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appearing as oscillator drift. Although this heading of the diaphragn,
referred to as "The Thermal Effect," does not materially affect the
measurements of light intensity, it is a2 nuisance, adding complexity to
both transmitting and receiving equipment. A great deal of work at
Temple University has been done to reduce the thermal effect. It was
found that glass diaphragms were much superior to metal diaphragms in
this regard. Also, & method of clamping the diaphragm was introduced
so as to let the glass move slightly, and this greatly reduced the
possibility of it buckling. The use of quartz or pyrex glass will
minimize the thermal effect, but time was not available to use either
of these materials for UPSHOT-KNOTHOLE, It is interesting to note that,
if high time resolution is not necessary, a very sensitive detector
could be made utilizing the thermal effect in such a microphone. It is
contemplated that laboratory tests of such & device will take place
later in the year.

All of the early experiments at Temple University were made utiliz-
ing the standard circuits associated with this type of microphone. How-
ever, when it was contemplated that one of the units would be near
ground zero, it was realized that the Christov effect 1/ would invali-
date any measurements taken with an amplitude modulated system. Hence
the microphone was made the capacitive element of the tank circuit of
an oscillator and the frequency modulation of this oscillator by the
light pulses would produce frequency deviations proportional to the
change in capacitance of the microphone which are proportional to the
pressure from the light pulses on the microphone diaphragm. From the
equation for resonance in an oscillating tank circuit

4L 2f2%= 1/LC, it is readily shown that

df:—dcf

c 2
where f = resonant frequency
L = inductance of tank circuit

C = capacity of tank circuit

which verifies the above statement. It is apparent that for maximum
sensitivity the value of C must be low and f must be high. As a prac-
tical comprom!se, 68 megacycles per second wes chosen for the oscilla-
tor frequency during the tests.

At varicus times the question has been asked, "How does the system
respond to light transients such as arise from a nuclear detcnation?"
This question must be broken down into two parts: (1) the microphone
itselt, and (2) the receiving and recording equipment. As far as the
microphone is concerned, it receives transient pulses of light 1430
times per sec., i.e., the chopping frequency. Chopping frequencies as

1 The Christov effect refers to the large electromagnetic pulse asso-
ciated with large explosions.
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Fig. 2.1 Intermittent Calibretion Showing Time
Response of the System. Each cycle is 0.7 msec

that one channel would have saturated signals at the maximm light in-
tensity, and at least one other would be of such a low level that no

saturation would be possible. By this method, a wide dynamic reange of
recording levels could be achieved. The signal follows the sequence
shown above. It is generated at the microphone by the light signal,
trensmitted to the manned receiving station where an FM receiver takes
the signal, detects it, and passes it as an audio frequency to the
electronic filter which eliminates a great deal of interference and
thereby improves the signal to noise ratio. From the filter the signal
is fed to the magnetic tape recorder. lLater the record is retranscribed
from the tape, displayed on an oscilloscope, and photographed. These
receiving chains were located in mobile vans of the K-53 variety, (Fig.
2.4) which were located from 6.5 to 13 miles from ground zero depending
upon the specific test. The interior of such a van is shown in Fig.
2.5. The original plans did not call for the tape recorders to be an
essential part of the system, only a "back-up." In this case, the
signal would be photographed from the oscilloscope at the time it
occurred. However, the camers motors would sometimes cause interference
without warning and spoil the record. Therefore, it was decided to re-
cord on tape and later transeribe on film so that no data would be lost.
Figure 2.6 shows the microphone and all components associated with the
sensing unit oscillator. Both the exploded view and the complete
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Fig. 2.4 Manned Stations. Note antennas for
receiving signals from remote units.

Fig. 2.5 Interior of Van A, A - Six Channel Recorder.
B - Spencer-Kennedy Audio Filter. C - Single Channel
Recorder. D - Test Oscillator. E - FM Receivers. F -
Oseilloscope and Cemers
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Fig. 2.6 Exploded View of Microphone and Associated
Oscillator Components

Fig. 2.7 Teflon Carriage for Supporting the Micro-
phone and Oscillator Components Including the Oseil-
lator Tube Type 6C4
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Fig. 2.8 Completed Microphone-Oscillator Unit
Sealed in Glass Envelope and Evacuated

(2) At this same time, the receivers and associated equipment
were checked. The storage batteries for use during the shot were
placed on charge.

(3) On the next day, the sensing elements were calibrated and &
record made on the magnetic tape used at shot time. The receivers were
checked with an FM signal generator so that for a 30 kilocycle deviation
and a modulation frequency of 1000 cps, the audio output voltage was 700
millivolts. If there was to be a dry run the next day, the sensing
element used near ground zero was installed, and the timers set to
operate at H minus 30 min.

(4) This entire operation was repeated during the next day. At
that time, the gain settings of the recorder amplifiers were set at the
proper levels as determined from the predicted yield of the nuclear
detonation and the results of the preceding calibration runs. A final
check and measurement of the chopping frequency was made.

(5) At H minus 2 hr, the receivers were checked with the FM
signal generator after warm up. This check was to make certain they
produced the same results as during the calibration runs. They were
checked again at H minus % hour.

(6) At H plus 15 min, the receivers were again checked and fre-
quency measurement was mede on the carrier of the sensing unit oper-
ating in the vicinity of ground zero. This frequency measurement
indiceted any damage to the microphone diaphragm that might have been
caused by the detonation.
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Fig. 2.9 Calibration Set-up. A - Thermopile Covered
with Neutrael Filter. B - Spot of Sunlight from Concave
Mirror. C - Aperture to Microphone. D - Concave Mirror.
E = R, F. Wattmeter and Calibration Antenna

Fig. 2.10 Sensing Element and Battery Box. A - Sensing
Microphone aid Oseillator. B - Chopping Motor and Disc.
C - Class "C" R, F, Amplifier. D - Storage Batteries.

E - Dynamotor "B" Supply. F - Timers. G - "B" Supply
Filters.
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