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FOREIYIORD

Ths report presents the final results of one of the projects participating in the military-effect
programs of Operation Hardtack. Qverall information about this and the other military-effect
projects can be obtained from ITR-1660, the “Summary Report of the Commasder, Task Unit
3.” This technical summary includes: (1) tables listing each detonation with #ts yield, type,
environment, meteorological conditions, ete. ; (2) maps showing shot locations; (3) discussions
of resuits by programs; (4) summaries cf cbjectives, procedures, results, etc., for all projects;
and (5) a listing of project reports for the military-effect programs.
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ABSTRACT

The objective was the measurement of time of arrival, peak overpressure, and pressure versus
time at five balloon-borne canisters suspended at various distances below a low-yield device
(Shot Yucca) detonated at a very-high altitude. In order to circumvent telemetry blackout, the
pressure data war to be stored on internal recorders and then played back into the telemeter
transmitters, as well as telemetered directly. A power fatlure in the receiving station just be-
fore shot time rendered the command transmitter inoperative; in consequence, the canister re-
corders could not be turned on, and no delayed telemetering was possible. Direct telemetering
was biacked out at the three closest canisters and the transmitter in the fourth had not responded
to the turn-on command signal before power failure occusred, but a direct telemetering signal
was received from the most-distant canister. An apparent pressure sigmal was recorded, but
the wave form was abnormal, and the time of arrival and peak overpressure appeared to be mu-
tually inconsistent. R is believed that the signal was spuricus and may bave been produced by
damage to the canister. About 0.3 second after the arrival of the questiomable pressure signa-
ture, the radio-frequency carrier from this canister was lost, and no further data was obtatned.
R is possible that the loss of signal represents the actual shock-arrival time.
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PREFACE

One aspect of the very-high-altitude canister effort which demands recognition is the fact that

Projects 1.10, 2.7, 8.2, and 9.2b simultanecusly developed instrumentation and equipment that

was required to function electronically and mechanically as a system. DBecause of the limited

time available for research and development, some of the final modifications to ensure com-

patibility had to be earried out in the field in the last few days before the shot. The fact that .

the equipment for the entire program was ready on time and was launched with a reasonahle '

hope of a successful outcome can be attributed, to a great extent, to the complete cooperation
and intensive coordination that existed among project personnel, contractors, and the interested e ‘f’_
parties.
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Chapter |
INTRODUCTION

1.1 OBJECTIVE

Planning for the use of nuclear weapons in air defense requires knowledge of the way in which
the basic weapon outputs—blast, thermal radiation, and muclear radiation— vary with the alti-
tude of detonation. The objective of the participation in Shot Yucca was to provide information
on the variation with altitude of the blast output by obtaining measurements of hlast overpressure
versus distance at the highest altitude at which direct measurements of this kind were deemed
feasible. For the measurement of peak overpressure, primary reliance was placed on the meas-
urement of shock-arrival time, from which peak overprecsures may be computed by means of
the Rankine-Hugoniot equations. Lirect measurements of pressure-versus-time wave forms
were also desired as a secondary objective.

1.2 BACKGROUND

The feasibility of conducting a weapon-effect test at an altitude in the neighborhood of 100,000
feet was studied by the Air Force Special Weapons Center (AFSWC) with the cooperation of the
Alr Force Cambridge Research Center (AFCRC) during 1954 and 1955. After examining various
possible methods of deployment of a nuclear device with an instzument array accurately posi-
tioned with respect to the point of burst, it was decided (Reference 1) that the method offering
the greatest probability of success would be to deploy both the muclear device and the telemeter-
ing instrumentation array on a dragiine from a single balloon.

A proposal for a test based on this method of deployment was presented to the Armed Forces
Special Weapons Project (AFSWP) on 17 November 1953. In order to minimize development
time and cost, it was proposed to employ, 8o far as possible, the same blast-pressure teleme-
tering system previously developed for AFCRC by the Pacific Division, Bendix Aviation Cor-
poration, and used successfully during Operations Buster-Jangle, Snapper, lvy, Upshot-Knothole,
Teapot, and Redwing to measure blast pressures on arrays of parachute-borne gages.

During Shot 10 of Operation Teapot (Reference 2), detonated at an altitude of 36,645 feet, data

* from the two closest parachute-borne canisters at slant ranges of 640 and 720 feet was lost due

to a brief blackout of the telemetering signal immediately after shot time. R was believed that
the blackout was caused by lonization of the surrounding air by prompt gamma radiation. Be-
cause the theory of this effect did not appear to be sufficiently well developed to permit a rellable
prediction of what the attenuation would be at much higher altitudes, or whether blackout could be
avoided by going to higher carrier frequencies for telemetering, it was decided that, as insurance
against loss of data, the instrumentation should provide for data storage and del~yed telemetering.
The upper limit of the range of blast-pressure measurements was chosen on the basis that it
should be as close as possible, and still pro-ide a reasonable probability ihat the instrumentation
would survive the thermal and blast cnvironment long enough, after the disappearance of the ex-
pected fonization blackout, to transmit at least the time of shock arrival. With an assumed yleld
of 2 kt, a range of 750 {eet was considered as the minimum for instrumentation of the type plan-
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nede For sealing test data to otdwee yiclds and altitides, the slope of the cutve of peak uverpros-
e versus distanee (@an tmpectant factar, It was theretore constdered preferable to spread
the Hnited number of measurentents posstble aver a fately o luseline, rather than concens
trate them in the more-tHmited vange of overpressures hgh enough to be of direet tnterest tn
cotmection with ctfeets on tavgets.  An outer range Hmit of about 3,000 feet was consldered ade-
Quate to establizh the general trend of the curve (or overpressure versus distance and not too
long to be accommadated by the pevposed dragtine deploynwent system.

Estinuted welplts of the proposed instrumented canistees, nuctear device, and command
systems, together with the known toad-versus-altitude capability of the 128-foat tapeless poly-
cthytene talloon that had been selected as the carrier, indicated that six instramented canisters
would be carried to approxinutely the desired altitude. To allow for a margin of error in the
preliminary estimate of the canister weights, the number was reduced to {ive. The distances
from the burst were chosen to de 750, 1,050, 1,500, 2,100 and 3,000 feet, forming an approxi-
mately geometrical progression between the end points.

1.3 THEORY

1.3.1 Suchs Scaling. Results from previous tests at lower altitudes indicated that the Sachs
scaling (Reference 3) gives an adequate representation of the effect of altitude of burst up to the
height of Shat 10 during Operation Teapot. This scaling law may be expressed as follows: U
f(R) is the free-air peak overpressure at slant range R for a 1-kt burst in a homogeneous at-
mosphere at sea-level pressure and temperature, then the peak overpressure at slant range R
at the altitude h of the burst of a device of yleld W is

PR = K {(kR S (1.1)

Where: k® = P,(h)/Pylo)
s = w3
P,(h) = ambient pressure at burst altitude

P,(0) = ambient pressure at sea-level in the standard atmosphere to which the
function f(R) is referred (here taken as 14.70 psi)

I 7(R) is the duration of the positive overpressure phase for 1 kt in the standard sea-level at-
mosphere, the Sachs scaling law for positive-phase duratioa may be written as

_ S clo)

Where: c(h) = ambient sound velocity at burst altitude
c(o) = ambient sound velocity in the standard sea-level
atmosphere (here taken to be 1,116 ft/sec)

Shock travel time scales in the same way.

