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ABSTRACT 
-

• At the t ime of the JA flCL E underground shot the rate of progression
of the underground wave was measured. In addition, an attempt was made
to record the rate of expa nsion of the fireball and the point of break-
away of the shock front from the fireball .

j In obtaining close—in measurement s of blast phenomer~ , recording
is difficult because of ionization in cables produced by gamma radiatio n

-7 and electrical differences in potential set up by ground currents pro-
duced at the time of detonation. To overcome these difficulties and
derive a suitable system, several methods were considered, tested, re-
jected, or modified, some as late as two weeks before the blast. Some
of the methods considered and rejected were (1) the ~iiancko accele ro—
meters (variable reluctance typ e), (2) the closed loop resistance method,
and (3) the open switch (light recording) method.

The t~~ methods finally decided upon were the normally closed
thyratr on switch and the normally open thyr atro n switch. For the first
method a diaphr am—~ctuated sv4tch was developed , the opening of which
removed a fixed bias oil a thyratron tube , permitti ng it to cond uct . The
switch for the second method was basically the same as that for the first
except that the action of the diaphram closed the switch and shorted out
the bia s on a t hyrat ron tube , causing it to condu ct.

The results of the close-in ground measurements showed that , for
the first few feet , there was a very large expansion with a velocity of
the order of 105 feet per second , From 25 to 100 feet the velocity was
approximately 2700 feet per second. During the second hundred feet the
average velocity was reduced to 2500 feet per second. Beyond 200 feet
the velocity increa sed to more than 4000 feet per second.

Although the time of arr ival data pres ented in Figure 4.1 is subject
to correction , the tests have definitely proved that the velocity of a
shock wave traveling through the earth can be measured by using a closed—
diaphr am switch in conjunction with a thyratron—pulsing circuit . As
pointed out in the body of thi s report , the chronog raph employed is
subject to improvement.
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SECTION 1

- 
• EARLY ~ERK OF PROJECT 1.2b- j

1.1 GENERAL

Historically, Project l.2b had its ori gin in Program 5 of an opera-
tion which was planne d to be conducted in the Amchitka area. As VII ND—
STORM (Secret) Pro jects 5.5a and 5.5b work on testing, rejecting, or
accepting instru ment s for the required test progressed satisfactorily at
the Sandia Corporation ~I~est Lab. ” Tests were also nade on various
equipment at the Coyote Canyon firing range. With the indefinite post—
ponesent of the Amehitka operation all wo rk on these two projects ceased ,
test equipment and material that was borrowed was returned and all un-
delivered orders were cancelled .

Immediately after all equipment was returned to Sandia Cor poration ,
word was received that the program had been reactivated . Because of
limited personne l and time, a meeting was called at Los Alamos in June ,
1951, and Dr. Ogle agreed to tak e over Project 5.5a, then known as The
Measurement of the Rate of Expansion of the Fireball and the Point of
Breakaway of the Shockwave from the Fireball. It was also d~cided then *

to complete the abolish ment of Program 5 and transfer the r emaining
Project 5.5b to Program 1, to be renamed Project l.2b . C}1R~LE Gannon
assumed duties as Project Officer, Project l.2b, and with the assistance
of G. R. Hunt , ETC , USN designed and. built equipment for and completed
project measurements at the Nevada Test Site.

1.2 OBJECT~V~
The measurement required of Project l.2b was the rate of progres-

sion of the first underground wave from zero to 333 feet during the
underground test • These measurements were to be made at a 17—foot depth
which corresponded to the depth of burial of the center of gravity of
the weapon.
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SECTION 2

I~~TRUL~ I1PATION
2.1 1~~H~~ OF ASURE12~~ -:

Because equipment which measures the effects of an underground —

atomic blast should be designed to compensate for the effects caused by
3 ionization and ground currents, The two methods used, one to backup the

other, were derived only aft er considerable experimentation. One
method was the normally closed thyratron switch, the other a normally

r open thyratron switch. Figure 2.1 shows the overall block diagram of -J
both methods. -

Thirty—one holes, 6 inches in diameter and 17 feet deep, were
drilled, and two switches, one normally closed and the other normally
open, were placed at 17—foot and 16—foot depths. The o.itputs of these
switches were connected electrically by RG—8/U coaxial cables to the
inputs of type 2D21 thyratrons. Excepting Switch 1, which was used as
a fiducial mark for both systems, separate thyratron circuits were used
for the different types of switches to reduce the possibility of fail-
ure.

The thyratron ~~rcuits were in a structure located 350 feet from
the bomb along the main blast line. Thi s structure was built 12 feet
under the earth ’s surf ace to minimize the possibility that the thyratrons
would fire prematurely from the effects of ionization. An entrance to
the structure was made by a vertical shaft placed adjacent to the shelter .
This shaft was filled with sand bags jim t prior to the blast. The out— *

put of each circuit was carried by ~OO0 feet of RG—8/tJ coaxial cable to
the 8000—foot station and the camera truck revetment , and the ouputs
terminated in the input to the chronograph amplifier and the oscillo—
graph in the camera truck.

In the 8000—foot shelter were the electronic—chronograph ampli—
fier and shaper and a marker amplifier and clipper o~ the same chassis
to give reference marks on the 35mm film of the chronograph; the Gen-
eral Radio tuning fork, type 723, to furnish a 1000—cycle input to the
marker; two externally driven sweep oscillographs, Dumont type 250A}1,
with marker circuits to modulate the Z input; various batteries for
power and cameras for recording the oacillographs.

The camera truck contained a drum camera for recording and a dual
beam ETC oscillograph. The markers for the oscillograph were obtained
from a secondary standard oscillator of 100 kilocycles and a clipper
marker circuit (Fig. 2.2) . The signal appeared on the othar half of
the dual bei~m tube, and the actIon was photographed by the rotating
drum camera ,-
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PROJECT l.2b

2.2 }2~THOPS COUSIDERED AND I~ JECTED

Methods other than those finally selected include ~iiancko acceler-
* ometers (variable reluctance type), the closed loop resistance method,

and the open switch (light recording) method . Of these the lliancko
accelerometers were rejected because of their slow response time. A
brief description of the othe r two meth ods, along with the reason for
their rejection is presented in the following sub—paragraphs .

I

RG 8/ti COAX INSULATED WITH
GLYPTAL AND
3M CEMENT

• 
A/

CONTACT 

~~I
PA

~PN 
PINT

~~~~~~~ATOR
9 __DIAPHRAG M t I,

_ 

~~~ L/I I
HOLDI NG 

~

Figure 2.3 Blast Switch (Normally open)
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PROJECT ]..2b

2.2.1 Closed 
~~~~ 

Resistance

This method employs a resistance wire placed in a metal - -

tube, the resistance wire being insulated from the tube. The fireball
progressively burns the tube, and the wire thereby changes the resist-
ance against t ime, the change being recorded on an oscillograph. This
method was to be used for the Amchitka test to record the point of
breakaway of the shock wave from the fireball. It was rejected for the
JANGlE test because it was believed that a 1 KT weapon would not pro—
duce sufficient heat to burn the shield re~1uired to minimize gamma
radiation effects. It was further believed that reducing the diameter
of the tube wou ld permit the ionization to short across the tube.

I )
2.2.2 Q~~ 

Switch

£he open switch method consisted of a fast—acting tumb—
ler type switch nv)unted in a container and placed in the 17—foot holes.
The passing shock wave would cause the switch to close, lighting a
neon lamp at the 8000—foot station, the lighting se iuence to be record-
ed by a specially constructed moving film camera. This method was re-
jected because each of the 32 switches would require a separate cable ,
or a total of 256,000 feet of cable .

2.3 DETAILED DESCRIPTION OF DkSTRU~~NTS EMPLOYED

2.3.1 Blast Switches

Figures 2.3 and 2.4 show the normally op~i diaphram—
actuated switch, and Figure 2.5 shows the normally closed switch, which
is a modification of the open switch. These switches were designed
and manufactured to give a fast—acting electrical contact. To elimi-
nate the possibility that ground currents would short out these switches,
the outer container and all wiring was insulated above ground. The

• normally closed switch was built after reports on Operation SANDSTONE
were received. These reports stated that an open switch and thyratron
firing method failed because ionization shorted out the switches. How—
ever, these switches were of a different type and the thyratrona used
a hi~ i—impedance input, vthich is susceptible to being fired by ioniza—
tion.

As shown in Figure 2.4, the open switches can be adjust-
ed by varying the distance of the contact from the diaphram. This
distance was set with a micrometer to 0.015 inch. The thickness of the
diaphram was determined by teat. It was designed to close the switch
upon application of 11 psi of which 9 psi would be the static ground
pressure. After the switch was mounted in the container, the container
was filled with transformer oil to give a shock—wave transfer ~medium
and to pr event shorting in case of switch leakage.
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— — — Pint poin t
— can, pointed

_____________ 
with twoL. Solder 

_______ coats of 3M
________________ = Cement

Insu lato r _______

Transformer oil
Diaphragm _______________________ -

Connection
Normally open

+360 V

— 3 w  2o meg —. +360 v

10 ohm s .05
— 22 V .______\/~/~~._ 

~~~~~~~~~ 
— Out

[

blast 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

j~[’ ohms

Figure 2.4 O~*n—Switch Thyratron Circuit
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Pint point *

~ can , pointed
with: two

Solder coats of 3M
cement

insu lator
Transformer oil

-I; Insulator

Connection
Norma fly Closed

+360 v

— 3 v  4O meg +36Q v

.05

VT
2021

lOO K 
—s Out

~~~~~~~~~ _ 
~~~51 ohms

Figure 2.5 Closed—Switch Thyrat ron Circuit
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PROJECT 1.2b

• Figure 2.5 shows an op&~ switch modified to a normally
closed switch. The center contact was removed from the insulator and

— replaced with an insulated tube to reduce the d iameter of the hole. A
piece of stiff piano wire was brazed to the diaphram, run through the
hole, and the other end insulated against, a piece of spring metal.
‘Then the diaphram closes, the wire pushes against the spring metal and
opens the contact. The mounting and electrical output remained the
same as that for the open switch.

As shown in Figure 2.6, laboratory tests were run to
determine the actuating tinie on both types of switches. The average
time f a the closing of the open switch, with varying sho ck pressures,

- 3 was 25 microseconds. This time lag was considered negligible and will
b not be applied to tie final results as a corrective factor. However ,

the tests on the normally closed switch showed a large delay in cb s—
ing t ime which decreased with an increase in shock pressure . In the
laboratory tests the delay on the normally closed switch varied from
6 milliseconds from a tap just sufficient to close the switch to 2
milliseconds from an impact large enough to wreck the container. This
correction factor was not applied to tie curve shown in Figure 4.1
because the gro und pressure readings taken at the test site were not
available.

2.3.2 Thyratrons

Figures 2.4, 2.5 and 2.7 through 2.11 show the thyra— - I
trons used during the test. Two chassis (16 circuits per chassis)
were hooked in series to give a total of 32 circuits, or one circuit
for each switch. Because there were two switches in each hole , it

L became necessary to use 4 chassis, or 64 circuits. However, the two
systems were independent of each other and each used 32 circuits.

Figure 2.4 shows the thyratron ci rcuit used with the
open switch. This circuit uses a low—impedance input to prevent
ionization at the switches from f iring the thyratron. Tests ind icated
a resistance of less t han 2 ohms across the switch was required to fire
the thyratron. A long charge time was purposely built into the circuit
to prevent multiple firing. The discha rge time was kept low because
of the sho rt time between the closing of each switch. All 32 cathodes
were hooked in parallel, and the output 51—ohm resistor appeared only
in the last cathode. To minimize circuit failure in the event of tube
failure, two tubes were used in each circuit with separate filament
and plate supplies.

The circuit used with the normally closed switch is shown
in Figure 2.5. The output circuit is the same as in Figure 2.4, the

I only diff erence being in the input circuit. The opening of the switch

L 

breaks the —22. 5 volt circuit, and the charge on the grid leaks to
ground through the 500,000—ohm grid leak resistor, bringing the grid
potential to zero and causing the tube to fire.
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Reports from Oak Ridge i~ational Laboratories state that
thyratron tubes are hi~ i1y sensitive to ionization; theref ore these
circuits were designed, built, and placed with extreme care.

2.3.3 Electronic Chroncgraph and Associated Circuits

As shown in Figure 2.1, the output of the 32 thyratron
circuits terminates into an 8000—foot run of RG—8/U coaxial cable and
then into a signal amplifier. The output of this amplifier is used to
furnish sharp pulses of short duration to light a neon lamp placed in
a recording device which was built up from part s of a Sandia Corpora—
tion interferometer gauge and an obsolete Fastax 35—mm re.cording camera.
Because this device records impulses f urnished by electronic circuits
as against time, it was called an electronic chronograph. Figures
2.12 and 2.13 show the signal and power sides of this device. The film
on this chronograph xx ves ccn tinuously. Its operation is as follows
(Figure 2.14) .

A 100—font spool of 35—mm film is placed on the unwind
spool, and the brake is adj usted for proper unreeling, then run over
the holding spool, around the fo cusing wheel, over the other holding
spool, and then  into the motor—operated takeup spool. The speed of this
120—volt d—c operated motor is controlled by the governor for various
film recording speeds of 100—1000 inches per second. The NE51 neon
lamps are placed so that the firing of the marker lamp causes markers
to appear on crie side of the fi lm and the signal lamp to show a line
across the aitire width of the film. AU electrical connections are
through the top of the device.

The signal amplifier is shown in Figures 2.14, 2.15, and -
2.16. This amplifier was designed to give a power gain suf ficient to
light the neon lamp in the chronograph . One—half of the first 5670
vacuum tube is used as an isolation circuit connected as a cathode
follower. The otte r half of the tube is used as a standard resistance—
coupled amplifier. The second 5670 tube is used as an amplifier and a
cathode follower to isolate the 6AQ5 tube fro m the amplifiers. This
isolation is necessary because of the large amount of grid current
drawn by the 6AQ5 tube.

The marker amplifier and shaper thown in Figures 2.14,
2.15, and 2.16 use the output of an electronic tuning fork and amplify
it with a &C~5 tube. This output is put through a transformer which
overdrives the grid of the first half of a 5670 vacuum tube, clipping
off the top and bottom of the waveform. A resistance—capacitive
circuit in the plate circuit differentiates the waveform. The other
half of the tube is used as a cath ode follower. Only the positive
half of the differentiated waveform is used to fire the 6AQ 5 tube and
neon lamp. By cv erdriving the grid of the 5670 tube it is possible to
use this circuit as a doubler, or at 2000 cycles per second.

~~~

- 
~~~~ _ ‘  ~~~ 

.
~~
, . M 

- -~

_ _  ~~~~~~~~~~~~~~~~~~~~~~~~ •
-
~~~~

-
~~

•
~~~~~~~~.



_______ -~~~~

PROJEC T l.2b

This overall method (Figure 2.1) gave excellent results
• during the test. However, it is now apparent tha t several improvements

can be made t~o the normally closed switch so that a comprehensible time
delay curve can be run.

Figure 2.17 shows the remote control circuit of the
chronograph and amplifier. This circuit used the —15 irinute and —l
second time signals for battery and camera operation.

2.3.4 Drum Camera

To miniuize the  hazard of project failure, a second
system was used in addition to the d-i ronograph method . Thi s system
used open switches, the 2D2l thyratrons , and the &)00—foot run of flG—
~/u coaxial cable (Figure 2.la). The drum camera used was borrowed
from the Naval Proving Ground , Dahigren, Virginia, and consists of a
rotating drum 60 inches in circumf erence and 4 inches wide. The speed
of the drum is variable from 50 to 1,C00 rpm by varying the speed of
the driving motor. The drum is so designed that by closing a switch ,
either locally or remotely, a spiral gear causes it to move axially
across the lens at a rate of one— iuarter inch per revolution. This
gives a total fi lm record in g distance of 960 inches.

The exposure is by means of a solenoid—co ntrolled shutter ,
and its operation is from the same switch that I~perates the spiral gear
mechanism. The camera lens is a standard f/1.5, with the focus adjust-
able from 10 to 14 inches, which is the distance the, dual beam oscillo— *

graph is placed from the camera .
This camera gave excellent results up to ~O0 inches per

second with the oscillograph intensity at normal settings and up to
1200 inches per second with intensity setting ‘high ’. ~ecording re-
sults were poor beyond 1200 inches per second .

The overall results of t ~i s system are considered to he
only fair. The camera was operated at 1000 inche s per second during
the test, and upon and after the closing of the first switch the in-
tensity of the signal beam on the dual beam osci].lograph increased
tremendously. This increase is believed to be caused by a large volt-
age introduced into the signal line. $eventZr per cent of the closing
times of the switches were recorded , but the expected amplitude and
shape of the record is not present in the film.

2.3.5 ~~~~ 250AM Dumont Oscillograph

The original recording method called for the use of an
externally driven ~ (intensity) modulated oscillograph having -a sweep
time of 300 milliseconds. The only high—voltage fast—recording osciflo—
graph having these repiirement s is made by the Dumont Corporation.
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- In view of the unexpected arrival of the Dumont oscillo—
graphs it was decided to use them as a backup method and to obtain
additional data on the first few switches. One of these instruments

• was used as ori ginally planned, and the other was used on the 10—
millisecond sweep to give an expanded record of the d oling of the first

-
~~~ ten switches.
r To drive the sweep externally, a separate thyratron

circuit was built, an additional switch installed at point zero, and
8000 feet of VlllOb field wire used between the thyrat ron and oscillo-
graph. This layout is shown in Figure 2.1. The signal input was taken
off the same signal line as that to the chronograph. The cameras to
record the results were solenoid—operated by the —1 second signal.

Even though considerab le pretesting proved the system to
be practicable , no records of the blast appeared on the film of eithe r
camera when the film was developed. This failure was believed to be
caused by synchronizing failure either at the 350—foot stati on or in
the field wire between the 350—foot and the 8000—foot stations.

21
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SECTION 3

3.1 cactAL
The times of arrival ~~ the first earth motion as a functi~~ of

distance, are given in tabular form in Table 1 and shown as a curve in
F Figure 4.1. It will be seen that f o r  the first few feet, there is a

tsrritio expansion with a velocity of the order of 10’ feet per second.
As the underground gas globe breaks through the ground surface, relief
is given to lateral expensicn and the lateral velocity drop. n*ric.dly.
From 25 to 100 feet the velocity is roughly 2700 feet per second. Dur’
ing the second hundred feet there is a slight - decrease in average vslo-
Cit7 to 2500 fe.t per second. Beyond 200 feet the’velocity increases
to ~~~~ thai 4000 f..t per second. -
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TABLE 3.1

Data on Fir st Arrival in Ground at 17 Foot Depth on Underground Shot
.4

~TATION DISTANCE ARRIVAL th~1’v~~~1 5~ATI0NS AVER&CEfeet T~~~ Distance Time Velocity VELOCITY
Sec x 1O~~ feet Sec x 1O 3 ft/sec x

1 5.0 0.05 5.0 0.05 100.0
2 7.8 0.1 2.8 0.05 56.0
3 9.6 0.2 1.8 0.1 18.0
4 11. 8 0.3 2.2 0.1 22.0
5 14.6 0.4 2.8 0.1 28,0
6 .. 17.5 0.6 2.9 0.2 14.0
7 21.5 1.6 4.0 - - , 1.0 4.0

8 26.0 3.1 4.5 1.5 3.0
9 31.5 4.2 5.5 - 1.1 5.0

10 39.0 7.5 7.5 3.3 2.3

11 50.0 11.4 11.0 3.9 2.8
12 53. 0 13.5 3.0 2.1 1.1,

13 57.0 15.6 4.0 2.1 1.9

14 62.0 18.6 5.0 3.0 1.7

15 68.0 21.2 - 6.0 2.6 2.3

16 75.0 24.0 7.0 - 2.8 2.5
17 83.0 27.0 8.0 3.0 2.7
18 93.0 29.4 10.0 2.4 . 4.2
19 102.0 30.0 9.0 0.6 1.5
20 112.0 32. 5 10.0 2.5 4.0

21 123.0 36.5 11.0 4.0 2.7
22 135.0 40.0 12.0 3.5 -  3.4
23 148.0 44.3 13.0 4.3 3.0
24 162.0 49.4 14.0 5.1 2.7
25 177.0 51.2 15.0 1.8 0.8
26 193.0 60.0 16.0 8.8 1.8
27 213.0 68.8 23.0 8.8 2.3
28 237.0 71.2 24.0 3.4 7.0
29 265.0 78.7 28.0 7.5 3,7
30 297.0 89.0 32.0 10.3 3.1
31 333.0 96. 5 36.0 7.5 4.8

• 23
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SECTION 4
COMCLUSIOI~S REC0~~ENDATIONS

4.1 GENERAL CONCLUSIONS

Tests have shown that the velocity of a shock wave traveling
through the earth can be measured by using a closed diaphr am switch in
conjunction with a thyratron—pulsing circuit , provided extreme care is
taken in the design of both. The readings obtained from teats using
this method are subject to correction because of the delay in the open-
ing of the switch contacts after the diaphram was actuated by the shock
wave . Because adequat e test equi~~ent was not available and because
.there was not sufficient time applied to the correction factors, test
results had to be obtained from crude laboratory tests (Figure 2.6) and
incomplete reading s taken with the drum camera. Time of arrival data ,based on the ~~rk of this project are given in Figure 4.1.

If more accurate definition is required than tha t given in the
corrected time—of—arrival curve in this report, a program should be set
up to test the normally closed switch and obtain definite delay times
for various operating pressures.

The use of a fast—moving 35—mm film, which recorded a flashing
neon lamp, gave excellent results. Like all prototype models , thiechronograph is subject to improvement.

Results obtained from the normally open switch method were not
satisfactory because of the probable introduction of ionization and/ortransient vçltages of sufficient strength to caus e inte rmittent failure
of the readings .

A distance of 8000 feet from ‘blast zero ’ for the underground re—
cording station is considered excessive. Any reduction in distance
~uould not only tend to aid the logistic problem of cable but would help
maintain the shape of the puls e and reduc e attenuation.

- 4.2 RECO~-m~~?~ ATI0us FOR FUTURE INSTRtTh~ UTATION

If the requirements for future operations of this kind are the
same, it is recommended that the following equipment be further developed
and used for the indicated distances.

4.2.1 From Blast Zero to ~~ Feet

A closed resistance method, the sequence of operation to
be recorded on an oscillograph using a ‘ra ster ’ method . This record-
ing method has been developed and. gives excellent results . The pro-
curement of the equipment should be no problem.

24
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Figure 4.2 Chronograph Record s The upper numbers on the film indicat e
time in miii seconds; the lower are the switch numbers.
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4.2.2 .f ~~~~~~~to~~~Q Feet

An improved, norma lly closed diaphram..operated switch,using the same Chronograph recording method discussed in this report .
‘ 4.2.3 Fr~~ ~~~ to ~~~ Feet

- The Wiancko variable—reluctance accelerometers, placed• at least 50 feet apart .

r
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ABSTRACT

In order to provide data for correlation with results of othe r test
shots, it was decided to measure the time of arri val of the shock wave -
at two point s in free air along a line making an angle of 30° with the -
horizontal . An attempt was also made to measure the peak overpres-
sure at the same two point s . The point s selected were at approximate -

ranges of 800 and 12 00 feet from zero , at altitude s of 400 and 600 feet
respectivel y. A combination of blast switche s and pr essure pickup s
was used . Information was telemetered to a manned recordin g station ,
using an FM/F M system . A combination of oscilloscope photograph y
and ta pe recording was wor ked out to provide accurat e time measure - - 

—

ments and press ure ?ndication . Balloons were used to suspend the
equipment at the desired locations , and Program 4 undertook to deter-
mine photogra phicall y the exact location of the pickups as near as poe-
sible to the time of arr ival of the wave .

Balloon failure limited the data obtained on th e sur face shot to the
800 ft. point . On the underground shot failur e of an antenna resulted in
a weak signal from the 800 ft. point so that only the blast switch infor-
mation is available for that location. Arrival time information was ob-
tained from both types of pickup s at the 1200 ft. location. In neithe r
case were the instrume nt locations determined, so they were estimated
from the balloon positions.

Th e corrected arriv al times ar e significantl y (12 to 16 percent )
shorter than those reported by Project l.Z a using gages near the
ground.
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CHAPTER 1

INTRODUCTION

1.1 OBJECTIVE

In order to provide information on the energy partition between the
ground and air for surface and subsurface explosions , and to permit
corre lating the effects of those explosion s on structures with those ob-

,3 served in air bursts , it was planned to make measurement s of the time
of arrival of the shock wave at points sufficientl y removed from the
pe rturbing influences of the ground or test structures to yield a “free
air ” measurement. To minimize uncertainties with regard to the shape
of the pressure wave it seemed advisable to use a combination of the
direct and indirect methods.

1.2 HISTORICAL AND THEORETICAL

The whole philosophy of this project has been profoundly affected
by the change in location and date from the original WINDSTORM plan.
In particular , since it appeared likely that no other free air pressure
measurement s were to be attempted in WINDSTORM , in the earl y th ink-
ing reliability was stressed at the expense of detailed information , and
the choice of equipment was dictated prima ril y by consideration of
ava ilability on a tight delivery schedule. This project did not provide
for time -of-arrival data from a sufficient number of closely spaced
positions to permit calculation of pea k overpressures by the method
employe d in the GREENHOUSE Project 1.6. The subsequent addition
of Project 1.3b employing rocket smoke trails was expected to provide
time-of-arrival information at a large enoug h number of points in space
to permit conclusions to be drawn concerning the symmetry of the
shock wave. The original proposal called for two pairs of pickups to
be located vertically one above the other so that in the event of failure
of one of the telern etering transmitters time -of-arrival information
would still be obtained at two point s, whic h would not however , be on
a radial line from the explosion. Later it was felt more import ant to
attem pt to correlate the direct and indirect pressure measurements.
Cutting the pickup locations from four to two effected an app reciable
saving in weight and also eliminated the problem of failure of the signal

— 1 —
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cable due to the thermal radiation. The kite balloon s originall y selected
for WINDSTORM have rather little static lift but pe rform very well in

- , winds of 15 to 20 miles an hour. The change to tlte Nevada site entailed
a loss of app roximately 50 percent of the static lift because of the alti-
tude. To insure sufficient lift when the wind fell below perhap s ten
miles per hour , additiona l round rubber balloons of the type used in

-• 
meteorological work were employed.

r In previous weapons tests variou s methods have been used to ob-
ta m information on the blast pressures produced in free air. Because
of obviou s instrumental difficulties , in many cases the peak pressure
has been inferred by calculation from the time of arrival of the shock.
Th is method was used, for example, in Project 1.6 of the GREENH OUSE
operation.1

An inherent weakness of this method is that it may lead to incor-
rect estimates of the peak overpres sure in any case where a multiple
shock is encountered. For this reason it was decided to attempt to
ma ke pressure measurement s directly , in addition to time-of-arrival -

observations , in the hope of obtaining an inte r nal check on the data.
Measurement s of diffraction of shock waves by Bleakney, White and
Griffith 2 indicate that if pressure pickup s are located in baff lesplaced
parallel to the direction of propa gation of the shock , reasona ble accur-
acy can be attained , pr ovided the distance to the edge of the baffl e is at
least three to five times the baffle thickness.

Somewhat ar bitrarily it was decided to ma ke the measurement s
along a radial line , making an ang le of 30° with the horizontal , at dis-
tances of 800 ft. and 1200 ft. In contrast to air bursts or tower shots ,
in the JANGLE shot s the reflected wave was practically coincident with
the primary one , and so there was no question of locating the equipment
above the triple point . Thu s it was possible to choose convenient alti-
tudes sufficient to be clear of ground disturbances.

The GREENHOUSE Project 1.6 repo rt cited above contains an ex-
cellent discussion of the errors involved in time-of-arrival measure-
ments and of the factor s peculiar to atomic explosions which might

1. Frolick , Lt. Col. A.J , ,  C.E., USA and personnel from AFSWP , N The
Measurement of Free Air Peak Pressure s by Telemetering
from Moored Balloon s ” , J une , 1951.

2. Bleakney, White and Griffith , Journal Applied Mechanics , Page 439,
Dec. 1950.

_ _ _ _ _  

_ _ _  

-±5 1
- - 

- 
-~~~ -~~~ --- - . - - ~~~~ -~~~~~~~~~~~~~~~~~~~~ -• --



