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Abstract ‘ |

Figo 1 1s & compilation of almost all the date,

Excapt for the extra brightness and retardation of & part of the
sphere near the bottom, a number of blisters, and several spikas that
shot radlally ahaad of the ball below the equator, the QXEBH3iM"b'T the
ball of fire beroro striking the ground wes almost symretric, rollouing
the ralationship. Rat™ / » where R is the radius and t is the time in
seconds.

.Contact with the groufic.l wes mde at 6,65 i 0,06 milliseconds,
Therenfter, the ball became rapidly améothero. ll‘rom 1,9 to 32 milliseconds
the time depsndonoé of the radiua followed closely the relationship,
x-c(t+4a10°4)3/5 At 3 milllseconds there appeared at the bottom of the
ball an irregular line of demarcation, below which the surfyce was appro=
" clably brighter than above; this line rose like the top of a curtein until
if disappeared near the tbp oi' the ball at aboﬁt il milligeconds, Shortly
after the spikes struok the ground there appeured on the ground ahead of
the shock fromt a wide skirt of lumpy matter, and within and above the
skirt a smooth balt (1nterpre€ed as the Mach wava), o.r‘:lgixglluy brighter
than the main i‘ront but rapidly growing di.nmer,
| Two nucoassive visiblo fronts droppod behind the wallodet‘ined
shook front, = The brightar but lese sharply limited ba.ll of firs foll
behind it at about 0,016 seocords, ‘At about 0.052 aeodﬁda thers éppea'red
immedlately behind 4he shook front a dark: front of‘ nbaorbing matter. ‘which

traveled slowly out until it became invisible gt 0,85 sacondso The shock
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frant itself becamo invisible at about 010 seconds, but was followed until
0,39 seconds, first by its light-refrncting prcperty.and later by the
impulse it impnrﬁed to & balloon cable, The ness motion of the air could
be determinad from a study oi‘ the motion ‘of the vapor of the balloon cabhg
. The ball of fire grew ever more slowly to a radius of about ‘
39103 maters. until the dust oloud e;rowiug out of the akirt almost onve loped
it. The top of the ball started to rise again at 2 seconds, At 3,5
seconds a minimum horlsbntal di'amatér. or neck, appeared oms~third of the
vay up the skirt. and the port:.on of the skirt above the neck formed a
vortex ring. The neok narrowes e ring and the rastevrowing pile of ma,tter
above it roso as & new oloud of smoke. oarryin, & conveotion stem of dust
up bghind ite A boundnry' within the oloud. between the ring and tha upper
part, persisted for at least 22 second?. .The - stem appeared twisted like a
1eft;handed sorew, - -The oloud of s*noko. surround.ed by a faint purp1a haze,
rose with 11:8 top traveling at 57 meters per socond, at least until tlw
top Araaohed_l_.ﬁ kilometers. The lntar ‘history ot‘ the cloud was not

quantitatively recordede |
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JULY 16TH NUCLEAR EXPLOSION - SPACE.TIME RELATIONSHIPS

1. INTRODUCTION
Purggsg

The purposs of this report is to make a detailed description of the
events consequent upon the explosion, as determined by the analysis of photoe
graphs. #pproximately 105 photographlc exposures were made, almost all af them
motion picture frames. The report does not inslude any spectrographic or radiow
metric results; these are in separate reports 1,2, a great deal of the material
oontained here is presented less quantitntiv‘oly but more graphically in a series
of motion ploture titles’ and edited moticn pioturesit. '

'Photographs inoluded in this report

Bighty-three prints are included at the end of this report. They
are listed in the table of contents in tabular form, showing the viewpoint,
the dimensional scale of the print, and the time, for each. Among the prints
are several composites, four stereo prints (for which & stereo viewer is
inoluded), and one color print. There is some departure from chronologidal
order for the sake of continuity of the sequences. In order to avoid a oconfus-
ing ari-o.y of references in almost every sentsence, a1l reference to the piinta is

avolded in the body of the report.

-

T30~ Williams and P. Yuster, LA - 353.

2KFoE. Geiger, J. E. Yaok, and S. Nicholson, LA - 583
3 cfe Je B m&k, LAMS « 373
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Almost everything mentioned in the report is illustrated by at least one
of the prints included here. The poertinent prints can usually be foumd

easlly by searching for prints belenging to the appropriate time.

Egquifment
Appendix I contains, in Teble I, & campilation of the principal
equipment used for produéing the pictures measured for this report, to-

gother with all the most important data regarding the equipment and the

pletures.

Coordinates and notatlion

" Measurements werse made in terms of a coordinate system whose
cardinel directions are N, W, S, and E, vhere N is, according to an engi-
meering survey, 219 56* yest of north, and i, S, am E are sucoessive
intervals of 90°counterdlockwise. When a noint'ia reforred toz by latitude
or azimuth. the origir is the explosion center, the 1atitude is an angle
measured positive upward from the horizontsl, apd the azimuth 18 messured
counterclochwisa from the direction No The; four principal camera gtations
were all nearly {(within 10 minutes of arec) in cardinal azimthal directions
from the origin,, viz,, at 800 and 104 yards N end W, The stajions are
usuelly designated 'by distance in yardﬂ and directipn, SeBe s éoo N i3 ap~
proximately 800 yerds in the dipaction N from thq gedget oenter. A station

called 3,3:10%4 N had two cemerams at azlmuths asa/s o and 2a-z/a° » callod
 8.3-10907 1, end 3.3¢104N'R, respectively. Reference points for determining

distance were the centers of i‘oq.r biilli:pagdp ten feot squar?, centersd 200

meters from the vertical J,in@. h;'ougt; the oanter of the gadget in the

... . "‘IIIIIIIIIIIIIIIIIIII'
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directions N, W, § and E.° Time intervals were measured with reference
to the period of a 1000-cycls tuning fpr};. " The origin of the time scsle
was fixed at a_ppfox;ma,tely_the time of the nuclear explosion by extrapo-
lating the radius of the Wyl of Pire baclward to zero (of. Fig. 2 below).
Numericél valueé appeariné. éf‘-ﬁér the sign":f" in this paper are e_stmated )

probable errors.

Measgurement methods
The details of the methods used in determining the space~time

relationships shown in the graphs are given in Appendix II.

Recommendationa for futur_a testa

Recommendations for future tests ere given in Appendix IiI.
II., GENERAL DESCRIPTION OF EXPLOSION

The significant‘ space—tiﬁle reletionships that we have measured
frcm} the phbtosréphio records are shown in the grephs, Figs. 1 to 11,
Fig. 1 is a compllation of almost all the date. |

’Exceﬁt for the extra ‘brightness and reterdation of a part of
the sphere near the bottom, a number of biieters, and several spllkes that
shot radially ehead of the ball below the eguatox#, the expension of the
bell of fire bafore striking the ground was almost symetric, following
the relationship, R<t 2/5, vhere R 18 the Tedius in meters, ond % is the
time in seconds. | |

Contact with the gropnd wa?i'miﬁ"e éé!: 0.65% 0,05 milliseconds.

Ssurveying details may be Touhd' & *pede” A7 °8f LA notebook %

APPROVED FOR P

100 @
>ree
3ree
2200

UBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

Thereafter the ball becsme rapidly smoother. From 1,5 to 32 millisecohds
the time dependence of the radius followed close]y the rela'cionship
'R_..z:(‘t +4-10-4)2/ 5. At 5 milliseconds there appeared at the bottom of the
ball an i;‘régﬁlar line of demarcation, below which thé surfece was appreci-
ably brighter than gbova; this llna rose like the top of a curtain until 1"!5»
diseppeared et the top of the ball et ebout 11 milliseconds.  Shortly after
the spikes struck the grpurxd.(about 2 milliseconde) there appesred on the
ground ahead of the shock fiont a w'ide‘ gkirt of impy matter, and within
and above the skirt a smooth bel;l; (interpreted as the Mach wave), origi-
nél:ly brighter than the main front but rapldly g:;owing d immer,
' Two successive visible fromts dropped behind the Well-defined

shock front, The brighter butl less sherply limited ball of fire fell .
behind it at about 0.016 seconds (105 meters), At sbout 0,032 seconds
(150 meters) there appeared immediately behind the shock front a dark
front of sbsorbing matter, which traveled slowly cut untll it ‘became in=
"~ visible at 0.89 seconds (375 metiprs').’ The shock rrorﬁ: iteself _beeame in-
visible 0.10 seconds (2.4-102met$rs), £irst by its light-refracting
property and 'iater by the impulse it iumarfed, to a balloon ceble. The
ness motion of the air ‘could be d_étem.ined from a study of the potion of
the vapor of the balloon cable. | T

The ball of fire grew ever more slowly 40 a radiua of about
3+10Zmeters, until the dust cloud growing out of the skirt elmost en-
veloped it. A% 2 seoconds the top of the bz?ll started to rise sgain. At

5.5 seconds & minimum horrzental diaﬂet?r, ot' neck, appeared one«third of

.
[ 1] 0.0 ..l .Q.

