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Observf\t lon of the Yt,,l.J... DAY r. t01::ic Cloud fr(.1!1 ·tl-io U .s.s. Mt. Llc lli.nley. 
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Preface :;dA~th~; Llt .. d:.~.j.,. ·~·· ... ~;:,~i:.==·==~=~~--: 
TIM -on4ar7 lliaslon or the Mteorolot11cal atatt at laint Tuk l'arce SEn:lf 

we tllll 1llpleM11tation or a scientific 11eteorological progna. For logietic ruaono, 
thb llieaioo •• lt.ited to wbat.mlr scientific obllervatione could be •de b;r the 
•teorological personnel and equir-nt alread;r in the teet ..... because or the opera­
tional requireMDte ot t.be Tuk farce. The progru which •e planned included docu­
"""tatian or all •eteoralagical reports, obsenatione on the rat. ot rise and height 
Of the atomio cloud I' TOl.- or the cl owl a, llicroharogrepb Obnl'Tll tioDJI in order to 
obtain prelt.wr:r eet1-tee or the bombs' energiH, energ:r eotillate• ot the bollbe 
rr .. the.-S:Jb&&ie con1ideratione, cloud trajector;r oalcu1at1one, and invest~tima 
ot atmolpberic turbnl8Dt dU't'Ueion. 

Thie report 1e conaerned prt.aril.7 with tllll data Wbicb .. re collected m 
the Tilli'ble at<lllic cloade. Tba aet.orological obaenatione ccntained here are tboee 
tor tba teet da;re ool;r. The eurtace, upper wind, upper air,· and drcra.t't obaenatio..­
tor the .,tire duration or the Operetioo SllmSTOMB i.n be"" collected and will be •d• 
aftilable in a piblicatlon ritb no eecurit7 cleeai.tication. The amouota or energ:r re­
leaaed bf tllll boabe rill be conllidered onl;r ineotar •• the;r arrec:t tbe atomic eland 
tO?Mti..,.. The aeteorolagical aicromrograpb 1• nat a euitahl• inetnaent tor ....,..._ 
tna pree8111'9 wftB rrcm atcaic -po111 and other •teorological •tbode or •tud;rinl the 
energi .. ot the -pone are not conclusive enough to be cCD8idered at t.bi• ti... ID 
tb1a report DO attempt will be •ile to di.Beuse the radiological or cbeaical properti•• 
or the cloud•. The pbm- deecribed are those which could be seen or pbotograpbed. 

Prior ta Oparation Sl!IDS!ONE, U-t no ..-r1oal data lad been collected ce 
atone oloade. P!iatocraplul 1119re the beet Mana ot etud;rinl atcaic eland bebl.Tior, but 
tha1 lack or pbotqrrametria data •de this difticult. Jn perticuler, DD photograpbe 
showed the diapereim ot the clawb bf the upper willda, and ver;r little we lr:n111111 at 
the anner 1n wldcb atoldc cloud• ftre diapereed. Actue.U;r, a1-t nothing we Iman 
about bu9 dwlt or •llDD oloaila would be diHipeted 1t carried ta h1sb altitude•. Tbare­
tore, it wu t.portant that data be obtained not ool:r to deteratna the difrerencee, l.t 
an;:r, between tllll al<>D4e prodtu:ed bf the three -pone tested, but also to learn about 
the pnaral bebl.rlor at a tcmic cloade. 

Or~ planniJlc u-4 tbat pbotograpba would be aftileble t.broaghaut the 
entire Uf'e or the vidble atcaic clouds, but R-bour tor all tests was in the .. rlJ 
aarning c1ar1me .. JllA prior to dawn, and pbatogr&pbs or the etagee of aoet rapid rio• 
ot the clmde were not poesible. l'llatograpbs shaw the atoaic cloud• during the first 
titt.o to thJrt;r eeocnde •him 1n the fireball 1tage, or •bow the clouds later wb& at 
•boot 111Pet altitud•, or wtlllD beinl diapareed. Tbe SAIIOOTOHE Operation did not pro­
duce piaturH at r1•1DI cloail -in- noh"" ... n t:rp1cal at the CRmSROIJIS Operation. 
llu:J clollll piatune _.. atteapted dnrinC the first teat and the •Jorit:r "re nauahla 
or pbatop'a~ d1Appo1ntinlo For that reaecm, re ... r cloud picture• were atteapte4 
during ~ aeaand teet, and tJ.Jooet no cloud picturee wen •de during the thizd t.st. 

b Jart or the 9Cimt11'1o ..teoralogical procna, ••ther obeenera ... re re­
queeted ta _.. abeel'ftticna at •taaic cloade bf _,,. or their theodoUt.e• ud to nee 
eketchH ta ebow pointa at whicla the theodolite• wre at.ed or bolo tbe clonde were 
amped. Uao, t11117 ftre ubd ta write ftl'bal deecriptic:mo ot all atoa1c P-­
obeern4. Am the alaode coald be •- and •lmtched, bot not pbato11'9pbed, tlda report 
le the ool:r record of tllll cloud• bet- th• mct.IJ2glliahiog or the fireball• and thll 
ti.. that the hi«he•t partiCD8 becea• li41btecl b:r the ri•inl ran. 

To -seratu.i tbie report, 1t ie ua••llU7 to know onl:r • tn d•taile or tbe 
teirte aondDOted darlllC Operation SAllDSTall. ThrM atoa1c -pon• wwre teated. The tin\ 
we teated on 15 April 1948, de•ipted u DAI DAIJ t.ba •econd •• teated on 1 •1 1948, 
d11~ted u tolE lla7J and the tll1rd WU taeted en 15 •1 1948, d .. l.gnated u :IZBRA lla7• 
R-bonre wn at o617, 0609, and 0604 hOUM local tt.e, reepectiTelJ. All three or the 
weapan• were tired -r the tape or identical tonre appronaatelJ 200 teet 111«h. There­
fore, all burete ...... air borate and the clouds produced were s1Jdlar to the ABU: Da:r 
clood at B1Jdni. 

'f'l~ -~.::...~·· ·U . " I· ~~ L , I I .' J. 1'r.. . ·-- Vt"'~~ .:.":. _..:,.!.Si~..ra ·"Ct-- ( 
All air bllrate late praclaced •lat haft b.c.,;..' ban ~'-brooa aload•. !all• N/ -.- --' 

ner, the at0111ic cloud• prodoced DAT, IOU:, and ZEBR1 DaT" tllttlll'ed 1n ......... 1 DGte- • (!' '' '·· 
wort.117 raopects. These cllfi'ereacee were due pr1mlrilT to the cllttereDCH 1n energiee , 1 / • • 

/1 
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released nther than to an;:r mrlmd ditferencee in prupertiH ot the atmephere. Est1- ' 
-teo of energiH released bf •ch napan are outalde the scope or thi• J;Bper, but• 1 

'(. ·..-.;._ ·-· 

better underetan<iing of the clouds ie possible if the energies are rougblJ' compared. I 
The DAI Da,y weapon appeai-ed to release eOMWhat ..,... energy thnn did the eir burst at (:. / . 
Bil<.ini; the YOKE Da:r noapan """ o.-wbat more Tiolent than thet or JllAI Da:rJ and the ' · 
ZEmA Do;r weapon waa perbape leH rlolent then the il!U: Da:r bomb. The ZE!llA Da;r 
cloud attained a 1111ch lower l\ltitude than either the IRAI or the IOU: Da:r olonde. 

Clouds rroa air burst• have began with the - eequmo• of .veta. TIMea 
include the 1.n<:oaperahlJ brilliant fla•h or ... atoaic ••pon, tllll ccmdeneaticn cloud, 
the fireball phen<>11ena, and the ....,brooa cloud. TheH phe~, which nre deecribed 
ll8IQ' tiooes ill the reporte ct Oporation CB03SROlllS, were reported at all three teeta 
during Operation S&RDSTORB. Ditterenc•• occurred onl:r in dee or degree. Unintonied 
obllenere at at1Tmtem, tbirtem, and nine ailwe tor the three teete, reepectivelJ, 
saw no -.rked difference betw- the •Jor atcaic pblmcaem and could nat COllp&re the 
energies ot the -po1111. Alea, pbotocrapll8 rrcm CJIOSSRQlDS and SUIDSTall of the ccn· 
deneatioo cloud• and fireball• look near:q the -· Therefore, DO atteapt will be 
aade to describe phenmena which are not ootnortbilJ difrerent trca that reported at. 
llikiJrl.. 

It it bid bes poe•ihl• ta .. tablieb two theodollt11 CD a 1-• line three 
to tlv• aile• lone and -ke cak111ati0111 bf -• or baee line triUlgalation, mueh at 
the discussion and 1iore tbUI a tew of the abarta 1n thio report could be.Te been oaitted. 
Such a baee line wae not poulhle •• all oheenwra were concentrated towaJ'd Eo1 .. to1c 
tor eimpliflcatioa or the rad1olac1cal eatet1 problea. Clbeernn aJ.gbt bit.ft been placed 
on sblpe outside or the lagoon, bnt the problem or 80rlng cir traintng euch abeervara 
did not .. ,.. wortlmbile in rlew ot the ditticulti•• and the probahiliti•• at ohta1n1ne 
usable data. lluch or t.bie report ie oancerned ritb de•cribing tbll •tbod• need tor 
detenoining the dilleneione of the atoaic aloada rrcm whet. 19 ••em.d to be • eingla 
obeeno.tion point. llet.orolagical data ....,h ae 11PP9r air eDIDUnge and upper winde 
are used to eetim.te --ts wbioh could nonall;r be obtained b:r the Ille or aore 
than one theodolite atation. 

Jn Ti .. ot the acntioDed nqui!'l9mta tor atoaie cloud ikta or • •tearo­
logical nature, u4 in vi• or the re41olapoal baard and tlltticultiee ueooiated 
with Htabll•bing euitabl• obeerving eitee, tb8 prooeclare• need 1.n aaldnc \be tull•t 
possible nee of the data obtained at Eoiwet.olt are deearibed in gniat detail. 

It ... rmmd, wbln the prohl• or reportSnc CD the ataaic clow!e wu ap­
proached, U.t the aon .rrective •:r to deeorlbe the cloudll and tall mw tlle7 were 
affected b;r •teorological eleaente, or to tell how the olcwle wre obeerftd, 10 b:r 
aeana ot pictorial preeentatione. Therefore, llllD•pt tor the brlat deearlptione ot 
the cloude in the beginn~, and the concludcm11 and reo~tio..- at tlw .,d, th1e 
report caneiets or diagraae, chert&, •lmtcbee, ui4 pbatographe. Each set ot tigmwe 
or picture• 1a preceded b;r a brief explauatian, and then tbll eitue.tion tor JllAt, TOO:, 
and 2EBRA Da;re 1e Uluetret.d 1n tarn. 

The •in bodJ or the report ie · tallond b;r three appmdio... Tbe•• do not 
deecribe the atoaio clouds, bnt. gi:n •4ditional intonation pertment to • •tudT or 
the clouda. Th8J pr111e11t, 1n t.bll ord•r g1ven, • cliacueslon or ti. obeenational 
teclmiquee, worklnr charts, and tbeodallta dataJ the -ther ohllenatians ror the 
test periods) and the meteorological cbllrte for the teot perlode. 

/1 
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I The need for the scientific meteorological p:rdgram was foreseen bJ' 

colonel B. G. Holman, U .s .A .F. , Starr Meteorologist, Joint Task Force SEVEN. 

Colonel Holzman organized and gave guidance and support to the entire program 

ivhich included the collection and ana~es or the data and the publication of 

this report. 

Major Delmar L. Cr01Yson, Deput7 Staff lletearologist, assisted in wer,. 

way in the collecticm of data, prepared originall7 tbe suri'ace 'l"leathor data 

charts found in Appendix m, and carried out the adm:iniJltrative details re­

quired for the publication of this repcxrt. 

Lieutenant Ernest F. Lilek, U.S.N., Assistant S~ff Weather Officer, 

aided in the coll.eotion ot data from the ships of the Task Force and was respon­

sible for the anal7see ot the upper air obarta which appear in Appendix III and 

the trajectol"J' studies begilming cm page 43. 

The oollectim ot meteorological and atanic cloud data in the Eniwetok 

Area, e;v::ept that aboard the u.s.s. I.It. llc~7, •s aooa:tpliBhed bJ' the follow­

ing off'icers: l.lajor L. H. Pribble, U.S.A.F., Weather Officer, Weather Detachnent 

Erdwetok; Lieutenant .T. P. Jlullins, U.S.H. 1 .l.arological Officer, u.s.s. Albemarle; . 
Ensign E. L. Snopkmrsld., U.S.N., .l.erological Officer, U.s.s. Bairoko; and Chief 

Aerographer, L. D. Blalllll7, u.s.N., .l.erological Of'ficar, u.s.s. Curtiss. 

..:-4-
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The Chief of the U. S. "\"leather Bureau has given f'ull cooperaticm and 

has i'urniahed the services ot qualified Weather Bureau persoimel upon request. 

Dr. lkl'I7 \"/e:xl.er, Chl.ef of the Special Scientific Serrices D1rlsion1 U.S. Weat\1 

Buree.u, bas been available tar conaultatian .and Mr. Fred 1'hite ot that Dirlsiop. 

lie.a proofiead the text and has offered beneficial irnggestims in the compilatio­

of the publication. 

The offices used for the preparation of the prlnted report ll'Bl'e thosu 

of the Headquarters, 1009th Special Weapcme Squad.rem where suitable securit7 
I 

measures for sageguarding Restricted Data exiat. The meteorological sectim 

of the Special Wea.pons Squi.dron gave the tulleat cooperatim possible. This 

Hsadqu&rter& also turnished stenographic assistance. 

The monitorhlg of the soientil'io meteorological pro~; the collec­

tion of the scientific data; and the pretJU'lltion of' this publication (includhlg 

the performing of t~ calculations, the writing of the text, the drawing of' u~ 

figures, and the assembling of contents of the pe.gee tor photo-offset printing) 

were done b7 Ur. Paul A. Hwnphre7, lleteorologist, of the u. s. Weather Bureau. 
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Tt. four oblerriaa i:bi!'9 of loiat Taak roro• SIEll, 
t.bt U.:S.S. 111-rle, tt. U.!.>,~, a..troko 1 U. D.5.S. 
Curl1H 1 and U. U.S • .S. Ut. &:cl1nleJ 1 •n U110bon4 Ua 
tt• .... ancborai;: .. cb&rlDa t.be tbN• 'Le•U, Thei clU­
fer.DO• J.n the h•!19Ct.i'l'O pocit.1CIM of \bill •bipa for 
oacb t.eet did not ftJ'J mob itON tbna • •hipl • l.,U.. 
'Che ~ ot tbe •hipe a.n bN.cW4 :Lqto U. ... terlf 
tnid• 111nd.• •o tm.t theodolite• aen "t up an U. part 
au.. 11th U. DC11U1tant w:lad. and •till -i.r of U. 
laeom, u. •hipa d.14 a.at 11111ng mn than • r .. clllO'• .. 
durinc _, JDrtbl'lllar .. t ot obHrntims and U. dMk 
.. al.QDOt .. •taad7 .. tin IJ'O'Dll, 

Onl.1 on. dUtaaoe tor •ch W•t •• bNll ueed tor 

:!!. !==~~:':~!:~..:. ~;: !:! ;!)-
pn.ct.laal Jl'U"'lOll•• ubal• .UH, ntbllr tiaD .t..lH aad 
fnctt.Gnll of llilH1 WCNl.d p.n 11Uff1d.•t.q .:cunt. 
nll\llt.11, 

P,.op.r dbt&DH 19 u iaport.ant o....,identiaa •• 
•king -worolorical obMrn.t.1 ... Of •Mino pheDC911911.. 
Oa Dl? Da7, t1ltb the t..t •lte at ... bl, tbli laland 
•• t>.Iow the borlam5 Uld DO~ aauld Im uea t.low 
tta. tapv or tJw a-ia.. alau11b .td.ab •n b tb9 ..u1a .. 
it7 ot ti• t.•\. dt.. C.. !OD DaJ", iCIDOD _. jut on 
the hor1 'tOD b..l.t t.cau• of dorbi9H aDd t.M -11 ~· 
hw clwJ• U, •• not ponlble t.o npori IUrlace pblooe­
eru:. Mar th• t.a•t lit. trith HIJ\ll'UIO•• Oii Z!11U IM.7, 
Jtunit N:\ ... llJ ... Wbla llgbt a• •w.llabl.9. The 
flood 11 ··hta nMr tM t.M or u. tooe:r "" ill. pla1a 
wiw before 11-bov. .U. ta.. diat.&Pl:e ot 9 .U.• U. 
baM111 of th.e c\llUJ.u cloud.a anpacLJ"'8d wll •ban U. 
hertz.on •o tmt. lt tall aot rJUn.cult to ... "tmnM.t.b U... 

Por oblieftll.Uapa of aurfaca or 1- &lUWd• pbaaca .. 
.aa U. ahort.ar dS..tancei. en ... t•n.hll J -..'hr 1 t• 
the ob.onatioa ot cl.Gude attn t.be7 nub -.xiatlt. al\1 ... 
tldd tt. lon,eer dt.t.ncea au pnteft'M. U tbrt elcMal 
le l'Mfar 1 o• ..... tti. D:BIUt. Ilc.r cloud, lt. S.. not. poHible 
to atcht on the top ot the blt:hNt part. TbeoJolitN 
11W1l be aiMd 'Lonlll"d tbe \hle.ru.U •ide or U. claud.. 
Perbar- the optima diJ:ltcnce ror 1enenl ot:.ern.tla 
trcm ti• aurtace 111 mar l2 Rile•• 

tt. •hould ti. nat..d U.t all dl.9taaou \IMd 1.a tas.. 
report an 11D1ttloal 1111 ... 

. U.h r.go.1'\l to od••taticm, U.. p:>11lt1~ d thli 
•hlri- .. N ••1'7 h.'f0n:t.bl7 loca t.ed aUb. n1paat to U. 
uri .... r r.ind11. Th• clOUI! •t.lorlal ...a ort to U• ••t 
an.I Hat rrau tJw t.et alt.a ao U.\ u .... , hi. 111.cht. 
for about thrH houn, ad the.ft •• a aSA1a-. ot 
ruJlolor,lcnl hl&<\.rd. 

_J OU.Ci 1~-, 
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On the oppo11i te pap are 8boim 111&t.11M •llat.ob9• of the three o1olllla a• t.beJ' appeared at 
15 llinutes art.er B-bour, llben •-at ·wa atap, t.be olouda eaah bacl tbe t•tnna bf whioh 
t.her are 110st. eao~ 1.dmtU'ied, Prior to tllia U-, t.be clouda 1194 a-lat the - cllu­
acteriatios, Tlat 1•1 the7 cma19ted ot a globlllar ... on a tllick etea, 1ftulrar4a, tbeT 
were in ftl":l,OWI •tap• ot dil'tuicm1 but at 15 abiutes pas\ B1aur the clitt~•it between 
the cloudll were u.bt.allable, 

lilt.la all thl'M clwd•, the part ot t.1111 aloa4 rduTed to u tbe •prUaiy ma•,• or the 
1 prim17 portion,• 19 that. part. ot t.ba oloul 1lhioh -d to baYe ome fl'ca the inlt1al bot 
pa bubble 1 11tdoh bad been either t.ba head of a .aallroca al.om or llldoh lad riec beoawie 
ot 1 ta Ollll high t.pera tares. .t.t 15 aillntw past 1-bonl', the prlMrJ -s of t.be lllAl Dq 
aloud •• 1lobular and .... w11at. na.bled t.be top of a •"lliDI ..-lu alon41 that ot 
IOU Dq eeelled to oOD91st -Ur of •ob and d•t. and wu not eaar to di•tizlpi•h .h-<11 
\lie st. beoauee ot the lrregularlt.19• ot t.be oloadJ ui4 t.bat. of ZEBRl Dar aa acaethlng 
au the rM&iDa ot &D at'enised noka rl.Jll. Obaenw• ••re lDatnmt.ed to as. their theo­
.toH tes at each aide ot the prS...17 maH in order t.bat t.IMI diueter ot the radioactln 
cl'l'14 OCl1ll.d be roughl:J oalculated, -. 

Tba words 'hicheet point• also reqnin uplanat1.on, 111-n the primrJ' ••••• were ral.Jll, 
the higheet point.•• aap'.q what. apPMred to be the top ot the g1obnlar mass, or llllllhrooa. 
However 1 =expected chanps whioh coJlfueed t.he obe"""1'8, took place in the tops or all or 
tha clawls. The JllU ~ aloud deY•loped a •inl-ahaped abeet ot clrrua which la referred to 
aa a "plUMJ 1 the IOIE ~ aloud spreed at. tba top eo t.bat it bacl the •anvil" shape ot a 
cumulonabUll1 uid the ZElll1 Dar aloud bad a projection, or •finger,• whiah puabad out. through 
the pr1Jlla17 mos, In the oase at the Jill? liq aloud, !ICM of t.be observers shltt.ed their 
ailaJng point tr .. the priart maaa to tbe near edge ot the phuae, since the eleTa t.ion ancls 
or tho edge ot t.be p1- was larger, ThaT alao abtl'tecl to the end or t.be finger Oil ZEBllA Dar 
tor the a..., reuon, It b on'.q through t.be DH ot the origilual eutobaa that it. la poasibl.11 
to tell hOll the theodolite• nn ..a.d. Tba point referred to a• the "hit;baat po:tnt• la _,,t, 
to be' the highest. i-rt ot the P'lMrT •HJ h_r, ill the caH at the IOU Dar olaud, the 
pr1Jllar7 •as la ea poor'.q detimd that lt 19 lapoaa!bla to dete1'1ne whether or net the elna­
tian IUISls tor tbe top ot tbe anrtl la t.be •ue u that ror tbe top or \.be primrr 111&110. In 
the case of the ZBllll Dar cloud, tbe top or tba tinpr-lllte projection la actuallr the part 
ot the clwd highe•t 111 elnation, but t.be pl- and t.be amil ot the J!lAI D&;J' and the YOKE 
Da7 clouds are CJD'.q signs that tbe top part.II of tbe clouds ar• apreadi.ne out against the base 
ot the lltratoaphare. 11 onm ot the purpo .. e of the th6odol1te obaervaticma wee to obtain the 
true Altitude ot the l'adicact.ln claud1, the taat. that. • .,.. obsert'era ehitted to llinar fea­
turH ot the cloud• .... mdadnble, llaHYer, where clat.a oan be obtained rar the a:tnor rea­
turoo wlthrut the lo•• ot 1nf~t1an for tbe prlarf •Hee, llllOh clata ohould be aollected, 

That iart. of the atoa1c aloud• whioh la referred to aa the •.ta.• or the cloud (not la­
beled on the •ketcbte) la wlat le below tbll priMrT •H• Tba •tea of the clouds eonaieted 
ot •terW nept up rrca the wrfac• or len behind u the pri9arr ••• cooled 1n rlalng. 

Thll lll1I Dq cloud lad another feature boslm. the plme not CDlll!IOD to the other two 
clouds, That ie, it had a dlat1not. "break" betwe. t.be pr19&17 pOrtlm and lte •tam, 

Pbilncaena c- to all air blll'at.a ot etoa1.o ••pone wbicb 1ball.ld be -.itioned aa part 
of a meteorologioal report en ato•i<I cloud• are dieauaaed belOll 1n th• approrlmte order ot 
their ooenrrence, 

B-llour aa mrl<ed bf tbll 1nd.eacr1tah:q br1111ant tluh. I& all three teate, oheerftre 
aotu.al:q felt tbe ndlant i.at. on their taaea for a brUf mat.ant, but the i-t wa• ot too 
•hort duration to be recorded cm eztt ord:!DarJ' •teoro~ aquii-nt. (Ro observer ebould 
look direct:q at t.he teat aite at B-llonr without a nitabl.11 dark tilter for hi• •re•, and no 
ordinaJ7 bia~t alwul4 be pointed at tba tlaeb.) 

:r-d1ate'.q follCMi.ng tbll !laah, tbe growth ot the hem!Jlphen-1 ccnl-Ucn oloud be· 
pa.. It 111'9 at appradmate'.q the •peed or 1ound aa the drop or atiaoopberio pre•8Ure behind 
the explosion .. .,.. oauaed condensation ot water npor. Tba detend.nat1on or the aDOt .u--
1lona or the.. apeolal clouds ware not part of the •teoroloaical program aa their aisea are 
:laport.azlt. cmaidarationa 1n enarg caloulat1one1 howner, for the pgrposee of ocaparlaon, it. 
•ill be atated that the IRAI and the 2'EllRA Dar ccadenaatlon elouda nre about. 5 llilea :In dla­
•ter ud the IOD Dar cloud wae near'.q 6 ldl.ea in .U-ter, In each oa .. , the cmid-tlon 
clouda bad n-r'.Q' aaooth white e1dea and wel"I brilllantlr ~ted trm within, TbaT api-iwd 
to be llllV'.Q' bem1Jlpher1cal.0 but the IOIE condensation cloud wa• dlatlnctlr tlat.tened on tbe 
top eida, It.•• clitr:toult to - tbll bot.tea or the ma liq oondaatlon cload beoaDae ot 
diatenoe and natural clouds, and the bau or the YID Dar cloud 11-4 to nat. Mar~ on t.1111 
aurrace1 llow«er, th• ba .. or the ZElllA Dar ocmd-t1m cloud .... at. about 2,000 f'eet., ao 
that 1t was poaaibla to 1ee UDder it and to He the tlamea around th• ba• of t.be rs.ntall. 
The condensation o].auda diappeared rr .. the lllddl• outward •o that. w a aurtaae observer 
tbeM clouds ••e-4 to nniah biatantanOOWl'.q. Pr<a the air, the alCJUd9 had tbll ahapo or a 
dOU1tlmut., with the 1ncandeeoent p ... s or the tiraball in t.be lllddla. (S.. lote llelOll) 

Art.er the ccmdensation cloud dlaappMncl, the illcendeso ... t p- whioh f'azwed the atcmio 
cloud ware seen. The colors ot theH hot gaee• changed trca near'.q white, to :rwlloll, to 
ore.nee, an<\ then to red In about 20 aeoonds. Tba cloaer tbll teot alte, t.1111 'brlchter t.he 
n-es :In the fireball appeared and the l""ller ther oeelled to laat.. The q..,...t.it.r of the •t•­
r1al :In the IOIE Dq cloud as noticee.h:q greater than that. ot the DlI Dar tut1 and on IIZ!! 
Dar, the n....a aee-4 to apraad at"ar the lal&nd and linger -tar1l.T before •tarting ~ 
•rd• 1t about B.i.m&r plus 10 Hooad•, t.be fireball• wre Dear'.q llpberioal -pt. f~ tbllir 
tlattened f.opa, and ther .. emed to rest on a pedestal at DOka and cluat wb1ah 1194 bem nept 
up bohind them as the7 began their rapid riae. 

1a tbe brigbter colara or the fireballa faded, tbt •ott,_ bl•..,iolat llllillesc- or the 
aloud8 waa rnealed. Thia gl"" aeaecl to occur both within the aloud• and in t.be air whlch 
ha cloae'.q aurramiding, The illtensltr ot thla lmilleec911C• and it• 4urat.1m 19 ~t:q de­
pendent upon the dlatance of the obeerYer no.. the aloud, Thll l..W.-ce ot the IRAI llll:J' 
cloud faded gradual:q uid dleappeared ·in about two 111nutea, wheree.a t.he glCM of' the YOll! and 
the ZEBllA Dar clouds lasted about. rour a:tnutea. The raot that the alouda were aelt•luminoua 
la illportant to visual obaervaticma u teat.urea ot the clouds could be aeen ntlll before tbs 
110rning twilllht beaa• et!eotin, It la preBUlled. that the 1BIE Dar clolli at Bikir11 alee 
poaaeaaed th1a p1>Dpert7 ot lllllll.neacence, but that tha etrOD6 aunligbt prevented t.be cJ.ow trou 
being ...... 

lhil• the llaineaoence waa being obsert'ed, the preaaure • .,.. auooi&ted with the aCllUld 
or the aploaiOD arrind. CG JR1I Dq, the pressure an arr1YWC1 at. t.ha obsU"t'bg •hips Sn 
about one and ooa-halt ail11ltea, on IOD Dar, the an arrived :In abou:t """ 111Dute, allll on 
ZEBRA Dar, the elapsed t:lae •a• 4S or So aeconda, There •• no !eellJlc ot ~1.cal p>ah 1'rDe 
&Dif of the prellure wa'faS and DO feeling of dlacmtort, Ordina17 Mteorologlcal. iiiat.rmenta 
were not 11gnll'lcantl7 arteoted bf tba preo1111re ana, Tba ord1.naJ7 a1.crobuograph 19 d•­
a!.&Ded to reaiet sudden preaaure changes, Bo"llYC', opeo1el.17 built. a1.crobaropaph9 on the 
U.S,S. It. UcK1nl01 without damping ..,chan1Jna showed pressure chluipa tor the t.bree tests of 
2. 5, 7, and 9 allllbare 1 reapect.lftlT, 

Tba 10Wld1 of the three weapon• were ae tollon1 On IRA! D&7 the sound •• a d"P 
ruablo reaembling hea'f1 thunder, whereas on IOIE Dar, the eound waa a reaoundinl 'pop" which 
w11 ...,h dittarent. rrca t.be sound or the XllAI Dar -POil· Tbt •ound CD the YOU Dar -poo 
aa •iailar to the sudden report, cmaiderab'.q •11111t1ed, ·at a paper bag whioh 19 faroe!'\JJJ,J 
bur•t 1n a ... 11 rooa. or poa•ible 1ntereet 1a the tact that t.he sound did not. ••• to aOlllOI 
troll 8ztf parUcular directiOD. An observer not laJaring thll dinctlm ot tba teat eite •ould 
not ban been able to point to it• •ource. The ~ Dar exploa1.on aoandad ..,.,h Ulm thll 
•bang• of an dgbt.-:lnch gun, 1t the gun ft:N beard trca lllYeral bnni!red feet. aay. Althouah 
the :mu Dar uploaion bad a rumbJJ.ne sound, there were no reverbarat.iona on YOD and 7.EBRA 
Dara. 

llot.e1 TJie -condensation cloud grew to !Ull oi .. and dieappoared 1n 5 er 6 HCcmda. 
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Description of the 
The atomic cloud p!Sbad tbJ;ough the deck of broken CUlllQlua clouda alaoet 

iamdiatal.3' and •• aban the highest ollmll.1111 llbort.13' attar the first 111Jnrt.e. During 

the period of moat rapid riae, the cloud •bowed the intenial c!rcuh.tiaa •b1.ch was 

obeened at Bik1ni and ne 1n the cb&Rcteristio mtihrOClll •bape. .la OD .lBI& lla7 at 

B11<1ni, 11everal ehort cloud .treuen, or apar11, seemed to project outi:iard at an angle 

trooi the bottm of the cloud at the tille it •• rilling JD011t rapW,-. il.Bo, u at 

Bildm.1 when the top ot the cloud reacbad 401000 feet at apprcnr::l.ste4 B-bour plUIS 

5 m.1nute11, an ice cap_. seen to to:na. The darlaulH prnea.ted care.tu! obeerv&/ODll' 

and all of the obearnn did not report tbi11 :loe oap pb-. 

.lt the aiztb llimlte, the claad top wu approxiatel.3' 441 000 feet and the 

aketobe• abaw that the cloud 0C1111111tad ot two •Jor portioDll, the 111W1brooa with it• 

taperin& lltalk and a 1up oumul.U1S.ot.1P8 aloud trm wbioh the lltalk ap~d to ext.a. 

TIUll lower cloud porticn reached up to an e11timted he~lrt. ot 151 000 feet and •• 

ll1ng1ed with tbe other lover cloudll ao that it .... mo11t]T obllaured. .la the mahroca 

continued to rille, it began to -· ealltward ritb the prna111Dg aoutbft1ter]T wiDda. 

Thia dritt to the ealltard began betWHD tbe tb1rd an4 t~b !Wmte when the cloud 

reachllld appro:d!Bte)T )01000 teat. lleamrblle, tbl loser portim •• dritt1Dg west­

ward, and the &tllk ar •t• •• •laa&atiJll 11114 'beocaiDI -1l.B1' 1n cliM&tor. 

.lt Dina ldmlte• and tbirt7 -Ulda put B-llour tbe U.S.S, ilhemrle ob-

.. rver1 record.a a oleen brwk bat.- the upper and lower olalld ••••• and th1a shear . 
_. eatiated to ooour at 20,000 tMt. The st• ot the aloud rapidl.3' di•persed in 

th1ll niion ot willd 11baar dllr1nC the following three or twr 111JmtH, leavlllg an 

irrasuJ,ar p.toh at dWlt ar aob wbioh Mparated itllalt traa bath the upper and laoer 

port1oD11 of the cloud. 

UllUIUllCW nequ11 ea 

XRAY Day ·cloud 
Between the tweltth and tb1:rtecth llinut.e 1 the llUSbroaa nacl»d it11 biPst 

elnaticn. Tbe highest elnatiCll engle •• recorded at thill ts-. .llmoet 1-dilltel.3', 

a th1n cirrwl pl\1118 toraed wban a protuberance f'ran the to~t part ot the cloud ex­

tmidad up 1nto tbe nortbeallterl.3' •illd which as 1n tbs stratosphere. To a ship-harm 

observer, th1ll cirrllll-lillll plDle tint appeared to at.ead ui-rd and Wlltward t'rm Deal' 

the center of the ilobular _,., of cloud •bioh lad •barl4 betaN bun tbt riaing -h­

roaa. Tbll l:aae of the pl.me boa.- broader •bile tbs tip .~ po1nted ao· that the 

pne:nU. ettect as that ot a b11"d111 •ina ~ boriscatal.17 !rm the cloud 1A the 

\1reot1aa ot the •hips • 

The upper portion ot tbo atca1.c oloud as uti»ted to be approdate)T 5,5 

.Ue11 1n diueter at the t11u it reached ax1mla altituda, &!Id its Hllter wu 19 .Ue• 

di11tant trcn tbs obllening 1hipe, After reaohl.oc mxS-. alevatiA:ia, the upper clwd 

UH mond with a •ind trm 2)0 degree• at ap~te4 25 Jmota, u the wllld-ehaped 

sheet ot o1rru& above tn.iled be!Und. 