~~~
- --

~~~~~~~~~~

S

A,
PROJECT 1.3a

affect the performance of the measuring and telemetering equi pment.
Because of the small yield , the effects of the JANGLE surface shot at-
tributable to gamma and thermal radiation were considerably less than -

those encountered at GREENHOUSE. Calculati ons of the r adio attenua-
-‘ tion by the equations derive d by Foner predicted a loss of only 2 db for -

a t ransmitter located 800 ft. from zero at 0.1 sec. after the explosion.
The expected temperature rise with the equipment housed in an alumi-
num container was quite negligible . Radiation effects were , of course ,
marke dly less for the underground shot. It was expected that the bal-
loons used for suspending the equipment would not survive the thermal
radiation and also that the nylon cords used for anchoring the equipment
would melt . Therefore , no provision for a quick-acting cable release

• was believed necessary.

Program Fou r undertook to determine the exact location s of the
pickups by photographic methods just prior to the shots.

- 3 -
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CHAPTER 2

OPERATION OF SYSTEM

1.1 INSTRUMENTATION

The basic instrumentation is made up of components of the AN/DKT-3
subminiature telemetering system as supp lied by the Pacific Division of
Bendix Aviation Corp., North Hollywood , Calif. TTP- 9 pressure gages
in variou s range s were used with TOL-5 subcarrier oscillators modu-
lating TXV-4A frequency modulated trans mitters. These have ra ted
power outputs of 2 watt s in the 230 megacycle telemetering band . In
ad dition to the pressure pickup s, blast switches as designed by Higgins
of John s Hopkins Universit y Applied Phys ics Labora tory were used.
Subcar r ier frequen cies of 5.8. 9.5 and 15.5 kc wer e used for the pr e s-
sure gages and a fre quency of 50 kc for the blast switches. The air-
borne transmitter fed a ha lf wave ant enna of the “ skinback ” type sus-
pended vertically be low the tran smitter casing. The pressure pickups
and te lemetering gear , wit h the exception of power supply and ant enna ,
were housed in shallow cylindrica l containers forme d by a pair of spun
aluminum pie plates (Figure 2.1) each 15 in. in diameter and one in.
deep, sea led aroun d the edges. The openings for the pr ssure pickup s
are located near the centers of the pie plates and the sv.spension from
the balloon s was so arra nged that the flat faces were parallel to the di-
rection of propagation of the shock. If , because of yawing action in the
wind , this orientation was not maintained exactly, the pressure readings
on the two side s of the case would diffe r and it was expected that the
t rue pressure could be estimated. At each location two press ure range s
were employed to minimize the possibility of obtaining off-scale read-
ings or readings too small to be useful . No detailed informatio n is
available concerning the speed of response of the TTP-9 pressure gages
under shock conditions, but it was felt that this might be undes irably
slow, particularly in the low pressure ranges. The blast switches were
designed to operate at pressures of the order of two pounds and give a
clean indication of arrival time . A block diagram of the airborne unit
is shown in Figure 2.2.

Because of the rath e r heavy current dra in of the transmitter (6. 3
volts at 0.6 amp. and 180 volts at 60 ma) it was difficult to select bat-
teries that would operate the equipment for two to three hours and not
contribute excessive weight . In the past special dry batter y packs have
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been made up, but the procurement situation made this inadvisable.
• Yardney “Silvercel” storage batteries , Type 20-HR-15, were finall y

selected as the primary source with a home -made vibrator high voltage
suppl y (Figure 2 .3). The complete power supp ly capable of running the
air borne equipment for 5 hou r s weighs 8 pounds. It is housed in a cy-
u nder (4 in. dia., 20 in. long ) made of 1/32 in. aluminum (Figure 2.4). -

This type of power supply has the great advantage that the output volt- -

age (which , of course , affects transmitter power and frequency) remains
sub stantially constant unti l the batteries are nearly disc harged. Also,
the provision of a simp le char ger eliminated worries about shelf life
under adverse storage conditions .

1~ The airborne equipment was suspended below a pair of ki te ba lloons
(Jalbert Aer ological Laboratory JX-6)  which have a capacity of 400 Cu-
bic ft. (Figure 2.5). At sea level and 20°C temperature one of these
balloon s will give a net lift of 9 lbs. when filled with helium . At the al-
titude of the te st site , about 4200 ft. above mean sea level , this static
lift decreased to 4.5 lbs. The balloons , flown side by side in pairs ,
were anchored with three nylon lines in a pyramidal arrangement , with
the equipment suspended from the apex of the pyramid by short tie wires
to maintain the orientation or the baffle containers. The upwind nylon
line was tested at 500 lbs. and weighs 1 lb. per 210 ft. The othe r two -

lines were tested at 160 lbs . and weigh considerably less. The total
weight to be lifted to altitudes of 400 and 600 ft. respectivel y is show n
in Table 2.1.

TABLE 2.1

Weights of Equipment and Line s

400 ft. 600 ft.

Telemetering equi pment and case 4 lbs. 4 lbs.
Power supply 8 lbs. 8 lbs.
Flying Line s 4 lbs. 6 lbs.

Total 16 lbs. 18 lbs.

With a moderate wind the two kite balloons are easily capable of
lifting this load , but to guard against the possibility of the ri g sagging
and the line s fouling objects on the ground if the wind should drop , even
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momentarily, additional lift was furnishe d with two rubber meteorologi-
cal balloons , holding approximatel y 200 cu. ft. of helium each. These
balloon s were attached to the flying line between the kite balloons and

• the apex of the pyramid (Figure 2.6).

Signals fr om the airborne transmitters were rec eived on Clarke
Model 167E telemetering receivers fed by simple Yagi antennas. The
composite signals , together with a 1000 cycle timing wave were re-
corded on Ampex Model 302 telemetering tape recorders. A block di-
agram of the receivin g equipment is shown in Fi gure 2.7. It was found
neces sary to use specially selected tap e to minimize “nodule noise . ”
In add ition , the signal from the blast switch e s was separated off with a
high pass filter (Figure 2.8) and disp layed on an oscilloscope which was
photographed with a moving film camera . A dua l-beam oscilloscope
was employed for this purpose so that a single oscilloscope and camera
was capable of recording signals from both locations. In order to lose
as little as possible of the speed of response of the entire system , the
te lemetering subcarrier frequen cies were chosen with somewhat great-
er separations than are con$’entionall y used. Specially designed filters
(Figure 2.9) with a bandwidth of 10 percent attenuate the adjacen t car-
rier by 26 db. The or iginal composite magnetic tape record was re -
r ecorded with the appropriate filter combinat ions to pr oduce individual
recor ds for each of the pickup s with a timing wave . Thi s timing wave
was modu lated with the zero time signal (Fi gure 2. 10). Special circuitr y
was devised for measurin g the time between successive cycles of the
subcarrier frequencies (see Figu res 2. 11 and 2.12). This is accom-
plished by tri ggering a one -shot multivibrator at a definite point in each
cycle . The rnultivibrator is proportioned so as to flip back before the
end of the cycle . When the multivibra tor flips back it sta r ts a sawtooth
which is cut off when the inultivibrator is r etriggered at the start of the
next cycle. Thu s, the voltage developed by the sawtooth is a measur e of
the difference between the length of the signal cycle and duration of the
first phase of the inultivibrator cycle. A condenser is charged by the
sawtooth and is “ clamped ” at the end of each cycle. Thu s, the voltage
on the condenser is a measure of the incoming subcarrier frequency.
Thi s voltage is displayed on the oscilloscope along with the timing wave
(Fi gure 2.13)  and the received signal. The oscilloscope is photographe d
wit h a moving film camera so that it is easy to locate the time of arri-
val of the blast and to measure the peak pressur e as indicated by the
change in frequency.
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2.2 SURFAC E SHOT

The two telemetering assembli es were supported as shown in
Figure 2.14. Because the static lift of the kite balloons at the altitude
of the site was insufficient , two round meteorological balloon s with ap-
proximately 200 Cu. ft. of helium each were tied to the line between the
kite balloon s and the pickup equipment .

At about one hour before shot time one of the kite balloons at the
Assembl y 2 position burst , releasing the helium. The weight of the torn
balloon which remaine d tied to the assembl y dragged it to the ground.
No results were obtaine d from thi s position.

Because of photographi c difficulties Progr am 4 was unable to locate
the instruments. The only measurement s which could be obt ained were
the positions of the meteorological balloon s, and an attempt was made
to estimate the location of the instrum ent s, as follows: The se balloon s
were tied to the main flying line between the pie plate and the kite bal-
loons from line s approxi mately 8 ft.long . The length of line from the
pie plate to the tie point of the lower balloon was approxim ately equal
to the length of the line between the tie points of the two meteorolog ical
balloons. From the position s of the round balloons the line length be-
tween the m was determined. This distance was assume d to be the di s-
tance between the pie plate and the tie point for the lower balloon. The
angle of line holding the balloon to the main line was estimated and a
correction added to the line length between the pie plate and the lower
balloon tie point . In this manne r the position of the pie plate was esti-
mated. The position s of the balloon s from ground zero with their limits
of error as obtaine d from Program 4, and the estimate d positions of the
pickup equipment are indicated in Table 2.2.

Zero time was obtaine d from a “blue box” supplied by EQ and G.

The uncorrected time of arrival of the shock wave at the Assembly
1 point obtained from the blast switches was 4.5 percent less than the 

-
time recorded from the pres sure gages, all of which agreed with each -

other.

me two 40 psi gages located on opposite faces of the “pie plate ” at
the Assembly 1 position gave very different readings , indicating that the
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PROJECT 1.3a

TABLE 2.2

Location of Assembly 1, Surface Shot

Radial di s-
Vertical South West tance from

Assembly 1 (feet) (feet) (feet) zero (feet) -

Bottom of upper
balloon 461 ± 5 242 ± 5 674 t 5 850 ± 10

Bottom of lower
balloon 446 ± 5 259 ± 5 674 ± 5 850 :!: 10

Estimated position
of pickups 427 ± 15 280 ± 10 674 ± 5 845 ± 20

assembly did not remain in the desired orient ation with the axis per-
pendicular to the radial line to zero. One subcarrie r (that indicatin g
the higher pressure) di sappeared 6 millisecond s after arrival of the
shock; the othe r continue d in operation . It is believed that the di sap-
pearance of the subcarrier resulte d from the shorting out of the sub-
carrier oscillator due to partial collapse of the “pie plate ” housing un-
der the pressure. No cv idence of radio attenuation by the ionized gases
was observed. As expected , the balloons caught fire and were consumed;
whether the nylon line s melted or were parted by the wind was not de-
termined . The signals were observed for nearly 30 sec. after the shot ,
indicating that the burning balloons still acted as parachutes .

The failure of the kite balloon could probably hav e been prevent ed
by a suitable relief valve , which was omitted to save weight .

2.3 UNDERGROUND SHOT

The assemblies of- the telemetering equipmen t and balloon s were
flown in the same manne r and at the same position s with respect to
ground zero as in the surface shot , except that more sensitive gages
were used , as shown In Figure 2.14.

Again Program 4 was unsucces sful in locating the instrument s, but
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did furnish the positions of the balloons. The positions of the pie plate s
~— were estimated in the same manne r as in the surface shot . The posi-

tions of the balloon s from ground zero , with their limits of error as
-; obtained from Program 4, and the e stimated position s of the pickup

equipment are indicated in the tables below .

TABLE 2. 3

Location of Assembly 1, Underground Shot

Radial dis-
Vertical South West tance from

Assembly 1 (feet) (feet) (feet) zero (feet)

Bottom of upper
balloon 350 ± 5 580 ± 5 257 ± 5 723 ± 10

Bottom of lower
balloon 337 ± 5 584 ± 5 256 ± 5 720 ± 10

Estimated position +of pickups 317-  15 586 ± 10 256 5 713 ± 20

TABLE 2.4

Location of Assembly 2 , Underground Shot

Radial dis-
Vertical South West tance from

Assembly 2 (feet) (feet) (feet) zero (feet )

Bottom of uppe r
balloon 615 t 10 868 ± 10 530 ± 10 1190 ± 20

Bottom of lower
balloon 594 ± 10 873 t 10 527 10 1183 ± 20

Estimated positi on
of pickups 565 ± 20 880± 15  523 ± 15 1170 ± 30
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Due to an error in transmitting the requirement s of thi s project to
EG and 0, they made no provision for a zero time signal with sufficient —

accuracy, so it was necessary to improvise a method for produc ing thi s
signal . This was accomplished simply by r unn ing a cable from the tele -
metering station to ground zero. The voltage induced in the cable at
zero time provide d a good signal.

The transmitting antenna at the Assembl y 1 position became dis-
connected or was broken aloft , and as a result the signal at the teleme -
te r ing receiver station from this point was not sufficient to produce

• complete limiting in the FM receiver. Nevertheles s , the time of arri-
val recorded from the blast swit che s was easily detected to within one
millisecond. It was impossible to determine any timing Information
from the pressure gages because the noise prevented proper discri mi-
nation s of the FM subcar r ier s associated with the gages.

As in the surface shot , the uncorrected time of arrival of the shock
wav e at the Assembly 2 position obtained from the blast switche s was -

4.5 percent less than the time recorded from the pressure gages, all of
which agreed with each other.

Because of the repeated postponement s of this shot the telemeter-
ing transmitters were on the air for a much longer time than anticipa -
te d. The batteries , however , held up for the full time with no .~ndicat lon
of failing signal strength.
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GROUND ZERO

Two blast switches are used in series in each assembly for each
shot. The switche s are set to interrupt a 50 kc carrier at 1 lb. over-
pressure .

Th ree blast gages are used in each assembly. Arrangement of
gages is shown in the following table. Figures in table are maximum
pressure reading for each gage.

TEST SURFACE UNDERGROUND

Assembly 1 Gage 1 40 lbs. 15 lbs.
2 40 “ 15 “

N 3 15 5 “

Assembly 2 Gage 1 15 lbs. 5 lbs.
2 15 5

ii ,I 5 “ 15 “

Fig. 2. 14 Locati on of Airborne Units
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CHAPTER 3

ANALYSIS

3.1 OPERATIONS

The records of the blast switches and pres sure gages were exam -
m e d  carefull y to determine what caused the blast switches to record an
earlier shock wave arrival time than did the gages. The gage records
showed that there was no pressure change before the shock arrival
which could have operated the blast switches. Closer examination of
the blast switch records indicated erratic scaling of the 100 kc scaler.
The entire system was reassembled when the equi pment was returned
to Brookhaven and it was determined that the only manner in which this
could be repeated was with a low line voltage of approximately 95 volts. 

-

With a line voltage above this value the timing systems operated cor -
rectly and the 1 kc tuning fork differed from the 1 kilocycle obtained
from the 100 kc scaled down by the two decade scalers by approximate- -

ly 1 cycle per second. At the low line voltage the plate suppl y regula -
tor was inoperative and the plate supply voltage wa s lower than normal.
The most likely cont ributing factors to the timing failure were: 1) fail- —

ure of scaler because of low B+; 2) reduce d amplitude of 100 kc out of
oscillator. - -

As judged by the behavior of the oscilloscope sweep circuit , the
scalers functioned correctly up until the time the tape recorders were
switched on , at which time all the other equipment in the shack and in
the other projects using the same generator was operatin g, so the volt-
age may have dropped as low as 95 due to line losses , etc. The decade
scalers used were of the type in which a binary scale of 16 is fed back
int ernally such that it goes throug h its cycle with only 10 input pulses .
At low line voltage the scaler may scale by 12 , 14 or possibl y 16. In-
spection of the record shows that failure of the fir st scaler occurr ed
once ever y nine or ten times, which accounts satisfact orily for the

— 
timing error. There is no evidence of failure in the second scale r .

The blast switch time s of arrival were , therefore , discarded in
favor of the 1 kc tuning fork calibration which is known to be correct.
However , there was no arrival time at the Assembly 1 position on the
underground shot from the tunin g fork method . For this case the blast
switch record was measur ed to determine the number and distribution
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of scaling errors, and the apparent arrival time was corrected accord-
ingly, making allowance for the fact that failures occurring during the 

-

flyback of the oscilloscope sweep could not be seen. The result agreed
within one millisecond with the time obtained by simple interpolation
from the Assembly 2 data.

3.2 SUMMARY OF RESULTS

3.2.1 Arrival Time Data

Table 3.1 presents the times of arrival of the shock wave at each
position.

7

TABLE 3.1

Arrival Time Data

Radial Distance Time of Arrival
Shot Assembly from zero (feet) (sec.)

Surface 1 845 ± 20 0.266 ± .0005

Underground 1 723 ± 20 0.301 ± .0005
2 1170 ± 30 0.605 ± .0005

TABLE 3.2

Comparison with Project l.2a and Project l.3b Data

- Arrival Arrival Arrival
Time Time Time

“Free Air ” “Free Air ” near ground
Shot Distance (Proj. 1.3a) (Proj. 1.3b) (Proj. l.2a)

Surface 845 20 ft. 0.266 sec. -- 0.310 sec.

Underground 723 20 ft. 0.301 sec. 0.295 sec. 0.370 sec.
1170 ± 30 ft. 0.605 sec. 0.628 sec. 0.705 sec.
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Table 3.2 presents a comparison o1 the “free air” arrival time data
as determined by BNL Project 1.3a and NOL Project l.3b with the ar-
rival time data near the ground as read from Figures 3.5 and 3.9 of the
Final Report of BRL Project l.2a-1. The data furnished by Project
l.3b checks the measurements of Project l.3a within the errors in
estimated positions.

3.2.2 Pressure Gage Data

Surface shot - The 40 psi and 15 psi gages on one surface of the
“pie plate” at the Assembly 1 position read off scale, whereas the 40 psi
gage on the othe r face indicated a very low pressure. Therefore, it was
concluded that the high readings are in error because of reflection
effects.

Underground shot - The peak pressures indicated by the 5 psi and
15 psi gage s on one surface of the “pie plate ” at the Assembly 2 posi-
tion were approximately 5 psi and 4 psi respectively. The 5 psi gage
on the other surface indicated approximately 5 psi peak pressure.

The behavior of the gages appears to be sufficiently variable so
that little confidence can be placed in these readings.

The records were examined for indications of multiple shocks or
long rise times , with negative results. The only cases in which a rise —

time was clearl y measurable were those of a 40 psi gage at 845 ft.
from the surface shot and a 15 psi gage at 1170 ft. from the underground
shot . In both of these cases the apparent rise time (10 to 90 percent)
was about 2 milliseconds. Thert is a possibility that this is an instru-
mental effect since both of these gages were on the lowest subcarrier
frequency, 5.8 kc.

Figures 3.1 and 3.3 are records of the blast switch performance
for the surface and underground shots respectively. Figures 3.2 and
3.4 are pre ssure gage records after frequency discrimination presented
with their respective 1 kc timing waves on a dual beam oscilloscope.

3.3 CONCLUSIONS

Lacking accurate data on the positions of the pickups, there is
little hop e of calculating the free air pressure using meteorological
data for the sound and wind velocities. In any event , the locations were

- 22 - 
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poorly chosen , so that the pressure calculati ons would not be very

• 
accurate even if the missing data were available.

S.
Better gage s and better orientation of the baffle s might have re-

sulted in useful data , but in general it is felt that the complexities and
expense of this system make it inherently less practical than other
methods , such as the smoke rockets. Thi s is especially impor tant
when it is desired to obtain enough point s to get a good curve of peak
pre ssures as a function of distance.

The discrepancy between the “free air ” arriva l time s as meas-
ured by Pr ojects l .3a and l.3b (Table 3.2) and the arrival times near
the ground as determined by Project l .Za- 1 is much too large to be
accounted for by differences in wind velocity . It is concluded that the
free air pressures were markedly highe r than those measured near -

the ground.

- 2 3 -

—
p ILA[ ~ J ~~~~aL ku 

--



‘
5- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~

~~~e .
T 1.3a

IJ r~~ : 

~~~

. 

___ 

_ _ _ _ _

I 
•

-
‘

~

- 
- ______

‘
S - - 

U) _ _ _ _ _ _ _ _  0 ” ”  

• -: 
I 

________ 

-

- 2.. - 
. _____

__ 

— j !~

-
~~~~ 

•

~~ 

_______
_

~

_i- 2 U) ________ I U)

~ 
_ _ _ _ _ _ _2 •

_ _ _ _ _ _ _-
~~~~~~~~~ 

•~~~ . 
U) _______
.4 _ _ _ _ _ _ _ _____________ ri~

2: ____________________
- 

- - 14 •j  14

- - - - ___________

- -: ~I

___ 
~~~~~~~~~ 

ii!.