")ee

-
.
.

L
L ]
- -

T

APPRO\/ED FG? PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

)

3

1]
eeceee
°
sese0e
o o
.
X IYY
[ )

l [ XIY) oo

the way up the skirt, and the portion of the skirt abﬁve the néck formed
a new vortex ring. The neck narrgwed, and the ring and the fast?gmwing
pilé of matter aboie it rose ag a new cloud of smoke, carrying a con-
veiétion stem of dust ui) behindt it?' An spproximately horizontal bou;xdary
within the cloud, bstween the ring and the upper part, persisted for at
least 25 seconds, - The stem appeared twia'fed Jike & 1e£;t-handed saerew,
The cloud of smoke, surrounded py a faint purple haze, rose witk its top

traveling at 57 meters per second at least until the cemeras lost ite

relationship to the horizon et 1.$ kilometers.
III, DEVFLOPMENTS BEFORE THE GROUNDSTRIKE (6.5-10%se00nds)

Radius proportional to the two-‘-ﬁfthf power of the time.

Githin the limits :I.mposed by oqr best resolving time of about
0.1 milliseconds, the observed valua of the radius during the early expansion
of the ball of fire (Figs. 1, 2, 5), ,wag proportional to the 0.404 3,0.008
power of the elapsed time., The rélgtioﬁghip can be expressed, within the
accuracy of the observations, as':i L | '

Rw 616 t3/5 E . Eq. (1)
where R is the radius in meters, and ¢ is the tima in seconds. Thie agrees
with Teylor's theoretical reletion Re: t%/5. After 1.5 millissconds the
expansion wes slightly slower, foll?v;ing_ _a} fwo--fifths powexr law with a
shifted zero of time: ’ ; |
R = 564 (& +4010-4)2/5 | . (2)

Eq. (2) was followed from 1.5 *46 B2 MA3ikedonds. Three wealmeasea of the
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qnalyais ought to b pointea out: mae.‘ the time scele of all the other

| oamem is fitted to that of the élw :wm mstu: u‘h 104 N (#809). so tha ,

' a‘bac‘!.aaes ror au the poma otqer mm tha 80114 digsos are veluebls only
for the:lr mwmu conaistmcw. Beoond. the tim is not 1naepem.nﬂy

| | ‘knmm mlaﬂn to tho molqar upr.Osion, our .aa'o was detammed by ez~

L "‘ ,tmpolaﬂon in 1?13. 2. mird. with regerd to the radiua maaurmu. '

. whioh for tha 8 und 16m cemeres were all datamm £rom hm'izonbal

- dimters. 1t was necessery to decide shat to mtorpmt - the expent

‘ ior thn bnll. 1n view of the blm«e (cf. Blisters, bclow) the meaanm—- ‘

m-gg mnadb tothe axbma or t'he bqn.(oxoqpt that the 1.11::1'6 mtho» "

'.’:dimtinn u u-a ‘talnnn ot the base raener mﬂ ﬂu outer mrm o m
| ‘eompouna mmr. . pancy wat bmum toir asrnmt butmn pmnm
from Hend ¥ . B R o
,, ' Bethe haa po:ntod ov.t the unnmmeéa or the aarzw mam-tm s
o relaticnehtp 1n this determinetion of the tovel susrey Telsesed in the
‘ exploliom. am l'uchaﬁ haatgiten aq oonsiugrauon to this aspact of
'_'cho deta, * ‘ ‘ | | |

'mo suam mmmn ﬂm’o wo hqva rw the ﬁnt 0.1 mimum
1:!&10“03 that st the end of that peFiod ume vas a m:m:r bright bow.
K phafricallw mo'brio excapt for en appmxmtea; wm:m rmzm
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of abaut 80 puruont in radiuh us&hia s niw

n& about 30 degmu
‘fyom & polar axis directed abou’b m Msme w ot m natnr. m b.z

| mulisecom the utardbd pmion wes tﬁriultor than 'bhc me. and: Sure 7
 rounded by e eharp Mroatiqn uu’? " ab 0.8 mnuoom the zous '
bmwmnﬂlmw&mtwmm but thapolummm
e redius m{mngnmm 15 siagnttude mn the borisontel one: ‘The
| ‘ttrun mo\m'ed ‘at (0.35 0.00) mimswm. The bright zorte muiatod
.unm 1t wes oomad w the lid.rlt at abou# 2.0 ‘milliseconds.
- . Thege phonmm ha‘vb ‘Deen am-imu vy Poitrla to the steel~
: supporm woodon pletfom on which the &adget oTadle rested. Tha floor
wes 1.1 meters below the aadgct center, am axtendad symmnany ine
486 mtqr aquam m plutfom oomned of & ateel freme erml
‘. :l...da»:l&")a um and an ocakwood ﬂoor of 1;.3.7'-103 ldlagm. Abowe . the
pnmm there were 1.45°30% m.om or atnl, in additi(m to the sheet
| ’mm mae of 0,68+10% knw |

"’?ou:l.bly the abaeme of evidence of any oarlier :mw aruqa m mﬁ-

 olent time ‘vesolution durins tho mumm mgh-apua mundon, .whw uaa at

tha rata of about 68 km per sac. at ﬁh"mnnseeondn and mly 16 lm por m. |

© at 1 midlisecond, The pmoa of thb pertinent cumers was 1.4"10"‘, sec.
. 81n0s move than half the field of en &m Festex ommera is ezposed for 85
' ~parcem: of the puriod (ot. record of mammnts by '1'. 3. .alher, in the
fileu of the Optios gmup), the boundu'y 1line eeuld have ‘moved abont 5 '
"mstem. or me than enoush to mdp 1t by blm'ms ﬂurins a a:l.nsle m-
posure ‘at 0.1 mi111seconds.

'a-me data ¢ on the tcwer mpmnta u based wpon information cuppnsd by

°
“ooeed
*
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By cbout 0.2 millteeconds, between thirty and forty blisters

N (t&‘»'mﬂcal oatimaﬁ 18 based on two views ot r!aht angles ) had formed
| on ‘the ban. They were ap@mn}mtoly hemisphericel and of roughly the

: am oméryixi sise, with radil or?aboiit 1408 mo”t'ara'. By 0.5 miliimnau

; thuy covered snrtace regim with about two or. thme tims their oﬁsinal
.di.amotora. bu’c they protruded ali@tlw 1038 than orisinally. M;’tar that _
tm thsy mbﬂ.dod rapidlv, until «t A millieecond mst of thc a'urfaeo o:t‘
ﬁho ball was moedmgly mcth. Theyonly especidlly noticesble blisters
m&nins thm were one cmpound ons and four or five: ot!m'c, which will "

- bed desorived below.

Poinung aliaxﬂy abovo m borizental am almost stmisht w. ﬂm‘
nrly an emapﬁomm prominent blister (latmuao Mﬁ” esimth 8s) .
mmnma ‘by a second one sXightly. below its center {latitude 1-10“ azimth

92°) that from 1 to 4 milliseconds sppsars therwally 1soleted ad cons:ldorably’

coom than the nain ba].l* almat diametnoally appoaite was a mther lu.'ga
bnater that lested unt:u. abom 1 mmuoona. The am:monp of the om-
pound bliater are givon in Table II. .
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TAHE II

DIMENSIONS OF THE COMPOURD ILISTER AT LATITUDE 40°, 139, AZDMUTH 86°, 98°

A1)l distances are given in meters.

Time, miliiseconds - 0.2 05 1.0 g s
Base blistar, redms o 4 - 11 50' (gmu)*
| Extent from spherdoel surface 3 7 4 & O*

aﬁpo:-pma blister, mdius» v 1. 8 8  (pone)
" Total mm from eph‘arical‘ efnm:aqo 5 f16 8 4 o*

* That is, the extent is 00 #light for accurate maaumnt in the mu-mlo

i

Fastax mages. I~1 mtor) It 18 still noticeadble at 1.0 milliseconds,

- of. Sec. v, AIrregnlar curvature.

