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ABSTRACT

A system of measuring shock-wave pressure and impulse is desoribed. Con-
denser microphones are employed as frequency modulators for high~frequency transmitters|(
Data are recorded by meaﬁs of FM roceivers and recording osecilloscopes. Results for

the July 16th, nuclear-bomb test are given,
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JULY 16th NUCLEAR EXPLOSION:

BILAST MEASUREMENTS WITH CONDENSER GAUGES

INTRODUCTION

Condenser pressure geauges were used in conneoction with the July 16th test
primarily because they required no wire lines from the gauges to the shelter. The
effect of the nuclear oxplosion upon the lines nacessary for other electrical measur-
ing methods wes not precisely known. It was felt that this wireless system, employ-
ing diréot frequenocy modulation of a transmitter, might function even in the presence
of intense ionlzation,

The coundenser-gauge system is desoribed because it appears to have defint te
advantages in measurements of this type of explosion and becsuse the gauges can be
made to fespoud to shock waves with very small peak pressures and to impulses of very

“ long duration, The slectriocal disturbanoes which did upset many of the wire lines
did not deteotably disturb this apparatus,

laok of sufficient time properly to prepare and install the eguipment resulted
in the omission of some of the necessary precnutions against failure, Of a total of
eight gauges, only one gave a good record, Three of the transmitters failed to oper-
ate because of the rain preceding the explosion, In additiom, bécause of acoidental
misadjustment of the recording oscillographs, traces appeared for only two of the
gauges. One of these could not be interpreted bacause of some trouble with the trens-
aitter, The remaining record wos complete and useful and is disoussed under RESULTS,
In spite of these difficulties, it is believed that the system is essentially sound

and useful for shock wave measurements with peak pressures ranging from a few hune

dredths to eight or ten pounds per sguare inoh, . u N c l ASSI F l E D

The system consists hsse!uc 113 ci aoopudense1 microphone whose oapacitance

shanges modulate the frequency of en 080111ator operatinv at 30 to 35 megaoyocles., The

oscillator output is doubled ig égaouyuoy &wﬂ’*tied and transmitted to an Fi¢ receiver,
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. The disoriminator output of the receiver is applied to a recording oscilloscope.

MICROPHONES

The condenser microphones used in these shock wave measurements were made
at the California Institute of Teohnology. Their intended use is in 7iring Brror
indicator equipment (WDRC Project, Physics 6), This is a binsural radio-informing
system for determining the aoccuracy of fire dirsected at plane-towed targets, In this
application, acourate scoring demanded rugzed and steble microphones with flat
frequency response from O to 10,000 cyocles per second. In addition, they had to be
produced in volume with accurately duplicated oharaoteristics. These requirements
had been met and.satisfied the requirements of shock wave pressure and impulse measure.
ments,

Throuzh the cooperation of Dr. Jesse W. i, DﬁMond, director of the F.E.I.
project and Dr., W.K.H., Panofsky, in charge of production and field testing of the
apparatus, quantitles of the miorophones were mede aveilable,

The original miorophones were useful in the pressure range from a few hund-
rodths to about one pound per sqﬁare inch. With the help of Dr, Panofsky, a modified
unit for pressure messurements from 0.6 to 8 P,S.I, was designed and produced,

Perts of the microphones in varlous stages of assembly are shown in Fig. 1.
7ig. 2' shows a sketoh, in cross section, of an assembled unit and of the jig used for
pre-sketching the diaphragzms,

Section A of Fig. 1 shows a diaphragm and its olamping ring. The diaphrazms
are 0,0016" beryllium~copper sheet, A diuphragm is inserted into the stretohing jig
of Fig., 2 and firmly clamped around 1ts edge as shown. The immer threaded cylinder is

turned up against the diaphra%p.unﬁﬁg tiegengroule,l frequency of the exposed portion is

3000 cycles per second. The dinaphhegsy s iim:s;'tretohidg aevice, 1s then applied to

the bronze casting at B in Fig?:"f?né (’:1§;mp§,€§ 5§:at Co BExeoss diaphragm stock is then

trimmed away,
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APPROVED FOR PUBLI C RELEASE

(4 000 L4

: : : 2 o o e o o o
ee 000 o o000 o o o

0 000 660 000 000 o0 ,

[ e o e o o o

[ o O e oo o o

e o o e o o o

e o o o e o o o
e eoes0 o 00 000 o0

.