The JBil llaf cloud dillappearad trca rlew 1n the tolJ.arinc -r. The lonr 

olllllU\lll..qp. portion ot t.be oload ~ ri.e1h:i. 11DtU about B-Giar pl.a. tRnt7 llin-

uta• and tbea •• lost to obeenere beo&Wla ot other clouda, The 11tal.k 'of the .. 11roaa 

tel'IMd a broad, 1rregular alaped area ot tim dtlat Uld allOb wb1oJa a~ to dillperae 

~t•elt 1A the :region ot rim •hear. Tldll aokJ° patch diN.ppeared at about !-hoar pl\111 

two boun. K-111le the prDarJ portb •intdmd it• pneral abape mt appeared to 

beoe11111 tbin and abeat-iu. eo tmt it clo11&13' :reelllDbled cirroo-1.ue. :r~, at 

appradate4 B-.baur p].1111 three boun .,..., tb1ll mat prca1Dei:at part ot the atmia alowi 

could not be di&lt:lnguiabed 'to' llUI't'aoe obeanen • 

-10- .~,., 
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Oe.scription of the YOKE Day Cloud 
llbeJI the c ........ tion cloud ftllliabN, the t'lu1llg .,._ whioh ocapoee4 the 

tiretall were • ..,, Tbe tluea arCNll4 the baM ot tbe fireball M....S to •Pl'M4 ollll 

anr the i.olaDd ud appeared to lJ.:aeer -1ar11T before ~ llpm'd. Tbe qmn• 

tit7 ot cOW1t1tllalltll iD tbe f1retall ap~red ocaaldarabq P'MW tJ:an en the Dill 

Daf tast, ~here -• u extr..11 rapid iDo- Sn wl- and lateNl •preadJ.Dc of 

the tcp 1JI thill earlJ •t..c-• ID about; 10 .. ocmda tbe ball ot oloa4 ba4 araw to a 

diiuneter of caa aile. .lf'tw thill Snit.ial rapS.d. expiimiOJ1, tbe diaMtar 1ncrauecl 

wore al111}J. lt the 8l>d ot <me abmte, it b eatiated tllat the wamoca top-. 

about two ailea Sn diueter. Tbe 'brUllant Jell.,.. ud oruge• ahanp4 to ra4 u the 

1noaJ>de-t gaaea oooi.d iD about 20 seocnda, 1'rCll about H-bolzr pl1lll two a1uute• 

to H-hour pl1111 tiT• aiDute•, the olaud -. rb1.ng u a larp apberl.oel ••• oa a 

broad stalk. lt ti.rat, it bepzi to tab the chaactel'Ut1o -11roaa ampe but f111' 

acme reason, perilap1 ite aae, the oloud •• llOt aha to milltaiJI tbe r1.ng ampeol Sn­

temal cll'culation """ 1JI prniou olauda. Tbe pr1arJ' portion roae acre J1e&r}J ae 

a ~tic blibble ot p.a. Jnatead of tbll olau4 •terial cuoa41l11 d- tba •id• of 

the lllllhroca and being dra91 taolt into the batt .. u OJI DU Dq, the JOIE Da7 cloud 

left a relatin}J th1ok trail of clwlt and llaolm Sn its .i.e. BJ the tine it reached 

aax1alll altitude, there appeared to be a clia1Jluticn ill TOl- ot the bot bubble be· 

oaUBe of the larp quantit7 of •terlAJ. left bebi»cl, !hen wo •..-cl to be ie .. 

aoiature ccmd.,.tim ueociated with t.b1a oloud. lllet-.4, it appeared to be ware of 

a 8oka cloud, 

ltter B-baur pl1lll tin ainutea, the •tall< of the muibroca •boHd a 'bGld to 

tba aaat aa the atronc we•terlJ wind• beceae effeoti'••, lllld at H~ plue 12 ainute• 

tbe cloud reached it• aaxtma altitude of S5,000 fHt, l'bAn We altitude waa reached; 

the cloud COJ181ated, troa the 11Urface up9?'4' of a tbiolt Tart.1aal .... eatiated to be 

caa 11114 Cllle•belt .Uea ill .U-eter which at.mded to 15,000 fMtJ a 8lant1nfl cohal1 

tilted tonard. the eaat,of irregular patches of reddiah·'brolm, nolla and duet1 alMl the 

upper dOllinant •so which •• about fin aile• Sn diaaeter and tb:ree ailee th1.ok. lll 

r-rt1 of the cloud were connected topt.ber, and there,,.. JM>TJr a clear break as 

occurred Oii JllA1' Da7, 

~ 

lt about H-lwur plua 16 111nutee, a -1.llnc omulua olou4 nth a top at 

9,000 "" 10,000 feet. bad fmwed 1111ar the Mro ialand, Thia cloud llOftd with U.. 

eaater}J wiDd• ud -• lDllt. UOlll at.her ol.auda at the end of tUteen ldmte•• .U.O, 

at 16 ainut.ea after 11-b>ur, the ldgbeat; porticn at the atoalo al.owl _. Sn tba tam 

of u ainil top, •ilaUar to that. taund oa a c-UCIWlbu, 'rhia llllTil 18 thougJat \o 

ban bee oawied bf a •preadiJia M of the top of the cloud u it tlattaJled iW.lf 

apinat the •tn.toepbartc 111Tare10JI. !be top of the alallll ••- to ban reaoW tlla 

hue of tbe •trata&pbsra 1n about 12 a!mite•, but the auw1l. took abciut. four ll1nu\ell 

to fmw, The apreedillg out of tbe top of tbe atcaia oloud ba• bee taJam to be aD 

:lndioatim ot whea the aload arrind at .xi- altltme. !be h.tghellt part of U.. 

atoaio cloud ....-J.Jied 1JI tb1a QIYU 1bape until about the tlrent.J-l'U't.h aimlte p.811 

B-Gwr, 

lt H-bour pl1111 ~ hour, tbe highest pol"tim, "" toner •llJlrll,• ......i. \o 

c011ta1n the mlJ aoiature 1JI tb9 entire cloud. It. aPPM1'84 to ban •tre\ohe4 oat; Sn• 

to a rectaJ>gular patch of cirrecuml.UBJ wbereu tbe re•Snder of tlw cloud a&Sntaimd 

it.a raddieh-bro!IJI color and 81110lr:;f, dwit.J •PJl8&l'Wll'l•• ID .,.,. bolu', tbe clam bad been 

4l'a11J1 out bJ' t.be stNCtun of the upper winds into a ribball Which bad utr.lti.M 

about 50 Idle• apart, Thia ribboa ftried 1n width ud dal>e1t7, bin nam.ct mlrdlaD. 

CleJ1erallf spaaldnc, it sl.g-sagged d11WJ1ward Sn a slantiDC line trow ea.t to -t. &114 

reached c .. plete}J acroes t.be J1ort.bern •lr:;f. It.a actual llhape is •h09l later :bl a 

alootch (Jl&89 SO) ud 1n a photograph (p1.J9 68), 

• 

In Oil• hour the cloud bad aaved ·~ =til it was l•ae thlm 10 decree• abon 

the bcrismi1 ud after two houra it appeared at auah a low ugle, and -• •a cliaptll"lled, 

that it.a ,...,eral fol'lll could J1ot be dat~ed. 

,1 ',, .... 
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Description of the ZEBRA Day Cloud 
The ZEBRA Day cloud in its initial stace1 ms about nine miles awy. Per­

haps because of its nearness and the \Dlobatrw:ted vie•, the f'lames in the i'irebnll 

seemed brighter and appeared to last longer than tboae ot previous weapons. Dur:lng 

the first t110 llliDUtes, the clowl was riainB almoat straight up. The cloud bad tbe 

famill.ar 11111Shroom fora, bat the bead of the clCJUd did not have a well-defined circu­

lation after the B8Cond minute. At the and cf the third minute, the upper part or 

the cloud began to move tomrd the east, as it became subjected to tile 11estel'l7 •inds. 

From the third mute until atter the eighth llinute, there was little change in the 

shape or tbe atomic cloud. It continued to rise and waa bent more and more tarraf 

the east. Br the ninth llinute, the finSer-llke projecticm which rose out of what bad 

been the pr1Jnary portion could be seen pla1.Jl4. It appeared tht.t a relativelJ smaller 

bubble of hotter gases 1l1lll ccsita:iJied within the pri1mir7 portion of the atomic cloud, 

and that this relative]J' hot bubble did not cool as rapidl.7 as the reinainder of the 

cloud, 1hen the pri11Br7 cloud -198 stopped r181ng, this bubble continued its rise for 

an additional 5,000 feet before cooling to the taperature of the aurrouuding air, 

• 

This projected portion of the clowl roae until about the twelfth IW!ute 

vhen it began to spread out. At about the tenth ar eleventh IWlute, the top or the 

cloud had 1110ved to tho east of the broad atem, and observers en the u.s.s. Bai.rolao 

were able to look up into the base of what had bee11 the r181Jlg mahroom head, Tbe 

obeervera on the Bairoko stated that the cloud, vined t'roa the bottcm, bad a hollolr 

appearance and looked aomimhlt like a smoke-Ting.· There waa llm'9 cl.Dud material in 

the ed.cas of the cloud than in its center. At the fitteeoth amuta, the !'hlger-lilat 

part of the cloud appeared to br81lk a118J, but it never did get tar traa tbe main body 

of the cloud. It •s noticed, about this tiM, tlat tbe lower ext.:rmit7 ot tba ataaic 

1 cloud ended at the region or shear betlleen the ea11ter1J ud we11terl)' wmcla, mar an 

elevatioo of 7,000 feet. As fc.r a11.coul.d be 11ean, there appeared to be no cloud 

material which could be det'lllitelJ observed as the atomic cloud belaw that lnel. 

Fran the fif'teenth minute up to ooe hour past H-hour, the cloud conlisted or three 

pr1Dar7 parts. The7 1111re a cloud streamer, the re•ina ot the uppe~t tinger-llke 

projectioo; a large globular m11s, the primarJ porticm.1 and the I.ans tenuoua stea, 

Arter ooe hour, the edge11 ot tbe atcmic cloud begu to be iJldietinct, aJld 

the cloud began to blend witb the thin cirrus clouds which ellloat cc:aplete1J covered 

the .q. Then, at aae and one-halt bours, the outllnlt or tbe cloud beca.ma 1DdetJziitc • 

F1nal.1J, at H-bour plD8 two hours, on1J a light tall pa.tell remined ot the J>rl-1'7 

cloud 11&1111; and no other parta or the atanic cloud coiU.d be Hen. 

Thia cloud He11ed to be eotirS:cy cmpoaed ot aaob ud dust with no sugges• 

ti0111 or moisture,' Ro ice cloud or cirrull veil cm the top of the llWlhroom wa11 reported • 

.a: h!!ifUITll IJT' I' -"'-"' . . . -12-Jtit EHii, ~:-.:II Sn--11111l'iw~''~'-Ssllllrtllli·; .... _.iei .... 1W1,.,"'9,... ...... _... I 111 91t& 81111" 
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DIAGRAMS DESCRIBING 
THE THREE ATOMIC CLOUDS 

Operation SANDSTONE 
Eniwetok Atol I, Marshall Islands 

19,48 

lb.~·.J~:~ 
~~ 

l i1' 
I fj 

XRAY DAY - 15 April , H-Hour 0617 .· L) I' 

YOKE DAY - I May , H-Hour 0609 , 

ZEBRA DAY 15 May , H-Hour 0604 

Dates and Times are LOCAL for the Eniwetok Area 

p a s20112: 1 u2s•e·c1En on• -13-__ ...... _ .. 
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RESIHl81=1iR Pfifif 'f1551jc liiCllJ :Pat .. '91& 9p&Clilt MlliiidlGJ ···-.. ~t'tlFIRUC "••alt•• 
Upper Wind Vectors 

To begin a etu.d;r of the beM.rtor ot atomio oloudll it 111 aeoeaauy to lmolr 
what the upper winds were which atteoted tbe clouds and to consider bow those w:bld8 
acted an the rlJJual airborne •ter:lal produced b,r the atoad.c exploeiGna. 

.ln anaimtion of all ot the 1liDd 80llDdhp for the three test da19 •'­
that the upper winda were ot the - general pattem on all ot the teSt da19. .lt 
low lenls the winda were eaaterl.7, and at progre8111Tel.7 higher levels the winda 
..-eered through south into eoutlnre11t or wet. 

The abllenoe ot riDd9 frca a northerl.7 directiOll were a radiological llafety 
requir-nt. It n11 not practical to ll'ftcm.te all personnel he. EDiwetok, and it 
as lmoirn that the teate would be greatl.7 hindered 1f iDstsllatioDll on Eniwetok be­
oama radiologically cOlltudmted. l'or thill reason, an area in the •outhllastem part 
of the atoll, includillg Eniwetok and PuT7 Illlanda, waa •elaoted tor anchoragH ot 
the obeerrlng ahipa; and the te11t11 ware ccmducted Clll days wben there •11 no 11orthorl.7 
empanent in the upper wind direotions whioh might oarrJ radioloeioall7 active mate­
rial eouti-ro. 

By chance, tbe winds Oil the date• originall.7 ael.eoted tor JRAT and ZEBRl 
da:JB were operatiomllr llU!table. llowTer, prior to JO April, the dl!ly originall.7 
acheduled tor TOD Dlt\, there aa a h1ch trequenor ot nortlmeaterly •1Dd11 1D the 
anti-trades at lnela between 20,000 and 300000 feet. In tact, prior to the actual 
TOIE nu, there were fourteen illpoeaible t1r1Dg dayw because ot wind canditiona. 

On 29 April, the upper winds 11mi-! a transitional zone of var'.able w:lnd11 
with northerly compoaaDtl!I between 15,000 and 300000 teet1 and si.Doe there ne no 
j111Jt1f1cation tor bellning tlat a rapid cM.nge in the wind atructlU'o waa imm:lnent, 
there 11a11 considerable dOllbt expreaaed at the llOl'll1ng briefing that thB 111nd11 would 
change 11utficientl.7 to -t l'ldiological eatetr req~nta. There wna, neverthe­
less, a reasonable expectation tmt theH ukard winde would tend to veer 1D such 
a llll!lller thst the oortherly Clllllpoaalltl!I would be ellaineted within /,8 haura. Tbua, 
unfnarable winds oaueed the pol!ltJ>Ollllmnt of TOD DAY until l llaf• BJ the t:tme of 
tho briefing OC1 the moming of the mw TQKE llinua one day, the upper wiDdl!I had al­
tered eufficiently to indkate tlat a nn air fiOll _. beginning to preda.inate, IUld 
a forecaet o! ta..-orable wind• caul.4 be giftll. SSJlae •teoroJ.ac1oal conditions were 
alao 1ndiaative of llllitable cloud oooditiCDl!I, tbe te•t •• scheduled far, and coo­
ducted 0C1 l liq• 

Therefore, in tbeee teet. the upper wind ccmditiana whioh detemined the 
elapee ot the clouda and the •pread oJ: tbe zaclioact1Te •terial ware predetermined 
b,r the relatiw positions of the tHt att .. and tbe &NII- whiJ>h lad to be kept. tree 
ot rad1o1ogioal contu1natilllle 

On Xll.ll lllI,' n:1ne llinnte• approxl•tely after B-bour, the atllllic cloud 
sheared and bro1m aiart at about 201 000 feet and the drcme aircraft etstioD8d at 
that altitude coW.d not •ke a pmetratioD H there wa no cloud rteible at ti.t 
altitude OC1 whioh the aircn.tt could be ftctored. :ror ti.t reason, cloeer atten­
tion -a paid to the probable •hape ot ~ atCllllic oloudll 1D the 11tatt briet1nga on 
!OD: and Z!BR.l·dayaJ and diagraaa were prHl!lllted at the bri•tinge cm thaH daye 
which p1atariallJ ehoWed how the atcad.o clouds wcu1d look trca the abaerdng shipe. 
Theso diagrams were drawn in 81.milar -•r to the diagrallll labeled VortLal Pro-
1octiop Uigking Bgrth that are 1D the upper right band comer of tbe following three 
pages uoept. tbat tbe daab9d line c<m111cting the arrow head• na replaced by a rough 
outl:l.lla of an atolli.a cloud. Thia led to an 1.noorrect prediction ot the sbipe of' the 
ZEllR1 DU cload becanl!le tbe atoaio cloud Oil ti.t dar did not go u high as the XR.lt 
and TOIE cloud•, or to aa high an altitud8 u •• indiJ>ated an the d1agra111 however, 
ao JOIE DAY tbe •bepa ot the cloud •• remrbbl.7 lllm the predicted shape. Further 
use of these nrtioal projections tor predicting the aM.pe ot atomic claudll haa up­
per winde is btliend to be wortlmhile. 

-. IP Jtlf J it:Z rll I 'I' 0 
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The wind• whiJ>h atfeoted tbe ato.io ol.oadJI law bem estimated tt-oa ti. 
repreeentstiTe wind date which were obtained before and attar B-boar. Tho e:maina­
tion ot a DUlllber of wind •oUlldingll will giw a truer piotan of the air now than a 
aingle 11ounding at the tiM 1D question. Thill 18 true beca11N tbere are m117 apprcu:­
imtions inborent in urr plrtiJ>ular •OlllldiDg which result troa the accepted -.nner 1D 
which eoundings are ...i.e and upper wiJlda cal.c1llated. ID eatmat:l.Dg ti. wind directum 
and velocit1e11 which acted on the clouds, ccaeideratim bu been ginn to the trendl!I 
and &n11lge11 far i:art1cular levels, and to the wiJidl!I bet-n tbe 5,000 foot l8"la. 
(See .lppendix II) 

IA using tbeae wind data it 111 ulJllMCI tlat the ut1-ted Elida occurred at 
H-bour and endured for the three hour1I follow:l.Dg. It ia alao aa911md tlat the wiJlda 
occurred iwer the entire Eidwetolc area and aotecl 1111 the olCJll!l without. reprd to the 
relatin diatances of the pe.rta of ·the cloada ar their 1-t1Clll8 :1n the clanging w1Dd 
tielda. 

XRAY DAY - !n e:llUdnat1on of the upper 1l1nda •ba911 that 1liD4 1ouad1Dge above 
55,000 feet cennot be estimated tor H-bour. The winds tor lneb abaft 55,000 ftMt 
11hmm in the second 0000 (local t1ae) sounding are not believed to be representative at 
the winds at II-hour, · 

Tho •ethocl of foniation of the wing-Ulm phme whiob grew out of tm Dlll 
DAI cloud baa beon 11tudied1and it 111 thought that it ne produced attar a part at 
tho top of the cloud protruded through tho tropoiawi• into the atretoepbere. With 
wind• which were 118&rly cal.a at the bue ot the atratoepiere, the phlM would i. .... 
been formed aa the primary •n mond awuy :In the etraiger w:!Jida. .l tzaU ot cirro­
cl&llllua t)'p9 cloud 11&1!1 formed 1D this region of w:lnd e'-r at the tropope.uae. 

Tm sheer sane between 20,000 and 25,000 feet 981' be Hen oa the d1agraa 
labeled Vertical Pro1octi111 Jrolr1pg Horth. .lt thia altitucle the w1nda eM.nged tr<a 
easterly to weater17, and the 'f181ble cl<Nd Hparated. Thill eeparaticm ot the oloud 
as thaught to be ca1111ed b,r the an,ergr of tbe -pcm, tbe altitude of the burst, the 
clarnater of the surface, and other euoh tacton n.thar then tbe wind 1'-1"5 haweTer, 
the wind ahear did contrirute to the aepe.raticn. 

-14-

YOKE DAY-The cl.owl which forMd on the Hoond tut •• a more or le111 ccm­
tinuows cohmll f'raa the surface to about 550000 feet. The eataated winde cm thia 
day must cJ.oeel.7 apprccU&te the actlllll winda tor pbotccrapie of tbe atoed.o cloud 
show that the cloud ns 11haped jullt aa would be upeoted traa the wind notore. 

ZEBRA DAY.;.. Tba. third atomic cloud reached aft altitude between 30,000 and 
35,000 feet. Therefore, it 1e not necessary ta oansider •1.nda abaft 35,000 feet 
when •tudyinp, thin cloud, The sbepe or the cloud n11 approxilmtely what ldPt 'be 
expected from the 111nd veotars J however, in the case ot thu plrtiJ>ular cloud, a. 
better unrloratandiDg or the shape my be obtained b,r llllBll1Ding the nm. at l,000 
foot intet-vala between 10,000 and 20,000 feet. Theae intemediate winds wre UHd 
in drawine the .diagram labeled Dhmnsigno ot Atgm1p ClowJ, at End gt Tbrto Bmga ca 
Paaa 42. 

ail I itfutt!D rt•'PA Ai 6iiii&l£!1&1 OJ Met 'or·,9459 • 
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Upper Air Soundings 

It n• not practical to obtain upper air OO\Dluiltgo omctly •t 11-houro 

oo tho •olllllUncl reactrlnc tho higb .. t altitude• have been plotted !or ju.st be­

fore and art.er the two the atomic cloud• won riai<lg. 

jn .-.fllatloo of the surface teaperaturH and tho toaperetures at 

400 m1lllb&n penlito a qui.ck co~oo and •bod thot the lopea rates were 

nearl.7 tho - Oil each of tho three da70. Ti. Ollllll J.rregularitieo 1D the 

teape ... tun """"" can bardl7 be aid to la" attected the formtiou of the 

atOIOie cloudo lD a •iglliflcant Mm10r. 

The ...U figure• to tho lert of tho temperature-height curve tndi-

oe.t• relAti,,. humidity. These data are thought to be le!'o rerrei.;ente.tive ttan 

th~ actual te11p1ntur• data• part1.aularly n-.r the 1urtece; and not much cu.n 

be daduced bJ 1tud711>i tho reloti" bumlditiu produced bJ the rein :er• 

•hicb occurred jWlt before H-hQur Oil IRA! lllJ. ·•· 

Tlw ..,.t aipJ.fioant taature ot the upper air oowiding• dlh respect 

to tho tormtiOD ot the atomic cloudO 1o tbe 1.Ddicated heigltt of the troporau.so. 

J>urlnc the tl..M of tho t .. ta tbe ba"'ht of t.be b'opopaUBe OOOOled to be cond.1t-

0Dtl.J' betwen 54,000 and 56,000 fMt. CID mil and YOKE DAI$ it 11 a>ll\llDOd that 

tbe ot.rona te•perotuni iD'fereion whtDh e:d.ote at tba tropopaWI• •topped the 

alrw.dJ deceleratlDC atomio claudo, and thot tbl topo of the .. cloud• come to 

root at the la•• ot tho otrotoepbe .... 

XRAY DAY- The moat oignificant oounding ... ailable before the te•to, 

tho sounding nade at OJOO local t!J>e, did not reach tho tropo!"U8•. Tho 0800 

local tllie "cunding did apparently reach the tropoplW>O at 56,100 toot, blat tho 

poillt gi"HD above that level appeo.re to lJ8 1.n error. TM te11pe?1lture CUE"'I'• U 

davhed where 1 t 18 believed to be dau't>tt'ul. 

YOKE DAY- Unfortunately '"' YOKE Ill! there waa no •ounding vbicb 

shooed l.4u clLBrectcr of the tropoephleiric inversion, bat the 0)00 local tiM 

Bo\Ultl:lng does .shc:m that the temntffaLure stopped decree.•ina above 54,100 f•t.. 

Becuu::;e of nrirrol con1lJlions over tropical areas 1n the latitude ot Eniatok, 

it MY be •oou....,d that th• tamper•ture-he4;ht cune tunia obarpl.J' at tba 

tropo1au.se an,! thnt the s~Uow bothe:nnal la7er ia actuall7 part ot tb9 larp 

st.ratoapheric inversion. Tbert1fort1, 1n the calculatiaia •bich tollow, it 1-

1 further aasumed that the lOIE DAY cloud ::1topped rising at approrl.mte]J' 

55,000 feet. 

ZEBRA DAY- Un lhi• day the hel.;;ht of the tropopauae 1• clearl.7 •bom 

to Loe 54,420 het on lhe 0)00 local time !!loundinc, 'cRit. tiU. nlue wa ot DO 

wu1 111 the cloud cakul.Atione becawse the cloud did not reo.cb an altitude 

above 35,000 foot, 

It ""Y be noted ti..t a sllcht teaperotun Inversion 1o •h.-i bJ tho 

29,100 and the 29,900 !oot level• at 0600 local tl.mo. Thia lDveraion •1 ba" 

olowed tba Zl:Bl\A DU cloud, but it 1.1 not bellned tlat ouch a ••ll l.Jl'feroi.on 

would ban t.d notioee.ble effect on vlgorowilJ' rl•iog cloud.a auch •• tholle CG 

IRA! ond IOU DUS • 
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Rates Qf Rise Q.f the Atomic Clouds 
Tiie can•• whicb ....., titled ae the ratea ot rioe ot the atOllie clauda combine 

tbo ppbl ot the el.nation angles ot the tops of the prlJlllry rerts ot the atollic clouda c- papa 11, lJ, and 1S ot Appendiz I) rith borizontel dist,a.,.,eo. Those currea ah"" 
appr<m1•te1J the tS- when the cloud reacbed • iarticular altitude and •J be uaed to 
calculate - falt the olaada were ria1ng at 1DJ iarticular tille. Theee curvao are acm• 
lidered to be WMtul :ID planning aircraft operation• or scl.entitic work •hon atollio 
cloada ....., e:rpectad. 

Tbe altitme ot tb• cloada at •cb ll1nuta """ found bJ el.aplo trigc:aetric 
•thodllJ bownr• the bori.1ontal dlatancae used 1D these cnlculatione were not eesilJ 
detenoimd. U t.be t:rpoo of data &ftll&blo tor calculations are rortewed, it will be 
,..., tlat tbo el-tion and admrt.h angl••, the UR1er wind•, the beieht of the tropo­
paua, and thl approximate tille1 the clouda reacbld ....xllrua altitudea, aro tho onlJ 
lmoe tacton. llntortumtelJ, tbe angles ere troll what 11W1t be aosmed to be a 11.Dgle 
theodolite station. 11th tbe aftilllble data, it 1a iJllposoiLlo to fix the pooitlODI ot 
tbo top ot the cloudll :ID 1pace with the oY.C•ftion of the locations of the DIAi Qlld I<U 
daJ cloada at the U..1 when tbcao clouds ~ be assumaJ to lave reached thl tropoiaWHI. 
otbar ftluea tar borizcmt.l di•tancoa llWlt be arrived at Ir/ method• •hlcb •?pMr ta be 
•oat ....,.cmabl.. 

Ditter.,t •tbadll ban - used tor eacb ot tba three cloudo, and theaa 
•tboda rill be uplahled below aa Mab cloud 1a diacuasod, 

It ~be noted tlat tba cunea ara da•hed at low el ... tiona, Thia i• becauo 
tbe atowio elome _.., rapidl7 uponding a• -u as ria1ng •hen tbay nro firot tanied. 
Thoadolite data are not boll.end to be n>llablo until after the l'irot m.J.nute. 

>CRAY DAY-.,.,._ almtcbd at thl cloud •'-inc tho tormtion ot tbe pl-, it 
- tbat thl atollic cload raacbecl the tropopauae and otoppcd rlol..ac a- tnlft and 
one balt ldnRte• art.or B-baur. Tbo height ot the tropoiauae on thh day •• abont 
56,000 teet ar 9.2 ldla1. 11th thl elafttion angle ot 26.00, thia puta the cloud at a 
bariaODtal U.tuc• ot l.S.9 .U.1. Tho diatanco ot tha test site wa• 17 .U.1 and •iDc• 
tho olou4 •• acted on by oaaterl7 &Dd then n•terlJ winda, the asimt.b angle• ot the 
olcad ·- llttla or no •""- :ID tbe tirat ti.r.. idmit••· Therefore, it 1a aao.-1 
tbat tb• top ot the olaad _. •till at 17 llilH at the thml odlluto. l"raa the third 
ll1nute mtil the cload raacbld thl tropoia111e, it i• aaslmOCI that the borizoatal 11<>t1on 
wu 'GDitora a"'1 1D a •trd&bt UM. Thia ......, tlat tha horbcmtal diot,a.,.,e 1a aalNMd 
to be SAcnasl..ac at the nte ot .2 111/min durjnc tho tl.ae that tha cloud aa r111Dg, It 
1o bellnwd that tbe •tun ot tho upper rindo •• IUCb tbat the actual 11<>ticm •• ..,,.. 
or lau llllitora aDll tbat tho .,,....... dram giT .. a reaaonablJ accurate repreaantatioo ot 
the beb&Ticll: at the olaall. 
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YOKE OAY-rba •ketches or t11e top or the oloa!. ·- t11at tt began to •pru4 
out into an aDTi1 tora about 12 mimlt.ea art.or B-boar. Tba hoigllt ot thl tropopaDIM .. 
bet...,n 55 and 5E> tbauaDd teet, 10 it 1a a•oumd that tbe oload roached 56,000 feet or 
an alti- ot 9.2 ail.el at tbat ti.... ExudnatiCD ot tho graph tor tho elnaUCD angla 
(oea pap ]J, Appendii I) •ban bow thl •low.tion 1111£].• ot 2).5 dagreu was obtdDed. 
It i• tb<nigllt tbat this eleft lion angle 1o 110n1 reaacmal>JA tbaD the 24. 5 d•P""• angl• 
obtained <)µectly. Tho it.po ot tba cloud ,,.. •uch tbat it wu l.apoosible to oight cm 
tho trwi top ot the cloud and 1t la aatrUDOCI that tho thladolltee wro sighted on the 
near edge. The Olnation angles ot the top ot tlw cloud and the DllU' edge •ould haft 
approaclwd "'luallty aa tbo cloud 11<1Ved awa7 .tr<a tbe abeaner. The daabad •ecticm or 
tbe .i .... tion M£l• cune la belleftd to repraaaDt tbe -t probe.ble al.eTation &1111le• 
for the top ot the cloud and tho oolld 11M repre-ta tba •1-tion &Jlllloa ot tbe edae 
ot thl cloud, Thia lawr olnation angla gifta a raaaonable loold.nc rate ot ..U• ourTll. 

The an&le 24. 5 dagreoa doe• not. 

A• :ID tlw caaa ct tbe Xllil da7 clcud, t.bon ..- to be little horlS<llltal 
llOVOMDt during the flr&t few mimlt.e•. Tbe diltanc• at the teait •ite -· 13 ldla•, 
•o it hu been reaaonod tbat the cload n• at th1a diotance clur1Dg the t1rat taar 
a:blutea. Arter the fourth llll.nute, it •• a•aumd that tbe cload 11<m1d :ID a o~ht 
line, but at ftrying dbtanc•• each ainute dependinl m tba aaillutb angl.ea. 

To obtain whet aaeu to be the be1t poaoible approxiMticma ot the bori• 
llOllUU diatanc••• tbe tr1aDgular diagna ai-n abme the rate ot riH cune waa COD· 
atructed. Thi• dl.agraa baa bean drawn to ocale by _,,, ot po:blta repreaant:blg ti. 
teat dte, tho borizaot.l distance ct tho cloud at tho U- that it raachlld it• 
~hut point, and t.be asl..9uth &Dfl•a ot the canter ot ti.. cload top. The borisontal 
dl..&tanc•• ware obtained by notin& tbo lepgtba ot thl asimlth 8'181• linH tor aacb 
m.1.Duta. 
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Locations of Centers ~ Rising Atomic Clouds 

After "rerurinc the rnteo of rise curves for the three a tonic cloud", the 

curve• "ere uaed to deterr•J.ne the Cor!bined effect of the upncr 11L"ldo 011 lhu ris1.ng 

clouds, If the ~O$ition of a cloud top at the tirie that it reached luchest altitude 

as doten:iined from the rate of rise curvo and the r1inds ls a,1proximalely the swne as 

that com;ruted frO'l! the ~irht of Lhc tropo)"t!uoe o.nd the theodolito dntc,, it is reaoon­

nble to aaoumo Lhnt ti10 actual oositlon of the top t1a3 •or>eT1here clooe to those points. 

It h also ren3onable to 1'3sur.ie that the rate of rise curv~s clv"n a satisfactory 

renresentatlon of the actual behavior, 
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The small circle• nilhin the solid black Una ehair the positioo of the top 

of the cloud at each 51 000 foot elevntion and the dashed arr"" ie a Teetor represent­

ing the total move!ll8Jlt in miles and the direction of the cloud top trom the test site, 

The •!ncing between the concentric cirelea is ,5 of a file in the case of 

the XHAY ll/.Y rliaV"fll!l a.nd l oUe on lhe other two diagnuna, 

A c01:1parison of the calculated positions of the cloud tope bf different 

method• l9 eiven in the next set of diagrama titled Determination ot Al'l;itudg at 

Uanic Cloud,, 

.j"'' 1'.• . ...,...... .. _..,...-11!" .. --· 



XRAY oiit-Jlt 
Location of Center of Rising Atomic Ooud 
from H-hour until H-hour plus 12.5 Minutes 

MITllJD or IXIU'VTIMJ lDCATIOI °' carru or a:ra:.tc cLOOD TOP AT TIKI n 
UlClllll HIOldllT W'IT11111 

I 

A• Lh• •t.09io cloud u.• act.ed UfOft 
br 1.h• uwv •lncl• :lurl.ns \.h• l.2.5 alnut.M 
\hat. U. •• r!alaa, t.he top ot UI• cio.d ' 
••• JhplaHd .tbftt. l. 7 muUod all• 
&l.Ohg • ~eot.Ol' 4lrected trm ~o lt-7 t.be 
u .. that u. reuhitd .....S- alUt.uM. 
Ttlh re1u1'• 1Q an 1.ao ...... 1A 111...._. 
bet."en \he alo\MI and U.. \heodoU\• 
obt.,.1-\.1• N\lam whiob ••t. h •-­
ddered lt t.h• true all.lt.w11 ol \ht oloud 
la t.o be dehr.tn ... 

Th• podtlort ol t.be aloud bu M• 
oalcul.a &..cl bJ Jo1Al.Dc t.opU..r .,.olort 
shiOh an cllteotad 1n ••ard1U1Ca wit.' Uw 
11ppv •lhl at t.be ,,000 toot. lH1l U 
•-•U• .... trlllob an propor\loeal la 
1-.u. \o \he u .. ua.t. \be clOUlll ,.....a.rM. 
\o paN throue~ t.he .iut.• ln\arftl. 

Thi r.di.l ol \,b., lirolH U'I ia 
a&ut.to.al .u ....... \h• bdiwilhal HO\.O" 
are l'9nt.Ul.ed b7 111V'9• dpl.tJinl 
t.houNmlll DI r..t.. 

Ul'PWI t1lllDS &t IHIJUll 

.Aillldlll !!uuu l.llW. 

2~.000 2)0 1.0 

)0,000 21J) l.2 

)5,000 220 20 

loll,000 = lJ 

45,000 220 lO 

,o,ooo •JO 20 

''·000 ;uo LI 

.• J'lllP.llll': 

180" 

• 
Length of calculated vector 2.7 n. miles, direction-from 224° 

lllJlltUI 1114T •UD AorlD OI Cl.<JJll AT -
J,000 IOOr LPIL 

~J:.!'tel"Cit:J! ~" 
•H mwed HJ"1 11\.t.la Mri1•i.ll1 dwllll 
Ula fin\ Ulr• al.nut••· I\ ~ \a N 

=-~. ~t.l~~r ..:r::,~~!'.. 
Tblinton, •&a hr Ut• Ur.., UwiM m.\H 
Mu o• .._ IOMHerM la _.. .. oaloW.a .. 
S.1••· ft. ua. tat.er .. l• 11tw• Mlcm ..... 
" .. deb ..... b7 ill'1141.n1 , ........ 

•ha.a ~;t';,~·,~k .:..:::. '1,m't'eet 
~u .. r al .. of Ut• lllU\Ud• in qut•U., 
and r•cl.lal ell U. !A\arNGU•a et UHt 
pl•'-t.M mn• 111Ua t.M U.. lll'd.l.M\.e• .. 
TbeM U.. Jnt.ernll an eoa•JAwell \• M 
ihtl ..-.r ot --. •• U..\. \he 191>per 'd.Ddf 
achd Oii U. o1ou11i a\ ..... S,ODO loet. 
ln-1. 

...!al.. __JIMlllU& 

at,000 (J.1. a.,) • o.• 

J0,000 (l,I - ).l) • 0.7 

»,000 (4.b - ),I) • 0,1 

IJ),000 (1.7 - ... 6). 1.1 

45,0DO (7.0 - 1.7) • l.J 

lll,OCO (9.1 - 7,0) • a.1 

,,,000 (l.2.J• 9.1) • J.4 

~ "' ftC'ICll u -lCAL ld.UI 

~ ... llllll l!llllUul..111•• 
2,,000 0.6/tll • lD • .10 

)0,000 c:1/"1J • u • .14 

]J,000 o.•/llJ a ao. • .n 
IJl,000 1.1/6/J • lJ • .ai. 

