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ABSTRACT 

Oparatlon Iry «u !astrum«Bt«d (or iha nua-motlon awthad of frtMsre a^aMrcmtnt fs 
» ajxnrr *ts!Iir *o that uMd on 'v»«r»»»<w» Buattr-Jtasl« and TuKbitr-Ssapptr   Lo«-altt- 
tud« prrotKhnlc mortar burata aad hlcb-altttvda gua bMrau (ea MUa «äIJ; UöäI*. lh# mit fur 
photographic recording. 

Th« mathodi of laatrumOTtattoa art daacrlbad; us» mathod of data aaalfala ta outUaad; aad 
darlvad data on Urn» at arrlval, paak natarlal nloeltj, paaic ahock valoclty, «ad paak over- 
prasaura art praaaatad la taänUr aad graphical form. Appaadlxaa praaaat aataoroiog4^«] aad 
balllailc data and ealculatioss. 

An owtataadlag coacluatoa at UM aptrlmant la th« lovoaaa of paak ovarpraaaaraa aaar tk« 
aurfaca cnn^trad with tha peak orarpraaauraa at altltwdaa up to 15,000 ft bacau« of th« «(fact 
of atatoaphartc isuKHaogaaatt? at loag rangaa. 

Th« ataaa-notloa tachalq«« effara a uaafui dlagnoattc toot (or tha datara^nattoa of total 
hydrodrnnssie jieid. 

I 
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CHAPTER 1 

INTRODUCTION 

1.1    PURPOSE OF EXPERIMENT 

Tha d«niribUUy of oWilnlng tni« frM-tlr pr«a«urt mMaureaasU tea long b««a r#cof- 
aU«di Projtct 6.1 InatnirnMtttd Mlkt and King ahota for thla purpoaa. A tna fraa -air pr» J- 

aurt iaaaaur«mant la daflaad aa on« that ta fraa from auch parturMag factora aa maaaurtag 
inatrumanta, atructuraa, aircraft, or rafWctloa from Uia aurfaca ot tht aarth. 

A baalc matbod for oMalnlag «ach a maaaurcmant Involraa laballng a parcel of air with 
Ttalbla particle« and photograplilng thair nottoa undar the influanca ot UM blaat war«   Photo- 
graphic analjrala ot tha motion, togathar with basic hydrodynaalc raUtlona, datarmlaas Uta 
preaaur« nUua at that point. 

By placing tha maaaaremaBt potnta at Tartoua rang»a from th« nuc'aar datonatloa, nutta- 
rial vatocSty-dlattaca, abock T«loctty-41at«nc«, and praaaura-dlataaca curvaa or« ohtalaatf. 
Furthermort, alnca tha flrat motion ot Uta labalad air Indlcataa tha ttma of ariiral of tha blaat 
WBT« at that point, a tlma-of-arrlfml currt raaolta from tha maaaiiramaMta. 

Haratofora, thla typ» ot prasawra maaaaremaiit haa baau UnUtad to tha rtftoo CIOM to tba 
grosad, la., up to 1000 ft. MUa shot «ma Inatruwntad from tha surface to an allltnda ot 
39.000 ft In an attempt to datermUr any aayounatry la tha presaur» flalri aa the bUat wmn 
prograaaad throngh aa Inereaatngly rarlflad atmoaphare. 

A lo^-rang« proj»:t, utlUalng data cfctalnad on thla operation a« well aa «lata from pra- 
noua qperatloo«. conalata la the derlratton at preaaurc-tlm« cunrea from tha aaaa'wotton 
method. The Urate aamber ot data point«, coupled with time and manpower Ureltttlona, haa 
precladad each analyata to date. 

is  UAsa-uorxor HSTHOO AND PRIOR DEVELOPMENT 

Tha broad underiyta; purpoaa of the maaa-motion method ot meaaurti^ hydradynamic 
rarlahies ta treated «lanrhare.1 The method, ta general, conalata la placing a imall Tttlume ol 
vlatbla «nokc particle« at a fire« {xtattloa ta apace at a gtren Use relative to a anelear dato- 
nauon; tta aubaequent motion, when atruefc by the blaat war«, la recorded p^«»if «p^irally 
Tbe «nalyaia ot the film record prortdae data on the time at »bock srriTal and tha dlaplace- 
maat at th» Tolnme of labeled air aa a fnactton d time. Tfcia meaaur«m«nt of —■ motton, 
togetJbar with «Beteorolagleal data, may than be eonrerted Into a rmlna ot overpreaanre ta UM 

blaat «are. 
Srreral methoda ot labeilag tha air for photographic recording have been taveettgnted 

daxtag prerton« operationa. The two metlkoda1 utilised by Operatloa Saatar-/angle were (1) a 
«nso*» phuae profeKed by a IATO unit and it) an "aerial salute,'' a commercial pyroiechnlc 
producing a aaaoka puff In UM air aererai hundred feet above the grwd. la UMIttoa to I 
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■•UMMU, Op#r«iiMi Tnabtor-flBappar iBclwtod ■ f*»alblllty Uai (tf •■»•-trcraft gou far pro- 
dnciBg »aofca pitft« »t hlglMr tititud«« ' Kxpariesct oa th»m optrsUau Aov« tlut UM prro- 
uctoic mok« p«fl aütad tte low-tüitadt »«MMirtnamt tad ttot UM Mtuircraft «IMU, of tte 
pr<9«r HBokt eomfomHim, coald be «M4 for Uch-ftUUud« MMaHrvBcsU. 

RirUBNCIS 

1. D. F SMCord. Jr., Blaat MMMmKMta. Part HI. Blaat-vart Ifatartal-salacity Maaaara* 
satMta. Biul«r-Jaa(la Project 10.10 Report. »T-4I9, Marcb 1MI. 

I   D  r Staeord, Jr., Blaal MaaMraBMnta, Part I, Blaat-wara IfatarUl-ralocUy Maaaara- 
aiaaia. T^mWar-Stoappar Profacta II Sa-f Report. WT-5M. Ai«aat INS. 
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CHAPTKR I 

LOW-ALTITUDE iNSTRUMENTATION 

1.1    RBir STATIONS 

la ontor to «xtMd UM i<jw-»Hit«d« auttoM to UM hlfk-prMMr« raft« « Mite «fcoi. tto 
fo«r •uttou cio«Ml to sro*«d Mr« »«■• located c« UM mt. for rssaaafl of caavMlmM •■* 
to casM IM* «•rttr««» wit* othar pro^t«. t** MortM- UM «tM«ai a* tto BMwaH fM« 
MrtMaat erf Kk8«Lab   rigwt 1.1 ahowa UM loeatiM of tMM aUtloM la ralattoa to gr«Mi 
Mro. Ra* SUtloaa »i« 01 to «SO «H wart at ranfM of 44S0, SMO, MM, aai 11.4M f fro« 
Mro. tM awr^a »JtituM of UM mortar twata «M )M ft. 