D shows the brass miorophone electrodes. The one at the left is for a
low-pressure unit and the one at the right is for the modified high-pressure unit,

The ceramic insulator(E) is inserted into the brass stretching ring at F and the
protruding back of the stretching ring is spun over the back of the ceramic %o hold it
firmly in plece. A completed electrode assembly is shown at G, The profile of the
stretching ring is carefully machined so that it cannot cause undus strains in the
diaphragm. The eleotrode is machined so that its surface is slightly below that of
the stretohing ring, When the eleotrode assembly is screwed up into the miorophone
oasting, the stretching ring touches the diaphragm and the diaphragm-electrode spacing
remains constant as the diaphragm temsion is adjusted. Completed miorophones from
which the diaphragms have been removed are shown at H and I,

The fregquency cﬂaraoteristios and sensitivity of the microphone are deter
mined by the active diaphragm diameter end its tension and hy the electrode diameter
and spacing. The diaphregm to eleotrode spacing is such that, at the resonance
frequency, there is sufficient air damping to prevent appreciable inecrsase in
sensitivity,

Active diameter of the diaphragm of the low-pressure microphons is 0,760";
eleotrode‘diamefero 0,375"3y spacing of eleotrode and diaphragm, 0,001"; resonance
frequency, 10 Ko, Dimensions of the high.pressure unit are: diaphragm diameter,

0.360"; electrode diameter, 0.300"y spaocing, 0.00085"; resonance frequency, 18 Ka.

Details concerning the design of the miocrophones and the ingenious devices
developed at C.I1.T, for adjusting and testing them may be.found in Appendices to

Special Informal Report on the Aperiodio Firing Error indicator -« N,D.R.C, Physics 6.

TINE CONSTANTS CHERE RN R

In order tao respond faithfully to, the,profile of the shook wave, the

diaphrazm of the microphone mv:%'é b?.a. Kgck{cd %;,: a:gonst&nt pressure or, at least, the

e T ]
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rete of change of pressure back of the diaphragm must be small compared to the rates
associated with the shook wave, The air space back of the diaphrégm was not entirely
sealed because of capacitance changes which would have been caused by barometric and
temperature ohanges. The expscted size of the bomb explosion and extrapolated impulse
duration data indicated that 30 seconds time constant for leakage of the trapped air
wvas about the minimum which could be tolerated,

The miorophones, as oconstructed, all hed very short time constants. They
were lengthened by painting the baok.of the eleoctrode assembly with dilute 31lyptal
lacquer and baking the microphones for a few hours at about 80°C, Usually the mioro-
phones had scceptahle time constants after this treatment, Laok of time prevented the
development of a more slaborate methad for controlling the lesk.

Time constants were memsured by using the microphone sas part of the tuning
capacitance of a high-frequencsy oscillator and placing both under a bell jar. The
pressure around the whole unit was reduced by sbout 30 om of mercury for the high-
pressure mic;cphones or by 6§ em in the case of the low pressure units, Time was allowe
for pressure equilization on the two sides of the dlaphragm and an FM receiver with a
vacuum-tube voltmeter on its discriminatér output was tuned to the oscillator signal,
Alr was suddenly readmitted to the systom and the ﬁeter reéding was noted. The rate
of change of pressure back of the diaphragm was thus trensformed to a rate of change
of voltage and the time constants were measured by observing the meter readings as e
function of time.

TRANSMITTERS

Each transmitter consisted of two units. The microphones were mounted on a

unit containing the oseillator snd frequenoy doublero This unit is shown in Pig. 3.

The two-stage power amplifier, delﬁveging.avﬂht’ﬁo watis to the antenna, is pictured .

in Fig. 4. The oirocuits are qu&meoQOQvationﬂl. ad are not desoribed. UJreat care was

o
taken in the oconstruction of tﬂh u.atss 9>pocia11 of the oscillator and diubler steges,

APPROVED FOUR PUBLT C RELEASE
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so that the shock wave would not seriously affect the frequency of the oscillator by

]

spurious capacity and inductance changes,

A section of the oscillator cirouit is shown in Fig. 6. The effect of
changes in cajacitance of the miorophone on the frequency of the ogoillator are deter-
mined by condensers Cp and Cg . These condensers also determine the frequenoy of the
oscillator and, since the transmitter frequencies had been definitely allocated, they
had to be adjuated both for the required transmitter froquencies and for the desired
frequency changeas to be caused by the miorophones, It was possible to caloulate
approximate values of Cp and G, so that most of the capacitance was supplied by fixed
ceremic ocondensers., Final adjustments were made with small variable ceramio condensers
in parallel with the fixed ones. This was done to avoid, as much as possible, the
ef{feots of mechanieal shock on adjustable condensers,