___

I ~4  
___

L. ____  ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



PROJECT L3a

b

I , - -.: 
-

7 -  — —
- :- -- - -

~ .0 .0

-4 - 
:2: 

.~~~~ 

:•- -

- - - -

- - 
• -

-
•-

— 
_ - • ••7•_ _ - 1 4 1 4  

5 - 2:.. ~~
-

5.4 ..4

• 
_
2:-•• 

1 4 1 .

- Z5 1.1.

5 _ _ 0 0
- -5- .0.0

- -Z~ -.. 
- :--

- - 
-~~~ 

- 
- 

• - C1) U)
- - ~.- -

- 0 0
4. 4.’

- -:~
- :. . U) U)

- -- 4 . 4’
- - -5-

- - - -
~~ 

-- 5- — —
S I

- • : - ~~ : 
- -. ~~~ 4, V

- - 
- 

-2. 
~~~ 

0 0 0
• 

- : .
- :- -

- -

- - : - -

-- -~~~ - 
1.-

::. -- •--;~ 
5..-

- - - -.

- - :- 
I,

- -C
5 -

00
.5
:5

~~~~~~~~~~~~~~~~~~ ~•~
.

•
_ . i  

a -

~ 

- 

... L~~e_ — ~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~ —5- -- 
~~~~~~~~~~~~~~~



— -

PROJECI  1.%a

Ik

v
-b

V 
—

14 00

..4 14

-~ 6-

—~~~ • - ~~~~~~~~ 5 - — .



___________ - T~~~~~ — — -

~~~

- -_,_
~~~~~~~~~~~~~~~~~~~~ r~~~~~

__
~~~_5._.5-_.___ - - -

5--

I

5-

OP1~~A2IOJ JAI~1I~
Project 1.3b

P!AIC PR~~SSUR~ VS DISTAJ~~~

IN FRIR AIR

- IBING ~~4OK~~-ROC1cET P&1~ OGRAPBY

By

- J .  P. Moulton, Jr.
- L R. Waitha]].

P. Hanlon

f

June 1952

• U. S. Naval Ordnance laboratory
1ihite Oak

Silver Spring 19, Maryland

L - 5 - -  - - 
U 1~~-~ LD 

5- 

- - -



- 
~~~~~~~~

5-
~~~~~~~~~~~~~~~~~~~~

_ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— -5-5— - -— — ---5—’

I
pROJECT 1.3b

A~~~~~ ZD~~~~~~

This work ias done ~nder the saperviston of V • L Morris.

The photographic records and associated t1~ iT1g data ~ere obtained
by the Photographic Division, Sandia Corporation under the direction
of B. C. Barr. They ~ere submitted to the Naval Ordnance Laboratory
for analysis through 0DB B. Hoffman, Director, Programs le and 6.

C. L. Karma]. of the U. S. lava]. Ordnance Laboratory assisted the
a~thore in the m~~ rous measuraments and calculations required to
prod*c. the results. R. Q. Mac].eay, formarly of this laboratory,
rendered valuable assaistance in Betting i~~~ the field installations.

The Naval Ordnance Laboratory Shops are to be c~~~~nded for
producing the rockets in their modif ied form and the associated
launcher., pover boxes, etc •, in the short amount of tine given
them before the tests.
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A~~~~ACT

The primery objective of the experiment was to obtain accurate
intor tion leading to the evaluation of the peak overpresaure in the
shock wave as a function of distance radially along the ground and
vertically above the event.

Th. method employed was that of establishing a smoke rocket trail
grid, high speed photographs of which showed the time of arrival of
the shock front at a measurable distance in the desired direct ions .
Knowledge of the shock velocity thus obtained was used to calculate peak
overpressure by substitution in the Rankine-Bugoniot relation stating the
dependence of shock velocity on peek pressure in the shock.

Despite the total loss of timing records for the surface shot
a time base was established using the time of arrival results of
Project L2a-l. As a result, peak overpreesures were obtained only
in the vertical direction for this event , since pressures along the
ground would be identical to those of Project l.2a-l. Peak overpressures, -

both along the ground and vertically, were determined for the underground
shot.

Based on existing high explosives (~~~~ ) data, the following TNT
kilotonnage equivalents were determined for the 10 psi pressure level:

Event Along the Ground Vertically Above Zero

Surface - 1.08 i~
Underground 1.0]. I~! 0.81 l~

It is pointed out in the report that these values , being critical ly
dependent on scaled NE data, are considered by the authors to be poor
for accurate comparisons. They are based on data having wide scatter
and caution should be exercised in making judg ments based on them .

Suggestions and recoemendations are made where necessary throughout
the report in the event that similar tests are conducted in the future.

_________________
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1.1 OBJE~~’IVE

The objective of Project 1.3b was to determine the peak pressure
of the shock wave in free air as a function of distance both vertically -
and along the ground from weapons detonated on and under the surface of

- 
_) the ground. Specifically, this objective was to be accomplished by the

shock velocity method by measuring shock wave times-of-arrival at mea-
sured distances on high speed motion picture records of smoke rocket
trail grid distortions caused by the shock wave .

1.2 HISTORICAL

1.2.1 Refraction of Light

The phenomenon of refraction of light on passing through
the region occupied by the shock front has been utilized in scientific
laboratories for many year s to obtain photo -shadowgra ms and in con-
junction with shock-wave detection techniques. On occasion, motion-
picture photographs of large explosions produced by conventional military
explosives have shown rather clearly the locus of the expanding shock
front , the diffused background lighting being refracted on passing
through the denser gas within the shock front and detected by the camera .
The refraction of the light reflected from large objects , such as trees
and telephone poles in the background, has also been observed , but the
effect is ~~R5l1, being propo rtiona l to the stre ngth of the shock and the
rate of decay behind it. However , frame-by-fram e examination of such
photographs has shown that the location of the distortion is extremely

- difficult to detect against an irregularly shaped background such as
trees. This indicated the necessity of some type of grid or regular
background of considerable dimensions. Exper iments were conducted to
determine the feasibility of such a grid by J. F. Moulton, Jr. and
LC1~ B. T. Simonds of the Naval Ordnance Laboratory.

1.2.2 ~~ ke-Rocket Grid

During 1950 an FS amoke-rocket was developed by
J. F. Moulton, Jr. and LC~~ B. T. Simonds at HOL for use on Operation
Greenhouse (see ref (a) ) .* The grid formed by a number of these

•AU references will be found in the Bibliography appearing at the end
of th. report.
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PROJECT 1.3b
smoke-rockets launched vertically before the burst in a plane perpen-
dicular to the line of sight of the camera and behind the explosion —

center proved to be very successful in obtaining a photographic record
of the arrival time of the shock at various distances. Refraction of
the light reflected from the trails on passing through the shock front
caused the trails to appear broken at the shock front and hooked just
behind the shock front determining the locus of the shock front very
accurately.

1.2.3 Effect of Relat ive Rumid~~y on Rocket Trail

Since the smoke frous the rockets is obtained by the
combination of FS with the water vapor in the air ( see Sec • 2.1.2),
it was felt that the low humidity at the Nevada Test Site might reduce
the density of the trails seriously . In the first two weeks of Sept - —

ember, 1951 an experiment was conducted at the test site by
J. F. Moulton, Jr. to determine the seriousness of this effect. One
smoke-rocket was fired and photographed under approximately the same

— conditions expected for the actual tests. The density of the trail,
thou gh reduced somewhat, was observed to be sufficient for the nec-
essary contrast with background 3 ight ing and the effect of the relative . -

humidity on the trai l was not considered serious.

1.3 BASIC 1~~ORY

1.3.1 The Rocket ~ aoke Trail Method

Tb obtain peak overpres sure as a function of distance the S

photo-optical technique described above is employed to record the time
of arrival of the shock at measured distances from the explosion center.
A third order polynominal of the form

t — A0+ A .~ R + A~R2 
+ A3R3 (t — time, R distance)

is fitted by the method of least squares to the 
- 

data thus obtained.
Differentiation of this equation gives

d t — 1 — A , +2 A 2R + 3 A R2

correlating shock velocity, U, with distance. From it ~ set of instant-
aneous shock velocities is obtained for the choeen values of distance.
In addition to these values, a knowledge of the absolute atmospheric
pressure, P0, and the velocity of sound, C0, ahead of the shock is
required to determine the peak overpressures, P5. The overpressure is
calculated from the complete •~t of data by using the Rankine-Hugoniot
relation for shock pressure as a function of shock velocity:
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where 1, the ratio of specific heats for sir , — 1.1103.

A complete ~ rAmple of the rocket ~~ ke trail analysis may
be found in appendix B of ret (a) .
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2 • 1 DETECTION ~~ID

2.1.1 Purpose

To follow the progress of the shock front in free air
photographically a detection grid is required. This grid was formed
by FS smoke rockets , whose smoke trails reflect the light produced by
the explosion and sunlight. The light from the grid is refracted by
the shock front and appears distorted, indicating the locus of the
shock front .

2.1.2 The Smoke Rocket

The smoke rocket consists of a standard inert 5~0 RocketRead Mark 10 and 5’.’O Spin Stabilized Rocket Motor Mark 14 combination
(see Fig. 2.1) . The head is filled about four -fifths full (10 lb) of
FS (55 per cent suj .fur trioxide and 145 per cent chiorosulfonic acid) .
Three small metal nibs, covering exit holes drilled 1200 apart near
the base of the rocket head, are knocked off by the lands in the
launcher during the launching phase . Centrifugal force then dispenses
the FS, directed by scoops, through the exit holes . Upon combination
with the water vapor in the air , the FS forms a dense white trail of
fuming sulfuric and hydrochloric acids which is fairly persistent, about
2 meters thick, and continues up to about 3,000 ft altitude. Details
of the development and test of the rocket can be found in ref (a) .
The single-tube launcher is shown in Fig. 2.2.

2.1.3 Firing Positions

The smoke trails forming the grid were aligned in azimuth
such that they projected down the line of sight of the camera stations.
This was done to present essentially vertical lines to the cameras .
The trails were spaced at equal intervals as shown in Figs. 2.5 and 2.6.

2.1.14 Firing Method

Each rocket line received its firing impulse at -5 seconds
through an EG8~ timing relay which closed a circuit of llOv AC in the
rocket line. The flOv power box and EG&~ relay were appropriately
mounted in the blast hut (see Fig. 2.3). The rocket line voltage closed
a number of power relays (Potter and Brumfield type MR11A) , each con-
nected in parallel across the line, completing the individual firing

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
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~

circuits at each rocket station (see Fig. 2.7) . Each individual rocket
firing circuit consisted of one power relay and two 6w BA-V2/u batteries
in series with the contact ring on the rocket . The relay and
batteries at each launcher site were enclosed in a water-tight box. I —

The firing line extending from the blast hut to the
various launcher sites was compose l of one two-conductor Romex cable
with cloth covering around plastic-coated conductors. The conductors
were No. lii gage copper wires. All cable connections were made using
amphenol plugs and sockets which were taped with rubber tape and Scotch
electrical tape to insure against water leaks • The cables were buried
18 in. below the ground surface, no conduits being required.

2.1.5 Precautionary !4easureB

Watertight circuitry throughout the firing system was
maintained by sealing all amphenol plug connec tions with rubber tape
over which a layer of Scotch electrical tape was applied . After load-

* ing, a special raincoat made of Koroseal was - placed over the launcher
to keep rain from entering the launcher muzzle and firing box. An - 

-

example of a rocket launcher ready for firing may be seen in Fig. 2.11.

To prevent accidental firing of the rockets while lot~’Iing
the launchers, a padlocked safety jumper switch was used. The acciden-
ta]. application of curr’~nt to the firing line was thus made . mpossible.

Rocket motors were stored in a conventional a unition
magazine prior to use.

2.2 DESCRIPTION OF PROWGRAPHIC FACILITIES

2.2.1 General Equipment Details

Table 2.1 lists the details on the cameras, lenses,
filters, films, etc., used by the Sandia Corporation for this project.

2.2.2 Camera Positions

The bearings and distances of the camera stations with
respect to zero are shown in Figa. 2.5 and 2.6. The camera towers were
25 ft  high. Azimuthally, all cameras were aimed through ground zero.

2.3 FILM-CALIBRATION PROCEDURE AND BASIC MEAS RE~~2~TS FOR PHOTO(~~AZ4-
~~~~~~~IC ANALYSIS — _____ ____________ —

2.3.1 Fiducial-marker Locations

— The space fiducial markers, used to establish the
horizontal scale and horizontal-vertical orientation of the film record,

— s —  •
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were provided by the Sandia Corporation. Details on the space-marker
locations are shová in Pigs. 2.5 and 2.6. The plyaood markers nearest
the c~~~ra station were 11 ft square and the farthest ones were 6 ft
square • Your ~~~~~ 1er alternating black end white squares were painted
on ach rker.

2.3.2 Scaling

Th. fiducial markers were placed at known positions with
respect to the camera, thus establishing a horizontal distance scale in
any desired plan. of measurmeent. A vertical scale was established using
the fiducial rker geometry together with a knowledge of the direction
of the optical axis of the camera end engineering survey data.

2.3.3 Film-measuring Instruments

A direct-projecting Recordak (Model Iff’z) was used for the
distance measurements given in this report . The shock front, made discernible’
by th. refraction of light from the trails and the scattered background
light, was traced fraae-by-fr e on special drafting vellum to reduce
distortion effects caused by humidity. The enlarged Images were
measured to the nearest 0.005 in. representing approximately 1 ft in the
plane of neasur~~~nt.

2.3.14 Tl~ 1ng

Timing scales furnished by the Sandia Corporation on the
surface shot showed that just before zero time a power failure at the
camera station occurred. The measurements recorded were useless during -

= th. period of interest.

Timing for the underground shot was also furnished by the
Sandia Corporation in the form of a string galvanoseter record. A 100 cpa
signal was recorded on the same record shoving a t4&ng pip for each
frame of the film as it was being exposed. The position of each frame
with respect to zero time was measured end thus the speed of the camera
and time of each frame during the period of interest was determined.
‘The film used to obtain the results for the underground event presented
in ~ ap. 3 was exposed at a constant rate within the error of measure-
ment. The tine per frame was found to be 0.01081175 sec. The accuracy
of this figure is 

± 
0.00005 sec. The maximum error over the entire

period of measurement (65 frames) is 0.00325 sec (0.3 per cent) which is
considered to be negligible .
2.14 IsTh~ (EP1!ATI0N PBRFORMAICE

2.14.1 Rocket Trail Grid

All but one rocket fired on both shots at the proper tine
and the one failure was probably due to a faulty motor. This occurred
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• on the surface shot • Of the 23 rockets that fired, five failed
to ~~~ke (four on the underground. shot and. one on the surface shot).
Although this was a large percentage of failures, the grid was

- ‘  sufficient to extract the necessary data. Failure of the rocket launcher
~~~~~ to knock off the metal nibs covering the exist holes in the head
has been determined as the cause for the rockets not ~~~king. The
modif ied inert bead s were actually at fault because the nibs ‘were
recessed too mach with respect to the outer surface of the rocket.

2.14.2 Cameras end T1~ {ng

All cameras used for this project were r”nn(ng at zero
time for both shots • The c~~~ras end. t1~ i t~g for the surface shot
fluctuated. due to an erratic fluctuation in the voltage supply and
eventual power failure. ~o such difficulties were encountered on the
underground test.

2.14.3 Film ~~~~~~~~~

In general, film exposures were poor • Only one usable
film was obtained on each shot , film No. 232 on the surface shot and
film Jo. 285 on the underground. shot • AU others lacked. the necessary
contrast or were overexposed. Even film No. 232 was overexposed during
the first 0.25 eec, during which time the shock wave advanced s~~~
750 ft radially.

.
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RESULTS

S 3.1 SURFACE SNOT

At the photographic station J-2 a power failure occurred on the
surface test vhich all but ruined the experiment from the standpoint of
this project . Although the cameras were in operation throughout the
time of interest, their speed was erratic. This would have presented
only minor difficulties in the analysis had not the local primary timing
sta~&i.~d also failed. If the timing standard had been batte ry-operated
there would have been far less chance of its failure.

Despite the timing failure an attempt was made to get some infor -
• mation from the films since the shock wave could be seen out to about

2,000 ft in film No. 232. The procedure given immediately below was
used to obtain the time of arrival of the shock wave •

3.1.1 Establishment of the Time Base

Timing of the individual frames of film No. 232 is based
on the Ballistic Research Labcratories (BRL) shock wave arrival times
along the ground, given in ref (b), and the assumption that the shock
wave is symmetrical radially along the ground. By definition, then,
it follows that the two sets of data, those of the Naval Ordnance
Laboratory (N0L) and the Ballistic Research Laboratories, are identi-
cal and. lead to the same pressure results along the ground.

The ~~L data were plotted and connected by a smooth curve
drawn through the points. The NOL shock wave distances (radii )
measured along the ground were matched frame -by-frame to the corres -
ponding distances on the BRL curve and the time or each frame was thus
obtaint4. Knowing the time of each frame, the arrival time of the
shock along the vertical axis was established. These data are plotted
in Fig. 3.1 as given in Table 3.1. The oscillations appearing in the
time of arrival curve are the result of film speed variation due to
voltage fluctuations prior to the power failure and vibrations set up
by the film feed mechanism.

The empirical equation fitted to the arrival time data is:

t - -0. 18653780 + O.5ie14l5300R + O.Oti 8115880R2 + 0.0132l1168R3
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TABLE 3.1

Shock Wave Arrival Times at Distances
Vertically Above Zero

Surface ShotI ,-
t t

(ft) (eec) (ft)~~~~~ (Be~L (ft ) (eec) (it) (sec)

757.37 0.2663 1008.50 0.1.205 1211.1.16 0.5790 1512.76 O.788€ —

762.33 0.2710 1012.47 0.4235 121i5.99 -0.5910 1522.46 o.821~ -

784.17 0.2790 1034.31 0.4475 1271.62 0.6030 1574.30 o.836

809.98 0.2925 1076.00 0.4585 1273.59 0.6210 1588.20 O.861

840.75 0.3000 1095.86 0.11753 1262.62 0.6288 1631.88 o.88o

857.63 0.3087 1099.83 0.4820 1282.47 0.6405 1673.56 0.907! -

853.65 0.3237 1105.78 0.1.920 1349.97 0.6575 1699.37 O.930C

873.51 0.3372 1107.77 0.5055 1363.87 0.6743 1701.36 o.96oc

891.37 0.3557 1125.63 0.5200 1357.91 0.6825 1762.90 0.988!

919. 17 0.3635 1175.26 0.5275 1389.68 0.6930 1782.75 1.007!

9411.97 0.3782 1177.25 0.5350 1397.62 0.7045 1800.62 1.033!

966.82 0.38113 1177.25 0.5500 1417.47 0.7175 1840.33 l.o58c
976.711 0.4000 1209.02 0.5610 1425.41 0.7345 1905.84 1.128~

972.77 0.1.097 1211.00 0.5707 1469.08 0.7588 2017.01 1.188 ! —
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PROJECT 1.3b
3.1.2 Meteorological Data

The meteorological data required to obtain the desired
pressure results using the Rankine -Kugoniot relation were taken from
ref (c). These data were originally reported by the Test Site Weather -

Station and were computed by the ~ cperimenta1 Weather ~3tation of the
Geophysics Research Division, AFVUC. Temperatures and Aireasures at
the ground surface and at 1,334 ft above the surface were chosen as base
points to establish an assumed linear variation of absospheri c pressure
and. aound velocity with altitude • These values are shown in Table 3.2.
The resulting variations of these values are shown in Fig. 3.2.

TABLE 3.2

Meteorological Data, Surface Shot

Altitude P0 
- 

T C0
(it) (psi) (°c) (ft/eec )

0 12.69 10.3 1,3.06.39

1,334 12.04 6.2 1,3.00.29

3.1.3 Peak Ov erpressure in Free Air Vertica1ly~ Above Zero

Using the data from Table 3.1 and Fig. 3.2, pressures were
calculated by means of the Rankine-Hugoniot relation for distances
measured vertically above zero. These pressures are listed in Table
3.3 and are plotted in Pig. 3.3.

The pressures, P8, given in Table 3.3 apply only at a
ground elevation of 4,213 ft above mean sea level. These pressure and
distance values have been corrected to sea level using the relations
as found in ref (e):

R(sea level) — R(test site ) IPo(test site)1 1/3
LP0(sea level)J

Ps(sea level) P5(test site) 1E’o(sea level)
1P0(test site)

where H - distance and P5 — peak overpressure in shock wave.
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TABLE 3.3

Free Air Peak Overpressures
Vertically Above Zero

Surface Shot

B P - R p
(ft) (psi) (it ) (psi)

800 13.8 1250 7.90
850 13.1 1300 7.3.1
900 12.1. 1350 6.51
950 117 1400 6.17

1000 11.0 1450 5.82
1050 10.1. 1500 5.09
1100 9.75 1550 11.56
1150 9.11 1600 li .06
1200 8.50 1650 3.57

1700 3.09

TABLE 3.4

Tree Air Peak Overpresaures Vertically Above Zero -

Corrected to Sea Level

Surface Shot

B H P5(ft) (psi) (it) (psi)

762 15.98 1238 8.46
809 15.17 1285 7.51.
857 111.36 1333 7.11..