Thermal-radiation phenomena do not scale with either altitnde or yield in the same way as
hydrodynamic motions. Therefore, the early stages of a noclear explosion, daring which there
is appreciable coupling between radiative transport and hydrodynamic motion, cannot be expect-
ed to follow Sachs scaling. So long as the amount of energy emitted as thermal radiation during
these early, strongly coupled stages is small, this will have little effect on the hydrodynamic
motion at later times, when there is negligible coupling between radiation and hydrodynamics;
therefore, Sachs scaling should be applicable to the blast ware to a good approximation. If the
energy of the early thermal radiation is not a negligible fraction of the total yield, Sachs scaling
cannot be expected to be directly applicable. However, it may still be possible to retain the
form of Sachs scaling and determine a correction factor to be applied to the yield to define an
effective blast yield Wy, for insertion in Equations 1.1 and 1.2.

10

CONFIDENTIAL




L2 Varlation of Elifective tNast Yield with Altitude,  References 4 and 3 glve an approxts
mate thearetical treatment of the altiiude dependence of the effective blast yield.  In those cal-
culations, the stage of apprectable radtation-hydrodynamie coupling 13 axsumed to extend to the
time at which the temperature at the shock frout is about 3,000 K and the thermal vadiation e-
mitted prior to this time is assuined to be lost energy, so far as further propagation of the blast
wave ts concerned.  On this basis, the effcetive blast yield (s expressed as:

g (W, W) = (% -l) log(1-a) (1.3)

Where: p(o) = sca-level density in the standard atmosphere
o(h) = ambient atmospheric density at burst altitude
a = the fraction of the total ylield that {8 emitted prior to the 3,000 K
shock stage in a sea-level burst

In Reference 4 the constant @ was estimated to be about 0.01. The more detailed calculations
given in Reference § lead to a value of 0.0075. For the ambient conditions during Shot 10 of
Operation Teapot, the value of p(o)/p(h) was 3.57. For this case, Equation 1.3 gives Wp/W =
0.974 i & = 0.01 and Wp/W = 0.981, {f a =0.0075. In either case, the reduction in cffective
blast yield is 30 much less than the probable error of the actual yield that no observable depar-
ture from Sachs scaling was expected and, within the normal range of variability of blast pres-
Sure measurements, none was observed. For the expected ambient conditions af Shot Yucca
the value of p(o)/p(h) is about 50. Equation 1.3 then gives a value of 0.61 for W),/W if a = 0,01
and a value of 0.69 if a = 0.0075. The latter figure, with an assumed yield of 2 kt, was used in
making preshot predictions for the purpose of choosing gage ranges and determining other pa-
rameters needzad in the design of instrumentation.

Later and more detatled theoretical studies of the high-altitude burst problem (see, for ex-
ample, References 8 and 7) have led to the conclusion that Equation 1.3 protably overestimates
the effect of reduced ambient density by a rather large factor at altitudes above 100,000 feet.
Consequently, an equation of that form is now considered obsolete and is mentioned here only
because of its use in preshot planning.

1.3.3 Effect of Difference in Altitude Between Burst and Gage. Equations 1.1 and 1.2 refer
to the case in which the overpressure is measured at the same aititude as the burst. It has been
found from measurements on parachute-borne gages and aircraft at low to moderate shock strength
(i.e., ratio of overpressure to ambient pressure) that a satisfactory empirical correction for the
difference in ambient conditions between burst point and gage may be obtained by replacing the
ambient pressure at shot altitude, P,(h), with the ambient pressure at gage altitude, Py(z), in
defining the scale factor k that appears in these equations. In Equation 1.2 the sound velocity
at shot altitude, c(h), is to be replaced by the average sound velocity between burst and gage
altitudes. There Is some question as to whether this method of correction is applicable at very-
low shock strengths and large differences in ambient pressure or at very-high shock strengths,
but it is probably sufficiently accurate for the present purpose, because it is a small correction
in any case, amounting to only 5 percent at the lowest canister.

1.3.4 Calculation of Peak Overpressure from Shock Velocity. At the closer gage locations,
where shock strengths and temperatures are high, the problem of pressure-gage calibration is
a serious one. Although a calibration for effects of steady-state flow at appropriate Mach num-
bers has been carried out in 2 wind tunnel, as described in Appendix C, the peak overpressures
derived from shock-velocity measurements by means of the Rankine-Hugonlot equations are be-
lieved to be more reliable. The pertinent equations in a form suitable for application of the
National Bureau of Standards (NBS) thermodynamic tables for air (Reference 8) are as followe:

11
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Where: Subseript zero = reference to ambient conditions ahead of shock front

TABLE L1 SHOCK-VELOCITY FUNCTION VERSUS SHOCK STRENGTH

Awmbicnt conditions Ty = 228.4 K, Py = 15,45 mb. This table was computed
before the shot, for the expected ambicnt pressure and temperature. The
values given in the third column would not be significantly changed if the
actual ambient comditions, Py = 27.4 mb, Ty = 223.2 K had been used.

Shock Temperature $=1 "—(U/:‘.).,g— -
h
K
230 0.0727 0.859
250 0.4289 0.857
270 0.8369 0.857
30¢ 1.5117 0.857
350 2132 0.858
100 4.010 0.858
$00 6.657 0.858
600 9.394 0.853
700 12.218 0.851
.. 800 15.116 0.849
RO | 900 18.093 0.847
PR 1,000 21.14 0.845
1,100 24.25 0.844
v 1,200 27.42 0.842
4 1,300 30.64 0.840
1,100 33.92 0.839
1,500 37.2% 0.837
. g Subscript 8 = reference to conditions immediately behind the shock front
P = absolute pressure
- p = density
. T = absolute temperature
U = shock velocity
¢ = sound velocity
H = enthalpy
: Z = compressibility factor = P/pRT
- R = gas constant for air
P § = Py/Py
n = ps/py

It is convenient to define a quantity a by the relation

H = aP/p = aZRT (1.7)

12
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N that Rquation 1.3 tecoamen

1<% ¢ Jurgt
-1

ne R (1.8)

{
Equations 1.8 and L8, together with the NS tatles, which give 2 and H as functions of tem-
perature and pressure, Jdetermine 2 as a fwiwtion of & This i3 moat conventently found by
taking a sequence of values of the shock tenyperature Ty and computing approximate values of

§ by substituting the ideal gas values, Z = 1 and @ = 3.5, in Equations 1.6 and 1.8, Since 2
and o are only slightly dependent on the pressure in the range of interest here, Z3 and ay
may be determined by entering the NBS tables with the given values of T4 and the pressures
corresponding to the approxzimate values of §. Equations 1.8 and 1.8 are then solved for ¢ and
N using these values of 24 and ag. (t.l/c.,)2 is then determined from Equation 1.4. For ambi-
ent conditions T, = 225.4K, P, = 15.85 mb, the NBS value of the coefficient P,/py ¢y} in Bquation
1.4 18 0.T1373. Values of the ratio [(U/c)t=1] (£=1) as a function of §-1 calculated in this
way are given in Table 1.1. Even at the highest shock strengths with which we are concerned
here, this ratio differs very slightly from the ideal diatomlic gas value of six sevenths.

