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ABSTRACT

Operation Ivy was instrumanted for the mass-motion meithod of pressure messurement in
& anner ~imilar 'o that used on ™eretinng Buster-Jangle and Tumbler-Saspper. Low-alti-
tude pyrotechnic mortar bursts and high-gititude gun bursts (ca Mike oaly) labaler; the ais fue
photographic recording.

Thé methods of instrumentation are described; the method of data analysis is outlined; and
derived data on time of arrival, peak material velocity, peak shock velocity, and pesk over-
pressure are presented ia tahular and graphical form. Appendixes present meteorolog'~al and
ballisiic data and calculations.

An outstanding conclusion of the experimsnt is the lowness of psak overpressures neer the
surface compsared with the peak overpreasures at altitudes uwp to 35,000 ft becsuse of the effect
of atmospheric irhomogeneity at long ranges.

The mass-motion technique oifers a useful diagnoatic tool for the determinat.on of totai

hydrodynamic yield.
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CHAPTER 1

INTRODUCTION

1.1 PURPOSE OF EXPERIMENT

The desirability of obtaining trus free-sir pressure measurements has long been recog-
nized; Project 8.3 instrumented Mike and King shote for this purpose. A true free-air pres-
sure measurement is defined as one that {s free from such perturbing factors as measuring
instruments, structuras, aircraft, or reflection from the surface of the earth.

A basic method for obtaining such s messurement involves labeling s parcel of sir with
visible particles and photographing their motion under the influence of the blast wave. Photo-
graphic analysis of the motion, together with basic hydrodynamic relations, determines the
pressurs valus at that puint.

By placing the measurement polnts at various ranges {rom the nuc'esar Jetonation, mate-
rial velocity-distcnce, shock velocity -distance, and pressure-distancs curves are obtained.
Furthermore, since the first motion of the labeied sir indicates the time of arrival of the blast
wave at that poiat, s time-of -arrival curve results from the measurements.

Hersiofore, this type of pressurs measurement has beea limited to the region close to the
ground, {.e., up to 1000 {t. Mike shot was !nstrumented from the surface to anm altitude of
35,000 ft in an attempt to determiuc any asymmetry in the pressure fisld as the blast wave
progressed through sn increasingly rarified atmosphere.

A long-range proj=2t, utilising data obtained on this operstion as well as data from pre-
vious operations, consists in the derivation of pressure-time curves {rom the mass-motion
method. The large number of dats points, roupled with time and manpower limitstions, has
preciuded such anslysis to date.

1.3 MASS-MOTION METHOD AND PRIOR DEVELOPMENT

The droed underlylag purpose of the mass-motion method of messuring hydrodynamic
variables is treated elsewhere.! The method, \n generai, ronsists ta placing s small volume of
visidbie smake particies at s given position In space at a given time relative 10 s nucisar deto-
nation; its subseguent motion, when struck by ths blast wave, is recorded photographically.
The maalysis of the film record provides data on the time of shock errival and the displacs-
ment of the volume of labeled air as s function of time. This measurement of mass motion,
together with meteorologizal data, may then be comverted into s value of overpresenre ia the
blast wave.

Srreral methods of labeling the alr for photographic recordiag have beea investigated
during previcas operstioas. The two methods' utilised by Operatica Buaster-Jangle were (1) a
smoke plame profaced by 8 JATO uait ead (1) an “perial salute,” a commercial pyrotechaie
produciag s smoks paff i the alr seversl hundrod foet above the ground. Ia sddition to theee

1
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methods, Operastion Tumbler-Snapper incladed & feasidility test of ant!~treraft guns for pro-
ducing amoke puffs at higher altitudes.! Experience ua these operations showe: that the pyro-
technic smoke puff suited the low-altitude meamwrement and that the antiaireraft shell, of the
proper smake composition, could be used for high-altitude measuremects.

KEFERENCES

1. D. F. Seacord, Jr., Blast Measurements, Part [II, Blast-wave Material-velocity Measure-
ments, Buster-Jangle Project 10.10 Report, WT-415, March 1963,

3. D. F. Seacord, Jr., Blast Maasarements, Part |, Blasi-wave Material-velocity Measure-
moxts, Tumbler-Saspper Projects 19.3a-f Report, WT-888, August 1003.
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CHAPTER 2

LOW-ALTITUDE iNSTRUMENTATION

3.1 REZIF STATIONS

In order (0 extend the low-altitude stations to the high-pressure region oa Mike ehoi, the
four stations closest to ground sero were located ca the reef. For reasons of convenience sad
to cause lesst isterference with other projects, the mortar line exteaded out the seaward reef
northeast of Elugeisd. Figure 3.1 showa the locatica of thene stations ia relatian to growad
sero. Keel Mationa 636.01 to 630.04 were at ranges of ¢430, 3900, 8280, and 11,400 " from
pero, the average altitude of the mortar bursta was 3530 ft.

Each ststion consisted of a steel pipe embedded 1a & concrete block which, ia turn, was
embedded Ia the reef; the steel pipe estended § ft above high-tide level asnt waa provided with
two $-1a.-square nteel platforma 3 ft from the tap. Holmes sad Narver (XAN) drawiag No.
8138-Q-3 gives the constrection details. Swbmarine cable was laid to sach station from the
aearost £GAG timing station o the Bogon-Elugelab complex. Tiziiag reiays and bettery power
munroluuulnmumumu.mmmmdmcahlememdwm
mortar at each station, and the - § sec signal transmitted to the station fired ‘he mortsr. Fig-
wre 1.3 iLinstratea the firing system for the reel stations.

To complete the preparstioa of the staiion for firing necessitated mounting & presesd
cardboard mortar an the platform nad securing it to the steel pipe, inserting the mortar
charge, and counecting the firing syutd to the timing cable. The charge aad martar were
westherprooied by wregpiag with alumizam foil which effectively bupt Lhe ctatioms watertight;
the locstion of instrumenta st € £ sbove high-tide level mirimised dampenisg dve to sprey.

All waits functioned perfectiy during oeveral dry russ asd st vhot time. Each statica could
be serviced 1z lose then § min, and the chain of fovr were usually covered (4 sbowt an howr,

wtiliaing 8 DUKW for treasportation across the reef.

