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1olw 0.3, 1: 1,000
10im 5.00 1: 1,000
323220l 11.5 1: 100,000
3.3.10U88 145 1: 100,000
3.3.20lmw 181 1: 100,000
3.3.10MMW 8.1.18.1  1: 100,000
303'1 L 8.1 1: ‘;0.,000
3.3.10l; 1.5 1: 50,000
5.3-101‘IML 1L.8 1: 50,000
3.3-109% 181 1: 50,000
10lm 1 1: 10,000
10l 2 1: 10,000
10LN 3 1: 10,000
10l I 1: 10,000
10lN 5 1: 10,000
106N 3 1: 10,000
10l 7 1: 10,000
1048 8 1: 10,000
1 9 1: 10,000
10 10 1: 10,000
104N 1 1: 10,900
104y 12 1: 10,000
104N 13 1: 10,000
108M i, 1: 10,000
1048 15 1:

APPROVED FOR PUBLI C RELEASE

a 16 sec 1: 10,000
2 1oby 17 1:i20p000
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&h 108y 219 1: 10,000
& 108 20  1:10,000
66 100w 22 1:10,000
67 o 1: 10,000
68 105N 23  1: 10,000
6 10w 2, 1130000
70 1ol 25  1: 10,000
n 1w 30 110,000 . :
72 10b8 35 1:10,000 " 3
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5 104" &  1: 10,000 ot
° :....:
76&1“.’1?.?,?'”'1‘0 ~1o:t
77 ~Li+10UNV 50 « €0 0 st .
78% 1. 1048780 - 90 ~10~L
W‘.-h.lohgn“s-a min ~10-b
B0 3.3°10"WW v5 min-10-4
81 3.3-10MWW .10 -107%
g@d " " 10w o 107l
83 Vertiocal 28 hrs. 1: 10,L00
High oontrast copy.
bVeotograph (stereo print);
use the viewer in pocket.
[}
Courtesy of Stanley Frankel;

the time and space

scales of

athese pictures are not known.

Color printe.
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Abstract ‘
| Figo 1l is a compilatioh of e.lmoﬁt all the data,

Excapt for the extra brightness and retardation of & part of the »
sphere near the bottom, a number of blisters, and several spikes that
shot radially ahaad of the ball helow the equator, the expansion of the
ball of fire before striking the ground wes almost symretric, ‘rollowing
the ralationshi.p. ta{_{ » whero R is the radius and t is the time in
seoonds,

-Contact with the ground we.s mnde n.t 0,65 1' 0,06 mniaecondao
Thereafter, the ball becams rapidly amoother, 1\‘rom 1.6 to 32 milliseconds
the txm dependonos of the radiua followed closely the relationship,
x-c(t+4o 10%)2/5, At 3 milliseconds there appearsd at the bottom of the
ball an irregular line of demarcation, below which the surfyce wes appre-
" clably brighter than above; this line rose like the top of a curtain until
12 disappeared near the top of the ball at about 11 milliseconds, Shorbly
after the spikes struok the ground there appeared on the ground ahead of
the shock fromt a wide skirt of lumpy matter, and within and above the
skirt a smooth balt (1nterprefed 08 the Mach WtVB)y §r;ginqliy brighter
than the main front but rapidly growing dimmera
| Two nucoassive vis:l.blo fronta droppad behind the well-deﬁned
shook fromt, The brightar but less sharply limited ba.ll of fire fell
behind it at about 0,016 seconds. At wbout 0,082 aaodﬁda ‘there appeared
imnedlately hehind the shook front a dark front of nbaorbing mutter. ‘which

traveled slowly out until it became invisible gt 0,85 saconds, The shock

e ese o ee0 see oo
o . . o

: giiit'cli'i;iiiflfn _—
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front itself becamo invisible at about 0010 seconds, but was followed until
0,39 seconds, first by its 11ght-reﬁ'ncting prbperty.and later by the
impulse it impnrfed to & balloon cahble, The ness motion of the air could
be determined from a study oi‘ the motion ‘of the vapor of the balloon cablc,,,
. The ball of fire grew ever more alowly to a radius of about
3.102 meters. until the dust oloud growing out of the aki.rt almost enveloped
it. The top of the ball started to rise again at 2 seconds, At 3.5

seconds & minimum horlsbntal di.'amtér. or neck, appeared ons<third of the
way up the akirt. and the port:.on of thoe skirt above the neck formed a
vortex ring. Tha neck narrowe e rins and the fnstearowing pile or matter
above it roao as & new oloud of smoke. oarryin, a oonvection stem of dust
up bghind it, A boundnry' within the oloud, between the ring and tha upper
part, persisted for at least 22 seeon&s. .The - stem uppearad twisted like a
left-;handed sorew, - -The oloud of s*noko. surround.ed by a fa.int purp1e hazey
rose with its top traveling at 57 meters per second, at least until th.e
top Areached_l_.ﬁ kilometers. 'l‘ho latar ‘higtory oi‘ the ocloud was not

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

l. INTRODUCTION
Purggay

The purpose of this report is to make a detailed description of the
events consequent upon the explosion, as determined by the analysis of photow
graphs. Approximately 105 photographic exposures were made, almost all of them
motion ploture frames. The report does not inslude any spectrographic or radioe
metric results; these are in separate reports 1,2, & great deal of the material
contained here is presented less quantitntivoly but more graphically in a series
of motion ploture titles’ and edited motion pictureu)"'. '

"Photographs inoluded in this report

Bighty-three printe are included at the end of this reporte 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 sterec prints (for which a 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 o.ri-uy of references in almost every sentencs, 0.1-1 reference to the p}inta is

avoided in the body of the report.

-

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

2F¥PoE. Geiger, J. E. Mack, and S. Nicholson, LA - 588

3 Cfe Jo Be Mmok, LAMS ~ 373

L on £11e in Group M - 8. UNC‘.ASS‘F‘ED |

1yvee
IR X |
Yoy [ ]
1re0
2000
L ]
270060
[ ]
> L ]
[ 2 ]
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Almost everything mentioned in the report is illustrated by at least one
of the prinbs included here. The paertinent prints can usually be foumd

easlly by searching for prints belenging to the appropriate time.