In converting the measured average shock velocities over the intervals between canisters
into peak averpressures by means of the ra’“3s given ia Table 1.1, #t will be assumed that the
interval velocity is equal to the value of the instantanecus velocity at the mid-point of the inter-
val. This assumption has been checked by numerical integration, using the expected form of
the curve for peak overpressure versus distance, and found to be sufficiently accurate for prac-
tical purposes within the range of intervals used here.

13
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Chapter 2
PROCEDURE

2.1 OPERATIONS

Canister checkout, which began on D-7, was completed on D=1 when oscillograph record-
tngs were made of simulated operations. At H-6'} hours canisters were loaded In the deploy-
ment tube and a final check was made of the teiemeter receiving equipment. Balloon launch
was at H-3'} hours: during the balloon ascent to burst zero position, the USS Boxer was pro-
ceeding to a point 30 miles north of predicted surface zero.

At H-7 minutes the canisters’ transmitters and mintature-tape-recorder electronics were
turred on by command. At H-2 minutes, the first acoustic charge contained in Canister § was
to have been deploycd and detonated (detonation to occur about 64 feet below Canister 5, since
the charge contained a 2-second delay fuze). At H-2 minutes and 10 seconds, the receiving-
station tape recorder was turned on to record telemetered acoustic arrival times from each
canister. At H-135 seconds, both oscillograph recorders were turned on and allowed to run
until H+3 minutes. One recorder registered the telemetered radio frequency, including the
radio-frequency signal strength, from Canister 5, and the second recorder registered signal
strengths of the radio-frequency transmissions from Canisters 1, 2, 3, and 4, in addition to
recording the signal strength of the radio frequency emanating from the nuclear device. The
tape recorders in Canisters 1, 2, 3, and 4 were to be started at H-10 seconds, and at H-9
seconds the second acoustic charge was to be released from Canister 5. A command tone at

" H~2 seconds was to have fired the Project 2.7 rocket contained in Canister 5, causing that

canister to swing approximately 25 feet from the vertical at zero time. The command at H~-2
seconds also served to lock the command receiver out of operation in Canister 5.

The receiving-station tape recorder started recorc’ g telemetered canister data at H-2
minutes and 10 seconds and continuously recorded until canisters became inoperative. At any
time prior to the command at H~10 seconds, canister power could have been turned off at
Canisters 1, 2, 3, and 4, and the canisters made ready for a new zero time. A battery life
of 30 minutes would thus have permitted several delays.

2.2 INSTRUMENTATION

In addition to pressure transducers, the canisters contained thermal-radiation sensors pro-
vided by Project 8.2, AFCRC, and nuclear-radiation instrumentation provided by Project 2.7,
Naval Research Laboratory (NRL). Pertinent discussion of that instrumentation may be found
in the respective project reports. A discussion of Project 1.10 instrumentation follows.

2.2.1 Canisters. As depicted in Figures 2.1 and 2.2, each canister was simply a right cir-
cular cylinder 10.25 inches in outside diameter. Canister lengths and weights are given in
Table 2.1. The lengths and weights shown In the table include skirts which varied from canis-
ter to canister, depending upon the length of nylon dragline each skirt contained.

A ratio of approximately 2 pounds of instrumentation for each pound of structure was obtained
to meet the size and weight Jimitations necessarily imposed by the balloon carrier system. The
use of batteries for internal heating was therefore limited. To achieve reasonable internal tem-
peratures, even though canisters were exposed to ambient temperatures varying from —-90 C to
-55 C, the canister skin consisted of %-inch styrofoam and %;-inch fiberglass sheets cavered
with an outside layer of heavy (40-mil) aluminum foll. A 4%-pound pack of Yardney silver-cell
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" o é o ] tatteries provided approximately 20 watts of thermostatically controlled tnternal heat, I addie
. ' tion, salar heating of cantsters helped matntain internal temporatures entimated to be no lower
, ; than 30 F, Actually, the skin configuration and aluminum-foll surface were a compromise be
e tween desired solar heating and required thermal-radiation protection at gero time, _
A o
, . 3teel Tope Antenne
- Phatocell (Proveure Port Microphone
_ : 10.230 -
. } ’
e
. .‘ 00 ~=ho— 19.937 —of Euternat Power
o 34.028
: o — Canistar No 1
L

Canister No. 2.3 aond 4

n R.L. Instrument Sectien

© 71 1% -
44.300 e S ®

Canister No. S
) Figure 2.1 External configuration of canisters.

2.2.2 Telemetering. Each canister contained a Bendix TXV-13, 2-watt transmitter and a
variable-reluctance absolute-pressure transducer manufactured by Northam Electronics Com- ()
pany. As indicated in Table 2.1, basic data was to be supplied to transmitters through sub- ‘
carrier oscillators, which ranged from 7.38 to 70.0 kc. The mixed outpuls of the subcarrlers

modulated the transmitter radlo frequency, which was picked up by ground receivers tuned to ‘
respective transmitter frequencies. '
. 15 ?
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Cantstera 20 3 and 4 contatined tive thevmal-rattation sensaes i addition to 4 bachgrounds
vadiation detectors Teaddition to the tape vecording of atl six thernual measusements ta the
canister and subsequent plashack of the data ona time-shacing avvangement Seough the $0.0-
ke and T0.0-Re subcarriers, tuo thermal measurements per cantster were to e telemetered
divectly, Overpressures measured at Cantsters 1, 3, 3, and € were to e tetemetered divectly
i addition to being vecorded, played lack, and restelemetereds Overpressure measured at
Canister 3 was to be telemeterad divecttys The top 19 inches of Canister 3 coatained NRL in-
strumentation only.  This fnstrumentation, which measurad prompt nuclear radiation, also

- Satteries
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Electronics Tape Recorder
_; Batweries \\ \\
APOs et} Ly
i YA
] 1 BDARE
= g 77220
toceils

Canister No. 2,34

NRL Section

’Bonwiu
Conister No. 5

Figure 2.2 Canisters with covers removed.

provided for data recording and playback into the Bendix telemetering system via the 70.0-ke
subcarrier oscillators.