- A oy

m-ee rather pminent blisters (amd posa:lb.‘w a fourth, to the
S of E whera it cen be seen only from the cameras in Muotion N, and
hardly from them) grew at latitude about*« 60°, at irregulerly spsaod azi-
~ muths, Jror the second quarter mnumond they mede the ball eppear flat-
topped. One of them (at 1at11m\awo°, azimuth €°) maam quite isoleted,
thcmgh it were a oomplotaly aapante oblato npheroid set into a dimple
in the main 'ball. h'om the outset 1% was cooler than the aphara. the
 brighthess comtrest increased until ebout 1 millisecond, It gTew in equa=
$oriel radtusfram 3 meters ¥ 0.2 ni111second to 6 meters at 1 millisecond,
'ihemaﬂ;sr it rlattened out, renmaining u.atinctly induntiﬁablo ror almost

10~1 seconds {(of, Sec. V, Hot spots, Aree boundarioa}‘
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Mom 0.8 mmaooonns:‘t-'shamwbms ataz-ted %o e: :pou- ahond

‘ot"the expanding rmnt. “henover a spike appeared ae,ainst the ba].l, it !
 appeared very ﬂax;k. - Five spiies oould be asen on the three~fourths of the

~ éphere visibhe from the camoraa. They struck the ground hetween 2.0 and 2.4 \
milliseconds. All occurred at nearly the same latitude, sbout -30°, near the
boundary or the pinched region. In azimuth, two’ projected almost atmigm N
and one almost stra:lght W3 and although the othor two could not be sesn in
stereo, they sppeared to be neerly 5. Tig. 3 shows the lerngth and base radius,
or projected length, of each splie. for these measurememta, tho bess ia taken
as the interssction of the spike with the ball of fire, end tis lemgth is
measured from the center of the 'sbhére even though theie _16 avi@ema that th-
spikes are not redial. Table iI_I‘ shows some of the obhu- details for eaoh
‘of the epikes. It is clear from Teble III that each of the three splkes that

| Was Gbserved in storeo originated neer a vertical candinal jlone through the
csnter of the gadget, and that it traveled in a diroction hotter approximaﬂd
by 8 1ine parallel to thet plann 'bhan by a md:lua.

pgo.

"TCELE IIX

wsnr

SPIKES

"Early" and "latemr ren?er to tha timea of the two emtries in the azimath ooltmns.

Neme of ~ Latitude igimuth at . D:I.splacamant of vertex from '
- spike : 0.52 0.78 1.2 1.3 central vertical pardinal pleane
. ‘ L8 mg ms  ms . eerly, let ‘ v
Ng - ~B3° 354,6°  385,4° 5.6, 3.7 meters Eof N
R, - -0 2.89  2.0° 1.8, 1.8 meters " of N

v =28 84.8° e P 2.9, 3.5 meters Nof 7
Upper S5 -28" t |
1iS projee~ ‘ e '
"l‘sionponlj.y) f ("“ determin: ble) (Not detorminable)
_ag0 | o [T TR
wer o =36~ | : : o
s pmjec- o see s LA baad .:.=
“tion Ar1v) PR S S S
. e oo :o- o:o L L "
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Six wires and two aasodiated ‘cables ran to the ground tm poi.nts

6:1 the turer near tho gadget, Two coaxislmbles ran to the gmum. one at
appmximatel'y 200 feeb & (lat:ltude «329), am the other just west ot it
‘at spproximately 300 Pest N (latitude -£1°). .One gny w:lro Bu- ported oaoh

. o:l' these cables, two guy wires extended approx:lmtely 3, and ona oaeh utendod

, approxlmtaly oaat end wast’ The systemat amnmmnt of the spilms 4in
-both -agimath ana latitude pointa to & probable relationahip hotmn then and
‘the guy wirea he geometric relationship between the two N spikes, au seen |

~ from.the N cameres, 15 in ‘ualitative agreerent with tlat betweon the two
coaxial cables. The abservad cone shape s:oum ‘e expacted n? the veiooity of
ths ahock Tront along the ogble were: aeveral timea the velocity of the
conse. uent shock rront in the surrounding air, The absence of any spike to
tho east, the orientation of on‘o‘ spike towam i instead of woat, and t:he' bali-
like end o'f the i apike &t late timas in contresd with the pointed onds ofthe- -
am, m mot yet acoounied for by the‘ cable hypothesu of the spikes' origin.

By interpolation, the bime of the groundstrike has been dstermined
to bo,(s.sxﬁo.s)'-lo“ ‘ssoonds. '

-i..—-

'- ‘9o infomation given hm regerdlng the guy wires east, S, and west was
reported orally smml mnths aﬂw the exolosion, from the mry of H, s.
Allen, vho wes in chargs of the rigging et the tower, end of one of the riggers. .
It ebsolutely vu-iﬁee‘. in I. E. &.'s opinion, the eiistence of a guy vire

| ._..’.._""‘ runr.tm in the gemral direction of east or E. tut does not absolutely exolude

the possi‘nil:lty ehat a;hl gqu 1ﬂ¢e'npomd a8 runntns mat actuauy m We -

~ ~e o‘@ o .
e A e & 0 @
es e L
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‘ ' Shortly ai‘tor the g:mmdsbrike there aroae from ‘Bhn gmum. and |
advonoed ab.nd of tha bell, a skirt or mess of mtm that pmiatod wntil 1t
turned MO. or wvas auco«dod by, the ‘great ‘n‘lmd of duct that eventually
almoet onveloped the ball, Unliks all the other elemonbs of the serly post-

A‘ explosion 'stem, the skirt pvesenﬁod a lumpy, rather than 8 amoe‘k‘h. -aurtﬁoi.
The hot lumpse were bri",htor then than the ball of ﬁre ﬂ;solf during the Pivet
fow m:l.lliseoondn or its existema, and ezual to it in bri@’mesa at 305:1

‘ | mmaeoonds, after vhich they cooled rapldly. ‘ ‘
| The extent of the sidrt i shown 4n mgs. 1, 4, 6, and 7, and the
y veloeity. in Pig. 5. ' o ' -
Thile the trevel of the outer bor&ar of tho skirt along the ground
~ i agrna mmtm:.y with that of the meoted muna shook, the carly vertical
- extent of the lumpy material is fuszling. o o

- ..-tartins at B milliuoonu, en 1mgu1ar boumm L‘mo upmam |
| abm the skirt. Balow the line the bal.l wes consiﬁemblv Mth than am
1t. The boundary rose et a rate that mcmnad, then decrecsed, until the
bmmdary disappearod near tha ‘top of the ball at about u milliseconds. The
ball appeared to be enveloped in a riBing ourtaln ot light. lo saﬂsractory
explanation hes baen gs.ven for this phenmnon. |
Fig. 4 chows the altitude of the curtain as o funotion of the $ind,
| and Fis. 5. the vertical volocity. wach vartlaal 1ine in Fic. 4 extonds tm
| 1 matem above 'the nmimm hoisht to 1 meter below the mean hoight, as maamod
' in a £reme, ‘I'ha dashed line et 10.8 millisecondt mdioam that the ourtein was
b 1ndint1nguiahabla from this point on, but undoubtod:w rmhed ytpo' b
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Hot V in the sgkirt

In very nearly the direction K, v@ere two coaxial cables extended
obliquely from the gadget to the ground and where two Spikes struck the
ground at about 2 milliseconds, a'v-ahgpaa portion appeared at the birth of
the skirt. Its apex rose from the ground to an sltitude of ebout 10 meters
in 40 milliseconds. During the early history of the skirt it was much
hotter than the resi of the skirb; thé difrerence. becama noticeable at 5
milliseconds and was very prominent in séna lumpe between 25 and 65 milli=
seponds, after which the V cobled rapidly. At about 30 millisaconday an
indefinitely defined dork spot, evidently oonsisting of smoke, appeared
immediately above it, .anc.l efter 40 milliseconds, more of the V itself than
of its surroundings was hidden by amoke., After the V eooled“, there ap- -
pearéd , Where the V had been.' a relatively clear radisl path in ths amoky
skirf region; that persisted for several sec.ox;de as though the combustible
ﬁaterial near the spikee. hed been completely exhausted by buming whils the

v was especially hot.

