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ABSTRACT

IMWLASSIFIED .

A system of measuring shook-wave pressure and impulse is desoribed. Con-

denser microphones are employed as fiequonoy modulators for high-frequenoy transmitters

Data are recorded by means of W reoeivers and reoording oscilloscopes. Results fOr

the thl~y 16th, nuolear-bomb test are given.
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JULY 16th NUCLEAR EXPIJ)SION\

MAST MEASUREMENTS WITH CONDENSER GAUGES

!ED

IN!L’RODUCTXON

Condenser pressure gauges were used in oonneotion with the July Z6th test

primarily beoausa they required no wire lines from the gauges to the shelter. The

effeut of the nuclear explosion upon the lines nooessary for other eleotrioal measur-

ing methods was not preoisely known. It was felt that this wireless system, employ-

ing direot frequeuoy modulation of a transmitter, might function even in the preacmce

of intense ionization.

The aondonser-gauge system is deaoribed beoauee it appears

advanimges in measurements of this type of”explosion and beaeuse the
.

made to respond to shook waves with very small peak pressures and to
,

ho kave definite

gauges can be

impulses of very

‘? long duration. The eleotrioftldisturbances whioh did upset many of the wire lines

did not detcmtably disturb this apparatus.

iaok of sufficient time properly to prepare and install the

in the omission of some of the neoessary preonu~ions againstifailure.

eight gauges~ only one gave a good reoord. Three of the transmitters

equipment resulte

of a total of

failed to oper-

ate beoause of the rain preceding the explosion. In addition, beoause of accidental

misadjustment of’the reoording osoillographs, traces appeared for only two of the

gauges. One of these oould not be interpreted baoause of 6ome trouble with the trans.

titter. The remaining reoord was,complete and useful and is disou8sed under RESULTSO

In spite of these difficulties, it is believed that the eystem ia essentially sound
.’

and usefizlfor shook wave measurements with peak pressures ranging from a few bun.

J“
,

drredthsto eight or ten pounds ‘persquare inoh. UIIICIAS$IF!ED
● *9 ● 00 ● *

‘l’hesystem oonsists %“~s~g~.~:li:{c~ea~c~idenser microphone whose oapacitanoe
● o

●
● *

●s ●:* :00●:C :** ● o ,,

ohanges fiotSulateWe frequency of an oso~~.l?t~r.operatingat 30 to 35 megao)oles. The
●O ●9*
● e. .** ● .***

●O* ●

oscillator output is doubled ii ~&Q,&~bO:{, J@?ti~\iedand transmittedto an W rooeivern
●e bob ●

—
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3 The disorininator output’of the reaeiver is applied to a reaording osoilloacope.

The oondenser microphones used in

at thtiCfiliforniaInf3tituteof’‘f.eohnolo~y.

these

Their

shook wave measurements were made

intended use is in ~iring Error

Indioator equiputent(WDRC fiojeut, PhyGics 6]. This is a binaural radio-informing

system for determining the aocuracy of fire dlreoted at plane-towed targets. h-lthis

application, acourate scoring demanded rugged and stable microphones with flat

frequency response from O to 10,000 cyoles per seoond. In addition, they had to be

produced in volume with accurately duplicated oharaoterlstiaa. These requirements

had been met and satisfied the requiromcnts of shook wave pressure and impulse measure.

.
rents.

direotor of the F.E.I.

field testing of the

\ Through the cooperation of Dr. Jesse W. M. DuMond,
b /

project and Dr. ‘fl.K.H.Panofsky, in charge oi’production and

apparatus, quantities of the microphones were made ave-ilable.

The original microphones were useful in the pressure range from e few hund-

redths to about one pound per square inch. With the help of Dr. Panofsky, a modified

unit for pressure measurements from 0.5 to 8 P.S.I. was designed and

Parts of the microphones in various stages o? assembly are

Fig. 2’shows a sketoh, in cross section, of an assembled unit and of

produoed.

shown in Fig. 1.

the jig used for

pre-sketching the diaphragms.