904 13.55 1380 6.71.
952 12.71. 1428 589

3.000 12.01.. 11.76 5.28
1047 11.29 1523 4.70

1095 10.55 1571 4.13
111.2 9.84 1618 3.58

1190 9.15

~~~~~~~~~~~~~~~~ ~~~~~ ~~~~~~
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Assuming the atmospheric pressure, P0, to be 1)1.7 psi at

sea level and taking 1.2.69 psl. as measured at the test site the factors
for reducing the data to sea level are 0.952 for distance and 1.158 for
pressure . The corrected values appear in ~ftble 3.11 and are plotted in
Fig. 3.11.

3.1.11 ‘lET Kilotonnage Epi ivslent

Referenc e (d) describes some small scale high explosives
tests conducted at the Naval Ordnance laboratory late in 1950. Pre ssure
measurements were made at reduced distances, \ , along the ground and
vertica lly above spherical 1 lb Pento lite charges . The charges were

it placed at charge depths (or heights), X ,  with respect to the ground
surface level. By definition

R I t t t
“ W’13 t 1b1131’

— 
D~~th of Burial ( ft

~l[3 lbV3

where R — distance from ground zero
W - weight of charge.

Specifically, the report gives data for ~~ — 0, corres-
ponding to a charge center at the surface , and. ~~~ — -0.125, correspond-
Ing to a charge center almost 1 char ge radius above the ground. The
charge height of the surface test on Operation JA!~)LE was of the order
of )b. ~ — -O.021i, based on a radiochem ica]. equivalent of 1.0 ~~~~~~. Thus
the data taken from the small scale tests should bracket those of the full
scale test. For reduced distances (7 ~,) vertically above zero at the
10 psi level the ~~~ 11 scale tests yield values of )h. — 8.11 and )~i — 9.2
for X~ - -0.125 and ~ 0 respectively, after a correction factor
of 1.19 is applied to convert from Pentolite to ‘fliT. The full scale
test yielded a corrected pressur e of 10 psi at a distance of 1,135 ft
above ground level. Hence

~l/3 — — 1~135 — 135 1b1/3, if — -0.125 for the nuclear shot

and wh/3 — 1~5 
~~ lbh/3, if — 0 for the nuclear shot .

The value s of W are therefore 1.23 K~’ and 0.93 K!, respectively. An
exact high explosives comparison for )~, ~ 

— .0.0211 does not exist but
the value of 0.93 K! should be closer to the trte value since the nuclear
shot at 7~ ~ 

— -0.02k more nearly approximates ) c • 0.
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3.2 !~~~~GRCInW Sli(YI’

~~ the umlergrouth teat all of the photographic and timing devices
associated with this project fur -~tioned so that timing scales could be
measured in the prescribed manne . During the time of interest , the
camera in which film No. 285 was exposed functioned smoothly with the
result that the time per frame was conatant within the error of measure-
ment.

3.2.1 Shock Wave Measurements -

I4easureinente were made along the ground and vertically above
ground zero. The shock -wave -arrival times in these directions are given
in Table 3.5 and are plotted in FIgs. 3.5 and 3.6.

The e~~irical equation fitted to the arrival-time data along
the ground was:

t - .0.01167(49 + 0. 3l62280lR + 0 3614292119R2 - o .09933107R3
In order to obtain a satisfactory fit , two empirical equations were de-
rived for the arrival-time data vertically above zero . This was necessary 

• 1because of the inflection point occurring at about 950 ft. Of these
two equations, the first was fitted to the data from 6oo ft to 1,000 ft;
the second from 1,000 ft to approximately 2,000 ft. They were :

(1) t — -0.33551e603 + l.29906le07R - l.198008111R2 + O.592148555R3

(2) t — -0.66071e835 + 1.61496033% - O.88070709R2 + O..23719553R3

3.2.2 Meteorological Data

As on the surface test, the change of atmospheric pressure
and sound velocity was asau~ed to be a linear function of altitude above
ground level . The basic data were obtained , as before , from ref C c).
They are given in Table 3.6 and plotted in Fig. 3.7.

3.2.3 Peak Ov erpreasure in Free Air Alon~ the Ground

The peak overpressurea along the ground were calculated
using the data in Tables 3.5 aM 3.6 in the Rankine-Rugouiot relation .
The results are given in Table 3.7 and are plotted in Fig. 3.8.

The pressures given in Table 3.7 have not been corrected
to mean sea level. As they appear in this table , the data correspond to
those from a charge in the ground at a ground level of 11,299 ft above
sea level. Using the factors 1.150 to correct for pressure and 0.9514 to
correct for distance, as found by using the relatio ns given in Sec. 3.1.3,
the corrected data presented in Table 3.8 are those to be considered at
sea level. These data are plotted in Fig. 3.9.
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TABLE 3.5

Shock Wave Arrival Times at Distances Along the Ground
and Vertically Above Zero

• Underground Shot

R (ft) R (ft)
Vertically Above Along Ground t (sec)

Zero _ _ _ _ _ _ __ _ _ _

589.22 3116.28 .13517

-; 676.81 1417.147 .17856

7614.00 1489.113 .22195

847.20 561.76 .26534

922.65 636.42 .30873

991.32 708.714 .35212

1082.89 761.42 .39551

1194.51 822.50 .113890

:12146.12 883.10 .148229

1307.83 9141.29 .52568

1392.23 993.91 .56907

1146 9.07 - 1049.24 .61246

1537.55 1110.119 .65585

16011.143 1174.03 .699214

1670.12 1235.95 .71e263

1727.85 1297.00 .78602

1791.55 1345.140 .82941

1846.09 11405.13 .87280

1891.88 11458.15 .91619

1942.84 1516.99 .95958
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TiBIX 3.6

Meteorological Data

Underground Shot

Altitude P0 T
(ft) (psi) ( °C) (ft/.ec)

0 12.78 6.9 1101.71
1000 12.28 3.89 109572
2000 u.’~ 0.83 1089.63

3.2.4 Peak Over~pressure in Free Air Vertically Above Zero

The dsta used to calculate pre.swe. vertically above aero
are taken from Table 3.5 and. Pig. 3.7 and iubstituted In the Rankine-
Bugoniot relation. One i~~ortant difference observed, in this case is
that the time-of-arrival curve, Fig. 3.6, i~a8 a ~~~~~~ cusp at u~~s~~I-
tely 950 ft indicating a sudden change of slope due to the arrival

of a new wave, or, less likely, the increase in the rate of growth of
th. original shock wave in the vertical direction. This event accounts
for the j~~~ rise in pressure as a function of distance as given in
Table 3.7 and illustrated In Fig. 3.8. The phen~~~non is discussed at
greater length in Chap. 14.

Tibia 3 8  gIves the values of pressure and distance cor- r
rected to sea level and Pig. 3.9 includes a plot of these data. The
e~~~ correction factors as used for data along the ground, n~~~1y,
1.150 for pressure and 0.954 for distance, are used here also.

3.2.5 T~T Kilotonnage Bquivalent

The ZI-l and E~-2 tests conducted at the teet site during
the operation provide exactly scaled data upon which an evaluation of
the T~Z kilotonnage equivalent can be based. Both E~ t..t. end the
underground nuclear test were made using a burial depth of ‘c 0.135.
For the ER test. , ref (b) shovs that the average reduced distance
along the ground at which the pressure was determined to be 10 psi ire.
A • ~.0. From Pig. 3.8 the uncorrected (for altitude above sea le~e3.)
pressure-distance curve indicates a 10 psi press ur e level at 760 ft.
Therefore, the T~T kilotonnage equivalent is coeputed to be

w 13 . ~~~~~~~~ 1 126.6 1b h/3,
W — l . 0 l~~~. — 26 -
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To obtain a ~ 4~~l1 •gure based 0fl the pressures measured
v ics3i~y above ground zero, recourse a~st be made to ret Cd) e. was
done In Sec. 3.1.14, above. For charge burial depth. of X 0 - 0.125
and X 

~ 
- 0.250, ref Cd) gives values of reduced distances vertically

above zero of 8.8 and. 8.2, respectively, for the 10 psi pressure level.
Using the pressure-distance data corrected to sea level shown in Fig. 3.9,
the pressure does not quite reach 10 psi before the onset of the sudden
pressure increase. The last measured pressure before the arrival of
this rise in pre ssure is 13.17 psi . If one extrapolates from 13.17 pet
to 30.0 psi, then a value for the corrected distance is found to be
990 ft • Based on this value and the values of ). obtained from ref (d) ,
two values for W can be determined which should bracket the true value.

W1/3 —~~..” ~2~~
a U3 1bV3, w _ 0 7 2 IcT

p1/3 - 121 lbh/3, w - 0.89 icr

If the distance of 1,650 ft were used to calculate the
TI! equivalent, corresponding to the 10 psi pressure level in the
apparent second pressure pulse, a riduculously low figure would be
obtaimed.

The appa rent inconsistency in the equivalent kilotonnage
weights for the underground. test will be treated in Chap. 14.
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TABLB 3.7

Pr.. Aix Peak Overpressures - Along the Ground
• and Vertically Above Zero

Uflderground ~~ot

P1 (Vert ical ) P5 (Along Groi~’~d) 
-

— 
(ft )~ _ (pai) (psi)

300 32.80
hOO 24.00
500 i8.64
600 14.76
65o 35.00

700 1,1.93
750 33.11
800 30.03 9.54
850 25.149
900 20.91 8.05

930 15.90
1000 11.45 7.30
1100 6.56
1200 23.53
1250 23.45
1300 23.26
1400 21.17

1500 17.66
1600 13.51

1650 11.28

1700 9.15
1750 7.02

1800 5.06

i8~o 3.17
1900 1J.8
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TA3LE 3.8

Free Air Peak Overpressures Along the Ground and
Vertically Above Zero Corrected to Sea Level

Underground ~ iot
= 

P5 (Yertical) P5 (Along Ground) -

_ (ft) (psi) . (psi)

286.3 3 7 7 2
381.8 27.60
477.2 21.144

572.6 11.69
620.4 40.25

668.1 13.72

715.8 38.07

• 763.5 34.53 10.97
811.2 29.31
859.0 24.05 9.26

906.7 18.28

954.4 13.17 8.40

• 1049.8 7.51i

1145.3 27.06
1193.0 27.08
121.0.7 26.75

1336.2 214.34

1431.6 20.31

1527.0 15.54

1574.8 12.97

1622.5 10.52

1670.2 8.07

1717.9 5.~~
1765.6 3.614
1813.4 1.70
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DISCL~SIOX AND C0NCL.t~ IONS
14.i ~i~~~ AL EVALUATION ,0J I~~~~0D AND RESULTS

Th. shock velocity method of determining peak overpressure in
free air as a function of distance rests on a f irm foundation of utic-
csssful results obtained by many laboratories in the past. The
Rsnki-n.-Eugoniot relation , a theoretically derived equation indicat ing
the relation between peek shock pressure and instantaneous shock
velocity, is based on the reasonable primary assumptions of conserv&tion
of mass, momentum, and ener~ ’ acroab the shock front • The utilization
of the relation , however, can lead to serious erroneous conclusions if
strict adherence to the rules governing its validity is neglected. The
outstanding difficulty encountered when using the shock velocity method
on tests ~~~~ as are reported here stems from lack of information con-
cerning the actual direction of propagation of the shock front . ThiS
is particularly true in the case of an undergrou nd event . Time-of-
arrival measurements must be made only in the direction of shock
prop agation unless the angle between the line in which measurements
are made and the direction of pro pagation is known.

14.1.1 Validity of Assumptions

Before the tests were conducted it was assumed that the
front of the shock wave for both test s would move in a radial direction
parallel to the ground in the isuediate vicinity of the ground surface
and also parallel to a line extended vertica lly above ground zero . Only
in these direction. were time-of-arrival measurements made. Spherical
sy etry of the shock, such as is observed on a high altitude air burst , - -

could not be assumed on the basis of past experiences with HE charges
~~unt ed in similar positions .

As can be seen in Figs. Ii.l through 14.6, the original
assumptions concerning the direction of shock propagation are perfectly
valid except, possibly, for very short radial distances along the

• ground for the underground test. The photographs for this ihot indi-
cate that th . shock was nearly spherical out to about 200 ft, and the
shock fronti was definitely at an angle with the ground surface other than
900. Any results in this region based on the velocity method should be
treated cautiously.

• 14.1.2 Suitability of ~~~ke Rocket Trail Grid

Aside from the fact that several of the rockets failed
to ~~~ke, it : was apparent that two Improvements would be desirable in
any similar future test. In Figs . 11.1 through Ii.6 it will be observed

— 3 3 —
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that directly bsb(n& the burst there are no rocket trails. They ‘Vex’s
purposely omitted in this region because the refre.ction effect is not
discernible along a radial line from the explosion center. It would

• 
- 

have helped substantially, hov.ver, it the gap in the smoke grid had
been ~~~~1 1..~ in this region. The second suggested improv~~ nt is
s~~~ebat s4~ f 1-.’ to the first. The spacing between al). the grid lines
should be ~~~11sr if msssursments along the ground are to be made. In
the present instance, th, trails provided only a guide to the location
of th. shock wave at the paint of ground Intersection - except where the

- 
- line ef sight from the c~~~ra to the shock included a trail directly
j bs~ond th. shock. At other points along th. ground the shock was

barely strong enough to refract scattered background light, lad the
• weapon been larger (the shock wave stronger) neither of the difficulties

encountered would heve been met.

Generally speaking, however, the rocket trail grid is
considered suitable for tests similAr to those herein reported.

14.1.3 Suitability of Cameras, Film, and Photographic ~~~~~~~
C~~~ra equipment end f ilms used were satisfactory bt~t the

• 
- results, in general, were poor. All films were overexposed during the

first few tenths of a second after zero time on the surface event. The
equipment used to obtain the pictur e. was similar to that used on
Operation Oi~.UhO1~I where decidedly better film records were obtained.

Timing records were a complete failure for the surface
vent but were successful for the underground event. As ~~~tioned

earlier, Sec. 3.1, there would have been less chance of a tiufng failure
if the local primary timing standard bad bean battery-operated. T1 4ng
for each camera, rather than group t i i  i~g for many cameras on a single

• reccad, is advocated by the authors. Otherwise, back-up installations
lose hal! of their value before operation is begun.

Films and timing records were submitted to the Naval
Ordnance Laboratory for analysis following an undue delay. In par-
ticular, the records for the underground event were evidently measured
by s~~~ other group before being su*mltted, contrary to a specific
request for the unscratched original films. Thi. made the analysis
very difficult. Figures 14.4 through 14.6 show numerous scratches which
were found present in the film only in the region of interest.

14.1.14 Air Peek Overpressure Vertically Above Zero, Surface

• The corrected fres air peek overpressurss are given for
• various distances vertically above zero in Table 3.14 aM are shown

graphically in Pig. 3.14. The most striking feature of the graph is its
• steep slope at the larger radial distances, indicating a more rapid

— 3 7 —
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ps’ss~~e decay with dist—me. than that observed along the p ’oi~~ (s.s
Pig. 3.3 for ooupsrisoa). On. reason for the more rapid rat, of decay• is the doclius of a~~~spheric pressure (and air density) with Increas-
ing .1tit~~~ above th. surface. Ivan more rapid decay would be observed
were it nat for th. bolstering effect introduced by the decrease In
sound velocity with sltItnda.

- Figures 4.i through 14.3 show that the shock wave is met
b~~ .si~~~ieal, but has a greater radius from the explosion center alaeg
*s grsud them vertically upward. This is to be expected , especially
en such a large scsi. explosion as compared with U explosions where

I ’ ~~~~ s4u4lar conditions, the s~~~ effect has been observed.

A. was mentioned in Ssc. 3.1.14, the TNT kilotonnag.
equivalent is of the order of 0.93 1!, based on the calculations
described. Th. reader is cautioned g&ii~at putting great faith in
the• ~~~ kilotonnage equivalents reported by the various projects con-

• corned with this operation, The figures quoted are critically dependent
upon th. value of )~ used in the calculations . The anther, are unaware
of ~~ extent U vertical pressure data for which the scatter is not
lsm’ , fran which the values of )~ are taken. In addition, the error is
cubed In reaching the final value in terms of kilotons of ~~~~.

14.1.5 Free Air Peak Overpressure Along the Oround, Underground

• Very good agrees.nt exists between the results reported
by ~~~ Project l.2a-l (ref (b) ), end those reported in Sec. 3.2.3.
30th thods are fundamentally the s~~~, yet completely different setsof records yielded nearly identical results.

The maj or difference between the two sets of data is that ¶
the ~~~~. data yield a pressure -distance curve ‘which is slightly concave

• downward, ‘while In the same region the 1~L results indicate the o!~Iosit.trend, see Pig. 3.8. It is Interesti ng to mete that the 11-1 and U-2
data, as reported In ref (b), have a slope ‘which is concave upward
s1~flar to the ~~I result.. At greater distances , however, the IOL
data ass~~~ a curvature ~ i~~I 1 .

~ to that of hRL.
• The TN? kilotonuage equivalent of 1.0]. N? is comparable

with that obtained by other projects. ‘lb illustrate bow widely this
figure can be wads to very, however, (see Sec. 14.1.14), consider the• following argument: If instead of using an average valu e of X dstszmimed
from both RI-i end RI-2 one uses the individual, value s obta ined, ~~~~lyi... equal. 5.6 and 6.14 far the 10 psi pressur e level, then one obtain.
kiloto~~~gs equivalents of 1.23 and 0.814 ~~ , respectively . Ta. percentage
difference between the values for ~ is approXimately 15 per cent while the
difference b timen N? equivalents is approximately 50 per Cent.
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14.i.6 Free Mr Peek Ouerpressure Vertica1~y Above 
____

U r ~~~~~~~~Ot

~~i this test a secondary wave overtook and passed the
initial shook in the direction vertically above zero as indicated in
Pigs • 3.6 and 3.8. Along the grou nd this effect did not appear in the
shock velocity results except possibly at the larger distances where
th. pressure-distance curve (Fig. 3.8) indicates a slower rate of
pressure decay. Eowever, the pressure-time results obtained by the
8ta~ford Research Institute (Project l(9)s), ref (f), showed a secondary
pressure rise after arrival of the initial shock out to a radial distance
along the ground of about 1,000 ft , beyond which it was not observed:
It did not have a steep front Like a shock bat was undeniably a pressure
wave.

If a sufficiently strong secondary pressure wave originated
at or near the explosion center it would certainly grow faster in the
vertical direction than along the ground because of the presence of the
ench hotter gases in the vertical direction. The apparent result would
occur even for a ‘wave of much lover strength than the primary shock wave
since the pressure is a function of the Mach nunber (see Sec. 1.3.1).
The cause of the secondary wave is unknown and deserves further study.

The ‘lIT kilotonnage equivalents based on the 3.0 psi shock
pressure vertically above zero and the results obtained in ref (d)
are 0.72 and 0.89 N?. For distances along the ground the average kilo-
tonnage equivalent was found to be 1.02. N?. The average of the three
values is 0.87 N?. For reaso ns pointed out in Sec . 14.1.5 this figure
should be used with caution.

14.2 8C*JRC~~ AND C J V )~~~ MN}N~1VD~~ (F BRR~~S

With regard to errors due to resolution of the film and lens
systems, foreshortening effect , curve fitting, etc., the reader is re-
ferred to ref (a) which deal.e with these usua lly negligible proble ms
in complete detail. Pertaining to wind corrections , errore in using

• the incorrect values of abnos pheric pressure and sound velocity, ref (b)
provides complete information on how these errors affect the computed
shock pres sures.

• 14.2.]. Wind Correction

No corrections for wind were app lied in obtaining the re-
sults presented in this report. On the surface shot where a time base

• was determined from BR!. times-of -arrival along the ground any error
due to wind along their line was automatically included in the results

• 

- 
obtained here. For computing pressures vertically above ground zero

• — 3 9 —
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• it is reasonable to assume that there were no vertic al c~~~onents of
wind velocity large enough to warrant inclusion. A ~mall error of un-
~~~~n ~~gnitude necessari ly exists in these results . 

- 

-

On the underground test the wind was negligible and no
arrections were warranted .

14.2.2 Distance Scale

The distance s measured on the enlarged images of the film
• records were read to the nearest one-two hundredth (0.005) in., which