Eui.@eht
Apperdix 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

picturesa

Coordinates and notation

- Measurements were mede in terms of a coordinate system whose
cardinal directions are N, i, S, end E, where N is, according to en engi-
neering survey, 219 56* west of north, and ii, S, and E are successive
intervals of 90°counterdlockwise. When a 'ooint'i.e referred toz by latitude
or azimuth the origin is the explosion center, the 1atitu.de is an angle
measured positive upward from the horizontsl, apd the aq:imuth i3 messured

coum;erclochvise from the direction Mo The four principal camera gtations

were all nearly (within 10 minutes of are) in cardinal azimlthal directions

from the origin, iz, at 800 and 104 yards N end W, The s’cations ere

usuelly designated 'b,v distance in yardﬂ and directipn, G+8., 800 N 18 ap~

proximately 800 yerds in the di;'action N from the, gadget center. A gtation

celled 3,3-104 N/ had two cemerams at azlmuths 251/3 o and 26- z/a° , called
' 3,3-10%W0 7, end 3.3¢104N0g, respectively. Reference points for determining

distance were the centers of i’oq:;' b:lallbpagdp ten foet sguar?, centered 200

meters from the vertical ),1:1@, h;'ougl} the oenter of the gadget in the

... . ' ”
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directions K, W, § and E.° Time intervals were meesured with reference
to the period of a 1000-cycls tuning forlg. " The origin of the time scale
was fixed at a_ppfox;ma,tely_the time of the nuclear explosion Ly extrapo-
lating the radius of the b?ll of fire bachﬁard to zero (cf, Fig. 2 below).
Numericél value:-f appeariné. a;ftér the sign"’f' in this paper are estimated

probable errors.

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

reletionships shown in the grépha ave given in Appendix II.

Recommendationa for futur_e testa

Recammendations for future tests ere given in Appendix III.
II. GENERAL DESCRIPTION OF EXPLOSION

The significant‘ space-tme reletionshipa tliat we have measured
from the phdtogréphie records ere shown in the graphs, Figs. 1 to 11.
Fig. 1 1s a compllation of almost all the date, |

‘Exceﬁt for the extra ‘brightness and retardation of a pert of
the sphere near the bottom, a number of biiaters, and several splles that
shot radially ehead of the ball below the eqmm, the expension of the
bell of fire bafore striking the ground was almost symetric, following
the relationship, R+t 2/5, where R is the Pedius in inarbera, snd t is the
time in seconds. | |

Contact with the ardynd wag mpde 35!: 0.65% 0,05 milliseconds.,

Ssurveying deteils mey be fdudl’ &i°pdde” AV "6f LA notebook %

-~

APPROVED FOR PUBLI C RELEASE

333000
) L ]
1008
)ree




APPROVED FOR PUBLI C RELEASE

Thereafter the ball becsme rapidly smoother. From 1.5 to 32 millisecohds
the time dependence of the radjus followed closely the rela'cionship
.R..z.(‘t +4'10-4)2/ 5, At 5 milliseconds thers appeared at the bottom of the
bell an i;'régizlar line of demarcation, below which thé surfece was appreci-
ably brigh’cer than above; this llne rose like the top of a curtain until :I.‘tb
diseppeared at the top of the ball at ebout 11 milliseconds.  Shortly after
the spikes struck the grpund.(about 2 milliseconds) there appeared on the
ground shead of the shock fiont & wide‘ skirt of iumpy matter, end within
and above the skirt a smooth bel;l; (interpreted as the Mach wave), origi-
nhlly brighter than the main front but rapidly gx;owing d inmex.

. Two successive visible fronts dropﬁed behind the well-defined
shock front, The brighter but less shérply limited ball of fire fell .
behina it at about 0.016 seconds (105 meters), At ebout 0,032 seconds
(150 meters) there appeared inmediately behind the shock front a dark
front of absorbing matter, which traveled slowly out untll it ‘became in=
"~ visible et 0.89 seconds (375 metprs').’ The shock froﬁt itself _beeame in-
visible 0.10 seconds (a.4-1ozmet§rs), first by its light-refracting
property and 'iater by the impulse it 1nq:art.:ed' to a balloon ceble. The
nass motion of the air ‘could be détem;ned fram a study of the potion of
the vapor of the balloon cable. | T

The ball of flre grew ever more slowlj $0 a radius of about

3+10%Zmeters, until the dust cloud growing out of the skirt elmost en-
veloped it. A% 2 seoonds the top of the bzill started to rise asgain. At

5.5 seconds & minimum horrzental diaxne ,.ot' neck, appeered one-third aof

o’
e voe ces ooo oo oo —

1)ee

L
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T
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the way up the skirt, and the portion of the skirt above the néck formed
a new vortex ring, The neck narrowed, and the ring and the fast;-gmwing
pilé of matter abo%e 1t rose as a new cloud of smoks, carrying a con-
Veidtion stem of dust ui) behindt it?' An spproximately horizontal bou;xdary
within the cloud, between the ring and the upper part, persisted for at
least 25 seconds, - The stem appeared twiaied like a 1o£;t—handed serev,
The cloud of smoke, surrounded py a faint purple haze, Tome witk its top
traveling at 57 meters per second at least until the cemeras lost 1ts

relationship to the horizon at 1.$ kilometers.
III, DEVFLOPMENTS BEFORE THE GROUNDSTRIKE (6.5-10™4se00nds)

Radius proportional to the tvéo-’-fifth_p pOWeT of the time.