4,,CXJO l.J/IO • JO • ,., 
~.oao 1.l/t1J • ao • .10 

,,,000 J.4/ttO • u • .u 
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YOKE DAY 
Location of Center of 

from H - hour until 

...... _,,, 

lll'l'llJD ~ COWVl'DO LOC&TIOI 
or CDlftll or .l'IOMIO CLOIJD TOP A.T TX.. IT 

llAC- IICJlll9T ALTl'IUlll 

.. , ... ··-· ..... -- ..... •f09 •1 Ule ui,,.r •lat• jui. .. aM 12.0 91•1•• 
u.at u •• rht .. , Q• •o• Of ne el_. 
•• thplao .. • •••l .. n.bb thtUM ,,_ 
.... t.e•t. •U• •r 1tl• U• tit.a• 1' NeoW 
••l- dUt.1111.a. Wt .. ._.. .... •n IO' 
•t.•lDIM •1 8-W:lar. 'BMntort U 11 :: .. .::.::.:·:.:::':·::.-:, '!r~·=· 
1000 bO•n. TM• Hllmahl whd •eta st .. 
a .Of--\ Of 6.1 ldlM la a jll'MUCla f'na 
:IO?°. ••• lHrM .. la tS.UMe MW..a \Ile 
tlolld ... IM tModollte oll1.r'f'l.UH a\a\lou 
••t. H eouH•nil tt ,.._ ,,_ &11UDlt e6 
•• olo.t II to M eoo.U•rNl 

TMi ,..auo. ot .-. e.1oU -. w-. HI• 
talalM -, Jolal .. '° .. ,,., weton ... , ... 
an tlrM\el la Hoo,.aaee wlUl "9 9PP9• 
wt .. •• tM 5,000 toot. ln•l ta t•••l• 
...... , .... propertlOMl •• 1-actllr. to ... 
u.. tut tit.• oloU ...,._.,.. to ,... t~ 
tile alUt ... laknal. 

n. nlU of ••• dnlff •n Im -ltnl 

,. 
Rising Atomic~~~ 

H -hour :plus 12.0 · Minutes 7.0 

................... ..i .......... ··-- I 210- I I I I I I ~ I I I I I I :!!~ ~ fll'&He alpif'Jla& t-....4e Of /?: Q 90-

UPiU WDlm AT S..llOUI. 

w.um l!Ul!!I. !ll!U 
15,000 90 o6 

ao,ooo :1311 10 

25,0DO 210 14 

)0,000 210 21 

)5,000 - 42 

,, ..... 210 ,. 
45.ooo 210 4' ,., ... - 47 

:s,s.ooo 200 " 
180° 

... 

MJJlnD 'l'BAT WUID ~ <II ClDUD AT SJ.CB 
5 ,ODO roar UftL 

TM lftpla ot \M Hl•t.• aacl•• of 
IM ,......,. ol-.1 ••• ,.._. tbe.t C.U •'ate 
.i..t •nli ftJ7 uni. llort&c:m.bU, •arlag 
lM MrH f~ U.IH. Btoa .... Of\~ 
,.t..U•e17 1111111 •lad• •t la.er 1 .. .i, u4 
••• HfU rh• ot la• •'-1• elo .. , wb• 
.. w Ml• 20,ooa fMt ._,. ..01 ~. oo•~ 
al4an41 la , .... ••PIU\lou. f'9 U•• 
btenah &lfta Nlo9 UH ....... tondoed 
Irr H•t•t•a tit• •n• .-.. aa IM ,.,. 
lato of !In of Afcw1t CJ..uwl l•to 5,000 
hOI 11 ... t11 2,SOO hit M lltlt•J' 814• 
et , .. •UUtadt la •••'1oa, ... nedlac 
ett llM t•l.,. .. 11•• at U.o t).ota .. •tU"ft .......................... ·-
........ i.. .,.. IOUI'..., to M t~• .-.r 
Of 111••1•1 IMI IM .,,.r WU .... , .. • 
"' 11 ......... 5,000 ''°' ll'rd. 

...b:l.l.. _.!llm!J. 

ao,ooo (l.'6 - I.Oii o 0,4"1 

a,,ooo (2,"6 - l.'611. a.10 

:ia,ooo u ... - 2."61 • 1.02 

,,,ooo '""" - ).29) • 1.40 

40,000 u.,. -4.61) • l.Jl 

U,000 ,, ... - ,_,., • 1.29 

,.,000 (9.2) - 7.:M) ~ 1.,, 

"·000 cu.oo- t.2JI • a. T1 

Llllanm or YJC'f'O• DI llMPTICJ.L ma 

!l!.U3l.t. !Im. l!l2!J. !!ll!Wl llll!t 
ao,ooo a.u/6a • 10. .u 
a,,ooo a.'I0/6a • 14 • .16 

)0,000 1.02/60 • 21 • ,,. 
,,, .... l.40/6o • 42 • ,M 

40 ..... l.)t/6o • ,. . 1.09 

45,000 1.29/6o • 44 • ·" 
,.,000 l.9'/60 • 47. l,SJ ,,, ... a.T1/6o • ,, . 1 ... 

Length - of calculated vector:. - 6.8 n. miles, 
-2a-

direction from 207° 
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ZEBRA DAY 
Location of Center 

i 
from H-hour until 

lll'nllD or OOlll'VTJllQ 10CAT1 .. 

of Rising Atomic Cloud 

H-hour plus 12.0 Minutes 

OJ Cllft'PI or A10lllC CLOUD TOP AT TD9 lT 
UACllD IP- ALTl'IVD& 

h \M •t•h el ... •• H\•d upoa bJ 
\b• upper •la4• tubl Ue 12.0 alaui\H 
Ur.et n -• rl•l .. , ,.,. '°' ot tu elOllll 
... 4hplaOe4 a .. elt1Nbl9 th-... ti. 
t:be , .. , 1H1 "1 \lt.1 '1• ta.at U ,_,_. 
•i:l- alUtMe. '919 ..,.,. •t .. • •' a-u..r 
bn• bM• 11\tat .. •r .-.t .. rtaa t•k 
obt:a1M4 ....... 1 ~ Mtore .a athr 
&-boor. "•" .. , ....... 1 ...... &h•. 
mo..-.._, of 4.4 •dt .. 1 allH 19 • Uret\loa 
tl'09 2,,0• ftlh turMM l• l.hta ... be\ ... a 
t:b9 oloud .. ,. t:lle tlMtollollt• ob .. naUOll 
•\aUcH •mt be OOllll•lr94 if tM ln9 
•Uhwl• ot ••• llloUi 11 to M ... uanie. .. 1 

fta poet Uoa of ~· daU M.1 -.... -1-
0llhtea bf Jolahc , ....... ""'°" d.IM 
IN U1'9•hd la HoGl'ilu• •U• tU •PP'r 
••••• , '" s.ooo '°°' 1"•1 ...... u .... 
wbltb ar• ....,port.lo•l la 1-.n. to ne U• 
\bat , ... o.lou4 nq11h ... to paH ,.~ tM 
e.Uh\111.1 tat.rnl. 

na ntU ot ti.. ''"le• are la ... uoa1 
alh1 1 and tP l .. lddul ••otdn '" t4n­
urt .. " usare• .taaltrtaa ,...,.__.. ot toe•. 270"1 I I I I I ~r::-- I 1 I I I I I 90• 

:t",p' 
L-· 

uma •- u a-.-
.UUh4• !!uml !!!!11. 

10,000 :uo 10 

1),000 240 10 

20,000 "411 11 

25,000 2,., :z6 

l0,000 260 40 

)5,000 210 4' 

180" 

Length of calculated vector - 4.4 n. miles, direction - from 
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MllltmS !HAT IJllD ACftD .. CLOOD AT IACB 
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)>.000 4,0/64 • 40 - 2.67 . 
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Determinations of Altitudes of Atomic Clouds - -
The positions of the tops of the atomic cloud• ,.t the time that they reached 

hi;;hest nltitude hllve been calculated in tuo different .,~ye. for XllA'l and YOKE Di.t:J, 

one of these positions was deternined tram the heigtrt. of the troporeuse, the elevatioo 

angles, and the azimuth angles. For ZE!llA DAY, since the cloud could not have reached 

the tropopauae, tlm estilllte or the ""1lC!Jaum altitude -s 110re difficult. First, it -s 

necessa17 to aalce an eetilllte ar the ponition of the cloud top frcm its nzimutb engle 

and it• moet probable direction of "ovemant f'roll the teot alte. (See page 22.) Then, 

with all Ulree clouds, the second position -e dete111lined troll the combination of the 

wind veotorw and the rate of rise curve•. It, on the cmrt, these second point• fall 

clooe to the firet, it is reeoonable to aosum that the cloude did reach the altitudes 

which were ua.cl 1n celculati.ng the first po1nta, and that far proctical purposes the 

be1'bt• uaed in drawing tha rate of ri8e ourvea •1 be conllidered to be the actual 

be18Jtt•· 

The ct.rte ot Eniwetok also prorlde a cormmient -.is or •hawing the loca­

tiona Of teat lites, the poaitiona Of the obaer't'ing Shipe> and the llDlt probable di­

reotiOll ot 11anu111mta of the priary •••e• of the atomic olowla after th8 topa bed 

reached ~ altitude. 

XRAY DAY- From the willd vectorf! and the rote of r18e curve the top of tha 

cloud 18 oalculated ta be 54,000 ffft, or belaw the tropopausa which -• at 56,000 

teat. Nnerth8leu, because of tllll plume which fo~d on this cloud, it le belitm1d 

tlat at leaet acme of th• top or the clcucl did extend through the tropope.use. .la ~ 

be noted cm tbe chart, the diotaz>ce hetorean the two politiona which lave 1- calculated 

bJ using the two ditterant elnationa 18 l•H than a llila; and the differez>ce in eleva­

ticsi aa detendned bJ' either method ot calculation is on4 2,000 feet. The di•crepanciee 

a.re am&ll enough to haft been cauaed bf tbe -.oner in which the theodolites were aimed. 

In further reterez>cee the lllAY lllI cloud will be regarded as haTi.Dg reaclled 56,000 feat. 
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YOKE OAY-0n tha 1econ.1 test day the altitude of the cloud aa calculated traa 

the upper wind• at II-hour is 50,200 feet, but the heii:ht of the cloud 1t it reached tllll 

tropopc.use would have been 56,000 feet. l'lith the same elevation angle in aither ceoe, 

the horizootal diatanceo would hlive been 19.0 and 21.2 llilao, respective~. The firet 

position represents the effect of nn average •ind of J4 knot• whereas the oecond positi<ll 

represents the effect of OJI average '7ind of 46 lcnote. That ie, a di.tference of 11 or 12 

!mote in coabined effect of the upper winds would ban accounted tor the ditterence 1n 

the' two positions. It is reasonable to a3SUJDO that the actual winda at the tine the clCJ<ld 

""' rioing ""r• strODCor than the est11»•ted •ind• and. ti.t the altitude or the oloud iJI 

core near1" 56,000 feet.thlln 50,200 fe•·t. Since it ia thought that the XRAI Ill! cloud 

reached the tropopeuse, it ill bel18Vad tlat the JOKE Ill! cloud did alao,...., tbaujib t.bare 

-s no Yisible evidence. Thie is based on tllll aBBUllJ'ti<ll that tha ICU DAI -pan waa 

more powerful then the lllAY D.lt weapon and the tecperature lapae ratee csi the tso da;ra 

were a11Lilar. In further cOllBlderetions of the YOIE DA! cloud, it will be uo-l! that 

the •ind carried the cloud to the approximate position ot point •c• and ti.t tbe claud 

did reach 56,000 feet. However, in otbar coneideratione, it •Ul be u.,...i \bat the 

winda which acted on the cloud were the ••ti.mated winds, that 11, the •inda which would 

hove carried the cloud to point •e•. For rurther discwssion of the affect or the wind 

on the IOIE llll cloud, see page J4. 

ZEBRA DAY- BecaU8e of the cloud projection which rose out ot the ZEBU Ill! 

cJouJ, it ie necesoary to Imo• the position of both the primary cloud •H and the 

higt .. "t i:art of the cloud projection in order to !ully understand the beba'l'ior or tba 

atomic cloud. llhen the po•ition or the highest pert of the atoaic cloud proJectiClll 18 

c<111puted by either the rate of rise curve and the wind 1'0Ct0rfl or tr<B ita 110•t prob­

able position on the taaio of the upper wind directions, it i• taund to be in approld-

•tel1 the ....... ·pace. for either point, the borbcsital diotance 1• U.O llilea. Tbere­

!ore! the •n- alt1twle of JJ,000 teat celculated free tbie borbCllltal dlltenae an4 

the corresponding elevn tion onele 1• likely to be close to tllll actual alJnation ot the 

~llllst part of the cloud. It should be noted that the center of the pri11ary ••• ot 

the cloud ia estilllated to be approx:lnltely a mile beb1nd t.be top of the claud proJeotloc. 

The direction or muvement of the prinary ma•• 111J.8t be dram f'n>• point "JI• inatead at 

f'roia the clowl top as in the case of the IRA! and IOIE Ill! olouda. 
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~- - - -- -- Apparent Dispersions 
IJ ;,;t::'?!: s·m1ire~ -... t 

. •-.i1 
In !'laming tor the Enintolc teats considerable interest •s iarected tl!w.rd8 

the nw.nnar 1n which the atooic clouds would be dispersed in the atmosphere. Tile spread­
inl'" out of the clouds is illlportant because of radiological safety and long range detec­
tion considerations. Abo, the behavior ct atomic clouds offers a lmlans of checking 
theories of diff'usion and eddy conductivity in the free atmosphere. 

Data on dispersion were obtained by instructing observers to sight on each 
oide of tbe mushroou or the prille.ry cloud msse". It •s thought that a rats of dis­
persion could be derived from the increase in dze of these mjor cloud volumes. The 
azimuth angles for the sides ot the primary masses for each minute have been plotted 
on the graphs shown on i:ages I-31, I-24, and I-TT of Appendix I. The points were con­
nected by a smooth curve which represents the results from a single observing station 
in the positioo ot tbs Albemarle. Considerable smoothing tee been dona in drawing 
tbeae curves 11.8 the irregularitiH would not be sienificant 1n the cOl!ll'Ut.aticm ot a 
ni.te of dispersion. Attar tbs most ?rObable aziaruth angles for each five minute in­
terval were arrived at, the diegrama shcmn on i:agee 35, 36, and 37 ""re begun. First, 
the relative positians of the Albemrla and the primary masses at the times that they 
reached highelst altitude were detennined. Than lines were dral'lll tor the azi;nuth angles 
at the five minute intern.le, and the bisector ot each or the anclas torlmld by tbs aets 
of lines was found. TheH bisect.ore were drawn from the position ot the Albelllll'le 
through the centers o! the areas representing the primary msses, but they have been 
erased and do not appear on the f:l.nal diagram. Next, the direction and velocity of 
moveaent of these primary msaes were detendned by trial and error methods. Straight 
lines '118re drawn through the poaitioM ·of the cloud mssea at the tiJne that they reached 
maximum altitude and acroos the llnea directed according to the azimuth angle•. In each 
case a line could be drawn which was cut by the radiating aziJlalth anele lines nt core 
or less regular intervals. Thaee lines are paralltl!. to the directions of the "ind 11hich 
acted an the cloud msses, and the lengths of the eegJD8Dta of the lines are proportional 
to the wind velocities which moved the cloud roterie.l. The directions and velocities ob­
tained in thio manner nere then comnared with tho astir.>nted r.inds and the most probable 
directions of moveraent decided upon. tn tbia lllllJlller the locations of the centers of the 
cloud ansses nere fixed at five minute intervals. Then, "1th the centers located, 
circles could be drawn with circwnferencee on the two correoponding azi'llll.th e.nela lines. 
In this way, the aeries ot expanding circular areas was obtained. It was realized tint 
the cloud areas "ere not actually circular, but a circle was thought to be the most 
feasible area \1hich could be used. These circular areas have been outlined in a tanner 
rllsamblinc the edges of clouds, and straight lines cannecting their periJ!leters have been 
dre.llD. The intersection of such boundary lines givea an &Dille which appears to be uaei'ul 
in conparing the dispersion ot the clouds. If the angle were signi1"1cant, it would go a 
long MY toward arunll!lring mny probl.ms ot dispersion in the free atmosphere. 

Further studiea ahem that these dispereinn diagrams have little practical 
si8ni.ficance. The t'llct tint the azinlth angle data could be used in comnutations and 
that angles of dispersion could be obtained made the construction ot these diagrams 
aeen worthwhile. It was not until thought 11&s given to the size and shlpa of the cloud 
at the end of three houre that it as discovered that these diagrams bad little meaning. 
The theodolites 11ere aimed o. t either aide of the primary masses, trhich were ten to 
twenty thousand feet thick. Jn each case there were significant variations in nind 
directions and velocities in such a deep lsyer of air. Because of the rindn alone 
there was considerable increase in the tlidth of the clouds as seen by the observers, 
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of Atomic Clouds 

Tbe theodoli tea were ai:ned at the edges which aaemad furthest to the left and to the 
right. There nas no 11ay to direct thee to sight Oil the cloud at any particular eleva­
tion and natch the disoersion at juct that level. Consequently the altitudes for 
which azimuth angles wera taken shifted in accordance with the winds. The level 
where the r.ind velocities 11ere sloaest is re!'resented in the angles tor the left side 
of the clouds and the level or hi.:;hest l'linds is represented in the data tar the right 
hand side. !lo trua measure of disoersion was obtainable while the clouds were visible 
from Eniuetok. llo<1ever, these die.i>rams aere found to be UHful 1n estiJM ting the 
dimensions of the clouds ns shown in tbe photographe. 

XRAY DAY-Although most of the cloud .;.terie.l wae concentrated at 40 to 50 
thousand feet, the Jn'ime.ry mass extended !rm about 25 to 55 thousc.nd feet. The 
right edge of the cloud was !ll'ObablJ close to 45,000 feet, but it is not possible to 
decide <"hich level 1111& sighted on aa the extreme left sdca, nor is it possible to tell 
1tben the obse"ers shifted from level to level aa they endeavored to l:eep that edge in 
their sights. For a batter underatanding of the actual behavior ot the cloud aae the 
die.gram titled Diunsims pf' A~O&lic Clgud at End At' TlJreo llwrn, plge 38, e.nd the 
photoerapha, JEces 55 througc 3. 

YOKE DAY-1t the tir.le thie cloud reached higheat altitude there ms no 
"9ll defined prirle.ry mas at 1'hich theodolites could be dp;hted 1n order to obtain 
a:aimuth angle dsta. The irregular ebape or the cloud ie shor111 1n the photographs 
on pace 65. Then ns t~ie cloud moved away it became shaped aa shown 1n the photo­
~"l'aphs on par.es 66, 67, and 6S, and in the diagra;u on pagea 40 and 41. .l theodo­
lite aimed nt the top ot the cloud at JO minute• past II-hour .. ould be eight.ad on a 
level at about 50,000 feet for a left hand aaimuth angle and at a level of about 
35,000 feot for a right hand azimuth angle. Tile difference betnen the left and 
right hnn1 azimuth anp,les is nrimarily a result of the difference in wind direction• 
and velocities between these t110 elevations rather than t!la result ot dift'uaillll 
processes. or the three clou<lo, the YOKE day cloud was least adal)ted to theodolite 
observations for dis!J8rsion studiee. 

It ie interesting to note that the· azimuth angles tor the to!) po.rt of the cloud 
inilica ta tilt>. t it rins acted on by an effective wind of 60 mots rather than a 4J knot 
rr1.nd such aa as estimated to exist at 50,000 t'eet at H-hoqr. This effect ot a 60 
knot winrl is more nearly in agreement with the 65 knot 1l1nd measured at 40,000 feet 
at aporoxims.tel.y two hours before H-hour than with the aat:lcatad 43 knots. Also, 
the higher vind velocity indicates that the position of the top of the cloud probably 
vns beyond point •s• IUld actually close to point "C" in the diagram titled J2A.1.u­
mino,Uon of Altitude of Atanic Cloud on page 32. This seem to be additional 
evidence that the cloud reached the tropopause. Kcmever, in studying the shape of 
tbe cloud at the and of thre" hours it is thought that the eatisnated winds are the 
most representative. 

: dud 



XRAY DAY 
Apparent Dispersion of Atomic Cloud 

Cloud Width In 
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YOKE DAY 
Apparent Dispersion of Atomic Cloud 

Cloud Width in Nautical Miles 
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ZEBRA DAY 
I 
· Apparent Dispersion of Atomic Cloud 

Cloud Width in Nautical Miles 
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Dimensions of Atomic Clouds at End· of - --
Three Hours 

'l'he bc:Jt understnntlinc of hov1 the utor.Uc clO'l..Jd.9 uere di::niereed iI\ the o.lmosnhe1-e is 
obt~Uwd from stu.Jie:J of the effect:i of the urper uin11s nt all of the elevntiono n.t which 
cloud wterilll occUITed. t.s expl.iinecl on rerre 34 Wlder tho title An!)lrp11t Di!morpions o! 
A toiaic Cloud;, llll n t t.cr.o~t nas mutle to study the spread in(; of the "1" 1Jnnry mac oes of the 
cloucls by me.:.ill~ of theodolite data for eo.ch side of the nr.ic1iry DBBEle3. !~:d..r.mth :•nr.le 
Pot.ti from theodolites do not t."?.ke into con!lidemtion tho differences in r:ind directions 
and velocitios nhich occurred at different levels dth1J1 the primary mas"""• ond such 
duta are greatly affcctod by this variation of wind r1ith altitude. Also, rrar.l.icul e(Jn­
sideratl.ons of atomic cloud" renuire loot the entire cloud column• be studied rath<·r U1Un 
ju.st the :irimary nnsses. In th6se dia~t·Rf.l8 azimuth un;.lfl infC'1rtDation Ms not been u~od. 
The shapes of tho clouds have been determll1ed f'ron the esti.n"1t.ed upper vii.nd data, tor,cther 
l'oith photocra!'JhS and sketche~i. For a check, scale t'l'loclels \sere mo.de from these dint'.rl ms 
and the models were COM1.areJ uil..h the !"hotogrc.phs. As far o.s can be deterriined the shapes 
and dimensions of the clouds no shol'l!l in the diar,r.:m" ere approxiJ:ntely the sunu ~s tie 
actuol cloud!l. 

In rir<ler to oercelve t.he effocts of the nind it is necessary to study it3 effoct.s 
for sor.i.e period of ti.me lone enouch for easily recor,niz.od changes in shnre to oc::cHr. Ht-rts, 
a. r.eriod of three hour::1 ho.s been \Uled. After approxinintely three hours the :.;IJ.'.1fl83 uf the 
clouds could not be detennined by grow1d observers or by nhotot;rc.rhs ma<lo froo sw·fe.ce 
locations. Three hmir:-1 1::; the longo3t. time intervnl for v1hlch the ct:lcu1~1te<l slnpee c::i.n 
he conrared nith the nctunl :::ihnpes. 

Up'>er riind dnta can be used to c::.lcul..;.te tho r-:proJ..L.ite di.Jnonr.icnG of the clouds at 
or.y til"le nfter II-hour nlthour,h no vioml check of tho shnpe of the cloud" iti possible. 1 
calcul.."..tion 00.sed just on unper "ind dn~ uould necessarily O.szW!".e thnt cloud mnteri.nl 
was not chl1ne1nc elevation becau•e of fall-out or convective activity. Al.oo, the disper­
sion nt any particular elevation 11ould either be neslected or rourhly estimated. Inot.,c­
tion of photor.r"Phil ohous that fe.ll-<>11t of •t.er1Jll from the upper 1Drl• of the utanic 
clou<l::i nas not nerce!1tible durinc the first three hours. 

The dispersion at any ~rticult'r elevr.tlon lie:criuso of eddy notion5 in the atl':loSphere 
is more import.ant. tt-c.n fnll-out 111 a study of the vhiLle clmv:I. The nrocoos uhich is 
reonorasible for the dispersinc or air-bome mt:\terial Lec:l.\188 or ~irc\J..L.'lr motlouo, or 
eddies, is frequently referred tons "eddy conductivity." It iu tile fnctorr. uhich enter 
into consi<lerotion.:; of eddy concluctivity r1hich det.ermlne the I1tle at ghlch the cloud 
spreads at nny one level. 5ome of these ractors nre tho horizont..11 :i.roa of the C:1oud 
p\.'J.lcriul, the amount of sw.teri;!l nUove and belmt Lhc }tJvtl 1n quc:·lion, the wi.11d ~heo.r 
at thut level, o.nd the tompeI'"'..J.ture bpse t"(lte. ~h fPctor& detentlne the ouae 11ith 
which circular motions can occW". The eddy conductivity processe.".l in the l'rca ut'!I05phurts 
u.re not undcrzlood sufficiently to m..--:loo ~·~plic.'ltion to th.i!l study of the atomic clouds. 
Uoleculur diffusion rlnys a inrt in the •!'read of the cl0ud, but the spread of mnterlul 
1n tltis nay is not thought to be oienificnnt nhen corarnrcd to the much i:;reuter di"perdng 
effects of the winds. 

The procedure used in lho construction of these diar,rr.ms "as to drcrn the nind vectors 
ahorm an ?J-ccs 15 1 16, and 17 1 t.o scale in ort1er to renro:::ent a throe hour moveunt on a 
chart of the ~ni"etok nroo. The ends of these vectors represent the positions of the 
ett'rnic clow\ nr.teri:!l nt the resoective elev.i.tio!lll, The nmounto of cloud mo.terial at these 
-itioll~'" ~U.,ted_~ t~~ ~~ of tho circles drn"'! around the ends of the vectoro. 
The sizes of the circle• were dete111ined by lll8<lll• of tho photor.rnpha o.nd sketches. The -
nmmmts of cloud nv1teriill ot various elevations t/9re estlmated visuallJ bf coral"ring in 
o relative manner the width und thickness of the material with the overnll size of the 
cloud. After tho clrclea "l~ro drn-.n they riere connected by tangenta col!JDQl to any two 
consecutive circles, nnd the nree. enclOsad nas abided in. there c1rerlapp1ng layere ot 
cloud occur, additional uhedinG has been added. At levolo whe1·e th(IJ."e i• no cloud •te­
rial visible in the photographs, or where none was seen, the lines representing edges 
huve not been renoved, Wt there is no shad1nc. 

On these hori~ontal 11rojoct.1ons of the clouds, diaenoions have been added. These 
d.iocnr.:iono nre tbou!~ht to be close to those of the actual clouds as they an larcely a 
flmction of the v1ind directions and velocities. Error• in ap!'fOxilontJ..ne the area covelled 
by moterial nt. uny olevut1on Ylould not,,r.reatly affect the overell d:IJ>ensions of a cloud. 
\.'hen dimensions ure civ~n for tho lcneth, \tidth, or d.1a.mster or an atOOtic cloud, i"t should 
be r8'llizo1l thet o very irre~ir "'"I"' b being described. 

After producini: tho ,l!nrrurns n"nroxlroting the rle"• which CUI observer would get. by 
lookinc dO\'m on the clouds, the dirl[.,'t'::W5 ':1ere used to r:roducc a projecticm in the nrtical. 
Such vertical projections very much rl!:..;m.1ble tho vietis nhich were obtnined from the ahipa 
or at Eninetok. The width of the cloud tn the vertical ~rojections is the sWDe u in the 
horizontal projecticn• ut the 5,000 foot intervals, but in beween these elemtions there 
there has been no attem'>t M.'ule to e:lti ate the rtidth. In other words, the entls of the lines 
rer·re:Jentlnr. t.he uidths at 5,000 foc•t iJ1t1..11-v;. ls in tho vcrticnl projection have been con­
nected by Streight lines. This giveo tho vertical projections a thinner apnearance than 
Vias observed 1n the actual clouds. i:ven ~o, lf these verticnl !>rojectiona are co•pa.red with 
the 11ctual cloud oltetches anil photoo;ronh", 1L fl ill lje ocon th'1t there lo a V•I"f close 
resemblance. In co~parine the ohotogro·fo1 nlhl iliilr,rtll!IS it •hould be relllODhered thet· there 
was a converc:ence of tho lines uhich fonted Lho !1hotocra•1hic 1.J:aaees at L:nintok, or aboard 
one of the observl.nf ohipo; t1hereas ,nurnllnl lines in a nortb-eouth di.l"ection were uaed to 
produce tlle vertical projection•. Some of the di.fferenceo bettieen tho diagrams alld the 
nhotographa are &CCOtUlted !or by this chan(;e in perOT"41Ctive • 

>CRAY OAY- As tliio cloud SOl"llrated <1t a"1•roxl.r.etcly 20,000 reet, no shading is shoan 
neor this altitude. i~lso, since the '•hotorTt1' 1h;:; do not shO\: the lonf; nru of cloud S1feeping 
bock bet\ieon 5n,oon bnd 5!1,000 t'eet, the 9haJ111t; Ma bel"n elillinc.ted from that J&rt of the 
verticnl nrojectinns of the cloud. 'fhi:; rart of tho cloud \"IBS studied 1n the llOdel of the 
cloud llhich wias con:itnictticl. I.;ither t.11cre vm:; not enour,h cloud material at. these altitudes 
to form this arm or the T1iruls 1'ere different. from thoae e~timuted. It is even possible that 
the moisture in this top oort of the visibl• ··loud evnpornted so thet it could no longer be 
seen ofter three hours. 

-39-

~; : ' \~J.J.~~ SE~ 
' .,:.;.·'; 

Rf618'? U 46A~•4itfcnt\IC EiibrtJ:t•U•tMr' .,,ac;110 9bit&:t!r.J:iltlll'I ISO iiGQ&hib' 
., • I J'. 



--

I 
f· 

r:· 



ftf 

l1 

~ 

11 

~ 
.. 

' 

T vse1:·1sn••rA-""""1t: ·~nervy1lct·"'esl llU:Jrt--tpSCll4\ : 1 • 1s'1l1ss:a au ... 4.1: • 
·;·,·· ~i:---~~ 

Dimensions of Atomic Clouds at End· ,.of Three Hours 
(Continued from th• previous pa91.) 

YOKE DAY- CocoWJe or tbe ... rkod lncreaoe In lrlnd velocity up to about 40,000 feet 

and the decrease in welocit7 above thie elevation, the atomic cloud waa dnum out into 

o long ribbon which was book-ohaped neer tbo top. An alalmi.nation of thi.D cloud •hnro aill 

sl>ow the tutilit1 ot an attempt to •~ht on a primary mass in order Co dotcrnl.no a ruto of 

dioperoion whicb could be applied to 11111 i:articular el""8tion. The actual YOKE cloud 

greatl7 reseablod tho disgrnaia9oo it 1a tbought thnt a true repre"entation of the cloud 

has been conatructed. 

ZEBRA DAY- '.":hen the photoLTr:~hc of th•s cloud t1ere exomine<l, it was found to hnve a 

zic-zog appeo.r::uico becuuse of a loop-r.:haped structure near its middle. Thia loop could 

not be nccoWltot.l for by drnui..nr," uc.cordi.ng t.o the estimated T1inds at just the 51000 toot 

elevationr.. 1'o con!:truct. the 1liLLpum Letr1ut!n 10,000 and 20,()(() £eat tba actual winda for 

Lho <X-Oo locol timo sowulinn "ere used, and vectors for every l,O<X> toot interval "re 

dr."".n1. This produced e. din!!r:i~o Iihich 1Ja:i remarlm.bly like the o.ctual cloud. No material 

nu:l seen t.n this clou<l bcloT' . .:i.hout. 7,000 feet so no shading is wsed beloo that level. The 

f1n••cr-l Urn r:roje~tion 11hich ~·cnned ~'r. thl!J clour1 has bean conotruct.ed troll t.,_ vector-a 

for JO,fKV) und ~),IXlO foct. 
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Explanation of Trajectories .... .: ,.~ 

This report an the visible clouil.s could end t1ith the de11criptiona of tho cloud• 
at the end of three hours, since art.or that UM there are no records of the cloud• 
havillg been seen. However, the report would see• unfinished if it ended without con­
•iderillg the obvious question of wbnt bapponc t.o the airborne rsdioaotive Nterial 
after the clouds diaappeared f'roa the Eniwtolt area. Tbe clarte which follow show 
how the cloud shapes in the pl'tlcedil'lg diagrama tit1ed P1mplli900 ot AtgmL; C lgydp at 
End oC Threo Hqua mq !aft been acted on by tbe upper w1Dd11, and tba7 Ii" som in­
diaatien oC the lllDller :In which the cloud •terial is aamimed to haft beon spread "9'&r 
tbousandll or square mil.ea. 

Operational requiremanta tor the long range detection progrna aade it neceaaury 
to produce eot1-tes ot haw the radioactive materials ot the bomb oloude were tnma­
porte!l thr9ugb the atmoephere and to make da7 to da7 Cort1oaste of where tbe material 
waa lu..l:f·to.go. 111th present day knowledge and the a'ftLilable facilities tor anal;rsis, 
it was necessary to consider the atomic clouds as a set of points 11hicb were carried 
along at colllltant levels by the wind.a. The Jatbll or tbeae po:lnts ere Olllled trajeo­
tories 1 nnd an the lines representins these patba, the arrowheads indicate the locations 
of the points at 24 hour interwla, .l tro.jectoey u.nal.Jais aaaumaa that the cloud con­
sisted of !llll'Cels 'llbich were gaaeaua in nature and which ·did not cbangw elevation. 
Actua~; the clouds contn:lned a high percent.nee of solld particles which continued to 
fall out as the cloud was traneportodJ and the note thl\t the solids settled out is 
unknown. It is not possible to determine at what altitude the meterial .a at ezq 
P8rt1cul&r ti-. .llao, it 1a t'alse to consider 'tjie clouds as sets of po:lnta since 
the horir.ontal dilleDPions or the clouds is important in deterllinillg how tho clouds 
were acted upcm. B7 the time the clouds had tranlled acro81 tba Pacitio, they had 
been affected by a multitude ot difi'uaion processes, The altitude of the cloud mate­
rial was chanced by larce-ecale vertlcal turbulence llUCb as 1a found in cllllllllo-to:na 
clouds; and the clouds uere spread out over such a large area aa to be dispersed by 
the eddy-diffusion ettecte oC high or low preBIJUl'lt 11711te1111 such as are ahmm on lfe&ther 
raps. 

Another feature of a trajectory analysis which 1a mtaTon.ble is that meteorologice.l 
theoq indicates that an air parcel, or cloud Mterial which 1a llOYing as e gas, m"9'as 
Jlgjj at a constant ele•tion, or at a constant pressure· lsvel, but en •isentropic• sur­
faces, Ieentropic surfaces are defined as surfaces of oonatant •potential te•perature,• 
and such a surface varies in altitude depending Clll the prHlllU'8-temperature chllrncter­
latica or tbs atmoephere. Thia means that the gaaeOWI cloud Mterial. prol:ab~ underwent 
marked cbanee• in elevatioo a• constant potahtial taaparaturea were aaintnined. It a.ho 
msane that the rind pi.ttems for large areas on iatentropio aurCacH 1m7 be •-bat dif­
ferent the.n on conatant level or conatant pre•sure eurtaoea. (The ..,.._t of the 
clouds on luentropic surtaces is the subject ot a ourreDt bmlattptlon UDder the direc­
tion of Dr. R. Wexler oC the U, S, Weather Bureau.) 

Because ot ao maDJ' Calse assuaptiona, it would eeea that traject017 atudies are 
useless 1 but when used operetionall,- :In loJlll l'&Jlll• detectian, 11rajectoey anal7see gave 
re""'rlcably suc1;eastul reoults. For tbiB reason, ad benawie constant leftl or constant 
pressure analyses are all that are aftllable to date, thelle clarte ere included here. 

-
TrajectoriH are dram for pi.reels oriciJiatillg at the following prulllll'a level.as 

8:,0, 700, 500, 300, and 200 mlllibara. The11e level.a are at aJlprQldate~ 5,0001 10,000J 
20,0001 30,000J and 40,000 feet, respect1ve!7. The data tor the11e pressure '1Jl'fac• 
are tra11Bllitted over worldwide •teorolor,ica11111tworlm1 and einoe tba be!sht9 at tbllu 
prelllll11'8 surfaces are nece::isary for estimations of upPer wiJld conditiOM, tba cc.put&tiom 
oC trajectories are facilitated it the::ie lsvela are used. Br notillg o911bbiatillll8 at tra­
jector188 et these •atiuidard• lsvela some idea or the traject<iri.ea Car intermadiate level.a 
is obtuinebleJ however, a stuiQ' of the 25,000 Coot trajectaz7 tor ICS:S Dq •howd that 111 
wna quite ditteront thnn either the 20,000 or the )0,000 toot traj90'torT0 It aa not pos• 
eible to do mv trajectory work at all abon 40,000 feet beoaue Ollteide ot tha Eniwetok 
area then _.. DO upper wind data above thnt altitude. Two sets ot upper air obarta 
drawn tro11 -rvatinnal date collected and anal,-zed cm a l2 hour blah wrs 1111ed dail1' 
:In trajectory computntiana. 