1.3 RAFT STATIONS

To eatend the low-akiteds instrumentation out to the low-pressusre region, five raft ata-
tians ples & station on Mack were installed. These were Ratiens 621.01 to 631.04, lecated 2t
reages of 18,000, 31,400, 30,130, 37,300, 41,710, and 68,000 Nt (rem ssre fur Mike shat (Fg.
1.1). A sevvath station wes iocated on Parry st a reage of 114,070 R. Por Klag shol, six rafts,
ummmmmamawmmmmn‘

The baste raft station wes 8 10- by 12-R plaaked strecture superted e cdeh corver by
two 30-gal &rume. I the emter of the ralt s meusied a ¢-ft-high platform decigned to ag-
commodete (ke .aortar, power supply, aad redio timing squipment. The ralt coastruction dstails
are given by RAN drawing Ne. $141-Q-3. Pigure 3.1 is an over-all view of & typical roft.

Sace it was Lmprastical 0 run timing eabise to ened ralt i the lagem, a redie timisg

13
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Fig. L1 — Location of reef (620 setiea) and raft (631 series) statiens.
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ANTENNA
=13 SEC SIGNAL ' Tone 30-WATT VHF
FROM GENERATOR TRANSMITTER
TIMER
AUDIO TONZS AND
TRANSMITTER KEYING
SIGNALS

L antenna non'm\
RADIO QuICK= CAM A
RECEIVER uNT h‘ﬂm B

T_ 48-MOUR 6-VOLT
| CLOCK STORAME
TIMER SATTERY

rig. 3.4 —Raft redie firing systom (EGAG phelagragh )
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system was developed by EG&G for inmsilationa such as this. Esch raft was equipped with s
receiver, variable delay timer, and mechanical clock for sctivsting the unit st abcut 1 hr be-
fore shot time. Figure 3.4 is s schematic drawing of the radio {iring system, and Fig. 3.3
shows the location of the tone transmitters with regpect to the rafts. The delsy timser was
ascessary to provide s suitable delay between receipt of the signal and the firing of the mor-
tar. Since these stations extended to s considerable range, tkie amoke puff would have been
diapersed at shock arrival if s delay network had not beea incorporsted in the firing system.

The detailed preparstion of the raft siations for the dry rua aad for the shot 1s of interest.
The mounting plate which held the mortar, radio receiver, and storage battery weighed ap-
proximately 80 Ib and wss extremely unwieldy, especislly on such an unstable platform as s
raft moored in the lagoon. It wss belleved that the installation wouid be simplified by mooring
the raft after the radio ard mortsr hed been mounted on the raft. An LCT wss used for trans-
porting the rafts to thelr mooring buoys; s crane, {or depositing the raft alongside the buoy;
and an LCM, for the actusi mooring operstion. Formidable as it sounds, the experience
achieved on the mooring of the rafts for Lthe dry run allowed the {iral installation of six sta-
tions to be made in less than 3 hr after loading the rafts sboard the LCT st Parry. The B&AN
personnel handling the crane and boats >ecsme 80 proficlent that 8 maximum of 10 min st each
station was required to place the raft iu the wster, tow It to its buoy, moor it, loed the moetar,
make the final slectrical ccanections, and start for the next station.

Weather protection {or the mortar and charge wss similar to that vsed on the reef sta-
tions —sluminum foi! wrapping with s rupturable foil cover over the mortar. The timing uanits
were encased in steel boxes with gasketed lids. Esch mortar charge wss sluminum-wrapped to
minimise chances of detonstion of the charge during its time of flight siace several of the sta-
tions were at ranges such that the charge would be in its upward (rajectory during the pertod
of high thermal-radistion rates {from the nuclear detoaation.

18
RESTRICTED DATA —SECRET — SECURITY INFORMATION




W oy -

SECRET

CHAPTER $

HIGH-ALTITUDE INSTRUMENTATION

3.1 GUN STATIONS

That portion of the msss-motion experiment designed to measure hydrodynamic variablss
at high altituss abovs ths surface of ths sarth required the installatioa of a battery of 10 anti-
aircraft guns on Engebi.

Twalvs dual -purpose 3-in. 30-caliber guns were ozined {rom the Naval Ordnaance Flant
(NOP), Pocstsllo, Idaho; 10 were iamalled oa Engeti, and two compiete units were retained on
Parry as spares or for spare parts. Figurs 3.1 is s general view of the weapon. Detailed
{nformation on the Mark 32 mount may be found in reference 1. The units wers completsly
dissssembied, cieaned, rssssembled, and prepared for overseas shipment by the NOP,
Pocstello. Each unit was shipped in two containers, one crate containing an assembled mouat
and slide and ons cootaining the barrel-and-dreech assembly. The preparation sccomplished
by the NOP greati~ {scilitated {ield installation. The mount was iastalled oa a concrete bese
piats, and ths inse: tion of the berrsl required about 10 min. The concrete base plate, con-
structed by HAN, s shown on their drawing No. 3120-J-3. A view of the 10-gun battery ca
Engedi {e shown in Fig. $.3.

Figure 3.3 shows ths relatios between the gun stations, shot island, and the line of gua
bursts (projected in plan).

The guns wers equipped with an electrical firing system. Firing was accomplished on an
EG&QG timing signal b7 placiag as EGaG ralay in eeries with thé Saitery nower supply of the
gua and the firing solenocid; the firing key of ths gun was locked closod. Figure 3.4 fe a ache-
matic drawing of ths firing circuit {or each gua.

3.3 AMMUNITION

Special amez=2ition was provided by the Naval Ammunition Depot (NAD), Mare Island, for
this project. A dense whits puff of smoks was desired ss tho object to be phctographed, and,
since white phosphorus shelils were oot available for this wewpon, a search wae made for a
suitable whits-smoke compound. Research by Picationy Arsentl had iadicsted varioue colored-
smoke compounds.! Several rounds of these colored smokes were prepared by the Buress of
Ordnancs and were tseted ia the fleld at the Navel Proviag Grownd, Dehigres, Va., oa July 7 to
10, 1963. To simulats proposed rangee and camera resclutioa expected af Eaiwetck, each
burst was photographed with s 16-mm camers with a lens of 1-ta focal length, Rousds of
red, whits, yellow, sad greea smoke were detonated at reages of 3000 to 5000 yd. Photographic
resulte showed that the whits-smoke composition was best saited to the purpose cf the project.
Conseguently, NAD, Mars Island, prepared 70 rousds of fixed ammunition haviag the follow'ng
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Fig. 3.1 —Dval-purpose 3-a. 80-callbor o,

20
RESTRICTED DATA — SECRET — SECURITY INFORMATION




SECRET

- m-mm

§
3
4
o}
8
: oy
o |
s o S X !
S TETTR A, :‘
4 »
~
s oeem A _wl' v
. af'__'”.~ g
iy ‘} ‘ T ml
A :’ >
WOARLLY g 2D
31
RESTRICTED DATA —SECRET — SECURITY INFORMATION )
3

|
|




SECRET

GUN BURST LINE 30°
TO VERTICAL

Fig. 3.3 — Locaticn of gun stations, shot 1siand, and line of gus burets Qlan view),