Vilthin the limite :I.m;posed by oqr best resolving time of about
0.1 milliseoconds, 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 ;;,0.008
power of the elapsed time. The rélgt;oﬁahip can be expressed, within the
accuracy of the observations, as':i L | '

R w616 +7/5 R . Eq. (1)
where R is the radius in meters, and ¢ is the tins in seconds, Thie agrees
with Teylor's theoréticel reletion Re: t2/5 After 1.5 millissconds the
expansion wes slightly slower, following a two~fifths power lew with a

ghifted zero of time: 3 |
R = 564 (& +4010~4)2/5 | Eq. (2)

Eq. (2) was followed from 135 46 32 M13Idedonds. Three weaImeBSes of the

L
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mlyais ought to be po:nten ous: Tirst, the time scele of all the other

oamm is fitted %o that of the sm mam Fastnx .t 10* N (#809). so tha ,
' abaeiaaes ror a.ll the poinbs otl’er than the solid digoa m valnable only
for their 1nm1 consistmow. Baoond. the tm is ot indapendsnﬂy
| known rolaﬂ.n to the molqar nxplosion. our nm ves detammed by ox=
L "‘ ,tmpol.aﬂon 1p 1"13. 2o m:va. with regard to tho radiua masurmonta. '
. which for tha 8 und 16m ocameres were all detemm £rom hm:aontal

. dimters. 1t was maaary to aac:l.de uhat to 1n.terpfmt as the ax‘mw '

d ‘»or tha bnll. in view of the bnﬁm (d‘. Blisters, below) the maaure—-‘

. ments mnaaa tothe o:mm of the bqn.(oxoapt that ﬁxe limit mtho ~

'.’:dimtion u na ‘tahm at tm vase mener thaﬁ ﬂu outer mrm o m
| ‘eompow bumr. . pomy wet bmusht toir asrnmt betwaan pmma-
:mumnw;. o . L
. Betho haa pomod ont tho uaommeés or the enrlw mw-em .
. Telationship 1n tis determinetion of e tovel susrgy Telsased in the
| ‘ explouon. end l!'ucima6 haa‘gilren aq oonsiugration %o this aspct of
I_'Gho dsta, ; | | | | |

e sugm m:bmtiom that wo mvu far the rxm; o1 mimum
iwmoa tnat at the end o that peFiod itmre vas 2 m:m:r bright bow.
K phancally mo'brio excapt tor en mpmxlmtel; w.tbm rdtardamcm

m, X . . “ ~— :

.:t o§o :oo 0:0 L :9. : Sy
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of about B0 pemant in ranmh us%hin a m -maw

about 50 degmu

‘fyom a polar axis directed ahou’b uo aqs:ms " ot the nadir. w b.a

| mllliaecﬁhdl the ﬂtei‘dbd Mion ves tﬁridﬁtor tha.n 'hhe r&ct. apd: Sure 7

 rounded by & sherp Mroatiqn uno'? 0 at 0.8 mnuucom- the zous '

bmmwmatﬂlrctardod&boutaomm Mthopomnmm

e rediue m{mnmnmm in megnitude mn the borisontel one: ‘The

| atmn mmrea ‘a5 (0.65 '0.08) mnmmms. e bright zome mu‘latod

460 mter aquam m platfm comm of & ateel Lreme erml
‘ 1.¢aow“ kn»m and an oakmood ﬂour of '1;.17‘103 hlograns Above the

unm 1t wes oomed w the lid.rt at about z.o mmueonas

- These phonmm ha‘rb ‘been amumu vy Poiula o the stm-

supporm wood.on platﬁom on which the: gadset oTadls rested. Ths floor

wes 1.1 mma belw the aadgot omlm‘. -m menaad symmnany ine

| _phﬂtom there were . 1.68'103 knom o:l' atoen.. in addition to the ahnt
| ’mm wuae of 0,68010P knw |

"mmm tha absame of evidence of any earlier nm arina m mﬁ-

olent time msoluuon durine the m:m:am hish-apeod mundon, .whiqh val at

.

| tho rate of about €8 km per sac. at ﬂll’munaeoonu and mly 18 lm por m. |
© at 1 midlisecond, The pbriod of thh pertinnm: camere was 1.4'10'4 o
. Binoo more than half thd fleld ot an 8um l‘asta: oanera 13 exposed ror 95
~pmem of the psriod (or. record of memmnts by ‘1‘. I alher, in the

rilea o:r the Optios gmup), the boundu'y 1line cotﬂ.d have ‘moved abont 5 '

"matem. or me than emush 0 hidp 1t by blmms durine a ainsle w

posure ‘at o.1 nill1seconds.

'a-me asta on the tover mpmnu 12 Based upon infarumtion oupplud by

.o ..Q.p\"\"ﬂ
e & O
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' By about 0.2 millissconds, betweon thirty end forty blisters
| (tha:,'mr‘tcalv eatimst§ 18 based on two views at r!aht angles) had formed
on ‘the ball. They were apmotllpcu‘lv hemisphericel and of roughly the
' seme omr“m sise, with radii of about 1 to 2 meters, By 0.5 milliseacnds
B they covorod snrtaeo regim with about two or thme tims tleir om:lml
.dimtera. but they protruded alidlt.’w losa than arisinally- Aftcr that _
t:lm thoy mbsidod rapldly. until nt ) millieeootd ms*ls of tho aurfaeo 0!‘
tho bal.l was moedmgly mcth. Meyonly _eepc_olan.y notiocable blisters
_m!mins then were ona campound one exd four or five othexe, khioh will

. ,bo desorlbod bslow.

Potntms ah@ﬂy abovo thn horizontal am almost otmisht w. thm
grev eerly an emeptxomm prominent blister (1atitude mﬂ ezimath as%) .
mmd by a second ons alightly below its center {1atitude *t-:l.t)il az&nmth

93°) that from 1 to 4 milliseconds sppears therally 1aolatod ana consmorablw"

coolu' than the nain ball* almut diunetrioal]y appoaite was & mm lu.'ga
buater that lasted untﬂ. abom 1 millmmm. The ﬂimnaionp of the cun-
'pound blister ere givon in Table ;I. N |

ese @ 2% 2"
s 0 o @ * o s ®
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TARLE I

DIMENSIONS OF THE COMPOUND DLISTER AT LATITUDE 10, ¢15°, AZDMUTH ge®, 930

A1l distances are given in meters.

