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F1c. 1. Wheatstone bridge circuit for cryogenic liquid level detector.

the top of the Dewar into the cold gas the resistance
changes keep the bridge unbalanced until just above the
liquid level and it is therefore necessary to have. the
detector (meter, light, buzzer, etc.) suitably biased so that
it will not respond to this initial unbalance. This requires
a modest amount of electronic circuity but such probes
work quite well and are readily available commercially.

We have constructed a carbon resistance probe that
uses the simplest possible circuity and avoids the problem
of detector bias. This probe uses two resistors instead of
one (Allen Bradley 200 2, 31—+ W). The resistors are
placed in separate arms of a Wheatstone bridge circuit
(R; and R;). The other arms are about 1250 @ and need
some variation to effect initial balance. For these we have
found it convenient to use two 2500 Q pots mounted in
tandem to a single knob and connected so that as one is
increased the other is decreased. Balance is indicated by
a standard 50 pA dc meter which may be shunted if
required to give the desired sensitivity. The bridge is
powered by four 1.5 V “C” batteries in series. The two

" resistors are mounted at the end of a thin wall stainless
steel tube with one slightly above the other. The separation
is kept quite small (6 mm or less) as this determines,
in part at least, the uncertainty with which the level may
be measured.

The system is balanced at room temperature and the
probe slowly lowered into the Dewar. As both resistors
are cooled approximately equally by the vapor the system
remains balanced until the first resistor strikes the surface.
When this occurs the system is suddenly thrown out of
balance as indicated by a full scale deflection of the
meter. When the second resistor strikes the surface the
meter returns to zero. This gives effectively a double
indication at the surface, from zero to full scale and back
to zero, and takes place in a distance corresponding to the
separation of the two resistors.

We have found this probe works equally well in liquid
nitrogen or liquid helium. When used with helium it is
noted that because of the high temperature coefficient of
resistance at the low temperatures, the resistors do not

“track” each other perfectly and the bridge may not
remain exactly balanced in cold vapor. However, this
partial unbalance does not interfere with the double
indication at the surface or the accuracy with which the
level is measured.
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PREVIOUS note! described an iz vacuo extrusion

system for lithium wire using an extrusion die-
electrode developed by Oktay.? A significant change has
been made in the extrusion die which allows many high
current discharges without an increase in size of the
extruded wire. This is important for iz vacuo extrusion since
it is difficult to manipulate a lithium wire larger than
about 0.01 cm diam with electrostatic forces.

The construction of the extrusion die is shown in Fig. 1.
Molybdenum was chosen as the die material because of its
high melting temperature and hardness and also for the
ease with which the small hole can be made using simple
techniques. The disk can be punched out of a molybdenum
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sheet with a hand operated punch and die. The small hole
is made with a hardened steel punch having a radius of
curvature at the tip of less than 0.0010 cm. A technique of
dimpling and grinding is used to obtain circular holes as
small as 0.0025 cm.

Pressure on the lithium will “seat” the disk at the
bottom of the 0.325 cm hole in the copper electrode, but
it is easily removed after washing out the lithium with
water.

It is not clear whether the relatively high melting tem-
perature and hardness of molybdenum or its recessed
position prevents erosion of the small hole. A 0.0025 cm
die used in the system previously described' did not
noticeably increase in size after more than 50 shots at 8
and 10 kV.
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ORE data on point discharge during electrical storm
activity are necessary before firm conclusions about
the global atmospheric electrical budget may be drawn.
An instrument designed to measure average point dis-
charge currents of the order of 1 mA to 1 uA has been de-
veloped. It is simple and inexpensive to construct, requires
no power supply for its operation, need not be continuously
monitored, and has proven to be rugged and reliable.

A discharge point, mounted vertically in the atmosphere,
will go into corona when the electric field exceeds a critical
value. The capacitor C; (Fig. 1) is in series with the dis-
charge point so that all the charge leaving the point is
drawn from the capacitor. When the voltage across the
capacitor reaches the firing voltage of the neon bulb, the
triac Q, is triggered into conduction discharging C, through
Ri. The diodes D; and D, serve to route the resulting
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Fic. 1. Schematic of corona current meter and base diagram of
triac thyristor. C1—5uF, 200V; D;, D,—400 V, 100 mA; R,—100
kQ; R,—270 Q; Ry—15 k@ potentiometer; Q—type 40429 triac
thyristor.

posttive and negative pulses to the appropriate readout
devices connected between the + and — terminals, re-
spectively, and point c.

Suitable readout devices include electromechanical
counters (Presin Company type FE4A) as used in our
installations, chart recorders, and portable, battery oper-
ated tape recorders.

The data derived from this device consist of a series of
pulses, each pulse representing, and generated by, the
accumulation of a known amount of charge C,V3, (0.65 mC
for the values indicated in Fig. 1), where V3 is the firing
voltage of the neon bulb.

The accuracy of the device is limited by leakage across
the capacitor and triac, variations in V, residual voltage
across the capacitor after triac cutoff, and by the quantized
nature of the data. However, accuracy of 4109, over a
period of several hours at a current of 1-1000 uA may be
achieved.
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N our work, we recently had need of a method for
mounting thin self-supporting nickel foils onto aperture
plates to be used for setting the energy thresholds of low
energy particle detectors for satellite measurements on
auroras.! The nickel foils to be used had to be approxi-