The trajectories presented hen are baud en the data which wn aw.ilable to the 
Start lleteorologist. Consequent:i;,., tor the liars ball Island area, tbeM cmru an thoog)Jt 
to be more accurate than any other einlilnr charts1 but tbe7 are leH wl.mble aa distance 
incrc>•>'es froo the test sites, As the distance iJlareaaed troa Eniwetok then aa an at• 
tenuatioo of the amount of meteorological data received. .lll of the aCJlllllUnp trcm the 
concentrntion of uprer air stationa oparatil'lg in the Uaraball Ieland uw. tor tbei llMdll. 
of the'. T11sk Force ""re aV11ilable aboard the U,s.s. Ut. llol.inl.eJJ bit theH data, PDept 
tho soundint;s tran Kwajalein, were not trnnsmitted to unit.a outside ot tbe llal'llball 
Islands. 

The stMJOture or tho ataoaphere "9'er the llaraball Ielanda duriJls the h&llcm of the 
SAHll::iTO!IE Operation and its effects in produoillg aoaeidat 111ndlar trajeotariea are wartJv' 
ot note. During thi::i periodt~sterly u:lnda, tbs trades, ere nol'lall.7 fOUDd tl'ca the 
surface to approximately 15,au:> or 20,000 Ceet. .lt about that elefttiPll there 1a a 
truna1tion"1 rocion of variable winds. Above 20,000 teat tbe wind 1a wester~, all4 
westerlies prevail to the otratosphere. Gellano~ a~, tbie caused the •terial 
below 20,000 feet to epread toward the Soutbreat PaciriD or tba PbllippinM end the 
m.terial above 20,000 feet to •Pfll&d toward Mexico or the llDited Stat.ea.· Suell an upper 
w:lnd structure 1a nol'IDO.l Car the l!arslall Island area durillg -•cm wbea the trade wbldll 
predominate, .l stud;y, not included in this report, •• made at ti. trajeotor:r pattems 
for air parcels 01·teinatillg over Eniwetok da~ Cor a period ot 30 da78 beg.!DnW cm 
Murch 22, 1948, nnd ending on April 20, 1948. Thia stud;J sbowd tlat parcel.II arig1Jlatinl 
over Eniwetok at altitudes from 5,000 to 10,000 feet norm~ llOftd westw.rd 8114 paaaed 
over the Philippine Iolande within two weelca. Parcel.a at 20,000 teat cU4 not -. can­
sistent:i;,. :In 11111 rarticulllr direction. In thiJI tranBitional -· ·- ot tbem •and to 
the eeot, · ecae weet, and a few llPved into the soutbem beaiapban wbsre upper air data 
were unave.llnbls. The 30,000 and 40,000 toot trajectories bmaria~ -.r eaet.N, 
no.-117 P8GBing south or Hawaii, and reacbsd llexico uithin siX to eight daJW attar tbeil' 
origin at Eniwetok, 

The etreota ot the trajectorlee en the tests daJW wen to at.retail Gilt tbli a1oad 
•terial to the west and t.o the east :In a land •hic.b oont1Jma~ inCreued 1D 1-.rth. 
If no toll out ie considered, the cloud my be &alllllled to be a ribbcm-lllm •truoture 
11h1ch was slanted downv111rd Crom east to west. That 1•, the oloudll neD after -ral 
dnya m:i.:lntained atnpes s:l.m1lar to those shown in the vertical projectiona en the 
precedillg J'.'1E911 o 

P§f3Q'YmJ4JM~ AtOMie'>EA'lf·XCf ofl9469!.. 
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Explanation of Trajectories (Continued from previous page. ) 

XRAY DAY- Tile upper wiJ>ds arer the Eniwetok area OMr bomb tllie on IRAY Dny indi­
cate that air ~reels renresenting the cloud 11t the 5,000 lllld Hi,000 foot elevntions 
moved off at = 11pproximate speed of U knots toward the we•t-riorthwest and northwest, 
ros pectively. 'I he constant pressure charts for 850 :u1d 700 millibars subsequent to 
banb time show the material continued to move io the west at varyiJlg velocities with 
the 5,000 foot trajectory pessing JOO ••iles north of Guam in about 5 days. Thie time 
dlfference """ due to the liehter t1inds found at 10,000 feet in the area between 
2nlwetok and aua... The 201 000 foot trejectory [ll"OYed to be quite canplex due to light 
and variable winds over the llarshall Islanda on IRAY Day. By usins the 500 millibar con­
'Jtnnt oressura chert, an average moveaant was com!'lJted rhich showed the 1111ter:lal 11t that 
1eve1 started off to the east. However, on the folloninr, days, lf€ht !Llld ftriable winds 
r.t that altitude persisted; eo that the resulting trajectory indicated nry little move­
ment froc the Eniwetok area for a period of a ppro:d.m tely ef<:ht days. Due to the light 
and vnriable '1inJs over 3UCh a long period of tille, it mis very doubttul as to when the 
.,,, l erfol actU11 lly left the area. The 20,000 foot trnjectory is, for this reaoc;m, of 
•l<•ubl1'u1 vnlue. The 30,000 and 40,000 foot trajectoriea are much More re;ireoentative. 
,\ "ludy of the '1ind over Eniwetok an 11\AI Day si-ed !'8rsistent. west-a(uthwest and south­
west rrinds nt these levels which cauaed the cloud ... teri:lls to move off to the east­
northe3st 11nd nortbawt at the velocities or U and 25 knota, resr,ectively. Subsequent 
llf'f'"r air charts show the material at J0,000 and 40,000 feet gradually sbii'tinc so that 
it headed in a more easter:l7 direction with tha 40,000 foot trajectory passins south ot 
lb"aii in two and cme-halt or three da711. The 301000 foot trajectory Jl8Ssed south of 
'in~aii 1n eppro:rlnnlely three and ane-half to four days, 

YOKE, DAY-The trujectories far 5,000J 10,000J 30,000J and 40,000 feet followed- a 
J'flttorn oillilar to thoae for DU.I Day. .l atu.17 at the winda aloft "'1er Eniwetok far 
YOKE Dny shows easterly (B to ESI) wi:nda to near 16,ooo teet shi.tting slowly through 
ocnitb to oouth11est at 30,000 feet and above. .I.a might ha expected, the 5,000 nnd 10,000 
foot trnjectories moved off to the west and weat-t10rtlmest. Ueillg the conat1LDt preaaure 
cmrts to extrapola\.e wind nlocities and directiano, it •s found that tba 5,000 and 
W,000 foot trajectories continued moving wstward, passing south of Gunm in appro:d.­
mntely few· dayr, and reached tba l'billppine Ir.luids in approximately oeven to eight 
days. The ~o,ooo foot trajectory started to the north t'r<9 Eniwetok and -s thml caught 
1n a belt of eaaterly winds. Thase easterlies caused the Eterial at the level to ner 
to lhe west and reach the Guam area µi approxiatelJ four days also. However, due to 
tho variable 'rind condUioos orer Eniwetok on the tast da7, thia traject.cry cauld be 
,.,..,,;i<'ernbly in eITor although there is less doubt about it than tbll tr.ijectory for the 
srunc ultitu,\e on lRAY Dny. The 30,000 and 40,000 toot trajectories moved art rap!dJ.7 
to the northeast h-an Eniwetok. Tha subsequent canst.st pressure charts tor these lnelo 
shor•ed the winds shirted alowlJ back ta we11terly and caUllad tha trajectories to pasa 
south of the llawaii!LD Islands. The 40,000 toot trajectory pasaed the lla•iian Ialandll 
ni-en in appro,·imately 48 hours while the 30,000 foot traject0l'7 arrived 72 hours a!'ter 
hml' l1J.1e. 

ZEBRA DAY-:. study of the upper winds aver Eniwetok .I.toll CG ZEllU. n.y ahow• the 
r.inds becl:inc from southeasterly at 51000 feet to southwesterly at 10,000 feet and then 
t~ west-southwesterly at 20 1 000 feet and above. The 5,000 foot tnijectory went to the 
norttmoot art.er leoving ii:ni,,etok end cha.need slowly to the wst and west-eoutbweat on 
the secmd o.nd third day. 311nill!r~, the 10,000 root trajectory whicb started moving to 
the northeast cha.nr,od mpidly to the 11t1St e.f'ter 24 hours and continued an a westerly 
headine. Ho1tever, oo the third and rourth daJ following ZEBRA Day, a typhocm in the 
vicir.ity of Ch"!m cuused the 5,000 and 101 000 foot !'Qrcela to increnae rapidlJ in velocity 
a11d nave to the northwest. The ~c,ooo foot tmjectory •• leu daubtt'ul on ZEBllJ. ~ 
than on the ;irevious lest dn70. Fairly stroog and caruJietant winds at Eniwetok, plUB a 
oteudy r.ind fl.ow oo the 500 !tlllibnr cor.stunt :iressure chart, indicate tmt tha trajectory 
maved directly towards llic!m.y faland lllld reached l.lid•y in 72 houru. Tb8 J0,000 and 
!,0,000 foot trnjectorieo lefi the :::ni"etok Oll'&a with modarate:Q' strong westerl7 windll and 
continued movinr, to the enst. The JC,000 c.nd 401 000 foot trajectories passed south of 
ll•umil iu ~r,rro:::lnl~cly 3 and : dnys, res.,.,ctive~. 
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Sketches of the 
!11 explained previous17, it was not possible to make photo­

graphs during tha time that the clouds were in the 11111Sbroom stage. For 
about the first ten seconds the clowls were in the firoball stage !IIld 
were lighted trca withiD bJ' 1.neandescent gases; but after these gases 
cooled, there wu no ll41ht tor phote>grllphic purposes until after sunrise. 
The bl118...,.iolet l-1nescence did not photograph or provide light so that 
photographs ot the cloods could be obto.ined. ll<mever, the blue-violet 
glow did illuJdnate the clonds so thst they were easy to see until they 
rose bigb enough to catch the first or the morn1Dg trlllaht. By the 
ti.Ila the llllli.ne11cence bad t'aded, the upper parts of the clouds were 
high mioueh to catch sufficient lleht to shaw their detnils clear17. 

Throughout the time that the clouds were visible, they were 
being rapidly sketched for the pirpose of correlating theodolite dsta. 
These rough 11ketcbes·are the onl7 records or the shapes or the clouds 
during the tiJM ti.t it was impossible to males photograph&, Therefore, 
since phOtograpbB ot tbs 11111shroom stage are non~xistent, it was decided 
to make the rul.lest use po11sible or the sketches in order to describe 
the complete histories of the clouds. 

llost or tbs sketches ll'llre very crude 111.nce mo11t of them ll'llre 
ccapleted in les11 than cme minute, and some ot the eketehes were affected 
bJ' the precooceived ideas and imaginations or the observers; but bJ' com­
paring three or more llejl&l'llte sets ot sketches reasonab:i,- good pictures 
of the clouds were obtained. 

XRAY DAY-b •Y be noted in tba sketch, there was considerable 
natural cloudiness at H-bour. The tops of the cumu1us averaged 8,000 
feet IUld a few reached 10,000 ar 12,000 feet. There were al.so tracto­
C1lllll1l.us, and thin stratus around the tops of the cumulus. Passing rain 
showers bad occurred in the vicillity of the test site. The natural 
clouds, together with darlcnes11 obscured the atoodc cloud at altitudes 
below 10,000 feet. The XRA! Day cloud had the most prc11ounced intemal 
circulation characteristics ot any of the mushroom clouds. In fact, 
the cloud very lllUCh resembled the ABU: Day cloud at Bikini. The sketches 
show eeveral short cloud 11treuera, ar llplll'8, projecting out of the bot­
tom ot the cloud u was 118en at Bild.n1; and 11ome ot the observers re­
corded IUl lee cap, or a lllllOOth nil ot cirrua draped over the mushroom 
at about B-bour plm tive ainute11. As the cloud rose, tlm stnlJc or stem 
elongated and becaae s•ller in d.ialleter; and at nine minutes and thirty 
11econdll past B-bour, the break which is shown between upper and lower 
cloud 111811111111 occurred. This Hparat1o11 occurred at about 20,000 feet. 
Just below this break, which occdrred in a region of wind shear, the 
stem or t.he cloild dllperaed and lett an irregular patch ot smoke and 
dust. The lowest part ot the cloud, which greatly resembled the other 
large clJllUl.us J181ll'bj', reDlllJ..ned visible until H-hour plus twenty minutes 
and then becama lost aacmg t1le other clouds. 

Atomic Clouds 
YOKE DAY- The quantity of gaseous constituents in the fireball 
appeared to be noticeably greater OD !O!E Day than OD IRA! Day. At 
first, the cloud began to take the characteristic mushroom shape; but 
tor some reasoo, perhapa its size, the cloud was not abla to fona cc:n­
plete17 the ring shape circulAtion seen in previous clouds. The pri­
mry portion rose es a gigantic bubble of gas without a well detined 
internal circulation. By the time the cloud reached lllSXIJatn altitude, 
there appeared to be a diminutioo in YolUlll8 of the gas bubble because 
of the large quantity or .. ter1al left behind in large irregular 
aasse•. This cloud seemed to contain little condensed -ter vapor. 
Instead, it seemed to CODobt almost entil'el7 ot dust and smoke. At 
H-hour plus sixteen minutes, the lowest part ot the cloud resembled 
a swelling cumulus cloud reaching to 9,000 or 101 000 feet. Tb111 cloud 
moved a•y in the easterly wiDds at la. elevations 110 tlat there ill no 
record or it after this- time. 

On page 50 is shmtn a sketch or the !OIE Day cloud at H-iJl?ur 
plus me hour. This sketch has been dra11111 i'rom a colored photogre}'.ii 
which shows the 88Jlle view as the bla.ck-GD.d""'1hite pbotogrnph m page 69. 
UnfortuDa tel7, the black-end ....,,hi te photograph did not print T81f1 well, 
and 1t ill not possible to reproduce colored pbotocrapha in this report. 
Therefore, tJWi sketch is the beat available meana o! abmlillg the shape 
of the cloud. 

ZEBRA DAY-Thia cloud had the familiar lllWlhroaa form, but the cloud 
did not have a well defined circulaticm. attar the secald lllhmte. From 
the third to attar the eighth minute, there was little change 1n the 
ceneral shape of the cloud; but by the ninth minute, the finpr-lll!B 
projection which rose out or the top ot the cloud could be plainl,y seen. 
This projection rose an additional 5,000 feet above the top or the 
atomic cloud and reached mnrl.mum elevation at about plUll 12 ainutes. At 
about the f'li'teenth minute, the t'iJlger-lllm part or the cloud broke allq, 
but it never .did get far f'ra:i the min bod;J o! the cloud. At aboat the 
tenth or eleventh minute, the top and bott!llll of the cloud lad shil'ted 
so thlt the top was east or the broad stem, and obeerYera on tho u.s.s. 
Ba1roko 11eJ'9 able to look up into the base ot wi.t bad been the rilling 
lllUShroall head. Tbeae observers stated that the cloud, vie-..cl trail the 
bottom, bad a hollow appearance and looked somewhat lll:e a 11moke-rl.Jlg. 
There was more clowl material in the edge:i or the cloud than 1n its 
center. Thia cloud al.so bad a cumulu-llke fol'llllltion 1n its J.awoest 
porticn. Tbi.B cumulo-toni cloud grew until it reached about 8,000 teat 
and than disappeared as it IDCIVed ort to the ll'llst. 
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Explanation 
Altholleh EDJ' teet ot tu. .. re used during Ope:ration SAHDSTONE to photo­

graph the ato.ie cloud•, T•rf tew pictllr•• suitable tor a scientitic report Oil the 
clouds relJUlted. S!Jlce B-haur was before dqllght, and became the atomic aloade 
had become •-•hat dittused b7 tile tiM autticient light beca11e aTailable, moat 
photographs of the -pon pbenClMD& •ham onl7 the hsaiapherical condensatico cloudll 
or the fireballs. llost or the tUa llhcl for the cl.olidt •• ao ccmpletel1 Ullder­
exposed that it printed ccmplete~ black. The re811lta ~ the .DIAY Da1 cloud were 
TerJ disappointing to pbotagrapbera wbo had hoped to obtein pictures ot tbe apectac­
ular 111sbr0Clll. Fewer picture• of the YOU Da:r aloud were atteapted, and alaoat DOiie 

.. ..., made ot the ZEBB1 Da:r clowl. wi- llllDllght for photographs was anllable, the 
clouds were being diapersedJ and the pbotograpbera did not .aim ~ pictures of 
cloud ebapea which to ~ did not H• 9Uf'fic1-tly well det'ined to be ot intereet. 
ltter two or thl'ee hours the cloud8 bad -.n;r characterietic• ot na t112'&l clouda, •o 
tbat to ui 11Dintormed obeerTer, the7 did not a~ to be particularly a1gni1'1cant. 

hot.her faature of tbe atc.io clowt. wb1ch was diacauraging to photographic 
perscmnel •• tlwt a8 tbe cloud• diaperaed, the cloud aateriai extended 11Ver such a 
large &ree tlat it ne illpoeaible to frallll all ot a i-rt:lcular eland 1D a aillgle pho­
tograph. lo -ra bad a ride4Dgle 1- auitable tor aw:h a large cOTe:rage, a.ad 
there wu DO attempt to adapt a -!IL for .. rlee ot panonaic Tina. ID aaseabl.inc 
picture• tor th1a report, two photographs ban been joined •id• lJ7 aide 1t tba:r gin 
a llOl'e cC1111plate represen~tim ot a cloud ne11 though the two photographs •1 ban 
been aade at 1l.1ght~ ditt•rent time•. 

It bu not baeA fMaible to aka aauuruenta ot the clouds directly hm 
the pbotog:rapha. Thb 11 pn.a~ becanae the dilltance• to the cloudll are not aut­
ricient~ well datei'IW:Mld. rt 18 mch e&aiar to -.lce meas\D'aments trm the theodolite 
data and t.ba elaltchaa than to uae the photographs. 

Such data a1 are aT&ilable baa the oalculationa on the preceding iagee ban 
been added to tba photographa. The ebape of the top of the 11111 Da:r cloud •• such 
that the dJAgna titled Apmnpt Dh1111111on qt Atsplp Cl.qud on i:age 35 could be uaed 
to obta!A a rouirh idea of ita clluetar, bu\ tbe empe ot the ton Da:r cloud •s nch 
tmt thll t:rpe of diapersion ana~ia wu not applicable. No pictures of the ZEBll1 
Da:r cloud are aT&ilabla until about B-boar plu8 45 a1nlltea, 15 llinutea aner the tiJoe 
that it bacua DeCHUJ7 to end the appal'Nlt diapereion analyaie because ot the poor 
'luallt7 of the adauth ucle a.ta. !hare ia no •:r ot acldiilg daenaime to tbe pri• 
~ •H to the photographe ot tJ» ZEllll Pa:r clDlld a:capt. lJ7 _., ot the 11PP9r w1al 
nctors, and Wa doe11 BOt H• to b9 wartbllhila ainca the attecta of the uind •tl'1lC­
tun Clll tha ebape of the claad an •h~ Oil pa.ge 42. Bawner, the lengths and widthl 
ot the lllU &Dd YOU ~ cloada ban been entered Oil photographa •de cmo hcur p.at 
B-hour. Thua data ban been 4-ta:nlbled traa the a1U.ted winda and the diagraM 
titled P'wn11111 ot Atpefo Clqp4t at Ep4 pt Thrto Bgurs, Where altitude clllta are 
giTID1 5,000 foot interT&la are med 1A 110et caee• becat111e tba w1Dd clllta aelocted tor 
doteraiclJ!g the shape• ot tbe clAiuda were rar 5,000 toot elevatima mly. 

1 batter underatendinc ot the ahapa• and aize• or all of the atcaio clouda 
1e obtainable by using the photographs 1D cCllljunctiOll with the diagrams titlad 
Q1•na\OPQ gt Al;cnic Clguds at E!ld pt Thrto Bpuro, beginning Oil page 39, 

The qm.llt:r ot the •jorit:r ot the cloud pbotographl il>Cluded hare le poor. 
VerJ tn ot the picture• ba•• coatraete euitabla tor halt-tone reproductiai, and ~ 
of the detaila which wen erldont ill the or1g1Dal photographs •re loet in printing, 

of 

.·fl~ 

Photographs 
1 few colored photographe of different Tina ot each ot· the atcaio olOllda 

exist, but the t1P8 of printillg taoU1t1ea uailable preyented the '!Ille ot col.or 1D 
this report. lloirever, the colors ot the clouda will be deacrlbed as the pbotograph9 
ot each test are discussed below. 

XRAY DAY-Except tor not showing the colora ot the cloud, then photographa 
give a reasonabl7 good portrayal ot the cloud up to B-hour plus three houra. With 
this cloud as -u aa the othar two clouda, the coloration n• largeq detendned by 
the a.mount or ounlight anllable, ltter the blue-rlolat of the luainoecance faded, 
about three or tour lllimltee attar B-hour, tbe cloud appeared to be a dull white, while 
the 11atural cumulua appaared a dlrt:r P'9J'• lt about B-hanr plua ten llinutes, tbe upper 
part ot the JRU Da:r cloud a~ed whlte and the lower portlon had a d1rt1, amoq 
color, Then at B-hour plua brent1 ainutea until B-hour plua th.1.rt1 ainutes, the upper 
portion of the cloud took on the TI.Yid color• or the eunriM. Tba •et aido ot the 
llU8brooa beca• a brilliant raddiah-o:range, while the rea!ndor or the cloud relldnecl 
a dull white, 4• the 81111 rose h.ighar, thi• coloration spread <ll'er tbe cloud and be­
came lees brW1ant. The cirru-t:Jpe pl1e1 ~· appeared -.ch whiter than tho pri­
lla?'J" cloud, and ehowed up rt~ againet the b&clrgrouncl of dark blue sq. ID direct 
llUJll.ight, the globular MH had a creaa colored appea:rance when contraeted to the l.D­
tenaa white of t.be cirrus pl191 or to 11atural cirnul. E•en when tba 1top bad spread 
until it greatly raseabled natbral c1rrocmul.111, the •light coloratim -.a noticeable, 
The lower portion cf the rut Pa1 claud, which api-rad to conelat of -.aka and dU11t, 
had a di:itl.Dct reddieh-brown color that persiated aa 1Qlll as it could ba seen, 

YOKE DAY-Uthooch photogrepha ot th1t cloud &cm the .wrtaea wera not poa­
•ible until about B-hour p1ua 35 llinutea, oaaera• 1D a1rcratt,1dlore the cloud ft8 
silhouetted againat the light 1D t.be eaetern •lt1, gan ueabl.e p1cture11 aa early u 
&-hour plus 15 miJ>utes. 

The pbot.ogrepb ot tlW aloud m iap 68 doaa ~ •how tba •ba~ ot the cloud 
ae well a• would be desired, but a ool.ar photograph -4• at the - tJu •bow• the 
detail• clear~. Tba color pbotasraph ha• bHll uaed to -.!ta a •lmtch ot thia cloud. 
This altetch i• presented Oil page 50, 

At about t'U'teen m.1nuta1 jnat after B-bour, tha r!ahle 'na oolored thll 
cloud a dark re&lieh-o:range, lrter that tiM, the oraiige faclod into a 41rl:r""1•llo!r 
and than into a JWllollfiah creaa color. The oolor ot the at.ea ot tba cloud wu the 
reddieh-brolll> col.or ot the nolm and cluat of which it cm11eted, lt about. B-bour 
plwi one hour, tha tillle tbat the photograph CG pap 68 aa -.de, the et.a appeared 
reddiah-brCllD nan 1A direct •1111llabt· The top partiml ot ti. cloud, bat- )5,000 
&Ild 551 000 feet, appeared a• a broad band ot cirrocumulm, and as alacet white, 

ZEBRA DAY-le far as 1e ltnoa, there are Do orlciml black alld white photo­
gn.pha of the '2El!llA Da1 cloud, Tha picture• Oil papa 69 and 70 ban *n reproduced 
traa colored prints. 

11hen ti. sun 1hoa on tba ZEBRA Pa:r aloud, the entire cloud aa tha -
reddieh-brolrn that had been aaen 1n the et.a or the prniowl atadc cl.oudll, There 
ee..,,ed to be little or no moi:itll1'9 to gin whiteJ1eea to a'l!ff part ot th1ll cloud, 
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Ocapl•t• A\alllo Clou4. Two pllO\oSHPll• ...... , •ll&llUr lllft•:ru• \1aH Ila ... 
""n pleoed together to ebow onrall structure of the olou4. h maJ be uea! 
that eon art or tnere wae ourf\ cl~ot •unllglit tile lower portion of the atomiit 
oloud bad • ttinok.y •P1Atsr"b1.c• in coutrl'..lat t.o \.he wbltan•a1 ot the ups-r part. 
•ote Lnot tbe plume b•• beoo"e nry rt brouo end Hemo to sweep around to Uia 
rS.t:ht woore•s •bout au b·1ur her-,r• it. ei'l-,ehrt'lJ to bt11'1 IWept around io t.be 
left. The bHOh a\ ll:n1wetol< I• Ill tbe roreerowicl. ;f: 

··!· ·: '. , 
rl. · 

H-hr. plus 1 hr. and 45 m1n. ~~
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• XRAY DAY 

O•ple•• A-10 OlftA, •••• 1111• ti.1-,.nS• llllciM·---- - • 91 ....... 
Uk• eppoer•noe. ileo note bow tbe upper pert lo Hr;.i"etllll oa tU left u.q~' 
•M•. Com1,.re tbl• pbotograpb wUb \be di•grue oa pap 39. WIUab IOhow •llo 11 
41men•tone or the cloud at tbe encl of tbreo h01U'1, Tbe pto•ure1 wore ..... , • 
llhhUy ~ltrorent Uoee, but tbe7 ba'H been OIDUJlte4 toptller tn o:rdor to fi"'ti 
0 b•Her portrayal or tbeunr-oli •bope or ti. tlowl. . .. :•.)r~ .. ·, , .. !•<..~,'!l<\f" ·J! 

H-hr. plus 2 hrs. 30 min . 
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XRAY DAY 

Lower l"OrUOD of \ll• Atuaic Cl->tui. Tbl• plctu.f'll •• .., rtrBt U1UUl"'.b1 \u be \be Len 
•td• ot tb• up1•r par1. of tb• a\oa!a cloud, but clo1• •P•tner.\J"G rthowed \b•\ t.b• 
aree ln th• leirpe bl .. ck c!rol• ••• t.hl aaM •• \h• t1rea lo ~h• e.-ill wb1\1 elrcl• 
tn the 11tctur1 OD tb• rlrb\ band •id• or tht• 59-foi'.9· Th• ctr1·11a-}\I(• n,a\ure or 
••ea \be relat.1'fol1 low part or the at.o•lc 0101Jd tnd\ reetly ehow1 tb."t \hi upiar 
par\ of the all>Ud did ~ to at.ratoa1ih1ric alUt.udes, •nd th•t. t.ho ~~.ooo fo1,t 
oalouh. \.too tor \bf top 1 a no\ u..Dl"9•sl"lne.bl1. Tb11'111 t • aome u• tu,... l et r•u• 
oloud11 •lon~ the bort1.oa. 'nil·ll.ITcreft troa wblCh lNI rhr1to1 rtt.lJh ts IMltlo 1a 
OT•r the l:olwetok La .. -oon end \bl bleud i:i-rthlly cover•d l1)' clOu·l~J lt1i 1'ng•bl. 

,~r. plus 2 hrs. 45 min. 

J'.°'~· ~"/ 
': 4 ... 

·~ 

. .. ~j 
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A dhh•\ •I .. "r \he A• .. to Cloua. Tbe •lroran l• flJ'llljl __. .. te tu· 
ooutheu\ ot !nl,..tok. Thie pbo\o-pb allDuld be oaaparea wUll \M U•.-ia. 
cm V¥•~• l9 wh1c11 ab..:iw \be •bape ot t.n. oloU4 at. t.M end ot t-.Z..e ~cnare. ICllll!I 
'Lh• oat.u1•l ClOl1J1Dtuu. Tbe type ur •••t.b•J' Glab. p .. ft.11.eC OTW Sll.1••'-~'"~ 
Atoll oa !RAY OA.Y cu1 be cl .. 1·l7 Mii.ii.. !-.~~; 

H-hr. pt us 3 hrs. 
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Fl rt1t I tctnJ"e .. ,r th• 14.loml~ ';l••ud. lt 1.1 n rL1u111tu thut tl.t; 111t1.··111c.: cl l.ht .,,,,, 
Ii lt1 1•11$lLtH: f'I 't!.11.,:,L t1.u ll.·11t ·r" ·lt•W11 • .. rd l!1 .. l l:1el'le rem.:,rttt 1111 \.icti.r .. I w•r• 
otthi11ed. Nu'f" tt1ol tut: C\JlhU)11J-11kH l'l·JU! •ld·:ll r\)J'Md a\ Lli• bas • .,r t.b• 
atoll.le cl.n1d ..:e.11 t.u111 eetto. 111\ th.e e:it.reae l•U. 

YOKE DAY 

H-hr. plus 15 min. 

-65-

Fir:st ; \ct.ire:. of the .... t·>ll1o (,;l,1ud. Not• \hi dua\y• llllOkJ •ppeareuoe ot ,-.,· 
•t•m.tc cloud. The l111ULuhr or \.b.tl u11per "91rt 11 routtbly 11.1. .mt l••· Ia ttli• 
p;. ... ti,.tru\,JO tne anv1l-1111:e top or tbh cloud uy b• •••n. 'tba •'1J"'Oadlac out' 
Of t.tlld •ov1l 1111 tbou.rhL to ha1'b tndtcut.ed' the •rr1nl of tbA $op ot '\llllt 
•tom c cloud at the etrwito1pbtrte tt1•erstoa. · 
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Upper Portion of Atcnia Cloud aa Viewed rrom Eniwetok. Darkness prevented 
better photoprapbe from the aurrace. Best photographs ot the atomic aloud& 

'in their early a~agee were made from aircraft where the cloud waa silhouetted 
~~ainst the r1r~L light in the eastern sky, 

H-hr. plus 35 min. 
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lllU1' ' .;.~ YOKE DAY ATlMte 'EN'ERGY·A~f9'!6 
sr !§'fQ 1571 ••.• , 5 ?kf'S'MQE •••o::CI&~ 

...---------------------------------50 miles 

5~ 
:~' 

• 

~ .. ,.~/~> .. - ::; , : ~,o ~-.P~ • '""'\':~w ~:1"'<~:.f..f;~1~:, 
15,0QOft ., 

I 

'1.:" '•'\ 
~ ~":! ·:: 

• ..w ~ ', .i,ti: 

JI"• 
,.,,. .... 

. (~* 

--- 10,000 ft. 

''•\ :v· 

I - 55,000 ft. 

r--IBmiles-----l...i 

!'~-~t; l;lil"::~>-

-35,000ft. 
I 

.:1i:/:··· ·;,;;,,.";;:,,- ,_;.,_;"; ·-!: •.•. -~~-·-:-- ·-· ·" ::-:~~r~~.::.: 

Vle'° r Colftl1leltt ,,.t 1,• I ,;1,.i~:. f. ,tu dllf>ty 1 :ir..n:.y ''l1i<ir.1·c1:C!;I of cloud iu lL!f lower 1.cjrts. 
AotUHllv the •1 .. • ',.., · 'I' I• I . :,\ •c.•t •r•I •""'ts ah<Jwn in tnta pho;ogreJill. 

H-hr. plus I hr. 
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AT \!JllM1~t'lii'E'.~l;'Y--A'~ 4 6 

..WIGll 126 RW\i\10 I £9 •• ,. •ki' iQ us5 860:'11 ... 
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!!}' ;:~,.~iM1J1\.<t~" .. it'~"~ 
~i~~~~ ~ ._._i .. ~·-~ . ·,i ':1"/ 

.. , '-

.Ji,~ . 

~ '.I. 

-. ~. 

~~!-"t·:· 

J!::;rJ if,•;t !·\ctur<l of t" Atoml•· CJ01. 1. ·r1,,. t•i-lumry mR!!s !lll'I tha l-emain°s or the 
fir. ·· t·- l i ;, c· "J' ~ tJ·:.: ! I f.J'U .1:. ii. 

f !'· 1iiL I .. t. •j',11\ :11: Jv)\,li r I 

:1·1·l~ ,'r•l >~r·\.i, •,,, .• 

H-Hr. 

' .. • 1 ~I'" r.rojtictt.i:. t,:,;; :;''i' ·rut.,d itaelf 
L· 1''1 ., 'j .. r the Zl!:l3RA Day cl •Ull WL' I'~ 

plus 45 min. 
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:ti: ie.finast~>n· . .,.,.. ~II"'- .... • .. ··• ··tt1:1·-. I ••• . :"· •. A LL .~. • .\ ., • ' 
I •.I.'"~~·· .. ; • ••• ,'~· .. : . . . ... , ; 

.. , .. ,. ' ' : ' ' ' ... '., · "· " .. "; ·' : 

. •LY. ,;. ~ IBlJ' ..-i.'1'r· " 

I. 

~ .. :4 

Prin1t1ry L.n8~ with Zl t'.-lal-' Stem, l11Jlt. h M •!l •r.ely the l11op in the lower pnrt 1 

cor-.pares wl th the II n:''!'utn sh·'1·11t;1· the dJ111 .. nslons of the- .::loud CJt the: end •lf 

throe houi·s, p&f-8 ,;:., 1'lle cloud npJ>et·red to t.e enti rel_; eomposdd of s'llpke 
and dust whon tlli s •''' )t.i,.·ruph wus mad~, ~· , . . ",, , ... 

J~· 

H-Hr. plus 1 hr.· "' 
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The follD11ing d18cuss1ona will be confined to phan~na pl'oduced b7 air bursts. 

1, larly Denlotpont ot on Atgpdc C1gud: 

Important factors affecting earl7 cievelopwit of on atomic cloud are as roll.awe• 

a. En@ra ot Woapqu The energr of the weapon will be the moat important 

factor in detel'lllin:lng the size of the cloud 1n its initial stages. Aleo, 

there 1a a relationship betneen the energf of the weapon and the altitude 

of the burst which affects the she.pe of the cloud. 

b, Temperature ot the Air Ckpse Batel; All of tha airburstll at Eniwetok 

ond at ,B1Jcin1 were UJlder ver"f slldlar temperature and lapse rate condi• 

tioos. Altbouch it 1s reasonable to assume that differences 1n atmos­

pheric structure would produce siolificant changes, little or notbiDg 

is known about the effects of lapse rate on the z;hspe ot atomic clouds. 

c. !foisture AyailAble (1'lator faoor or L1Ruid rater) 1 Judgillg from the XRAY 

Da7 cloud, the fact that the cloud acquired moisture in its early stages 

bf passing up through wet clouds, or bf picking up water which bad beeD 

in the fol'lll of dropiets on the touer or near the test site, greatlf at­

fected the character ot the primary mBSll by the ti.ma that it reached 

max1lllum altitude, '!'later content was also important in the llipersiai 

of the visible cloud, 

d. Q]laract.r or tho Suri'acu Where an air burst occurs at en altitude ae 

low Bii 200 feet, considerable quantities of loose material f'rOl:I the 

irurface follow the fireball as it rises, and some of this 111teri.al 

m.ixes into the JllWlbrOOIR itselt, Over a sandy, dwsty surface, there is 

naturall7 more cloud mterial. Loose iaterial of thill nature contrirutes 

to the fall out ot radioactive 1111.terial tr<m tbie cloud, 

e. Altitµde ot 'loaoon1 The higher a -poo ot a gi't'llll anera, the le811 

material is 11lcel7 to be swept up trail the surtaoa and mare pertect tha 

1111111hroC1111, It is belieTed that tbe break whiob occurred in tbe mil Da7 

cloud was related to the altitude ot the burst, ae well ae wind stracture. 

