled out by the observation' that

they grow at the root. The growth seems to be inRuenced4 by
the atmosphere over the surface. The energy required to form a