~-13 SEC SIGNAL

== =
i [}
: | €0 &0 RELAY GUN FIRING SOLENOID

, TRANSFER SWITCH
- " GATTERY"

FIRING KEY
(LOCKED CLOSED)

Fig. 3.4 —Qun firing cireuit,
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pertinent characteristics:

TNT and white-smoke compound, 4.0% !b
Projectiie, MK 33

Projectiie weight, ioaded, 13.0 ib
Propeilant for initial velocity of 2700 ft sec
30-sec mechanicai time fuze, M 502

3.3 BALLISTICS

The focations of the 10 gun bursts were to be at altitudes of 5000, 6009, 10,000, 11,000,
15,000, 18,000, 20,000, 21,000, 25,000, and 26,000 {t above the lagoon on a iine defined by the
{ntersection of the foliowing planes:

1. A piane such that a horizontal line in that plane is perpendicular to the iine from zero
{Elugelab) tc the photographic station on Rojoa. Thi, plane makes an angle of 80° with the
horizontal, passing through zero and leaning toward Rojoa.

2. A plane such that a horizontal line in that plane is paraliel to the line from zero to the
Rojoa photographic station. This plane makea an angle of 75° with the horizontal, pasaing
through zero and leaning toward Bogallua.

The choice of this line impiies that no gun is aimed toward the aero island, and, if the
fuzing of a projectiie be in error, the nearest possibie horizontal approach to <ero is 1000 ft

it became apparent that the two bursts nearest Eiugeiab might possibly deposit fragments
on Elugelab and Teiteiripucchi if the fragmentation pattern of the projectile had a pronounced
radiai cone. At shot time this would have been of littie consequence sirce fragments wouid not
reach the island prior to Zero time. However. since test {iring of the gun battery was neces-
sary, it was imperative that no damage be sustained by island installationa. Consequently, the
two nearest bursts were moved to a higher altitude and a greater range from Eiugeiab. They
were relocated at altitudes of 8000 and 9000 ft and at the same coordinstea aa the 10,000- and
11,000-1t bursts. The bursts, in eievation, are shown in Fig. 3.5.

The baliiatic problem was computed for each gun prior to the operation. Train, eieva’ on,
and time of {light were calculated using standard range tables.! After the determination for
standard conditiona, the following correctiona were appiied (meteorological factora were esti-
mated from average conditiona at Eniwetok Atoll for October and November):

1. An initial velocity of 2700 ft ‘'sec rather than the 2650 ft, aec (uaed 1a OP-1766). Eroaion
readinga’ for each gun indicated an appraximate increase over the nominsl 3700 ft. sec (new
barrei) of 20 to 40 {t sec. An aasumed powder temperatura of 70°F would reduce the initial
veiocity by about 20 ft sec, further assuming a cold gun connection of 10 to 20 ft. sec, the
resuitant initial velocity {a approximately 3700 ft aec.

2. A decrease of 10 per cent in density due to a warm humid stmosphere. Thie appesrs
reasonabie when checked againat calculated density changea and conasquent range varlation.!

3. A 10-knot rear wind. Climatic averager showed, for the tim~ period under considera-
tion, a surface wind of appraximately 9 knota from ESE to ENE and upper winds of 12 to 18
Inota from NE to SE. For an average of ali 10 trajectoriea & value of a 10-knot rear wind
seemed reasonabie. The most accurate Dlacement was necessary in the twe iowest bursta (to
prevent errors toward the aero {aland), and hence the surface wind waa heavily weighted; in
these cases a rear wind la from due sast.

4. Drift waa computed from OP-1766, and a trigonometric correction waa appiied to the
angle of train.

Furthermore, aasumptiona aa to the accuracy of gun laying (10 min in train, 2 min in ele-
vation, and a fuae setting to within +0.1 sec) indicated the calculations should be carried out to
the neareat minute.

With the meager average climatic data it did not seem feasible to compute ballistic wind
and density in detatl. The main purpose of the preshct haliiaic computaticas waa to produce

1
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data for aetting the guns to provide bursts as close to the designated piots as possible.

To locste accurately the burst positions as they actually occurred, the ballistica were re-
computed after the shot on the basis of meteorological conditiona prevalling at shot time (eee
Appendix A). T .ese calculations were vital aince the ballistic data provided the only informa-
tion on the burst positions; no triangulation camerss were available.

Agatn utilizing the standsrd AA Range Tahles, with the mown meteorological data, the
actual burst positions were calculated. Ballistic wind and density were computed using refer-
ence 6. Changea in the preahot ballistic correction included temperature, wind, and density.
The result of the postahat ballistic study showed that, in general, the bursts occurred 70 to
400 yd low, 100 to 25C yd zhort, and 15 to 40 yd to the right of their previously ccmputed posi-
tiona. The chunge in position for each burst was computed, and its true position tn space wss
determined. In the process of {ilm analysis the position of the burst was compared to its lnl-
tially predicted position; tha devistiom is in good agreement #ith that derived from the ballistic
compulations.

Appendix B 18 an example of the ballistic study made for each burst.

REFERENCES

1. Ordaance Pamphist No. 611 (OP-811), $-inch Gun Mousts, Buress of Ordnazce, Navy De-
partmeat.

1. P. B. Tweed, Shell, Fixed, Smoke, Colored, T49, 90 mm Gua M1A3, Picatimmy Arsesal
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. OP-17686, AA Range Tsble for 3-inch, 50-caliber Gua.

. OP-16821A, Range Table (Surface Targets) for 3-inch, 50- caliber Oua, p. 10.

. OP-1602A,p 3.

. NA-350-110R-26, Instructioas and Tabl~, for Making Cbesrvations aad Competing Ballistic
Wind and Ballistic Deasity.
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CHAPTER ¢

CAMERA INSTALLATION

4.1 LOW-ALTITUDK SMOKE-PUFF CAMERAS®

Motion-picture camerae were installed on Engebi, Rojos, Ruait, and Perry to record the
notion of the mortar smoke puffs. Mitchell and Bell & Howell 35-mm cameras were run at s
speed of approximateiy 100 frames,/sec. Lenses baving various focal lengths were veed, the
choice being determined by the object distance of the camera and the experted maximum ex-
cursion of the amoke puff. Each camera was contalned in a shivkied box with sn sutosmaatically
apened lid upon which was mounted a plane mirror, thus directing the line of sight from the
odbject down to the bomed camera. Tabie 4.1 summarizes the camera data for Mike and King

mortar photograpby.