earrespo~~M to a distance in the plane of measurement of 3. ft. The
in locating fiducial markers was considerably less than thia figure .

~~~ -etUr*, all measured distances are considered to be accurate to
• t 1.0 ft. Corrections for camer a tilt and foreshortening were applied

in ob+eir4~g the vertical and horizonta l distance scales .

14.2.3 T~~~4fig Scale

The timing scale for the surface shot , as taken from BRL
tins-of-arrival data, contains an uncertainty due to lack of knowledge
of the asymeetr y of the growth of the shock wave. S3n~~etry was assumed
to exist along the ground in all radial directions in the establishment
of the time scale . Because the camera speed was erratic it i~ impossibl e . 

Ito state a value of the tine per frame. The naximami error in time,
• however, probably does not exceed 5 millisec over the entire period of

interest.

For the underground shot the timing information Is mere
precise. The time per frame was constant and , as mentioned in Sec • 2.3.li ,
was found to be 0.01081475 t 0.00005 sec • The ~~~1’~um error in time over
the entire period of interest is 0.00325 sec or 0.3 per cent. The
error is negligible.

14.2.14 Estimated ~ ‘rors in Calculated Pressures

The error in the peak overpressures determined for the
surface shot cannot be calcula ted because of the uncertainty In the
t4~ ti ng measurements and wind correction factor • AU things considere d,
the pressures are estimated to be accurate to within 10 per cent.

A figure of accuracy of 3 per cent can be justified for the
• underground test in which the magnitudes of the numerous s~n~i 1 un.

certa inties can be tallied.
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14.3 0C~~ .LEI0~~ A~ ) 
_____________

14.3.1 Genera l
‘4

The method of detecting the instantaneous location of the
shock front using a grid formed by oke rocket trails Is good for tests
of these types to obtain peek pressures at various distances in free air
1* the directions specified. In films for each test the trails served
well as guides indicating the contour of the shock front . In the

4ority of cases, however, the locus of the shock front in the direc-
tions along the ground and vertically above zero was observed directly,
i.e. by observing the scattered background light refracted by the
shock wave. The weakness and short duration of the shock wave made this
observation and measurement a matter of special skill acquired by the
authors over a period of years • Without the much more apparent refrac-
tion of light from the asoke trai ls it is quite conceivable that the
shock would have passed undetected.

If similar tests are conducted in the future, two simple
improvements could be made to advantage. The emoke trails should be
moved closer together and , instead of establishing vertical grid lines,
establish a grid of lines making an angle of about 600 with the surface,
in a plane normal to the camera line of sight , thus aiding in the
detection of the shock vertically above zero .

The contrast exhibited in the films of the underground
test used fcc these measur ements was Low. The sky was cloudy and
pres ented a steaky background which caused much diff iculty in obtain-
ing the measurements. The low contrast could have been improved
consider ably If a better figure for the exposure had been chosen.

An experimental film developed by Eastman Thdak, Inc. by
direction of E~&G rese~~ling c~~’nerica1 Microfile film should have been
used but was not available to the Sandia Corporation. The film has very
wide latitude covering a wide range of exposure and has, before this
operation and since, proved to be superior in obtaining desirable records

• of thi s type . It is stro ngly reco~~~nded .

Failure of the t l t ng system during the crucial perio d
on the surface shot almost proved to be disastrous to thi s project.
Once again it is repeated that timing records of the type used are
not considered practical because of the large chance for failure.
Bach camera should have its own ti~1ng device built into it and should
be operated from a separate timing s~gi~ l generator . The additional
cost for such insta llation is negligible with respect to that of the
operation as a whole and meyi mean the difference between success and
failure of a large number of the highly desired measurements.

-



—~~.-~~ ----- -.-—~w~~ 
“
~~~~T .“_“

~~~
‘ __

PROaC T 1Jb

2~.3.2 Peak Pressure Along the Ground

As explained in Sec. 3.1.1, die to the t~ming fai lur e on
the surface test and the method used to establish a time base , the
pressures *long the ground must agree precisely with those obtained
by *L, Project l.2a-l, by definition. The ~~~ kilotonnage equivalent
was found to be 1 ± .05 ~~ at a pressure level of 10 psi.

For the underground test the press ur es along th. ground
agreed well with the results of Project l.2s-l, the only differe~me
being in the rate of decay (see Sec. ~ .l.2). The pressures determined
from EL msasur~~~nts are considered accurate to 3 per cent. The
calculation of the ~~~ kilotonnage equivalent was shown in Sec. 3.2.5
to be 1.01 ~~~.

L3.3 Peek Pressure Vertically Above Ground Zero

Results were obtained for both events • The figure of
accuracy of the peak pressu res are different, however, largely due to
th. uncertainty involved in establish ing the time base for the surface
shot. For this shot a figure of 10 per cent is considered reliable .
On the underground shot the figure of accuracy is 3 per cent.

The occurrence of the sudden change of slope in the time-
of-arrival curve for the underground shot led to the peculiar shape of
the pressure-distance curves of Figs. 3.8 eM 3.9 for pressure s deter-
mined iii the vertical direction . This phenomenon did not appear in
th. result s obtained along the ground where the shock velocity method
was used to determine peak pressures • A second pressure wave was
recorded along the ground by pressure -time gages of SRI, Project l(9)a.
Further study of the cause of this phenome non is warranted .

For the surface and under ground teats , the ~~~~p kilo-
tonnage equivalents were found to be 0.93 - 1.23 ~~ and 0.72 - 0.89 K~,respective ly, based on data at a pressure level of 10 psi vertically
above zero • These values have been shown to depend critical ly on the
‘value of )‘~ employed. The only corresponding BE data found by the
authors ~~~ thoss given in ref (d). Although in each case one of the
values should be weighted more than the other , it is felt that the values
are sufficiently flexible that their mean values are as good an indica-
tion of the 1~IT equivalents as any. The mean values are 1.06 ~~ for
the surface test and 0.81 ~~ for the underground test as based on the‘ 10 psi pres sure level vertically above ground zero.
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AB~~ ACT

The object of the project was to measure the free air peak pressureof an atomic detonation as a function of time and space. The operation-a]. procedure consisted of dep1o~izg, from two aircraft , ei~it instru-mented parachute-borne canisters position ed from 2)00 feet to 29,000feet vertically above ~ ‘ound. zero. Each canister contained. an altimetertransducer, two differential pressure transducers, a radio telemetry
tr~~~nitter and a radio tr~~~ing beacon. The grotmd. equi~~ent consistedof a radio telemetry receiving station for recording preas~~e data, f ourmultiple object tr ~~~~ stations for recording the positions of the can-
isters by triangulation method., and two SCR 584 radar stations for posi-tioning the aircraft over a drop point.

The operation was a preliiminary test of equi~~ent and. tethni~~ea in
anticipati on of future test s involving a more extensive arr~ r of para—
chute-borne canisters. Any conclusions may be considered. tentative
since the positions actually attained by the parachute-borne canisters
were inconsistent with the intended. vertic al array and. did not provide a
clear cut test of the Fuchs altitude correction. For the lowest four
canisters this correction is of the seme order as the estimated error of
the peak pressure measur~ ients. Two canisters were at such ~~eat hori-
zontal distances and. low shock pressure levels that erratic results are
to be e~~ected., due both to error s of measurement and. the effects of
shock wave refraction, Data from one canister were questionable because
the canister was in the aircraft bomb bay at the arrival time of the
shock wave. No data was received from one canister becense the pressure
transducers were off scale due to a restric ted pres sure line. There is
ju stification for cono3.”4iug that the data obtained. in the project s~-ported the Fuchs theory within the probable accuracy of the observations
out to overpressures of about 0.]. psi.

It is reco~mnendad that further test s be made using ~~ to 2) para-
chute-borne canisters in an extensive array to cover the range of peak
overp ressur es from about 0.15 to 11.0 psi.
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1.1 0~JECTIV

Th primary objective of the project was to measure the free air
peak blast pressure of an ab~mic detonation as a fw~cticn of time and
space. Secondary objectives were to test operational procedures and in-
etr~xaentatj on to improve tethniques and. increase accuracy of measure-
ments in a later operation involving a larger detonation.

A1thou~~ sppro~iiate theoretical treatments of the effect of asbi—
ant pressure and tmpatature gradients on blast wave peak pressures have
been developed., there has been no reliable e~~erimental test of the theo-
retical conclusions. 3ecause of the importance of these effects in rela-
tion to the optimom hei~~t of bomb burst, particularly for bombs of m~~~

- 
- larger yield than present types, mid the determination of the mlnj~ t*range and altitude for aircraft safety, a direct e~~er1aenta1 teat is an

urgent reqtiiranent.

1.2 EI~~ORICA~

The military requironent for an e~~erimental test of the Fuchs
theory was brou~~t to the attention of the Terrestrial Sciences Iabora-
tory, Air Furce Contridge Research Center, early in 1950. At that time
the basic techniques described in this repor were_devised and. a propos’-
at was prspared. for participation in Operation ~~USE. Rowever, the
time for preparation of such an extensive project was insufficient and.
no action was ~~~~~~

In Decenber, 1950 the project was revived ~mder Operation W~~~!L~~(
and. was officially included. in ?ebruery, 1951. I~~er the project was
tentatively included, in Operation 3i~~~~ but due to unsuitable frequen ~~requtronente was included. in Operation JANC~Z on a reduced. operational
scale,

1.3 W~nrPIC,AL

In discussing the propagation of shock waves from chenical e~~1o-
gives the range of distances over u~iich military st~~4ficant effects
occur is ordinarily so a11 that the atmoe~Iiere may be treated as a

• homogeneous body of gas, imit(”lly at the ems pressure and. tmperatm’e
.v.l7idler•. (This is not , of course, the case yith the occasional min-
or dmsge that ~~~ be done at ccmparativily long ranges due to focusing

~~~-~~~~~~~~~ —-~~~~~ -~~
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effects caused by tei~~erature variati ons and wind s.) However, in thecase of a nuclear exp].osion it is necessary to consider propa~~ticn overa range of altitud es so ~~eat that the variation of atmospheric tonpera-tur e, pressure, and density with altitude is not insi~rdficant. The of—facts of the l-nbo~nogenity of the actual atmosphere are particularly in-portant in connection with (a) the hei~~t of burst of atomic bombs ofvery large yield, (b) the determi nation of the zone of danger to air -.craft in the nei~iborhood. of en atomic bomb, and. (c) the use of blastpress ur e measurmients on aircraft in connection with bomb d~s~n~ge assess-ment eyetmis.

The variation of atmospheric properties with altitude affects theprediction of peak overpressure in two ways (a) the effect of the anbi-out press ur e at the altitud e at which the bomb is detonated, and. (b) the
off oct of variation in atmospheric properties between the altitude ofdetonation and the point at which the peak pressur e is to be detçmined..The first effect has been discussed theoretically by B. G. Sacbs~’ ~~~the second by K. Fuchs’. These two theori es lead. to scaling ].aqe for
peak overpres eur e which m~~ be expresse d in the following form.

Let f(r ) be the peâc overpr essure vs. distance function for a bombof 1 ~~ yield (radiothemica1,j~r determined) in an unbounded homogeneousatmosphere at standard sea level pres sure (1)1.70 psi) . The free airpeak overpr essur e at slant range, B, a~d. altitude, z, due to a bomb of
yield, W, fired. at altitude, h is then)

4p (B,z ,h) = 
4t

f(kA~/s) (1.1)

where S = (1.2)

k —  [P0 h)/P0 o)J (1.3)

X= exp~~ ~~3(h)/c(z (r (h)c(h)/p(z)c(4 _lJd.z/(z_h) (i.)1)

,s( = }
~fr(

z)c(z)/
r

(h)c(h):JY” (1.5)
and. PO(z)

?
(z), and c(z) are respectively the atmospberió pressure,

r 3• G. Sachs, The Dependence of Blast on ~ ibient Tø~erature and, Pres-
sur e. Ballistics Aesearch Lab., .~~erdeen, B~~ort No. 1ibb (M~~ 19~14).
The effect has also been treated by J. G. Ki.r~~ood and. S. B. ~~inklav
in OSRD Report No. 5271. The two treat ment s lead. to similar results
and Sachs’ scR1~n~ 1m~ will. be used. here since it can be opplied. di-
x’ectly to empirical data.2 K. J\ache, The ~~fect of Altitude , Vol VII , Pt II , Q~4 9 of Loe Alemos
Technical Sin es, LA -1021.

3 See ~ p~md{r C for a consolidated, list of mathmiatical a~mbo1s.
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density and sound velocity at altitude z. Since o(h)/c(z) = [T(h)/T(z)) 
i”

• and. p th .)/p(z) = P (h)T(z)IPQ (z)T(h) , where T(z) Ia the absolute temper-
ature, equations ?1i,) and. (5j may also be written in the form.

A = 

f

Z

J

~
j

~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~ (1.6)
4

A1 = ~{Th)/T(z)}At (Po(z)/Po(h))~~ (i.~ )

The quantity k is the Sacha scale factor expressing the effect of the
~nbient pressure at the altitude of detonation and, A and,,~ are the Fuchs
scale factors.

The Sachs scaling 1~~ has been at least rou&~1y verified by meas-
urements with ~~ chargea~ fired at altitudes ~~ to 1)1,000 ft., but no

• experimental test of the Fuchs theory has been made. Actually a con-
plete].y un~~bigucua test of the theory is not possible since the basic
pressure vs. distance function, f(r ) , for an atomic bomb in an unbound~-ed uniform atmosphere is not a directly observable quantity. An m di- -

rect test may be mad., however , by msasuning4P at various ranges and
altitudes and plott ing~~P/k3.~ ~~~~~~~~~ k~3/S. If the observed point.
dafine a reasonably smooth curve within the experimental error , with
no systematic deviations correla.table with altitude , the theory nay be
accepted as adequate for practical applications.

One of the basic as.uii~ptiona of the Fuchs theory is that the flow
is pur ely radial at all points, that is, no consideration is given to
the effect of refraction of the shock wave. This is probably an ede-
quate approximation within the region of overpre ssures of military sig-
nificance, but it will certainly not be correct at very large distances -

and, low overpressures. As a very rou~ i estimate, we may expect to find. r
observable departures from the Puaha theory due to refractio n effect s
at peak overpressures of about 0.1 psi or lea..

In addition to the uncertainty in the correct form of the f(r )
curve, there is the further complication of the effect of the gro~u~tsurface. Ideally, it would. be desirable to establish f(r ) by using an
air bur st and measur ing the peak pressure of the direct shock at air-
borne ~~~gea located. above the Mach stem. Practically, the difficulty
of placing an array of parachute-borne gauges at the desired positions
with respect to the bomb, and. at the correct tine, makes the use of a
ground. or tower burst preferable, at least for pre 1iith~ry tests. It
is then necessary to 1~ ow how much the effective yield. is increased by
reflection from the ground. If the ground. were perfectly rigid, all of
the ouer~ ’ that would have been emitted in the lower hem isphere in the
free air would. be reflected into the above-ground. hemisphere, and, the

~1 
~~~~~~, Suanary ~~ghni~~~ Report of Division 2, ~~fects of Impact and.

• ~~~1osion, pp
— 3 —
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-
~~~~~ effective yield would. b~ twice the actual yield. To allow for the loss

of energ to the goi~~ due to cratering and other permanent deforma-
tion near the point of detonation and, to the radiation of elastic wave
ener~~ a reflection factor of 1.5 or i.6 inatea~t of 2 has sometimes
been used. This is, however, a questionable figure and. for the pur-

• poses of the present discussion a reflection factor of 1.8 will be as-
suned . The radiochemica].ly determined. yield of the JAI~ E svr~~~e shot
is taken as 1.2 ~~ , so that the yield. scale factor I. S — (2.2~’— 1.301.
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2.1 IN~’r~~~~ 1T.aTI ~~

Instrumentation involved in the operation consisted of four objec-tives: radio telemetry inatromentation to obtain free air press ur edata, canister tracking instrumentation to obtain time-space data ofthe parachute-borne canisters, radar instrum entati on to position theaircraft for deployment of the ei~~t canisters vertically above theatomic detonation, and the instrumentation of the parachute-borne can-ister.

2.1.1 Radio Telemetry Instrumentation

Reference is made to .~~pAnd4~ A for a mor e detailed. da-
— ecription of the instr~nantation employed in obtaini ng radio telemetrypressure data. Pressure measuring instrumentation and the parachute-borne can ister were developed by the Pacific Division Devel,a~~ent Lab-oratories, Bendix .biation Corporation, Burbank, California, “nd~rContract AT 19(122)-1e59.

The airborne radio telemetry system installed, in each can-
ister conaisted of a pressure altimeter transducer, two differentialpressur e transducers. one having a scale range of mpproximately twice
the other and, the radio telemetry transmitter unit. Upon receiving a
pressur e stimulus each transducer in the canister frequency modulated
a sub-carrier; the three sub-carri ers were mixed and. frequency modula-
ted the radio frequency carrier, the data link between the paracbute-
borne canister and. the recording ground. station. The ground. radio
telemetry recording station consist ed of a separate ~ ( receiver for
each parachute-borne canister. The output of each receiver , being a
mixture of the three original, frequency modulated. sub-carriers, was
separated by a filter network. Subsequently each sub-carrier was
channeled to a sub-carrier discrimi-n~-tor which produced a current pro-
portional. to the original pressure stimulus. These proportional cm’—
rents were epplied. to galvan~~eters of the recording oscillogreph.

2.1.2 Canister T~~~k1~~ Instrumentation

Reference is made to .~~p~~4,ix B for a more detaile d de-
scription of the instrumentation employed, in obtt~ining the t ine-space
positions of the parachute-borne canisters. The system employed to

— 5 —
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track -the mult iple number of cani sters was deve].o’ped by The Glenn L.• Martin Company, Baltimore, Maryland, ~~ 1e” Contract AT 19(122).J4&).
The Multiple Obje ct Tracking System is based on the method• of tria ngulation to obt ain position data. Radio range measurements

were determined from four ground interrogating stations to the canis-tar s in space. The system is cepable of tracking 32 object s in spaceat one second. intervals with an accuracy of 
± 

100 ft.

During each second of operation all ground, stations shared.time to alternately interrogate each parachute—borne canister. Inter-
rogation by the ground. station was accomplished by transmitting a bin-
ary code train of five digits and a range pulse which initiated the
operation of the range counti ng circuit. F~ach airborne beacon was de—signed for a selected binary number which was established in the beacon
decoder. The decoder differentiated between the selected number and.a].1 others so as to e,~~ite the modulator only when the selected number
occurred. The modulator fired the tran smitter which initiated. the re-
ply pulse. The reply pulse, received by the ground station , stopped
the range counter. The ran ge count, in increments of 0.1 micro—see—ond.s, was recorded and. established the range from the ground. stationto the parachute—borne canister.

2.1.3 Aircraft Positioning Instrumentation

Two 5CR 5&4. radar stati ons were used to gnid,e two 3-23 air-
craft over a drop point , both in reference to time and position inspace. Four parachute -borne canisters were deployed from each 3-29
aircraft at a computed drop time and. drop position , corrected for the
integrated horizontal wind, drift of the parachute-borne canist ers
throu~~ a vertical a~~.s over ground. zer o. * 

-

2.l.~4 Q~~~ster Instrumentation

Reference is made to appendix A for a detailed descrip tion
of the instrumentation used in the parachute-borne canisters.

The dual parachute system consisted. of two parachutes, a
6-foot drag fist ribbon parachute and, a 25-foot f1at~~arachute~ AU
canisters were deployed from the aircraft using the b ’foot ribbon pare-
chute attached to the static line. Ballistic data and, the par ticular
position of a canister in the array determined the time of canister
fall with the 6-foot ribbon parachute. At a predetermined time, dif-’
feren t for each canister, an internal timer fired a squib cutter i’s-
leasing the 6-foot fist ribbon parachute and deploying the 2$-foot
flat parachute. The canisters were internally prtheate& in the bomb
bays of the aircraft three minutes prior to initiating deployment. Six

— 6 —

*

- - - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~
____ — .- --- _ - - - - -

~~~~-



-~~~~ 
-
~~~~~

PROJECT l.3o

thermostats were inataUed in various compartments of the canister to
regulate the internal temperat ur e. The parachute-borne canister corn-
plete with dual parachutes weighed. 275 pounds.

-4

2.2 CA7~TJ~ API0N PB00~LURE

Reference is made to ~~pcindi.x A and. B for a more detailed des-
cription of calibration proce dures of the radio telemetry system and
the Multiple Object Tra*in~ ~ rstem (MC11~S).

2.2.1 Radio Telemetry Calibrating Procedure

The receiving radio telemetry ground stations were calibre-
ted, by measuring a series of standard andio frequency signals at the
appropriate station discri m(lii4ors. Becord.s were made on the oecillo—
graph f or each standard frequency to the discrh~i~nat ore. Using these
values, calibration curves were plot ted of galvanometer deflection
versus frequency.

Pres sur e tr ansd ucers were calibrated by applying accurate
pressure values to each pr essure transducer, covering the entire range

— of each picIo~~. The frequency of the sub-carrier oscillato r connected
to the transducer was recorded and. a curve of frequency versus tra us—

* ducer function was plotted from these data.

~~ use of the diecri~4~~tor and, transducer calibration
curves, a correlation between the transducer function values and. gal—
vanometer deflection values was obtained..

2.2.2 Canister ~ ,ao~tng Calibration Procedure 
*

A ground. sub-station cont~1iiing a beacon ~~(i~fls~i’ to the
&rborue beacun was established. northwest of ground. zero . A surv sy
was made to obtain the accurate slope range from each M~~S groi~~ eta-
tion to the ground. sub—station. During Operation J AN~~E the sub-sta-
tion was conttnucuely interrogated by each 14~1S station. A comparison -

of ran ge readings from each M~~S station to the sub-station with the
~~own range established the inherent delays or effective ran ge error
of each ground. station. This range error was then applied. as a correc-
tion factor to the ran ge dat a obtaine d from the parachute-borne can-
isters.

2.2.3 5CR ~~~ Calibration Procedure

Instruct ions containe d in the applicable Technical Order’s
were ~~~loTe&.
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PROJECT 1.3a .

2.3 ~~ A~rIaNs
The probl ems of the operation ‘~onsist ed. of five pha ses: (i) the

guidance of two 3-29 aIrcraft over a drop point both in reference to
~ositiom and time, employing two SCE. 58)4. radar trAc~rine stations;
~2) the deployment of ei~it parachute-borne canisters from two 3-29
airc raft , one aircraft flying at an altitud e of 15,800 feet MSL ~~ oneaircraft flying at an altitu de of 35,800 feet M~~; (3) the recording of
blast press ur e profiles from th. positions of the par achute-borne can-
isters ; (~~~