Sack autloa couiatad erf a a(Ml pip« ambaddad la a coMrata UocJl w*ich, la tera. *»• 
tabadtod la UM TMI. UM atMi ptpa axtaadad I ft «bora M«k-llda Irral ni «•• provtd^ with 
two »-la-aqMra MMI platlorwa 8 ft (roa UM »OP   Holm«« aad HBTTM (MM) drawtaf No. 
S1M-Q-J etwa IM coMtrwctlM dataila. SataMiiM cabM waa Utd to me* Attim tnm lb« 
MarMl 1040 UmU* atatlon M UM BafM-BiM(^ai> compl«. Tlatla» rater« ■■* tattory powrr 
awty wara tocatM la UM Untl^ ataU«. UM aMward aad of UM cabi« ww MBMctad to tM 
■rarur at nek «utioe. a*l tha - • aa« *it*1 tnaa^ttad to tM ataUoa ftrM «M awrtar   ?if - 
ara S.S lUaatratao f»« ftrU« ayataa for UM roaf mmtim» 

To coaplata UM pr«(>*f»Uoa orf UM atailoa for ftria« Mcaaattatad ——[^ a prMMd 
cardboard aortar m tka plaUor» aad aanrtng It to UM alMl ptpa. WMrttng UM aartsr 
cJMTf«, Md eouMctlaf UM nrim aqatb to tfea tlala« cabi«   Ifea cMrja and »wtar w«r« 
waaUMrprwrftid bf wn«vU« wttb ahuai«« foil wMch affaetlvaly baft UM MatMM «wtartl^t; 
tM locauoa orf taatm«*a at « ft abo*« Usfe-4Ma Mval atidalaad «lapial^ <M to ^rty. 

AU Mtta faMUOMd perfectly darU« aawral dn rum awt at tM UM. BMk rtaOoa ceald 
ba aorrtcad I« MM tbM • «in. "d tM ehaia a« foirr war« «aMlly eovfnd M ünrt a 
■tliiat^ a DUrw (or traMporuiioa MroM UM r«af. 

It    RAfT STATIOKS 

Tv «Mt«* UM iow-üswwM iaatrMMatatlM o* ta UM t— praaaar« ragto«. r.»« raA «a- 
am» pirn» a aU*lM oa Umck «ara tMUUad. TMM war« KatteM «I 01 to «1.0«, toMtad * 
ra^M of tt.SOe. ai,«00, N,1M, JM00. «T.TIO. aad M.000 ft .»-aai aar« far Mike afc* in«. 
1.1). A awwaA «MI« WM ioeaiM « farry at a raa«* a« IH.rro ft   for Elaf aM6. als raft«, 
linflin fraa UM aartk Up at ttmtt eaalaard UM tba MfM«, ww« aM«. 

Tba tmato r*t autlM w«a a 10- by ll-R plaaaai etrwetw« «rpatad m «ack caraar by 
tww M-faJ druM. ki tM aaarar at to« raft «M MMlad a 4-ft-W«b ptotforM toHlpad to M- 

eaaaaMta Oa jMrtar, paw«r wtm^T, *** r*<l0 "»'■« «vapaaaat. Tbe raft rinMtrwcttM dataUa 
•r« elvM by MN rfrawi^ Mc «ui-Q-l. ngar« 1.1 la M «rar-aU «to« orf a ty*cal nit. 

Umtt u *— fMMMMi to m tlBtog aaMaa to maft rait to tba li^fiaa. a radtoUaaUg 

It 
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ftAtm was d«T«lap«d by EG40 (07 inMailatlona «ch aa thla. Bach raft waa «qitlppad with a 
r«c«tv«r, Tarlabl« delay Um«, aad machaalcal clock (or acüvatlng tht unit at about 1 hr ba- 
fora afco« tlma. Flfura S.4 ta a achamatlc drawinf of tha radio (Irin« ayatam, and Flff. S.S 
Aowa tha location ot tha tana traaamlttara with r«ap«ct to tha raft«. Tba daisy tlatar was 
■aeaaaary to provldo a witabla dalay batwaan racaipt of tha «tcnal and tha tiring of tha asor- 
tar. 8Uca thaaa atatlons astandad to a conatdarabla ras(a, tha aatoka pofl would hava baaa 
dloparaad at shock arrival if a dalay natwork had not bam taeorporatad la tha flrlac ayatam. 

Tha datailad praparatloa of tha raft atatiooa for Uia dry ma aad for tha ahot ta of lataraat. 
Tha Bouatloc plate which hald tha mortar, radio racalvar, and atoraca battary waifhad ap- 
prodaataly 00 lb and was aztramaly unwlaldy, espacially on auch an uastabla platform as a 
raft moorad in tha lagoon. R waa ballarad that tha laataliatloa would ba atmpUflad by moortnc 
tha raft aftar Uta radio ard mortar had bean mountad on tha raft. An LCT waa uaad (or trans- 
portlof tha rafts to their moorinf buoy«, a crane, for depoaitinf tha raft alongalda tha buoy; 
aad aa LCM, for the actual mooring operation. Formidable aa It aounda, the eq>erleoca 
achieved on tha mooring of the rafta for the dry run allowed the final Inatallatlan of atx ata- 
tioca to be mad« In leaa than S hr after loading tha rafts aboard the LCT at Parry. The BAN 
peraoaael handling the crane and boat« became so proficient that a maximum ot 10 mln at each 
atatioa waa required to place the raft in the water, tow It to Its buoy, moor It, load the mortar, 
make the (loal electrical caaaectloaa, aad sUrt (or the next Station. 

Weather protection for the mortar and charge was aimllar to that uaad on the reef ata- 
Uoas — aluminum foil wrapping with a rupturable foil carer over the mortar. The timing »alts 
were encased la steel boxes with gasketed lids. Esch mortar charge waa aluminum-wrapped to 
mlalmlae chance* of detoaatioa of the charge during Ita time of flight aloce eereral ot the sta- 
tioas were at ranges such that the charge would be In its upward trajectory during the period 
of high thermal-radiation rates from the nuclear detonation. 
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CHAPTERS 

HIGH-ALTITUDE INSTRUMENTATION 

3.1    GUN STATIONS 

That portion of Ute maM-motloa apcrtmrnt designed to m«uwr« hydrodynaml« rwlablta 
at hlch alUtg^aa abort th« aurfaca of tht tarth raqolrad tba laaUllaUoa of a battery of 10 anti- 
aircraft (una oa Eogabl. 

Tvalr« dual-purpos» S-la. 50-<:«Uh*r fUi were o**tlaetf from the Natal Ordaaace ?laa 
(NOP), Pocateilo, Idaho; 10 were Inaialled oa Eofetd, aad two complete aalta were retained oa 
Parry aa aparea or (or apare part». Figure 3.1 la a general view at the weapon. Detailed 
Intarmatloa on the Mark 33 mount may be fonnd In reference 1. Tba units were completely 
dlsaaaembled, cleaned, reaaaembled, and prepared (or oreraeaa ahipmaat by the NOP, 
Pocatello. Each unit was ahlpped In two cootalnera, one crate containing aa aaaemblad moat 
and allda and one containing the barrel-aad-breech aaaembly. The praparaUon iccompUahad 
by the NOP greats (aclUtatad field InaUllatloa. The mooat was laatalled oa a coecrete baae 
plate, and the lasei tloa of the barrel required about 10 oüa. The concrete baae plate, eoa- 
atructed by H4N, la abown oa their drawing No. 91S0-J-3. A view of the 10-gaa battery on 
lageM la shown In Pig. 3.3. 

Plgare 3.3 ahowa the relation between the gua atattoaa, shot lalaad. aad the Uae of gaa 
burst« (projected la plan). 

The gaas were equipped with aa electrical firing system. Firing waa aecompltahed oa aa 
COM tiaalag atgaal bf placls^ aa IGetG relay la aeries wi» th« Uiter» Mwer supply of the 
gua aad the firing soleaoid; the flrtag key of the gua was locked cloaod. Plgur« 3.4 is a sehe- 
nuUie drawiag of the firing circuit for each gun. 