Seotion A of Fig. 1 shows a diaphragm and its olamping ring. The diaphragms

.
are 0.0016n beryllium-copper sheet. A diaphragm is inserted into the stretohi~g jig

of Fig. 2 and firmly olamped around its edge as shown. The inner threaded cylinder is
4

turned up against the diaphrag..moum@.~th$”n@&J. frequency of the exposed portion is
● ● **.

3000 cycles per second. The &:~pk”k&& ~ix;s~retohi+j ucwicc, i6 then applied h

● ,8 ● ● ●

the bronze oasting at E in ?ig~”~l~~n$o~l$mp~~;~:atC. Excess diaphragm stook i8 then
.** ● ** ● *,
●* 9ea ● ● ●

8*
trimmed away~
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D shows the brass microphone electrodes. The one at the left is for a

low-pressureunit and the one at the right is for the modified high-pressure unit.

The ceramio insulator(E) is inserted into the brass stretching ring at F and the

protruding back of the stretching ring is spun over the baok of the oeramio to hold

firmly in plaueo A completed eleotrode assembly is shown at G. The profile of the

stretching ring is oarefully maohined so tiat it oannot oause undue strains in the

diaphragm. The eleotrode is maoh$ned so that its surfaoe is slightly below that of

the stretching ring. When the eleotrode assembly is screwed up into the microphone

it

oasting, the stretching ring touahes the diaphragm and the diaphragm-eleotrode spacing

remains oonstant as the diaphragm tension is adjusted. Completed microphones from

whioh the diaphragms have been removed are shown at H and I.

The ~frequencyd.araateristiosand sensitivity of the microphone are deter.

mined by the aotive diaphragm diameter and its tension and by the

and spacing. The diaphragm to eleotrode spaoing is such that, at

frequenoy, there $s sufficient air damping to prevent appreciable

oleotrode diameter

the resonanoe

inorease in

sensitivity.

Aotive diameter of

eleotrode’diameterO 0.375113

the diaphragm oi’the low-pressure microphone is 0.7SOn~

spacing of’eleotrode and diaphragm, O.OO1tl~ resonanoe

frequenoy, 10 KoO Dimensions of the high-pressure unit are~ diaphragm diameter.

0..360m~ eleatr.odediameter, 0.3W”3 spaoing~ 0.00085”t resonanoe frequency, 18 Ko.

Details concerning the design of the microphones and the ingenious devices

developed at c,X.T. for adjusting and”testing them may be.found in

Special InfformalReport OKIthe Aperiodio Firing Error indioator --

TIME CONSTA2VTS
● *9 ●

. . . ● 9* ● e

.O: : : : : ● b
● e
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● ● :* : :. . .
●

● . .:0 ● *e ● O* ● ** ● .

Appendices to .

N.D.R.C. fiySiCS 6Q

In order to respond fai~~a?u~l~.$o.~e.profileof the shook wave, the
●0.** ● O9 ● ***

diaphra== of the microphone mu%~ ~~o-~rk>d ~~=:~onstrint pressure ox’,at least, the
●*
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., rate of ohange of prossure back of the diaphragm must be small oompared to the rates

associated with the shook wave. The air spaoe baok of the diaphragm was not entirely

sealed because of ~apaoitanoe ohanges which would have been caused by barometric and

temperature ohangeeo l’heexpeoted size of the bomb explosion and extrapolated impulse

duration data

was about the

The

indioated that 50 seoonds time oonstant for leakage of the trapped air

minimum whioh oould be to~erated.

miorophonee, as oonstruoted~ all had very short time oonstants. They

were lengthened by painting the baok of the eleotrode assembly with dilute 31yptal

laoquer and baking the microphones for a few hours at about 8!)°C0 Usually the mioro.

phones had acceptable time oonstants after this treatment. I&zokof time prevented the

development of a moro elaborate method for controlling the lsak~.