Time, m:l.lliuoondn B 0.2 05 1.0 § X ]
Base blistar, redius o 4 | 8 u 50' (gom)*
_ Extent' from gphericel aui-:aod B 7 4 & o

Superposed blister, radius» 7 1. 8 8 (cone)
" Total 'exten'b from sph‘aricall s'm'tau 5 10 8 4 o

* That is, the extent is %00 plight for eccurats maaaumnt in the mu-mlo
(\ : . Fastax :lmeges. o~1 motor) It 18 still noticeable at 1.0 mmisoooma,

- of. Ssc. v, AIrregnlar curveture.

e ey oy

Thrae rather pminent blisters (amd posaibly a tour‘l%h. to the
SofE whera i1t cen be seen orly from the cemerss in M.uotion N, and
hardly from them) grew at latitude about + 60, at irregulerly apacod azi-

N mutha, Jl'or the second quarter mnlimonn they made the ball eppoar flat-
topped. One of them (at 1at1tu\awo° azimuth €°) a@paam quite 1isoleted,
as though 11: were & oampletaly aeparute oblato npheroid set into a dimple
in tho main 'ball. h'om the outaet it was cooler thaxn the aphara. the
brishtlwss contrest 1mreaaed until abont 1 nilliseoond. ‘It grew in equa~ |
tortal radtusfrom 3 meters ¥ 0.2 m111sec0nd to 6 meters at 1 millisecond,
'ihenaf‘ber it flattened out, remaining - uﬂtinct].y indantiﬁablo f.or almos‘&

h 10-1 seoonﬁs (af. Sec. V, Rot spote, Aroa boundariea}‘

o ese b eco ese ¢
'3

¢ 3 3 s o .

. '] .0 o oo
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Ben?o:b 0.B mllliuoonls.“?—'shaM'abms started %o e ;peu' ahead

of the expending front. vhemever a Spike appesred sgeinst the ball, 1t
 appeared very &&k. - Five spiies oould be aeen on the three~fourths of the
" Aphere vieibks from the camraa. They atruck the ground tetween £.0 end 2.4 \
milliseconds. All occurred at nearly tho same latit\u!e. sbout -30°. near the
boundary or the pinched region. In azimuth, two’ projected &lmost stmigb‘t N
and one almost stra:lg{at #H and although the other two omxld not be seen in
atereo, they appesred to be neerly S. "*':l.g. 3 shous the length and base redius,
| or projoe‘bod length, of each spiie. for these measuremente, tho bese ia taken
a8 the mterseetion of the spike with the ball of ﬂre, and the length is .
measured from the center of the sphm even though there _i.a evidence that thc
spikes are not redial. Table ‘II_I' shows some of the oﬂhu' details for e?acﬁ
of the spilkea. It is oleer fram Teble IIT thet each of thie thres splkes that
o Gbsaxved in etoreo oricinated neer e Verticsl cardincl Flone through the
oenter of the gadget, and that it traveled in = dimtion better eppmximaﬂd
by 8 1ine parallel to thet plano tha.n by a mdiua.

pgo.

"TOBLE 11X

SPIKES

"Rarly” and "late" red’er to tho timea of the two erttries in the ezimath ao:l.tmna.

I\Iam of ~ Latitude ./zimuth at D:I.splacamant of vertex from '
- spike : 0.52 0.78 1.2 1.3 centrnl vertical gardinsl plene
. ‘ L8 mg ms  ms . eerly, let ‘
Mg - =330 354,6°  35.,4° 3.6, 3.7 meters Eof N
K. - -84 2.89  2.0° 1.8, 1.8 neters " of N
"% A -- N 2.9, 5.3 meters Nof T
Upper S -28° t ‘
uS projee~ SR
'éionponiy) of (mt dotermin: ble) (Not detorminable)
wer s -36" | : : g R ——"
s pmiec" o eee . ese see 00

“tion Briv) - * .

.o.'
000
B}
°
L
ae

Q .

ARPROVED FOR*PUBLIC RELEASE =




APPROVED FOR PUBLI C RELEASE

: §o§ :i:o go. §oo g.g .::
.OO‘ozo :oo o:o :o. :o.
13-

‘ Six wires end two aasoéiatod ‘cables ran to the ground tm points
bn the %cer near tho gadges. Tvo coaxisl mbles ren to the gmum. one at
approxi.mately 200 feet i (lat:l.tuda -329), and the other just weat ot 1t
iat spproximately 300 Pest N (latitude -£1°). .One guy wiro Bu- poma oaoh

. o:l' these cables, two guy wires extended approx:lmtely 3, and om eaoh utcndod

, approximtaly oaat end wcst’ The systemat amnmmnt of the apilma 4in
-both -agimath ana latitude pointa to e probable relationahip betmn them apd
‘the guy .wirga. "he geometric relationship between the two N spikes, as ceen |

~ from the N cameres, 18 in ‘ualitative egreerent with tiiat between the fwo'
ooexial cables. The observad cono shape oum ‘e expacted 1f the velooity of
the ahock front along the ogble were aeveral timsa the ve}.oo:lty of the
conse. uant shock rront in the surrounding air, The absence of any spike to
tho east, the orientation of on‘o‘ spike towam i instead of weat, and the bali-
like end o'i‘ the !i spike &t late timns in contresd with the pointed onds ofthe- -
am, m not yet acocounied for by the‘ cable hypothesu of the spikes’ origin.

By ﬁtﬁpolation,, the time ‘ot the groundstrike has been dvterined
%o be (8.5£0.8)e207% sooonda.v '

-i..—-

'- 9Tne infomation given here regarding the guy wires east, 5, and west was
reported orslly amnl mnths aﬂw the explosion, from the mry of H, s.
Allen. vho was in charge of the rigging at the to_vm'. am of one of the ztg&am; N
It ebsolutely vea-iﬁes‘. in I. E. 1.'s opinion, the existence of a guy vire

| __.'._““‘ ;-unr:.m; in the generel direction of east or E. but does not absolutely exclude

the posaihility 'bhdt a;hl o 1a¢e'rapomd o8 nmntns wost actuauy yen U,

R -~ o“\.‘ ' .
LN e o o
en e [
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II1. DEVILOFMENTS AFPAREITLY co,@ ng' u?nmm Movmmxm
Skirt

4 ' Shortly ai‘tor the g:mmdstrike there ame frcm tha ground, and |
advenoed ahnd of the' bell, a skirt or mass of mabber that poreisted until 1t
Surned into, or vas suscesded hy, tho great aloud of dust that eventuslly
almost onveloped the ball. Unlike all the other elezwmts of the esrly poste
4‘ explosion 'atam, the skirt presented a lumpy, rather tﬁan a a::mt‘h, -aurtﬁoi.
The hot lumpe were hr:lf:htor then than the ball or ﬁre itsolf during tho Pivet
fov muiseoonde or its oxistenne. and ezual to it in bri@’mesa at 30&1
. mmaeoonds, after vhich thay cooled rapidly. ‘ ‘
| The extemt of the skirt is shown in Figs. 1, 6, 6, and 7, and the
Ve.‘weity. in Fig. 5. ' o ' -