3.3   AMMUNITION 

Special asussaUloa was pror.dsd by the Natal AaunalUaa Depot (NAD), Mare lalaad, for 
this project. A deaae white pafl of «moke waa desired aa the object to be photographed, and, 
atnee white phoephorua ahella were not available for thla waa^oa, a search was made for s 
sultahla white-smoke cawpouad. Research by Plcstinay Arseaal bad latftrated rarloua colored- 
aaMke cniiapfmaifla.' Several ronada at these colored amohea were prepared by the aareaa of 
OrdMace aad were tested la the flsld st the Naval Provlag Ornuad, Dahlgrea, Va., oa July T to 
10, 1M3. To atmuiate propoaed raagaa aad camera reeolotloa mipiirtsd n Kalwetofc, each 
burat was photographed with a ll-mm camera with a leas of l-Sa. foeai isagth. Raunde of 
red, white, yellow, aad greea smoke were detoaated at range« of MOO to 8000 yd. Photographic 
resalta showed that the whtte-aaMke compoaltloa was best salted to the parpoas of the project. 
Coasequsatly, NAD, Mare lalaad, prepared TO rtmada of (tasd amanaittoa bsvtag the foiiow'o« 
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BURSTS la. 2a 
BURSTS lb,2b 

BURST 4a 

BURST 4b 

BURST So 

BURST 5b 

TO ROJO* 
'CAMERA  STATION 

GUN BURST LINE 90* 
TO   VERTICAL 

Flf. 3.3 —LocaUcn ot run •utiunt, that Ittind, Mi UM of sue bursts (plsn vtaw». 

IS SEC   SIGNAL 

EG ft 0    RELAY 
i 

rtC? 
L.'-.'J 

X 

GUN   FIRING    SOLENOID 

^ i   TRANSFER    SWITCH 
"SATTERT" 

V    FIRING   KEY 
(LOCKED  CLOSED) 

Fig. 3.4—Ow aiia« cJrc«!!. 
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pertinent characteristics: 

TNT and white-smoke compound, 4.0lr lb 
Projectile. MK33 
Projectile «eight, loaded, 13.0 lb 
Propellant for initial velocity of 2700 ft sec 
30-sec mechanical time (uze, M 503 

3.3    BALLISTICS 

The locations of the 10 gun bursts were to be at altitudes of 5000, 8000, 10,000. 11,000, 
15.000. IS.000. 20.000. 21,000, 25,000. and 36,000 ft above the lagoon on a line defined by the 
Intersection of the following planes: 

1. A plane such that a horlxontal line in that plane Is perpendicular to the line from cero 
iElugelab) to the photographic station on Rojoa. Thl > plane makes an angle of 60° with the 
horizontal, passing through zero and leaning toward Rojoa. 

3. A plane such that a horizontal line in that plane is parallel to the line from zero to the 
Rojoa photographic station. This plane makes an angle at 75° with the horizontal, passing 
through zero and leaning toward Bogallua. 

The choice of this line Implies that no gun is aimed toward the tero island, and, if the 
fuzing of a projectile be In error, the nearest possible horizontal approach to <.ero Is 1000 ft 

It became apparent that the two bursts nearest Elugelab might possibly deposit fragments 
on Elugelab and Teltelrtpucchl if the fragmentation pattern of the projectile had a pronounced 
radial cone. At shot time this would have been of little consequence since fragments wouid not 
reach the Island prior to zero time. However, since test firing of the gun battery was neces- 
sary, it was imperative that no damage be sustained by island installations. Consequently, the 
two nearest bursts were moved to a higher altitude and a greater range from Elugelab. They 
were relocated at altitudes of 8000 and 9000 ft and at the same coordinates as the 10.000- and 
11,000-ft bursts. The bursts, in eleration, are shown in Fig. 3.5, 

The ballistic problem wss computed for each gun prior to the operation. Train, eleva' on, 
and time of flight were calculated using standard range tables.' After the determination for 
Standard conditions, the following corrections were applied (meteorologlcml factors were esti- 
mated from average conditions at Enlwatok Atoll for October and November) 

1. An initial velocity of 3700 ft sec rather than the 2650 ft, sec (used in OP-1796). Erosion 
readings' for each gun indicated an approsimate increase over the nominal 3700 ft sec (new 
barrel) of 30 to 40 ft sec.  An assumed powder temperature at 70*T would reduce the initial 
velocity by «bout 30 ft sec. further assuming a cold gun connection of 10 to 30 ft sec, the 
resultant Initial velocity Is approximately 2700 ft sec. 

3. A decrease of 10 per cent In density due to a warm humid atmosphere. This appesrs 
reaaooable when checked against calculated density changes and consequeat range variation.1 

1. A 10-kBo< rear wind. Climatic averages showed, for the Um- period under considera- 
tion, a surface wind of approslmately 9 knots from ESE to ENE and upper wtads of 13 to 18 
knots from NE to SE.  For an average oi all 10 trajectories a value of a 10-kBOt rear wind 
seemed reasonable.  The most accurste placement waa neceasary la the two lowest bursts (to 
prevent errors toward the aero lalaad), and hence the surface wind was heavily weighted; in 
these cases s rear wind Is from due east. 

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

Furthermore, assumptions as to She sccuracy of gun laying (10 ain la train, I min In ele- 
vation, and a fuse setting to within ±0.1 sec) indicated the calculations should be csrrled out to 
the oearesl minute. 

With the meager sverage climatic daU it did not seem feasible to compute bnliistlc wind 
and density In detaU. The mala purpone of the preshci b«illi«le computations was to produce 
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ALTITUDE 
FEET 

28000 BUWT NO. 
/ 

26000 

24000 

mmm 

/ 
rsa 

22000 

20000 

^ 

; 
18000 — / 
16000 

14000 

~ 

/ 
f3a 

12000 

10000 

8000 

- 

/ 
f • lb 
• la 

«000 — / 
4000 

j / 
2000 A jr»3S' 

"ZERO' 

ri(. S.i —UocsU« atfm bwKa (alavmuoa». 
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data for attttag tit« fuaa to prorldt burata aa CIOM to th* dcalcaated ptilata aa poMtbl«. 
To locate arcurattly th« burat poattloaa aa thay actually occurred, th« balliatlca war« ra- 

computM after th» «hot on th« baata of m«(«oroloflcal coadltlana pravalilag at aitot time (BM 

Appandlx A). T' «a« calculatlona w«r« »it«! atnc« iht baillatlc data prorldad th« only Iniorma- 
tlon on th« burat poattlona; no triangulaUoa camera« war« araltabl«. 

Again utlllaing th« atandard AA Rant« Ta*)!««. with th« known avtaarotogtcal data, th« 
actual burat poaltloAa «ar« calculated   Baillatlc wind and danatty were coaipitt«d uetng r«fer- 
«nc« 6. Change« In th« preahot balliatlc correction Included temperature, wind, and dcnalty. 
Th« r«ault at the poatahot balitatlc atudy ahowad that, In general, UM burat« occurred 70 to 
^00 yd low  100 to 250 yd ahort. and 15 to 40 yd to th« right of their pr«no«sly c< mputed post* 
tlcma. Th« cbuig« la position for each burat waa computed, and lla tm« poaltioa In apac« waa 
deiermined. In th« procaaa ot film analyala UM poaltlon of th« burat waa campared to Ita Ini- 
tially predicted position; the deylatloa la la good agreement with that derivoi froa the OaUlatlc 
computattona. 

Appendix B la aa example ot UM balUatlc atudy made for «ach burat 
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CHAPTER « 

CAMERA INSTALLATION 

4.1    LOW-ALTITUDK 8MOKX-PUFF CAMERAS 

Motlofi-plctvir« c«B«raa w«rt tnsuliad on Enc«M, ROJM. Rualt, ud Parry to rvcord tk« 
mottm of th« mortar «Moka pufla. Mltchall aad B«il A Howall 39-ma eaaaaraa vara m at a 
tpm<i at approadmataly 100 framea aac. Lmaaa tarlaf rarloua focal langtha vtra eaad, tkc 
cbotca baiac datarntaatf by tfea oblact dlataaca of tba camara aad Ua «spartad «axtaraa ac- 
curaion of Lh» amoka puff. Eacil c«ni«ri «aa coatalaad la a atUaidod bos witk na aatoojaileaUy 
q»«aad Ud npoa »»ich waa mount ad a plan« mirror, Uraa dlractU« tha Una at alght from tlM 
objacl dova to tha bomd camara. Tabla 4.1 aummarisaa tba cuaara data for MUn aad KSaf 
atortar ptetofrap^y. 