Belt, or Mach front
At 3.6 milliseconds there appeared abéve the skirt e discontimi-
ty .in the orientation of the ahoék front. The bait below the break appeared
to be a segment of a new, smooth, near-spherical surface with its center
slightly below the ground, intersecting the old, spherical shock front. All
the observations upon this belt are oonsistent with its beling interpreted as

the Mach front, end hd‘oaﬁﬁet, ﬁ wn‘ha asswied that the belt wes the Mach
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wave front and that the breek was the Mach "Y".  The altitude of the Y was
a slightly variable function of the azinmth. Previous to the eeparation of
the shock wave fram the ball of fire, the Mach front was considerably
brighter throughout than the sphericel shock front. After 19 milliseconds
the part seen against f‘he bail of fire appesred relatively dark untii the
boundary disappeared;entirely at about 0.1 seconds, but even after 19
millisseconds the pari~that was viewed aﬁmoet ‘tangentially appeared bright
in contrast with tha spherical shock front. These observations‘ indicate
‘that the Mach front was more opaque, and hotter, than the sphericel _ﬂmck
front. At ebtout 0.04 seconds several approximately horizontel lines ep-
peared within the reglon occupied by the Mach front, No explanation has
been given for these linss, Table IV gives certain other‘details of the
Hach front. Figures 4 and 6 show the time dependense of the altitude of

the Y, end Fig. 5 shows its velocity during part of its hietory.

V. OTHER DEVELOFMENTS DEFORE 10~2 SECONDS.

Iri'aw curvabure
The ball continucusly approached sphericity in shepe as long as
its surface remained distinct. While at 1 iillisecond the view from N
showsd concavities, especislly mear the compound blister end its opposite
point, at 10 milliseconds the most praminent formerly concave seguents vere
elmost flat, and at 20 milliaeednd.s. the surface was convex throughout, above

the belt. At 10 mnlisemdg tkr aatPur of the ball appeared more lilme a -

o e o
. . .. . L X ) : :
[ ]
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L ALL rP&dinps Were ta*en on the oribinal traclnﬁs, oelow.

*Aneles are neasured wzth respect to the horizontal.‘
yfi‘f.?  _j  hoe "Positive angle means, velécity has an upward Gdﬁtonent.

. Angular tolerancos, unleas S“G?iiled' ‘Fastex film #2&9,v+a .
RV . , ‘ ig® Mlt"hallzﬁlm,~*l .
" Freme no. Time Radius Angle, | JVZAngla, Anble,
18" #209. ws meters main weve . - Nach wave trejectory
’ normal normel ' T Mcch ™Y
. B W o T jeen Iy
1 8.3 74 -13.4° ~¢4.o° 4120130 +14 +1e° +22°
‘('10“1 1.4 103 -2 - l , 19 23 ’5 33

1581 24=2 ,39”‘&1
19 18 . 3 25
19 18 3% 22

g 15 109 - 1.1
- 11 18.9° 107 -1
ST 12 18.4 111  +1

<O

too

19 - 21 ° 28 25
28 - 24 29 44
24 .25 37 43

Ee 5 12 20.0 115" 3
R 15 23.0 123

i A

23 25 4l a5
25 26 48 38
17 21 36 50
2z 21 33 22
22 20 33 13

© 18 24.5 127
3. ~ B5 120 .
: 17 Bé6. 0 13
18  27.5 134
19 29.0 138

NOODO®
. O .
OB ® UG Gt

- -4 - 34 - 148 12.0 11.3 34 25 88 51
7Fa8tax'film'#209
. ) e gadget
. ".hmnggigpgggl; _tonker

zrmuulhﬂ,mhi : -
' 18" Mitchell film',g S
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bolygon than like a oircle, with several edges sbout two-fifths as lomg
a8 the redius.
Hot spots '
Fram sbout 5 to 40 milliseconds many bright spots appeared on the
surface of the bell. ~ About 200 could be seen in one view. Almost ell were
from 1 to 3 meters in redius, ‘mt two were outstandingly large. A spot at
latitude +20°, azimulh 19°, was 8 meters in redius when it faded into the
background at sbout 30 milliseconds. Another hot spot is discussed under
"Area boun@aﬁee", below, .
Aree boundaries |
| Mild differences in brightness between different parts of the
surface became evident at about 1 millisecond, ard persisted until the

shock wave becams dark, The boundary lines were sharp end smooth. A

 1ittle while after the sbparation of the shock wave from the ball of nré.

the oontraat between aress became nnmtioeable, but the lines becamo darker
than the areas they bounded and appeared to be in or close to the shock wave.
" A hot spot at latitude +62°, azimuth 8°, evidently relate@ to a
blister previously described (Sec. III, Blijste:."a).. grew in radius _mm 4
meters et 16 milliseconds to 12 meters before it faded out of sight at about
10;) milliseconds, It went from noticesbly cooler to noticesbly brighter
than 1ts background at ebout 5 milliseconds, end dimner again at about 50

milliseconds, It was surrounded by on area that was somewhat brighter than

vy vy R
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‘its surroundings untii about 30 milliseconds. This roughly circular area
grew in redius from 20 to about 40 meters petween 16 and 100 millimondso
It was pot possible to trace the hot apot and boundary aurely betwesn 5 end
16 milliseconds, but from the fact thet at 2 milliseconds the blister was 8 |
meters in radius and growing et the rate of 2 meters per millisecond, it
appears that the boundary of the blister beoané the area boundexy, snd the
hot spot was a sort of mucleus, \

The bounderies mentiomed here, vhich were Telatively statio in
azimuth and latitude, are not to be confused with the pre-gwounistrike .
boumary of the hot bottcm, the boundary of the curtain, or the Waz'y :

between the Mach front and the spherioal ghock front.

VI. DEVELOFMENTS BETWEEN 10™% AND 10~1 SECQNDS

The intervel from 10~2 and 10~1 seconds was charesterised by the

breaking up o\f the herotofﬁre eiﬁgle front into three fronts,
Sepgration of the shock front from the ball of fire

Before 16 milliseconﬁa only one front wes discernible on the
photographs, Vith the exception of the local irregularities listed above,
the image of the shock front appeareﬁ ag e uniformly brigﬁt disc. After
(16% 1) milliseconds a elight darkening of the limb was noticeable smnd
thereafter the re]ative]y faint but sharp outexr surface of the sphero,
which we shall identify hereafter ae the shock front, conbim.\od to expand

according to Eq. (2), While the bright. cencer region fell farther and

farther behind it (Figa. .‘:, &'. 63.. :

ﬁény f£ixed time theraatter while 11:

was maasureable, the l;rigm cénii'alsgesipn, wh:ko]; we ehall identif:r as the

..'”": ..nr\
®
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. bélkl of fire, deoreased gradually in brightness with increesing redius. As

a oéhsequeMe the ball. of fire, unlike the shock front, wes not susceptible
to unique measurement. The disegreements emong the values of the redius of
the ball of fire in the figures are to be attributed sot to disegreaments
in measurements, but to differéncea in exposure conditions emong the several
cameras, with ’consequent differences in the region of greateat con_traét,
(1.6., density gradient), which w;ia's arbitrarily teker to measure the epproxi-
mate extent of the bell. |

e bEll of fire expanded with decressing velocity to a redius
between 2°10% and 3.10% meters (of. Sec. IX, Partial envelopment of the ball
by the akirt)o

Dark front

At (32 £3) milliseconds there split off behind the shock fromt

‘a dark front, which progressed thereafter more slowly than the shock front

(Fiss. 1, 6, 8). The contrést at the derk front was originally almost the
same os that at the shock front, but decreased more slowly then the contrast

at the shock front, se¢ that vhile the shock front became :lnvisible at e« 10"1

seconds, the dark front offered strong contrast at 101 seconds and was

noticeable until almost 1 second.
The dark front evidently cﬁnsisteﬂ of absorbing matter. Probably

it was a oempound from the material or the demp air, produoed by tho thermo-

dynemic conditions w:l.thin tm ﬁhock. Wavope ‘It is evident that the fommt:lcn
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of the compound required an increasing emount of time as the pressure and
temperature within the shock weve decreased. A more detalled hypothesis
of the da:k wave is in preparati;)n 10, |

Departure of the shock velocity from the two-fifths pewer lew

Whereas tho' shock front followed the two-fifths power law up to
the poi.nt or'departure of the dark front from it (32> 3 milliseconds, |
143 £ 6 meters), both fronts departed from the two~-fif'ths power curve riear
the point of separation : the shock front traveled ahead of it and the
dark rrpﬁt behind it (Figs. 1, 6, 8).

