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Figure 1, Cutaway View of Cloud Simulation Chamber
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III. DESCRIPTION OF THE PROBLEIl

In order to give the reader some conception of the
overall cloud chamber design and how it contributes to the
requirements placed on the temperature instrumentation in
particular, this section begins with a description of the
internal construction and the normal operating mode of the
chamber. That is followed by descriptions of the physical
and electrical environments in which the chamber is found.
A, CLOUD CHAMBER DESIGN

As was mentioned in the introduction, the inside walls
of the chamber are 1/4-inch aluminum plate which has been
anodized black. Behind these plates are thermoelectric
units responsible for the primary temperature control of
the chamber. The thermoelectric units are computer pro-
grammed to give a temperature versus time relation similar
to that experienced by a parcel of air in an updraft in a
warm cumulus cloud. It is beyond the scope of this paper
to describe that relation in any detail,

Normally every effort will be made to run the chamber
so as to maintain adiabatic conditions. This means that
there can be no transfer of heat to or from the chamber
walls. Since the walls will be cooled by the thermoelec-
tric units, the gas must also be cooled to maintain zero
temperature difference between the gas and the chamber
walls. This cooling will be done by controlling the

chamber pressure.

The gas in the chamber will be humid air with a
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Figure 2, Operational Amplifier Bridge
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amplifier, so the output more nearly approximates one
volt/®C.

A low frequency "flicker" was observed with an
oscilloscope to be about 100 millivolts peak to peak, and
an overnight strip-chart recording of the output revealed
a drift of about 180 millivolts over a normal range of
room temperatures. Flicker in the detector output may be
partly caused by short-term oscillator frequency varia-
tions, but most of the problem seems to be due to 60 Hz
and random noise of a particular variety., A.C./D.C.
motors, and solid state proportional controllers, relays,
or manual switches which operate inductive loads, all con-
tribute voltage impulses to the electrical environment in
the Cloud Physics laboratory. By some combination of
inductive and capacitive effects, these impulses are
coupled into the bridge detector circuit. In the high Q
filters, a 60 Hz amplitude modulated 1000 Hz output is the
result of the ringing caused by the impulses., This A.M.
noise is detected by the phase detector and appears as
flicker at the detector output. Randomly spaced impulses
produce a random output in addition to that just described.
Noise effects of this sort can be reduced by a good shield-
ing and grounding system in addition to better isolation of
power supplies from the A.C, line,

Detector output drift is assumed to arise from two
sourcess temperature dependence of the detector charac-~

teristics, and component aging. Since any component aging
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cloud chamber will only raise the sensor temperature a
fraction of a millidegree C, It has been reported that a
constant sensor current assures a constant self-heating;
therefore, self-heating effects will never appear in the
differential measurements made by the thermometer system.lo

Dynamic temperature measurements suffer from at least
two error sources which have no effect on static measure-
mentss the sensor heat capacity, and bridge detector time
constant. The heat capacity of a wire temperature sensor
is sufficient to make it demonstrate a time constant of 72
milliseconds in air.ll Although one would expect a surface
mounted sensor to have a smaller time lag due to the
greater thermal conductivity to its surroundings, this time
constant must be considered for a quickly changing process,
Together with the lag introduced by the detector output
filter, this thermal lag brings the total system time con-
stant of the final design to about 0.1l seconds, which is
sufficient to cause a 5 m®°C error in measuring a tempera-
ture changing at a rate of 45 m°C/second.

The multiplier (phase detector) is a potential source
of several difficulties. Nonlinearities in the unit are
specified at below 0.1% in static use, but there are no
specifications available for the device which are really
pertinent to its use in a phase detector. That the device
perfectly rejects all signals in quadrature with the bridge

drive signal, and provides perfectly linear response to in-

phase signals is probably too much to expect.
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