Table 4.1 — CAMERA DATA, MIKE AND (ING MORTAR PROTOGRAPHY

Ubject
Camers Camera Lens focal distance, Almizg
statioa type length, mm Qbjoct ft Horisomtal® Vertical
Miks Shot
203 (Engedi) Bell & Howell T €20.01 16,100 193¢ R 0°
303 (Engedl) Bell & Howell 8 6430.03 14,000 1313’ R 0°
302 (Engedt) Beli & Howeil % 620.03 13,000 2088’ R 0°
303 (Eagebt) Bell & Howell e | 630.04 13,400 4091¢' R 0°
306 (Rojoa) Mitchell 163 '{m.ox 44,200 16T L o°
306 (Rojoa) ¢11.03 34,900
304 (Rojoa) Mitchell 182 621.02 26,000 13°%0 L 0°
3068 ‘Rojoa) Mitchell 133 €21.04 13,300 113X L 0°
307 (Runit) Mitchell 153 ¢*1.08 41,100 4190 L 0°
307 (Ruait) Mitcheil 193 631.04 13,100 §871% L 0°
304 (Parry) Mitchell it 13 T80 33%¢
»
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Table 4.1 — (Continued)
Object Tt
Camers Camera Leas focal distance, s
staloa type loagth, mm Object f Horizomtal®  Vertical
King Shot '

306 (Rojoa)  Mitchell 182 621.10 18,800 1390’ R 0*
308 (Rojoa)  Mitchell 152 621.11 18,500  14%30'R 0° {
308 (Rojoa)  Mitchell 152 621.12  18,4C0 1790’ R 0° §
306 (Rojoa)  Mitchell 182 611.13 18,500 20110’ R 0 i
308 (Rojoa)  Mitchell 152 631.14 17,900 29°20' R 0°
308 (Rojoa)  Bell & Howell 152 621.15 18,650 3T R 0’ '
$08 (Purry) Mitchell k{:] 022 750

*R = right of ground zero; L = left uf ground sero.
TSame camera; two bursts om cae film.

4.2 EIGH-ALTTTUDE GUN-BURST CAMERAS

Mitchell 38-mm cameras with 151-mm lenses, operating at a nominal 100 frames/sec,
ware (nstalled at Station 308 oa Rojca for the purpose of photographiag the gun bursts. The
method of instaliation was dentical with that for the mortar photography. Table 4.2 summa-
rizses the gua camers data. i

Table 4.2 —CAMERA DATA, MIKE GUN-BURST PROTOGRAFNY i

Otject |

Camere Camera Leus focal distance, Aimizg .

station type longth, mm  Obfect fnt Borinostal® Vertical '
308 (Rojoa)  Mitchell 100 Ia-b 40,000 L 11°30°
306 (Rojoa)  Mitchell 183 -b 44,500 NG’ L 13°0°
308 (Rofos)  Mitchell 163 Ja-b 48,300 % L b by g
306 (Rojoe)  Mitchell 153 a-b 45,700 8L 2871’
304 (Rojoa)  Bell & Howell 152 Sa-b 46,000 103 L 33°4’

°L = loft of ground nero.

n
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CHAPTER 3

DATA ANALYSIS

_— e A - -

5.1 LOW-ALTITUDE BURSTS

Upon receipt of the {iim prints the normal procedure of plotting the smoke-puff edges,
frame by {rame, was employed.!:! The resultan: sertee of contours were then measured to
obtain the disn'acement of the object se e function of frame number. The measured displace-
ment was corrected for magnificetion of the Recordak (the projection instrument by means of
which the contour plot wse treced). The resultant displacement o=n the {ilm was then trans- .
lated to true displacement in three-dimensional space. For the geometry used in this experi- g

ment, it can be shown that the true displacement (in 8pace, yieer, I8 related to the measured .
film displacement, xmm, by
¥R g congi oG g oln ,

Y n(@+p+o)[leind+xcospcos (B +6)

where R = range (ft) from camera to wesapon zero
¢ = angle between line from weapom sero to camera and line from weapom sero to
smoks puff
a * angle bstween line from csmera to weapoa sero and line from camera to emoke puff
B = angle between cptic axis and line from camers to smoke puff
¢ = angle between line of motion of smoke puff and line from smcke puff to camera
{ = lens focs! length (mm)

Knowledge of the camera speed (available from timing marks on the film), together with the
true spatiel displacement, allows oane to plot displacement vs time.
Previouely used methods of data analysis' were not employed; a preliminary reduction of
data by the displacement -time tangent technique produced anomsloue results indicsting ex-
tremely high preasuras st long ranges. It is believed that theee resuits were ¢ie to optical
refraction phenromena; oa previcus operstions refraction effects had beea chown to be below
the camers resolution limite. However, the magnitude of the lvy detomations with the iastru- '
mentation at higher presmire levels than before, together with the greatly incressed shock
radii \nvolved, seriouely affected the determination of the particle displacement while the
optical path pessed through ‘* strong shock regica. LI
The following method wes utilised in the reduction of the film data. From the measured .
time of shock arrival at each instrument station, distance from sero was plotted ae a function
of time oa logarithmic paper. From the meesured displacement of the smake puff as a function .
of time, the particle position lires (world lines) were drawn. Slopes 8 (of the time of arrival

2
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curve) and m (of the woeld !'-ies) at each station range were measured directly from the
plotted data points. Without recourse to the Rankine-Bugoniot relaticas the peak shock veloc-
ity and peak material velocity were computed from

aR
U'T

t
By conservationa of momentum aloue the peak overpressure may be determined
Pg - Py Uu

Aside from eliminating effects due to refraction, the above method i ideally suited to the
determination of the hydrodynamic yleld by the analytic solution.)* The measurements of
radius R, time t, slopes s and m, and the rate of change of slope m, (d lu m)/(d la t), remove
the analytic solution from serious dependetce upon the equation of state. The foregoing data
from Mike have been uscd in the analytic solution aad result in an sverage yield of 10.1 Mt
over & pressure rsage of from 13 to 3 stm. This is lower than the hydrodynamic yleld of
10.4 Mt obtained from the analytic solution ia the fireball region; s lower yield is expected at
long distances azd IGw gititedes because of stmospheric inhomogeneity. The spparent yleld
derived from the high-aititude gun bursts is correspondingly higher thas the hydrodynamie
fireball yield. The extension of the soluticn beyond the firedball region and down to sech low
pressures is extremaely valuable in brosdoning the pressure raage over which the asaliytic
solutioa {s valid.