Tabla 4.1 —CAMERA DATA, MIKX. AND ONG MORTAR PHOTOGRAPHT 

Caaiara Camara Lana focal 
Objact 

dlataBC«, 
At mint 

atatloa typ« lanjtb. ram Object ft BortaaMal* Vartleal 

Mlka mu 
)01 .ti**bi) Ball ft HowaU •n 6 JO 01 18.100 irM'R 0* 
Mi ilncab«) Ball ft HowaU T» •ao.oi 14,900 «*»   R 0« 
JOJ (Ei«abt) Ball ft HowaU T8 810 OJ 1S.W0 M"58' R 0' 
m (Kncabl) Ball ft Mowall T8 «JO 04 11,400 401«' R 0* 

tO* tRoJo«) MttcbaU til tUXM 
litios 

44.100 i«*4r L 0* 
10« (^o]aa) S4,W0 
»0« (Ro)oa) U.ichtü US 111 OS M.900 »•40' L 0* 
JO« (Rojoa) MttcbaU m •31.04 U,M0 STir L r 
JOT „Hunjt! MttcbaU 1SI •*1 01 41,100 itW L 0* 
MT (ftaalli MttcbaU 15J 611.0« 13,100 sns L 0' 

SOt (Parry) MttcbaU n «n no SltW 
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Tkblo 4.1 —(CoottWMd) 

{ 

C&mni 
■UUoa 

Caman 
typ» 

Lma    ;al 
Obi** 

Ot>)Mt 
dlflUac«. 

B HorUaoUU* 

KlncSbot 

»0« (Ro]aa) 
30« (RQ)oa) 
S06 (Rojot) 
90« (Ro]«i) 
90« (Rojca) 
90« 'Rojoa) 

MltchtU 
MUchtU 
MUchaU 
MltchtU 
Mitch«U 
Ball * Howtll 

90« (Phiry)  MttchcU 

191 
191 
151 
191 
191 
191 

78 

en.io 
611.11 
eii.u 
611.13 
611.14 
611.19 

611 

16,900 
18.900 
16,400 
18.300 
17,000 
18,690 

790 

iroo'R 
14'30'R 
1710'R 
sono'R 
1910'R 
*4'37' R 

Vertical 

0» 
0' 
0* 
0* 
0* 
0* 

*R ■ rifht csf fraud MI-O; L ■ laft uf graand Mro. 
tSuB« cuatr», no owits a« one fllm. 

4.1   BIQH-ALTrTUDI OUM-BÜRST CAMIRAa 

Mitchell 99-aui cmatra« with 161-mm IdOMt. opcrattng at a ■*—«—' 100 fraaea/aee, 
»•re laaUUad at Statioa 30« am Rojoa (or the perpoee o* photocraphlag the gaa tnraU. The 
method cat laaUliaUoa vaa tdeatlcal with that (or the mortar ohotognphy. Tahle 4.1 aamma- 
rtaee the gaa camera data. 

Table 4.3 —CAMERA DATA, MHZ QUN-BURST PHOTOORAFHT 

Camera 
tf9* 

focal 
leagth. mm Object 

Object 
dletaMce, 

ft 

Aiminc 

■ortaoatal«    Vertical 

90« (Rojoe) 
»•(Rojoa) 
M«(Rotaa) 
SO« (Hojae) 
30« (Ro]oa) 

Mitchell 
Mitchell 
Mitchell 
Mitchell 
Bell A HoveU 

100 
1U 
191 
191 
191 

la-b 
Ja-b 
3a-b 
4a-b 
Se-b 

49.000 
48,900 
48,300 
49,700 
46,000 

IS»' L 
1*49' L 
SIS' L 
7,48' L 

lOV L 
mv 
33*43' 

"L ■ left of (round aero. 
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CHAPTER 5 

DATA ANMY3IS 

5.1    LOW-ALTITUDK BURSTS 

Upon receipt of the film print« the normal procedure of plattlag Uw amokt-paff edgts, 
frame bf frame, waa employed.1'* The resultant serlea of contour a wart than maaaurad to 
obtain the dlm'acement of the object aa a function ai frame number. Tba maaaurad diaplaca- 
ment waa corrected for macnlflcatton of the Racordak (the projection laatnunaot bj maaaa ot 
which the contour plot waa traced). The resultant dlaplacemant cs tha film waa thas trass- 
latad to true dispiacement In threa-dlmanalaaal apace. For tba geometry uaad la this asparl' 
meat. It can be ahown that tha true dliplacamaat la apace, yfwt, la related to tha maaaurad 
film displacement, *mm. by 

' * aln (a ♦ ^ ^ a) [f aln f «- z ecs ^ coa (/) > $)| 

wkara R ■ range (ft) from camera to weapon tare 
a ■ angle batwaan Una from weapon aaro to camara and Una fron weapon Mro to 

amoto puff 
a m aogl« batwaan Una from camara to weapon aaro and Una from camara to aaoke pofl 
$ m angle batwaan optic azla and line from camara to amoka puff 
« ■ angle batwaan Una of motion of amoka puff and Una from amoka paft to camara 
f ■ lena focal length (mm) 

Kaowladga at tha camara «paad (arallable from timing marka on tha film), togathar with tha 
true apatlal dlnplacamant, a)Iowa one to plot dlaplacamaat r» time. 

Prevtoualy uaad method« of data analyali»1 were not employed; a praUatnary radactloa of 
data by tha dl^ilacemaat-tlma talent technique produced anomaloaa raaulta Indicating ez> 
tremely high praaauraa at long raagea. It la balleTad that thaaa raauUa ware dw to optical 
refraction phanomena; oa prerloua oparatlona rafractloa effeeta had baaa ahowa to ba below 
tha camera reaolutlon Umlta. Kowarer, the magnitude <tf tha fry datoaatloaa with tha taatn- 
mantatlon at higher praaaura lavala than bafort, togathar with tha greatly laeraaaad Aoek 
radii tavolTad, aarlcwaly affected tha datermlaatloR ai tha particle dlaplacamaat while tha 
optical path paaaad through  '    atrong ahock ragloa. 

The foUowlag method waa utIUaad la tha radactloa of tha film data. Prom tha aaaaaaratf 
tlma of ahock arrival at each laatniment atatloa, dlataaca from aaro waa plotted aa a fucttoa 
of tlma oa logarithmic papar. Prom tha maaaurad dlaplacamaat td tha amok» puff aa a fuactloa 
of tlma, tha particle poaitloa Ueaa (world Uaaa) ware drawn. Uopaa a (of tha tlma of arrlyal 
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curr«) and m (of UM world I'IM) at «ach ■tatton rangt wer« meatured dirtcUy from th« 
plottad data potnU. WSUwut rccowM to th« Rankln«-BugaBlat reiatiaea UM p«ak attack. Teloc- 
ity md p«ak matwrlal Telocity ««re conpated from 

oR „._ 
mR 

■■ — 

By coHaMrraUoa of Baoaientua Bio»« UM pesk orerprenar« may bt ittmrmiami 

Pa -• p, Un 

Aald« fron «UmütaUng effect« dM to refracti«. UM aboe« Betbod Is tdaaliy aalted to UM 
(l«t«rmiiMtloa of the hydrodynaalc yi«ld by UM analytic •ohiUoa.'-4 Th« meaauremmta at 
radlu R, time t, slop«« s sad m. aad UM rate at change at alop« a, (d in ■)/(d la t), rvnov« 
UM analytic solsUoa froa s«fio«s d«p«adsac« upoo UM «qwaUaa o* stst«. Tbs forcgotnc data 
from Mite hsT« b«aa «s«d la th« saslytlc SOIHUOO aad result in as sTsrags yield at 10.1 Mt 
orer a preuore reof« of froa 19 to S ata. This Is lover than tte bydrodyaaalc yield of 
10.4 Mt obtained (roa th« aaslyUc aolaUoa la U»« flr«baU region; s lower yield is expected st 
long dlstaaces sad low aitttades becasae of ataoepherie tahoaoseaetty. TIM ap^areat yield 
derlTsd froa UM hlffh-altltuds goa barsts Is correapoadingly higher thaa UM hydrodynaale 
flraball yield. Tte «zt«aalaa at tte aolaUca beyond tte nr«baU ragloa sari dova to saeh low 
prsssaraa Is «itr«a«ly Talaabl« la broadaalag tte preaaor« rang* orer which tte saalytie 
aolaUon is TaUd. 