It seellll!I that when the burst occurs at a relati~ high altitude, tha 

111W1hroC1111 rises faster than the stem ana· a brmk in the cloud !ti libl;r 

to result. It is turtber believed tbat tba YOU Dlq aloud was 111.asl».pan 

because it was at a low a1Utuda with respect to itll initial enera. 
f, Sµrfaco Uindg1 Tba dDda at law lnels do DOt bave much ettects on 

atao.1.c clouds in earl;, atagee as at tirat the claude ae• 1 to rise nearl;J' 

str~ht up, 

2. Sr&ximln Altituda of on At.gmi& Clou1h 

With respect to the SAJID.5TOHE clouds, tba 11118ra:T ot ti. woapclllll wa tba greatellt 

cantributing rector to the oax1- altitude, 

It does not see• that the lower altitude ot tha ZEBRA. cloud can be attribitecl 

to 11&teorological canditims. 11bere lllltticieut 1111Sra ill aw.ilabla, tba clouda riaa 

until the7 reach tbs l:ase or tha stratosphero, at about 55,ooo taet in tbe Eniwetolc area. 

). W,ppe£8ion ot on Atoni.g Clowh 

factors a 

·,. <#., .. 

The shape of an atomic cloud in its later 11tage11 4epemda on the tollowillg 

a. 41qunt of NateriAl at Diffprtnt A1titwl@11 Thil UOUDt ot •terlal wbiala 

is od.ginall7 distributed at ditferont altitudaa lsrgal;, determinaa tba 

shape ot the cloud throughout its later hisWrJ', An uamination ot tba 

three SA!ll);3';'CllE cloudll shomt that there ill ccma:lderabla variation 'in tba 

amounts of 1111.terial at different altitudes. 

71~ r;,~~ . ,.. ET 
· .£n.-(oJ;AGJt1 :o &Utfsrel:i,. tli11 C!:s'sss· e·q"i'·t 
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Conclusions - (continued from previous 
b. Tlind DkfctiAA and Jalppitx at Particular Altitl!dpu Tbl wt S.porlant 

nu:tor 1n elap:l.ng tho cloud u it 1a disparMd 1a the truaaport. ot U. 

cloud • tar1al bf the upper w1Jida. Jn uq detarllina ticn ot U. ala pe ot 

an atoaio cloud, or tbAI location or ataaic cl.mid •tarial, U.. rind direc• 

tians &Dil nloci tie• at p1Ll't1cular el.nil ti.oaa an ot priar)' lapm..., •• 

c. DifforDDQ!!S in J!ind Dkfction anc! Yelocitt which Prgdl!Q• S!w,rlpc AcL1.ci1 

'llbare ccmeiderable clUCel'lllCH 1n the wind direction or riJld ftlocl t7 

occur with respect to altitude, en atom1o clood 1a 1pretd Gilt ea -• u.. 

top ot tbe Illil Da7 cloud or .tretcbed out into • riblxll ea _. U.. JOii 

DI.)' cloud. 
I 

d. Dato gt llJl Opt gC Mat,orl,a1s Ti. dropping ot •tarial to irucoeu1nl.J 

lower altitudaa becaull• ot the ertacta ot grarltJ g:rea~ ..rrech U. 

alape ot an ataaic cloud U' periods ot tiJle ea lcmg aa dq"I or ..,,.u •,.. 

being coaaid•redJ bowner, tall out 1a ao 1low t.b&t. it. ceADOt ._ iiet.ect.ed 

rl-llJ. There doe• not seem to be ~ need ot c..,eidorriDc tall ao&t 

when dtt.ermi.njng tbt empt ot an at.oodo cloud three bolln old. lo clolf1• 

Dita tiguree en the rata ot tall aut are :r-t. aftilable. 

•· CcpioAMtiOP pt t:atar Jawr Q!l Clgud NuQloi1 It appeen t.b&t the,.. •7 

Ian been caadlllllltt.im ot •tar ftpor en the cloud nuclei 111 U. u1~ 

1eotima ot the Ill.ll DaJ cloud which would account tor it.I WP ,,... 

and it• reaellblanca to natural c1n'ua. 

t. haPP;ation gt Qi.tor Droqlotc! 1 The CUDllua-Ul<e C0111&tiol• at I.lie 1.-r 

and ot the atoaiic cloud• were lost tl'Dlll eight with.111 15 a!Jmt.e• onil 

naporation la ~ to be a contributing tact.or to t.11111' .U-ri-r­

anoe. It.le tJiau.eht that •tar ftpor can both colleet OD 1\<a1.C cl...al 

matarial or ..,.porata rraa it depending oo the at.11oepberic cand.lt~. 

U>e 
Notes 

7. Betural Cwyect1gn; 

The topa or CWDUlua cloud• 1n the Eniwetok -'re• a'Yerapd 6,000 to s,ooo teat. 

OcceaionallJ c-.1'119 ranged 101000 to ·201000, and intrequan~ the7 extended to 301 000. 

Cuallonisbue whi.Ch ranee to the base ot the etratoaphere are a rari\7 1n rwgi.ODll where 

al.ollic clouds are llkelJ to be present. Therefore, moat ot the rad1oactift •terl&l 

1.n u atollic cloud ia liblJ to be a'bonl tho region where it "1ll be attected b,r 111tural. 

eanyection. 

8. J!ashW Actign gt Procipit&tiqu 

Thi treestng l.e'rel 1n the latitud. or EnJ.loetok la tr<lll l.6,000 to 20,000 teat alld 

it lowers l.n high latitudee until it reaches the surtaae. Molt ot the twlic».cti'n •ta­

rlal lo 11..kalJ to start out above the lnel when it can be nllhlld hca tbe a~Jlbere bf 

rain. ~ ..... or it "ill be t.rBpped into ice crJat.ala, but this ettect is tbaagbt. 1 to bl 

le•• •!fee tive than the ••hing action ot rainfall. 

9. Eddy Dil'tpaiqu 

Thi circular moticms 1n the at.>opbare ot flTtrJ' aize which nnp troa abicmt 

•l.croscop!J> lddJll, through tbll convectiw cells tbet produce ~1111 clouds, to the h1sh 

and low praasure circulatione which cOYer thCll19anda ot aq\AU'I ail•• are tbt moat important 

!actor in d1term!Ji1ng the yolume ot the cloud, or the area covered b,r it. 

10, Mpltcu1ar Difll141pg1 

The ettect11 ot wind and ld4J clUtusion are t.hOUl!ht to be or IUCh gnoater 1tteot 

I.ft doteral.ning the diaoneiona or ~n at.oalc cloud than •ollaular dittu.ion. 

n. Rodtr Obppne,tismo 1 

.t.11 three ot the atoai.a clouds were observed OD the SP racial' ot the U.S,S. Bairolal. 

Tbe DlU DaJ cloud hated 4 llimltes cm. the acope, the lOll DI.)' cloud lasted l2 llbmte1, and 

U. 2ZBRl DIJ cloud is t.hQ,ght to hl'YI lasted 2 houre. lothing ccm.cl.uain •• learned with 

raprd to radar obeervatima. 



EARLY STAGES OF ATOMIC CLOUDS -
IMPORTANT FACTORS AFFECTING EARLY DEVELOPMENT 

lncandesent Bal I 

Energy of Weapon 

Temperature of Air (Lapse Rate) 

Moisture Available (Water Vapor or Liquid Water) 

Character of Surf ace 

Altitude of Weapon 

Surface Wind (Winds at Lower Levels) 

,.,,.,-- -­~ 

6.Q.!.l Qil Pedestal 

Time: plus 3 seconds 

Diameter: 1/2 mile 

Time: plus 10 seconds 

Diameter: 3/4 miles 

Altitude: 6,000 feet 

Mushroom Cloud 

Time: plus 2 minutes 

Diameter: I V2 miles 

Altitude: 15,000 feet 

The figures given are approximate and apply to atomic clouds in general. 
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Sha~ Qf Visible Cloud !n Later Stag§ 
~Qends QI} Fol lowing Factors:-

1 . Amount of material at different altitudes. 

2. Wind directions and velocities at particular 
altitudes. 

3. Differences in wind directions and velocities 
which produce shearing action. 

4. Rate of fa 11 out of materia I. 

5. Condensation on cloud nuclei. 

6. Evaporation of water droplets. 

7. Natural convection. 

8. Washing action of precipitation. 

9. Eddy diffusion (turbulent diffusion}. 

IO. Molecular diffusion. 
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Recommendations 

1. ScientliJ.q !.:ottotolod.cal Prpgr11u .t. ac1ent1t1c •teorolog1.cal. prccru •bould be 

a port ot the overall aoienWic obeervatiOWI made cluriDg atomic we.pcm test.a. A doalro.ble 

acient.ific progru obould include tbe toll<Mi.nc ldJlda ot aot1rtt71 

a, Roa..;...,h 8nd cln•loi-u>tal work Clll obeenaticmal teolmiqUM an4 lnat.rment.. 

b, Coordinaticm ot pl&na with otlwr •ciellt.1t1c groupi baTi.Ds o......, intareat.. 

o. Observational work at the a..- ot tbe te•t• 

d, .lDal.Jaio ot data collect.ad, and the preparatiCJD at report. tor publicatica, 

2. UPPOr !Sp;J Obsorntioau bong tho tint ~t. ot aq atud;J ot ate.do alau4 

phen.-ao. are adequate upper wind do.ta. Ti. ..n- alt1tad.e ot tbe .-di.nee should be at 

least 10
1
000 feot above the mid.- alt1tudol that tbll atcaic cloud b apected to 10. (Ill 

the Eniwetok area wind soundi.n&o to 65,000 or 701000 19et ani required.) The trequmc7 ot 

the sounding• should be such that at l••t tbnie di.ttarent ••ta ot data ara anilo.blo tor 

ostillating the orrecta ot the t11ndls durinl the period the aloud will be rid~. Far three 

houro before and erter the t1r1t tiM, aouadinl• ahauld be at cme hour 1atenal•J and tor 

one cla7 betore and otter, tbe7 sbould be ade snrJ tbrtl• hour•. for 11J1U4s1• work, HTen.l 

sounding• are preferred t.o a 11ncle •oaadJDC• IUre 1t la llka4 t.bat SOM 1oundillp rill 

not rMOh the required ..n- altitude, ad41tialel •C111Ddillp •hould be scheduled, Record94 

or coded do.ta abould be nltt .. in 1 0 000 toot intenala tor all elnaUona when atmic cloada 

are under c<D81deraticlo. 

3. ppPOr Ay ObepnatiDD11 Dependable upi-r air oblorvatlans or teDpettture aad 

bumidit7 which reach well into the •tro.toapbllre are &loo a requir••at tor atcoic cloud 

studies. To be at greatest ...iuo, t.haro should be at 1anat ho IQUlldlllp 11h1oh 11111 sbCM 

tho at.ruotun ot the atiooapbera at the tiM or ro..-U... ot tJw at.aoi.c cloud. 

4. Tlwgd,plltf Ob!snaticmp1 .t. photo-theodolite capable ot •kin& a picture ot the 

cloud, which would islclude the uimth aqle, tbe elnatloa antle, and tho time, wCllll.d be a 
• 

ver:r useful tool tar a atudJ ot atoai.o clouds. llowomor, it the teat• are conducted 1n dark-

aeaa, vi.,..l obaol'fttiono wltb almtobea rill o011t1nue to be required, Ri&idlT llOllllted abora 

tJP8 theodolltea are reommmded over •bipboud theodolite•. .llao, t.beodcllte obserntim 

•tatioae should be connected bJ telepb.- or sbort ~o radio, ao that obaarvati<lDI can be 

bettor coordinated, 

5. P!wt.pgpwpta1 ?be task ot photopaphlne atoaic clouda ehauld be given to export. 

1n pbotacra-trJ. All ot tbe dittanmt •thoda or -·~t bJ pbatqirapb;r which 

could be appllad to cloud oblenationa abould be triad. Ill particular, uporiaeJ1t1 nth 

atoreoocoplo teclmlquea ahould be att•ptad, Aleo, phot"llJ'aphic per•-1 abaul.d lbe aqu1HJ9d 

to -.ke pan0l"8lll1a vi- ot the di•perMd olaudll, Operatloaal order• •haald •paoit'J that the 

director of photograpiv' wW worlt in cloee ccnjUDCtion with the aoientU1o •te~ 

proena. Tm ordere obauld alao •paoit)' that t!w direotor ot pboto11r&.pb;r w1ll f'lmlllb cH..D­

•iODal data oufficient to ccmatruct aodela or tho cloud, lhould a llOdel be requirld. 

6, Hrsmtt Obppmtion111 Photographa or reoorde ot rllllal o'bael'fttione trca a1.rcrat't 

can etia. ~ features or the clew! that cannot be recorded in 11'17 other ~. ID the case 

ot the IOU Da7 cloud, photqrapha were paulble troa alrorat\ batore thq wre i-11ble tram 

the abipa uid lslt.nd baHa, ASrbome ohHmre· can alao tall<M the ri81al cloud lcmger tbui 

obaenere on tho 1111rtace. It 1a sctiaatod that airbc>rn9 ablanu11 coal.4 laft toll<Med the 

St.NDSTOllll: clouda cluri!ll aoat ot the cla:rli&bt hour• m the teat daJ8, 1lbereu obeanat10D11 

traa the 1111rtaca war• aot. poaeibla after throe boura. .lnotber abMnati.cD which an aircrat't 

can •lc8 wbiob oannat be •de oatei,. ut7 ot.ber •:r 1e vlsual. or pbatQll'&pbia OOftr&.p ot the 

lowest port'or aa atooi1c aloud where rau out occurs to the aurface, .lmirtb1nc wbioh could 

be lMrncd with regard to tall out troa tbe loneat part or the cloud would be TOrJ uoetul tor 

n.diolo5ical oatet7 atudioa. 

Aircraft should alJlo be uaed to obtain aoro infomatica on tbe cmul.ua-tJP8 t0ft8tion 

that occurred over tho teat oitos, o.ad wh1Jlh were a roatun ot the battm part ot the atcaio 

clouda. 
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Discussion of Observational ---- - ----- Techniques ~T 
The Official Report ot Operation CROOSllOlOO ocmtaiJle tbll tollOldnc etataaent con-

cerning the atanit: cloud tox-d en 1BIE DA.I at Bildni, 1 July l'M61 

"The fireball. roee in1tW17 at the rate of llOl'9 thaD ene lamred lliles per 
hClllr. WitldJ> tnnt7 eeconde it tranato.-d iteel.t into tbe tirel.eee bead 
Of tbll lllll8luvo9, D09 CID8 llile high. ho Iii.nut.ea later tba lll811l'0<91 G al­
titude •• fi'fa ail.ea; tive minutes later it -• seven ..U..e, ane llil.e 
higher than lit, E'fereet,. 

The fleure• ateted are rou1h eetiates pl'tl!X'red .. an ai'torUioupt. Tacbni.quea tor 
11e...,ur1.ne the cloud l!ere not conoiderod in the CJUlSSRQA.llS Operatian pl.en, Data 011 that 
cloud con~i.l!t ot •:t• 11itneao accounts ~ BUI'face and airborne obaerverv, Wormatian 
derived fr°"' the operation of the drones, and pbotogrepbll ot tbe llU8hroo11. Oboervore en 
at leaot ons •hip used a meteorological theodolite to .aka altitudo dete1'111nations, but 
no considerations were given to lllD'feoent bJ tbe upper winds or to tbo shape of tba cloud. 
Such data as eere obtained la'fe not been usei'ul ror 9Cientitic work. Therofare, when it 
eaa decided that cloud -lllll"•menta were to be a part ot tbe acicltit1o aoteorologice.l 
progrui, a tecbnique bad to be deviaed and instruction• iaaued in order tlat eatitl!BctorJ 
data would be obtailwd~ 

It waa not Im.- wbat kiD4 ot pi- 90lll.AI be produced bJ tbo -JlOll8• bit aince 
tbe •eapona were to be taeted in the air, it •• aellUll8d tllllt t.be clOUila would be aiallar 
to tboH obaemd an illE DlI. ilea, it was not lawtm at wla t time ot day tbe taste would 
be ccmducted or to what extent pbotogrepb8 could be used. It as not practical to bring 
additional inatnmenttl or personnel into tbe area tor the purpose ot IBl<ing clOUI! observa­
tions, or to eatebliBh an obeerrlJll otetion oeperate trca the USS Ani-rle, the USS 
BaJ..roko, tbe USS Curll••• tbe USS lit. llclhlley, or lnintok. Thia meant that obsernticna 
would have to be •de with tba ordinal')' waatbar wtnmenta at band and that the base l.im 
tar oboerntiOOll would be short.. The obipe were to be grouped t.qietbar and were to be 
positioned &hoot in tbe line ot sight fro. Eniw•tolt• Tlw ohipa wans too cloae togetbar 
for a baee line to be eatebll.Jobed, but were outric1ontl7 far apart tor observers to get 
•1gnificantl7 ditt'erent rlewa ot the cloud. The -tber otatlan at Eniwetok wa• so 
locaU.d tlat tba Xllll Ill? cloud could bardl.J be •een and little use oould be 11ade ot tbe 
data obtained tor YOU and :r.EllRA lllIS. There as no paasibilit;y ot oonnunicating bet"eflll 
the ate.ticna and directing atationll to •S&bt on tbe •• point at the aame time. There­
fore, a ..,heme•• deviaed wharebJ date would be mtered cm 1lllltob81. 

J.t the tiM t.be w•tber 1tet1oaa were direCted to collect data it wao not knam> just 
bow the data would be mad to pertorll tbe deaired oparaticn8 tor -8\lring the atanic 
clouds; -ever, it wae dec!.dad to collect aa mcb data as practical and tb8ll dateniloa 
bow it could be used. Attar Jllil JllY tba aketcbao and data were exaained, and a procodun 
tor processing tba data a• arr1""'1 at bJ trial and error •thod•• The date tor YOU am 
zi,:iJllk DlIS -re proceoaed 1n • ....,i.t tbe - ...,.,... a• tho .. tor JllAY DU, botlner, there 
were ditferencat1 between tho bebarlor ot each ot tho three cloud& which lllade it nec••se.17 
to interpret tba data •li&htl.J ditterentl.J • 

In particular, tba elavation &1111.e• obtailled bJ 11cbtinC cm tbe bighllat part ot the 
cloud9 ga'f8 ditfereJlt abaped cunea wlml plotted, and altitude calculaticna bad to be lllde 
in a aonewbat ditt'orent MmlOr each tille. At n.rwt, an atteapt •• •d• to conaider each 
obaenation station indi'fidually and to •Im cmpletttly oepants calculaU.<D18 tor each 
1tatioD ao that tine.l relllllte could be cmpu-ed. Thia prond to be 1m11nctical, 10 it waa 
decided that it would be best to c00111dor all ot the 1bipo aa a •ingls oboerving ataticm 
locnted 1n the pooiticn ot the USS Albearle. Tl111 poait1oa ot tbe J.lbeoarle •• cboaen 
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because tbat •hip g&'f8 the .,.t a...sietent data. In tbe grepb8 tbll an&lea trca all of 
the ahipo wre plotted together, but onlJ' OD8 cune is dra11n, Thia O\ll"ft tits aJ!Pl"(ai­
•tsl.¥ tbe point• ot tbe il~rle. lfbare the actual date trca the Ubem.rle doee oat 
agree with tbe other •hips, the curve ie drawn to wbnt •• llkaly to be tbo true clllldi­
tiona rather than to tbe pointa corresponding to the Allgl.ae reported bJ the ilbMe.l'l.e. 
AU ot the curves have been titted by e7e, and other liberties have bem taJmn m the 
interpretetioa ot the theodolite date, Tbi8 18 because ot t.be orude ~ 1D wb1Dh the 
obserntiona were tsJum and the uncerlaint7 that all obaernra were •~ing Clll tba 
....,, or corre•pandin& pointtt. 

It 18 'ferJ' ditticult to tell what attect the apreadinc out ot tbe cloud baa Clll the 
observed eleT&ticn angl.oo, \';hen the cloud le 1C111 or at a conaidareble diatence, ae in 
tbe case of the mu DU cloud, it i• po1£ible to He abo'fe the edge of tbo mllhr<xa and 
•igbt Clll the bul&1nB top ot the claud oo that a ~}¥ true el.9'f&ti011 angl.o 18 obteJned. 
In caae• where the lllWlbroca rises more near}¥ o'Hrboad, it ia not poaaibl.e to aae tbe top 
o~ the 111U£hroam and the observer s1€hta en wlat appean to be tbll bigbest ·part ot tba near 
side. Thio 18 like}¥ to praduoe a recorded el.nati<m angle which 1a ~r than would be 
obtained by aightin£ en the hiflbeat part ot the cloud, aellUllling thl t tbll h1aba•t part ot 
the lll8hroca la saaewhere near tbe canter. 

When the curre tar the elavation angle ot thtl M&beat point of eaoh of tile ~ 
clouda la aumed, it will be tound tbet the lsl'1at1t elnati<m angle doe• not ....,.,.~ 
occur at the tille tbe cloud reaches the b1gbe1t el.naticm. Whee thll al.Odil 110Ye1 ....,- bm 
the abaernr, the rate of increaee in diatanoe between the top ot the 11lon4 mid the 
obsener may be sutfic1entl7 sr•t, wben co111pared with the rate ot rt.a, to cauae the 
greatest angle to be oboernd abortl:y before the cloud reacheo ~altitude, (S.. 
Figure below) 
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.lngle .lOS is gr•ter than IUlj;le BOS 1n tb1a e:mmple, and angle COS 1a l.eaa than the 
other two angles when the i:uth ot a point le considered, Tb1a tact that the bi.gbeat al.na• 
tion anele did not necesBllrily occur at the time that tbe cloudo reecbed lllU1am altitude 
mode it verJ d1ff1cult to determine juot When the cloud• •tapped rising. Thia datenda­
tion 1188 l'urthor co01plicated by tho tact that the cloud1 were volumeo, rather than pointa, 
"hich became larr;er aa they rooe and appeared to epread out af'ter reaching the t.ropopauoe. 
In tbe case ot the YOD DU cloud, the top appeared to spread back about tbe time tmt it 
reached ,.;Waa altitude eo tbet tbe observed an&le correepcllding to angle CCB in tbe 
abo'fe t1':u;te wae larger u.n the angle BOO tar a period or anen.i ldnutea. The Yiaual 
tlppeerance ot the clouds """ one or the beat clues to tbe t1- whom llllX1na altitude 1188 
rooched, For e:mmple, the tl..M of becimine ot the win£-llllll plume en the JRAY DAI clDUd 
was tskm es the approrlmte t1- when the cloud reachod highest altitude, Another elm 
to tJa beba'fior ot the cloud& ia the rate of ri.l!e curve, There are a l.1aitad m:mber ot 
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poa•illl• w.lu• llbioh will Ii'" a rea•onabl• nte of riM omw, llJ' trial &Dd error u 
n• poaalbla t.o Mleot ftlua• wldch 1in a rea•ombl.e loolcbla oane and ai... flt tbe ..i.­
•U'ft4 bebador at tbe oloa4. 

!be reralte oonta1M4 111 \Illa report are baaed Oil •bat en belt..t.4 to ti. ..__bi. 
H~iODa where actual data •re DOt obtalll&ble, hot.lier a'lltbar caal4 ab dittllha\ 
aa~i..,. and obt.a1A •lJ.Pt.17 cll.tferut uunrera, llonver, tbo cU.tCennce ta -rs La 
not llblJ' t.o be lapor\allt tor tbe relatiYelJ' gr .. t alse ot ui atoll1c 01- ab• dltf .... 
•nc .. of Mftral thomui4 feet ma1pif1cent. J'or operatioml Jllll1>0M• •bJA:b caa ... r-­
·-· Ht.iaatH *1ch are w1th111 10.C at true abe or altitude Pould be eae\ .,.,.. &a 
atcaio cloud la ui 1rreiruJ,ar Ma• at C<111t.SmmwllJ' cbangllla .U-loua UICI ci.att7. I\ 
doe• aot. lend it.aelf to •:met --t. 

A better llllder•t.&lldllla at tbe data aontahled bereill 1" 1x1 .. 1bl• 1f - or U. 11.a­
itaticD• of uppu •:hid oblHnatiODa are undarstood, Upper w~ are Hti•ted i,, *•"­
illg tba bebadar at a me ballOOll riallla throllgh tbe at.oeplme, Durilla Solllli?O& u,. 
ballOOll8 wre obeerred '1'18mll7, 'bJ' ndar, and bJ radio dirHti<lll tlDdilll equl-t. n. 
reralte of all three •t.had• are aonaid9red toptber althouall thin wa:t "" - dl.tf•.-
111 reported w1Dd data which are caued bJ diftereDCea ill tba .. tbob .....S, Cor • .-:u1.1 .. 
•iDd ·~ ahow cbang•• 1ll wind d1rect10D and nlocit7 wbicb are areet.r thul ., i.14 
ordlll&rU7 be expiated for tbe .. taorolosical conditicll9 micb axieted, 11 .,..., Uttla 
1a lmowD about tbe cbangea ill the 1IPPP' w1Dd8 ill tropical real.au, U 1a DOt Im.,.. -
ti. ncordad w1lld data ab<Nl4 be llltezireted, Wind aolllllilJll8 ••re DOt made eaot~ at 
tha ti.ea tba oloudll were rlallla, 1111 the aOl1llllliJlp before Uld attar B-i.aar are .....S 1.o 
eat.bat• U. w~ wldcb aftacted tba rlaina oJ.aad, 

botber difticult.7 in u1Jla upper •illd data 1a cewsed bJ the tact tlla t "I'~ c • S...S 
d1ract10D11 arw ftcure4 cmlJ to tba IUIU'ellt tea dep--. In a ft<\OI' calnlaU'a """' •• 
that ueed t.o daterw.11la the s-ltiall of the ol.oude at tba tiM tb87 -•bad ..u- •l ll • 
tude, th18 coer ....... of t.acbn.lqua •J be ot oonaldanbla 11g1Ufiu.11Ct, aa eno" l-.1 
ta be accumllat1Ta. 

It •ould be quite poealbl.e for U. actual wind wbicb att11Ct.ad tbol cloud l-0 Loo ~...! '• 
dUtarent rr .. tbe .. t.taated w1nd1 llowTer, a COllJarUOll ot the ohape or u. cl""'la IA 
•katchH ud pbotograpba wlt.b the abapaa which would be expected 1144 U• .. ttat.1 •""1 
.,.....Ued abowa that. the eotiaated wind ..,.t be e ta1rl7 good approxJMUOO ot U• t.r-» 
•ind. 

Throughout. tb1a mtira report,.,. tiaH pven ahould be taJmo t.o be •l,...,.i.-i... 1t 
•a• DCt po1111ibh t.o eiiactl.J' llJDChrmbe tla11lg 'betweall obsemtlon ~!Allon.•. .; !...•, h -.a 
error in readllla aatchea ca1111 .. U'1 ttm recorded to be onlJ ui appro>daUw or ti• tna 
ti... The tlaa• •balm tor B-bour are given to the .-rest a!nute onlr. :'.Mn .i.t. u 
giVUI tor e.n interval ot 1acood8, the tlaa tor that data abould be ccul..i.rod to Le 
rougblJ' eet1-t.ed. 

The followillg are the illat.ru0t.1cma wblcb wre la•Ultd to the -u.r 1t&tlcu •11.1.c: b 
particiiated ill tbe 110imtit1a •teoroloaiaal Jll"Oll'U• To tbeH 11l1t.rw:U""" Ian -
added o-ta which were Snaerted a• th1a report _. mda readJ tor P'hll<atl..&i. n ... 
c-t• are lntamdad to be of u•1"t.aDM ill the preparatloll ot illstrucli<I"" Cuc fl,l..,.. 
aci.ellltit1a oba-t1CllllL1 program. 
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FCllCE SEVER 
187, c/o Pootuaater 

:;&II Franciaco, Ca1Uom1a 

6 April 19~ 

SUllJECT 1 Part1cipat1oll at 11 .. ther Sta tlODll ill tho Soialltit1c 
Uotaorologlcal Propa. 

TO 1 C.-nder, .l!r Force•, .Joint Task J'orae·Snmi 
C.-.nder, Taok Group 7,3 

lo J'aragrapllll 3b(4) and 3o(2) at Annex ~. llET!alOIDGJC.lL PI.U, t.o 
Field Order Ro. 1, Baadquarten, .Joint Tuk J'orae Snms, dated 14 Jl.,....)>ar 
1947, delineate the respandbilltiee of the aateorologi.cal. mlte ¢ the 
Task J'orce rlth regard to the 110ient1t1o aateorol.og1.cal propa. 

2, Detailed illatructiml for -.kine 110lenut'io obeenatioDa '117' •­
logical ud -tl18r personnel are contalned in the 1.noloeure t.o th18 litter, 
titled fartlsimtlgp ot lJMtber Sktiepa in the Ssioptttip l1ttgrnlsw19al 
l.tslimll· Thee• 1.ni!truct1Dllll appl.J' on1J to -ti.r ect1T1Uaa rlthin T1lrual 
range of a proof test, and are pria&rll.J' cODCenied nth the ~-te doau­
_,tatioll of uq aeteorolosical ~. 1.ncludilla u atoa!o ol.oud, •bloh 
MJ' be ueoclated rltb a tut.. It la nr, daairabla that t.ba •VJ broloCJ 
Uldta aboard U. USS llT llclDDa, the ns5 AUIDWWI, t.ba USS CtllTISS and 
tbol USS BUllOID, and tba Air w .. ther sern.:e atatim at lnlwtok oooparate 
ill Mlc1lls tbeH epacial obaanatiOIMIJ Uld it S. reque•ted thet. oopiea of 
t.ba iDOlceura be dlatributed to all aarolQllioal and -t.bar attloera ocm­
ce?Ded. 

3. It la al.lie de11.ra4 that. the abo'N -ts-4 •teorolCJCioal 
actlrlt.1.ae opente blab •peed .SOro~pbm u part of tlle ao1mt.Uta 
•teorolostoal Jll'OlrUI• Ti. 1mltruoct.1cma tor then illaU-ta will be 
USUlld MparatelJ', 

4o ••tearalog1.cal data oollaoted CD ate.Jo ~ will ba tnated 
u (but DOt nece•ee.rllJ' olaaaltUd u) "TOP SICllft • m le•tr1.cted Oat.a• 
for all parpoee11. Suah data will be llWm.tt.ed u - u pnct.Soabla ta 
t.ba Statt ••taonlocUt, W. IMdqartare, Ul4 tba Staff ~ will. 
.w.lt all data to t.ba T•t DSnotor for Nrlaw tor oJaHU'loatim. 

BI C<mWlll or L1llJTllaft CZSRAL llJLL1 

la Incl.onra 

GllllD • • llllfAI! 
Lt. Col AGll 
Adjutult 0.-nl. 



PARTJCIPATIOll or lfEATit!H STATICllS JN '!'HK SCI»ITinc 
ll!TEOROUJ GI CAL PROGRAll 

Weather etaUone withl.n •igbt of tbe atomic ~ ebould glft flret priorit;r 
to the teaks ueigned b7 tbe operational. plan; but where th• and pereonnel are avail­
able, tbe followl.ag contrlbuUone ehould be lllde to tbe ec11nt1fic •teorologlcal pro­
gram. '1'be •teorol~ical uni to which are expected to contribute to the collection of 
data are the weather atatlon at ln.iwetok and the atirologlcal unite abow"d tt.e ~th• 
tbe Mt. MclCinley, tbe .Albemarle', and the Jlair<*o, ' 

1. S!iclal Weetbar Obaenationa: CDe hour prior to U. U• of the teat (or teete) 
an4 t OliifuUt tbi perlCid Ui1£ arq atomic cloud 1a naible, -tiler condition• ahould 
be conatantly obaerTed. JM to the regular bourl7 or epecial obaernotiona arq other 
obeenational data or p11a1D l&QgUBCe deacriptione neceaaer:r to gi Te a true picture of 
tile D!teorolcgical condition• usoclated witb tbe ato111c pblDomlDa. Strhe for gr.at 
accuracy and detail 111 recordl,_g o'beerTatiooa. llell IA"ltitm e;rewitDM• accounta, 
baciced up bJ 1natl'Ull8Dtal dat.a, froa meteorological unite will be lllcluded in the 
piblhbed acientific repcrt. .lU9111pt to doculle.nt 41-Daiona, dlatances, ti.mes, ratee 
of formtion, or otber l'c1ant1fic data, if a'failable, er if aucb illforaatloo CB11 be 
readily eotlmeted. 

a. Obaerntiona of latliral CloudineHI OiH tbe beet poadble deecription 
of 1111tUi'21 ClOli4LiM• from e ptirtOd one bour ;dor to the teet until the 
atolllic cloud 8Dd it• effect• ba'f8 comphtelJ diaappeared. Becord 8llOllllto, 
beigbto bf b .. ea, and top• of all clou1h. lf nuasical deta 1e not avail­
able for middle or bif;b cloudll, daacri'be them udng such wordll ea ""erJ 
thin" or •thidc,•tape of am diU:. not dillcemable, l>ut cloud• ebow no ehadowa 
on lllldereideo. • UH balloon and aircraft dllta if poeeible, or make beet 
poeeible eetimtea. If cloud data ill obtained bJ meaaurement, that fact 
ebould be atated. Al•o, gift crl1ntation of cloud ....... or ai-te w1tb 
reepect to the weether atetlon an4 the teet area. Record cloud mo•ell8lh, 
diuipation, or de'felopment. Should DRtural cloudll be •bed or e .. ociated 
w1 th tba atomic cloud•, deecribe the atent of the 1117..illg, 

b. Ob•erYatiou of Shower•: If rein •how•• or thlnd••torme ere obeerved 
while tlil afOGiic ClOiil h ireaent, d911crlbe tile• and allow their da••loi-t 
8lld movement relatiH to the target aree and.the atomic cloud. If radar Yi""" 
of the rain araa are anilable, de•cribe their 4.,..,1op11e11t and .,..e111ent, and 
atate 1f pbotographa were a.de. Should ralll occur at t~ atatioo while the 
atomic cloud h in the area, •tate the exact time ri.in began and ended and 
tell tba lllteositJ of tba rainfall tbroQgilout the period tlat it occurred. 
If no rain gua&e la u1aUable, atate bow much the growid or declul were wet 
8Dd to what extent objecto were soaked, and ate.te to wtat utent •llibllit;y 
"""' reduced by the rein. 