Very soon aftér the separation, the éxcesa velooity, i.e,, the
. shock tron*l; velocity ¥ minus the sound velooity ¢ (where ¢ s 344.4 meters
per.aaeondll followed the law:

v 5,61+109R-1.19 - | | Eq. (3)
where the exponent -1.19 is accurate to about £0,08, Neer 0,07 seconds
(2,0°102 mt&a) there appears to be another change in the velocity, to

v=e # 9.8°107R~1.73 C Eq; (4)
with an accuracy of about % 0.1 in the expomént., The data for this- 1ast
break, and Ec. (4), ere lesa reliable thﬁn our infomation on the ‘earli&

steges. In fact, our points in the neighborhood of the break indicate

RTINS

105, 1. Turkevitch, LA report in preparstion.

11§, H. Bersthall, R. k. Dewis, i{s P Sluore, G. E. Eappelman, and G,

Martin, LA - 352, TeblbJEse e oie oo 3o
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‘thet Eq. 3 is followed to 0,11 seconds. (a.s-lo.homrs); efter which
there 1s a zap sxtending to 0.25 seconds (3.7~103 meters); the value

R® 2,0°102 meters for the breek is used principally to avoid the
necessity of poctt;latins & more complicated law for the lintemll after
the break. ’

The two-fifths power law, in the region where one may neglect
the small additive time constant of Eq. (2), implies a velocity pro-
portionsl to R°3/2. The apparent simmltansity of the shook wave's marked
deperture from that law with the seperation of the shock vave fram the

slower dark front points to @ csusal relationship betweon the two phe-
nomsna, It has been auggutod by McCee that the ungxpcctod high velocity
of the shock wave in this region may arise from the absorption by the
shock wave of radiant omr@ that originated in the ball of fire and was
transfomed in the dark £ront from the ulifimiat or visible into the
infra-red; the voinaidence of the split~off point between the two fronts
with the point of deparm of the shock front fram two-fifthe pomr ‘

dependence lends weicht to licGee's suggaestion,
The phemmha of the formation of the dark front and the en-

hanmnt of the velocity of the ghock front desexrve intensive

mﬂm‘ study. | -

ViI. REFRACTION BY THE SHOCK FHONT AT --10~1sECONDS,

All the dgaa;-ume :phbnodepa discussed in this report other

then the one deseriVed 3 this gsection are believed to be resl, i.e.,
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the light is 't;olioved to have traveled in a subatantially rectilinear
path from the object to the cane,éa, so tlat measurements on the film,
with the epplication of proper geometric factors, cen be conaidﬁred tanta~
mount to measurements on the objects. . On the ot;her hand, the az;pareht
cable breaks referred to in is section are a pure opticel phencmenon,
arising from the rerraction £ light at aflwithin the shock front on its
way from the object to the camera.

One of the bal].70n cables extended upward, leaning slightly to=-
ward the tower from a point of attacment on the ground displaced 213.2
meters W, 216 meters S from the point directly under the gadget. Light
traveling from the cable to the cameras in the direction N, after the
shock wave had experded 2,0-10% meters, traversed the shock font. Points
seen through the wave appeared farther from the center than they actually
were, and points that in the absenoce of refraction would have appeared
within about 2 meters of the edge, were not seen; 1Astoad. the image of the .
cable appeared hooksd, with points between 2 and 4 meters fram the edge
appearing twice. Incidentally, since the ahock front in this region was
invisible the cutoff point madd the only co;xvenient Toint for the measurs~
ment of the radius, ‘

Evidently in the earliest Mitchell camere picture: of the refraction
hook (0.072 seconds), the refrection tbbk plaée in the Kach front, and in all
the later pictures, in the spherical, shock front; for a circle with its center

at the imege point correanntl.’me to .’she--original gadget center, and radiua

equal to the distance of th‘l gp,tqﬁ‘ :pniht’ lies tangent to the extreme part

.
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part of the hook in all pictures except thé first. In the first picturey
" the cirocle intersects the hook. |
Fig. 9 shows the.disblaomnf as a function of distance within
the éhock wave for each of the eight Mitchell fremes in which the phe-
nomsnon appears, From these data an éttempt will be made in a later re-

\

port to deduce the density as a function of distance within the shock wave,
VIII. MASS MOTION OF THE AIR AT-3+10-1 SECONDS

The pictures in which the balloon cable is shown bging pushed
aside by the shock front yielded en opportunity for a determination, not
‘only of the shock fxont velocity, but of the actuel motion of the matter
di.splaced in the shock wave\. The motion of the vapor can he( considered |
to be the same aé that of fhe air if the cable is assumed to have been
vaporized before the arrivel of the shock front, and’ if one neglects the
density difference between the air and the least dense particles of the
visible remains of the balloon cable, &g well as any inhomogeneity arising
from the presence of the high~temperature vapor,
| Fig. 10 shows the motion of the vapor front subsequent to the
arrival of the shock vieve, in the cases of several olements of volums (
originating at different distances from the cantexj of the explosion. Since
measui'qnents were made only on the front, the veloclty vailues given are
those of the fastest accelerated particles only. In every case there is en
almoat continuous streem ot partiqlgg. hqhinn the front and in a few instances
there are streams back -bb elwst !mlisg),aced particles evidently much more

dense then the aumuming aJ‘n.“’ﬁigEapgxes, whioh are our extrapolated

]

b SN

APPRO\/ED FCR 'PUBLI t RELEAS




APPROVED FOR PUBLI C RELEASE

1

b e e

Q
20;

08!
7

!

| (it

K

Yp

5}

af ishocic Wa

T
| qpﬁeé{
radiys.

10). OF
me

elap:

ST CITURnITN

T 134203%

&

' fom the camer:

'

le&z‘ d/

i

oy

1

Each hook ends at

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

by

i

4
1

it

i -y

APPROVED FOR PUBLI C RELEASE

i

poaf

3
b

it

i

LE

acdpea |11

e

i

e e

APPROVED FOR PUBLI C RELEASE

APPROVED FOR PUBLI C RELEASE

R VST SR

. ' .-
e e

LAY

" ‘l- Er . Wy
WG

50

ROVED FOR PUBLI C RELEASE

e, seconds

VT/m
APP

40

IRREEL L SRR F L

g
APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

b4 * e 00 ® . ®
* 0o @ ®
o0’ coe ‘e Se0 02 %

av,auu of the material velooity in the shock front itself, are from 10 to

Lt “30 per oent greater than the calculated valuaslz The sprud probably re-
- presents a random error of about 10 per cent in ocur velocity values, which
'dopend aensitivelg; upen the choic,o‘ of ourves ,througl'; our experimental space=
time points. The average excess of 20 per cent in our values over the cal-
culated values may erise, &t least in part, from the inhomojzemeity of the

atmosphofe consisting of hot cable ‘vn‘p‘ors and hot alr,

EX. DEVELOFMENTS BWTVEEN 10~1 SECONDS AD 1 SECOND:

Partisl envelopment of the ball by the skirt
Between one-tenth second and one second the dust skirt grew in
height until it hid most of the bell of fire, end Hiers cocured the prelin-

_ iparies to the g‘nm convection movement by which the original ball of fire end
and the upper part of the dust skirt coatesced into a body that eventually
becamo the new cloud of smoke.

The horizontal rad‘:lﬂ# of the ball of fire itself reaéhod a practé- .