Tte posltioa of tte barn waa aoaaarod oa tte ftla with r«f«r«ace to tte knows csasra 
object axis; la this aaaasr tte alUtnd« at Oka barst asy te dstoraüasd as well as Us derlaUoa 
froa statloa eoordlaat«« la tte terlsontal plan«. Froa tte«« asaoarsaants tte tms slsat 
raag« froa ssro waa dstsralasd. 

rtgwr« B.l Is aa «alargsd S8-aa frsa« at thre« of tte rsaf stattaa« at Mite saro UBM. 
Tte »ortar barata. ratter ladlatiact on UM «alar|«ra«at, appear at tte left edge (to tte Mt of 
the Ugfetatag atrote), la tte right edga at sa orereipaaad area (daa to raflaetlaa froa tte 
camera mirror), aad orer tte right-hand gua sllhoastte. Figure I.S riwwa tte asm« statlasa 
darlag tte paaaage of tte «fcock waT«. Tte Mt statloa haa boaa «agatfed by tte ftraball and 
doat eland, tte center stadoa patf haa baaa placed la aotloa by tte ohocfc waro. and tte third 
atauoa tea aot y«t been dlsplacad. Of paaaog •at«r«at on this frame are tte ontllaa at tte 
shock WST« agalast tte backiraand elands (is tte right third at tte ptetapaph} asd tte ^ray 
rieidg bohlad UM steck front (light area on tte horlaoa). 

8.3   maa-ALTTTUDI BURSTS 

Tte pc on «dare la MaUlar to taat caployad la UM saalyala at tte lov-atttMls mortar 
burata. Howevwr. UM detera^anUoa at the relation betweea aeaaarad dl^lsesaaid oa tte Qla 
aad tte tr«« dlMplac«a«nt la spate is much aor« coaploa. A elmpUficatloa at tte iigor«Ma 
eolation at tte thraa-dlaeasloaal geometry, applicable to tte deieralaatlon at dt^lacesMnt st 
an early UBM eorre^andlag to tte time cd peak preaaar«, results la 

cos* t ata'•l* p    Kd [ sla* « cos1 H   coa* t ata11 
t 1 sta1 (a > p)      3i?cjr* $) 

I 

D • tme spatial dlapUcemenl (ft) 
d - aaaaared flla dlsplhesaaaat (aa) 
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R - dlatuic« from ctmara to Initial posltloa at gun bur« 
{ ■ l«i» (ocal IcngUi (BUB) 
c ■ «&f 1« bttwcn borlaooUl dl^Uctniot and actual dl^placamADt oa fUna 
n " rartlsal anglt btw—a borlaaatal and lln« from caawra to burst 
# - bortaooUl anglt bctVMB Una from waapon aaro to camara and Una from «aapaa 

aaro to gun burat (rowad aaro 

f   tyj   I 
[coa (a ♦ #)j 

I <• vertical ■nffla twtvaao hartaoatal and Una from weapoo aaro to gaa bar* 
a ■ horiaootal camara aimlaf aagla 

Plgurt 9.S la an ILUiatratloa of Uia gun-burat pbotographjr. Tha dlffaae otyaeta art gua 
twrata at an altttuda of 15,000 ft and at a dlatanct of 7.5 mllaa from tha camara. Tha mora 
dlatlaet otyacta brackating tba burata art tha rtmalna ot paraclmta« oaad by Prqjaet 6.11 to 
placa prtaaurt Inatrumaata (or fraa-alr rtcordlnf. 

*-taa' 
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CHAPTER fl 

RESULTS 

8.1    MIKE SHOT 

Th« InatrumtnUUoB functioned In ■ uttafactor^ nuuwr. Th« four rMf mortara (Stattooa 
620.01 to 630.04) all flrad aad producad amok« puffa; four o< tha eu raft mortara (Stattana 
631.01 to 631.04) fired, and puffa «art obaarrtd; ooa raft mortar (Station 031.09) and tha mor- 
tar on Parry (Station 633) faiiad to recaUa thtlr radio (Irtng alfnal, ona raft mortar flrad, 
but oo puff waa obsarved on tha film (Station 631.06), probably bacauaa of a faulty mortar 
charft or camera mlaaiifnmant; ail 10 |una flrad. 

The data darlrabie from the films do not folio« the percentage anccaaa la taatrumant 
functloßlnc; thla la primarily due to UM fact that duat and amoka produced by tha tharmal radt- 
aiioo obacurad the camera field of rirm before the ahock vava reached the amoka puff. Thla 
occurred on the film covering reef Station 630.04. The complete motion ct tha puffa could not 
be folloved, even at the camera atatlon on Rojoa, bacauaa of th« duat obscuration. Data from 
Station 630.01 «ere loat alnca th« puff «aa engulfad by the fireball bafor« any ahock-lnducad 
motion could b« dlacaraed. 

Two of the (ua burata (3 aad 5a) atarted their motion «lichtly outa.de th« camera field of 
via«; conaoquantly peak matarlai velocity aad orarpnaaura could not be determined for thaa« 
hropotata. 

Of th« propoaed taatnuBantatloB, TO per cent at the atatlona produced data. Since the gna 
burata ««re la palra aeparatad by 1000 ft, the lack of data from one-half of each of two palra 
waa aot a«rloua for defining a praaaura-dlataaca cur»«, aad th« data are conaldarad aa T9 par 
cent of planned. The high-altitude portion of th« project «aa conaldared aa a gamble from th« 
beginning alnca cloud cover could eaally prevent the photography of tha burata; that any data 
»•re ototatiwd may be conaldered aa luck. 

Table 6.1 preacata atatlcn range, Urn« of «hock arrival. p«ak ahock velocity, peak mate- 
rial velocity, aad peak overpreaaure for Mike ahot. Ftgurea 6.1 to 6.4 »re grapha of thaa« 
data; for compartaon. Fig. 6.4 contalna th« theoretical pr«aanra-dlatuca curve (raflectlon 
factor of two)1 for a lO-Mt aurfaca bunt. 