On Canisters 1, 2, 4, and 5, a ¥;-wave flexible steel antenna mounted off center on the top
of each canister provided excellent transmission. For reasons outlined in Section 2.2.5, the
steel antenna on Canister 3 was replaced with a dipole antenna constructed from the transmitter’s
coaxial output line. The coaxial line was not allowed to contact the canister skin and was lashed
to the nylon dragline for support. During checkout of equipment of Projects 1.10 and 8.2 in prep-
aration for Shot Yucca, the miniature tape recorders exhibited an intolerable amount of noise in
the final stage of their playback amplification. Despite every effort by Project 8.2 personnel to
filter the noise and despite efforts by Project 1.10 personnel to eliminate its source, the antici-
pated signal-to-noise ratio of the recorder’s playback system was approximately 1 to 1 on the

. Project 8.2 portion of the recorder. The Project 1.10 portion of the recorder exhibited normal

operation during this checkout. In view of the fact that Project 8.2 personnel estimated that
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there was little chance of obtatning thermaleradiation data from a tapo recarder whose output
nolxe was comparatile to the anticipated output signal, t was dectded that the modified antenna,
which produced no appreclable recorder nolse, was worth using, although there was probably
only an even chance as to whether the antenna would be working after aero time.
Cantster power was provided by a 8'3-pound pack of Yardney sliver-cell batteries, Types ®
HR-3, HR-1, and HR-VL,

2.2.3 Remote-Command System.  Since canister operations were timed relative to a flexible
zero time, a remote-command system was developed to regulate cantster operations at slant
ranges of up to 100 miles. Considerable difficulty was experienced with the command system
during the preoperational trials before it was determined that radio frequency from the canister ®
transmitter was being radiated and conducted into the command receiver, causing the receiver
to shift {requency (Appenrdix A). Free use of filters and a copper-box shield for the recelver
eventually nrovided operations at sensitivities down to 'A Ha.
The command transmitter was located in the recetving-station traller and radiated approxi-

S TABLE 2.1 CANISTER DATA
4 L
Canister
Function 1 2 3 r 3
Length, Inches 34.628  29.71%  40.78 42.18  44.500
Weight, pounds $8.00 7200 74.50 75.75  84.00
Transmitter frequency, Mc 250.00 251.2% 247.50 253.78 258.2%
Subcarrier oscillator frequencies: ®
Acoustic wave-arrival time
! and zero time, ke 10.50  10.50 10.50  10.50 10.50
Standard timing, ke 1.35 7.38 7.38 735  7.38
v Overpressure, kc 14.50 14.50 14.50 14.350 14.50
Thermal radiation, ke — 40.00 40.00 40.00 = _
it -— 70.00 7000 70.00 — -
. Nuclear radiation, ke - - - -  170.00 o
mately 70 watts from a whip antenna located on top of the trafler. The transmitter operated at
- 42.138 Mc and was designed to transmit five tones, as indicated in Table 2.2.
o Command Tone D, to be transmitted at H-10 seconds to Canisters 1, 2, 3, and 4, and Tone
E, to be transmitted at H~2 seconds to Canister 5, locked Tone C out of operation at each can-
ister. Because the canisters were designed to telemeter continuously after zero time, even L4
: though they might be tumbling, the shock-sensitive relays in the command-receiver circuit
could not be permitted to turn off canister power inadvertently. A 6-foot length of insulated
No. 18 copper wire, hanging from the bottom plate of each canister, served as the command-
I recelver antenna.
2.2.4 Telemeter Recelving and Recording. The receiving-station trailer was equipped with [ ] 4“
seven Clarke receivers: {ive were tuned o canister-transmitter {requencies, one was tuned to
a Project 9.2a telemetered frequency emanating from the weapon package, and one served as a
spare. Outputs from each operating receiver, in addition to a 1,000-cycle timing reference,

TR . were tape recorded on a seven-channel Ampex 800 for subsequent data reduction. Because the
T immediate loss of radio-frequency signal strength from canisters at zero time provided record-
: ings of zero time, the radio frequency being recorded from the weapon package served as 2
_— ' backup zero-time reference. A Nems-Clarke preamplifier, connected between the helical re-
— celving antenna and the receivers, provided a strong signal strength.
The subcarrier information and radio-frequency signal strength transmitted from Canister
S was also recorded {n real time on one of the ground-station oscillograph recorders. Real-
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e transnesatons of cadio - tregueney staial strengths from Candstees £, 2303, and § were atso
recorded ona second osetllograph recovder,

mmedtately after the detonatton, the pecorded subeareiersmaodulated adio feequenctes were
ta be plaved Waek via an Apex 307 to the recetving=station diseriminator, which would filtes
the mixed subcarriers and repraduce the original modulating signats, These stgnals were to
be fed automatically to vatvanometers foe oselllograph recordings of pressure-versus-tine
datas For the data on vadiation, the disereindnator output was to be fed to the Ampex 800, and
the taped information on theemal and nuctear radiation was to be turned over o Projects 8.2
and 2.7, vespectively.  The telemetered radia frequencies, though recorded on a singte tape,
were to be played lack into the discriminator one at a time, because the trailer contained only
one discriminator,

22,5 Canister Tape Recorders. A dual-type recorder-playback system was developed by
Project 8.2 for joint use of Projects 8.2 and 1,10,  Developed under contract by Gulton Indus-

TABLY 2.2 COMMAND TONFS AND TONE FUNCTIONS
Tone Tone Fregqueney  Time of Initiation Function
ops
A 2833 H~T min Turned on transmitter and minia-

ture tape recorder electronics.
Also closed NRL power circuit
{n Canister 5.

B 306.7 H=2 min and Closed microphone circuit and
H=9 sec fired acoustic charges.
C 326.0 — Capable of turning off canister
power.
D 3i6.0 H~10 sec Turned on tape-recorder motors

and locked tone C out of opera-
tion on Canisters 1, 2, 3, and 4.

E 368.3 h--2 sec Fired the NRL rocket in Canister
5 and simultaneously cut the No.
5 command receiver out of
operation.

tries, Inc., the miniature unit (8% inches in diameter, 7 inches long, and 11 pounds in weight)
was designed to record six channels of thermal-radiation data on one magnetic tape and one
channel of pressure data on the other. Both tapes were driven by a common motor. (The reader
is referred to the Project 8.2 report for a description of the recorder’s thermal-radiation opera-
tion.) The overpressure unit recorded for 2% seconds at a tape speed of 15 in/sec and played
back automatically and continuously at the same tape speed into the canister transmitter. The
unit actually was to record the pressure pickup modulation of the 14.5-kc subcarrier, a 7.35-kc
timing signal, and a zero-time mark fed directly to the recording head. The timing signal was
supplied from a canister oscillator and permitted the monitoring of any variation in tape speed.
The zero-time pulse was supplied from a commercial photocell on Canisters 1, 2, 3, and 4.
Because pressure data was telemetered “live” from Canister 5, Project 1.10 utilized a zero-
time pulse produced by the instantaneous loss of radio frequency at zero time, in additiontoa
Zero-time pulse supplied by the NRL instrumensts.