. cally constant value of (a.o.ro.al <102 meters at about 0.15 saconia, while
the upper radiua, probably on account of the incipient comeotion movemnt,
continnously increased throughout ths first second until the end of that
‘perioa, vhen 1t was 3.2«1702 'metex-s.' The iddefiniteness of the edge of the

" ball of fire continued to meke a uniqué meésumment of the mdius imposeible

until the 1nderinité ball began to be replaced by definitely outlmod flanxas

12 Brinkley, Kirkwood, and Riohardeon, OSRD-3560, correotad and referred to
the Trinity sound veloocity (of, ref. 11.).
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that aliowed quantitistive considerstion of size egain, efter approximately
one second, | | | | |

X _DMOPmm'rs BETVEDN & AND 10 smonuszj- o

W the bell-of-five atagg to_the a_gggca-glaud qpa&_
At 1 second the oharaoter of the material left by the amplohion ‘

was oh‘angins rapidly. At this inntant the material conaiated primaruy or

- two porum, a ball of ﬂm. vmzen had bacm slmhat elongated verncam,'
) and on]y the uppor part af which could be aeen rmm our groumi pcaitions'

and a skirt or dust, whiuh hed grown vertically until it elmost hid tho ball

-of .fire, In the intervel between 1 and 3,5 seeows a new oloud. Qf- smoua _' o

formed from the ball of fire and the upper pa:.vt of the sld.rt, and gradually

A'chnnged shape until By evout m seoond.s it hed bécome slmost @ sphere, & |
. shepe 1t retained for several minutes. ‘Ihe nscldng of the auat akirt with

the fomstion of a torus amd a stem, amd the veriatious in uperd motion,
dé#crib’ed in this sectibﬁ, ave all minor pﬁaaes»or the formation and Tise

‘of the oloud of amoke, o - ' B o N

‘ Arter rising steaany thmghout the first second. the top of tho

ball of fire, i.e., 'Bhe Mslast point on the whole onsambla, remeingd at a
| substantially constant altitude of (26841) meters from 1.0 to 2.0 seconds,

It then acquired an upward velocity, almost all of it ‘bet”w'eezi 3,5 end 4.0

seoond.s (oL, Eomtion gnd rise of the cloud of mlna, below).
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The top oi‘ the skiz.'t material had suddml:y sl.owed down at 0.’?

'seconds from a vertical veloo:lty of about 8'102 metera per aeoond to one
of about one-firth ot that value. Durlng the pause 1n the rise of the top
or the ball of ri.re, the sldrt material contixmed 11;8 rise, sathar.lng about
th. ma‘berial of the ball of fire until ths top of it romed an almost ‘plane |
surtace, much wider then the ball of fire and almost high enough to hide it,
Fm m to four seconla the shape o;t the upper part bf the skirt rapidly
bsoama‘that of a torus or vortex rim, presmbly on acoount of the 1nc1p1ent :
s

upward comeotion at 1#:3 axis,. 'nxo outer radius of the skirt mainod. ,
appmximateiv oonstant. and the top of the skirt continuned 1ts alew rise,
ggck foMion
7 Asthe top of the ball or cloud remnm :lta rise, the sides of the
flat-bopped portion of the sidrt material ‘vecems staapor, end at (a.wm.l)
'aeconds, when the top of the akirb material wes at 390 meters, en éotual ”
}minimm or nack fomad in tha sls:lrt material ‘at.an altitudo of (1381!3)
: m’etm'.  Thenceforwayd, the redius or the nock steadﬂy dsareased, 3oing
" from 360 maters et 3.8 seconds to 99 meters at 23 aocmﬁs‘ The éltituds |
of the noclc, aﬂer rmining within 10 mmrs of its oriynal valuo until
'? aacomls. began en inorease that attainod a maximm mte of about 90 meters
per aooond at 16 aeoonns ‘mamntter, a:l: 1east until itu oontaet with tho
_ g:mund wes lost at 22 seconds (680 mataré. the nook rose at a vaar rate,

averaging about 30 meters per ‘gecond. |
. ':' . ':' e

Oonvaction stg ! : :. 3 3 ==.

The neck wes follmed i& U;a. ﬂ.qe ‘hy e swat atm, spperently of

"oco :

solid matter, Wmmﬁwﬁm F!ELEM was narrowest at tm neok,
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Its sides were concave upward. reaching the grouml tangentially. Whil’e :
this tangantial stmctura pmventod an aoourate maasumnt of the hottm  ' o
'radius after 1,8 seconds, it cen be stated tnat ‘the mdiua of the stem ot

~ bhe gmu.nd was of tha same order of magnitude as -the. radiua qr 'bhe clctm. .

: Turbulenca nur the neol: gave rise to e m:lnor branch 1:1 the uppaa.' parb cr 8
‘the stem, Leading to ambiguiuea in the measuremsnt of the height o: the

stem and relatad quantities, ,betwg,en 14 and 20 s_econda. R

While theso changes were go:lng at the periphcry of the. akirh. -

.a oonaidembly mora violent process was startins inaida it. M.atter m
| wi‘bhin am beimv 'hha tm'ua spilhd ovex' tha top of the to:ma, and a new -
ball or. cloud of smolna. consisting or the torue and the a'upermaed matter. .
: besug to rise, | The swond. convectha rise of the ta;p of the ball. beginnim |
, "at'zsdseconds. was quite diﬂarent in cha:nac‘ter rrun the ﬁrst riaa. whioh
| was part of the original symmatriv upansion. This time the 'baundn:.'y m

vident'ly that of a body of imaandaacont mtarial, or hter, of amolm, cnrrud-

in s convactive mvmm. In ths hali' saoond' betmen 1.5 and 2.0 uaom the

| "~'measum diaplacement or the top was 1 meter domm, and 1n the half seoond
'betw«n 3.5 andﬁ.otmsonde it mawmurs upwaxd: thns thoavmaaup- '
. BEREIRR  ‘_-,? wam aocelaration dunng this tm-aocond intervel was 4.53. ‘ma::oafm. the .

; ("\ ‘ - o raﬁe or rise demased somewhat. and aﬁ:er 8 seoonﬂs it wes maz-ly eonetant

, at -5 meters per aecond, at '.'Leﬁai u:nw.l thq Sampra lost its rehtion $0.the

.o
' .o .2. =o¢ "' oo '

grmm ot 1600 meters (m. ot § P
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At the tlma or rormtion or t:hé smoke cloud. 11: oomirb‘d of tho
torus of akirt mterinl with a rqhtively small volunme: of mdttar pi.lpd over
1% center,. r'or a tew uoonﬂa 'blnia pila grew ui.thout groatly nﬂ‘ectiug the
torua. ulthoush tha half-hoi.ght of 'bhe torua 1normaed omidcuble. By 8
aecondc the portton above the toruu w8 lhaped amthin; like a thimblo, wiﬂi

slopins sidac. , From 10 to 15 scoonds the vhole gﬁndmlly ohnngod shnpe %o
: very nearly a sphero. M‘ter 15 seconds the shape ma approximtoly ﬂut of"
an" lnormingly oblate apheroid,, vdth 11:. axis vertioal at 60 -wondn the
ro.ti.o of‘ horiuon'bal to. vartiou.l dimbers uc approxinatoly 4 to .."u The
ﬂauospherical chape poraist&d for mnar nﬂmtas.

“torun inthemkacloud v _
Duri.ng the. oo.rly part of the rise of the sinoke cloud. the tm‘us,
qhich. oomtituud the lower part of the oloud. mintai.md its idont:.ty
within the nloud. Tha boundary of the torus un definite n.s . upprnc!.m:holy
horir.ontul cirolo until o.‘bout 22 nooudo. artor which it gmdu;ny bam
harder to- dlctinguioh. o | |
|  The vertioal tulr-nai;nt of the torus’ 1teol, arhor 1munn;
rapidly from 60 nwlm-u at 5,6 napondo to 210 mﬁoﬂ at 10 moua. rmlncd
approc:lmltoly omhn‘c uatil 16 uaondn nnd than daerquod tou nearly aonutuht
nlnc of. -.bout 130 m«a at 18 uoond.. ﬂnoh 11: miuhinod ne lon; as it
wn duttnguinhlbh. ulthough tlu aloud 1m13 oontimud to grow in baight., ;

o* .E. E:...:. See oo
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ion of 'smola‘! 'aud

‘The approximtq wlumes of tne torus and the whole cloud aro =
‘given in Ihbla V. No attempt is made hera to calculate the actual aocretion or m
material 1n the oloud, ‘which would have to taka into acoount mt only tho
nature anpd tempematu:m of the mattsr in the eloud but alao the :mtaorological
conditions ensountered during its rigeld, B
© Matter began streaming uward a‘long the a:xis of the vomx iing aﬁ

z.o aeconds maentl,v the £1vst mterial 1ff tbis eonveatiﬁ atream. which
. was meedingly hot, originqted poar tha canter of the explosion. A 00381'1'1"

ation of the volume of the eloud showa that moat ot umﬁ@mr in it st mm )

"originated. a conainerable distance from the center and havé. ‘been swegwaf thn

eantar on its way o the olcmd in the convection stream. E&
135, 4 Bubberd et &1, LA -_3‘57. Ps ,10-
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('mo values glven are cruna estimatea fmm tho vortioal anl

~ horizontal ez:tent;