The position of the burst was moasured on the fllm with reference to the kmown camers
object axis; ia this maaner the aititude of the burst may Le determined as well as its deviation
from stxtion coordinates in the horisomtal plane. From these measurements the true slaat
range from sero was determined.

Figure 0.1 iz as enlarged 35-mm frame of three of the reef stations at Mike sero time.
The mortar bursts, rather indistinct on the ealargement, appesr at the left edge (to the let of
the lightaiag stroke), in the right edge of an overexposed area (due to reflection from the
camera mirror), aad over the right-hand gua silhouette. Figure §.3 shows the same stations
during the pesaage of the skock wave. The left station has beea cogulfed by the fireball and
dust clowd, the cester station puff has beea placed in motica by the shock wave, and the third
station has oot yst beea displaced. Of passing interest on this frame are the outline of the
shock wave agaiast the backgrouad clouds (in the right third of the photograph) aad the spray
rising behind the shock fromt (light area om the horison).

5.2 HIGH-ALTITUDE BURSTS

The procedure {» similar to that employed in the analysis of the low-altitude mortaz
bursts. Bowever, the determinatioa of the relation between measured displacessent oa the film
and the tree displacement in space (o much more compiex. A eimplification of the rigornus
solution of the three-dimeasional geometry, applicable io the delermiaation of dispiscement at
aa early time cocrespoading to the time of peak pressure, resulis in

M m'cco-'y’coa'cmu*

De7 sia' (@+¢g) o’ (uey)

where D = true spetial displacement (f?)
d » moasured fllm dispiacement (mm)

)
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Fig. 6.2 —Reef stations during shock passage.
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Fig. 5.3—Gua bursts at 15,000-1t altitude.
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R = distance from cemere to lnitial position of gun burst

{ = lene foce!l length (mm)

€ * angle between horisontal displacement and ectual displacement on film

u = vertical angle between horizontel and line from camere to burst

¢ = horisontal angle between line from weapon sero to camera and line from weapon
sero to gun burst ground sero

. tan {

VO [coc (a+¢)

¢ = verticel angle between horizontal and line from weapon zero to gun burmt
a = horisontal camere aiming angle

Figure 5.3 te an {llustration of the gua-burst photography. The diffuse objects are gun
bursts et an altitude of 15,000 ft and et ¢ distance of 1.5 milee from the camere. The more
distinet objects bracketing the burste are the remaine of parachutes used by Project 6,11 to
place pressure instrumente for free-air recording.

REFERENCES

1. D. F. Seacord, Jr., Blast Measuremente, Part III, Blast-wave Material-velocity Measure-
mente, Buster -Jangle Project 10.10 Report, WT-418, March 1988,

3. D. F. 8escord, Jr., Blast Meesurements, Part I, Blast-wave Material-velocity Measure-
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3. F. B. Porzel, Procedure for Analytic Solution on Fireball Growth, Los Alamos Scientific
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CHAPTER 6

RESULTS

6.1 MIKE SHOT

The instrumentation functioned in s satisfactory manner. The four reef mortara (Ststions
620.01 to 820.04) all fired and produced smoke puffa; four of the six raft mortara (Rations
621.01 to 621.04) fired, and puffs were ocbserved; one raft mortar (Station 621.05) and the mor-
tar on Parry (Station 623) failed to recelve their radio firing signal; one raft mortar fired,
but no puff wss observed on the {ilm (Station 621.08), prcbably becsuse of a faulty mortar
charge or camera misalignment; all 10 guns fired.

The dats derivable from the filma do not follow the percentage success in instrument
functioning; this is primarily due to the fsct that dust and smoke produced by the thermal radi-
ation obscured the camers fleld of view before the shock wave resched the smoke puff. Thia
occurred on the film covering reef Statlon 630.04. The complete motion of the puffa could not
be followed, even at the camers station on Rojos, because of the dus obscurstion. Data {rom
Station 630.01 were lost since the puff was engulfed by the {ireball before any shock-induced
motion could be discerned.

Two of the gun burats (3 and 5a) started their motion slightly outs.de the camera fleld of
view; consequently peak material veloclity and overpressure could not be determined for these
two points.

Of the propceed instrumentstion, 70 per cent of the stationa produced data. Since the gua
bursts were {n paire separated by 1000 ft, the lack of dats {from one-half of each of two pairs
was oot serioua {or defining a pressure-distance curve, and the dats are conaidered as 75 per
cent of planned. The high-sltitude portion of the project was considered as s gamble {rom the
beginaing since cloud cover could eaaily prevent the photography of the burats; that any dats
were obtained msy be conaidered as luck.

Table 6.1 presents staticn range, time of shock arrival, peak shock velocity, pesk mate-
rial velozity, and peak overpreasure for Mike shot. Figures 8.1 to 6.4 are graphs of these
dats; for comparison, Fig. 6.4 containa the theoretical pressure-distance curve (reflection
factor of two)' for s 10-Mt surface buret.

6.2 KING SBOT

Five of the six raft mortara fired, and four of the (ive produced bursts (again indicative of
ome faulty zharge). Of the four burats initially visible, one (Station 621.13) was obscured by
thermal dust prioe to motion. The mortar om Parry (Ration €12) was fired by hand; however,
8 powaer failure shortly aiter serc time pravented the camers from running. Instrument oper-
ation wae, coasequently, 71 per ceat, but only 43 par cent of the duta was obtained. *

"
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Table 6.1 —RESULTS, MIKE SHOT

Peak shock Peak material

Time of arrival, velocity, velocity, Peak overpressure,
Station  8lant raage, ft aec ft/sec ft/sec pst
6320.02 8,935 0.63 4100 3158 204.8
630.08 8,310 1.34 2910 1800 81.1
621.01 16,000 8.08 1700 650 17.0
631.02 21,800 8.33 1500 “0 10.2
621.03 30,130 18.45 1270 248 4.8
621.04 37,200 20.06 1230 198 3.6
Gua barst

1a 10,160 1.78 2600 1720 $6.0
1b 11,300 2.34 33120 1520 4.9
i 11,690 .44 2210 1480 37.9
D 12,720 2.80 2070 1380 2.2
n 18,580 6.02 1620 1040 16.5
4 23,000 9.17 1430 908 11.1
4] 24,100 9.92 1400 890 10.8
Sd 29,780 12.14 1470 830 9.8

Table 8.2 presents range, time of arrival, peak shock velocity, peak material velocity, and
peak overpressure. These data are plotted with the Mike data in Figs. 6.1 to 8.4; for compari~
son, the theoretical pressure-distance curve for a 550-Kt burst (reflectioa factor of two) is
ircluded z Fig. 8.4.