” Thile the trevel of the outer border of the skirt elong the mm
agrna ﬁalitaﬂvoly with that of the meeted mund shook, the aarly wrtical

extent of the lumpy material ie pmznua T o

Qurtein of Mgt |

Starting at 3 milliauonll, en 1mgu1&r mmuy line uppoamd |
| ahm the skirt. Below the line the bell was uoneidemblv m@hm ihan am
1t. The boundary rose et a rate that mcnnad, then dserecsed, until the
boundary disappearod near tha ‘top of the ball at about u milliseconds. The
ball appeared to be enveloped in s riBing ourla!.n ot light. lo sattsractory
explanation hes baen g:lven for this phonanenon. ‘

Fige 4 chows the altitude of tho curtain as 2 function of fhé $i0d,
| and F:I.s. 5. the vertical voloc:lty. sach vartlcal 1ine in Fic. 4- extonds tm
| 1 mta:r abo'm ‘the nomimm uoight t0 1 meter below the meen hoight, as mmod
in a freme. The dashed lina et 10.8 m:l.lliseconal muam thet the ourtein was
innintinguiahahlo fron this pol.nt on. but undoubtedly rmm 4he tc
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Hot V in the gkirt

In very nearly the direction N, wﬁere two coexial cables extended
obliquely from the gadget to the ground and where two Spikes struck the
ground at about 2 milliseconds, a'v-ahgpea portion appeared at the birth of
the‘ skirt. 1Its apex rose from the grbund to an altitude of about 10 meters
in 40 milliseconds. During the early history of the skirt it was muoh
hotter then the rest of the ekirt; the difrerence. beceme noticeable at 5
milliseconds and wee very prominent in s;ina lumps between 25 and 65 milli=
seconds, after which the V conled rapidly. At sbout 30 milliseconds an
indefinitely defined derk spot, evidently consisting of smoke, appeared
immediately above it, .anc.d after 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 radial path in the amoky
skﬁ'f region; that persisted for several seqox;ds as though the combustible
ﬁaterial near the spihes. hed been completely exhausted by buming while the
v waé especially hot, |

Belt, or Mach front

At 3,6 milliseconds there appeared abdve the skirt e discontimi-
ty .in the orientation of the ahoék front. The beit below the break appeared
to be a segment of a new, smooth, near-spherical surface with its center
slightly below the ground, intersecting thé old, spheriesl shock front. ALL

the observations upon this belt are consistent with 1its being interpreted as

the Mach front, end hd.‘oaﬂﬁet. ﬁ v-:l.llz.tb assumed that the belt was the Mach

o see o L
4 !
-~

2908
[ ]

(X 111
2323280

32r00
00...

b

~
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wave front and that the breek was the Mach "Y".  The altitude of the Y wae
a slightly variable function of the azinmth. Previous to the eepara‘bion of
the shock wave fram the ball of fire, the Maoh front wes considerably
brighter throughout than the spherical shock front. After 19 milliseconds
the part seen agains¢t ’1.:he bail of fire appesred relatively dark untii the
boundary disappeared entirely at about 0.1 seconds ,' but even after 19
milliseconds the part-that was viewed elmost tengentially appesred bright
in contrast with the spherioal shock front. These observations‘ indicate
‘that the Mach front was more opaque, and hotter, than the sphericel _mock
front. At sbout 0,04 seconds several approximetely horigontel lines ap-
peared within the region occupied by the Mach front, No explanation has
been given for these linss. Table IV gives certain other'deteils of the
bach front. Figures 4 and 6 show the time dependense of the alt:ltude of

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

V. OTHER DEVELOEMENTS BEFORE 10~2 SECONDS.

Ir:r;'aw curvature
The ball continucusly approached sphericity in shepe as long es
its surfece remained dlatinot. While at 1 millisecond the view from N
showed concavities, especially near the compound blister and its opposite
point, at 10 milliseconds the most prominent formerly concave seguents were
almost flat, aﬁa at 20 milliseednd.s. the surface was convex throughout, above

the belt. At 10 milliseooadg thr agattur of the ball ameared more lile a -




APPROVED FOR PUBLI C RELEASE

T eoee

.
. .

T BiREn

MACH FBONT'

--'All reudinps Were ta*en on the oriblnai traclngs, Delow.

5Angles are ueasured w1th respect %o the horizontal.‘

@?{‘7-3; R "Positive angle means, velcclty has an upward camxonent.

; . Angular tolerances, unless S“GOiile"FﬂBttx film #2u9,v+, .
i . o N 18" Mitchell ﬁlm,»*l e
B ' Freme no. Time, Radius Angle, | f':Angla. Anble,
18" #209  us meters main weve . - Nach wave trejectory
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}:o;.yson then 1ike & circls, with several edges about two-fifths as long
as the redius, ,
Hot spots |

From about 5 to 40 milllseconds many bright spots eppeared on the

surface of the bell. About 200 could be seen in one view. Almost all were
from 1 to 3 meters in redius, Dt two were outstandingly large. A spot at
latitude +20°, azimuth 199, was 8 meters in radius vhen it faded into the
background at sbout 30 milliseconds. Another hot spot is discuassed under
vArea boungaﬁee", below, .
Aree boundaries |

| Mild differences in brightness between different parts of the

surface became evident at about 1 miliiseoond, and persisted until the

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

" little while after the s"oparation of the shock wave from the ball of nré.

the contrast between arees became nnnotiéeéble, but the lines became darker
than the éreas they boﬁnled and appeared to be in or close to the shock wave.
" A hot apo\t at latitude +62°, azimuth 8°, evidently relafed to a
bliater previously ;deacr:lbed (Sec. IIIJBlijsteéa).. grow in radius mm 4
meters et 16 milliseconds to 12 meters before it faded out of sight at about
100 milliseconds. It went from noticeebly cooler to moticesbly brighter
than 1te background at about 5 milliseconds, end dimmer again at about 30