‘the ahape of the toms. m the cloud. 1s talmn aa an

ellipsoid of revolution exce,pt that for 3.6 end 5.0 seconds the non-nskirt

material is treated as a spherica} seguent bounded Ty a plane.¥

torus,

V‘oimne of dloud

Time, Volume of _
sscgnda - gubie ‘k:. on%atars ’ ‘ :ncf;dmg toms.
3.5 . 0.038 ‘0.051;
5.0 | ’;" 0,068 RY
10 / Co0as 0,23
15 J T oas 8 0,50 '
20 0,17 0,37
' 30 | ' 0.87
40 1.l
80 8,0
75 2.8
{
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XI. DEVELOSMENTS BET.EEN 10 and 20%SECONDS

Cloud rigﬁ ;_o_mt;on
Meteorological observetions shmd theb while the h!hidity wes
77 per cent et the aurt'ace, it decreesed with mcraasing,altitmd to a

constant'valus of about 50 per cent, until at more then 2500 meters 1t
 increased to saturation valus®>, o

Photographs taken at 3.3-second intervals show that es the
rarefaction following the shock wave passed through layers ‘qt) 3.3, 4.2,

4.4 end 5.2 nlom;tais; 1t proa&o.a olouds at these altitudes, Deteils
ere given in 'rable VI. A discuesion or this phenmnon has been given by
Reineslé, e o ’

The amég_e brightnau of the oloud \gradually decreased as the
¢loud ioae. After 15 seconas;most of the light from tl.m"cloud itgelf was
£rom localized flames that progressed Hirough the cloud as one’wuld expect
in & oloud which hed gathered up a great deal of fimely divided, inccmplstely
burned material. At about 20 seconds the light from the flames had died down
to such an extent that & dim glow deyond the surface of ‘the oloud showsd
Telatively prominent)y. ™is glow was brighteet at the suzface of the cloud

11:0011' and decreased in brightness with 1noreasing distapos from the cloud.

o et

5. Reines, 14 - 448, -
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 TABLE VI,

¢
i
i

CLOUD RINGS N

Distancea aré given in ldlometere.t 0.1 kilmneter un.‘l.eas spaoiﬁod.
' Timos are given in seconds, % 0.5 peconds.

‘Anglba ere azimuth, measured cmtorcloclmise, ax;d. are gim 1n

degrees, ;: 29,

Nmbweinthobodyorthetahlemmzmmn. '

Mtitude  Mexiwm Time 8.3  11.4 . 14,7 18.1
at maximm = vertical ‘ : . ‘
- redius exjent
3.380.1. . 0.3 n 1,70 40y 5.08y
4250.2 06 m | 2.4 B) EXT
4.4%0,3 XA - 110 3y
'5,2#:0,3 1.0 - " | ' 8.8%
..Naéiqcable traoe of ;catterins from mist 'at amproximteiy this altitude.
. mebably s cap or dise; possitly a ring with ite eperture invieible
trdm the cmm positions. _
#, Tncomplete ring, With scattered wisi extending in eztmuth from 166°
: “toﬂW.andsolidelmmrmmaowtow. | |
A Incawlete ring, with solid oloud axtonams in ezimuth from 2199 to
- 562° , andaoattemdwmpsrm%@ to. 209,
1 Wﬁo, oomp]ste ring.
g3 Omplete ring, hcm«q temard 93°eiid ilmhst tomrd NE emd W
¥ Incomplete rizg, withmu Btﬁlslv'pgtlominent ezimuth, but with in-

L ]
o o088 _* ...!".

complete portions partly hiidden by lower clouds,
. APPRO:/ED R& :PUBLITC RELEASE ’
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. untlil at -about 100 metera rmm the aurtaoo it beeamo inviaible. -In “mn.'
' alovest motion pioture cmera recora. wh!.ch oould be apectad to mwm

: ‘brighm dqwn to about 38 \oml:es por squm 'motar, the glow was mttm’bh

for (75%5) ;ebonds. Ine ‘gnvapah'etv taken by Stenley Frenkel, the glow eppoers
50 be severel times as bright as the light from the ¢lqud itself. From its

position in a sequence of pictures, this pioture appeers %o have beqzi au:;poaed |

for a few seconds during the time interval between 60 end 90 seconds,
ation |
At 60 seconds, where an %ztrapohltion of the cloﬂd-#top altitude

curve (Fig. 11) indicates that the cloud was at en altimde of about 3.7

L .kilmeters, there is maence of & halo of eloud. or d.oxaensatim in a thin '

ring gbout the main cloud near 11;8 top, It will be noticed tbat the alt:l.tude

~of the. clcnd was approximately 'I:hat 1h which the B.ksecond aero camere

pimmre ahpwed a raint mist. 'mo helo fomod. in thc proaenoa of the clotm

had spproxizately the umm of the glow and can be prosmed to have been

caused by 1onizat1.on. | o o
mecomotinmmnsow»peaMas wnmm

mm into tna tm of & urt-ham sorew with3e loametara pitoh.
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X1I, nxvmonmmm m 102 SECONDS.
Barore the ezplosion, after the explosion time aehedulo m been
. R adjustod from 4: 00 a.n. to 5:30 a.m.. thq cemeras were roadjnsted for day-v
l:lght Oparation and, unfortunately, the daylight was slightly too ra:lnt '
for rollowing the cloud after loainsiwaeli‘-luminocﬁa nntil about 15 mirmtes
after the exploaion. _ nven after it was :u.ght enough to sse the cloud ball.

an overoast sky pmentel the rollowlng of azvth:l.ng e:mopt the stem. Therefore

. we hsve no quantitative date on ocourvences after 10° seconaa. .
Suoke 9_9_11 | |
' (\ - . .  For more than an hour after the ‘explosion, the naighborhooa was

coveved with a pall of amoke., A color picture which was taken at 40 mirutds

!

ghows this pall,
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APPENDIX T

Table I 15 . oaapleto liat of tho cameras and uuxiliary
equipmt used for prodnoing the pic»tures upon whioh this report 1-

bucd. together vdth all tho portimnt photographio. goomtrioal. olootrs.oal.

' 's«qu Adming data, and ‘the ﬁlo mmbors under which the origiml mgativu

w11 be kep‘b with the ucuve. ofi Gronp s-n (m u.s),

*
) KR oo E ’E' E b ee )
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se wee 0, 300 33 4%
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IPPENDIXII s

~ With the exoeptions listed here, all meesurements for this
Teport were made hy direé‘t m‘adingé 'upo‘n mga{:ivas. The ugual progedure
with motion picture frames was to¢ place directly upon the emulsion a scale

which could be read dimtly o 10°1 munmem-s and aasily 1nterpolatea

) 10-2 milli‘meter’s,g a. distance thet in most ocases corresponded to a

aistanoo of the order or deolmaters in ob;!ect space, ' Te masniﬁcation
was detamima in almnat avery oaae by direot msasurenbnt of the distanoe

in the :hmge bthesn the oéntsrs or the billboarda, 400 0 meters apert 1n

| ohject space.

| For the "mehsument of the refrection by the shock front, measure-
ment upon prints turned out to be more maotical rather then measuremfnt upon

the oﬁiginqi.rbocaﬁae of thé desirability of using construction lines th’at

would have apoiled the original end would have had to be drawn w:lth the -

mmctically cloao spacing o:t several lines per millimem.
‘ In the measurement of the ehock front radius end dark rront redius

after their separation, it was not practical to use the originala becsuse

of the lack of contrest as woll es the necessity of detemining the imege

point oorraspdndinf to the gadget center for diagonal meesurements,
l‘or thm m Kinds or meaaureunts, prints were made that onhanoed

the contraat or the teatma to be meamed, and ﬂla measurements were mede

Aupun these prints. For ‘elclg fi‘pme sdnrg], prints were mede on double weight

pape;r, end air-cooled dlggg.owdth Rpeopg of, the same Kdnd of papor that had
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béén tregtéd simiiarly, except thet aefa:al éir&i&sf‘abcuratgly di'aﬁﬁ nh‘
various parts:‘ of the surface by & caupass roplaced ‘t'ha photogr;ph'io' image.