Table 8.2—RESULTS, KINQ SHOT

Peak shock Peak material

8lant range, Time of arvival, velocity, velocity, Pesk overpressure,
Sation fn sec ft/sec ft/sec pst
621.10 3640 0.99 2300 1580 81.1
611.11 4500 1.40 2000 1190 383
811.12 8580 1.93 1808 880 24.5

8.3 DISCUSSION AND INTERPRETATION OF RESULTS

The Mike low-altitude data pois.s are in good agreement with the thecretical curve for
10 Mt over an {deal surface (reflection factor of two) at high pressires. At long rangee the
measured pressures are lower than the ideal curve because of stmosphsric acoustic refraction
focusing the ahock wave upward.

The high-altitode data show a departure from the low-aititude curve and indicate pres-
seres Aigher than for a bomogenecus medium. A preliminary study of the effects of an in-
creesingly rurified atmospbsre om the propagatio= - . shock wave has shown that the pres-
suros shoaid be Mgher at high altitudes than they are aear the surface. Assumiag that the
abscinte pressure bekind the shock {8 everyvhere constant at a givea time, the shock velocity
tacreases a3 the ambient pressure docreases with altitude. A higher shock velocity and an
earlier time of arrival are indicated by the data. The increased shock veiocity, together with

1]
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s higher materiei velocity, results ln an increase in overpressure at the high aititudes. Fur-
thermore, eince the increased shock velocity in the rarified medium produces an asymmetry
in the shock front, when comparing preesures et the surface with those at high altitudes at the
same slant range, it followe that the surfa-e pressure will be lower in relatioa to the high-
alti*ude preasure beceuse of pressure decay with distance. That the Fuchs correction® ia not
spplicable in thia case 1a evident from the pressure levela involved.

The data derived from the highest gun burst are under suspicion; the anomalous behavior
may be due to an “etmospberic discomtinuity”™ which may have existed at 7o aliitude of approxi-
mately 0,000 ft. At thia ievel the temperature decrensed at s greater rate; the wind had
shifted in direction and increased in velocity. Thia characteristically different air mass over-
riding the lower level air mass may well have acted es a reflecting boundary. Qun burast 5d,
sbove thie level, exhidits high shock and material velocities and high peak overpressures.

The three King dats pointa le slightiy below a theoreticsl 550-K curve (reflection factor
of two); al) King pointa are in the Mach regiom.

It should be noted that the velorities and peak overpressurea have not been corrected for
ambient wind conditions but are the values as actually measured. Uf the data were corrected
for wind, the three King veluee would be lowered | per cent anu pressure ot the two clceest
Mike stations increased by 0.3 per cont. With a valué of 110 per cent applied to the pressure
data, thess minor corrections are act of importance.

8.4 PRECISION OF MEASURZIMENTS AND KETHOD ERRURS

A discussion of the errors laherent in this roethod of pressure r asurement may be found
in reference 3. The error in camera speed {3 approximatsly +3 per cent over the regiom of
measurement resulting in a precision iadex of +0.03 sec in time. The measurement of slopes
n (time-of -arrival curve) and m (world line) was repested several timea; the relative error ia
n is spproximately +3 per cent and in m, ») per cest. The ranges of the mortar puffe end gua
burste are known, on the average, to withia 1 per cent. The meteorological data utilised in the
experiment were obtained some houra prior to shot time; however, because of the rather sta-
ble stmospheric conditions at the shot site, a reascasble relative error in dengity of 21 per
cent has been assigned. Propagatioa of the relative errora resuita ia s maximum value of
o per cent at the closest stations, decressing to #8 per ceat 2t the most distant stations, ss
the relative error in the derived pressure; the range error decreases from +1 per cent to
0.8 per cest.

REFERENCES

1. 7. B. Porsel, Los Alamos Scientlfic Laborstory Report LA-1408 (ia proparstion).

3. Karl Fuchs, The Kffect of Altitude, Los Alamos Scientific Laboratory Report LA-1011,
Val. VU, Part [I, Chapter 9.

3. D. F. Seacord, Jr., Blast Meesuremente, Part [, Blast-wave Material-veloc‘ty Measure-
mente, Tumbler-Snaspper Projects 19.2a-f Report, WT-388, August 1962,
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CHAPTER 1

CONCLUSIONS AND RECOMMENDATIONS

7.1 BLAST HYDRODYNAMICS

The dats obtained on Mike and King confirm the theoretical pressure-~:-~ ..e and time-
of -arrival curves of Report LA-1408. Th¢ effects of ctmospheric tnhom. y were found to
bs sigaificast at slant digtances grester thaa 10,000 ft.

Requirements for the mass-motioa experiment on future tests are somewhat as follows:

1. There is apparentiy littie requirement for measurement of peak pressure or time of
arrival at distances less thoa 10,000 fk for the sois purpcee of esteblishing the free-alr pres-
sure-distance curve.

3. There is a requiremest to weasure psak pressure at toth low and high altitudes (slant
ranges and altitudes well in excess of 10,000 ft) 1a order to improve the quantitative under-
standiag of the effect of stmospheric inhcmogeseity.

3. A further requirement exists siace the techaique is directly agjplicable to the analytic
solution for determination of the total kydrodynamic yield. The measuremonts should extead
from fireball breakaway down to pressures of several atmoapheres or, for air bursts, to at
least cover the free-air regica. The emphasis here would be on the hydrodynamics deep in the
iaterior of the abock wave, for which the method 15 well adapted; furthermoare, the details neer
the shock froat are fairly well understood.

7.3 THEERMAL DUST AND CAMERA LOCATION

The cameras were (astalisd at a contral location atap the timing stations on Esgedl,
Rojua, aad Ruait. This choics of location was excelient for operstiosal facility but was wa-
fortusate from the polat of view of object ocbecuration. The ares of dirt and vegetatioa betwesa
the camers sud the lagoom beach was ssverely scorched on Engedi aad Rojoa, resuiting in a
pall of smoks and dust which arces and clouded the fleld of view, (n many cases before the
desired data oa mass mction ware odtained. Future photography of this nature (om large ween-
ons tests) should bear ia mind the thermal effects; cameras should be places as cloee to the
eodge of the wuter as (8 fessible and wpwind of say smoke-producing material.