( C.-t1 The rain ahowen in tbe t .. t erea •bowed pl•inl:r on th• 
radsr acopc• ab""1"4 the u.s.s. Mt. Mclinle;y and could hls1'11 been 
euaily photographed. I! pbotographe tied bee ..,de ahortl7 Jter 
tbe teota aDd during tile period toot tt.<> atoa.lc cloud• were lo 
r 1inge it would hf.ye been possible tc eath••t• •hether or no~ a 
abowe~ reaultiDt; from 111atur"1 cauH8 occurred 1oltti1n tt.e d1!!ua1Qi: 
atollilc cloud. A studJ of r"'1ar photCl;7"pbe of emwer ar""• u••ocl­
oted with different meteorological eltuf<tiOCJI would permit..,, oatl­
mte of tbe extent of tbe shower activity iJf,ct111£ t~ cloud ln 
area• where obeerv.,tion• ard not po••ible, for •iaolllple, it tui~t 
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be deterlllined that the lowe•t portion of the atolll.c clam -
carried 1n 811 air maaa 111 which there were onlJ widalJ •Cattend 
cumulus with top• below 12,CXlO feet 11114 with baaee frnm one-halt 
to one mile 111 41.-ter. l t :night ba as ti.meted that •ucb •how.-• 
would occupy onlJ 'Jf. of the total borlzootal area md ..culd there­
fore, not greatlJ affect the at'>lllic cloud.) 

c. Obeern.tiona of Surface ;tio41 StatiOD11 near the teet area •boul.4 note c:aretullJ llZJT 
~-U.-w1Zld dlractlon or nlocity uaociated with the atollia.plmlw. Canaecutha 
aerial photographs of tba aea 1urface arolllld tbe teet araa durill& the riM of llD atOlllia 
cloud would be moot 118aful 111 determining the circulation pattern prodt1eed, 

(Coalletlt: Surface wind• ere not affected by atolll.c pbmom1Da at 
the dietancee at which -tiler ob1enatle11 •tati111111 baT1 bee 
located, Be7ond thrN milee from the teat 11ite thllre i• littla 
raaaoo to gl'f8 attentloo to poesible changee 111 tbe wrr- wiD4 
aa reault of en atolllic blut.) 

d. Obeerv1ati011B of lhuauul Pbenomena: Cbaer.,.,re abould be on the alsrt to r9COrd ~ 
weath8r occurrence, liOW9TW lmproballle. Sllltlll llhlrlwinda llllgbt form Oftr a heated eurface 
aft..,. tbe llll11n cloud ha8 moyed clear, a •mell tornado or watarapout might form at the baH 
of the atOlllic cloud, li&htnlllg might be obaerTld in the atomic cloud, etc. 

( Colllllent: Beceuae of dietance 11114 cl11at, it i• 1111111<11.J that a 
weathar oboerver could 1ee occurrance11 blDeat.b 811 atomic cloud.) 

e. Obeer'fHtiODll from llecordil!g Inatrumeata; Sublait recordll of all recording •teoro­
logicaI lnatruamt1. liidlcate date•, n-. lnatrunent correctlona, ID4 poi.Qt out cbongee 
produced b7 etolllic phen04lella. Gin poa1tlon1 of lnstromnte in longitude 8114 latitude and 
in distance from atomic t~st e1te. for particular in•trulllellte, the following tutnJctiona 
apply: 

( l) Baro;;rapllll or 141cro-barographs; State location in building or llhlp 1114 
d .. ecribe th8 route of £lie preaaure wa•e to the 'baroerapb. A drawing •bowinc locaticn 
of the building or •hip and the opening• ttrough which the pressure waye pae•ed waul.d 
be moat helpful. Show by _..,, of an arrow the direction that the preHure wan came 
in ita route to the barograpba. Be sure to ~tate the he~t of the ln•U--t abon 
..,an sea le'f81. Tell wbetber or not the barau11pb ..,.. On a •pon,p nillber •t: 11114 if 
there la evidence that the lnatr11o11Bnt waa abalcci b:r rtbratlon from the b\11141.nc or 
.,;round, polllt that out on the trace. 

(2) Tbermoqa~hs 8lld ~otherf;¥nphs: State tbe location of the tber-cr ..... 
Stat., wlldtblil' or oo l£ waalldlrec~e of heat r..U.tloo from atomic pi..-• .&ho 
•tote how 1 t waa affBcted by direct 1unl1ght, If a drewing will gift more coq:iJ.ete tn.­
f,:,rruatlon, lnclude one. .&.ccur~te mea11ur•1111111to of temper .. ture and humidity are ftrJ 
O.es1r .. bl~. If it ls suspected tllat the te..,erature ln the tbermoacr""° ll8T be higher 
bee><uoe the sun has been ahlnlng directly "€"lllet the oida of the abip on wblcb t.be 
u..,r1110screen ii moU11ted, several read1fl6" from a band pa7cbrometer •hould be obtallled 
In sl••<led but expoaed area•. State wbdl"e such obaerYBtlone were made, Be eure to me 
clean !,.;,sh water and new anal In on wet-bulb tt.er1110metera. lbl.ra on 111droerapbe •bcul.4 
be cl;,..,,ed with dhtilled water awlled with a oo!t bru&h. 

----
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(3) Bad1oeolld8a: It a rad1osoade trace ehawa 9Yidmce of beatlDC ar WlU' 

inveniona WhiCh OIST be tne reault of atomic ~mena, aubllll.t the treoe and 
of the adiabatic cbirt abowlll& \lie cbaDge produced, 

(C.-Dt: <rd!Dar7 •teorol<>&ical 1Datr'Ulnel1ta &1'H dia..ppo1nt1"' 
result• wbcll apoaed to the lD8talltNleoue radi4nt beat ot "" otolllic 
weapoD and m1crobarogapl» iA 11.milar lo ca tiona gbe widely di tc er­
l.Dg llMNl8Ul'""8Dta of tbll - proasire wan. lo furthillr 1118dUr811181lt1 
w1tb'ordillar7 wtrumenta are recoll1Wlllded.) 

2. Obeervatiooa of Atoldc Pbanoaala: 

a. &at: .llote ezq affecta of beating aucb aa the production of uatural clOl>ia 
by cOiiiiction or the diedpation of clouds by eveporaticn, 

( C-t: lllatural. cloud.a are creatl:r affected I.II tile v!cinit,y of 
the condAlllaation cloud but uot perceptibly outside of It. (SM 
pbo~Apba of Able Dq at BIJdni.) 

b, Prealllll'e Wave: .A. blaat wave t.ravel.iag t.broug;b the a~apbera ua3 pr<Alu.;• 
affect. WblCh 1111&ht uot be .,..ilT pbotocx'&pbed, \barefar• vhlloll obaernt101.a 
mq prove to be very uaeful iA tbe ·~of tbt preaaure waTe pbeD-. 

(lJ) D1f:f'ra.ct1oo of~t: There ~be a diffraction ot ardi.....-,y 
dqlJibt ttll'Oliji a aa wave wbicb could be aeon but uot -!ly 
pbotoerapbed. Sboul.4 Wa occur, the wan would appear ao a rapldl,y 
•l!p8lldillc treuparent bubble -1 would 11.kal.7 be aeen ~t the 
clear, blue alr;J at eam dietuce to el t.ber aide of the teet point. 

(2) Effect on Jle.tural Cl<llW: '.l'lle bllretiDg of atomic bombe bll8 
produced a foe lNlible arCJillid the buratiAg pol.nt. That bubble can 
be -ll7 .tudled frOll pbotograpba; but at.bar cloud piMlllolma ~ 
ocair which ~ aot be ~t bJ the camrao. !be preuure w••• 
mq 11ppeer to cauH mo-t iA erl•t!.n& clc:ub, pertlcul.arl7 aa 
it moves alon& tbe ba8e of a llDifol'ID cloud lqer. Aleo, tile paHage 
of the preaaire Ur0\111:1 erq - of bicb ralatlve lllllll.dlt7 ~ pro­
duce vhlble ftpOr forat1C11 CJQtald• ot the m1D tog bubble. lt 
ebluld be DO\ed that tbll a1se of the fg& blll>ble d~nda llpOll tboo 
pr•11Ure drop -aal'J' to pr~ 1()0,' ralathe luddlt7. Accu­
rate radlo1ond9 data for ellout tbe flr•t 5,ax> feet of al ti tui• 
wUl balp 1.n the atq ot the foe bubble pbomOllma. 

(3) Wat• v-1 lf tbe pr•wre wn ie DDted to pr~ U3 
•ffec\ .. n tram• ovv the water wrtace, d•crib• wbat mpi-•· 

(Coanct: lo pr•9Ul'• wave pbaaom<Da,aucb u auggeated aboTe, ,.. 
visible.) 

c, Air C1rculat1m: Lo<* for ~ diaturbmce of the local w1JMia end •1'1>9 of 
fllJ3 conftctlve patt1n1 whicb 111fjlt be produced. lot.lea 1! cloult fur11, or "'1•­
•ipate, aa air la pulled iDto, ar aube1dea from, a rlai.Dg atomic clOlai. 

(C-t1 ~ P'--• - uot reponed.. llowfter, ot\1111• of 
..,.1al motim pictur• mq allow aom ... ldlDce of a conHctl" 
pattarD.) 

d. Atomic Cloud: 

( l) Size and Serre· Data on an atomic cloud wbicb can b• oHd•..1 •
1u; 

the t.beOdoU te 1{ be of con•i•leruble value. Rough outline outc~•• 0 

the clolli 1how1ng outat.aoding feat.urea and givln<: ~1otonc••, tiri;''.:.; ll­
~lee, etc., will aii\ lD checking phntOjlTRphic -'"~";:'~:· r "' •ery 
cult.r, vl1N8l date ·•ill bfl of ;;reat~•t value a• the .lo c 

dlffus• and Invisible to the ~.aroer... Aleo, aftf!l' several boura, tlwl 
clo<Ji mey beco•oe too wi~ospre..d in Area for ita Bhlll"'J to bft &ho"" by • 
phot?gT~~h. Two lt..'nole sketches P.re Included. llotlce that eome plaiD 
l~e d;ita is ir:.d1>lt'<l in the sketcl:es. At firet, "hell the cloud h 
risi~ "nd changing r3:-!1ly, "8ke readings flret on the top ot the b1gb­
••t nortion. Thm a• it sl01<11 dow, "'81ce readiJ1&'1 on the l<>!> of the two 
"" tiu-ee lllOJor cloud .iw.o• es. AE the cloud bee.ome• lllOl'e •t•ble, melca 119 
lll<•nY meosure1neota "" ~ossible. Make re~dinge continuoualy, lo eet of 
re..dings eh:lul~ exceed ~ minute• duration, ao that there ii Do longar 
than 5 minutes lapsed tio,e between re<iding11 OD 81lY one portion ot the 
clou.l, Cll practice dJlya, the men w!io will llleke theae observation• Cll 
the eto .. ic clooo will eubm!. t date on a lU'ge cunatlus cloud (if one occura) 
for a oerlai of cne-hal.f holll'. 

(ComneD.t: b result. of tb<tae 1AatructiCll8 llOJre up thll aat ~t 
part of tb1a report, lo obs~ atatioo followed euct~ the •thod 
•IDWD 1.n tbs ~lea, Beat result.a were obtaioed b7 the uae of two 
01· :nore tbeodoll t•a at • ataticn. <be theodolite wao uaod for the laft 
and r1U.t liund edge of tile primory partlcn Biid tbe otber theodolite ~ 
centrated on the bitbeat part of th<. cloud. .it tho> NllliJ time, aketcbee 
were Wilde by " •uparate obauver wbo morltod on the aketcbee t.be poiAta 
at wh1d', tt.a tllbodolltea were aimed. There ... no difficulty iA 11111c1J1C 
observ~tions an tlw h1gbe9t point et }'.l HCXlbd 1ntervala and Cll aacb 
aide of the cloud et one lllinute iDtenala. .U firot, llbtcbu were ..i. 
at tt... rate of one eecb •dnute for about tbe f1ret 15 lldDutea. n­
tbey were '"8<LI at 5 lllillute lnte"~lo for tbe flrat bNr. .After t.bat, 
e!cetcb<oa were G>lde at 10 or 15 minute iAtenal.a. The color 8114 charao­
teria t1ca of the atoa.ic cloud.a were mtered Cll the aketchee. l!igldl7 
lllOUDted ahore type tbeodolltea are greatly praferred to •h1pboud U-.. 
dollte1 !or thia tnie of work. lle,gp1ticat1CD of the cloud 117 a leu 
ayatem 11 Dot required eu.l me,y be obJect10Debl.e, q iJlatl'IBl!Dt wblch 
will menaure adlllltt 81ld el9Yat1on angle• aiJll.iltaieoua17 cm be uaed 
lnatead of a theodDl1te.) 

(2) Ice Veil: The etoa.l.c cloud on Jble Dq at ll1ldn1 ... topped by a amootb 
veil ~ch waa t~t to be COll\)Oaed ot cizTua-11.ke lee CZ'J9tal•. Sbould 
llUCh a cloud occur llSl'iA, aa llllch dat.e aa poe•1ble ebould be collected, Sbow 
the veil •tructure 1n aketcheo and give thoodol1 ta dat&. wl tb aact t1mea ot 
formation, cl:wiging, and dia.q.1""irtlllce, 

(3) Color of Sim: U tbe sm ehould be Hiil to be ~ ~ the atomic 
cloud, recol'd t&i color of tbe ate, .Alao, record tb!I thiee of tbll obaarTatlCllll 
and the en,g:lea of tbe 8llll above tbe borhoo. It Ula IUll diak cm be aho1111 iA 
the cloud sketches, ahow tbro\lgh which port.ten of the cloud it abol.m. 

( Coament: The sun we uot oeeo to ahlne tllroqgli the atolllc clCllJIU en:ept 
poeaibly on IRAI 0., whan the up;>er part ot the cloud miJl&led wltb c1rrua 
tbrougb whicb tbe "'"' - ahiD1Dg. 1!iare - DO colcr1LtiC11. '!hi• obeern.­
tim. wea reqneotod by rad1olcighta wba tboudlt tllat qilcr would gin acme 
ln<UCJ\tion of the oha of tlw particlee ill Die Cloud,) 

(4) &.dt.r Vi.,..•: Should the atomic cloud ohow en a r..dar acreeo, report ill 
de4U wlilt hRppened. 

(Co1111•.,ut: h. ""1'ly atageo the atollllc cloud.a were obaarnd C11 red.er; 
ho""ver, the ¢beerv•tlonal data obtained 1• lnconcluain.) 

(5) Moveold!1t: Tl"' m•e_,t of the cloud rehthe to tba upp.- w11lde (and the 
dhper&rc;'nm tt• cloud) olmtld be atud1ed and made tt.e 1ubJect of a apec1al 
report If uny lnfor01Ut!oo lo avb!lable and h not otben.iae covored. 

( ~t: Ob•..r•~• ou~oii ltt>d. aloatcbe• and. dAt.a but did uot aub11U 
••~•.r• te revorta of cloud mov""1tlllt.) 

··-~-----



Sketches Distributed to Observers Before 
Sample 
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Date: )°o Feb, '48 

Local Time (a) :_llli 

Local TiI.111 (k): 1218 

Position: 

Long, ....J.ll.Q.._ O __lL' .....l,i.__!I 

Lat t ---1Q__ 0 __!tl__. --1..Q._" 

Height ot Theodoli le: 
-1.i.__fect. 

~ Elevation 

a. 2?0.0 _.13.:Q 

b. 270.0 11.2 ---
c. 22],;: --ll....Q 

d, 266.8 _!.L1 
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r. ~:w o --ll.-2. 

g. 2zo,s _...2....2 

h. 270.0 --2.:.i 

1. 2C15l 5l -2.....5. 

J. ;:6z,o ~ 
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m. 

Observer: J S1Jl th, CAt·rn 

Recorder: 1', Jones. A~rm l 
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De.ta: 30 Feb, 1 48 

Local Time ( a ) :~ 

Local Time ( h ) :~ 

Position: 

Long.~0__1*2_•~11 

Lat, _J.Q_ o __!iL' --2L_P 

Height or Theodolite: 

reet. 

~ lli!!U!.on 

a. ~2,12 -2.i..O. 
b._!(!Q,_Q_ -A.Jl 
o. ~ll.12 --ll..12 
d. 278.0 70.0 

a. i!f!C! 12 _fU..12 

r. 248.0 _!tJ.,_0 

g. 2J8.0 o.s 
h. 225.0 o.s 

1. 

J. 

k. 

1. 

1:1. ____ _ 

Observer: J. 8.mith CAer.m 

Recorder: T Jonga Aorm 1 

Sample 
-6-

\• 
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Visual Observations at Long Dist onces 

111- U - clhCOYWe4 \bat &-baur for 1tD D.U would be 1n d.vlmeH, ii -

mt1cipate4 tbat a brillimt dhplq would be produced eimllar to tbe.t o! Xll.U 114!, lllM! 

tbat the U&bt would be - at a C011Bidarable diatance, Wltb due r~d to 1ecur1t7, 

oboerYere on lwe,jalein, Jiloa4er:lk, and MaJuro were aakecl to watch the bor hon 111 the 

direction o! .Uwetolc at l!ppl'Oxt.t•~ H-baur. The)' were not told wbat tbef emuld 

up90t to eee, mid tbe7 wwe not prepared to time my pbenomma which they MW, Jp-o 

pareatl7, tbq - both tbe lnlilal fiaah of the wapon md tbl lntmH licht or the 

!irebell wltbln the con4maatloa cloud, .la far u h Jmow, thi• 1a ti. gr .. t .. t 41•­

tance wlucb ~ obJect or occurrmce oa tbe wr!ece be.e b- •een. lD future teet• 

which DJ¥ be conducted 1n darlmee•, ii l• bapecl that color pbotogreplw can be llede of 

thie llgbt tr1111811ltte4 to lone clletancee, llllcb pbot.ogapbe would be of tm•al 111ter­

.. t and •l.cht be ue.tul 1n etud1H o! the etmollpbare, 

ot the Atomic lfaapon exploelon trcu 1!)1~Jo.l.,.::!!1 OD 'Y" 
~ 

Day, A nry brl,Jht tlaab occurred ti.rat which ,Jan a retl~ot•>J lld)" to •lou.U alJlloat 

vartica.ll:t Oftrh••d.. I oould not esti.wate the hari-&ontal uxtent of tllu rotloct.,4 

light t'raon the tlaab. 1\ ae81Qf>d to ehaw 8.....,.YJl>aro 1D my field of YI >!<Al. The 

lnatant appearance end diMppMrance ot tb• ratlected liobt rran tho tlaeh 1.ad• 

lt Yery d1tt1cuH to ..Uuata it• ctent and intensity reall•tico.ll;'. !bd n .. sb 

•u tolloftd by a nry raplclll' 1ncreaalng. nearly l.Jll!tantaneouo. r"'1 &law on tl>I 

borbOD wblch g&Ye a Jjl'ODOWlcecl pink retleaUc.n trom the olouda to about 60 J••.ll"uee 

both Y8l'tlcall7 aA4 horbo.utall.J. 'Ible attpr-gl.01f reaeded eteadlly an4 per·,eptublJ 

Withln 15-20 8800n4a (eetilllatecl) to a -U epot OD tbe borizoo oriliah ...Ulnod 

talntly rieibly tor perhape uiother l0-.1.5 "eaond•• 

<ldl~1~~ 
l~~~.\i;:; 
Tu!< Unit 7.4,4 (:~oil•) 

r-a 

1615" 

Eniwetok 300 milH Ronoerik .......... 

10• ______ _::: 

MARSHALL 
I 

ISLANDS 

165. 

----·I 

Majuro 

170° 

fT,\TH:J-:JJT cor1r:;;·R1:T11r. "Y" d y fl•") <f C••n fr<>rt 1,]·nil, IPil!c·"ted: 

li"~"ll: L'ctob1c1< !~le, !'one' rll<: 'toll, M,r,liell Isla1,fls 
T~I· cnVC':Lcl ?J'Jl'ti~l''•l·1~· f,Q. d.t;r1·<s 1r, ;\ hrq·:·1·rtlll J)]··rie 

J•(: :--r. ciq:rc.:c!O ln ' V•) t.11· l I·l t ~. Tt·f' f't Jr•r \'i•r l\ blen(I ur 
f•flk and Ul'~II(;€, !t'' frtC!<S1ty Y"<I! Cf'l'lf' I' 'f>le to th:1t Of the 
rislni; $Ull, P1n:d.ion •·ns "br.ut 0 seCC·nds. It started suddenly 
end ~r~ci,,ally dlminiet•ed, It ""s br ieht NH•ueli to cost a sl•e''""· 

l!1Juro: RoS<'lie ble, l1:1Juro Atoll, )(,r~t·~ll Ir1~11cl~ 
It rn·S<>lltl·d a f;dr,t f•lr>l<isli f:lOW elr•ne the h"ri:c.,n, e:rtenr' lr't: 
hcri:or•t"l:;· ?~to 4l: dei;reP.s anti v..i·tlc~Jly it "'ten~·;cl 10 degree" 
It a1 IJt!'.•r~r) to l·e Just :• n.0 rro• b-.nd <•fr.olor 11lcni; the horhon, 
It '"'" ot,,t<.«1 ti'"t 1.h·:·y SBY! a glOt' 1 not ~II in•t"llll'll''l•U! tinsh, 
It hec~lle instc·nt.~y vi!lble awl diecl ~lo•ly, lastlr.c ··t>"ut 
."0 ."'r:'C' J1jl~. 

F"r"<•rmel et flak" Island sfated thr·t 110 one had pold any pnrticul·r 
··tt-,1·t1<n to noting the southso11thl'fest ho1·1: <·n.· 

A . A. -<./14..~ 
l{o'iff.f. ~. r.~~r·rn~J 

!Anjor, USff , 

......................... !. 
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Discussion of Working 
The following pages contain the theodolite data which '"'re used 

1n tile studie:i of the three atomic clouds produced on IRAY, YOKE, and 
ZEll\l tit.TS at Eniwetok. The tiguree given he'" been copied fI'Olll the 
or~al recordo subnittecl bf the oboorvers on the u.s.s. !lbelourle, 
the u.s.e. llal.roko, the U.S.S, Curtiss, and the u.s.s. lit. Uclinley. 

The obeerv~r• on the ~be ... rla aubaitted their origl.nltl tbBodo-
lite data 1n columia eiAUar to the wa7 that the Ci{:uros are prooentad 
in this appendi;x, Two t.beodolitaa were used and angleo wel'8 "'carded 
for a1'"ost every minute. Sketches were mde independently of the the­
odolite observations. In the ca.see of the other •hiJ>", theodolite data 
were taken 1n conjunction 171th the oketchine; and theodolite e.neles 
were entered d:lrectl7 on the ol;etcheo. Thia lotter procodure reoulted 
1n lese data for a particular point, but gave 11<>re opec1.f1c 1nformaticm 
about the entire cl.awl, llbere date were entered directly on too sketchee 
there wae leH doubt about the point 1n quootion. For example, 1t .,uld 
heve beeD eosr for an oboerver to ol.ght on the near pu rt of ttw plum 
which erlended from the JllAI DU cl.oa4 and record du lu on the edge of 
the plUM instead of the higbeot Plrt of the (4"Wl")' f'lrl. of the cloud. 
l':ith the a1aing point clearl1 arked on the sketch, it WliB eney to 
•elect the correct anele• for tho top of. un<l for eucb side or the 
priary a&ee. !ngles for other parto of u,., clouds hove been omitted 
~- these lists exx:ept the el8'fation and azl111Uth ani:lea of the cloud 
projection which form.I on the 7El!R! llll cloud. By meano of the slcetcbes 
it was possible to <leteJ"•ine whlch ancles were for tho to1• of the prU..ry 
mesa alld cbicb were for the top o! the cloud projection. llbere tbe 
sketches show that the cloude were being dlsp•r•ed •o trut it """ diffi­
cult to sight "° the top of tho cloud, or determine the left or right 
aide of the pr:laery •••, data are ollitted. 1n the cuse of thb XRl.Y Dill 
cloud, the prwry .., .. -• more coe1&ct and •li:niflcont points eoUld be 
sighted on for a lof>€er time than in the case of the YOKE and 2'EllRA DAI 
cloud•. 

...... _. 

I-9 

and Theodolite Data 
The CW"Yea ban been draWD for tho data eulaitted bf the ilbuarle 

with consideration bcin{: given to data b'oa the other •hips, C<maider­
able 8lll00thln£ or the cune• ... done a• the large •he or the clouda 
and their changillc shape mode it dli'flcult to keep tbo theodolite• aJ.M4 
at a porticulor •ign!N.cant point. !leo, o'beenero on dU'fe,....,t ahipo 
sighted on different, altbouih oorrespcmding, point.. 

The shnpes of the° curves for the elnation anglH a:rw deteNSDed 
by the I'll to" or rise of the clCQ!s. tbe upper \finds. and the •!ape or 
the cloud, lrrecu!arltieo 1n the curyea attar the clouda reacbecl ..ix­
imllll altitude are belined to be the result of changes in tbe abape ot 
tho cloudv. Thore is no indicatioo tint the aa:O- altitude ot ti. 
clouds Ouc:t111<ted after the greatest height wee attained. 8-r, it 
is lilm1J tint some eThporotion or the tope or tbot TOD Uld ZEBRA D&I 
clouda \'111.S taldni; place at about the and Of the fJ.nt hour. I 

!zimuth oncle data an B18Di1'1cant while the prlary MH •a ot 
regular olnre, but -"' v.ry Uttle after the cloud becc:aee ai-r.4 
aµirt by "imls rro., different directions at different altitUdea. 

Exam inn ti on of tho points for azimuth angles ot the !OU and Zll'fll 
clouds sho11 that •epnn1 te curvea can be drawn tor each obeel"f'1De ahip 
ooc~use of the sracinr, of the ships relatiYe to tbe cloud. It MT he 
••en that the polnts of tbe different sbipo gin •1-Uar ourree; ~er, 
the curve !or the ~lbe~.1rle ia the onl7 one for wb1cb calculatioaa hue 
been pre1&rud. The !"''·I tlan or the teat dte relotive to the .llbemrla 
ltis been •rked OD theoe gropba. Thia offers a check an the orientatla11 
of the theodolite, 

In the followl.nc collection of D1-rlcal data and i"Pbe, tM mne:r­
ical values ure prooented just before tb. graph to which Uie,- pel't&Jn. 

Elevation angle <Int.a and graphs are given tlrst and these a:rw fol­
lo\?Od by azimuth uncle aleta nnd gropbs, The. order o£ presentation and 
the J'.'lG• numberti ure ohO\m in the Tut.lo or Contents on fuse I-2, 
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XRAY DAY 

Highest Point - ~vation Angle I ... vu-us'I ii 1111. Hii' 
~~ 

~ Time ~lbemarl• ~ f!fil!!!. l..cKlnlur ~ !!!!. Albmutrle llalrot!O CyrtlH llcKlnle7 

O;OO abl700 - - - )0: JO 0647JO 24.1 

0:)0 17)0 - - - - Jl:OO 4&:10 2J.9 

1:00 1800 - - - J, 5 Jl:JO 4AJO 2J.7 

l:JO 18JO - - - - )2:00 4900 2).4 

2:00 1900 - - - 11.o J2:JO 4'1)0 2J.O 

2:JO 19)0 - - - - )J:OO 065000 23.S 

):00 o62000 - - 14. 5 )):JO 5030 24.8 

): JO 20JO 15.0 - - )4:00 ~100 24.4 2J.l 

4:00 2100 18.0 18.o - 34:)0 51)0 2J.9 

4:JO 21)0 20.b - - - )5:00 5200 2J.6 

5:00 2200 21.l - - 20.0 35: JO 52JO 23.S 

5:)0 22JO 21.6 - - )6:00 5300 23.4 

6:00 2)00 22.2 - - 22.0 Jb:30 5))0 23. 5 

6:JO 2JJO 2J.O - - - 37:00 5400 2).5 

7:00 2400 2),0 24.l - 23.0 J7:JO 54)0 2J.5 

7:30 24)0 2).8 - - )8:00 o65500 2).5 

8:00 o62500 24.6 - - 25. 5 )9:)0 55)0 . 2).5 22.6 

8:)0 25)0 24.6 - - . )9:00 5600 2).4 

9:00 26o0 25.0 - - 25. 5 J9:Jo 5630 2J.J 

9:JO 26)0 24.8 - - 40:00 o65700 2J.3 

10:00 ab2700 24.8 - - 25,7 40: JO 5730 2;.2 

10:)0 27)0 25.5 - - 41 :oo 5800 2).2 

11:00 2800 2b.O - - 25. 5 41 :)0 58)0 22.2 

ll:JO 28)0 25.6 - - 42:00 5900 22.1 

12:00 2900 25.9 25.9 - 26.0 42:30 59JO 22.8 

12:30 29)0 25.7 - - 4J:oo 070000 2).1 

1):00 o6)000 25.8 - - - 4J:JO 00)0 22.9 

13:30 JOJO 25.6 - - - 44:00 0100 22.5 

14:00 3100 25.) - - 25.4 44:Jo 01)0 22.l 

14:)0 Jl30 25.l - - - 45:00 0200 22.l 22.2 

15:00 )200 24.8 - - 25.8 45:30 02)0 22.1 

15:30 )2)0 25.0 - - - 46:00 0)00 22.1 

16:00 )JOO 25.4 - - 25,d 46:)0 0))0 22.0 

J6:JO JJJO 25.0 - - - 41 00 0400 22,f\ 

17:00 3400 25.4 25.7 - 47 JO 04)0 22.0 

17:)0 3430 25.4 - - - 48 00 0'70500 22.1 

18:00 063500 25.J - - - 48 )0 05)0 22.J 

18:30 35'.lO 25.2 - - - 49 00 o6vo 22.l 

19:00 )600 25.3 - - - 49 JO o6)0 22.1 

19:)0 36)0 25.2 - - - 50 o~ 070700 2:?. l 

20:00 o6)700 25,3 - 50 JO 0730 22.1 

20:)0 3730 25.) - 5, 00 0800 22.1 

21:00 J800 25.l - 51 )O OAJO 22.l 

21:)0 J8JO 25.J - 52 00 0900 22.4 

22:00 3900 25.3 25,6 52 JO 09)0 22.1 

22:30 J9JO 25,4 5J 00 071000 21.e 

2):00 06/,000 21.6 - 53 JO lOlO 21.5 

2):30 4030 24.2 - 54 ()() llOO 21.6 

24:00 4100 24.4 - 54 lO 11 Ju 
24:)0 4130 24.7 - 5~ 00 lioo 

25:00 4200 21..b - 55 w 1230 

25: JO 4230 24.5 - 56 Ol> 1300 

26:00 I.JOO 24.J - 56 JO lJ)O 

26:30 43JO 21..J - 57 00 1400 

27:00 4400 24. l - _...) 57 )O 1430 

27:JO 4430 24.1 58 00 C>7l 500 ,. 28:00 064500 24.1 24,Q 5d JO 15 'jO 

2R:l0 45)0 l4. l - 59 Ot• 160!"' 

29:00 4bu<~ 24. l - 5'1 )O .. ·,)\ 

29:)0 4bJO 24. 3 Ol1 Ou 17,)1) 

JO;()(' 064700 24.4 1-10 
•••• 
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.L ~.Ir.__:___ ' - ___ ...... 

. YOKE DAY •. ··i 
Highest Point - Elevation Angle 

'ilS .Cfu I II Al~l,t 

!!!!!!.!!. '.!:!..!!!. ~ ~ £2.1:!!.!!. lleKlnl•J !!!!!!!!!. !!!!!. Al-rlo !!!!!:22 ~ llcJClnle7 

0:00 o6o9oo - - 15:00 00<400 1), l - - tt.tt..L 

o: JO 09)0 09.4 07. l - - 15: JO 2430 ~4.5 - - 22.l 

1:00 oblOOO 15.0 - - 08,2 16:00 o02500 2),8 24,n 2),8 21.J 

l:JO lOJQ 16,4 - ll,b lb:JO 25)0 2).6 

2:00 1100 18.0 16.i> 17,J U.) 17:00 2bo0 2).1 

.. 2:)0 11)0 20,6 1q, 2 17:30 2630 2),0 

):00 1200 21. l 20.95 1q,2 1~:00 2700 22.7 

):JO 12)0 22.6 - - 21.1 18:)0 27)0 22,0 

4:00 1)00 2).0 24,)) 2~. I 22.1 19:00 2800 21.8 

4:30 lJJO 25.2 - 2) .8 19:)0 28)0 21.6 

5:00 1400 25.9 2b,U ~.l 20:00 2900 21.7 

5:)0 11,JO 25,9 - - 20:)0 i9JO 22.0 

6:00 061500 26.J - 2b.· 24,7 21:00 oO)OOO 21.9 21,9 

6:30 1530 26,4 - - 25.0 21: JO JOJO 22.0 

7:00 lboo 26, 5 27,e., - 25. 5 22:00 06)100 21.0 

7:)0 16)0 27,0 - - 25.8 22:30 JlJO 22.0 

8:00 1700 27,0 27 ·" 15.9 2):00 )200 22.5 

8:30 1730 28.0 2):)0 )2)0 22.0 

9:00 1800 27, 1 2t..4..l 25.0 24:00 3)00 21.4 

9:)0 18)0 25.9 - 24.4 24 :JO 3))0 21.5 

10:00 1900 25. 2 - 25. ! 23,7 25.:00 )400 21.6 

10:30 19)0 25,3 - 2),2 25 :JO JI.JO 21.4 

ll:OO o62ooo 24,1 24,82 - 22,l 26:00 063500 21.1 

U:30 2030 23,9 - - - 26:)0 )5)0 21.2 

12:00 o62100 24,8 - 2).~ - 27:00 36oo 21.2 

12:)0 21)0 25,0 - - 27:30 JbJO 21.0 

13:00 o62200 25,9 - - - 28:00 3700 20.a 

13:)0 22)0 25,7 - 28:30 J7JO 21.0 

14:00 062)00 25.7 - 21,A - 29:00 Ja)O 20.7 

U.:10 21'!0 25,6 - - - 29:)0 3830 20.4 
)0:00 3900 20.5 

I-12 
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ZEBR\1~~ 
Highest Point - Elevation Angle 

~ !!!!!. Albe•arl• llalrolco .£!!.!:!!!.!. l!cKtnler 

(): 15 o60415 4 
0: )0 04)0 8 10. l 
I :00 o60500 11 12, l 
l: JO 05)0 15 12.4 - 15. 6 
2:00 o6oo 17 15.4 17.7 18,2 
2: 30 o6Jo 18 - 19.8 
)«JO 0700 20.6 18.7 - 21, 5 
): JO OTXJ 21 • .:, - - 22.6 
4:00 0800 2). l 21.4 23. l 24..:! 
4: 10 0830 23,9 - 24.8 
5:00 0900 ~4.4 22.9 - 25.4 
5 :JO 09)0 24.J - - 25. 5 
6:00 061000 24.6 24.8 25. 7 
1,: )0 10)0 24,5 - 25.9 
'/:00 1100 24.1 22, 7 - 25, 9 
7: JO 1130 24,7 - - 25. 7 
>LOO 1200 24.8 24.4 25. l ~5. 7 
H: )0 12)0 25.2 - 26, 7 
{~ ·(}() 1100 25.8 25, l J6.9 
9 lO 1))0 25.8 :>7.1 

10 00 1400 26,o - 26.4 27.l 
10 JO U.JO 25. 7 25.0 27.0 
11 00 o61500 25,6 - - 26,9 
11 10 15)0 25, J 24. 5 - 26, 7 
12 ()() lboo 25.2 - 26.6 
12 JO 16)0 25.0 - - 26.5 
l) 00 1700 24.4 - - 25.9 
1) JO 1730 24.l - - 25,4 
14 ()() 1800 23,7 - 25. l 
U. JO 18)0 23,4 - - 24.4 
15 00 1900 2),0 - - 24.l 

..... , . . 

s -

1-14 



., ~ ~-- ___ ""'_..., _________ _ 

··. · ·--;--9:~TTr. .. ! 
. -1--

. : '~IU I I.: i · 1~1-----1--. --+~. -· --· -

r 

:1 

.c.:;1, .. :. 