Condenser C, 1is a small ceramic whose value is ;pproximately that of the
capaocitance change expected from the microphono., Its function wms to provide a stan-
dard deviation in the frequency of the osoillator so thet the pressure ocalibrations
of the units could be correlated with the data obtained from the shook wave., This
condenser is applied,at will, across the miocrophone by the 18loy Ly whioh is mbunted

on the oseillator unit as showa in Fig. 3,

RECEIVERS AND RECORDERS

Slightly modified Hallicrafter £-36 receivers wore used for deteoting the
transmitter signals. The limiter stage of sach set was adjusted to saturate at a

lower signal level than did the unmodified stage. Its plate and soresn-voltages were

taken from the VR-150 voltage regulator tube for better stabllity, Careful aligament

of the I.F., transformers extended,thd:¥:g patdy’ 'géhcs‘*z‘o + 100 Ko withfuirly good

linearity, The discriminator outﬁut°5t‘%ﬁa’@héété%§ was connected to the recording unit.

(L] (XX [ ) ove 6 o .
e 6 o > o o ® 6 ¢ o
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The oacilloscope unit cgtti:&iha’;.f’a’?fc

of the eleotron beam.

cameras were modified to give oontinuous film motion at 5 inches per second.
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amplifier was oonneoted directly ﬁe g38 baif*of*deflecting plates in the 3" osasllo-

soope tube. The other pair of deflecting plates was used only for setilng the position

CineRKodak Model K cameras were used for photographing the oacill scope sc eer

These were l6-mm movie cameras driven by 24-volt DC sbsed-ragulated motors. The

speed oalibrations wers made before and after the blast by photographing 50<oycle

sine waves from & tuning fork,

In order to conserve space, the camera and oscilloscops units were mounted

side by side and a reflex-mirror system was used to reflect the spot on the oscillo-

socope screen into the camera,

INSTALLIATION

Condenser gauges were placed at 8 positions west of the bomb tower,.

of the tower,

maximum signal at the rsceiver,

quarter-wavelength long at the transmitter freguency.
the pole at the end of this cable,

oscillator-doubler unit,

transmitter units were mounted on the 15-foot poles whioch served as antenna masts,
The antennas were 3-element parasitioc arrays aimed at the shelter at 10,000 yards west

Each antenna wes adjusted to the frequency of its transmitter to insure

ooupling to the power stage of the transmitter through a length of Twinax cable a

gnglifier for the discrimimator. This

Milm

The half-wave dipole of each array was fed by link

the power stage was mounted down

Below the power stage was mounted the microphone-

This unit was mounted 8 feet above ground in such a position

that the shock wave would strike the microphore from the side rather than from the

A length of RGS/U cable oconnected this unit with the power stage.

Freliminary tests on the transmitters showed that, in spite of ocareful design,

the frequency of the oscillator varied seriously when it was subjected to mechanical

shock, Fig., 6 shows an effective°shock poupyid* dbélgnod to reduce the effects of

:
;
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mechanically conducted and dlrect.;1;:;£;;k8ooﬁ°the:osczllatora The outer box vas
mounted directly on the antenna poie:..T;e inner box, in whioh the osoillator unit
was mounted, was made practically air-fight to prevent the shock vmve from reaching
the osolllator components,

The power supply for the transmitter consisted of storage and heavy-duty
*B" batteries housed in a sturdy wooden box at the base of the pole. In each tetiery
box was & small metal cabinet which housed the control circuit for the transmitter,
This circuit is shown within the dashed lines of Fig. 5. A ocontrol line, extending
from the shelter to the most distant transmitter, pormitted the transmitters to be
turned on and off at will and also allowed the calibration oondenser C, to be placed
aorogs the microphone when desired,

Resistances in the oontrol boxes were adjusted so that, with 0,030 amp
flowing into sach box from the control line, the battery relay held 211 transmitter
filament oircuitis open, The transmitters were pluced on the air by removing the power
supply in the shelter from the control line. Calibrations ocould be acocomplished by
virtus of the greater sensitivity of the calibration relays., These relays olosed on
18 to 20 ma while the battery ralays did not,

Receivers in the shelters wsre fed hy an%ennas matching the corresponding
transmitter antennas, Lengths of RGS/U cable ran from the receivers to the anteunas,
This 50-ohm ocable was matched to the 10-ohm impedance of the dipole in each array by
means of & coaxial guarter-wave transforumer, whose characteristic impedance was
approximately the geometric mesn of 10 and 50 chams, The antennas were mounted cn 20
foot poles spaced 8 feet apart on a line perpetidicular to the direction of the tower,

7he frequencies at which the transmitlers were operated were at intervals
of one megacycle from 63 to 70 Mc inclusive, Lower frequencies would have been more
satisfactory because the frequency deviation produced by the microphona would have

been e larger fraoction of the osclilxto% fr%quancb.&nd shock excitatlon of the
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osaoillator components would have odbse& sgalIQr ”&eayhncy changes, On the other

hand, at these frequencies the antenna arroys were reasonebly compaoct and could be

made sirong cnouzh to withstand severs shooks. In addition, interference from other

transmitters was less likely to be a serious problem at thess high freguencies.