1.3 PEROTOGRAPHIC MITROD

The phctographic problems associsted with this esperiment were resolved on Beater-
Ts . 'o and were successfully applisd on Tumbler -Saapper and oa Ivy. Decisions on type of
s, flim speed, and lens focal length were mads ia consuliation with E0&C personsel; all
e - graphic vork was coaducted by that orgenisation.

a
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Fig. 7.1 —Dumage to Statien 632,10 (fremt view),
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Fig. 7.3—Damage to Satien 621,10 (side view),
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1.4 LOGISTIC SUPPORT

The installation of the guns on Engebt was the biggest problem encountsred by the protect.
The fine coordination of activities rendered by Group J-8, LASL, the cutstanding performance
of the Navy gun crew, and the equipment and skilled personnel supplied by RAN all contributed
to completing the instaliation with s minimum of difficulty.

The placemens of the rafts and mortar equipment proceeded smoothly. By participating to
the fullest extent in the full-scale dry rua, many minor problems were overcome. The actual
mooring of the raft stations began at 0600, M -1 day. By 1330 all rafts hed been moored and
activated, and the guns on Engebdl had beea loaded and prepared for firing.

1.5 DAMAGE SUSTAINED BY GUNB

A brief description of the damage sustained by the gus battcry ua Engebl (6400 yd from
Mike sero) may be of interest.

Little physical damage occurred with the exception of cne mount (Station 629.10). Figures
7.1 and 1.3 show the damage to this station. The trainer’'s hand wheel, telescope bracket,
bucket seat, and foot pedals were appareatly struck by a large plece of concrete, pieces of
which may be seen in Fig. i.1. The greatest damage was inflicted by local atmospberic con-
ditions rather than by the sffects attendant upon the nuclear detomatioa. By the time the radi-
stion had decayed to s level which would have permitted persoansl to work oa the guas, ruet
and corrosion had set in and rendered the equipment useless and beyond the repair facilities
available in the field at the time.
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APPENDIX A

METECROLOGICAL DATA

The basic meteorological data for Mike and King shots were provided by Joiat Task Force
132 (JTF-132) Westher Central and are reproduced in Tables A.1 and A.2.

From these data, ambient density at low altitudes (~300 ft, the mortar burst region) was
computed to be 1.13 g/liter. Similarly, for King, ambient density was 1.4 g/liter.

For the high-ultitude gun burats on Mike, data on ambient pressure, temperature, and dew
point were plotted as a function of altitude and interpolated at the gun-burst altitudes. Figure
A.]1 gives the ambient pressure, Fig. A.2 the temperature, Fig. A.3 the dew point, and Fig. A.¢
the wind velocity and direction. An atmoepheric discontinuity will be noted at about 20,000 ft;
the temperature draps at a greater rate while the wind shifts in direction and incresses in
velocity. Table A.3 gives the ambient pressure and computed ambient deasity st the aititudes
of the gum bursts.
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Table A.1 —METAOROLOGICAL DATA, MIKE SHOT
USS Estes
Eniwetok, Marshall Islands
0100 Locsl (1300 Z), 1 November 1983

Wind

Dew

Altitude, Direction, Speed, Pressure, Temp., point, Alctitude,*
ft degrees knots mb < < n
Surface 110 13 1000 28.8 3.8 380
1,000 110 13
2,000 110 13
3,000 110 15
4,000 120 15
3,000 120 13 880 18.2 17.3 4,930
4,000 130 14
7,000 130 18
8,000 130 17 733 11.8 10.3
2,000 130 17
10,000 130 14 700 9.5 7.3 10,330
12,000 130 08
14,000 140 09
18,000 150 10 633 8.8 1.8
18,000 160 11
20,000 160 10 300 8.2 -8.8 19,370
18,000 380 17 448 -11.3 -26.8

400 -16.7 M 34,890
30,000 240 7} 388 -24.0

3C0 -29.7 | 31,700
38,000 240 14
40,000 80 18 200 -48.8 M 40,910
48,000 - 330 1§ 150 -81.3 M 48,080
50,000 3% 18 117 -71.0 M
38,000 049 o8
80,000 070 4
68,000 010 33
10,000 080 20
78,000 100 i9
80,000 080 17
88,000 100 08
90,000 (Vo] 04

*Altitude ot prescribed pressure levels,

7= SECURITY INFORMATION

RESTRICTED DATA —SECK




SECRET

Table A.2 —METEOROLOGICAL DATA, KING SHOT
Eniwetok, Marshall [slands
0800 Lecal, 16 Novem!.er 1952; 2100 Z, 13 November 1052

Wind

Dew
Altitude, Direction, 8peed, Pressure, Temp., point, Altitude,*
ft degrees inots mb C ‘< ft
Surface 070 17 1010 28.3 3.8
1,000 070 20 1000 6.8 26.2 310
1,500 070 31
2,000 080 2 03 3.8 1.8
3,000 090 18
4,000 090 26
8,000 090 28 880 20.8 10.8 $,000
6,000 090 28
7,000 090 a4 798 16.8 12.¢
8,000 100 a1
9,000 090 20
10,000 070 30 700 11.¢ 3.2 10,420
132,000 070 18
14,000 060 16 613 4.6 ~14.8
16,000 A0 14
18,00 080 19 800 -4.2 M 19,31
20,000 080 30
28,000 080 26 400 -18.8 M 26,020
30,000 030 08 300 -30.5 M 31,860
35,000 340 29
40,000 330 41 200 -50.8 M 41,010
485,000 349 30 150 -65.0 M 46,970
50,000 130 07
83,000 060 08 100 -19.2 M 84,790
60,000 060 2 1] -81.0 M
63,000 0170 33 (1] -1.0 M
70,000 020 07 50 -58.0 M 68,030
75,000 40 14
80,000 240 11
35,000 130 13
*Altitude at prescribed pressure ievels.
47
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26000 BURSY  PSI |
sy LY )
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7ig. A.l — Ambdient precsure vs aluitede.
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7ig. A.3 — Ambient lemperature %8 MtUmde,

“
RESTRICTED DATA —SECRET — SECURITY INFORMATION




SECREY

oo —r1 1 T 1 11T 1T T 711
3294 b— -
000 -
o000 [— —
otw
oo — RRIT  POINT(%) |
-2640
9000 222 -
;e —
= we% -ne -
» -83
§ 9000 —
:i- L] (X -
< wese i1 -~
e i
T0
00 80 —
[ } ]
0000 0e I
[ —
s —
e —
| O I | L1

| S .
40 ¢ % 6 e 8 ® 1 0 20 80 s e
OLkw POINT %)
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WIND OIRECTION (DEGREES)
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Fig. A.4—Wind direstion and velosity ve altitade.