«. J    ENG SHOT 

Plv« of th« nix raft mortara flrad, aad four of th« flv« produced burata («gtla indicative of 
one faulty :harg«). Of th« foar burnt« laltlaily vtalbl«, CM (StaUoa 681.13) «aa otacurad by 
thermal daat prior to motion. Th« mortar on Parry (Station 633) waa flrad by hand; however. 
a po««r fallur« ahortly after aaro Urn« prevented the camera from nawlnf. (nalrumant oper- 
ation «aa, coaaaqaantly, 71 p*r cent, bat only 41 par cent of th« data «aa otttalaad. 
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Tabla 6.1—RESULTS, MIKE SHOT 

Pn* ihock P«ak materiel 
Tim« of trrtrai. Telocity. ▼•loclty, Peak orvrprtMurc, 

auuoo Slut rug«, ft MC ft/8« ft/MC pal 

9J0.01 5,935 0.63 4190 3155 304.8 
630.03 8,310 1.34 3910 1800 81.1 
681.01 16.000 5.08 1700 650 17.0 
631.03 31,500 8.33 1500 440 10.8 
6:1.03 30,130 15.45 1870 345 4.8 
631.04 37,300 30.06 1350 195 3.6 

OutMr« 
U 10,160 1.76 3600 1730 56.0 
lb 11,300 3.34 3330 1580 48.9 
to 11,690 3.44 8810 1450 37.9 
3b 13,730 8.89 8070 1350 33.8 
Sb 18,560 6.08 1680 1040 16.5 
ta 33.000 9.17 1430 906 11.1 
4b 34.100 9.98 1400 890 10.3 
Sb 39,780 13.14 1470 930 9.8 

Tabl« 6.8 praaasta rang a, tlma of arrlTtl. peaJc ahock ralocltj, paak matarlai Telocity, and 
peak orarpraaaura. Tbaaa data are plotted with the Mike data In Flga. 6.1 to 6.4; for compart- 
aoa, the theoretical preaasra-dlataacc curre for a 550-0 bunt (reflactloa futar of two) la 
Included la Pig. 6.4. 

Table 6.8- -RESULTS. UNO SHOT 

Slant raag«, 
ft 

Tlme of airlTal. 
aac 

Peak ahock 
velocity, 

ft/aec 

Peak material 
Telocity, 

ft/a«e P«l 

631.10 
681.11 
881.18 

3640 
4590 
5580 

0.99 
1.40 
1.93 

3390 
3090 
1805 

ISM 
1190 
880 

ST.l 
38.3 
34.5 

6.3    DI8CU8WON AND OTTERPRETATION OP RESULTS 

The Mike lo*-altttada dau poU»a are la good agreement with the theoreUcal curre for 
10 Mt oT«r aa ideal «urfaee (reflection factor at two) at high preaanree. At long rangea the 
■eaanrad preaanrea are lower than the Ideal curre became of atmoapharle aeonadc refraction 
foCTa*<af the nhock were inward. 

The hlgh-altttnde data ahow a departure from thf low-altltuda carve and ladlctta pren- 
aaren higher thna for a homogeneoaa medium. A preliminary atudy of the ^tccta of an la- 
ereuUgiy nrlflad atawphnre on tha propagntle» •£ k. ahock wave haa ahovn tfent the prea- 
anren ahonld be higher at high aldtmiea than they are aear the anrface. «iaaamlag that the 
ahnnlnta prcaanre behind the ahock la ererywhere conatant at a given time, the ehock Telocity 
taereaaee aa the amManf prcaanre deereanea with altltnd«. A higher «teock Telocity and an 
earlier ttaae of arrlTnl are Indicated by the data. The Increanad ahock velocity, together with 
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a hlfbdr mattrtil velocity, remits to u lncr«u« In owrpreuurt at th« hlgb attltadM. Tnr- 
tb»riDore, «Utc« th« increaMd »bock Ttloclty in DM rart/i*d medium products aa aSTauastry 
la Us« «hock front, whsn comparU« prassurss at the surfac« with thoM at hlfh aitltudM at th« 
aaaM aiant rant». It follows that ths sarla?» pressure will bt lower la relsUaa to the Ugh» 
altnudc pressure becaus« ol pressure decay with distance. Tfcat Ute Puchs correcttoo1 la not 
applicable la thla case Is ertdent from the pressure levels Involred. 

The data derived from the fiifhest gun burst are under suspicion; the anomalous behavior 
may be due to aa "atmospheric dtscoatlanity" which may have exlstsd af ^ alühide of approod- 
mately "0.000 ft. At this level the temperature deireased at a jreater rate; the wind had 
shlftsd la dlrectloe and lacresaed la velocity. This ciuracterlstlcally different air mass orer- 
rldlag the lower level air mass may well have acted as a reflectla« boundary. Qua burst 8b, 
above thla level, exhibits high shock and material velocities aad high peak overpressures. 

The three King data points lie slightly below a theoretical 560-n curve (reflectlaa factor 
at two); all Eng points are la the Mach region. 

It ahould be noted that the velocities and peak overpressures have not been corrected for 
amblaat wind condition» but are the values as actually measured. If th« data were corrected 
for wind, the ihre« Klag valuea would be lowered 1 per cent aau preasure at the two cloaeat 
Mike stations increased by 0.S per cent. With a value at tin per cent applied to the pressure 
data, these minor corrections are act of importance 

I 
6.4   PRKCHTON OF MEASUSZMIMTS AND METHOD ERRORS t 

I 
A discussion at the errors Inherent la this method at pressure cäasuremenl may be found 

la reference S. The error la camera speed Is approstauUcly ±1 per cent over the reglos of 
measurement resultlag la a precision ladei ol tO.Ot sec la Um«. Th« measorsmect at slopes 
a (tlme-of-arrival curve) aad m (world llae) was repeated several times; the relative error la 
a Is vprodmately U per ceat and ta m, *3 per cast. The raages at the mortar pulfs tad gna 
bur«» are known, on the average, to withla 1 per cent. The meteorological data utlllaed la the 
«pertment were obtained eome hour» prior to afcot Urn«; however, because of the rather ata- 
ble atmospheric conditions at the shot site, a reasonable relative error In density at «1 per 
ceat haa been oaolgaed. Propagation at the relative errora reaulta la a mammum value at 
*t per cent at the closest stotlana. decreoalag to «4 p«r ceat at the moot distant stations, as 
the relative error la the derived preosare; the rang» error decreaaea frosa «1 per cent to 
«OS per cent. 
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CHAPTIR7 

CONCLUSIONS AND RECOMMENDATIONS 

7.1   BLAST HTDROOTNAUIC8 

TIM data oWalBMl oa Mite and King eaaflna lb» thaaratlctl ptammn- *."   .,.« and UBV- 

c<-arrlTal currsa of Raport LA-14M. Tbb affacta ol ctnoMpMrtc tateB."       .7 »«r« food to 
ba atcalficaat at alaot dlataacaa graatar thaa 10,000 ft. 

Raqwlranaata for tba maoa-noUca asparlBant an futura taata ara eoaavtat u followa: 
1. Thara ia apparaaUj llttia raqalraatiant for maaaoramaat of paak praaaara or tlaa of 

arrlval at dlataacaa laac du» 10,000 ft for Ua aota purpoaa of aaUbllaMf* tba frta-aUr praa- 
aura-dlataaca carra. 

1. Thar« la a raqalraaMit to «aaaart pmk praaaara at fcoth low aad Ugk altltadaa (alaat 
rrn^raa aad altltadaa «all üs aaeaaa ct 10,000 ft) la ordar to üaprov« UMS qaaatltaUr« ladar- 
■Uadlac ct tba a&act of ataoapbarlc iaboaofaaalty. 