J TL"~ 



XRAY DAY 
Highest Point 

!!2!!!!!. !!e. .U-rlt Batrolto ~ lloXh>l•r ~ ~ Albemarle ~ ~ llcll.U.•7 

0:00 o6l700 - - - - 27:00 4400 Ol.4,0 
o:)O 1730 - - - - 27:)0 4430 014.0 
l:OO 1800 - 3)8,5 - 342.0 28:00 o64500 014.0 005,9 
1:30 18)0 - - Mo - 28:)0 4530 014.0 
2:00 1900 - - Oa'• 343,0 29:00 46oO 015.0 
2:30 19)0 - - . - 29:}0 46)0 015,0 
):00 o62ooo - - - 344,0 }0:00 064700 015 .o 
):)0 2030 - - - - Jo: JO 4730 015.0 
4:00 2100 - ))0.7 - - }l :00 4800 014,0 
4:30 21)0 - - - - }l: )0 4830 016.0 
5:00 2200 - - - 345,0 )2:00 4900 016.0 
5:30 22)0 34).0 - - - )2: JO 4930 017.0 
6:00 2)00 345,0 - - 346.o )):00 5000 017,0 
6:)0 2)30 345,0 - - - }):JO 5030 018.0 
7:00 2400 346.o 339,5 - j. . 0 34:00 5100 018,0 011.1 
7:)0 24)0 )46.o - - - 34:)0 5130 018,0 
8:00 2500 )44.0 - - 352.0 35:00 5200 018,0 
8:)0 2530 346.o - - - 35:30 5230 019.0 
9:o6 2600 )48,0 - - 353,0 }6:00 5300 021.0 
9:30 2630 349.0 - - - 36:30 5330 021.0 

10:00 o627oo 350,0 - - 353,0 37:00 5400 021.0 
10:30 2730 351.0 - - - 37:30 5430 021.0 
11:00 2800 351,0 - - 354,4 38:00 5500 021.0 
11:30 28)0 )5),0 - - - 38:30 5530 021.0 009.0 
12:00 2900 354,0 )46,6 - )56,4 39:00 5600 021.0 
12:30 2930 J56.o - - - 39: 30 56)0 021.0 
l):OO o63000 357,0 - - - 40:00 065700 024.0 
1):30 30)0 355,0 - - - 40•30 57'.lO 024.0 
14:00 3100 355,0 - - 002.0 41 :00 5800 023,0 
14:)0 3130 358.0 - - - 41: 30 58)0 024.0 
15:00 )200 358.0 - - 002.2 42:00 5900 024,() 
15:30 )230 355.0 - - - 42:30 5930 025,0 
16:00 ))00 357.0 - - - 43:00 070000 025,0 
16:)0 JJ)O 359.0 - - - 43:30 OOJO 027.0 
17:00 )400 359.0 356,7 - - 44:00 0100 027,0 
17:30 3430 )60.o - - - 44:30 0130 026,0 
18:00 o63500 357,0 - - - 45:00 0200 026.0 03),0 
18:)0 3530 J6o.o - - - 45: 30 02)0 027,0 
19:00 36oO 36o.o - - - 46:00 0300 021.0 
19:)0 3630 00),0 - - - 46:)0 03)0 027,0 
20:00 o63700 003.0 - - - 47:00 0400 028.0 
20:30 3730 005.0 - - - 47:)0 0430 028,0 
21:00 )800 001.0 - - - 48:00 070500 029.0 
21:)0 )8)0 007,0 - - - 48:)0 0530 029,0 
22:00 3900 ooe.o 357,4 - - 49:00 06o0 029,0 
22:)0 :mo 008,0 - - - 49:30 o6)0 029,0 
23:00 o64ooo 009,0 - - - 50:00 070700 0)0,0 
23:)0 4030 009,0 - - - 50:)0 0730 0)1,0 
24:00 4100 009.0 - - - 51:00 0800 0)1,0 
24:)0 4130 009,0 - - - 51:30 08)0 0)0,0 
25:00 4200 010.0 - - - 52:00 0900 0)0,0 
25:)0. 4230 011.0 - - - 52:}0 0930 031,0 
26:00 4300 012.0 - - - 53:00 071000 031.0 
26:30 4330 01).0 - - - 53: JO 1030 O)l,0 

54:00 1100 029,0 

\• 
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OKE DAY 
/•. . , r: . r.:.... ~ 

U.MsE 
Highest Fbint - Azimuth Angle 

Kinu.te1 !!.!!. AlMJMrle Bairolto B!!!:ll!!. llcltlQ1•1 .!!!!!!!!! !!!!!. Al-ri. ~ £\!!:!.!!.!. IW111lg 

0:00 ob0900 - - . - 15:)0 24)0 012.0 
O:JO 09JO 350.0 )59.5 - - 16:00 o62500 011.0 011.4 011.0 
1:00 061000 352.0 - - - 16:30 25)0 ou.o 
1:)0 10)0 354.0 - - - 17:00 26oo 011.0 
2:00 1100 355,0 358.0 356.o - 17:)0 26)0 010.0 
2:)0 llJO 355.0 - - - 18:00 2700 011.0 - ooe.o 

):00 1200 356.0 356,7 - - 18:)0 2730 010.0 

):JO 12)0 357.0 - - - 19:00 2800 ou.o 

4:00 1)00 357.0 - 357,0 - 19:30 28)0 010,0 

4:)0 lJJO 358.o - - - 20:00 2900 010.0 - 019,0 

5:00 1400 359,0 - - - 20:)0 2930 011.0 -
5:)0 14)0 )60.0 - - - 21:00 o63000 012.0 016,5 

6:00 o61500 )60.0 - 007,0 - 21:)0 JOJO 010.0 -
6:JO 15)0 00).0 - - - 22:00 o6)100 012,0 - 012.0 

7:00 16oo 004.0 - - . 22:)0 JlJO 011,0 

7:)0 16)0 004.0 - - - 2):00 )200 012.0 

8:00 1700 007.0 - ou.o - 2J:JO )2)0 012,0 

8:)0 17)0 oo6.o - - - 24:00 )JOO 010.0 017,0 018.0 

9:00 1800 007.0 006.9 - - 24: JO 33)0 012.0 

9:)0 18)0 010.0 - - - 25:00 )400 014.0 

10:00 1900 009.0 - 015.0 - 25:JO )4)0 01).0 

10:)0 1930 012.0 - - - 26:00 o6J500 014,0 - 010.0 

11:00 062000 012.0 oo6.2 - - 20:JO J5)0 OlJ.O -
11:)0 20JO 01),0 - - . 27:00 )600 014,0 019.2 
12:)0 21)0 008.0 - - - 27:)0 )6)0 014,0 -
1):00 o62200 007.0 - - - 28:00 )700 014.0 - 011.0 
l):JO 22)0 008,0 - - - 28:)0 J7JO 014.0 
14:00 o62)00 010.0 - 022.0 - 29:00 3800 014.0 
14:)0 2JJO 012,0 - - - 29:)0 )8JO 016.0 
15:00 062400 01),0 - - - )0:00 )900 015,0 027.0 012.0 

1-17 



ZEBRA DAY 
, .. : ... 

*"c 41' •. 

Highes1 Point - Azimuth Angle 

ll1nut•1 !!!! Al-rl• ~ £!!!!.!.!! llcK1nl!J 

0:15 o6o415 005 
0:)0 04)0 006 010.7 
1:00 o6o500 004 -
1:)0 05)0 00) 011.5 
2:00 o60-0 004 011,9 004.0 
2:)0 o6)0 oos 
):00 0700 Oo6 
):)0 07'.lO 005 
4:00 oaio oo6 01).0 009.0 
4:)0 08)0 Oo6 -
5:00 0900 OOb 015.0 ,,30 09)0 010 -
6:00 o6looo Oll - 001.0 
6:)0 10)0 011 OlR.9 
7100 1100 010 017.0 
71)0 UJO 010 -
8:00 1200 - Olb,7 ou.o 
8:)0 l2)0 - -
9:00 1)00 - 018.b 
9:)0 1))0 - -

10:00 1400 - - 014.0 
101)0 14)0 - 022.0 
ll:OO o6l500 - -
U1JO 15)0 - 026,6 

r-10 



XRAY DAY 
J .. ,·"' 

~ ~ 

0:00 o61700 
0:30 1730 
1:00 1800 
1:30 1830 
2:00 1900 
2:)0 1930 
):00 o62ooO 
):JO 20)0 
4:00 2100 
4:)0 21)0 
5:00 2200 
5:30 22)0 
6:00 2300 
6:30 2))0 
7:00 2400 
7:)0 2430 
8:00 2500 
8:)0 25)0 
9:00 26oo 
9:)0 26)0 

10:00 o62700 
10:)0 2730 
11:00 2800 
ll:JO 28)0 
U:OO 2900 
U:)O 2930 
1):00 o6JOOO 
13:30 JOJO 
14:00 )100 
14:30 )1)0 
15:00 3200 
15:30 3230 
16:00 )300 

16:30 JJ)O 
17:00 )400 
17:)0 3430 
18:00 o6J500 
18:)0 3530 
19:00 J6oO 
19:)0 )6)0 
20:00 o6J700 
20:30 J730 
21:00 )800 
21:)0 3830 
22:00 )900 
22:)0 3930 
23:00 Ob.4000 
23:30 4030 
24:00 4100 
24:)0 4130 
25:00 4200 
25:)0 4230 
2~:00 4300 
2 :JO 4330 
27:00 4400 

--~ 
Left Side of Primary 

Alb .... le Betroko 9!!:ll!!. lleKlnl•J 

- - - -
- - - -
- - - -
- - - -
- - - -

334.5 - - -
- - - -
- - - -
- - - -
- - - -
- - - -

335,5 - - -
336.0 - - -
- - - -

3)9.5 - - -
- - - -

335,5 - - )44,0 

- - - -
)42.0 - - 346,0 

- - - -
3)6.5 - - 345,0 

)41.2 - - -
))9.5 - - 345.4 

339. 7 - - -
339,5 - )46.5 

338.5 - - -
)40.7 - - 346,9 

))9.2 - - -
339.0 - - 346.1 

))9,8 - - -
)40.5 - - 347.J 
)42,0 - - -
)41.3 - - -
JJ9.8 - - -
)44.0 )40.5 - -
348.8 - - -
- - - -

- - --
)44.0 - - -
347,5 - - -
346,0 - 343,0 -
347.0 - - -
)47.J - -
347,7 - - -
)49.4 341,1 - -
350,J - - -
348.0 - - -
)49.4 - - -
351,8 - 357.0 -
351.0 - - -
)48,2 - - -
)48,8 - - -
351.J - - -
352.8 - - - -
354,5 

~ 
. - ---~- .. --

!!.!..!!!il!! '.!'.!!!. Albemarle llalrl<o Curt1•• llcl(lnler 

27:30 4430 350.0 
28:00 06/,500 348.5 343,3 
28:)0 4530 349.6 
29:00 4600 348.o 
29: JO 4630 350.4 
)0:00 064700 351.5 
)0:)0 47JO 351.6 
Jl:OO 4800 )49.0 
Jl ;JO 4830 351.) 
)2:00 4900 )51.5 
)2:)0 4930 350.5 
)):00 5000 351.4 - - )4),2 
3):30 50)0 J51.0 -
)4:00 5100 351.9 )48.1 
)4:)0 51)0 352.5 -
35:00 5200 352.0 - - ,_ 
J5:Jo 5230 )52.8 
)6:00 5)00 354.0 
36: JO 5))0 35J.5 
)7:00 5400 354.0 
37: JO 54)0 )54.l 
38:00 5500 354.5 
18: JO 5530 )54.) 349.3 
39:00 56oo 354,2 
39: JO 5610 355.l 
40:00 065700 )56, J 
40:)0 5730 )56.6 
41:00 5800 355.8 
41: JO 58JC 356.o 
42:00 5900 355.9 
42:30 5930 356.8 
4):00 070000 356.8 
43:)0 00)0 J5A,2 
44:00 0100 359.7 
44: JO 0130 000,6 
45:00 0.'00 359.5 
45: JO 02)0 00~.7 

46:00 ,,300 001,8 
46: JO 01)0 000. J 
47:00 0400 OOJ.2 
47: JO 0410 001,5 
48:00 070500 000,4 
48:)0 0530 35'1.3 
49:00 0600 001.0 
49: 30 06)0 002.s 
50:00 070700 002,6 
50: JO 0710 OOJ.8 
51: 00 0000 004.J 
51: JO 08)0 007.7 
52: 00 ( 900 010.6 
52: JO 0910 011,0 
53:00 071000 001.0 
53: 10 10)0 001.0 
54:00 1100 005.8 

=, . 

•••• 



XRAY DAY 
.· .. ~-.. 
·.~;-U.. . , .... ~ 

Right Side of Primary Portion - Azimuth Angle 

~ 

lllnutH !!!!!. Al-rl! .!l!!!2i2. 9!.!1!.!!. llcJ[!gl•r !!!!!ill!. ~ Alb-rl• Bai[Oll:O Curtl!! llcX!nler 

0:00 061700 - - - - 26:00 4)00 OU.7 

0:)0 1730 - - . - 26:)0 4330 Ol).l 

1:00 1800 - - - - 27:00 4400 on.a 
1:30 1830 - - - - 27:30 4430 014.0 

2:00 1900 - - - - 28:00 064500 013.3 009.6 010.) 

2:)0 19)0 341.0 - - - 28:)0 45)0 014.5 

):00 o62000 - - - - 29:00 46oO 015,0 

):)Q 2030 - - - - 29:30 4630 015.2 

4:00 2100 - - - - )0:00 064700 014,7 

4:)0 21)0 - - - - )0:)0 4730 015,2 

5:00 2200 - - - - )1:00 4800 015.0 

5:)0 2230 343,2 - - - )l:)O 48)0 016.5 

6:00 2)00 345.5 - - - )2:00 4900 016,8 

6:)0 2))0 - - - - )2: )0 49)0 016,7 

7:00 2400 346.3 - - - J):OO 5000 018.2 - - 016.0 

7:)0 2430 - - - - )3:30 5030 018.4 - - -
8:00 2500 347.0 - - ))2,0 )4:00 5100 018,6 - - 018.l 

8:)0 2530 - - - - 34:30 51)0 018.4 

9:00 26oo )48,2 - l').O 35:00 5200 019,6 

9:)0 26)0 - - - - 35:)0 52)0 020.2 

10:00 062700 349.7 - - )5),8 )6:00 5300 021.7 

10:)0 2730 )51.B - . - )6:30 5)30 021,3 

11:00 2800 )51.0 - - ))1,,4 )7:10 5400 022.5 

ll:)O 2830 35.2.B - . - )7:)0 5430 023.2 

12:00 2900 354,5 ))6.4 )8:00 5500 022,4 

12:)0 2930 356.5 - - )8:)0 55)0 022.5 019.7 

13:00 06)000 )58,0 - - - )9:00 56oo 021,9 

1):30 3030 357,3 - . - 39:30 56)0 02).) 

14:00 )100 356,8 - - 002.0 40:00 065700 024.1 

14:30 )lJO 357,8 - - - 40:)0 5730 025.B 

15:00 )200 358.4 - - 002.~ 41:00 5800 026.5 

15:)0 3230 000.5 - - - 41:)0 58)0 027.2 

16:00 3)00 359.7 - - - 42:00 5900 027.0 

16:)0 3330 001.0 - - - 42:)0 59)0 027,4 

17:00 )400 002.5 002.1 - - 43:00 070000 028.0 -
17:)0 3430 002.5 - - - 4):30 00)0 028.l 

18:00 o6)500 - - - - 44:00 0100 028.2 

18:)0 35)0 - - - - 44:30 Ol)O 028,) 

19:00 )6oo 004.0 - - - 45:00 0200 028,8 

19:30 3630 005.0 - - - 45:)0 02)0 029.3 

20:00 o63700 003.5 - - - 46:00 0)00 0)0.9 

20:)0 3730 008.5 - - - 46:)0 03)0 O)l,7 

21:00 )800 009.5 - - - 47:00 0400 O)l.4 

21:)0 )830 008.5 - - - 47:)0 0/,)0 0)2.8 

22:00 3900 007.5 00).4 - - 48:00 070500 033,0 

22:)0 3930 009. 7 - - - 48:)0 05)0 0)).5 

2):00 o64000 009.) - - - 49:00 o6oo OJ),O 

2):)0 4030 011.5 - - - 49:)0 o6)0 OJ).O 

24:00 4100 011.0 - - - 50:00 070700 0)),9 

24:)0 U)O 010.8 - - - 50:30 07)0 0)4.4 

25:00 4200 Oll.5 - - - 51:00 0800 034.4 

25:)0 ~JO oll.8 - - - 51 :)0 08)0 0)5. 5 
• 52:00 0900 036,0 

52: )0 0930 0)5.7 
5):00 071000 036.3 
5-):)0 10)0 0)5.2 
5-4:00 uoo 0)),8 

1-20 
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YOKE DAY . , . -~ _ . . . 
-A-..C EMr'IJ·~·.of:!Msl ?; ueiPfC._W'ft:CJ l&id llstf!M 8 2 pft•d7. 

Left Side of Primary Portion - Azimuth Angle 

.!!!!!!!!!. !!!!!. Alb .. rla ~ ~ llcKlol•r ~ !!.!!. A.lb-rl• ~ £.!!!:!!..!!. llcli!,hl 

0:00 000900 - - - - 15:00 2400 001.1 
O:)O 0130 349.0 )54.0 - )50.0 15: )0 2430 008.0 
1:00 o6lOOO )49.0 - - 349.0 16:00 062500 008.2 002.0 )52.0 
1:30 10)0 )51.0 - - - 16:)0 2530 007.9 - -
2:00 1100 352.0 353.5 352.0 351.0 17:00 26oo 010.5 - - )52.0 
2:30 11)0 351.0 - - - l?:JO 26)0 009.5 - - -
):00 1200 349.0 353.5 - 350.0 18:00 2700 009.0 - - 35).0 
3:)0 12)0 353.0 - - - 18:)0 2730 009.0 
4:00 1)00 )51.0 )52.6 )46.o 350.0 19:00 2800 010.0 
4:)0 1))0 )51.0 - - - 19:)0 28)0 008.) 
5:00 1400 357.5 354.0 - )~O.O 20:00 2900 010.0 - 356.0 357.0 
5: 30 14)0 355.5 - - - 20:)0 29)0 010.2 - - -
6:00 o61500 )5).4 - 340.0 }50.0 21:00 06)000 008.8 357.0 - 357.o 
6:)0 1530 359.5 - - - 21: )0 )0)0 010.3 - - -
7:00 16oO 356.2 358.4 - )5().0 22:00 063100 010.2 - )58.0 )59.0 
7:)0 16)0 )5).0 - - - 22:30 3130 010.2 - ,- -
8:00 1700 355.0 - 349.0 )'.>l .O 2):00 )200 010.5 - - 359.0 
8:)0 17)0 354.4 - - 2):)0 3230 011.0 - - -
9:00 1800 356.o 358.8 - H2.o 24:00 3)00 009.5 359.0 - 358.0 
9:30 1830 357.3 - - - 25:00 )400 011.6 - - )58.0 

10:00 1900 356.2 - - J5M 25:)0 3430 012.8 - - -
10:30 19)0 )58.0 - - - 26:00 o6)500 012.0 - 014.0 358.o 
11:00 082000 )58.) 360.o - )~b.O ~6:)0 )530 ol3.o - - -
11:30 20)0 359.2 - - - 27:00 )600 013.5 009.6 - 357,0 
12:00 2100 005,5 - 346.0 H. 27:)0 )630 Ol),4 - - -
12:)0 21)0 006.5 - - - 28:00 3700 012.3 - - 355.0 
1):00 062200 006.9 )59.5 - )57.0 28:30 37)0 011.5 - - -l):)O 2230 007.1 - - - 29:00 )800 012.5 - - 357.0 
14:00 o62300 006.) - - 354.0 29:)0 )8)0 01).0 -
14:30 2)20 ooe.o - - )O:OO )900 01).1 013.0 

I '8 i j,,j 

.,. 
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)KE DAY 
-.a 

;1·, 

Right Side of Primary 'Portion -Azimuth Angle 
AramiC~nergy 'Act.....,. t946 

9t>Ullfls Ra11kilh4 Pah C''l'ACQI 8'4Mi•N 

~ ~ Al-rl! Blllrolto Cur\111 llcXiDl!T lliDU.81 !.!!!! Alb-rl• Bllirolto ~ McXinl!l 

0:00 060900 - - - - 15: )0 24JO 020.4 
0:)0 0130 351.0 358.2 - 352.0 16:00 062500 019;() 020.5 010.0 016.0 
l:OD o61000 354.0 - - 353,0 16:)0 2530 017,5 - - -1:)0 1030 )57.0 - - - 17:00 2600 021.4 - - 016.5 
2:00 1100 357.0 000.5 360.o 354.0 17:)0 26)0 019.9 - - -2:30 1130 357.0 - - - 18:00 2700 020.5 - 018.0 017,5 
J:OO 1200 358.o 002.0 - J56.o 18:)0 2730 019.0 - - . 
J:)O 1230 359,0 - - - 19:00 2800 020.5 - - 018.0 
4:00 1300 359.0 002.4 - 358.o 19:30 28)0 019.0 - - -4:)0 1330 )60.0 - - - 20:00 2900 020.5 - 020.0 019.0 
s:oo 1400' 003.4 004.0 - 360.0 20:30 2930 020.5 - - -
5:30 14)0 005.0 - - - 21:00 06)000 021,4 020.3 - 019.0 
6:00 061500 006.0 - 002.0 002.0 21:)0 JOJO 025.9 - - -6:)0 1530 007,3 - - - 22:00 063100 022.5 - 021,0 019,5 
7:00 16oO 010,J 010.0 - 004.0 22:Jo JlJO 022.2 - - -7:30 1630 001.a - - - 2):00 )200 023.4 - - 020,0 
8:00 1700 011.5 - 004.0 006.Q 23:)0 )2)0 02).0 - - -8:)0 1730 010,5 - - - 24 :00 3)00 022,J 023.4 - 021.0 
9:00 1800 01),0 012.2 - 007.5 24:)0 ))JO 023.5 - 023.0 -9:)0 18)0 014.0 - - - 25:00 3400 024.2 - - 021.2 

10:00 1900 013,7 - 006,0 009.0 25:)0 )4)0 021,.5 - - -10: JO 1930 014,5 - - - 26:00 06)500 02).7 - 024.0 022.0 
11:00 o62000 015.4 014.0 - 010.0 26 )0 3530 025.0 - - -11:)0 2030 020.0 - - - 27 00 3600 025,3 024.5 - 022,) 12:00 062100 018.7 - 006.o 012,5 27 30 )6JO 026.0 - - -12:30 2130 018.5 - - - 28 00 )700 0)1.0 - 025,0 022,0 13:00 062200 018.1 017.5 - 01).0 28 30 3730 029.2 - - -13:30 2230 018.3 - - - 29 00 )800 026,5 - 024.0 14:00 o62JOQ 019.3 - 012.0 014.0 29 JO )BJO 028.2 - -14:30 23JO 020.0 - - - )0 00 3900 021.e 025,7 032.0 15:00 o62400 019,0 - - 015.0 

1-23 
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ZEBRA DAY 

Left Side of Primary Portion - Azimuth Angle 

~ Time Alb•l!!rle Blllroko ~ llcKinl•J l'lnUtH !!.!!. Albaarle ~ ~ llcKlnler 

0 30 o6o430 002,5 - - 359,0 15; 30 19)0 016,5 
l 00 o60500 001.3 - - 358,0 16:00 2000 017.4 006,5 
1 30 0530 )60.5 006.5 - 358.0 16:10 2030 017,7 
2 00 o6oo )59.8 006.5 009.0 357.0 17:00 2100 017,3 
2 30 o6JO, 359,9 - - - 17:JO 21)0 018,0 
3 00 0700 J59. 7 004,5 - J57.0 18:00 2200 018.0 
J JO 0730 J59.8 - - - 18:)0 2230 019.0 
4 00 0800 359,8 004.0 J52.0 J57.2 19:00 2JOO 019,5 
4 JO 08)0 001.8 - - - 19:)0 23JO 020.0 
5 00 06o900 000.5 005.5 J58.o 20:00 o62400 020.4 
5 30 0930 001.0 - - - 20:)0 24)0 021.0 
6 00 1000 001.1 - - 359.2 21:00 2500 021.0 
6 JO 10)0 002.0 oo6.o - - 21 :30 25JO 020.8 
7 00 1100 002.9 007.0 - 000.5 22:00 26oo 021.9 
7 )0 llJO 002.9 - - - 72:JO 26JO 020.2 
8 00 1200 005,7 008.0 OOJ,2 2):00 2700 021. 5 
8 JO l2JO 006.J - - - 2): )0 27JO 021,5 
9 00 !JOO 007,8 005.0 - 004.0 24:00 2800 022.0 
9 JO 1)30 008,2 - - - 24:30 28)0 022.4 

10 00 061400 008.5 - - OOb.O 25:00 062900 02).2 
10 JO 1430 010.5 - - - 25: JO 2930 024,0 
11 00 1500 ou.o - - 008.0 26 00 )000 02J.8 
11 JO 15JO 011.0 008.0 - - 2b )O JOJO 02).8 
12 00 1600 OlJ,8 - - oos.o 27 00 )100 024,2 
12 )0 16JO 012.4 - - - 27 JO )lJO 024.0 
l) 00 1700 01).2 009.0 - - 28 00 )200 025,4 
lJ JO 1730 015,9 - - 28 JO J2JO -
14 00 1800 016.2 - - - 29 00 ))00 U25. J 
14 JO 18)0 016.J - - 29 )O ))JO -
15 00 o61900 016.5 - JO 00 )400 025,8 

.,. 
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ZEBRA DAY 

Right Side 

~ '.!'..!.!!!!. i\lbemsrle ~ Curt1 es 

O: 10 (lb04)0 009.2 - -
I :00 000500 001.0 - -
I: 30 0510 007.4 009.0 -

.. ~: 00 060\J OOl!.4 009.5 011.0 
~; 10 06)0 008,8 -
):00 0700 010.2 - . OlJ. 5 -
J: JO 0730 OlO, 3 - -
4:00 u~oo 012.0 - 004.0 
4: 30 O~)O 01). l -
5: 00 onoo 015.8 017.0 -
5: )0 0910 015. 3 -
6:00 Q<,lQQO 011,.5 - 010.0 
6: 30 IOJO 015.0 018.0 -
7:00 1100 015. 7 020.0 
7: JO 11 )0 016. 2 
8:00 1200 017.6 O.!l,O 011,.0 
A: JO 12)0 019.0 - -
9:00 1)00 020.0 - -
9:)0 1))0 021.0 - -

10:00 11,00 021.0 
10: JO 14JO 021.) 024.0 -
II :00 061500 02),0 -
11:)0 15)0 024.2 - -
12:00 1600 025.8 - -
12: )0 16)0 026.8 - -
13:00 170(' 028.4 029.0 -
l); JO 1730 029.2 - -
14 :00 1800 029.8 - -
14 :JO 18)0 028.2 - -
15:00 1qoo 028.9 - -

- --~- -- ...._...___ . 

of Primary Portion - Azimuth Angle 

llcKluley ~ ri ... Albemarle ~ ~ llclC!nley 

001.0 15: )0 1930 029.0 

001.0 16:00 o6<?000 029.6 034.0 - 025.0 

004.0 16:JO 2030 OJI. I - - -
- 17 :00 2100 029.7 - 021.5 

17: 30 21 )O OJl. 4 OJb.O - -
005.0 111:00 2200 0)2.) - 028,5 

18: JO 22)0 0)2.) - -
OOb.8 19:00 2)00 OJ).A - 0)0,0 

- 19: )0 2))0 0)4,2 0)9. 5 - -
ou8.o '.20:00 21.00 034. 5 - 0)0,0 

- 20: 30 }1, 10 0)5.1 -
010.0 21: 00 062500 035. J 040.5 

- 21: 30 25JO 0)5.d 

012.5 22:00 2600 oJ6.o 

- 22: JO 26)0 016.0 
012. 6 23:00 2700 [)6.9 045.0 

- 2J: )O 2730 OJ7.0 

015.2 24:00 2800 0)9.0 

- 24: JO 2830 040.0 
011.0 25 :00 2900 OJ8.d 04).0 

- 25: JO 29)0 040,5 
019.0 26:00 )000 0)8.9 

26: )0 )0)0 0)9.6 . 046,0 
020.0 Z'/:00 3100 0)9,7 

- Z'/: JO )!JO 040.5 
021. 5 28:00 3200 041.) 

- 28: JO ')2)0 -
022. 5 29:00 ))00 040.b 048.0 

- 29: 10 ))JO -
OJ),2 'lO:OO 3400 041. 5 

I-26 



•:-.:... - -·n -37?7Jili6. az ..,.. 

15 ;: ~::: t:: ~ ~: : : : : I::: ~:::: : I! 
l ... 
~. 

: :1; 

. , : . : . : : i J;i ! i!' .... .. . :: : : :· ·· : :rnt 
. "I, ... I, .. " . . . . . . .. . .. I I' • • . "I» JI ITT F 1 

- - • • • • •-l--+ ._ • t' r y ... 1 ._ ~"!~I • ; ' 

... -1~;.;.:..: __ : !.:........:..:•. 

1-27 



II 

Meteorological Report on the Visible Atomic Clouds 

Operation SANDSTONE 
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Note 

J.ocations of tile Obsenin.g !?t.at.icws 

From midnight until H-hour, on all three tests, the tour obserr.lng ships ftre 
anchored in the southeastern p!lrt of the Eniwetok Atoll, Just .. st ot Parry Island and 
about three and one ba1£ miles north ot Eniwetok. Arter H-hour the 110Yements ot the 
ships were as followcu Tbs u.s.s. Bairola> was charged '11th responsibility of monitor­
ing tor radiological satety plirposes and tor landillg the helicopters. That ship began 
to llO't'e alowly ton.rd the test leland at appro:dJDatel.y H-bour plus one hour llJld by mid 
110rning was anchored within a llile or two of the test site •. The other three ships de­
p!lrted the ob11ervational· ancharages on IRil and IOU DAYS. and Clll8 by ane proceeded to 
the nn anchorage just off the isllllld where the next '"'apan would be tired. On IRil 
DAY the tbree ships moYed to AOlllOll, on IOl!E DAY tbeJ moved to Runit, and on ZEBRA DAI 
thq remained at their anchorages. Therefore, the observations tor R-bour are at the 
locations at the ships and the weather station at Eniwetok rather than at the test 
sites. Shower areas were widely scattered and small so that on Ill.AI DAI sb.owlll'S oc­
curred on some ships while not on others; however, other •teorological elements ob­
eerved are believed to be representative of the entire atoll. 

txpos and Amgwts ot Clquds; 

Some observers have included the atomic cloud in their observations of natural 
clouda when the atomic cloud added more than one teoth to the total a~ cover. Tha 
cirrus and oirrostratus reported cm IRJ.I DAI were to a lArge extent the reaains ot the 
atomic cloud. 

Ties of Qpper Wind and Upper Ai:r &?md1ggsa 

The times of the upper •ind and upper air soandinge are the ti.a the 1-lloana 
were released. The balloons rile at approxillle.tel:r 1000 feet per minute. Therefore, 
the average sounding to 60,000 feet should be considered to be representative ot the 
•ind at lower levels during the tiret part or the hoar following the tS- ot release 
and repreeentative of the winds at highest levels at a period or tS- appro:dJaate~ 
ane boor after the time of releaee. 
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HOURLY SURFACE WEATHER OBSERVATIONS 

XRAY, YOKE, and ZEBRA DAYS 

USS Albemarle 
USS Bairoko 
USS Curtiss 
USS Mt. Mc Kinley 

USAF Weather Station Eniwetok 

ALSO, WEATHER OBSERVATIONS FOR FIVE MINUTE INTERVALS 

FOR XRAY AND YOKE DAYS AND FOR Fl FT EE N MINUTE 

INTERVALS FOR ZEBRA DAY. 
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• 'ill•& I *" 

ABBREVIATIONS 

Ceiling (Bpds. o! Feeth 

2. §kt• 

"E" .-ii• gstt•tosl· 

!:maple - "E-20" -.na ceW.ng 
estimated to be 2000 Ceet, 

•'A•- catt,ared at •c• means - ed 155 MBD• a•----· •s• lllBBD& pcatter ' 1500 taot • 

"B. ..ans lil:!IMD 
•o• lllBBJlS ~ 

These letters replace the COllllOD teletype l!IWllbola (), 
<D , <ID, and $, respectbel.,.. 

•/• aipli'ies that the word lWdl..should be 
nsed with the a,..bol that it follows, 

E:saapl•s - o/, B/, and S/ llll8D ~ 
, ~. high brpkep. and .AkJl 
aattared, reapectinly. 

.... •ans ~ or .Ill.a• 
• _. llll8Jl8 .iollm· 

S711bola in C0111bU-t1on are read •• tollOll"SI 

--0/s Man& thin high onrsaat. lP"ilr ac&ttered. 
BB Mana broken· lm!or brolgm• 

DAB wns Wg.h grarcut. lphJ" darl! brplgm• 
-S /l.5S means thin hkh BAAtterad. lQ11er acptj;prod 

pt HOO f'ld• 

).~. 

1111 means rain ahgnr 
mr- l:IEJ81lll UQt raJn showr 

4, SM Wtl Pn!Bflll"'I 

•003• aaans that the •• level prea91ll'9 •• 
lOOQ.3 P1llf)an. 

•QQOll aaans that tbe eea le'rel prueure wae 
lg>O.O P11111HJ• 

5. UM Jolgcitxa 

W 1nd "'81oc 1 ty is 1Jl mo ta unless othertlillO 
stated. 

II-4 

6, .ftll'«U!"' Ton<lenc?: 

This figure is derived troai the trace of the 
oorograph and describes the behavior of tba 
barograph pen during the psst three ()) houre. 
The f4:tJros have the following meanings 

(Pressure hiJher than, or the same 
as three ()) hours ago.) 

0 - Rising, then Calling. 
1 - Rteing, then steady; or rising, then 

rising more slowly, 
2 - Unsteadil.,. rising, or unsteady. 
J - Rising steadily, or steady. 
4 - Falling or ateady, then rising; or 

rising, then. risL~g more rapidly. . 
(Pres~ure lower than three ()) hours ago) 
5 - Falline, then rioing. 
6 - Falling, then stelldy; or falling, 

then fbllinr, 110re slowly. 
7 - Falling unsteadily. 
S - !'all in{; stesdii,.. 
9 - Steady, or rising, then falling; or 

falling, than Calling aore rapidly • 

e C!pnge' 7 • Hat J Hour fyeerw 

Tn.l.s figure ia in millibars and tenths oC aill1buw, 
"bether this value ie plus or minus must ba deter­
ained tro., the preesure tendency figure, 

8. AIO!llt Lqw Cloud I 

Amount in tenths of low cloud entered 1.n following 
colwm. Additio1111l eaounts of other low cloud are 
entered in remarks. (Amounts oC aiddle and high 
clouds are aho in tenths.) 

9, ?mi Lg! Clgyd I 

Cu - cumulus 

10, TJD8 gt Middle Cloud: 

Ac - altocumulua 
As - altostratus 

ll, %JD& gt High Clou41 

12. 111111LrU1 

Ci - ci.rrnll 
Cs - cirrostratus 

l'CPH Ill SGT means m;eclpitat.ion in sight. 

QUADS aeans Qllldrant!I. 