Teble A.3 — AMBIENT PRESSURE AND DENITY
AT QUN-BURST ALTITUDES

Aititede, Ambient precsure, Ambient deunsity,

Durst ft pai g/liter
1s 1.7%0 11.1 0.029
15 0,110 10.78 0.904
Y 9,000 10.4 0.878
» 16,490 10.1 0.688
4 [ 14,460 (X ] 0.781
» o
. [ 18,480 (X} 0.727
'™ 19,140 1.4 0.638
@ 30,000 1.1 0618 _
e 13,900 6.0 0.544
* ® 3,700 8.8 0.831
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APPENDIX B

BALLISTICS FCR GUN BURST 5a

The intersection of two planes defined the line along which the gun bhursts would occur (see
Sec. 3.3). Figure B.1 illustrates the location of gum burst 3¢ (the bursts were labeled as pairs,
and 3¢ corresponds to the burst st an aititmde of 35,000 f1). The coordiaates of tais burst, for it
to occur at the defined poist, were determined as {ollows:

From Fig. B.1
A 38 000
_ e e TR
L Py w.-u.mn

x= Atan 9 = 26,000 tan 15° = €492 ft

a= m"-:-~ tan ! (0.4640) * 24°S¢’
b ¢
ye e 16,900 ft

Pigure B.3 shows the plas view of sero (aland and burst Sa. From the knowa coordinates
of the sero icland and the angles a ami distance y computed above, the coordinates of the gwa
burst are found.

AN =y als (a + 8) = 1§,900(0.7321) = 11,040
AK = 7 coa {a ¢ §) = 15,000(0.6813) = 19,830
N 147780 - aN = N 136110
E 6T700 + AK = £ 78420

The gua at Mation §33.03 wag Lo fire the projectile produciag burst $a. The coovdinates of
this g station were N 143860 and £ 85787

From the geometry of the gwa station ia relatios to the gua-burst position azd the sero
island,

Borisoatal range (gma (o burst), 3763 pd
Position magle, $3°41°

Slast raage, 9143 y¢

Traia angle, $8°13° loft of domd sero
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From OP-1768 (reference 1), for ¢ alant range of 9148 yd and a position angle of 65°¢41’, the
sight angie 1e 3°26°, and the time of flight 18 34.40 sec. Since the elevetion ie the sum of the

position angie and the sight angle,

Elevstion angle, 7107’

Under the standard conditions of the Range Tablee the foregoing setting of train, elevation,
and fuze (time of flight) would produce a burst st the deeired coordinatee, within the arbitrary
ballistic error of +30 yd in three dimensions.

A correction for drift of 20 yd right increeses the train angle by 07’ to compensate; the
trsin angle 18 now 55°30°,

Since the gun hes an initis] velocity charecterietic of 3700 ft/sec and the Range Tablee are
computed for 2650 {t sec, an incresse in initisl velocity of 50 ft, sec would result in the burst
occurring 48 yd beyond in range and 149 yd high. To correct for the velocity increese, the
sight angie s decreased 22', and the time of flight ta decreesed 1.00 sec; the elevation ie now
70°45’, and the fuse setting e 33.40 sec.

An sssumed 10 per cent decresse in density would result in a burst 141 yd beyond and 368
yd high. To correct for this denaity change, the eight angle 1e decreased by 53°, and the time
of flight te decressed by 2.53 sec; the elevstion ie now 89733, and the fuse setting ie 20.88 sec.

An sssumed 10-knot rear wind would result in ¢ burst 37 yd beyond in range and 7 yd high.
To correct, the sight zngle e increased by 14’ and the time of flight by 0.15 sec.

After these correctione, the train 1e $5°30°, the eievation 70°07°, and the fuse setting 20.4
sec. If all sssumptions are correct, the burst will occur in ite deeired po.ition. If no correc-
tione were made (and they should have been made), the error in range would be 250 yd beyond
and 550 yd high. Conversely, if the correctione are proper (and sctual conditione required no
correction), the error in range would be 250 yd short and 550 yd low in altitade. It may be
seen from the foregoing that the probable position of the burst may vary within wide limita;
however, the preshot ballistic computation indiceted that, even under the most unfsvorable
conditions, the bursts would occur within the camera fleld of view, and the shot {eland and ad-
Jacent instrumented talands would suffer no damage during the gun-battery test firing.

The gua firing burst Sa was set at 8830’ tratn, 7007’ elevation, and 20.4-sec fuse, a8
computed in the preshot ballistic problem. Subsequent to Mike shot, when meteorological data
were received, ¢ second ballistic prodlem was eclved to determine the true locatioa of the
burst. Ballistic wind and denaity were computed,! and for burst 8a it wee found thai ¢ 10 per
cent decrease in density, an effective 18-knot head wind, and ¢ §-knot cross wind (from left to
rigit when viewed along the trajectory) would kave to be applied to the preshot ballistic prob-
iem. In sddition, s correction for a 30°F temperature increase wse pecessary. The correc-
tions were made, eccording to OP-1768, with the following results:

6-Inot cross wind, 30 yd right

16-knot bead wind, 38 yd short
11 yd tow

20°F temperature iacrease, ¢ yd short
17 yd low

10 per ceat decrease ia deasity, 137 yd short
339 yd low

Total correction, 30 yd right
216 yd short
367 yd low

The burst actually occurred (after applylag the foregolng corrections to the planned burst
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coordinates) st an altitude of 23,90G ft instead of¥38,000 ft. ‘The true plan coordinates (after
correcting for the range short of 116 yd and the deflection of 30 yd) of the burst wers N 126613,
T 79027; with the mown coordinates of bomb sero the resuitant true slant range of burst Sa
from the sero island wes 28,650 ft as compared to ¢ planned slant range of 29,600 ft. Table

* B.1 summarises the planned and actual altitudee and slant ranges of the gua burste.

Table B.1 —SLANT RANGE AND ALTITUDE, GUN BURSTS

Planned Planned Actual Actual
Burst slititude, ft  slant range, ft  altitude, ft  elant range, ft
1a 6,000 10,220 7,780 10 160
1b 9,000 11,400 8,770 11,300
22 10,000 11,850 9,880 11,690
n 11,000 13,050 10,490 12,720
3s 15,000 17,150 14,460 11,410
3 16,000 18,950 15,480 16,389
4a 20,000 23,1700 19,140 23,000
4 21,000 34,900 20,080 24,100
Sa 28,000 19,600 23,900 20,850
5o 26,000 30,800 34,760 29,780
REFERENCEKS

1. OP-1764, AA Range Table for 3-1-ch, 50-caliber Gua. (All corrections are from this publi-
catioa.)

3. NA-30-110R-126, Instructione and Tables for Making Observatione and Computing Ballistic
Wiad and Ballistic Density.
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