9. A farthar raqolraataat cHata ataca tba taclah(«a la diraetlf t^Ucabla to tba aaalytle 
aotatloa for dataraalaatioa of tba total hydrodyaamlc ylald. Tba saaaaraaaata abovld astoad 
tnm Araball braakavay do«a to praaaaraa at aararal ataMqpbaraa or, for air barata, to at 
Saaat covar tba fraa-alr rafioa. Tba aavbaal« bar« «oaM ba oa tba by^ratfaaailca daap ia tba 
tatarlo* cd tba aboeb wav«, for «bleb tba mathod la «all adaptad; furtbarawr«, to« «atalla aaar 
tb« aboek froat ar« fairly ««U 1 

T.l    THXHMA! DUST AND CAMERA LOCATKW 

Tba caaaraa ««r« laatollad at a caatral loeaUoa atop tba tlmlag autloaa oa Cafabl, 
Rojoa. aad ftaatt. Tbla cbotea of locatloa «aa «aeallaat for oparatloaat facllltr bat «aa «n- 
fcrtaaata tram tba poUt at rirm of abjiet obacaratioa. Tb« ara« of dirt aad v«t«Uüaa bataaaa 
tb« caaicra aud tba Ugaoa baacb «a« aavaraly acercbad oa Cacabl aad Rajoa. raaaltlaf ta a 
pall at «mo*» aad daat «bleb aroaa aad cloadad tba flaid at via«, la tumf eaaaa ba^ora tb« 
daalrad data oa «aaa aiottoa «ar« obtalaad. r^tur« pbotocraphy at tbta natmrt (oa Urf« vsoo- 
oaa taata) riMald baar la «lad UM tbaraul «flacto; cuntrta abovld ba placad aa cloaa to tba 
•dg« at UM «hMr aa la faaalbla aad apvlad at aajr aaMka-proteelac aatartal. 

T.I    PBOTOQRAFHIC MXTROO 

Tba pbotograpble pwblaaaa aa«oelat«d with tbla «ap«nai«a( ««r« rtmoirvi m Baaur- 
fi;   ^« aad «ar« MscccaafeUj appUad oa Taiablar->iapp«r aad oa try   Daetttoaa OH typ« at 

.:■': •%, film ap^d, aad 1«M foeai Uaelb ««r« aad* la coaaalUUloa «Mb IO*0 paraoMMl; all 
^      ijrspbic vork «aa coadactad by tbat orcaalaatloa. 
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fit. T.1—(MuMft to mtom CSS. 10 &** HMT). 
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7.4 LOGISTIC SUPPORT 

TIM IntUllatloB of Uit (Una on EngcM v«a tk« blfCMt probltm tncouotcrad bjr UM prolact. 
Th« tlM coordliiaUoB at MUHUM raodtrad by Qraap J-9, IABL, tha outaUadlnf parfornuBca 
et Uta Nary gun craw, and tba aqatpaant ud akillad paraonaai atq^Uad by HAN all eantribatad 
to coaplattag Uta inaUllaUoo with a mlalwui of difficulty. 

Tha plaeemanC of tba rafta and mortar aqalpaMat proeaadad amootUy. By partklpaUof to 
tha talkat aztant la tha fnll-acala dry na, raaay nlaor problana war« o>arco«a. Tha aetnal 
mooring of tba rait aUtlooa bagaa at 0600, M-l day. By ISM all rafta had baaa aaoorad aad 
actlratad, and tha gvaa on Engabi had baaa loadad aad praparad (or ftriag. 

7.5 DAMAG« SUSTAINED BT GUNS 

A brief daacrtptloo of tha damage anataiaad by tha gua battery on KngaM (6400 yd from 
Mlka aaro) may ba of Intaraat. 

Uttla phyatcal daasaga occurred with tha aicaptloa of ooa moot (Staftloa 613.10). Ptgarta 
7.1 and 7.2 ahow tha damage to thla ataUoa. Tha tralaar'a hand «heal, talaacopa bracket, 
bucket aeat, aad (cot pedala «we apparaaUy atraek by a lam plaea of concrete, ptocaa of 
which ouy ba aeaa la Fig. M. Tha greateat damage waa laflleted by local ttmoapbarlc eon- 
dltlona rather thaa by tha efleeta attendant ct^oa the imclear dotoaaUoa. By the time tha radi- 
ation had decayed to a level which would have permitted peraonnel to work on the guaa, mat 
and corroaloa had aet la aad rendered the aqulpmant aaelaaa and beyond the repair (acllltlea 
■▼allablo la the Held at the Urne. 
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APPENDIX A 

METEOROLOGICAL DATA 

The tealc aMtMrologleal data (or MUn and KUf abat» w«r« pra?ldad tj Jotat Tuk Fore« 
131 (JTP-i)l) WMUMT Ctatnl «ad tra rtpnxtocad la Tablaa A.l aad A.a. 

Proaa UMaa daU, aaMaat daealty at low altitedaa (~I00 ft, the mortar bant ragloa) was 
con^atad to ba 1.19 g/Utar. »mJlarly, (or na«, ambtant daastty «aa l..'l g/UUr. 

For t)M hlfJ>-iilUtada gna barata oa Mika, data oa aa>M«at prcaaar«, tami^araturt, aad da« 
point wara plotted aa a (aactloa of altltvda aad Intarpolatad at Ut« gua -burat altltudaa. Figura 
A.l glTaa tha aanW^t praaaura, Fig. A.2 tha ttmptraturt, Fig. A.9 UM daw potat, aad Flg. A.4 
UM wlad faloclty ud dlractloa. Aa atmoapharle dlaconUnuity will ba aotad at about 30,000 ft; 
tha taaiparatara dropa at a groatar rata wblla tha wlad ahlfta la dlracttoa and laeraaaaa la 
valocity. Tabla A.3 gtraa tha aatbtaat praaaara aad coaaputad aaMaat daaalty at tha altltadaa 
of tha gaa barata. 
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Table A.i—MKTkOROLOQICALDATA. MDCK SHOT 
USSEatM 

Ealwutok, Mu-thall UUada 
0100 Local (1300 Z), 1 Hanmtor 1903 

Wlad 
Dtv 

Altltud*. DtracUc». apMd. Prtasur«, T«inp., pota». Altltv«*,* 
ft (togrMa teota mb X X ft 

Surface 110 13 1000 3S.8 33.8 380 
1.000 no 13 
2.000 no IS 
3.000 no IS 
4,000 130 IS 
5.000 130 13 880 18.8 17.3 4.930 

4.000 130 14 
7.0Ö0 130 18 
8,000 130 17 733 n.s io.a 
9,000 130 17 

10,000 130 14 700 9.8 7.3 10,330 
13,000 130 08 

14.000 140 09 
18,000 ISO 10 833 8.5 1.8 
18,000 180 11 
30.000 180 10 500 8.3 -8.8 19,370 
38,000 380 17 448 -n.s -39.8 

400 -18.7 M 34.890 
30,000 340 24 im -34.0 

300 -39.7 M 31.790 

38,000 240 M 
40,000 380 IS 300 -48.8 M 40,910 
48,000 330 18 ISO -81.3 M 48,980 
S0,000 380 15 117 -71.0 M 
88.000 040 08 
80,000 oto 34 

68,000 070 38 
TO. 000 080 10 
78,000 100 19 
80.000 080 17 
•8.000 100 m 
90,000 060 04 

•AiUJad« at prtaeribad prttmur» irrsl*. 
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TtbU A.a—METEOROLOGICAL DATA, KING SHOT 
Enlwatok, Murahall UUnda 

0900 Lccal, 16 NoramF «r 1682; 2100 Z, 19 Nortmbtr 1093 

Wlad 
Etew 

AUitodt. Dlrcctlan, Sp««d, PrtMur«, Temp.. point. AiUtud«,* 
ft dCffTMB knots mb •c •c ft 

Surfsc« 070 17 1010 78.3 33.9 
1,000 070 30 1000 38.9 26.2 310 
1,900 070 31 
1,000 060 33 933 33.9 21.8 
3,000 090 39 
4,000 090 36 

9,000 090 39 880 30.8 lO.t 9,000 
6,000 090 29 
7,000 090 24 796 16.9 13.8 
8,000 100 21 
9,000 090 20 