Time oonstants were meaeured by using the mi.orophoneas par% of tinetuningL

7 oapaoitanae of a high-frequenoy oscillator and plaoing both under a bell jar. The

pressure around the whole unit was reduoed by about 30 om of mercury for the high-
.“

pressure mic&ophone8 or by 5 om in the case of the low pressure units. Time was allowe

for pressure equalization on the two sides of the diaphragm and an FM reoeiver with a.

vaouum.tube voltmeter on its discriminator output was tuned to the oscillator signal.
,,

Air was suddenly readmitted to the system and the meter reading was noted. The rate

of ohange of pressure baok of the diaphragm was thus transformed to a rate of ohange

of voltage and the time constants were measured by observing the meter readings as a

function-of time.

. TRANSMITTERS

I. Eaoh transmitter aonsieted of two units. The microphones were mounted on a
I

1+

unit containing the oscillator and frequenoy doubler. This unit is shown in Fig. 3.
9 9** ● ●** 9*99*● -::

The two-stage power wplifier, ;d~lgve~5ng!a&t: E?)wat%s to the =tennao is piatured ,
,: c

●* ●99 9**9*O ● e* ●*

in Fig. 4. The oirouits are q+$~W4VS1~t20?e$l.%.:Id. aro not described. Great om=e was
9*9 ● 9
● : ● O : . :

●

::0
takm in the oon6truotion of tb% u~i.tsse,;peablt”yof the oscillator and dmabler ste.~es$
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so that the shock wave would not seriously affect the .&equenay of the oscillator by

spurious oapaoity and inductance ohan~es.

A section of’the oscillator cirouit is shown in Fig. 6. The effeo% of

ohanges in oa~acitanoe of the microphone on the frequency of the oscillator aro deter-

mined by condensers Cp and C~ , These condensers also determine the ,frequenayof the

oscillator and, since the transmitter frequencies had been definitely allooated, they

hailto be adjuated both for the required transmitter froquencfes and for the desired

frequenay ohanges to be oaused by tho miorophoneG. It was possible to caloulate

approximate values of C and C5
P

so that most of the capacitance was supplied by fixed

ceramic condensers. Final adjustments were made with small variable oeramio condensers

in parallel with the f’ixedones. This was done to a~oid, as mu5h as possible, the

e.?feotsof mechanical shock on adjustable condensers~
●

Condenser Co is a small ceramic whose value is approximately that of the

oapqoitanoe ohange expected from the microphone. Its funotion was to provide a stan.

dard deviation in the frequency of the oscillator so that the pressure calibrations

of the units could be correlated with the data obtained from the shook wave. ThiS

oondenser is applied,at will, aoross the rniorophoneby the :elay L1 whioh is mounted

on the oscillator unit as shows in Fig. 3.

Slightly modified Hallizwai’ter S-S6 reoeivers wore used for deteoting the

transmitter signals. The limiter stage of eaoh set was adjusted to saturate at a

lower signal level than did the unmodified stage. Its plate and soreen.voltageswere

taken from the VR=..15Ovoltage regulator tibe for better stability. Carefil ali~ent
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The osoillosoopeunit c~t?ti4th~O”a”~C~&~~~fierfor the discriminator. This
● :,.. .0.0

amplifler was oonneoted dlrootly ;e:c?& ~aifi:6;”&”$lectingplates in the 3“. 08a5.110-

soope tube. The other pair of deflectingI

. of the eleatron beam.

CineKodak Model K oameras were

These were 16-rnmmovio oameras driven by

oameras were modified to give continuous

plates was used only for setting the posi%ion
●

used for photographing the oscill saope so-se~

24-volt DC spsed.-regulatedmotors. The

film motion at 5 inches per second. .hlm

speed calibrations were made before and after the blast by photographing 50-oycle

sine waves from a tuning i%rk.

i In

side by side

soope soreen

INSTALLATION

order to conserve spaces the camera and osoillosoope units were mounted I

and a reflex-mirror system was used to reflect the spot on the osoillo-

into the camera.