) the continucus tr ~clrhig of ei~~t parach ute-borne canisters
~~~loying the Multiple Object ~~ac~ Ing System; and. (5) the calibration
of the integrated horizontal wind, drift of the parach~ite-borne canister
throu~ i a vertical axis over ground. zero to determine a corrected drop
point and. drop time for the aircraft.

The locations of the radio telemetry station, the MOTS stations
and. the SCR 5811. radar stations are indicated, in ligure 2.1.

The operation consisted of the following sequence of events. Co~-ordinated. data between the aircraft navigator and. the S~~ 5&4 radar op.-
erators were used. to position the aircraft for initiating the dsplc~- - ,

mont of the paraclmte-borne canisters. The deployment position was
corrected for average wind. drift of the parachute-borne canisters.
Th. low aircraft initiated deployment of canisters No. 1,- No. 2, No. 3
and No. tI at E—79 seconds required by tim1-’i~ factors of the arrival
tim. of the blast wave and. the ballistic factors of positi~n1’~ the
canisters in the array. The hf~ i aircraft initiated, deployment of
canisters No. 5, No. 6 and. No. 7 at 1-100 seconds. Canister No. ~ was
doplayed by the hi~ a aircraft at H+~~ seconds to an intended position —

of 33,000 feet horizontally from the vertical ~~ s tbrau ~i ground. zero.
The radio telemetry ground. station monitore d the canisters from air-
craft deployment time to K+10 m~inttes. The M~~S ground. stations men-
itored th. canisters from aircraft deployment tine to E46 minutes.

2.3.1 Low Aircraft C~eration

The low 1-29 aircraft flying at 15,800 feet ~~~ completed
five runs as follows

07~~ P~~ - A calibration run was ccmplet.d. over groun d zero to estab-
lish true ground. speed.

0750 P~~ - A simulated. run was completed. using the erbitrar7 t im, of
0750 P~~ as 1-79 seconds. The aircraft was epproxiaetely 1000
feet short of the calibrated posit ion at the simulated zero drop *

time. Some inconvenience and confusion was caneed by a 1-50 fly-
ing in formation with the 3-29. This condition was ~~~eairi1ble
.inc• accunat. guidance was required. It was fortunate that the

- - ~~~~~~

~ j~~~~~~.
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confuaion cansed by the 3-50 in tr~~~i~e the target 3-29 did. not - -exist at critical times.

0810 P~~ - This simulated. run was c~’p1eted over a calculated point
1950 feet and. a bearing of 190 degrees from the ver tical axis
thrai# gro~md zero to c~~~en~ate for coi’puted drift of the para-
chute-borne canister. At the arbitrary drop time of 0810 PST, no
error in position of the aircraft was discernable on the plotting
board.. Th. error was probably less than 3)0 feet horizont ally.

0835 PST — This simulated. run was made over the same calculated drop
point as in the previous run. At the t ime of simu].ated. drop (0835
Psi) no error was d.tsceruable on the plotting board.. The error
was probably less than 3)0 feet horizontally.

0900 Psi - This run was the actual run. During the aircraft fli~~t on
the last leg of the patt ern, the aircraft was advised to increase
the air speed. At 3-7 mi~”tes the st,~nd~.rd and emergency cv~~ sit-
cations frequencies between the aircraft and the SOB 5814. operator
failid.. Att empts were made to use the co1~innnl-cationa throu~~ the
other SOB 5811. radar station. Commanication was reestablished at
qpro’ri i~at ely 3-3 mii~1tes and the mission continned. The speed of
th. aircraft bad been considerably overcorrected. A1tbou~ i redno-.
tics d aircraft ‘peed. was immediately accomplished, it was not
possible to prevent overshotting the target drop point by
imately 6000 feet at drop time 3—79 seconds.

2.3.2 RIjI Aircraft Operation

The bt~ t 3-29 aircraft planned to deploy canisters No. 5,
No. 6, No. 7 and No. 8 at f].i~ it eltit nde 35,800 feet MSL. 

*

0700 PSi The aircraft started climb from 16,000 feet M&~ to fliji t
altitude. A middle cl.ond layer of alto-c~~~lus from the south
thanged. from scattered to broken. lh. I~~ezf (Project Officer for
JAN~~Z Project 1.3.) reported that one of his balloons had. bur st
and r.qaested a delay in detonation time. It was reported that
A1C had called a confer ence to determine the advisability of a de-
lay. The aircraft r~~~~ned at existing altitnde of 29,000 feet
MSL until detonation tine had been determined.

0750 PS? - A simulated run was att~~~ted. at 29,000 feet 1451. The SOB
5811. radar lost track of the target 3-29 at 07142 PS?. lrokeu
cloud, conditions made it difficult to locate the target with the
visual trac~~~. Radar target was established at 0751 PSI. Th.
aircraft was two miir’tes let, over the drop point at the simel—
ated. drop time of 0750 PS?.

- 10 -
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PROJECT 1.5o

0755 PSI - Information was received that no delay in detonation timewould. be made. The air craft pilot was informed to climb to oper ..ational altitude.

0810 P5? - This simulated. run was made while the aircraft was climbingto altitude. The run was unsatisfactory because the time scalehad. not been established..

0835 P8? - This simulated run ya~ att&ped. in conjunction with the —

other aircraft opera tion, using the sane simulated drop time.Th. aircraft warn late at the drop point by a minute. Overcastcloud conditions ~~ sted..
0900 P92 — This run vu the actual run. Th. aircraft pilot vu in.formed. by the 8CR 5814 operator to perform a 360-degree tm’n to• lose tine. Th 8CR 5814 radar lost th. target 3-29 .t 3-12 mm’-ute. and. did. not locate th. targ et 3-29 until 3-5 minutes, The

aircraft position was considerably b&’iM the tins sohedn]e.
~~ery attempt was made to gain time. The aircraft reduced a].ti- jtud. from 35,800 feet to 32,800 feet MSL in an atte mpt to gain
speed., however, th. lost tim. could nqt be completely compensated..
Parach uti-borne canisters No. 5, No. 6 and No, 7 were deployed at
3-100 seconds, about 145,000 fist short of the intended drop point.Canister J o. 8 was dap]~oye4 at 3+26 seconds qprommately over
ground. sero, however, the canister was in th. bomb bay at the ~riva l time of the blast were. The qproiimate posit ions of tb.
canister , at arrival t ins of the ubock wave compared. to the in-
t ended positions ar e shown in J igur. 2.2.

2.3.3 ~~ni ster D~p1c~ment ~~~~~~~ *

~~pl~~nent of both the G-foot fist ribbon parachute and the
20-foot flat parachute was satisfactory for all canisters. All canis-
ters and parachutes ,ur~ived th. shock wave. However, because of th
compar ative great ranges from ground zero to the cani sters no concim-
dons can be formulated with respect to destr uctiv , blast and th~ nsl
affects on the parachute-borne canister.

2.3.11. Radio !2]~~~~~~ ~~~~~~~!!~~&~~~~~

Radio telemetry s4r a’s from all .ijit parachute-born. can-• ister s were recorded by the radio t.1.s.try ground station from deploy-
ment time ~until loss of radio sigeals resulting from the eventual low
altitude of the parachute-borne canisters. Press ur e profiles of the
blast wave were recorde d from seven of the ei~~t canisters .
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Fig. 2.2 Parachute—B orne Cani ster Array
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2.3.5 Mult iple Obj ect fracking ~~~t~~i (NOTS) Operation

The Multiple Object f r k ~t~~ ~~st~n was originally con-
• ceived in Peb~uary, 1951 and develc,~~ent was initiated in March. 1951.

A~r’ing Operation JAN(L~ the instz,m~entat ion was still in the stege of - -

developuent, however, the results indicated that the ~~stem with minor
nodificat ions of instrunentat ion will be ~~eat1y improved, for futur e
operations. —

The range data obtained. were iqtermittent and no position-
al information of paracb~ite—borne canisters was obtained for the crit-
ical arrival time of the shock wave. The interrogated. replies recorded.
at the four ground. stations were as follows:

~ ‘otmd Station Cani sters l~iith Responded

No. 1 No. 8
No. 2 N o . 1 1 a n d N o .8
No. ~ No. 3, No. ii. a~d No. S

No. 1, No. 3, No. 14 and. No. S

2.3.6 Wind. Calibration Operati on

Operational plans included, the dep1~ ment of a par achute -
borne canister at H—lk hours to determine the aircraft drop point. It
was planned. to track the position of the canister during descent with
the )~ TS to obta in wind, drift data. However, at pre-test briafing of
the groraft crew the dep1o~ment of the calibration canister was can-
celled. by SWO. The pibal data gvailable at the Control Point were - •

used. to compute the wiud drift of the parachute-borne caniBtere. 
*

UNCL;s~u~u- L ~~
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3.1 DISC~78SION OF PR~~SURE REX~CRE6

The basic d~ta obtained are e~i~ ari zed in Table 3.1. The oscil—
logr~~~ traces are reproduced as Figures 3.1, 3.2 and. 3.3. The damped.
oscillations which ~~pear on the differential pressure gauge traces
imediately after the arrival of the shock wave are due to oscillation
of the air co1~~~ in the tube connecti ng the pressure probe to the
gauge and. have no bearing on the stri~~tur e of the shock wave itself.
The peak press ures tabulated bare been obtained by averagi ng these os-
cil].ations out and extr~~o1ating the mean curve back to the arrival
time of the shock front. The 0.7 psi gauge in canister No. 11 ~~~ears
to be considerably over—damped, so that a longer extr~~o1ation (over
about Qi. sac) was re~~ired in this case, but the peak over pres sur e
obtained ~~~ees veil with that measured. by the ‘under—da~ped. 1 psi
~~~ge on the sane canister. On canister No. 5 and. No. 6 the press ur e
differential existing between the sealed. reference chambers and. the
ambient atmospheric pre ssure put the low range differential press ur e
~~~ges off scale, so that no shock pres sur e re&i ngs could be obtained.
from these traces. On canister No. 7 both differential pre ssur e
~~~ges were off scale for the same reason.

Due to the lar ge errors in the dep1o~’ment of the canisters the
observed peak pressures are in most cases only a email fraction of the

F total range of the differential pressure gauges used., end. it is dl.ffi—
cult to estimat e the accurac y obtained. Anticipati ng that about 80%
of the positive range of the lower range gauge would. be used. in each
case, an overall accuracy of 3% of the tot al gauge range was considered.
accsptable. In the case of the + 10 psi gauge this would. mean an
lovable error of 0.6 psi , a value equal to the observed. peak pre ssure
at canister No. 1. However , it is quite obvious by inspection of the
trace for this gauge, shown in Figure 3.1, that the error in reeding
the trace displacement is certainly not 100% of its mazLm~~ value, and
is ‘very 1i~~].y less than a)%. Considering the excellence of the agree-
ment between the hi.~ i and. low range gauge T.RM ngs on canisters No. 1,
No. 2 and. No. ii, it is considered that the peak pressures at these
positions are very i~n’t iirely to be in error by more than 

± 
i$. In the

case of the low—range ~~~ge on canister No. 3 a gross error is suspec-
ted on the grounds of inconsistency with the other data. For cani sters
No. 5 and No. 6 the trace displacement is so wnaU that the rea’~4’~g
error is probab ly a major factor , but it seems un1ike1~y that thi s
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TABLN 3.1

Observed. Peak Pressures and fravel Times

~anister Gau~e Range ~~~~~~~~~~~ .~~biesit Arrival Tlme if
No. (Dsi) pressure (usi) Pressure (‘nat) S~iock Wave (sec)

1 + 10 0.60 11.80 5.112

1. ± 5  0.60

2 
± 5 0.60 11.10 5.21.0

2 ± 2  0.59 
_ _ _ _ _ _ _  _ _ _ _ _ _ _ _

3 + 2 0.142 10.52 6.832

3 ± 1  0.25

14 1 
- 

0.33 
— 

9.135
14 ±~~•? 0 311

5 e 0.7 0.030 8.66 136.~ 4 
—

— 

6 ± 0.11 0.030 7.]J1 136.0)4

8 ~ 0.2 0.068 3.85 25.135

8 ± 0.2 0.07)4

could be more than + 33% of the indicated. peak pressure. Canister No. S
was still in the bo~b b~~ of the airoraft at the time of arrival of the
shock wave. As a result, the note. level was quite hit, mting to
about 50% of the peak shock pressure as shown by the traces for this
canister in Figure 3.3. In spite of this, the difference between the
two ~ ngee in this canister is only 8% of the mean of th. two and it
will probably be conservative to aast~e that the mean peak pressure is
reliable to at least l~~.

3.2 D T E E~WiA~PION 07 CANI~~~~ POSITION

In the absence of s~~ficiemt )$Y~S data for a complete detexndna-
tion of canister positions the altitudes and slant ran ges have been de- -
termined as accurately as possible from the telametered ambient pres-
sur es and. shock wave err ival times. Radiosonda tenperatur e, pre ssuri ,

- 
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PROJECT l.3o
and wind, data for 0700 and 1000 P9~ on the day of the shot were sup-
plied by the Nevada Test Site Weather Station and are given in Tables
3.2, 3.3, 3.14 and 3.5. I’ron this data true altitude vs. pressure was
computed by the ~~~erimental Weather Station of the Geophysics Research
Division, AFCRC, using standar d meteorological procedures. The a].t i—
tud.es given in Table 3.6 were then obtained from the telemetered. embi—

p ant pressure data by interpolating for the time of the shot (0900 Psp) .
The a~bient pressur e values are considered to be accur ate to about 0.1
psi , corresponding to an altitude accuracy of about + 2)0 ft. at 6000
ft. or + 500 ft. at 30,000 ft. At 30,000 ft. there ~ay be an addition-
al 500 !‘t~. uncertainty in the pressure vs. altit ude data used. in the
reduction .

To convert the observ ed, travel times into slant ra nges a provi-
sional angle of elevation from ground. zero for each canister was first
assumed. ~~~ected values of peek overpressure as a function of die—
tance along the radial lines from the bomb to each canister were then
computed and used in conjunction - with the rad iosonde tempe rature and
pressure data to compute the shock propagat ion velocity from the Ran-
kine-Hug,niot equation.

U = ~i~(6/~)(a~/P0) (3.1)

~~ere U — shock front velocity
= sound velocity at the ambient temperattn”e

4 P = peak overpress ur e

P0 ambient pressure
To this was added the cos~ onent of the wind velocity, as deternined
from the ra~1iosond.e data, along the variou s radii to the canisters.
(Since the azimuths of the canisters from ground zero were not accurate-
ly known, it was assumed that the whole arr ay lay in a vertical plane
along the fli~~t path of the aircraft, which was 210°. Canisters No. 1
throu~ i No. li were known to have been dropped beyond ground zero and.
canisters No. 5, No. 6 and No. 7 were short of ground. zero, hence it
was assumed that the shot to canister azimuth was 210° for No. 1 thrnu~i
No. 14 and, 30° for No. 5, No. 6 and, No. 7, Canister No. S was suff i—
ciently near to the vertical above ground zero so that the wind. compon-
ent in this case was negligible . ~~om the resultant radial. velocities
the travel times along the radii to each canister were computed as func-
tions of distance. These values were then converted. into average velo—
cities as functions of time. The average velocities and. computed radial
distances corresponding to the observed travel times for each canister
are given in Table 3.6. Since the angles of elevation corresponding to
the ranges and. altitudes shown in the table do not differ greatly from
those assumed inithily, a second spproximation was not justified by the
accuracy of the data. At these rang.s the computed average vilocitiss are
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p .. T&~~~3.2

Radiosonde Press e-Temperature-AJ~titude I~ta for 0700 PST
19 November 1951

Pressure 1~ w Point A1t1t~z~a(milhibars) Temp. (00) (°c) (ft. I~SL)
875 — 2.2 —15.6 14127

863 — 5.5 — 7 . ~ ~41467
850 — 14.5 — 8.5 ~4837

P 797 — 3.2 — 14.6 
- 

6587

708 — 3.2 — 5.2 9557
700 — 3.0 — 6.0 98117
687 — 2.2 

- 
— 8.6 10322

~53 — 14.8 —22.6 11632

585 — 14.5 ________ _ _ _ _ _ _ _ _ _ _ _ _ _

522 — 6.8 
___________ 

17372

500 —13.2 
__________  

1814~ 1.

__________________  

—27.0 —39.2 238714
3145 —314.0 -110.2 27319

305 —110.0 
- — 

..50.0 30089

300 ..41.5 
___________ 

3014149

257 -50.0 
___________  

338149
3)0 —63.8 

___________  

390349
150 —66.0 

— 

1314789
1142 —69.0 

___________  

145865’
lao —67.9 

___________  
52765

70 —Gi.o

____ — th lt1l ~& 4 LEtII...__,..~ _ _ __ _

- 
‘ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~~~~L - L ~~~~~
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• _ _ _

Win&~~ta for 07OO PST19 Jov~ ber 1951

.Altitnd.. Wind. •

(ft . M~~) Telocity (knots) lzi~~th

11127 calz

• 5~OO

3.3 160

1000
_ 

18 110

22 190 - -

9000 29 3)0

10000 33 3)0
13)00 33 21.0

111000 146 3)0

3)0

1~ )00 
- 

37 3)0

1~)0O 33 3)0

3)000 75 3)0

21000 83 3)0 
-

— 22 —
S 

~~
••- ••-., •-‘

~~ ~~~~~~~ 
-

- - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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TALE 3.14

Badiosonde Pressur e-T~~~era ture-.A3.titude t~ta for 1.000 PST• 19 November 1953.

- 

Press ur e 
— 

D~~ Point Alt itude

-__
(millibars) Temp. (°c) 

— 

(°C) (ft . M~~)

875 +10.5 — 9.5 14127

- 
850 + 6.5 — 8.5 14907

830 
- 

+ 6.2 — 14.2 5~~ 47

732 — 1.0 — 5.0 8887

700 - 2.0 — 8.1 10037

665 — 1.2 —2).1 11357 
-
~~~~ 2

572 — 9.0 
_ _ _ _ _ _ _  

15237

561 — 8.2 15717

500 -‘15.0 18597

1100 —22.0 
__________  

~ 40147

370 -.31.3 ..143.2 25887

33) ..lj0.2 
— 

29187

300 .~)1.3.0 
__________  

30627

- .~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I 
¶ 

-
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• TALE 3.5

Data for 3.000 PST
19 November 1951

L1.titnda Wind. - -

- 

(ft. !4SL) — Velocity (knots) Azinro.th

11127 calm 
_ _ _ _ _

5000 calm

~C00 13 170

- 

7000 3) 180

8000 180

9000 2)0

1.0000 32 3)0

13)00 37 3)0
• i11ooo 110 21.0

15000 141 ao 
—

i.E000 1114 210

1&)00 63 3)0

3)000 514 3)0

25000 57 3)0

30000 56
35000 60 2w

~~~~21~~~

~~~~~~ 
w ~~~~~~~~~~~ ________________

- - •_• _•_a~~
_ I ~~~~~~~~~~~~~~~~~~~~~~
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T~BLE 3.6

Computed Slant Ranges and. Altitudes of Canisters

Computed ~ er-age Velocity Altithds Altitude
Canister to Canister Slant Range, R (ft above (ft above

No. (ft/sec.) (ft ) sea level) ~~oim~. zero)

3. 1277 6530 5980 1780

2 1263 6580 76110 314340

3 ia6 8310 9070

14 1191 9670 11890 7€/jo

5 
— 

1153 514010 i14o60 9860
6 1158 55630 11472)

3 3.100 28000 
- 

33280 23080

not particularly sensitive to the assuned variation of overpres sure with
distance since over most of the distance A P/P0 is a smefl qjian tity. .~~~~

indication of the probable ~ curacy of the ccz~iixted ra nges m~~- be ob—
tatne& fr ~~ canister No. 8. Since the calculated. slant range comes out
to be less than the altitude above gound. as determined from the ~sbi—
ent pres sure data, this canister must have been nearly directly above
~~‘o~~~ zero. The dis r~~ax1q of 1080 f eet is 3.$ of the mean and. this
is at least as likely to be due to an error in the altimeter altitude
as to an error in the range c~~~uted. from the travel t ime. It is t~er.-
fore considered. that the computed. ranges are ancm’ate to at least ~~.

3,3 ~~~~~~~~~~~~~~~~~~~~~~ 0P~~~~ ff ~
The ~taospheric pressure at the alt itmie of the shot was 12.60 p~ .

so that k) - 12.60/114.70 .857 a*4 k - .950. The scale fantors A andA
hwe been computed as functions of altitude by utzerical .aluetiog

of the inte~’als ~ p.ering in eqs. (i.6) and (1.7), using the rnd.to-
scud. aeteci”olo~ .ca1 data. The values for the altitudes of the various
canisters are given in Table 3.7 together with the values of f(r)

AP/k~~ and r - kWS. icr canister No. 8 the slant range used. is the
~~an of those determined frem ~he altimeter and from the shock ~~~ e

• 
~~2 5 —

—3 --I - -

-
~
__ _ _ _ _ _ __ _ _ _ _ _ _ _ _  
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PROJECT l.3o

travel time. Th e values used for the peak overpressures are the means
of the readings of the hi~ i and. low range ganges when both were ob-.
tam ed, except in the case of canister No. 3, for which, as previously• noted, the reading of the low range gauge is ~~oeely inconsistent with
the other data. The tabulated values of f(r ) are plott ed ~geinet r in
Iigw~s 3.~4 (circled points). Sini li’riy reduced values obtained from
surfece measurements are also plotted in the ~i.gure (triangle points).
The latter points have been computed from a tabulation of distances to
given peak overpressures supplied by the Ai~ned Torcea Special We~~ona
Project and. do not represent the original data. Th~r are shown here
for comparison purposes only.

• To compare the present results with small charge measurements we
use the data for peutolite spheres obtained by Stoner and. BleaknqS.
The gLa3.ytic expression which the anthors give to fit their data be-.
comes for 1 lb. of pentolite

4 P = 18142/? +275.7/r’~+3]..97/r (3.2)

whereAP is in psi and. r is in feet . If we take 3. lb of pento lite to
be equivalent to 1.3.8 lb. of ThT this becomes

= 156]./x~+2~46.9/r’+30.26/r (3.3)
for 1 lb. of TNT. This expres sion is derived fr om experimental data
covering the ra nge of overpressuree between 35 eM 1.5 psi. .~~cording
to an ~ ,p~oT{fl1ate theory for gm&i blast pressures developed by Bethe
and. Tuche , the peak pre ssur e should. Mmi~~sh at long ran ges like

41’ = (3.14)

where A and 3 are constants. A umerical expression of thi s form which
joins eq.. 3.3 smoothly at about 1 psi is

= 36.50fr~fi~~,5(r/14.14â?) (3.5)

(The values of4 P given by equations 3.3 and. 3.5 ~~~ee to within 0.3$
Ia the range between 0.86 and. 1.29 psi , within 3$ between 0.~~ and. 1.7
pai, and. within ~~ between 0.~~ and. 2.95 psi) . !rom overpressur e mea~~

5 B. C. Stoner and W. B1ea1ai~r, The Attenuation of ~ berical ~ ock
— Waves in Air , Jour. App. Phys. 19, b70 a9Le3Y~

6 N. A. Bethe and E. Pucha, As~mptotic Theory f or ~~aU B3.ast Pressureg~
Los Almos Technical Serie fla 1021, Vol VII, Pert II , (bmpter 8.
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1 1 1 W  I I H H I I  I I 1 1 t H
PEAK OVERPRESSURE VS DISTANCE

20 — \  REDUCED TO IKT IN A HOMOGENEOUS —

UNBOUNDED ATMOSPHERE AT 14.70 PSI
AMBIENT PRESSURE

10

5 ...... —

U)
a.

I —

I- 1 2

::
— 08

0.05 — —

— ~~=GR0UND DATA

— 
O=PARACHUTE GAUGE DATA 50 06

0.02 J I H I I  - I ~ 1 1 1 1 1 1 !  I I 1 1 1 1 1 1
500 1,000 5~ 00 10,000 50,000 100,000

DISTANCE y = 
~~~~~~~~~ 

(PT)

Fig. 3.4 Overpreasure Function —Distance Curve
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‘t’A~T~~ 3.7

Altitnde Correction Scale lactors and. Observed Data Bednoed.
to 1 ~~ at Sea Level in an Unbounded Nomogeneou 1tmoa~&iere

Canister Altitud e

- 

No. ~Above ~~ot (tt) A ,t4 f (r) =4P/k~ r = Ic LB/S

- 

1 1780 1.03) 1.007 0.695

— 

2 3~4110 1.090 1.017 0.683 52140

3 14870 1.136 1.0314 0.14714 6900

3 0.~~2

14. 7690 1.212 1.0147 0.373 855~
5 98&) 1.278 1.06$ 0.033 ~ 14oo

6 ‘11473) 1.14147 1.101 0.032 58800 —

8 285140 2.270 1.335 0.062 147300

‘ur~~mnts in previous atomic bomb test s it has been determined. that the
redio-chamical].y detez~nineo. yield ii not the same as the wei~~t of ‘.~ T
that would. produce the same peak pressure cc. distance corce. For corn-
parison with the prese nt data ‘we asc~~e that for blast press ur e a 1 ~~
nuclear explosion is equivalent to ~D0 tons of ~T, so tat equations
3.3 and. 3.5 become for 1 nuclear ~~

4 P = 156i~t]O
’ 

/r’+~~6.~xid/r~~ 3026/r (3.6)

for 1<~P(55 psi and

AP = 365)/r V~~~~~
1

~4~ T (3.7)

for 6P’(l psi. The solid. curve shown in Pigure 3.5 is plotted. from these
tipreesione. It should. be no;ed. that the aaaim~tion of a nuc1ear—to-~~conversion factor oZ* thai we used. to make the curve der ived from ~~
data fit the pres ent observation s is no more reliable than the groimd
reflection factor of 1.8 that we ha. asmined.. Thus if we hat used a
groi~~ reflection factor of 1.5,. nuc1ear-to—~~ conversion factor of 0.E~
would have produced. the same degree of ~~ eament betveen the ob.ea’ved
and cc~~ut.d pressur es.
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OO&~ JUSIONS .AND ~~~~~~~~~~~~~
14-.i Oo1~cI~SIa&s

The operation was intended primarily as a prelimitiary test ofequipment and. techniques in anticip atio n of futur e tests with a more em-tensive ar’r~ r of parachute-borne pressure ganges. Any conclusions thatmay be dr~~n from the presen t data must therefore be considered as ten-ta tive. In par ticular , the posit ions actually atta ined by the cwii~—ter s were very far from the intended vertical array above ground. zeroand were not such as to provide a clear out teat of the ~~che altitu decorrection. Por canisters No. 1, No. 2, No. 3 and. No. 14 this correc-t ion is of the seme ordar as the estimated error of the peak pres sur emeasur ements, while canist ers No. 5 and No. 6 were at such great dis-tances and. low shock pr essur e levels that erratic results are to be em-
pected. dna both to errors of measurement and. the effects of sh ock wave
refraction. The data from canister No. 8 is questionable becaise ofthe relatively hj~~ noise level and the possibility of systematic errordna to shock reflections within the bomb bay of the air craft , With
these caitions in in1M it is, never theless, interesting to note the ex-cellent agreement exhibited. in Pigure 3.~ between the reduced data from
canisters No. 1, No. 2, No. 3 and. No. 14. and. the computed curve, ~~ith‘was derived, from ~~ data as described, above, and. which forma a reason-
able extr~~olat ion of the ground pres sure measurements. If the para-~ -chute gange data is reduced without ~~plying the Jucha correction (i.e..
ifAP/k’ is plotted egeinet a/s) we obtain the points plotted in Pig-ure 3.5, which fail systematically below the computed. cur ve. It would.,
of corn-se, be poasible to dra ~ a reasonably smooth curve throu~~ thesepoints and the ground pressure points, but this would produ ce an f(r )
curve that falls off at large distances at a rate considerably greaterthan 1/i.. ~~ijch cannot be reconciled with either e~~erimenta]. ~~ data
or theory. There is therefore juatificat ton for concli~dine that the
present data st~port the Puchs 4~ ieory within the probable accuracy of
the observations out to overpressures of about 0.1 psi.