The nuclear-radiation data to be measured in Canister 5 was similarly to be recorded and
played back by a miniature recorder of another design. (The reader is referred to the Project
2.7 report for a description of that operation. )

The history of the miniature tape recorder is rather involved but, nevertheless, demands
documentation. The recorders were designed as an Integral part of the canister instrumentation,
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and detivery of tunshed unite was schediled tor September 12370 Whea the recovders were des
tivere ,.? Bewdix A ttien Corporation in mid-fauary 1882, it was determtned by personnel of
Projedt O LI0 and &2 th At they were net acceptable, because of mechadeatl matfunctiontng and -
waee el -Rronic cperatine Novtham Rlectronfes Qompany of Altadena, Californty, was Widuced
to accep the job ot imprn\'ing the recorder's mechanteal aperation, while personnel n Projects
L0 and 8.2 workaed tegether to tmprove the recarder electrantes. A system checkout of the
canister and maditied recorders was performed at Rendix Aviation Corporation during the 3
weeks prioe to departure of Project L0 peesonnel and the Project 8.2 recorder expert to the
Eniwetok Proving Groand (BPG).

During the system checkout, in which recorders and canisters were operated under simulated
flight condditions in the altitude chamber, the canister transmitter was operated through a watt-
meter, rather than throuch the canister antenina (Appendix B). (The wattmeter had to be used
because the canister was operating in a scaled chamber.) During bench checkouts, however,
when an antenna could have deen utilized (though not very conveniently), a wattmeter was again
employed to transmit canister radio frequency to the station receivers, located some 200 feet
from the labaratory. Under these test conditions, the canister-recorder system was adjudped
to be very satisfactory, and the project personnel hurriedly departed for dry-run commitments
at the EPG.

During the routine checkout of the tape recorder in preparation for the first instrumented
canister dry run, it was discovered that the canister antenna was radiating a2 minute amount of
radio frequency into the tape-recorder-playback amplifier system. The amount being radiated,
however, was magmified through four stages of amplification, until the recorder output had a
noise level of 6,000 to 7,000 volts. Personnel of Project 8.2 made free use of radio-frequency
chokes and filter circuits and shielded each lead connected to the recorder. In this manner the
output noise level was reduced to approximately 2 to 3 volts. The level of the recarder signals,
however, was also expected to be approximately 2 to 3 volts.

When it was finally concluded that no further modifications could be performed on the recordcr.
except under closely controlled laboratory conditions, and that little could be done about modify-
ing the canister antenna system, it was decided to replace the antenna for Canister 3 with a spe-
cial dipole, as discussed in Section 2.2.2.

2.2.6 Special Instrumentation. In order to compute peak overpressures to an accuracy within
5 percent, it was necessary to know canister separation distances to within 1 percent. The
stretch and creep characteristics of the nylon dragline necessitated 2 measurement of canister
separation distances just prior to zero time. This measurement was to be accomplished by gen-
erating an acoustic wave from a %-pound TN™ charge expelled and detonated 2 seconds after
release from Canister 5. Two such charges were to be released, the first at H-2 minutes and
the second at H—9 seconds. A microphone on the bottom of each canister was to register acoustic~
wave arrival times, which were to be telemetered to the receiving station. This information, to-
gether with ambient temperature provided by radiosonde, would have enabled the distances to be
computed.

A rigorous static-load test on idertical dragline material was also performed during the
canister-development period in order to have additional knowledge of canister separations. This
data was to serve as backup information in case of a malfunction of the acoustic system.

2.2.7 Calibration. Calibration of the canister electronics is basically a calibration of the
data sensor, subcarrier oscillator, and telemeter transmitter performing together under con-
ditions of known data input, that is, a known input causes a certain subcarrier frequency output.
In the case of the canister pressure circuit, shock-box calibration of a sufficient number of
pressure inputs to plot 2 curve was performed, for each canister, in the contractor’s plant.
Similar, but less comprehensive, calibrations were performed on the thermal- and nuclear-
radiation instruments at the contractor’s plant and at the EPG. For those instruments, however,
primary calibration centered on the data-sensing instruments, rather than on the instrument-
subcarrier-transmitter system.
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T auhiition, the posstbility of subvarvier cester-frequency deitt was checked several minutes
priee to sero tine by the recording of anmodutated telemetered subearvioes and, also, by vis-
wal notatien of cach subearrier center frequency on groutd - statfon metees.

Because of the disturbance of the shoek flow caused by the presence of the cantster, the prees-
sure. as seen by the canfster gaves (.\l‘g). s not generally the same as the free-field pressure
(AP} at high shock strengths, Therefore, dynamie wind-tunnel calibrations of scated-down
canisters were performed at Weight Air Development Center (WADC),  The results are presented
in Appendix €
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Chapter 3
RESULTS

3.1 OBSERVED DATA

At about H~2', minutes, a large drop in voltage occurred {n the power supply line to the
recelving-station trailer.  The drop was only momentary, Wt the curremt surge on recovery
was sufficlent to throw the protective circuit breakers in the command transmitter. A delay of
the shot was requested immndiately, in order to locate and remedy the aifficulty. However, a
command decision was made to fire at the previvusly determined H hour. As a result, the com-
mand transmitter was inoperative, the acoustic charges could not be fired, and the canister tape
recorders could not be turned on. Therefore, nn delayed telemetering was possible.

“he jonization blackout at zero time quenched the radio-frequency signal from all canisters
below the threshoid of detectability. The subsequent behavior of the signal from the individual
canisters was as follows:

Canister 1: Range was about 758 feet. No radio-frequency signal was regained at any time.
Canister instrumentation is presumed to have been destroyed or inactivatad by the shock-sensitive
command relays.

Canister 2: Range was about 1,062 feet. Signal recovered to detectable level at about 3.2
seconds, reaching approximately pree ot level at about 4.65 seconds. Signal strength varied
because of tumbling, damage, or both, but would presumably have transmitted data if canister
recorder had been In operation.

Canister 3: Range about 1,517 feet. A barely detectahle slgnal began to be received at about
1.05 seconds. Signal strength was small and variable, never reaching the level needed for sub-
carrier discrimination. R is believed that the dipole antenna on tais canister was damaged be-
yond the point of effective operation.

Canister 4: Range was about 2,124 feet. This canister had not responded to the turn-on com-
mand signal before power failure occurred; therefore, no signal was received at any time. In-
terference from the voice countdown retwork and the command transmitter gave an indication of
signal strength prior to shot time. Another attempt io activate power was beint made !ust as the
power surge occurred.