CALIBRATIONS

Condensers G, and Cp 1in the ossillator section of the transmitter (Fig.5)
wore so adjusted that, at the designaied transmitter freguency, the expected micro~
phone capacity change would produce a frequency deviation of mbout 60 Xo. This is,
because of the frequency-doubling stage, twice the aotual change in uscillator
frequency. The condenser placed aoross the microphone by the "oalibrate” relay (C,)
wes adjusted to produce a similar deviation.

Overall calibration of each set from microphone to film was accomplished
by impressing on the miorophone a series of statioc gas pressures alternated by con-
denser "culibrate" signals. Six values of pressure, sppropriats to each microphone,
vere applied so that explosions ranging from a few hundred to 20,000 tons of TNT
were covered by each microphone, These date were recorded on the 18-mm film and
from these¢ records complete calibration curves were plotted,

Tigo 7 shows the pressure oalibration appératus a5 used in the f{ield. . The
rubber-walled pressure cap is pushed over the fromof the microphone and the applied
pressure is read from the manometer. Gas was provided by the small tank of €0z The
three numbered vanlves are used Lo ocontrol the pressure applied t60 the miocrophons.
Because of almost inevitable gas leaks around the rubber ocap, the true pressure on the
miorophone diaphragm is measured by running a separate line of rubber tﬁbing from the
cap to the manmometer., Gas is allowsd to leak from Valve 1 continuously. Valves 2 and
3 limit the rate at which gas may flow, By gradually reducing the leak at Valve 1,

the pressure in the system msy be built up to the desired value regardless of small

o o060 o 006 o000 o0
leaks around the miorophone., The Yeiuding: v%lv?.oﬁ ?he gas tenk is adjusted to limit
o L o0
[ d o L] o o o

the maximm pressure to about 12 péTo..............
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- As mentioned previously,°oﬁi§ Bne'%%é&’ﬁgoord was obtaiuned from the con-

' denser gauges, Bven thls trece was so faint that diffioulty was experienced in
meesuring defleotions on the record, The 16-mm {ilm was pleced in a wmicrofilm
"reader"” and defleotions were measured with respeet to the sprocket perforations of
the film, The 50-cycle timing marks filmed before the shot determined the time scale
of the pressure-time trace. Previous runs had demonsirated that the speed of the
camere motors remained quite constant, The static pressure calibretion of the geuge
was measured on the same f[ilm reader and these measurements were used to comvert
deflections on the shock wave record into corresponding values of pressure.

The impulse ourve for this gsuge appears in Fig., B, It wlll be noted that
the pressure at the time of arrival of the shook wave at the microphome does not appear,
The trace was imvisible at this point, indicating that the spot on the oscilloscope
screen was moving rapidly at this time, Extrapélation of the smooth curve to the time
of arrival of the shoock wave gives a peak pressure at the 6000 yﬁrd station, of 0.8
psi. Because of the low value of the first measured point, it would appear that such
extrapolation is not justified., As a reasonable compromise, the peak pressure is
assumed to be 0,90 psi. Tho positive impulse of the shook wave, determinsd by the area
under the positive phase of the pressure-time curve, is 0,43 psi-seconds, It is be-
lieved that the value given for the pezk pressure is correct to within plus or minus
10 percent and that the impulse value is good to plus or minus & percent,

Evaluation of shock wave measurements at large disgances from a blast is
rather uncertain because of the scarcity of reliable data, Hirsecnfelder, Littler and
Sheard (LA-316) point out the uncertainties and sive & table of the best available
estimates of pressures and impulses et larze distances from TNT charges of up to 10,000
tons, On the basis of these estimates, a peak pressure of 0,55 psi at 6000 yards

indicates an explosion egquivalent t’o: a’.ﬁ:tit 90stogssof TN1T. The impulse of 0.43

psi~seconds corresponds to approxi;xh°t5i°y :fé,tb‘oztbxfé of TNT,

I I L T O, UL C RELEAGE
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