14.2 ~~~0 T ~~~~I~~ S

Since the data obtained in the present test are insufficient for ad~~inittve test of the altitude correction theory, it is recoiunenijed.
that further tests be carried. out using t~~ to 3D parachute-borne canis—
tar , in an array distributed. ~~anetrically in the ~ç and. down wind di-
rections from gro~~~ zero and positione d to cover the range of peak

• overpreseures from about 0.15 to 14.0 psi. AU possible effort should.

Uhku~~~ 1JJt L. 
~~~~~~~~~~~~~~~~~~~~~~~
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be made to perfect the MOTS system for position determination so thatit will not be neceosar y to rely ~~on £ timeter and, travel time datafor range determination in future tests.

• After satisfacto ry data has been obta ined from tower or surfacebursts and, canister positioning techniques have been perfected it
would be very desirable to make air-borne blast pressure measurements- with an ajr burat atomj~~b~~~~jn oi.cj~~~to aeparate the factoi’, ofequivalent K~ blast yield and. ground, reflection.
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APP~~DIX A.

RADIO q~~~~~~~~ypg’~ ~~S 1 ~~~ATI~~ AND CALIBRATI~~ 
—

£1 ~~~~~~~~~~~~~
Pres sur e meas~ning inatrunentation was aocc~~lished. try the Paci-

fic Division Deve1oj~memt Laboratories, Bendix hiat ion Corporation ,
V Burbank, California, undei’ Contract AP 19CL22)-’459. Radio telemetry

instr~nientation included the desi~ i and fabrication of parachute--
borne canisters and. receiving-recording ground. stations . Instru~en-
tat ion required the simultaneous measurement of ambient pressure and
differential press ur e at ei~ it locations vertically above an atomic
detonation.

£1.1 Can ister~ Physical 
]~ ta

The parachute-borne canist er in Pigure £1 has the fol-
lowing wei~it, and, form factors:

• Wei~it 275 pounds

over-aU length 86.25 in~1’es

Air—frame length 50.75 inches

Antenna probe 25.50 inches

Air-frame diameter 111 inches

Nose section 1450 cubic inches

Battery and power m~ ply 660 cubic inches

Radio Telemetry equi~~ent 570 cubic (~~,h.i

M~~S .quipnent 11470 cubic inches

Parachute section 12,0140 cubic inches

In addition, space was provided, for antenna tim4 i~~~ and. filter units ,
insulation, cable lines, circulation space around the equip~emt ~~~
mounting frames. The canisters were w.t~ited. with lead plates so
that the OG fell ~~proxLmately midway between the two bomb shackle lug,.
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£1.2 Canister Radio Telemetry Instrunentation

A block diagram of the radio telemetry instrunentation con-
tam ed, in the parachute—borne canister i~ shown in Pigure £2. The sys-
tem operated on the principle of BM/EM and consisted of a press ur e pick-
i~~ probe, two differential press ure transducers of different range, a

• pressure altimeter transducer, three sub-carrier oscillators of differ-
eat frequency, a crystal controlled. ~~ oscillator, a differential pre e-
sur e refer ence chamber and. associated parts.

Prior to deployment of the canister from the aircraft , the
equipment was internally preheated. by thermostatically controlled , strip

• heaters strategically located~ in the air frame to maintain operating
ton~srat ur e of vital co~~onents during hi~ i altitude fli~ it. The alec-
tronic equipment was powered. by the aircraft ’s power system and. con-
trolled at a switch panel in the aircraft. During check-ant procedure
voltages and currents were monitored. At the instant of deployment the
canister electronic equipment was antomatically switched. to the internal
canister battery and. the sequence t4ming motor was started.. The canis-
tsr was deployed on a six (b) foot fiat ribbon parachute using the stan-
dard static line. The terminal rate of descent was equivalent to 135
feet per second. at sea level. At a predetermined time after deployment
a relay was actuated by the sequence tiln4ne motor ~â~±Ch ~~~lied power
to fire a sq,uib cutter. The cutter released the ~Z-foot parachute which
reduced. the rate of descent to an equivalent 22 feet per second at sea
level. During this time the pressure in the reference chanber increased
arid, the altimeter data was telemetered. to the ground receiving-recording
station . The acoustic iuqedance No. 1 produced no eppreciable lag in
the pressure time char acteristics of the qstem since the rate of ~,hm’~ge
of pre ssur e durin g the descent on the 28-foot parachute was extremely
slow ccm~ared to the time constant of the iu~ edavce. Within ten seconds
of the arrival time of the blast wave a second relay was actuated. by the
sequence tlin{r~g motor. This relay circuit, in series with the power
source, blast switch and solenoid valve, armed the blast .iitch .

On Arrival of the blaet wave, the blast switch was actuated
and, closed, completing the circuit to the solenoid valve thus sealing
the pressur e in the reference chamber. This pre ssure , as recorded by
the altimeter , was the reference press ur e value for the differential
pres sur e gauges. The blast pressure was trananitted. throu~i the cmiii—
directional spherical pic~~~ probe to the transducers. The differential
pressure transd ucers were activated by the blast wave and. produced the
corresponding frequency shift in the sub-carrier oscillators. The out-
put of the three sub-carrier oscillators were mixed and. the composite

• war e then frequency modulated. the hi~~ freq’~ nc~y carrier oscillator.
The resultant WiTh car rier was tra i~~ itte d via radio link to the re-
ceiving—recording gro~~~ station.

.~
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Fig. A.2 Radio Telemetry Instr umentat ion Block 1)iagran
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• No$ninRl freque ncy response capabilities of the three sub-
carrier cba~mels used. in each canister radio telemetry system ware as

• follows:

zirmel ?i~mction ~~~~ Response

7.35 w Altitude U0 cps
k ID.5 ~C mfferemtial pressure, h1~~ range 1~) cpa

llL5 KC Differential pressure , low range ~~~ cpa

Table £1 ehows the specific types of equipment instr~miented, in the can-
later.

£1.3 Ground, Radio Telemetry Instrumentation

The ground receiving-recording radio telemetry station con-
sisted. of ei&lt receiver—recorder sections, one section for e~~ para-c~~te-borne canister as shown in Figure £3. Each section contained a
1K receiver tuned, to the carrier frequency of the particular canister.
The output of the 1K receiver, a mixture of the or(fi1E~~ t~~ee 1K sub-
carrier frequencies, was .~hirni’~eled to filters adju sted. to pass a fr.-
quency bend, commensurate with and. centere d ~n the quiescent frequency
of the particular sub-carrier. The output sigeals were a ataly con-
nected to sub-carrier discr(mi~~tors which prodnced. a varying current
proportioned to the original pressore stimulus. The output signals ware
then applied to appropriate deflecting gelvenmeters of the recording
oeciUogre~h. ~~o Consolidated Model 5_111)~P11. recording oscillogrspha
were connected in parallel to obtain a recording on Eastman TAn~,grsphtype &)9 paper at a recording speed of 1.8 inches per gecnzid and a re-
cording speed. of ~ ,.6 inches per second,. The gelvAn~~~tera used in all
oacillogapha were Mi~ ,estern. Gea~~’sica1 Laboratory Modal 107,1100.
These galvano~etara hed an undarped. natural. freqi~ icy of 1100 cpa but
were u’a~~etica1ly danped to eo per cent of critical denping.

Two ant,~’~~ were mounted on ~~-foot masts at opposite ~~~~~~~~
-

nsa of the trailer. Each antenna consisted. of two folded dipoles each
with a reflector and director, spaced spprox~ ate]1y one-half ware
lemgth apart. The antennas were mounted in a ‘vertically polarized di-
raction and, were capable of being electrically trained thro’u~~ 1~ de-
grses of azimuth and, prori~atsly 100 degrees of elevation, controlled
from inside the trailer. A special coupler was ~~~1cyed which allowed
each antenna to be connected to four receivers. The gain of the eaten- -
ma and. the loss of the coupler were such that an over-all gain was ri. ]-
ised for each receiver over that which ~~~~~ be obtained with each re-
ceiver operated~ from a separate dipole ant.”~a,

The operational trailer contained. two sets of identical
equipment located on opposite aides of the trailer interior. set
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of equipment consisted of four receivers, four filter-~~~lifier chassis,
twelve discriminators, four low—pus filter chassis, one monitor panel,
one oscillograph control panel and two consolidated recording oscil-lo—
graphs. The combined equipment of both sides of the trailer, the antan-
nsa and, a co~~~n voltage regulator i.mit were sofficient to receive and.
recor d. the radio telemetry data from the ei~~t parachute-borne canisters.

£2 flAT~1P I~~I~~~ 

-

The receiving station instr~~ ntation was calibrated by feeding a
series of standard andio frequency signals to appropriate sectional die-

- ? criminators. Nine at~pti~rd. frequencies were fed into a group of four
discriminators having center frequencies of 7.35) IC. Another series of
nine freq uencies were fed. into a gro~~ of 10.5 IC discriminat ors ~~~ 

-
:

likewise with the 111.5 IC discrl~nT(nators. The frequency values were
such that they covered the range of the discrlm~natora, i.e. ~7~% of oem—

- 
- tar frequency. The values of the calibrati ng frequencies us~~ for each

group were:

7.35 K C g r~~~ ~~~~ IC group ll~~~E groi*~ 
-

6800 cpa ~~~g cPa i3l400 cpa

7000 10000 13900
715) 102)0 l11~~0
735) l0~~0 l~~)0
755) 10800 114800
7700 11000 1
7800 112)0 1
7900 11300 l5~C0

A~ short recording was made on the oaciflograph for each calibrating Zr.-
q~i~ ta~ fed to the discriminators. Since the output of each discrimina-
tor was connected to a gelvanometer of the oscillograph, every ~hnv~ge in -
the frequency of the signal intro duced to the discriminator , resulte d. in
a corresponding ~~a~ge in the deflection of that particular galvanometer.
The galvanometer deflection in each ~ha’~ e1 was measured and~ recorded
for each input frequency to the discriminator. The values were used to
plot curves of galvanometer deflection versus frequency.

The pressure transducers consisted of a ma il piece of nn-meta]. ~~
an Z-coil enclosed in a metal. case. ~~ varying the distances between the
mu-metal and. the }.coil the in~1v!tance of the I-coil is th,me,d. The
I-coil was the ini¾~ tive section of an oscillator circuit , ant by attach-
ing the piece of en-metal to a movable part of the M aphi’.age of the
transducer the mov~nent of the en.metal caused a cth~i~jge in the frepa ~~~
of the oscillator. Accurately standard. presa’~~e values were applied to

~~~~~~~ • •  ~~~~~~~~~~~~~~~~~~~~~ • • . ~~~~~~~~~~~~~~~~~~~ ••  ~•~~~~iPU _
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each tr~naducer, covering the entire range of each picb~~. The frequen-cy of the sub—carrier oscillator connected to the transducer was record,- -ed end. a calibration c~~ve of frequenc~r versus transducer function was 
- -plotted..

£3 1~~~L ~~~~~~~ JCTI(~~~~ ~~~~~~~~~~~~~~~~~~~

use of the aforementioned. discr1n~inator and. transducer oa],ibra-tion curves, a correlation between transducer fimction values and gal-v~”~~,ter deflection values was obtained. These data were tabulatedfor each co~~on value of frequency. Curv es were then plotted for trans-.
ducer Auction versus galvs~no~neter deflection for each telemetered, chan-.
nel of each canister. The curves were used. to obtain scales ~ iich werecalibrated in terms of the function to be measur ed..
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APP~~~I X B

M~~~~~LE OBIT.~~ T ~~A~~ING IN t TJ~TI~~ AND CALI~~.~~I~~4

3.1 fl~~~~~U~T~.4~ION

The instrumentation used to track the ei~it parachute-borne canis-
ters was developed by the Glenn L. Martin Company, Baltin~ra, Maryland,

3 tmd~~ Contract AT l9(122)-~4Eo. The syst em is based. on the triangulation
of range measurements determined from each of thr ee or more ~ ‘ound. based
interrogating stations to the airborne beacon responder unit. The sys-
tem is capable of tr~i’lr~ng thri ty—two canisters, however, only e1.~it
par~ohut.-borne canisters were deployed. A picture of the airborne bea-
con is shown in Pigure B.l and. the ~~o~md. station is shown in figure 3.2.

A block dia~ ’em of the airborne and ~~ound station system is shown
in Yigure 3.3. A one second timing signal initiated the operation of
the .qncbronizer-cod.er throu~i a station delay which proportioned the
operating cycle of each ~~ound, station over a porti on of the one second
interval. The synchronizer-coder generated a coda train consisting of
a star t pulse, a five digit binary code and a range pulse. This code
train modulated. the transmitter and. also opened a range gate circuit in
the range oscillator. ~~en the range gate was opened the output of the
range oscillator, 9.$36 MC , was fed. into a twelve digit binary counter .

The tran~nitted. code train was received i~r all airborne beacon re-
ceiver s and. waS passed. to the decoder . Each decoder was desi~ ied for a
selected binary number so that it differentiated between the selected
ntuber and, a].]. others so as to excite the mod,ulator only when the selec-
ted number occurred. mien the selected number was received the decoder
ezcited. the modulator which pulse modulated the beacon tra r~w’itt er. The
beacon trm,wn4tter response pulse was then trenemitted to the ~ ‘tnmd
station receiver and. then to t.ae ran ge timer which turned. off the range
gate. ~ zring the interval between the ~~ound, station tr,inwnl asion of
the range pulse of the code train and. the reception of the beacon
pulse, the binary counter lied, counted. the number of cycles of the 9.836
140 range oscillator. The number of counts being a function of the range
from the airborne responder beacon to the g~ound interrogating station

- was recorded with the selected binary code number. A reset pulse reset s
the co~mters to zero s for the next code train.

I~en one ~~ound. interrogating station completed. the cycle of thir-
ty-two code trains and. ranged on the airborne responder beacons, another
~~~~~ station , delayed an appropriate time, init iated. its cycle. Each
go~~~ station interrogated all beacons during the allocated time of
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the one second. interval and the entire process repeated d.uring each suc-
cessive second. of time.

The system was desi~ ied to Aiave a mazimum static range accuracy of - •

- 

- 
+ 5) feet and a maximum range of 2)U,$OO feet . The posit ion of the air—
~orne beacon located in the parachute-borne canister was based. on methods
of tria ngulation from the range data obtained at each ground station.

3. 2. C.ALTRR-4TIO~
A ground sub-station contM ning a beacon similar to the airborne

beacon was established. northwest of ground zero. A survey was made to
obta in the accurate slope range from each HOTS ground station to the
groi~~ sub-station . Th~ring the C~eration J.ANGI~ the sub-station was con-
tinmous].y interrogated. by each HOTS station . A comparison of range read-
ings from each ROTS station to the sub-station with the 1c~own range estab-
lished the inherent delays or effective range error of each gro~~~ station.
This range error was then app lied as a correctio n factor to the range data
obtained from the parachute-borne canisters.
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APPflWIX C

MA~ ThMATICAL SYMBOLS

t f(r) peak ov’erpressure vs. distance funct ion for 1 ~~ yield

B olant range

z altit ude

W yield. of bomb

h attitude of bomb detonati on

4 P free air peak overpre asm’es

S scaling factor ~ P13

Ic Sach’s scale factor

P0(z) atmospheric pre ssure at altitude z

f (z) atmospheric density at altitude z

c(z) sound. velocity at altitude z

P0(h) atmospheric pre ssur e at altitude h

t (h) atmospheric density at altitude h

o(h) sound. velocity at altitud e h

T(z) absolute temperat ur e at altitude z

T(h) absolute temperature at altitude h

Fuchs scale factors

~iock front velocity

r k AB/S
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ABS~~AOT

Bsoords of air ov.rp r.ssur . versu s time were made at .ssentla137
pound—level stations for both surfac. aM “~‘r’p onM atomic explosions
of a ro~~~~t.3~y ens kiloton yield as part of Operation JAJGLN in
November 1951. 7cr the surfac , shot several instruments wce p]eo.4 On
a line ezt.Ming from an overpr .ssur e region of 13 psi to a region of
1... than one psi; hi air measurement. for the ‘pound shot ranged
from ~~ to 2 psi.
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IMTRO~ YCTION

1.1 ~BJ10TIV1

3 The responsibility of Project 1.4 was to record the pr.ssur.-time
wave form of the air blast at stations throughout the mamas where
structural i~-m*~~i was to be investigate d; measuring station s were to be
set up along a rad.ius (the major blast line ) from the predicted. edge of
the crater-throwout to a pressur e region of approximately 2 psi. The
measuring system was to have an over-a ll response of 500 op. or better
and an accuracy of 5 per cant .

Although not a part of the mission assigned to Project 1.4, a rough
examination of the symmetry of the divergent air shock wave was mad. by
means of ~~val Ordn~Lnce laboratory indenter gauges.’

1.2 ME~~OD .QJ OBTh.IJING DLTA

free air pressure was measure d along the ground. from an over pr ess~~sregion of 13 psi to a region of less than one psi on the surface shot and.
from ~~ to 2 psi on the lm4ergrouM shot. All pressure measurements were
made by means of Wi*ncko pressur e gauges ex~spt that for the 4,200 foot
station which was made by means of a self r.oord ing inter! erometer gauge.

In general two Wisnoko gauges were used. at each instrument station
to obtain duplicat, pressur e measurements. ~~ta tr&nsmission from each
gauge was effected either by a wire link or by a rad io telemeter link.
Unless otherwise noted, th. data pres ented in ~~bles 3.1 aM 3.2 were
transmitted. over a wire link.

AU wire-link ch* n,ls have an over-all system frequency response
which ii flat from 0-500 api while the radio telemeter ~~~~~~~~ hay, an
over-all system fr sqii~ncy response which ii Slat from 0 1,500 op.. The
1(ll,a i.ity of both systems was within 1 per cent . Signel amplit udes for
th. wire-link ch nnels were approximately twice those of the radio t.l.-
meter ha’ els.

• ‘~~a!er, P. 3., Operation SAIWSTOU, Part II , Oh 9, Vol 21, 19~8
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PROJ ECT 1.4
p At the time of detonation a burst of noise occurred on all ChnL flhiels

(Pigure 3.1), aM the beginning of thi s burst of noise was us.4 as zero
for the tint e base.

To ~~~iin~ the symmetry of the divergent air shock wave five instru-
mint station s consisting of four Naval Ordnance laboratory indenter gauges
each were placed on the circu mferen ce of a circle havin g a radius of 1,700
feet about ground. zero. Per the underground shot four instr ument stations
consisting of four indenter gauges each were placed on the circumference
of a circle having a radius of 1,200 feet about ground zero.

locations of all instrument stations for the surfac e and, underground
shots with respec t to ground zero are shown in figures 1.1 aM 1.2.
Instrumentation is discussed in Section 2.

H
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SIOTIOB 2

DI SCUSSION 2J~ INSTmIMUTLTIQN
4 2.1 YIAE~O ~~~~~~~~ _ _ _ _ _ _

Jor ole se-in pressure measure ments , variable-reluctance gangs.-
wm4aotured by th. Wiancko Corp oration were chosen for two reasons . The
Weapons ~~feots Department of 8~~nMs Corporation mad.e an extensive surv sy

j of th, entire field of pressure-measuring instru ments in connection with -

V par ticipation in Operation ~~flhI~OU$~•* It was found that the Wianeko
~~pe ~—PAD exhibited desirable cha ract eristics for this type of operation ,
namely, short rise time with adequate damping, good, response to near static
pressures such as occur in th. negative phase of a shock wave, high-level
signal, ant relative ly little response to accelera tion. Th. last character-
istic indicated that the WiknI,b o gaug. would be an excellent choice for
Operation JA~~L3 since lar ge accelerations resulting from earth shock were
antici pate d. Moreover, the var iable-reluc tance gauge readily lends itself
to applications involving carrier current systems such as the Consolidate d
~~st D’~ equipment available at the ~~~~~~~~~ Corporation .

The second reason for choosing the Wianako gauge was its availability .
A number of these gauges were procured for Operation G1~~ IR0US1. The gauges -

~were rst urned from the Pac ific Proving Grounds in time for use in the Novea-
bar tests. ~~~ the choice of this gauge gave a satisfactory solution to a
major logistic problem of procurement without further overloading instrum ent
~~~~ aotur ers.

The VtaInt k o gauge consists of a twisted Bourdon tube , an iron vane, a
small 1-coil , and the associated canister necessar y to support and house
these components. The iron vane is mounte d on the free end of the Rour don
tube and oriented. in such a way that the twist of the Bourdon tube gives
rise to an angular motion of the vane, thus increasi ng the inductance of
on. leg of the 1-coil while decreasing the inductance of the other.
Isrtbrop s has given a complete description of the W4.I cb o gauge.