10,000 070 30 700 11.8 3.3 10,430 

13,000 070 16 
14,006 060 18 623 4.8 -14.8 
16,000 «0 14 
ll.OCv 060 19 900 -4.2 ü 19,379 
30,000 060 so 
38,000 060 26 400 -18.S M 39,010 

30,000 090 06 300 -30.8 M 31,960 
38,000 340 29 
40,000 330 41 800 -90.8 If 41,010 
48,000 340 38 190 -69.0 M 46,970 
90,000 180 07 
99,000 060 06 100 -79.3 M 94,790 

60,000 060 22 93 -81.0 li 
69,000 070 22 66 -77.0 II 
70,000 080 07 50 -58.0 M 66,030 
79.000 340 14 
60,000 340 11 
69.000 330 13 

•AUitud« at prvscrlM prcMW« tartU. 
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TIM* 4.1—AMBmrr PKSMDBI AMO Dnarrr 
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APPENDIX B 

BALLISTICS FOR GUN BURST 5a 

Th« tatarMctloB of two PUMB dcfliMd um UM aloaf which UM gua burrtg vouid occur {CM 

8K. 3.3). Ptcurc B.l lUuatratM th« locatloa of gm bum Ss (UM bvtta w«r« laMl*d M ptlrt. 
and 5« corns^xsad« to th« barrt it u tUit«J« <rf 25,000 ft). Th» eooitUMtM of thU bant, for tt 
to occur at th« dcfiMd potat, w*r« MtermlMd u (OUOVB: 

Proa TX$. B.l 

„.^-.«L^.u.wft 
tu #     tM M 

x - A tan » - J9.000 tM IS* ■ MM ft 

a • t ,-• £ - Ua-' (0.4M0) » 14^4' 

y--=—-»8.900 ft 
•tfl a 

Plgv« B.S «how« Om plMm rtaw at MTO lalud ui bmr* 8a. Pr«B th» kaoa« eoordlaatM 
tM th« ««ro laUad Md UM Mfl« a «ail dlatuc« jr eomgmiii ahOM, th« eoordlaafoa of th« gaa 
hsrat arc fuaai. 

AN - r at« (a M) - 18.800(0.7311) - U.MO 

AX - T CM (a * «) • 18I800(0.M1S) • 10,880 

N 14T780-AN* N 1)8110 

I 87780 * A t - I 78«M 

TM gu •( 9UUai US.OS «M to fir« th« fnfetll» 
i gM atatlM »«r» N 1U8M Mi B 88787. 
rum tM ftoantry of tM fM at*UM la r«laUM to th« 

barat 8a. Th« coo^ttaaUa of 

poatUaa aM th« a«ro 

Barlaaaul rMg« Ijgm to bum), S7U r* 

PoatUM a^to, 88^1' 

Aaat raag«, 8148 y4 

TraU aagi«. 88*18' Ml of baah mero 

5. -a »*? 
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From OP-1790 (refartnc« 1), for « slant rang« ot 9145 yd and a poaitlon angle at 93*41', the 
sight angl« is 5^6'. and the tlmo of (light is 34.40 a«c. Since the «leratloo la Uw mim d the 
poaiüoa angle and the sight angle, 

Eleration angle, 71*07' 

Under the standard coBdltioas ot tfe« Rang« Tables the foregoing setting ot train, elsratloD, 
and fuse (time ot flight) would produce a burst at the desired coordinates, within the arbitrary 
ballistic error of *20 yd in three dtmenstoos. 

A correction for drift of 30 yd right increases the train angle by 07' to coinp«naat«; the 
train angle la now 5510'. 

Since the gun has an initial velocity characteristic of 8700 ft sec and the Rang« Tables are 
computed for 26S0 ft sec, an tncrcaa« in Initial Telocity of SO ft/ sec would result In the burst 
occurring 48 yd beyond In rang« and 149 yd high. To correct (or the velocity increase, UM 

sight angle Is decreased 33', and the time ol (light is d«cr«a8«d 1.00 sec; the «levation is now 
70'4V, and the fuse scttlag is 33.40 sec. 

An assumed 10 per cant decrease In density would result In s burst 141 yd beyond and 3M 
yd high. To correct for this density change, the sight angle Is decreased by t>3'. sad the time 
ot flight Is decreaacd by 3.53 sec; the eleration is now 69*59', and the fnsc settii« Is 30.U sec. 

An aaaumed 10-knot rear wind would result in a burst 57 yd beyond la range and 7 yd high. 
To correct, the sight ^.ogle Is incressed by 14' and the time at (light by 0.15 sec. 

Alter these corrections, the train is 55*30', the eieratlon 70*07', and the fuse eettlng 30.4 
sec. U all aasumptions are correct, the burst will occur in its desired poUtion. K no correc- 
tions were made (and they ahuuld have been made), the error in range would be 250 yd beyond 
and 550 yd high. Conversely, U the corrections are proper (and actual conditions required no 
correction), the error In range would be 350 yd abort and 550 yd low la altitude. It may be 
seen from the foregoing that the probable position ot the burst may vary within wide limits; 
however, the preshot ballistic computation indicated that, even under the meet unlavorable 
condition«, the bursts would occur within the camera (laid ot rtrw, and the shot island and ad- 
jacent instrumented Islands would «offer no damage dnrlag the gun-battery test firing. 

The gun firing burst 5a was set at 55*30' train, 70*07' eleration, and 30.4-sec fuse, a« 
computed In the preahot bnlllBtie problem. Subsequent to Mike shot, when meteorologies] data 
were received, a second bnlllaUc problem was ec^Ted to dotenalae the true loeaUoa tt tfbe 
burst. Ballistic wind and density wer« computed,' and (or burst Sa it was found ih»< s 10 per 
cent decrease in density, aa effective 19-taMt head wind, aad a «-knot cross wind (from left to 
right when Ttew«d along th« tral«ctary) would tave to be applied to the pr«ahot ballistic prob- 
lem, la addition, a correction for a 30*F temperatur« lacraasa was aeceanary. The correc- 
tions were mad«, according to OP-17M, with the following results: 

«-knot crone wind, 30 yd right 

H-teot bead wind, SS yd short 
11 yd low 

SOT t«aip«ratur« l»rr«aM, 4 yd short 
17 yd low 

1C p«r c«at (tecreaae la denalty, 137 yd short 
SS9 yd low 

Total correctloa. 30 yd right 
319 yd ahort 
397 yd low 

Tks tvret actaally occurred (after applytag the foe-egotog eorreetlons to the planned burst 



coordlnitts) at aa altltud« of 23,90C ft laitead o^S.OOO ft. Th« true plan coordlnatfli (aft«r 
corrtctit^ for th« rang* abort oil 116 yd and tb« dtflKtloa otf 30 rd) of UM burat wer« N ISMU, 
I 79037; with UM known coordlnatta of bomb aaro UM raaultant Una« alant rang« of burat 5« 
from UM aaro laland waa 38.650 ft aa comparad to a plannad alant rang a of 39,600 ft. Tabla 
B.l aunmarlaaa UM plannad and actual alUtudaa and alant rangaa of UM |ua burnt«. 

Tabla B.l—SLANT RANGE AND ALTITUDE. GUN BURSTS 

I 
Plannad Plann«d Actual Actual 

Burat altltud«. ft «Unt rant«, ft lUltud«, ft alant ran««, ft 

la 8,000 10,330 7,780 10 160 
lb 9.000 11.400 8,770 n.300 
Sa 10.000 11,850 9.680 11,690 
lb 11.000 13,060 10,490 13.720 
9a 15.000 17.750 14,460 17,410 

3b 16.000 11.950 15,480 18,580 
ia 20.000 83,700 19,140 23,000 
4b 31,000 24,900 20,060 24,100 
ta 15,000 19,600 23,900 28,650 
N> 36.000 30.800 34,760 29,780 
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