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

o eeo o o:o :oo :o. . ) .
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1ts surroundings untii about 30 milliseconds. This roughly ¢ircular area
grew in redius from 20 %o about 4.0 meters petween 16 and 100 millimonas.
It was ot possible to traca the hot spot and boundary surely betwesn 5 enl
16 milliseconds, but from the fact that at 3 milliseconds the blister was 8 |
meters in radius and srowing at the rate of 2 meters per mmm.f it
appears that the boundary of the blister beceme the erea boundsxy, end the
hot spot was e sort of mucleus, \

The boupdaries mentioned here, which were relatively statio in
azimuth and latitude, are not to be confused with the pre-gwounistrike .
boumary of the hot bottom, the boundary of the c'urtain. or the Wary :

between the Mach front and the spherical shock front,

vI. DIVELOPIENTS BREIWEEN 102 AND 10-1 spoans

The interval from 10~2 and 10~1 seconds wes chazesterised by the

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

Before 16 m:Llliaoconis only one front wes discernible on the
photographs, Vith the exception of the local irregularities listed above,
the image of the shock front appeared a8 a uniformly brigﬁt disc. After
(16 1) milliseconds a slight darkening of the limb was noticeable snd
thsreafter the relat:l.vely ra:lnt but sherp outer surface of the sphere,
which we shall identify herearter as the shock front, conbim.tod to expand

according to Eq. (2), while the br:lght. cem;ar region fell farthsr and

farther dbehlind it (I“iga. X &', 63. :'At-&w fixed t:l.me thenaarter while 1t

was maasureable, the nr%m cbnii-alp gesipn, wh:ko]; we shall 1dent1ry as tha

s o nm T ,,,\n
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. bélkl of fire, deoreased gradually in brightness with increesing radius. As

a oéhsequeMe the ball. of fire, unlike the shock front, was not susceptible
to unique maa-surament.v The disagreements emong the values of the radius of
the ball of fire in the figures are to be attributed sot to disegreaments
in measurements, but to differe;nces in exposure conditions emong the Beveral
cemeras, with ’consequent differences in the region of greateat con_traét,
(i.e., density gradient), which wia arbitrarily taken to measure the epproxi-
mate extent of the ball. |

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

Dark front

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

' dark front, which progressed thereafter more slowly then the shock front

(Figs. 1, 6, 8). The contrast at the derk front was originally almost the
same a8 that at the shock front, but decreased more slowly then the contrast

at the shock front, seo that vhile the shock front became :I.nvisible at e 10"'1

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

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

it was a oempound- from the mater':lal or the demp ailr, prdduoad by the thermo-

dynemic conditions w:lthin tm ghock. mwe- ‘It is evident that the formation
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of the compound required an increasing emount of time as the pressure and
temperature within the shock wave decreased. A more detalled hypothesis
of the da:k wave 1s in praparatién 10, |

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

Whereas tho' shock front followed the two-fifths power lew up to
the po‘.lnt of'departure of the dark front from it (32- 3 milliseoonds,' |
143 £ 6 meters), both fronts departed from the two~-fif'ths power curve zioar
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 velocity, i.e,, the
. shock rron1; velooity ¥ minus the sound velocity ¢ (where ¢ ® 344.4 meters
per'aacondll followed the law:

v-o 5, 611098119 / | | Eq. (3)
where the expomnt -1.19 is accurate to about 10.05. Neer 0,07 seconds
(2.0°1028 meters} there appears to be another change in the veloeity, to

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

steges. In fact, our points in the neighborhood of the breek indicete

RTINS

105, 1. Turkevitch, LA report in preparstion.
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thet Eq. 3 is followed to 0.1l seconds. (2.6-10"1:10«1-5). efter which

there 1s a zap extending 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 poat\;lating a more complicated law for the .mtemll after
the break. )
The two-fifths power law, in the region wh.rn one nay negleoct
the small additive time constant of Eq. (2), implies a velocity pro-

portional to R=3/2, The apperent simmltansity of the shook wave's merked
deperture from that law with the seperation of the shock vave fram the
qlomr dark front points to a causal relationship betwesn the two ph‘-
nomsna, It has besn auggutd by McCee that the ungxpoctod high velooity
of the shock wave in this region may erise from the absorption by the
shock wave of radiant onu?gy that originated in the bell of fire and was
transfomed in the derk £ront from the ulii-ﬁmlog or visible into the
infra-red; the voincidence of the split-off point betwsen the two fronts
with the point of deparm of the shock front fram two-fifths pomr |

dependence lends weicht to licGee's suggestion.
The phemmeha of the formation of the dark front end the en-