Canister 5: Range was about 3,028 feet. Detectable signal recovery began at about 0.09 sec-
ond. Subcarrier discrimination began at about 0.19 second. Signal strength remained strong
untfl about 1.39 seconds, then began decreasing. Subcarriers were lost at atout 1.421 seconds.
Radio-frequency signal was subuequently regained in short burst- until recording was stopped at
about H+ 3 minutes.

A tracing of the directly telemetered pressure record from Canister 5 i{s shown in Figure 3.1.
The pertinent data on the apparent shock arrival shown on the trace is presented In Table 3.1.

Additional information on the telemetry blackout is given in Appendix D.

From radiosonde data provided by the USS Boxer, the ambient temperature at burst altitude
was —48 C and at Canister 5 it was —-52 C. In interpreting the observed travel time, a mean
temperature of —50 C will be used with a corresponding sound velocity of 983 ft/sec.

" 3.2 CANISTER RANGES

In the absence of acoustic range data, it is necessary to use the estimated stretched length
of the nylon draglines to determinc the ranges. Data has been provided by the Materiais Test-
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ing Laboratory, WADC, on elongation versus load and tirne for the 1,000-pound test nylon braid
used between Canisters 2, 3, 4, and S, and for one load (276 pounds) oa the 1,500-pound test
nylon braid used between the nuclear device and Canister 1 and between Canisters 1 and 2.
Some extrapolation, using the 1,000-pound curve as a guide, has been necessary to estimate
the elongation of the 1,500-pound line under the actual loads (379 pounds between weapon and

TABLE 3.1 OBSERVED DATA FROM CANISTER §

Ambieat pressure, Py = 27.4 mb = 0.397 psi
Peak shock overpressure, AP, = 0.141 psi
Time of arrival, T = 1.163 sec

Canister 1, 320 pounds between Canisters 1 and 2). The ranges given in the preceding section
are the ranges at zero time, computed from the WADC data taken at 3%} hours after deployment.
At this time, the creep rate of the nylon line had settled down to a small value, so that the exact
time under load is not important.

The free-1all distance at the time of apparent shock arrival at Canister 5 is 21 feet, giving
a range of 3,049 {eet for this canister at that time.
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Chapter 4
DISCUSSION

The pressure wave form shown in Figure 3.1 i3 distinctly atyplcal, ia that pressure did not de-
crease behind the shock front but, fnstead, appeared to increase slightly up to 0.26 second after
shock arrival time, at which point the canister signal was lost for the second time. Rt {s con-
ceivable that the increase in apparent pressure behind the shock front could have been causcd
by changing oricntation of the cantster. On the other hand, (t {s also possible that the canister
instrumentation suffered radiation or thermal damage and the apparent pressure signal was
actually an artifact caused by malfunctioning of some eircuit component.

The calculated travel time to a range of 3,019 feet, computed by modified Sachs scaling for
the prevailing ambient conditions, is shown as a function of effective blast yleld, Wy, in Figure
4.1. The observed travel time of 1.163 seconds implies an effective blast yleld of about 3.5 kt.
The accepted yield of the device usecd in this shot was about 1.7 kt. The value used for the elon-
gation of the nylon dragiine may be slightly in error, but no reasonable assumpticn regarding

!s factor will reduce the computed effective blast yield below the rated yleld, since even i we
use the unstretched length of the dragline, the value for computed effective blast yield will be
1.84 kt.

The peak overpressure calculated by modified Sachs scaling for a range of 3,049 feet is shown
as a function of effective blast yield in Figure 4.2. As indicated in Figure 4.2, the observed value
of AP corresponds to an efiective blast yield of about 0.46 kt. ¥ the range was less than the as-
sumed 3,049 feet, the computed effective yield would be even smaller. Thus, no reasonable as-
sumptions as to range errors will secure mutual consistency between the observed time of arri-
val and peak overpressure. We must conclude, therefore, that either the observed pressure
signature does not constitute a valid blast-pressure measurement,or the concept of Sachs scaling
with an effective blast yield is not applicable at the altitude of this shot.

A possibility that must be considered is that the absorption of thermal radtation ahead of the
shock front raises the temperature of the air sulficiently so that it is not legitimate to use the
preshot ambient temperature in computing travel times. I we take 0.48 kt as the largest value
of the effective blast yield that can be reconciled with the observed peak overpressw e, the cal-
culated time of arrival at 3,049 feet, in a ~50 C atmosphere, is 1.811 seconds. To reduce this
to the observed value of 1.163 seconds would require a mean amblent temperature of +268 C,
f.e., 2 mean temperature increment of 318 C. This is out of the question, since it may be eas-
ily calculated that to raise the temperature of a sphere of air 3,000 feet in radius at the altitude
of this shot by 318 C would require an energy absorption (at constant volume) of about 2.72 x 10"
joules, or 6.5 kt. R is believed that the most-probable explanation is that the apparent pressure
signal is an artifact caused by some kind of damage to the instrumentation.

In this connection it will be recalled that, because the appropriate command signals had not
been transmitted, Canister 5 still contained the two %-pound TNT charges that were to have
been dropped and {ired before zero time to provide an acoustic measurement of the distances
between canisters, and the smali rocket that was to have been fired to deflect this canister out
of line with the others for the purposes of the Project 2.7 nuclear-radiation measurements. It
is conceivable that thermal radiation may have cooked-off the squibs that released the TNT
charges, the charges themselves, or the deflection rocket, and thus produced a spurious over-
pressure signal. Admittedly, it is difficult to explain the comparatively fong duratfon of this
overpressure on this hypothesis unless it is also assumed that the instrumentation was damaged
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t such 4 way ax to praduce a peenuaent st tn the frequency of the subcareter oxeitlator that
transmitted the pressure stana

As fndicated tn Flgure 3.4 e radto-teoquency carrier aignal steength trom Cantster 3 began
to decrease at a time of atvat W39 secands and the presaure subcareier chaunel went into nolse
abruptly at a time of 142t seconds, Ry evfereing to Figure 4.1 it may be scen that these timos
correspond respectively to cateulated cifective blast ylelds of 1,74 kt and 1.38 kt.  Thus if we
assume that the true shock-arrival tine occurred somewhere within this tuterval, the effective
blast yield camot have differed greatly fram the actual yleld.

In this carnection it should be noted that theoretical caleulations by the Naval Ordnance Labo-
ratary (Reference 9), usime the methads of Reference 7, give a calculated time of arrival at

Canister No. § of 1,42 secomds, agreeirg preciscely with the observed time at which the subcar-
ricr channel information was cut off,
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Chaopter 5
CONCLUSIONS and R[CO.MS{EWDAf 1ONS

3.1 CONCLUSIONS

The ambiguities in interpretation were pointed out in the preceding discussion; therefore,
the anly possible conclusion {s that no definitive blast information was obtained from Shot Yucca.
M %o time at which the subcarrier signal went into noise can be identified with shock-arrival
time, an effective blast yicld at the altitude of this shot equal to 0.92 times the actual yield is
indicated by this one picce of questionable evidence. The long duration of the telemetry black-
out at the closer canisters and the possibility of preshock damage to the instrumentation in
Carister § suggest that the radiation environment —nuclear, thermal, or both—was more
severe than had been expected from preshot estimates.