. Measuremnts upon the cireles indicated that the strebch or ahrinmage in ’
| thesc prints was wall within one per oant and tlmt the 1nhomogenwties

| in the dimnsional phanges wera conaiderably less than this. On eaoh

prin’c the distanee between bill’éoard centers wae: measuﬁad, and tha rcsulting
corrad‘bion ractor applied. to all msasnrmnts made on that print.

| , e meaauremente of the ahock wave and devk wave redii end the
mags motion ot the air between 280 and 530 meters wex-o made from the 24"
Hitchell cemere record. 'me absenee of any sca:la marks on any rrms of
tnts cemsre made the d1rest messurensnt of distenaes tmpossible. Two almst |
v" mm 1nd,ependent and indirea$ but rigcroua mathods .f.or distance
.-"‘measurement wera worked out: om graphical method and one analytical method.

Ve
_"I‘he tinal ‘result of theao two- methada on the shock wave. pointe agreod, on 1:13

E average, within about; ome meter; ror the dark wave. only the anhytical method
was used. 'nhe baais of bc‘bh methods waa tha detemination ot the peeitionn
or oertain points an the balloon eabla, e.g,. the bottems of the balloom
_thamselves, a bright spot correspondi?g tc the explosion thet wes to ralaau |
the balloons. and. an alumimm cylinder attached ta the oabls, with tho am of

' tho time expoeuras tran the 2-meter camras, each or whioh Shomd at J.mc

some of theae points as well as the pair of billboards Artar the detominat:lon
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‘ or the acale with the ald of these time e:qposuras, the graphical method

_ made use only of tha standard methods of descriptiva gemtry. and the

analytical method made use only of the methoda of so0lid analytical goomae
tr,v plns the approxmation of the portion of the cablo undar considoration
by a straight 11na.

rme points fimlly uaed ror the shook wave tm'e the rosult of

~ the éh&lytical datemination.

me dark wave in the rcgion beyand 280 metars o&remd 80 little

contrast that it was dirﬁoul’o to d.etect,, except upon a moving image. The

8 position of the dark wave was detemimd by mnuing a positive f:llm in a .

"kﬁoviola" Jaction machine with its ahuttar rmnoved. anﬂ. tracing the
position of the wave after watching tpq image move into placa. Sevsral
runa were made end avaraged. The tw kinds of sym'bola reprasanting tho
dark points represent two 1ndspenaept seta or runs.

Fer convenience, the :mwge Qpaitiona for the shook rront and mass

'mo'bien data trom the 24" cemera. ware detemined alaa with the aid or a

"Moviola® projector.

i

In the meaeuremnts upon the "»durtain,- succeasive 'oyutlines of the

ball of rire and the c'az'tain were traced upan a a:lngle sheet of t:raoing
.paper with the aid of the "Moviola" pr@jector. and subaequenﬂy measurod

‘*I‘wo rm mre made by diri’erent obaarvers. N

| Wha»mmouremnts upon the &hch i‘rcnt rocordod in rabla v _
me ‘made by tracing bounda ..’mqs r;-.m.mh izos by pm,ggats.on nnd trom the
18" lutohall from 152000’ aeﬂla- ‘prjatc.uﬂmﬁ thc g;rwing pnpor repradueéd in

ann®
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' APPENDII III

REGMAENDA‘I’.IDNS FOR FUTURE TE-STﬂ

Time of dgz

Whatever . the eiromstances under which future tests are madar :

photographic work of great j.(paortance mll elearly have te be done over

- e o‘bjact distance of the order of 10 $o 100 kilmetars. 'Ihe two principal

optieal hazarda o:r long distance phot;ography are’ haze end irrsgular re« o

'fraﬁtion ripples, Experiences at the Trinity teat showad that oondi’cions

' fer photography were the most mPortant factor in the choics of time of
' ,day for the explosion. 6 ie importan‘b that .tha time of day for any rutm"‘e.'
: axplosion be ohosen only after a study of. oontrast and resolution at tha

g expected objact distance. as functions o:l';' the tim of day, prea‘embly during

tho season of the' yeer in which the test is to be made, So thet the t!.ma may

be chosan for optimum conditi.ona. 'Ihe suceess of the photography ef the

Tuly 16th explonion was a.ue m no emau measure to our aﬁieeuon of the time

of day. Fortumtely. the aelay of an hou:c and a hali' did no harm,

‘Iha aocidsntal photpgraphy or the balloon cablc allovad us t0

follew the shock rront apd tha mass motian of the air behind the shook rront

o past 450 me’aars. The meens with whieh we had intanded to fol:lnw the shoak

‘ "front photegrhphiaally, @.z., the photogmpby of explonona sat off by shock

awitches, railed eamp]etely on account of rogging rrmn the ma

: 1&521 and

H
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'possi"t)ls also, 11n gome inatanc_ea, on acoount of dis’turoance_e of the arming
c‘irouit and mel{:ing of the Vshoo‘k switch ‘app'aratuo; 1f we ‘o'an juﬁée by the
oxoorionces of others with apparatus within one kilometer of the explosion _
oenter. It 13 reoomonded, thsa:erore, that the photograph,v)oabha or other
. objeots with ordinary cemeras be »upea hereafter to replaoo the more elaborat'e_

shook switch signale planned for the Suly 161;11 explosion.

Improvement in time resolution dur% the early s ﬁgeag. ' |

' 'Iheoratical 1ntereat in the early steges of the expansmn haa

been greatly anhanced since ths J‘uly 16th explosion. An inoreaae in the °
order of magnituda of the frame frequency for a short intoml during the

© early’ atagas would require some devalopmant but i3 a pmblem already aolvod
for somwhat d:ht‘ferent ezperimental oonaitions; The Marloy c.amem ozpoaurea sl
thet we originany planmed, but a‘pandoned. would have yielded 105 m per
seoond for 50 fremes, Tho fixed ahort focua and low qml:lty of tho lonsu :

| would probab:l.y have made thp Marlew camera pictuma useles:a. m robatins
niTTOY, Korr—cen appamtus that haa takpn a semios of a‘oout 60 exponm-ea

at 10"5 second intervals quld be ditrimlt to oontml romotely, ot 1% es

the admntago of rree eho&oe or J.ens. ‘mqro ‘are other poasible aohembs. ror

. Which tb.o davalopmnt would be oonﬂnod oauntially to the problans of

coF

~Temote control and instrument protection, All the setups mth higher fmo o

fr'equonoy ‘then the Festax .appani' 'to requira a oonsidornhle emountof devalopf |

ment and ought to be oonsidareg. on:,y :tr l;'noir uge is ,atrongly' ang.mggd j)y
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Several ummctea' oppoétunitiés rof laasuremems emphas.tze the
', pauoity of our rcrorenoe points and the great imsortance or the rel:labla ones
that we. had. Our inner stat:lona at 50 metem turned out 1'zo be meless.
possibly because of the difficulty of the erection and chacldlng in the field
of surracexwith the pro:ber space oriantation. A series of sets of surface;at -
fixed distences fram Zl.()2 to 109 metere would be rolatively cheap insurance
: aga:lnat 1053 of distame atandards. ‘Ihe photographw of a drop over watar
1ntroduces new dirricultios that need S'budy |

Increased number of motion p;lctum cemeras

I wae as much by good rortuna a8 by roresight that a fairly

conmplete record ofrthe firat minute-a-ftar the axplo,siqn was pbtaippd,with :
the aid of only 12 Fastawand 4 }..itohell cameras._ Seﬁ;eréi 11;aporta;it
phenomena, such as the dark wave, the eable rerraction ana the shock

velooity and mass velocity frmn the balloon cables, were pmperly photo-
graphed only through sheey good 1uek. Increasing the mxnber or stationa

. and using several +1imes s many high-speed end 35mn motion pleture cemeres
as we used would requira no develoment work and muld greatly enhanee the

' pmbability of complete successful coverages

Fixed position reguired for @eetmeoogz |
1% is clear that much further spettroscopic study w:lll be required.
- The exeeedi’ngljr narrow field of a slit. spectrograph demsnds that, for any

‘ 'dimct spectrogrephlc study of the. object itself, the position of the
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objeot be well known. ‘l'herefora, 1t 18 i:o be hoped that at least some

i ruture tests will be made with ﬁnad-poaition bambs and thet full advantage

k1
wml be teken of the opportunities offered for spectroscopy at any such fixede

,poa‘i‘tion test,: One of the fields in which furtkar speutroscopic atudy is

urgently needed 1s that of ﬁae'd!ark wave. It is possible tlymt,significant

information as o the mature of the derk wave cen be obtained by eiming &
sufficlently lerge mmber of gpectrographs (perhaps one will be sufficient)

in the neighborhood of an epproximately predicted drop location.
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