hanmnt of the velocity of the shock front deserve intensive

mﬂm' study. | -

ViI. REFRACTION BY THE SHOCK FHONT AT 10~ SECONDS,

All the enae’-ume :phbnaiepa discussed in this report other

then the one deseri¥ed 1d ‘thig sectjon are believed to be resl, i.e.,

LU s Had * e e
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the light is ‘r;olieved to have traveled in a substantially rectilinear
path from the object to the ouna,x;a, so that measurements on the film,
with the spplication of proper geometric factois, can be commm tanta-
mount to measurements on the objects. . On the ofhor hand, the ai:pareht
cable breaks referred to in is section aTe a pure opticel phencmenon,
arising from the rerraetion £ light at afivithin the shock front on its
way from the object to the camera.
One of the bal],?on cables extended upward. leaning slightly to~
ward the tower from a poi!nt of attaohment on the ground displaced 213.2
meters W, 216 meters S from the point directly umler the gedget. Light
traveling from the cable to the camsres in the direction N, after the
shock weve had expamded 2,0-10% meters, traversed the shock fmont. Points
geen through the wave appeared farther from the center then they actually
were, and points that in the absenoce of refraction would have appeared
within sbout 2 meters of the adge, were not seen; ixﬁtoad, the image of the .
cable appeared hooksd, with po:lnta between 2 and 4 meters fram the edge
appearing twice. Incidantally. since the ahock front in this region was
invisible the cutoff point madd the only co;xveniont toint for the meagurs-~
ment of the radius. ‘ |
Evidently in the earliest Mitchell camere picture: of the refraction
hook (0,072 seconds), the refraction tbbk plaée in the Lach front, and in all
the later pictures, in the spherical, shock front; for a circle with its center
at the image point comanqnd:mg to .the--original gadget center, and mdius
equal to the distance of tm w.tqtf :miht’ iies tangent to the extreme part
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part of the hook in all pictures except the first. In the first pictures
" the ocircle interseots the hook. |
Fig. 9 shows the.disblaomnf as a funetion of distanco_ within
the éhock wave for each of the eight Litchell frames in which the phe-
nomsnon appears, From these data an éttampt 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 shook front ylelded en opportunity for a determination, not
‘only of the shock front velooity, but of the actusl motion of the nmatter
displaced in the shock wave., The motion of the vapor can be considered |
to be the sems as that of the air if the cable is assumed to have been
vaporized before the arrivel of the shock front, and if ons neglects the
density difference between the air and the least dense particles of the
visible remsins of the balloon ceble, &g well as eny inhomogeneity erising
from the presence of the high-temperature vapor,
| Fig. 10 shows the motion of the vapor front subsequent to the
arrival of the shock weave, in the cases of Several olements of volums (
originating at different distances from the center of the explosion. Since
measui'qnents were made only on the front, the veloclty velues given are
those of the fastest accelersted particles only. In every case there 1s an
almost continuous sireem or partiqlgp. hqhinn the front end in a few instances
there are streams back tb ehpet !m&isg'),aced particles evidently much more

dense than the aumuming ai‘n.“’nig;,apqxes. which gra our extrapolated

LRl

" i -

APPROVED F@R 'PlJBLI t RELEAS




1

b e e e

APPROVED FOR PUBLI C RELEASE

Each hook ends at

APPROVED FOR PUBLI C RELEASE

1

: W

5.

't the camer:

'

. TH
lé&ﬁ‘ d/

1

'
i

| (it

K

b
9

i

7

081

20
- 20
< 23

-0

!

Yp



APPROVED FOR PUBLI C RELEASE

APPROVED FOR PUBLI C RELEASE

APPROVED FOR PUBLI C RELEASE

H

R VST SR

. ' .-
e e

'.wﬁ _

A7 I~

WG

Ty A
/ey

Hy

7

I

rid]
T

i
Il

[Soyh

)

40

s s

T

-y

1
i
i

Tl 0

EARIEE e W] S A B L O W Ly

EYEYEY,

ELTTY

Time, seconds

APP

APPROVED FOR PUBLI C RELEASE

ROVED FOR PUBLI C RELEASE

APPROVED FOR PUBLI C RELEASE



Lt *

S8

APPROVED FOR PUBLI C RELEASE

v o @
o o o
(4] e0e

o2de

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

12

“30 per cent greater than the ocaloulated walues The sprend probadbly re-

presents a random error of about 10 per cent in ocur velocity values, which

"y

'depend sensitively upon the cholce of curves through our experimental space

time points. The 'average excess of 20 per cent in our values over the ocal-

 culated values may erige, &t least in part, from the inhomogzendity of the

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

EX. DEVELOPMENTS BYTVEEN 10-1 SECONDS AD 1 SECOND: -

Partisl envelopment of the bell by the skirt
Between one-tenth second and one second the dust skirt grew in

height until it hid most of the ball of fire, end thers oocured the prelim-

~ inaries to the érut convection movement by which the original ball of f£ire and

and the upper part of the dust sidrt coakesced into a body that eventually

becamo the new cloud of amoke.

The howizontel radius of the ball of fire itself reached a practé- .

 cally constant wvalue of (2.0.‘!3).2) <102 meters at about 0.15 seeonﬂa, while

period, vhen 1t was 3.201502 'msters.

the upper radius, probably on account of the incipient comeation movemnt,
continuously increased throughout ths first second until the end of that

The iddefiniteness of the edge of the

ball of fire continued to make a unique measurement of the radius impossible

until the indefinite ball began to be replaced by definitely outlinod flamas

12 Brinkley, Kirkwood, and Riohardson, OSRD-3660, oorrectad and referred to

the Trinity sound velooity (of, ref. 11.).
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that alioﬁed'quantitiative consideration bf size again, after appmximtély '
one second, | | | | |
% _Dzmmmm'rs BETVEDN A AND 10 smnnusz} o

W the ball-of-five atagg to_the %a-gloud sja&
At 1 second the oharaoter of the materinl left by the exploaion ‘

was oh‘angins rapidly. At this instant the material cona:l.ated primari]w or

- two poa-uw. a ba11 of f‘.u'a. vmioh had beem slmhat elongated vert.icam.'

) and onJy the upper part o:‘ which could ‘ne aeen rmm ouy groumi p@aitions'

and a skirt of dust, Whidh hed grown vertically until it almost hid the ball

of .£ive, In the interval between 1 end 3,5 seconﬁs a now oloud .of smoka o |

formed from the ball of fire and the upper part of the sldrt-, a:n gradually

A'chnnged shape until by evout m seeonds 1t hed bécome slmost a sphere, & |
|  ghape 1t :_:etained for aevargl minutes.. ‘me nscking of the am skirt with

‘the formation of a torus amd a stem, and the varietions in upward motion,
dégcnbed in this seetibﬁ. aTe all minor pﬁaaes»or the fémtion and rise

‘of the oloud of amoke, o - o ,

‘ Arm rising stemuly throughout the first second, the top of tho

ball of fire, i.e., the Mslast point on the whole cnsambla, remeingd at a
~ substantially copstent altitude of (3581‘1) meteTs £rom 1.0 0 2.0 seqonds,

It then asquired en upwerd velocity, almost all of it ‘betieexi 3,6 end 4.0

seoonas (oL E‘omation gnd rise of the c:l.oud or mha, be].ow).
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Brus
The top or tha skirt matarial had suddmly s].owed down at 0.*?