$.2 RECOMMENDATIONS

Because 2 complete set of backup instrumentation was on hand, Project 1.10 subsequently
recommended that a second balloon shot be scheduled during Operation Hardtack. For the sec-
ond shot the distance to Canister 1 would have been increased, because the permanent loss of
signal from this canister indicated that there would be little chance of obtaining data from the
original distance, whether the canister tape recorder was {n operation or not. The difficulties
with the canister tape recorders discussed in Section 2.2.5 refer to the thermal radiation side
of the recorder, which used amplitude modulation (AM) recarding, but not to the blast pressure
side of the recorder, which used frequency modulation {(FM) recording. There were, therefore,
good reasons to believe that, so far as the Project 1.10 blast measurements were concerned, a
second shot would have succeeded in providing the data necessary to meet the objectives. How-
ever, on the basis of other considerations, this recommendation was not accepted.

Even if the accidental circumstances of loss of power at the command transmitter at the
critical moment are discounted, the available evidence suggests that telemetering of data from
points close to a very-high-altitude nuclear burst is a problem of even greater difficulty than
had been anticipated. R is therefore recommended that, if a similar test is scheduled in the
futare, consideration be given to the use of self-recording blast-pressure instrumentation con-
tained in buoyant canisters to be recovered from the sea after the shot. The experience of cther
Hardtack projects involving instrument recovery at sea may be expected to provide valuable in-
formation as to the relative merits of telemetering and recovery of self-recording instrumenta-
tion. Such a test could be carried out from a small carrier in the open ocean, entirely independ-
ent of any regularly scheduled test series at the EPG.
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Appendin A
FIELD TESTS

Al PREOPFRATIONAL TESEN

In March 1937, prototvpe canisters were tlown in
cenjunction with Project .20 (AFCRC) ekl testg at
San Angelo, Texas.  The hastily conxtructed canisters
containd a telemeter svstemy, wet-cell lead acetate
batteries which powered the telemeter transmitter dur-
ing the entive Mlight, accvleronwiters, tcoustic micro-
phones, amd No. 8 scismic blasting squibs wrappad
with primaconrd. Two vanistera were flown on vach
flight, with the last canister on the dragline containing
tha squibs. Baro switches detonated the squibs at al-
titudes from 20,000 to 70,000 feet. No conclusive data
was obtained from the acoustic-wave distance-measur-
ing technique, because the dynamotor in the telemeter
svstem generated mechanical vibrations, which caused
too much background noise on the microphone. During
the teats, it was also determined that the canisters
were subjected to g loads that varied from 2.0 t0 3.5,
depending upon the canister’s position on the dragline.

The second series of canister flights took place at
San Angelo durirg October 1957. A complete string of
five instrumented canisters was avaijlable, and testing
centered on the command system purchased from C.G.
Electronic Company (a subsidiary of Gulton Industries,
Inc.). During the tests, an antenna coupler permitted
the Y/,-wave transmitting antenna to be used as a re-
ceiving antenna for the canister's command receiver.

. After several unsuccessful balloon flights and many
" helicopter flights (in which a canister was lowered ap-

proximately 50 feet from the helicopter and flown
sbout the countryside), the tests were suspended until
the C.G. Electronic Company delivered a more-
elsborate receiver of a new design. At this time, a
basic command-receiver circuit was borrowed from
Project 9.2a (Sandia Corporation) so that Bendix Avia-
tion Corporation could, in the interim, produce a back-
up receiver for the tests scheduled for December.
From 29 November until 17 December 1957, canis-
ters were flown from balloons and helicopters with the
same consistent lack of success. After exhsustive
tests and modifications on the receiver, canister, and
receiver sntenna, it was determincd that the canister
antenns was radiating and conducting radio frequency
into the receiver, causing the receiver to shift fre-
quency. Alter radio-frequency and coaxial filters were
applied to the C.G. Electronic and the Bendix receiv-
ers, in addition to enclosing the receivers in a copper
shield, the Bendix receiver was determined to be the
more rellable of the two. On the last balfoon flight of
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the xerios, v which the Remdix peceiver was being
used, the canisters frve=fell on deplovment, and no
data wax obtained from that flight. It was concluded,
honever, that the commami-rveeiver problem was at
1axt resolvedd, and another xerics of baloon Nights wax
schoduled for January in Vernalls, California. The
decision was made, at this thine, that Bendix would
have to furnish command receivers if the project were
to nwet its commitment.

During the first week of Jamuary 1953, flight tests
were fnitiated at Vernalis Naval Alr Station, Vernalis,
California. After two inconclrsive Nights were con-
ducted with dummy canisters instrumented only with a
transmitter, command recetver, dry-cell batteries,
trans.nitting antenns, and :. 8-fool-long receiver anten-
na attached to the bottom of the canister, four consecu~
tive successful flights were obtained with instrumented
canisters. The smaller balloons used at Vernalis ob~
tained altitudes of 69,000 feet. On the longest flight
obtained, the command system functioned perfectly at
a range of 117 miles. At that particular range, the
canister was well below line of sight {rom the command
transmitter, because tle canister was descending by
parachute and was only 3 minutes (approximately 5,000 i
feet) from impact with the ground.

The four canisters had internal heating blankets,
which radiated approximately 20 watts of power. With
ambient air temperature ar average of —80 C, the in-
ternal temperature average was 12.5 C. (On one flight
at San Angelo aa internal temperature of 17 F was re-
corded 10 minutes after the balloon had reached flight i
altitude at approximately 87,000 feet. During the flight,
no interna] heating was supplied prior to initiation of the
canister’ s transmitter 10 minutes af2er it reached max-
imum altitude. Oun that flight the canister transmitter
was accidentally initiated by the opening shock of the
dragline parachute during cutdowr, rather than by the
command system. )

After the four successful flights at Vernalis, the |
command system was adjudged to be reliable. It is
noted that, during the field tests, only the Project 1.13
equipment was tested.