-1 Condenser gauges were plaoed at 8 positions west of the bonb tower. The

. transmitter units were mounted on thci15-foot poles whioh served as antenna masts.
1

The antennas were 3-element parasitio arrays aimed at the shelter at 10,000 yards west

of the tower. Eaoh antenna was adjusted to the frequenoy of’its transmitter to insuro

maximum signal at the reoeiver. The half-wave dipole of each array was fed by link

ooupling to the power stage of the transmitter through a Iwgth of Twinax oable a

quarter-wavelen.g%hlong at the transmitter frequency. ~he power”stage was mounted down

the pole at the end of this cable. Below the power stage was mounted the microphone-=

oscillator-doublerunit.

that the shook wave would

front. A length ofRG9~

T})isunit was mounted 6 feet above ground in such a position

strike the microphone from the side rather than from the

oable oonneoted this unit with the power stage.

.
Preliminary tests on the trsnsmittors showed that, in spito of careful design,

( the frequency of the oscillator varied seriously when it was subjeoted to mechanical
<

shock.
●** 9**●*

Fig. 6 shows an ef~eotive*~&;~;hoLm%i!{$~<ignod to reduce the effeots of
● *:*a

● 9*
●* ●:0 ●e* c:.:00 ●*

●0 9** ●O* ● ● ●

● ** :.. ● ● ***
● 00 ● ●** ●

● *O*e 9**.9* ●*: 980
●* ●** ● ● ● ●*
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mechanically.oonductedand direot”aj.r~s&!bks:o~*t~&cillator. The outer box V.SS

.***
● ●*m ●

.:. ●*9 ●*
-7

mounted direotly on the antenna pole. The inner box, in whioh the oeoillator unit

was
.’

the

:t~fl

box

mounted, was mde practically air-tight to prevent the shook wave from reaohing

oscillator uomponentso

The power supply for the transmitter aonsisted of storage and heavy-duty

batte~ies housed in a sturdy wooden box at the base of the pole. In each Ixhtery

was s. small

This circuit is

metal cabinet which housed the control circuit for the transmitter.

shown within the dashed lines of Fig. 5. A oontrol line, extending

from the shelter to the most distant transmitter permitted the transmitters to be

turned on and off’at will and also allowed the calibration oondenser Co to be plaoeci

aoross the microphone when desired.

Resistances in the oontrol boxes were adjusted

flowing into eaoh box from the oontrol line, the battery

\
filament oirouits open. The transmitters were plaoed on

.

so thats with 0.030 amp

relay he3d s11 transmittiir

the air by reruovin~ the power

supply in the shelter from the oontrol line. Calibrations oould be aooomplished byr

virtue of the greater sensitivity of the calibration relays. These relays olosed on

18 to 20 ma while the battery r31ays did not.

Reoeivers in the shelters were fed %Iyantennas matching the corresponding

transmitter antennas= Lengths of RG9/” cable ran from the reoeivers to the antennas.

This 59-ohm Gable was matohed to the 13-ohm impedanoe of the dipole in each array

means of a coaxial quarter-wavf3transformer, whose characteristic impedanoe was

approximately the geometrio mean cf 10 and 50 ohms. The antennas ~cre mo~ted on

by

20

foot poles spaced 8 feet apart on a line perpetidioularto the direotion of the tower.

‘I’hefrequencies at which the transmitters were operated were at intervals
.

of one megaoycle from 63 to 70 Kc iuulusive. Lower frequencies would have been more
.
.,, satisfactory beoause the frequency deviation produced by the microphone would have

1

—
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oaoilktor components would have oa%qe$ s.~ll~s :%w$u~ncy changes. On the other
● *** .:.:00 ●0

hand, at these i’requenoiesthe ante&a”;’r;ti,yswere reasonably oompaot and could bo

made strong enough to withstand severe shooks. In addition, interference from other

txanmnitters was loss ljkely to be a serioue problem at these high frequencies.