2Cli, aw, 
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08)0 _ _ 096 . 81 74 ~~- ~ _ J Cu E20 ___ _l__ _c:~ _ 
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~ BIS _Q35 ~- ~13 ESi: l? Q Q..g__ 3 9\1 ~ I Ca 
. -- --
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n~1/.. S/S 072___ ~ :n_ ___ E_LL_ _j__J_i_ ~-

u---+-ca -----t 

J I Cs 

ns;.10 -- -- I ~ I ~: 
J I Cs 

S/S I 076 __ 82 _ _ Tl_ ,__!_. __ 1 !_Q_ 

0522 S/S 077 &J 77 Elfa 7 
0525 , S/S .076 SJ 77 E 7 

-~-t ~: I : ---
l I Cu I E2i) 

0528 S/S 076 83 77 E 7 l Cu E20 J I Cs 

0531 S/S • 078 SJ 77 E 9 l Cu E20 3 Cs 

O'i~ S/S 078 82 11- E 8 -- -~l ~ E20 3 Cs Towering Cu on Port Bow 
0537 S/S 078 82 77 E 7 -- 1 Cu E20 3 -Ca Toos at 8000 

ni;1.n S/S Q'.&_ 82 n E . _ ,_]__ l Cu E20 3 Cs Toos at 8000 

I O~L.1 S/S 078 82 77 E _]__ 1 Cu E20 J Cs Tops at 8000 

I 0546 S/8 078 82 77 E _ _ ~- _ _ __ _ l Cu E20 J Cs Tops at 7000 

051.9 S/S 079 82 77 I 7 l Cu E20 J Cs 

0552 S/S CY'f9 83 78 E 7 __ 2 Cu E2o J Ca Tops at 5000 

o•w; S/S 079 SJ. 78 E 8 2 Cu E20 3 Cs 

0558 I I I I S/S I I CY'f9 I 84 I 78 I :JIE I 8 I I I 2 I Cu I E20 I I I I 4 I Ca 

0601 I I I I S/S I I 079 I 84 I 78 I EJJE I 8 I I I 2 I Cu I E20 I I I I 4 I Ca 

0604 I I I I H/S I I rm I 04 I 78 I ENh I 9 I I I 2 I Cu I E20 I I I I 6 I c. 
0607 I I I I a;s I I 079 I 84 I 78 I illEI 8 I I I J I Cu I 1'20 I I I I 6 I Cs 

0610 I I I I o/s I I 079 I 64 I 78 I ENE I 6 I I I 1 I Cu I E2o I I I I 10 I Ca 

0613 I I I I O/S I I 079 I 02 I 77 I ~J 7 I I J 3 I Cu I E20 I I I I 101 Ce 
0616 I I I I o/~ 080 82 77 ENE 7 J Cu E20 ' 10 Cs I TOWERING Cu ALL ~ADS 

nt...10 O/S 080 63 78 ~E Cu F.20 10 Cs 

0622 o/s I I oao I 83 I 78 I mE I 9 I I I 3 I Cu I E20 I I I I 10 I Cs 

0625 o/s I I 080 I 82 I 77 I ENE I 7 I I I 3 I Cu I i!;2o I I I I 10 I Cs 

0628 o/S I I 081 183 178 lllE 7 J Cu E2Q l As E2 10 Cs 

O/S 082 83 '.?fl. l!Ji:: 8 Cu E2o l As E2 10 Cs 0631 
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Station U.S. S, Bairoko - Eniwetok Area 
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Yon DAY - Weatbsr Obeermtiona et five minute intervals for B-bour 

SURFACE OBSERVATIONS 
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Zebra Day 

Weather Observations for 15 min. intervals for H-hour 

Mount Type llde Top Alllowlt 1'ype Height Alnolmt fype Height 
!!!!! !!l ~ ~. ~. 2.fil. ~. Mid, Cld, Mid, Cl.d, Mld, Cl.d, Hi~ Cld, High Cl.d, High Cl~. 

o6oo o/s - ,2 Cu 1600 20'.Xl - - - 1.0 Ci ro,ooo 
c615 o/s - ,2 Cu 1800 20'.Xl - - - 1.0 Ci ro,ooo 
o630 o/s - .3 Cu 1600 20'.Xl - - - 1.0 Ci a:>,000 

~ o/s - .3 Cu 1800 20'.Xl - - - 1.0 Ci ro.ooo 
0700 o/s - .3 Cu 1800 20'.Xl - - - 1.0 Ci a:>,000 

0730 o/s - .2 Cu 1800 20'.Xl - - - 1.0 Ci a:>,000 

0830 o/s - .4 Cu 1800 24a:> - - - 1.0 Ci ID,000 

n-22 
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UPPER WIND OBSERVATIONS 
XRAY, YOKE and ZEBRA DAYS 

USS Albemarle 
USS Bairoko 
USS Curtiss 
USS Mt. Mc Kinley 

U SA F Weather Station Eniwetok 

n-23 
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XRAY DAY 
UPPER WINO OBSERVATIONS 

DD - Wind Direction 
VV - Velocity (Knots) 

Eniwetok: ihlwetok: llhlwetok: ihiwetak .ihi1o1etok Jbiwetok Ehiwetok Albemerle .ihiwetolc Beriako ihiwetolc :ihbetolc 
Time Local 0000 0200 0300 0300 0800 ~ 1000 1000 16oo l6oo a:oo 2100 

DD vv II> vv DD vv DD vv DD vv DD " m vv DD vv JD vv DD vv DD vv DD vv 
H,gt. In Jt. 
SUBi'.ACil 120 09 090 o6 a50 08 OC)O 08 OC)O 10 070 14 120 08 100 08 090 ll OC)O ll 100 14 080 ll 
2000 120 11 100 10 090 11 OC)O 12 100 13 070 20 100 10 OC)O 08 OC)O l~ OC)O 14 070 16 OC)O 16 

~ 100 17 100 13 100 10 100 12 100 10 OC)O 20 100 11 110 o6 080 l 070 13 090 20 100 22 
120 08 120 10 100 09 OC)O 12 110 12 100 22 120 17 110 o6 080 12 090 12 100 26 100 20 

8000 lfio 10 l~ 12 l~ 11 l~ 10 110 18 OC)O 20 120 19 100 14 100 18 110 13 OC)O 16 110 14 
10000 130 14 1 11 1 10 1 10 130 13 080 14 120 12 ollo 08 100 14 la'.J 11 100 18 100 10 
12000 l~ 08 150 07 150 07 ll!o 08 la'.l ll 080 10 la'.) 09 110 10 110 09 110 l~ 100 09 
l4ooo 1 o6 l~ 05 l~ 08 150 08 ll!o 08 010 08 lfio n la'.J 18 la'.l 08 100 l 070 07 
lEicxx> 150 ll 1 10 l ll l~ 08 14o 09 080 o6 l4o l l4o 10 lfio 09 ol!o 02 050 05 
18000 180 ~ 190 10 ~~ 

l 14 14o 08 .3€o o6 120 10 110 03 ll!o 03 350 05 
a'.JOOO 190 190 07 180 12 l4o 02 210 02 270 o6 230 08 210 03 310 09 
25000 210 13 a'.JO 14 ~ 11 2l!o 10 220 10 120 08 ~ o6 280 08 26o 10 280 09 
30000 2SO 12 270 ~ 13 250 12 210 13 15 2fio 13 270 15 220 19 

~ 220 15 220 l Zl.O 21 230 22 210 18 200 12 Zl.O 27 2a'.J 25 
190 28 190 27 210 28 220 08 Z20 18 

~~ 170 35 14o 27 230 12 
45ooo ~~ ~re 230 25 220 32 

~~ 230 27 21.0 16 

~ 230 25 230 18 2'lo l2 21.0 23 Zl.0 07 
210 15 130 10 

70000 ~~ 80000 

n-24 El-
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VV - Velocl t,}t (Knob) 

UPPER WINO OBSERVATIONS 

YOKE DAY 
ihlwetok ihlwetolc llniweto<c Al be.:iarle B11lro~Q 1'.hbetak Albemarle Eniwetok En\wekk E;tiroko l!lrlwetak ihiwetalc Time Local 00)) 0200 0300 0300 O:lOO Of.lO lOCO 1200 1500 lbOO ~6oo 200) 2100 

vv DD vv DD vv DD vv !ID vv !ID vv DD vv llD vv DD vv DD vv DD vv DD vv DD vv 
~t.in rt. 
SURi'ACi: ~ 14 080 14 090 12 090 14 ()!IQ 13 070 13 080 lb 010 11 080 12 gl,g lb Ob5 15 060 14 070 12 

2000 080 21 080 15 090 21 070 20 C60 19 010 115 070 115 010 15 obo 115 13 Ob5 13 o6o 115 ~ lo 

~ 080 22 060 l~ 090 20 010 lb obO 15 o65 12 oW 11! 13 
060 22 060 l 090 l7 070 11! 080 19 090 10 080 14 070 09 obo 11 010 08 050 05 o6o 12 050 11 

~ 060 18 080 20 090 14 170 Cb 090 ()!! o~ 02 o6o 01 070 ~ 
060 lz 080 17 100 13 070 lb 090 12 160 C6 lal o6 lbO 02 210 10 010 o4 0 o4 2()) o4 190 

7000 Oil() l 090 11 120 10 120 28 200 12 025 ll 200 OS 250 07 
1!000 080 14 100 09 120 09 l':JQ 12 130 o6 130 29 190 10 190 12 200 12 010 lJ 020 14 200 cf, 220 09 
9000 090 12 110 11 100 10 

ll;o lC !~ ~ 200 11 005 lJ 2oo 08 220 10 
10000 Imo 10 110 11 100 in I Yi lf an 10 160 10 220 07 010 12 010 11 :>!Jn o4 220 08 
llOCO 090 Oil 100 09 100 09 

100 o6 
110 ~ 170 04 ~ Cb 170 02 

1200:> 090 08 080 ()!! 090 gz 130 08 090 27 100 02 110 05 090 02 130 ·OJ la> 05 24o o4 170 05 
i~ 080 OS c:ilJ 09 m 05 (1,-0 o6 'l/) 56 070 03 Olla 03 170 02 

~ gl 050 10 120 12 ':80 OllO C6 070 o4 090 02 170 OJ 170 03 180 Cb 010 03 

i~ 020 03 
Of) ~ 180 02 150 OJ 

~g ~ )6() o4 030 05 3llo 02 lllo o4 030 ct 100 2 140 o6 130 13 170 02 270 OJ 275 02 280 Ol 
17000 100 04 ~~ 2lSO 02 110 30 lb() 04 Jal 01 120 03 I 
1800) 120 o4 220 05 020 C6 130 03 l.80 30 ltsO 02 170 ob 170 05 170 03 lb5 03 J6o 02 190 08 
19(00 l4o 05 lllo 02 24o 08 

21.() o6 ~~ ~ 190 ~ 195 C6 C!X) 09 
2iYrrl 170 07 21£> o4 21/l 10 070 lb 170 14 l•=K> ():l lqo l·~ 07 200 Cb 170 08 2'l0 oq 
2100) 190 09 230 07 2;:>0 l7 170 61 21;() 08 

~~ ~ .::!'J Oil 
2a:xx> 210 12 220 11 220 20 170 l ~ 12 J.") 05 
~~ 220 15 220 15 220 lE lW bJ 14 235 12 320 09 

230 17 210 19 220 25 210 bl 210 12 230 ~ .:Pl 09 
~~ 

220 20 210 2a 200 22 ;'J.C lb 250 bl 210 12 a:);) 11 2D 11) 23) o6 235 14o 17 
220 22 210 2 200 24 Z{O lllj 200 13 225 ?a 170 17 

27000 2<'() 22 200 24 200 18 ))) 48 l~ 17 13(1 1 210 20 
2!!000 210 21 <nl 23 220 14 

280 aa 210 23 195 23 210 24 

~ 210 19 210 22 230 24 270 210 23 205 23 210 26 
220 21 210 115 2'1o ~l 2?0 24 ::>7() 41 :>m 115 ::>rYl 26 210 28 21.0 2'l 210 2q 210 30 

31001 220 ~ 210 21! 230 ~ 210 ~ a:iJ 2b 210 40 
_320'.Xl ~20 a; 21D 27 230 210 210 29 210 48 

~ 
220 m 40 220 115 210 48 215 4o 220 46 
220 48 ~~ 220 ~ ~~ 215 llo 220 lllj 

~ 
22o 48 220 220 1l5 210 38 230 42 210 50 3:)5 49 220 52 
220 49 250 24 220 ::z 210 ;>;; ~~ ~ §6 37CXX> 2l0 51 250 20 220 210 

38000 210 53 ~~ 
220 46 

210 ~ 215 50 
~~ ~ 

210 52 210 48 
210 6'; 

210 ~~ 2l0 54 2-Z,O '"\ 210 43 ,,, " "th :>rn ?4 2M __ l:JQ_ 'ib 220 "!f::, 
41000 ~ (J "" JO c<'ll 31 210 53 215 48 "d.J 45 
42000 ~ sa 2~\J ~ 210 57 

2a:J ~ 220 52 = 220 J8 <:;;{> 

~~ 215 
~~ ~~ 200 34 230 210 49 

~ 2::0 ~ 200 50 ?20 iFr 210 'il 210 50 220 49 2ag Jl 230 
220 ::l 210 50 

~~ 47COO 2 28 230 llo 220 230 ag 4600) 2llo 20 220 36 220 4b 

~. 
~'10 ~ 220 42 ~~ 32 

200 39 
200 200 J8 
2m ~ 

._ ___ 
:>1() Ub ----~~ £.lQ_}!_ ?rrl )8 

51000 20J Ill) 
52000 <{_() 40 

~ w 31 

""'"""" 
2'.Y"! 35 

n-2s 



S~T 
DD - Win~ Direction (O..Ven) 
VY - Velbclt;y (Knots) 

'1'1me Local 

llt;t, io ft, 
SURFACE 

1000 
2000 

~ 

l 7000 
18000 
19000 
20000 

000 
22000 

~~ 

Eniwetok 
0000 

IlD " 

~ 10 
13 

~ 13 
l 

250 13 

~ 17 
18 

230 11 

J:niwetolc .niwetok .Ubellarl• 
0200 0300 0300 

IlD " IJ) " DD " 
~ 100 10 

08 
11 
11 

080 lb 
OS) 16 
090 16 

09 110 08 
0 20 12 

210 14 

2a:J 16 

2JO 12 

250 20 250 21 
250 19 250 23 
250 111 2'iO 22 

l• 

6 

UPPER WIND OBSERVATIONS 
ZEBRA DAY 

llal.rolco •twetalt a.1 ... '* Jnlwetok Al'bearl• Jhlwet<* Jhlwetolc 
OllOO o6oo OllOO O')Q) ' 1000 1200 1500 

Baircko illiwetall: 
l!oo 2100 

m " m " Ill " Ill " Ill " Ill VT Ill " JI) VY DD " 
OIQ OS 080 Q!i 100 08 !m 08 J.a.) fH) Q2 080 Q2 
080 10 080 12 110 ~~ 090 

1~ 
uo lb la:> 12 100 11 

090 12 100 15 110 100 110 16 la:> lb 100 u 
loo 13 100 ~~ 110 14 uo 120 20 lal 111 uo 13 
110 ~ 110 uo lJ 110 15 120 l~ l~ lJ lllo 07 
l'iO l~ 11 11 

fH) lO 080 l7 
100 11 090 u ~~ 16 090 

21 100 12 
10 
'OT 
~ 
09 
10 
~ 

200 10 

lSO 09 

2lOa5 

220 23 

170 08 m 15 i§o 12 210 15 200 lb 
08 200 13 2.20 15 

200 07 2ilo c:6 ~ 10 ~ 10 210 12 

!! 12 ~ u 2a:) 

2 16 2")0 :!ti) Z!) 

~2 250 10 270 l2 ~~ 250 19 ~ 250 10 ~ 14 
111 250 11 3) 2'40 

240 u; 1 26o 21 2 

25 2lio 22 
25 ~ a:> 
25 3l 

i?4 
290 22 
290 43 
290 119 

M ii9 26Q _,_ & N 

26o; w42 

26o 59 

26o - 280 ll2 2(ij ~ 280 ~ 
2f>O ~ 270 41 270 30 2l!O 50 
270 112 2tiO 45 280 '!P 2bO 4 7 

2bn llA :>70 'Ill 2'iO lll:i 

n-26 



UPPER AIR OBSERVATIONS 
XRAY, YOKE and ZEBRA DAYS 

USS Albemarle 

USS Bairoko 

USS Curtiss 

USS Mt. Mc Kinley 

USAF Weather Station Eniwetok 

n-21 



XRAY DAY 

Thill LOCAL 
0200 Aircraft Sonpd1ng 

PPP ft 0 

96o 24.o n 
900 20.1 19 
850 18.2 78 
800 16.3 ~ 
750 13.~ 54 
100 10.2 116 
Q50 Qlj.9 ~ 
60o 01.9 6'7 
550 -01.9 90 
500 -06.2 llO 
~ -10.7 llO 
l()Q -12.9 71 
350 -16.6 9S 

0300 lbivetalc 

PPP 1ilh ft U 

1012 000 27 SJ 
1000 350 26 llO 
863 ll60o 19 10 
850 5000 19 6o 
83) 6000 18 30 
15!15 6foo 16 50 
71K:I 890<> 14 20 
100 1000 11 II() 
6~ 11500 03 50 
570 15900 OQ II() 
507 18900 -rtJ 6o 
500 19300 -rtJ 50 
li4T 22200 -11 20 
423 2J500 -13 10 
llOO 2l.f300 -16 20 
311 J65oo -18 10 
Jq) 3183> -32 l 
~ ~Im -~ l 
2'(4 3loxl -~ l 
aX> ~ -ii4 l 
l TJ 43800 -61 l 
lJb 118800 -72 l 

l'PP - Pre1111Jre (Mb) 
lilh - Height (:rt) 

UPPER AIR OBSERVATIONS 

m 

18.6 
18.0 
11.8 
10.0 
6.1 
8.4 
3.8 
5.1 6.o 
2.9 
3.2 
2.5 
1.0 

l 
o.8 

l 
l 
l 
1 
l 
l 
x 

0800 b'1i1oet011: 

PPP hl:lh '1"r 0 
1013 OJ() 2ti 87 
l()J() 370 26 80 
96o lEoo 23 80 
937 2300 23 80 
g64 46oo 18 80 
85Q 5010 18 10 
826 5800 18 6o 
730 9 300 11 II() 
700 lo4oo 10 50 
b83 ll4oo 08 6o 
Eo5 14300 02 50 
580 15lioo 01 30 
543 17200 ..{)If 50 
500 l 926o ...<:£, 30 
li82 20200 -01 20 
4oo 2ilqoo -16 10 
375 ~ -20 I 
300 31810 - )) l 
275 3 J900 - )') l 
200 lib7lio -~ l 
l)'j 48700 -72 l 
100 51! 700 - 78 l 
OJ3 Sj6100 - 79 I 
025 62700 -Iii l 

'1'T - Te~ature ( C) 

w 
18.4 
17.9 
15.5 
15.2 
12.9 
11.8 
10.3 
5.5 
6.1 
b,4 
4,3 
2,1 
3,1 l.• 
1.2 

l 
l 
x 
I 
I 
I 
x 
1 
x 

O - Bela the llJll1d1 t7 (~) 

n-20 

l<XX> Bairolr:o 

ff'P bbb. ft 

1014 000 2S 
1000 4oo Z1 
815 17 
8fi7 19 
850 503> 18 
7"2 11 
700 lOJ6o 09 
613 03 
500 l926o -OT 
ll()Q x -17 
pj Jl.700 -33 

o m 
73 11.5 
10 16.o 
llO 11.4 
6o . 10,4 
6o 10.7 
30 4.1 
II() 4.2 
50 4.4 
x x 
x x 
:x x 

w - Mixing Ratio 
I - MiBBing 

lbOO 
P.PP 

1012 
1000 
942 
898 
~ 
850 
788 
764 

~ 
596 
528 

~ 
4oo 
~ 

~ 
226 
200 
lb8 

Curt111 
bbb. i'l' 0 
000 2S 67 
J6o 2S 70 

24 90 
. 22 70 

ll9J) ~ ~ 
18 6o 
16 6o 

lo47'0 12 6o 
~ 6o 
Qlj 30 

194llo ~ ag 
x 14 ~ 

-21 x 
32050 -~ l 

-Ii> l 
-Jl l 

41100 -52 x 
-6o l 

1D1 

16.o 
15.5 
17.9 
11.9 
7.8 

10.3 
9.5 
9.1 
8.0 
6.5 
2,9 I 
J.4 
2.3 

x 
x 
x 
I 
x 
x 
x 
x 



XRAY DAY 
UPPER AIR OBSERVATIONS 

1:00 lliiwetolc 3XX> Bair oleo 2100 lhiwetolc 
U"P hhh "rr u uu PPP hhh TT u 1.nl PPP hhh "rr u uu 

lOll 000 30 66 17.7 1014 (XXJ 28 79 18.9 1012 oco ~ 83 18.7 l(XX) YlO 29 6o 17.1 lOCO 4oo 27 10 17.2 lOCO 36o so 17.g 935 2300 22 80 14.5 850 5050 20 4o 8.1 914 1800 18 100 14.~ 313 :rm 21 6o 10.13 816 19 ~ 5.6 875 4100 18 
~ 11. 

~~ ~ 22 20 4.8 800 18 s.o 8';0 49W 18 10.4 20 6o 11.3 725 14 4o 6.4 7<:13 10000 11 i;o 6.3 8';0 4990 19 t() 10.3 1%6 lol19o 11 50 6,:.? zoo 1036o 10 ~ 6.1 W5 bbOO 17 4o 7.3 08 ~I 5.6 ~ l~ o4 5.4 750 ~~ 14 50 z.s 576 01 3.0 5 l 7'flJ -o4 50 3.1 723 12 i;o .1 ~ 19440 ...(/, 50 2.6 ~ 1~50 -07 30 1.7 loo 10380 10 ~ 6.4 
~ I 

-11 l x 7 20600 -(1) 20 1.2 83 llCXXl 03 6.2 -16 l x 417 2~ -16 30 0.8 6a2 145oo 03 30 2.4 
m~ -30 x x 4oo 2 -1 30 1.1) 5 3 173JO -02 50 3.1 -54 l I 364 270CO -21. l x 

~g -04 30 1.6 
358 276oo -20 x I -15 10 l 
300 317'1:1 -32 x x y:p 31890 -29 I x 
~~ =~ 

x x 267 ~ -35 x x x x 200 0 -5() l x 142 476oo -10 x x 117 x -74 I x 

H'P - Pressure (Mb) 1'l' - Temperature {C) uu - Hixict; Ratio 
hhh - Height {ft) U - Relative Hulnidity (~) X - Missing 

n-29 ... 



DAY 

m - Preaaure (Mb) 
hbh - Height (rt) 

TIME LOOAL 

0300 :Bhiwetolc 

PPP bhh ft 0 

1011 000 26 81 
1000 320 26 80 

85!) ~50 lb 80 
814 12 70 
792 ~ 13 20 
732 9100, 12 10 loo 10300 lo lo 
74 11300 08 10 

959 11900 08 20 
610 l400o o4 10 
574 l~ 01 10 
51.!5 l -01 20 
537 17300 -02 30 
~ 19220 -05 20 

20a:x> -07 20 
4oo 248oo -17 10 
JOO 31690 ~ x 
258 = l 
200 :M x 
100 54190 x 
095 55100 -84 l 

0900 Jhlwetolc 

Ull PPP bhh 1"l' 0 

ll.2 1010 000 28 72 
1 .7 1000 300 27 70 
11.9 ~~ 1800 22 80 
8.2 4300 18 bo 
3.4 850 471() 17 6o 
2.2 809 6300 15 70 

x 790 7000 l~ 50 x 1u, 76oo l 20 
2,& 1 8100 14 4o 
l,6 726 9300 12 10 

x 7o6 10100 12 10 
l.5 100 1033:> ll x 
2.2 573 l~ Ol 20 
2.5 547 1 00 30 
l.l ~ lg2Cj) -05 20 x 21000 --09 x 

x 445 22200 -10 x 
l IKJO 2li900 -16 x 
x 313 30800 -30 x 
I 
x 

PPP - Preaaure (Mb) 
kH, - Height (rt) 

• 'trnu··. 

UPPER AIR OBSERVATIONS 

Ull 

ll.3 
l ,7 
15.2 
9,5 
9.8 

10.3 
6.1 
2.s 
5.6 
2,i? 

1 
1 

1.5 
2.1 
l,J 

1 
1 
x 
I 

1"r - Te~rowre ( C) 
0 - Belatha IUl1dit7 (~) 

lCXXl llairako l~ Curt1ee 

PPP 111¥1 ft u \D1 PPP hlil 1"l' 0 

lOU CIJ:. ~ g lJ.4 1008 000 ~~ lo,6 lCXXl 24o lCXXl 3d:l 

~ ~ 80 15." 
iz 10 10,i 

S5t) l¥hJ l 70 9. 
780 1'6 30 J.2 

~ 14 50 7,6 
l~ lO 1 

loo lr.2-fJ 1 1 1 

J2 (Jlj 1 1 
10 l 1 

~ l~ ~ 1 I 
I I 

lj46 -ob 1 1 
l+'.X) -14 1 x 
300 "\al.'-i -.!!! I I 
M l.1~ -46 1 1 
ii.a _QC 1 1 
128 -73 1 1 

TT - T~ '! ... r.: ,,. 
U. s.:auu ~Htt (~} 

n-30 

982 720 24 6o 
':IJ7 300) 19 zg 
879 ~00 19 

ri 70 17 6o 
7100 13 50 
8100 13 50 

735 8900 10 20 
719 9500 10 20 
~00 l024o 09 10 
~ 11000 08 x 

u4oo ~ x 
~ l~ x 2 -lb II() 
~ 31710 -3? 

~45oo -36 
ax:> = -5? 122 -76 

uu - Mixing Ratio 
X - Mieslng 

x 
x 
x 
x 

uu - Mixing Batio 
I - Miaaing 

2100 Jhiwetolt 

uu PPP bli1 ~ 0 uu 
·i7.6 lOOC) 000 ~ 75 lz.o 17.2 1000 270 70 1 .2 
13.3 953 1700 22 80 14.l 
10.9 932 21.!oo 22 70 12.8 
9.8 879 ~ 20 70 12.2 
9.5 850 18 70 11L8 
z.1 Sli ~ 16 70 l0.5 
.7 16 ~ 5.2 

2.9 ~ s6oo 12 7.5 
2.9 ~ 10280 10 l l 

x l26oo ~ x x 
l 626 13300 x l 
I ~ 19190 -05 l x 
x 20300 ...07 I J: 

l.l ~ 2CJ:)OO -07 x I 
x IQ) 24800 -17 4o l.O 
x 300 3l6'J -~ I x 
x 279 ~ -36 x x 
x 200 10 -54 x x 

130 li9Zoo -73 x I 



;~T 
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ZEBRA DAY 
UPPER AIR OBSERVATIONS 

TIME LOCAL 
0300 Jhlwetolc ObOC ihiwet.OE Ql)OO ihiwetok loco llaircko 1500 ihiwetolc 

PW hhb TT U uu PPP hhb TT U uu PPP httl '1"l' U uu Pff' hhh TT U 1111 PPP hbb TT U uu 
1008 000 27 S4 19.0 1008 000 Zl 81 18.4 1010 0C0 29 76 19.S 1010 OCO 29 76 19.3 lOOS OCO 3J 61 19.5 
1000 2llo 26 60 17.Q 1000 XXX 26 60 17.8 1000 300 28 10 18.5 lOCO 290 28 70 18.S 1000 2llo 30 6o 17.l 
ss9 l6oo 20 10 12. ~ 85Q 1jg50 lS 50 8. 7 sso 4970 19 6o 9. 7 923 x 21 60 14.o 993 500 27 6o 14.s 
850 ~ lS 50 9.~ 766 7800 15 50 7. 7 7li6 8000 14 20 3.4 ~ l1980 16 80 10.S 850 li920 19 50 9. 7 
745 86oo 12 30 4.6 700 l02llo lO II() 5.1 700 10370 ll 50 5.9 sil2 x 15 80 10.6 820 5900 17 II() 7.2 
100 l02llo ,10 50 6.2 675 11200 08 6o &.1 6J) llllOO 09 6o 7 .2 81Z I 15 llo 6.2 728 9::00 13 30 4.2 
677 lla:x> 08 60 6.7 5~ l71Kx> -01 4o 3.1 6i:.'E> l3lioo 05 4o 4.4 m I 13 ~ 7.1 700 10300 ll 60 1.4 
~ 12200 o6 50 5.5 5(X) 19170 -05 ~ 2.9 609 lfi6oo 05 20 l.s n6 1 11 x x 661 ugoo os 6o fi.2 
635 12900 07 20 1.9 ~ 21.300 -a! 50 2.6 531 17700 ~ 50 3.9 7QO 1028) 10 x x 637 12e00 07 10 1.9 
510 18700 -05 20 1.3 1i50 21900 -08 20 1.2 500 19Jllo -v"t Co 3.5 565 I 00 X X 575 157QO 02 30 2.4 
500 19170 -05 10 i 400 248oo -15 10 I llCX) 2500) -14 20 0.9 500 19190 -05 X X 500 l§26o -05 6o 3. 7 
11()() 24800 -15 X X 335 29100 -25 1 l 3QO 32010 -27 l I llQO 1 -15 X X 455 2ax>O ...OS 4o 2.2 
3Q9 31790 -30 X X ,324 29')00 -24 I X 269 34100 -34 1 I 3QO 31790 -28 X X 415 21l<m -13 20 0.9 
264 34700 -37 X X 3QO 31700 -29 I I 200o6 il0700 -52 I I 268 I -32 X X 400 24900 -15 I X 
ax> lio850 -52 X X 263 34700 -37 I I l 43400 ..SO X X m }1920 -28 X X 
100 51'4a> -83 X X 200 ~750 -~ I I 276 X -33 l X 
()38 568oo -78 1 x 1.28 119700 - 74 x }" 200 4o:)9o -51 x x 

118 51900 -75 x x 

ff'!' - fl'eeaure (Mb) TT - T~at.ure ( C) w - Mix111& Batio 
bbh - Height (rt.) U - Relative JbDid1t;y (i) 1- MiBB1J16 

II-31 

, 



SEC~T 
7"- ZEBRA DAY I 

-~~ 

UPPER AIR OBSERVATIONS 

.2100 lb1wetok 

PPP bbh 'l'!I! ii 

lrol 000 28 78 
1000 aJO 28 70 
878 1lCXlQ 19 70 
850 1f320 18 70 
~3 7200 15 ~ 
, ... 1 ax:o 15 II() 

loo 10300 10 ~ 
~ ~~ ~ x 
MISDA. 
555 16500 ..Ql x 
500 19220 -dJ X· 
11()() 2li80o -19 a> 
309 3166o x x 
274 = -37 x 
~ 45100 ~ ~ 

Ull 

18.8 
18.2 
u.s 
10.4 
1.1 
6.2 
6.3 
6.7 

x 
x 
x 

0.5 
x 
x 
x 
x 

2200 

PPP 

101.0 
1000 

m 
732 

~ 
618 

~ 
438 
~ 
~ 
300 
aJO 
1:-0 

l!eirola> 

bbh T'l u 
000 28 81 
290 27 fl) 

x 22 80 
1¥3:-0 16 70 

x 13 30 
x 10 30 

10250 OS rp 
x o4 80 
x 03 30 

19100 -CS 70 
x -13 100 
.I -15 90 
x -15 6o 
x -19 x 
X -19 I 
x -20 x 

31520 -33 x 
llo420 j§ ~ 

l'fP - Preanre (Mb) 
bbh - Be1ght (rt) 

w 
19.5 
19.0 
15.5 
10.) 
3.9 
4.1 
5.4 
6.3 
2.9 
3.1 
3.1 
2.5 
1.6 

x 
x 
x 
x 
x 
x 

0100 

PPP 

9fJC> 
900 
850 
800 
7rp 

~ 
(ix> 

Aircraft Soulldillg 

T'l u 
23.5 87 
oo.s 71 
18.2 72 
17.0 34 
13.2 59 
10.2 58 
7.4 25 
4.4 31 

TT - Teq>erature ( C) 
U - Belathe bd.d1t7 (~) 

rr-32 

014!) 

PPP 

~ 
550 

~ 

.Aircraft Solmd.iD{ 

TT U 

7.0 14 
5.0 13 

. 1.0 30 
-2.0 29 
-6.o 16 

uu - Mixin& •tto 
X - Miaeq 

OaJO 

l'fP 

550 

~· 
llOO 
350 

.Aircraft SoUDdiDg 

T'l u 
-1.l 39 
-1.6 20 
-4.o 24 
-6.5 12 

-11.8 10 
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Explanatory Note 

The followillg •teorolllg1Clll cberta ban bfeD 1uclu4ed 1D th11 

eppen4U beC111111e tbe7 are uaetul 1D arrl. 't'1.llc at an Ullder•tand11ic of the 
I 

meteorolqg1cal processea wblch affected tbl atolll1c clouda. !ba 9Ul"face 

cberta lbow the fl'ootal 1tructur• and tbl ir••ur• •111~ which produced 

cbelige• 1D the lowe•t port10DI ot tbl atomic cloudl, or Wicb 1.a.flueo.c:ed 

cl.IQ!. o'been'at1C1111. b wrface ca.rte alao pendt llll ••tiate of tbl 

meteorological pbenomeaa 1111cb aa cloudl or prec1 pl taUon which 11111' berfe 

affected the atomic clouda. 'rl:ll coutollllt lenl cbert.• abow the \flPtll" w1Jl4 

circalation up to llll alt1tllle of approsi•t.eq lio,000 feet, !baH Clwta 

•bow the approsimate direction mid moc1t7 Uat lllCh llftl. of tbl clooda 

IDOTICl. 

Data a'nlilalll• aboerd the U. s. s. Mt. ~q laY9 bee uaed to 

C01111truct both the wrf'ace and tbe coutllllt lllffl ct.rte. bee c:barta 

are traced with lllcbt rnilion from the lllOl"iillg cbsrta uaed for forecut-

1.ng duriDg the coarae of the operation. b forecaatlng of 'llppfll" w1nda 

during cr1 tlcal pcrioda wae llCCOllPllahad w1 th a h1ab diruee of •ucce .. b7 

the uae of the ar1g1nel conatant level clmrt•. !'mee cmrta, .. well u 

m-3 

the wrface cberta, are thouD!t ~be accuratel:y dr- for the lfarahall. 

lalanda and vic1nit:y but wiq be 11011111111hat 1Dccrrect 1D •uch area1 aa Japan 

8Dd th8 .Al.1111t1im lllland. beceuae of' lack of data. 

~r ZEBBl µAl, llUl"face chart• for two da,}'11 and upper air chart.II 

for three da,}'11 .baTII bem included inltead of clwt• far four ~ u 1D 

tbe cue of XBAT and 1tD daTa. Joreca11t1ng requ1r811181lt• far SJNDsraD: 

dim:llli•hed w1 th Zl:Bll1 DAY end action vu i:imed!ata'lT 1tarted to .lllOY9 -

and equipment out of tbe op11rat1cnal araa. Mt.er dr.aw1Jlc tbD chart.II 11>­

cluled 1D th11 report, the 111teoroloclcal 1tatt no lOQgel:' bad avaU.able 

11Uff1c1imt data trom the apeclal ob1enatiolllll. network. 

Jurtblr 1tua,r ii beinC made 1n detail of the meteorological 

ccnUt1ClDI which affected the atomic clauda. It 1• believed that the 

atolllic cloud 111aterial moved alq ilentropic wrface1 ratbillr than al.cac 

co111tant lnel. or C0111tlmt prnaura wrfacee. The probability of llC>Te­

mmt along bmtraplc aurf11C11 ham be.i -11 t.b.1 lu!>Jact of a currct 

reeearch proJect 11peo1ore4 b7 the .ur Jorce. 



SYMBOLS AND DESIGNATIONS 
Surf ace Charts 

/ - Cold Front · 

r • • -- Warm Front 

' - Occluded Front 

~ - Stationary Front 

f ::1- Weak Front or Front 

o 
0

- Frontogenesis 
0 0 

0 0 0 ° 
+ ++++ - Frontolysis 

-T )( x ,i..-1-

1 ,,,,''- Diffuse Front 
I \ 

''''"''' ~c:::JQ 

tP 
~ - Easterly Wave 

Aloft 

~- lntertropical Convergence Zone 

i9 
~i.9 1029 Millibar Isobar 

I 

Constant Pressure Charts 

H 

L 
pfJ(fJ 

Area where altitude of pressure 
surf ace is relatively high. 

Area where altitude 1 of pressure 
surface is relatively low. 

~ ~ 4800 foot contour line (even hnds 
,,p>'~ - ~ ?J':lc/J 

,,, / - - - 3500 foot contour line (odd hn~ls 
!)'fJ3/ 

- east wind, 5 knots 

/' - northeast wind, 10 knots 

'( - southwest wind, 50 knots 

- northwest wind, 115 knots 
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CONSTANT PRESSURE CH 

for 850, 700, 500, 300, and 200 millibar surfaces 

XRAY DAY 

YOKE DAY 

ZEBRA DAY 
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