Since a relative ly smell number of the available gauges was required
for Operation JA~~L*, it was possibls to give considerable attenti on to
sh ooting those gauges having optimum chara cteristics. To determine the
gauges having the best charact eristics , a conventi onal four—arm inductance
brid ge was ..ployed. in which the Wiancko 1-coils formed the two adjacent
active ar ms. Th. brid ge was excited from a lO—kc source, and provision
• Northr op, P. A., Operation O!U~~OUU, Scientific Directors Report ,

&rm .x 3, 4, Part l, bh l , 1951.
“$tatio..~~mamio Recording Measurement ~~stem D, Ooasolidatid Nogineering

Corporatien, Pas’d.na, Calif orn.ta.. 
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was made for amplitude and phase balance of the bridge . Application of
pressur e to the gauge resulte d in a br idge unbalance proportional to the
applied pressure. Pres sure st~nd~’ds were Wallace and Tisrnan aneroi&.
type gauges and Reise Bonrdon-.tube gauges which were calibrated by the
~~~J%4jk Corporation Standard. laboratory .

Using th is system, a linearity check was made of all gauges. The
output of the bridg, was observed as press ur e was changed from atmospheric

• (zero ) to the —~ -w~~~~’~~ gauge ratin g and back through zero to a negative
pressure approximately one fourth the maximum gauge rati ng. Calibration
curves relati ng output and. pr essure were drawn, and. from these the per-
centage deviation from linearity was determined.. These calibration run.
were repeated from time to time to check repeatabilit y. At the same time
the sensitivity and. hysteresis of the gauge were determined.. A catalog
was made of the gauge sensitivi ties, and the most sensitive gauges were
reserved for those position . in which the expected peak overpres sures were
relative ly all (1/b to 1/2 of the maximum gauge rating.) .

In general all gauges were within the specified. manuf aoture r~s toler-
ances of less than 1.5 per cent of the measur ed pressure with respect to
total hysteresis , drift, nonrepsatability, and nonhlne*rity.

After a study of cliaatological data ior the Jevsda Teat Site it was
decided that the gauges should be from 60 to 90 (‘15 nominal) per cent
criticall y dampe d at a temperature of 40°?. Moreover , the damping should
remaj .n essential ly the same over a range extending from 20° to 60 7 if
possible. Tarious mixtures of silicone oils were tried and rejected be-
cause their use led to extr eme overdaaping. The beit results were obtain-
ed by app lying a smell amount of Dew-Corning D0-4 silicone grease between
the ar mature ant the damping plate secur ed to the core of the 3-coil.
Actual temperat ur e measurements at th, test site on surface and. underground
shot days showed ~~h, 200 to 60°J’ rang, to be adequate.

Verti :al u N  s c x - . I ~~~~~~~~~~~~~IiiiiIIi
Pig. 2,2 ~~ faoe Noot—680-ft Statio n
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[. To facilitate the damping adjustment, a special damping jig was
construc ted (Pig. 2.1) in which air “~‘1-er pressur e is introduced into a
reservoir enclosed by one or more sheets of oelloph”ne. When the desir ed
pressure is reached, the cellophane is punctured, and. a rapid decrease of
pressure results. The Bourdon-tube assembly is clamped in the jig in such
a way that the reservoir pressure is applied to the tube while the armature
and. damping plate are accessible to the operator . Both rise time and damp—
ing can be determined. from an analysis of the photograph of the gauge re-
sponse as presented on an oscilloscope screen. Provision was mad e for the
synchronization of the cellophane puncture with the star t of the oscillo-
scope trace .

When DC-4 grease is used. as the damping agent, a gauge properly
damped at 40°? has an overshoot of about 15 per cent at 75°?. The gauge
and damping jig were placed in a Bowser pressu r e-temperatur e chamber
operated by the Lectro-Mec}~*1l4csl Test Department of ~~~~~~~ Corporation.
The gauge response was examined at 100 steps from 700 t 001. Interv als
varyin g from one-half to one hour were required for thermal equilibriu m
at each step. The relative humidity was held. constant at 14 per cent .
The shift in the balance point and changes in sensitivity were negligible
over this temperature range.

2O ft

-in. nominal pip e Wiancko gauge Packing

I Flexible
I 6-in. 3-in , conduit

~~ 
pipe 4 f t  pipe

To I-
growid i
zero -

I ~~~~~~~~~ Electronic equipment ‘

Pig. 2.3 Pipe Prob e
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Analysis of the oscillographs of the dynamic respons es of the gauges
at these temperatures showed that the gauges were somewhat overdamped at
2003 and somewhat underdamped at 5001. When 10—psi gauges were checked
dynamically -in the Bowser chamber , the damping ranged between 1 u and SO
per cent critical at ~10°P, and a rise time of 0.lêO± 0.10 asec to 95 per
cent of the final pressure was observed .. Thu.s it was concluded that this
damping criterion was j ustified, i..., the damping should allow a 15 per
cent overshoot at 7507,

Pigure 2.2 gives a representative trace from the oscil].ograph ic
recor d of the surface shot. An average curve drawn through the overshoot
and the noise envelope is superim posed on this record. The inter section
of this curve with a vertical line drawn from the point of initial, trace
deflection was taken as the peak overpresaure, Subsequent points were alsop obtai ned fro m the average curves on those channels in whi ch the signal—
to—noise ratio was low.

2.2 PIPB PRO M

The design of a baffle for measuri ng tru e ‘free air’ pressures was
original ly pred icted on Operation WINDSTORM using a nominal A-bomb. b r
convenience the teste d and. accepted full—scal e baffle was used. for
Operation JANGLB.

A search was made for a stationary platform that would not change
attitu de as a result of blast bu.ffeting or the ground. mot .on anticipated.
from the burst of a full—scale weapon. The baffle which seemed to fill
the requirements best was a one-dimension baffle havi ng a large fineness
ratio and supported at the extr eme ends to minimize pitch angle var iation
resulting from ground motion ( Pig. 2.3) . By using a 11—ft support an added
advantage was realized in that measurements were made in the medium where

• the effects of surface-flow anomalies wer e less pronounced. The use of
6—inch steel pipe provided a rigid struc tur e having a convenient mounti ng
space ( inside the pipe) for electronic gear. Using a 20—f t length of pipe
in which the sensing element is at the top center of the span, calibration

— t ests were made using high-explosive charges as great as 1.6 tons of TNT.
1~ detectable discrepancy existed between measurements made using Wiancko
geoges in th. pipe baffle and mounted flush with the ground in a plane
baffle. These dat a agree d within 1 per cent with int erfe rometer gauges
readings from the same distance.

Choice of footings for the pipe was made on the basis of observations
from previo us tests, where permanent displacement s were noted in the earth ’s
surfac e near large crate rs. Consequent ly the front leg of 6-inch pipe was
welded to a foot 18 inches in diameter and buried to a depth of ~4 feet.
The rear leg rested. on the ground and ter minate d in a sled runner to permit
surface motion. - 8 -
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The face of the Wiancko gauge was contoured to confers to th. surf so.
of the pip.. All gaug.. faced up since the pip. was sore likely to change
orientation because of yaw than bsoauss of pitch and sinc, it was dssirsbls
to sta.y as far away fran ground- roughness perturbatiofls as possible.

2.3 I!~T1RZEOM~T~~ GADG~~
S.lf.-r.cordisg interf.roa.t.r gauges were installed at dtstano~~ fros

•urface ’shot ground zero at which the anticipated radiation level van
sufficiently low. To further ~lnhaize radiation effects and to provit.
air-befflix~g for such bu1~~ .quip.ent th. gauges were buried flush with the
ar th (Pig. 2.11).

~~~~~~~~~~~~~~~~~~~~~ _Sensing element
ground zero

1/2-in , steel plate
~~~~~~~~~~~~ •~~ eteT
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Linegraph Ortho 35—mm film in 100—f t spools was chosen as the recording
medium because of it. high contrast, relative low sensitivity to radiation

& cont~~t~ietion, and. availability, vets conducted by the Bureau of Standards
using 1,1100-ky X-radiatj on indicate that data could be easily reduced after
a 20-r radiation dose and could be reduced with some accuracy even after a
110—r dose.

Using quartz sensing elements having a maximum range of 3 to 5 psi
and, a recording speed of 30-110 ft/sec, a system response in e~~ess of
2000 cpe was assured,

• The control system used for the interferometer received a turn-on
signal and a 1000-cpa timing pulse from the mann ed station , delivered over
one pair of W-.1I0—3 wires serving all gauges. Th. coff in for each gauge
contained batt.rt~~ and delay—time relays set to insure film operation at
the correct times No tie-in to zero time or time correlation to the other
recorder system was effected,

Two int.rferom.ter gauges were the only instrumentation employed at• each 3,100 and 11,200-ft station for the surface shot, Since the radiation
hazard to film was undetermined, one additional gaug. was installed at
both 2,300 aM 1. TOO feet to establish the ~~i’ginal point for operation
of th . undergro und shot, However , results from the surface shot were so
discouraging (extensive contamination made dat a reduction imposlible even
at 3,100 feet) that the system was scrapped for the undiagro und shot and.
the r~~~te-reoordjng Wianob o equipment used throughout.

2,11 tJD *~’Zk GAUGES

A complete discription of the Naval Ord nance Laboratory indenter
gauges used by this project is given in the Pins]. Report of Operation
SAHDSTONI, Par t II, Chapter 9, Volume 21, 19111. No att eapt was mad.e to
baffle the gauges. The assembled instrum ents were installed flush wi th
the ground on uteel-stake mounts ,

2,5 TRANSMI SSION AND RBOOBDIN() STST(~~
icr the surfac e shot , two parallel inteU igencs—transm ission systeme

ware used. At each pressure-measuring station, two pipe probes were spaced
so as to minimize the danger of missile ~~~~~~ (A single pipe pr obe was
located at 500 feet , but no record was obtained. ) One probe was linked by
radio tel emetsring equipment to a manned 135 trailer outfitted as a mobile
recording laboratory. The other probe was linked to the same trailer by
twisted--pair steel-copper telephone cable. (Signal Corps V. 110-B) • J ive su h
instru ment stations were spaced logari thmicalLy from 6eo—e, 300 feet. The
positions of these stations relative to ground zero are given in Ptgu.re 1.1.
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• For the underground shot eight instrument stations were spaced log-
arithmically from 3111-3, 100 feet, The positions of these stations relativ e

• 
• . to ground zero are given in Figure 1.2. Single pipe probes were used at

each of the other stations , Radio telesetering was used onl y at the 1,700—
• ft statio n since preliminary evaluation of the surface shot data led to the

conclusion that the wire link was a~~e reliable. The pipe probe at 500 feet
contained two Wiandc gauges in the wire link, one at 1198 aM one at 500
feet .

2.5.1 Wir e Transmission ~1i~ .!
3 A Static-Dynamic Recording Measurement System D, manufactured

by the Consolidated Zngineering Corporation, was used. to excite the Wianoko
gauge and demodulate the returni ng signal . The Consolidated equipment pro-
vides a 3000—cpa carrier and a means of null—balancin g the return carrier
both in magnitude and phase. The Consolidated, equipment was locat ed in
the K35 trailer , five miles west of the blast areas,

Signal Corps Type V—h O—B field telephone cable was used to
carry the carr ier wave to the gauge and to return the modulated signal
to the recordi ng equipment.

The equipment, which was located in probes using this wire-
li nked system, consisted of the gauge and a coupling unit. A circuit
diagram of thi s equipment i~ shown in Figure 2.5.

~JTC.A3O
C.rrkr ~~~ U 

- :E~Common ~~ 1 WtanckO ~~u~e
ground ~~~~~ — —• CaUbr.Ucn
control

UT1 

1l. C~:

• Pig. 2,5 Coupling Unit
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PROJECT 1.1.

Because of the unusually long lines used with th Consolidate d
equipment and the necessity of employing a carrier generator having very

• low output impedance , a 3000—cpe 30—wat t amplifier was used to deliver at
least a 6-volt carrier to the gauge.

A simulated pressure was obtained for calibration purposes by
means of a relay in the coupling unit, The relay insert ed fixed electrical
components into the bridge circuit and caused an unbalance equal to that
which would result from a known applied pres sure. The calibrat ion pressu res
were based upon pressures predicted by Stanford. Research Instit ute.

Following the original calibration in the instrument trailer ,
the coupling unit was installed in the probe and the calibration checked
by app lying pressure using a hand , pump .

The decision to replace the telemetering system by the wire
system for the under ground shot required further modification of the
m.asuring syst . Jbur carrier lines supplied four gaug s directly from
the carri er amplifier. £ second amplifier at 5000 feet from ground zero
supplied the re~~-ining eight gauges, each of which had a separate carrier
line,

In Mtttion, a single tube amplifier was placed in each signal
retu rn tine at a (tetsucs of approximately 11000 feet from grou~4 zero.

It was found that the Consolidated equipment did not provide
a sufficient degree of a&justmsnt to bring the outgoing and return carrier
into phase. To overcome this difficulty a phase control was inserted in
the grit input of the signal line amplifier, This ad.Justment, wi th that
on the Consolidated equipment, gave the necessary degre. of control.

• A lineari ty check of the entire system from gauge to galve-
nometer was made less than twelve hours before each shot.

2,5,2 Rati o Telemeter 
~~~~~

Simplicity and availability of equipment were the primary
• considerations which resulted in the choice of an AM-I’M radio telemeter

system. The ~~~~~~~~~~~ gauge was used in the usual four-arm inductance
bridge. To indicate pressure polarity, provision was made for operatio n
with some unbalance of the bridge circuit.

The bridge was excited by a 10-ks suboarrier ~soillator. The
m~gni tud.e of the bridge unbalance current oorrsspon&(ng to zero pressure
was adju sted to about one-third the anticipated maximum unbalance current,

• The amplitude-modulated unbalance signal was applied to a reactance tube
mo~~~ator , which modulated the frequency of a transmitter in the 70-90
a -pez~”eec band.

• - 12 —
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The transmitter consisted of a Raytheon 01—5702 reactance tube,
a 01-5702, ~~-mc osoillato~-duu bler , and a 01-5702 ~40-mc buffer-doubler• driving an RCL 5763 80-ac final amplifier, The r-f power outpat was ap..
proximately three watts, A quarter .wave vertical shunt-fed antenna was
used.

The receiving ant ennas consisted of 3—element vertical Yagi
arrays, The receivers were Navy Sonobouy 337_3S 5 whose audio amplifiers
were modified to provide approximately 10 watts of a-f power , The lO-kc

• signal was fed to a full—wave bri dge comprised of LN39 germanium diodes,
The demodulated signal was fed to the recorder through a 1,500 cpa low—
pass filter.

-p

The Wianchu gauges used in the radio link were calibrated th
through the entire radio telemeter system, Linearity of the system was
within ± 1 per cent. Calibration signals were obtained by means of relays
which shunted the bridge arme by suitable reactance. which were chosen to
simulate the maximum expected pressure,

The subcarrier oscillator, tr~n i  tter, calibration box, and
battery power pack were located in the pipe pro be. Power iss applied, to
th. electronic system tV relays actua ted by the -15-minute control, and
the calibration relays were actuated by the ‘.3 -eec control signal., These
control signals supp lied by Idgerton, Oermaehausaa, and Orier were tram.—
aitted from the recording trailer to the pipe probe. by means of a 5-mile
length of W’.ll-B cable,

2,5,3 Recorder

All Ytanoks gauge data were recorded, using one Consolidated
~~gineering Oorporation type 5—11kP3 recording oscillogra ph, The 2$-volt
power supply for the oscillogra ph consisted of a bank of five 6-volt
heavy-duty lead -acid stora ge batteries. Recording was initiated by the
-1-sec control sig al supplied, by Zdgerton, Geraeshaui.n, and aries’.

Consolidated bgineering Corporation type 7—223 galvanometers
were used to record the outpnt of th. wire-link system. Thes. galvanometers
have a flat (± 5 per cent) frequency respo nse from 0 to 500 cpa. The output
of the radio telemeter ing system was recorded by Consolidated ~~gineering
Corporation type 7—226 galvanometers having a flat Ct ~ per cent) frequency
resp onse from 0 to 3000 cpu and were 50 per cent critically damped,

To realize the higher frequency response inherent in the radio—
tel emeter system a recording speed of 75 tn /sec was chosen, The record-

• ing medium is. lodek Linagraph Ortho film.

• — 1 3 —
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2.5.~& Critique of Date -rs.nsmission

The infOz tion’.tranaa jss~on system esploying copper—s teelfield, wire (N-lb —B) proved reliable and practical although somewhat limit-- 
• ed in frequency response. The cross-talk problem from a total of as manyas 26 pairs buried in th. same trench was tnsignifica~t, The use of field• • wire , which was procured from the military services, had th, advantagesof availability, econoay, and mechanical strength, Splices and termina t ionswere of the Stakon type, Therefore any lineman ’s crew could lay the 5”milelengths of wire, and field termi nations could be rapidly and efficientlymad e in advers e weather conditions without special equipment or techniques,Traffic, the blast wave, dust-control sprinkling, and weather proved to beno serious hazard to the wire since the most vulnerable portions wereburied 1 to 3 feet below the surface. lurther investigation of methodsfor transmitting high..frequency carrier signals on field wire will probablyresult in considerable improvement of the 500—cpa resolution limit,

~~~~~~~~~~~~~~~~~ telemetering, despi te th. mediocre showingin this project, deserve, some consideration. The system employed re-quired on control line to each transmitter for turn-on and calibration.
~ven when using this system, but especially when using an all r—f setup( turn-on and oslibrat ion using a one-tube receiver) , minimum preparationwould be required to instrument a test, Bnd instruaent’.trsm.mitter packagescould be placed in the test area as late as one day prior to the test,used., recovered , and stor ed for the next test,

However , it is doubtful that any atomic test Will take placewitho*t last-minute unfor.see.ble radio interfer enc, that would seriouslyimpair th . reliabili ty of a r-.f system. Unless conside rable atte ntionis given to the problem of radio interfer ence, the ful l advantage of aradlo—telemetered system with respect to mobility and econoay of time, ax-pease, and pers onnel can not he realized,
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p - SECTION 3

RJ ~SULTS AND CONCLUSIONS

3.1 DATA 0BTAII~D
- 

1 
Pressure—time-distance data for surface and underground shots are

presented in Tabl es 3.1 and 3.2. Peak overpressur e, time of arrival,
and positive phase duration are plotted against distance from ground
zero in Pigiir es 3.2, 3.3 and 3.11. Pressure-time waveforms for the sur—
face and underground shots are sn~~~1’ized in Pig~ires 3.5 and . 3.6.

Tables 3,3 and 3,11 contain indenter diameter data for the surface
and underg round shots , It is not necessary to rati onalize indent -
diameter with overpressure by determini ng the forc e constant for rapi d• rise time phenomena. The tabulation of diameters is sufficient to
indicate that the measured phenomenon ( regardless of its components)
shows a marked symmetry . Prom analysis of th. vari ants it is apparent
that the symmetry of the measured phenomenon is greater than the pro-

- ciston of the m~~suring system.

iii I~II
- II~• Pig, 3.] Zero—Time Noise Norst
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PROJEC T 1.4

TABLN 3.l

Pressure-Time-Distance Data, Surface ShOt

Distance Peek Ov.rpr.ssure Time of Arrival Positive Phase
(ft) 

________ 

(psi) (asec) Duration (alec)

6so 5.11 17.16 197
68o(tel) 17.55 202 22~4920(t.l) 7.3 10.80 3514 222

1250 9.95 7,02 593 303
L250(td) 7.53 593,11 322.6
1700 13.5 11,07 9117 381.5
3.700(te3) 14.02 9146 3)45,7
2300 18,2 2.)14 1)4146 1410.0
2300(tel) 2,614 111)46 390.0
1120o(’s.nt) 33.3 0.83 

______________ 
502.0

+ * 7lh.based on a oharge weight o f 2 z 1 06 1bs T}V1~
Tel ’ telemeter link
m t  interfexometez

T4BL3 3.2

_________ 
Pzsssure-Tjao-Dist.nce Data, Under ground Shot

Distance Peek Overpr.ssure Time of Arri val Positive Phase
(i t) (psi) (asec) Duration (u sc)

2,5 32,39 122.5 100.2
13.57 221.2 170.6

500 3.~6 1.,39 229.0 160,0
• 61o 5.’# 9,90 3)41.7 206.1

650 10.09 3)41.0 201.0
920 7,3 7,30 520.5 231.5
920 7.07 523.5 287.5

1250 9,95 11,95 715.0 2714,0
1250 - 5.20 7711.5 2514.5
1700 13.5 3.o14 11314.5 3114,5

• 170o(t.1) 3.147 11314.0 335.0
2300 11,2 2314 1636.3 363.0
3300 z14.6 1.70 2322.0 387.0

+ a~ based o n a o b ~~ge wsjght o f 2 x 3 06 lbe~~~~
Tel’ tel etir link
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PROJECT 1.4

Distance ( 1%)

• 2. 5 3 . 96 5.4 7.3 9. 95 13. 5 18. 2 24 . 6 33. 3
40.0 — — r r , , t

N
___ ______  _ _ _  — —

C — — —  — - _ _ _ _ _ _  _ _ _

— — • — — -~~~~~~
.

.

• 
5 0  

_ _  _ _ _  _ _

• 200 500 1000 5000
Distance (ft)

Pig. 3.2 Pesk Overpr essurs vs Distance (Lines connecting data
points ar. arbitrary,)

Oround acceleration may have introduced a systematic error into all
readings of indenter gauges • Eowev r , a i—factor ( force constant) of 50
psi/as’ can be derived from surface shot indenter data and the 1,700-ft
peek air pressure , as measured ~ the Viancho system. This same i—factor
applie d to the underground. data r esulted in agreement between indenter

• and Vianoko data at 1,250 feet, where ground accelerations were higher .
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D~~tInce~~ h)
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Fig. 3.3 Time of Arrival vs Distance

Diatance~~~)

2.5 3. 96 5.4 7.3 9. 95 13. 5 16. 2 24. 6 33. 3
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Fig. 3.4 Positive Pha is Thwati~~ vs Distance- 18 —
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• 1 —

TAB LI 3,3
Ind enter Oa~ge Data, Surface Shot

Station Osugs lo. Diaaitsr Diam.ter2 Pr essure
________ ___________ 

(mm) — 
_______________ 

(psi)

1 1 .255 .0650 3.25
• 2 .256 .0655 3.28

.306 .0936

.271 .073k 3.67
• 3.72 (aye)

2 .  1 .280 .078k 3.92
2 .290 .oøki
3 .237 .0562 2.81
k .27k .0751 3.76

3.68 (mys)

3 1 .263 .0691 3.146
2 .273 .07145 5.73
3 .296 .oaj 6 ‘4.
II. .298 .0888 14.

14 00 Cay..)

Ii 1 .3014 .09214 14.62
2 .258 .0129 14.15
3 .268 .0718 3.59
14 .302 .0912 14.56

11,23 (aye) :

5 1 .292 .0853 11.27
2 .2814 .0807 14.014 •

3 .297 .0882 14,141
14 .299 .08914 14.147

_______  _________ _________  _____________  

1e,,~ Cave)
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~~kRL~~ 3,14

Ind.nt.r Gauge Data, Und.rgrouM Shot

Station Gauge J o. Diameter Press ure
_ _ _ _  _ _ _ _  

(am) 
_ _ _ _ _ _ _  

(psi)

1 1 .336 .113 5.65
2 .307 .0914 14.70
3 .339 .115 5.75
14 19337 .1114 5.70

5,145 (aye)

2 1 .3110 .12.6 5.80
2 .3141 .u6 5.80
5 .3)12 .117 5.85
14 .3146 .3.20 6.00

________ _________ ___________ _____________ ~.s6 (aye)

3 1 .337 .1111 5.70
2 .3~4O .u6 5.80

.3~3 .ia~ 6.25

.y~3 .110 5.90
________ _________ ____________ _____________ 

5.91 (aye)

14 3. .332 .120 5.50
2 .3314 .3.12 5.60

.339 .115 5.75

.332. .130 5.50
________  ________  ___________  ____________  

5.59 Cave)

The data gather .L are ~~du1 for oorrelatt.g blast stresgths with
observed d~~~~e to stz’noWz.s of Program Thr.e, for distinguishing sir—
ladamid grouM sheiks from tru groi~nd. phsmemena (sir-to grouM ooap1.tng,
aM as sour -se mmt.rt al. for am~ application stud~.
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3.2 OONCW SIONS

It is apparent from the pressure-time curves for both underground
and surface shots that the shap. of the shock wave conforms generally• to the classic form as described, in Tb.. Jffects of Atomic Weapons.~Th. system ( inclu&un,g da ta reduction ) perm itte d time resolution to
0.5 msec. Within this limitation the pressure discontinuity at the shock
front appears instantaneous in most instances. ~

Pressure-distance data wers within 10 per cent of anticipated.
values, based on Stanford. Research Institute extrapolation, from scaled

3 TNT blasts at ~ IGWAY and early JANGLI test..~5 Zxtrspolatton of air
shock data from surface and. underground. TNT tests appears Valid for
surfac e and undergrou nd atomic blasts.

r. ____________________________________

The 5ff~cts of Atomic Weapons, Section 3.11, Los Alasos Scientific• Laboratory, U. S. Government Printing Office, 1950.
$ b r  a discussion rise-time phenomena from other atomic blasts see

• )Iurph.y, B. P., Operation BUST~~ — Some Measu.rensnts of Ov.rpr.ssure-• Time vs Distance for Air-burst Bombs, Sandia Corporation report J o.
50—21142 ( tr-) (to be pnbljsh.d).

• 
- •~ Doll, 1. B. Interim Report — Part II NJ tests — Operation JAJGLJ,

Stanford. Research Institute, October 1951, Jigs. 5 and. 6.

I
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