A.2 OPERATIONAL DRY RUNS

Project 1.10 participated in the Yuccs dry run of {
§ April at the EPG with one instrumented canister. In-
strumentation to be checked Included: photomultiplier
unit with neon flasher (Project 8.2), miniature tape re-
corder (Projects 1.10 and 8.2), command system, te-



temeter sy stem,and pes s age.

e et was net sivcesstul, Atwugh proesnsas
st ot the cosmand Ll telemetend s stem i i
ter attitwies ot appoesinately T i TE0CW teend
were successtul, the vanister taded ta vespong I ean
wnly be assumal that the vomLaw -recet g satennd,
WhCA wax ot Lashed te twe m Ton diaghine, was either
Pulled oif the canester or Mvame cahed SO AR W be
remlerad inettevtne, Ehere ix alag 4 yoasibiity that
the canister teaasintter taded, I adhtion, ™ cans
B was evpased to a vam squatl on deplov imeat,

A camater imstrmented Rlentically o the oo used
WS April was succesatully operatest on the dev yun of
i The camster was commuanded on and oY a
total of enght s, fnclnhing the tiee of the first
W hour qtism, A total attery life of 34 minutes was
lorgad until the canister splashed 1nto the ocean. Tt
W noed that the telemeter svstem finctioned adee
siktely during the canster® s free=Gal2 Jescent,

During the List 6 hours of canister checkout prior
to the tlight of 3 April, 1t was discovered that the can-
fxter antenna was creating radio-frequency interfer-
ence in the miniature reconter' s plaxback svstem.
With the exceplion of the Lape-reconder noise, e can-
ister and components functioned perfectly.

On 14 April a canister with instrumentation iJentical
to the previous canisters was flown successfully. Each
of the components functiomed perfectly, except for the
excessive noise exhibiteud by the tape recorder.

On 13 April two canisters were flown for the Yucea
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B enpliane div un, Cantsters were st vnentasl
ARl Canister s eammand tevefver, telemeter
Ssteny, pavasare RO deoustie mctophaie, and
ferastine photacell (ommercfal © pebs Cantster 3
(AT TN | receiver, tetemetery JUstent, pressuee gage, .
AWM michophane, tha 'i-wuml UNT charges, il
NRL Gummy unit, clutigg & detloction pocket, Al ot
the itenms were fran Project LW, except the XKL dume
wy umt which was from Project 2.7,
Fhe text was abaut 89 pereent successtul. The te-
lemeter svstem of Canister 8 failed prioe to the st
sebenhlad B-hour (100, Both vanisters hd been come <
mancknl, alter the 1000<hoyr Taunch, at 1117, and REETL)
AL 1220 hours. The canister transmitters functioned -
ferfectly on those two oveasions. The halloon altitude
At 1220 hours was estimated to be about 70,000 feot.
From a eheck of the telemeterest record from Canister
Laost from visual observations aboand the USS Baxer,
both canisters were commanded successfully during the

delayedd H-bour (1353). The firing of the NRL rocket ¢

and at Jeast one acoustic charge was confirmed by per- -
sonnel aboard the USS Bater. The acoustic pulse, =
gencrated from the '4-pound charge relessed from Can- .

ister 3 was recaorded on the microphone of Canister 1.

Therefore, with the exception of the tclemeter failure

of “anister 5. the canisters appesred to funclion nor-

man . Alt.ough the loss of the transmitter or trans- ¢
i <7 antenna compromised the complete success of '
the flight, the problem was considered to be a rare oc- .
currence. During previous tests, the transmitter- -
aateana syvstem proved to be very reliable. !
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Appendix 8

CANISTER ENVIRONMENTAL CHECKOUT PROCEDURE

The laboratory checkout procedure listed in outline
below was actually a minor portion of the total lab-
oratory checkout. The modifications and testing per-

formed on the minature tape recorder and the canister were continually carried out.

29
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electronics were extensive in comparison to the basio
checkout listed below. Appendix B is included to in- ® ’
dicate the scope and nature of labaratory tests tiat

o
®
|
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Appendix €
WINO-TUNNEL CALIBRATIONS of CANISTER PRESSURE GAGES -

Hevause of the disturbance of the tlow caused by the
presence of the canistsr, the pressure as measurod at
4 pressure-input port at & given point on the bady of
the cantster may ditfer appreciably from the free-(iold
pressure, parcticulavly at high shock=pressure ratios.
It the flow bevond the shock front s assumed to have
the same contiguration as that which would exist in

shock-overpressure measurements is presentad tn L
Refervace 10, '

Although the correction at the shock strength actually o
oxisting at Canister 8 {s neligibly amaldl, the complete '
calihration curves are presented in Figure C.1 for pos-
sible future reference tn case canisters of similar con- :
figuration should be used again for blast-pressure .

." L 4 L] T ¢t g1 THY LI 1 LS IR LA ] L4 L] ¢ U ETETe 1 § .
[ 4 o 1 -
Subtenic Flow Sepersenie Flew
uw<h s>

2,3,¢4

\1

Conister Nes. 174 1,74
- ] 3.37¢ L84S -1
236 ISMTAITO 2474
S 4,341 1.930
Py [ (A ENEY! 1 L 1 1 1111) ] Ll 1 i 11l 1
os .0 e 100
AP, /P,

Figure C.1 Peak overpressure correction curves.

steady flow at the same Mach number, a calibration for
this effect may be carried out by static-pressure meas-
urements {n 2 wind tunnel. This has been done with
1/16.4-scale models of the canisters in the 6-by-8-inch
supersonic wind tunnel at WADC, at Mach numbers
ranging from 0.159 to 0.656 in the subsonic range and
from 1.502 to 2.252 in the supersonic range.

The theory necessary to convert the wind-tunnel
pressure measurements into correction factors for

" CONFIDENTIAL

measurements. ‘The curves are presented in the form
of AP3/APg as a function of APg/P,, where APy is the
free-field peak overpressure, APy is the p2ak over-
pressure as measured by the canister gage, and P, is
the ambient absolute pressure. In the figure legend,
1,/d is the distance from the front face of the canister
to the pressure-input ports expressed in diameters,
and }/d is the overall length-to-diameter ratio.
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' . ' ¢ o Appendix 0
‘ - TELEMETRY BLACKOUT

As mentiont in Chapter 3, radio reception was recove the inttial recoverv.  This is shown tn Figure D1, in

ered only (vom Cantsters 2 amd 3 after the ionization which the signal atrength in niicrovolts at the input of
blackout at acvo thwe., the antenna preamplitier i plotted as a function of
For Canister 2, recovery nwas anly in intermittent time from shot time untal shortly after the presumed
180 -
wor—r—T1T v 1 1T Ty T
[11.] o -4
>
I!O P -
3
Siwof- -
"
-
« S0 -1
-
T Ny
H
- L] o -1
W0~ Erratic -1
\
Veriotion
[l A L 1 1 1 ] Y 1 A [] a1 2 4 [
-0.2 [} F] . ) s [ (X7 .e X

TINE (Sec)
Figure D.2 Radio-frequency signal strength versus time, Canister $.
bursts, because of erratic tumbling, . _..age, or both,  blast-arrival time. Because it is not certain that this
and no !nterpretable curve of radio-frequescy signal canister remaiaed undamaged before blast-arrival
strength versus time can be drawun. time, it is questionable whether the signal-strength

For Canistar 3, the sigmal strength varied in a rea-  recovery curve caa be interpreted entirely in terms
sonably smooth manner Sor a brief interval following of the rate of decay of jonization.
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