CALImATIONS——

Condensers C8 and Cp in the ossil).atorseotion of the transmitter (Fig,5)

were so adjusted t.hfit,at the designated transmitter frequenoy, tho expected mioro.

phone capaoity change would produoe a frequency deviation of about 60 Ko. This ie,

beoause of tho frequenoy.doublingstage, twioe the aotual ohange in o.soillator

frequency. The condenser placed aoross the microphone by the “oalibrateq relay (CO)

was adjusted to produoe a similar deviation.

Overall calibration of’eaoh set from mio~ophone to film was accomplished

by impr~ssing on the microphone e,series of statio gas pressures alternated by con-

denser ‘toalibrate’~signals. Six values of pressure, appropriate to eaoh microphone,

were applied so that explosions ranging from a few hundred to 20,000 tons of TNT

were covered by.eaoh nicrophonea These data were reoorded on tho 16.mm film and

from these records oomplete calibration ourves were plotted.

:’ig.7 shows the pressure calibration apparatus as used in the field. The

rubber-walled pressure oap is pushed over the

pressure is read from the manometer. Gas was

three numbered valves are used to oonlmol the

I.leoauseof’almost inevitable gas leaks around

rniorophonediaphragm is measured by running a

uap to the manometor. Gas is allowed to leak

frotiof’the microphone And the applied

provided by the small tank of C02. The

pressure applied to the microphone.

the rubber oap, the true pressure on the

separate li.noof’rubber t;hing from the

from Valve 1 continuously. Valves 2 and

3 limit the rata at whioh gas may flow. By gradually reducing the leak at Valve 1,
.

the pressure in the sys~em may be built up to the desired value regardless of small<’

leaks around the microphone.

the maxixwn pressure to about

gas i$ adjusted to limit

APPROVED FOR PUBLIC RELEASE
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:000 .9

. As mentioned previously~”~rf~~&e”#o;~r”;oord was obtained from the con-

1 denser gauges. Even this tram was so faint that difficulty was experienced in

measuring deflections on the reoord. The 16.-mmfilm was plaoed in a miorofilm

‘readerw and defleatlons were measured with respeot to the sprooket perforations of

the film. The 50-oycle timing marks filmed before the shot

of the pressure-time traoe. Previous runs had demonstrated

oamera motors remained quite oonstant. Tho static pressure

was measured on the same ~ilm reader

deflections on the shock wave reoord

‘i’heimpulse ourve for this

and these measurements

determined the time saale

that the speed of the

oalibratioxzof the gauge

were used to oonvert

into oorrespondi.ngvalues of pressure.

g=wge appears in Fig. 8. It tYillbe noted that

the pressure at the time of arrival of the shook wave at the microphonedoes not appear.

The traoe was invisible at this point, indicating that,the spot on the oscilloscope

.
screen was moving rapidly at this time. Extrap~lation of the smooth curve to the time

.
of arrival of the shook wave gives a peak pressure at the 6000 yard stations of 0.6

v

psi. Because of the low value of the first measured point, it would appear that suoh

extrapolation is not justified. AS a reasonable compromise, the peak pressure is

assumed to be 0.55 psi. Tho positive impulse of the

under the positive phase of the pressure-time ourve,

lieved that the value given for the peak pressuro is

shook wave, determined by the area

is 0.43 psi-seoonds. It is be-

correct to within plus or minus

10 peroent and that the impulse value is good to plus or minus 5 percent.

Evaluation of shook wave measurements at large distances from a blast is

rather uncertain beoause of the scaraity of reliable data. Hirsohfolder, Littler and

Sheard (LA-316) point out the unoortainties and Jive a table of the best available
.

estimates of pressures and impulses at lar~e distances from TNT oharges of up to 10*OOO
.

tons. On the basis of these estimates, a peak pressure, of 0.55 psi at 6000 yards

TNT. The impulse of 0.43 ‘
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