'seconds from a vertical veloo:lty ot‘ about :B-ll’J2 metera per aecond to one

of about one-ﬁrth ot that value. Dtu'ing the pause 1n the rise of the top

or the ball of rire, the ald.rt material contimed 11;8 riae, satlwrlng about
thn m‘berial of the ball of fire until tho top of it fomod. an almost Pplane |
surface, much wider then the ball of fire amd almost high enough to hide it,
Fm m to four aeconla the Shape ot the upper part at the akirt rap:l.dly
beaama‘that of a tcrus or vortex rizx, pnmbly on acommt of ths ineipient -
stro f

upward oonvection at 11;3 axis, Iho outer radins of the sk:lrt reminod. v
approximateay constant. and tho top of the skirt continned ita slew rise,
Egck foMion
" hsthe top of the ball or cloud remnm 1ts rise, the sides of the
ﬂat-topped portion of the sidrt mqtar:!.al 'beoam lteaper. end at (5.#?0.5)
‘secondl, whan the top of the skirt material wes a% 390 meters, en dotual ”
}minimm or nack fonmd in the s!d.rt material ‘at.an alt:ltudo of (128*3)
’ meters‘.  Thenceforward, the redius of the neck Btoad:lly dscreased, go:l.ng
| Lrom 360 maters at 3.5 seconﬂs to 99 mtem at 33 secm&s. The -ﬁltituds ,
of the noulc, atter rmining wimin 10 mmrs of its original nlno ungil
7 saoonds. bagan en inorease that atta:mod a maximm mte of about 90 matars
per aooond at 16 aocands memntter, at 1aast until its aontact with tho
_ g:mund wes lost at 22 seconds (680 mataré. the nool: rose at a dover rate,

averaaing about 30 meters per gecond. |

. .:'. .

Gonvaetion stg ..:, : e : s 3.

The neck was followed i& 11;8. nn ‘hy e gwat atm, apynraut)y of

"ono “n

sclid mattar, WDM@B@@ FMM YAB narroﬁdst at thﬂ nsck,




APPROVED FOR PUBLI C RELEASE

o 6 o0 o [ ¢ e o
e e e ® [ s (4
o 0 O e o 0 e o 0 0
PET 008 e, 080 & & 0 ¢ -~
0 900 0086 000 000 o
- o o e e oo
e o oo o 08 o O
e ¢ o e o e .0
o o o @ -0 .0 &
e oo o oo oeo oo

T

Its sides were coneave upward. reaching the grouml tangentially. While .
this tangantial stmctm-a pmvented an aoourate maesumnt of the hottm': o
'raaius after 1,8 seconds, it cen be statod that ‘the mdius of the stem ot
“ihe ground was of the seme order of maguitude as- -the radius of the eloud,

: Turbulenca near- the nnok geve rise to e minor branch in the uppar pm or 8
‘the stem, Leading to ambigunies in the measurement of the height o«: the

stem and relatad quantities, betwge‘l; 14 and 20 s_econda. Y.

While these ohangee were soing at the periphory of tho skirt.

.a oonaiderably more vi.olant process was startins mido it. M.atter m
| within am beiml tha tm'ua np‘.llhd over tha top of the toma, and a new -
."<.ba11 or cloud of moka. consist:mg of the torus and the auperpesed matter. .
: besun to rise, | The awond. convacth‘e rise of tho to;p of the ball. besinnim |
, "at 2.0 seconds. was quite d.irterent in ohamc‘ter rrun the ﬁrst riﬂe, ynhich
| wes part of the original symmatrin em:panaion. This time the 'boundnry m |
evidenﬂy that of a body of 1n¢andascont material. or hter. of amolm. ourra.ea-

in s convactive mvmnt. In ths hali' saoond' betnon 1.5 and 2.0 ncond:s the

| "~'meaaurod diaplacement ot the top was 1 meter domm, and 1n the half seoonn

‘botween 3,5 and 4.0 mome it mewmt«m upwad: thus thoavmaaup- |
wara aocelaration during tm.s two-socond intervel was 4.53. ‘maroafm. the

i rate o:t rise demased somwhat. and a:tter 8 seaonﬂs 1t was maz-ly eonstant

, at 57 meters parT - aeoond, gt '.‘Leﬁai unﬂu-thq gempra lost its relation to. the.

. ooe ooo obO TR

grmm at 1500 meters (ﬂB- ot § P
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At the tlme of rormtion or thé smoke oloud. it oomhtod of thc
torns of Bkirt msterinl with a rahtively small volume of mdttor pilpd over
11:% cemter, For a t’ew looondl thil pilo grew wi.thout groatly nfreoting the
toruu. althotmh the half-hoi.ght of 'bhe torua 1norcaaed obnsidcruble. By 8
secondo the porti.on above the torus was chaped amthin; like e thimble. with

slopin; side.. , From 10 to 15 uoondn the tholo aﬁad\mny ohnngod shnpe %o
: very nearly a sphero. M‘tar 15 seconds the shape na approximuly thut of"
an- hxorminsly oblate apheroid,, uith ito axis vertioal at 60 uoomin the
mtia of horuon'bal to. 'verﬁou.l dimteru ua approxmatoly 4 to 3, The

:ieu‘npherionl chape poraistdd for mgnar Mmtos.

During the onrly part of the rise of the sinoke oloud. the 'ho:‘ua,
qlu.ch. ooﬂ.titnhod the lower part of the oloud. mintaimd ite idontity
within the nloud. The boundary of the torus ua definmite ua . apprn:!.u:holy
horisontul oirolo until o.‘bout 22 noondo. arter which 11: gmdmlly bam

htrder to dictlnguioh. | ' . .
|  The m-tiul, hur-haight of the torus’ 1teol, aftu' 1mnnn;
npi.dly from 60 nwtorl at 5,6 upond. to 210 moﬁoﬂ at 10 moudl. r.-uud
npprod.mtoly omhn’a until 16 uaondn und tban dcernnd tou nearly aonuto.ht
nlnc of. o.bout 130 m.u at 18 uoend.. Ihioh 11: mn.mhined ne :lm; as it
wn duﬂn;uiahnbh. ulthou;h the oloutl 1tulf oontinuod to grow in haigbt., ;
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fon of the , emoke aloud |
‘The approximte wlunmes of thve torus and the whole cloud are

‘given in Table Vo No attempt is made hera to caloulate the eotual aocretion of t
Material in the oloua,: which wopld heve to take into sceount not only the

nature and tempn'atum of the mattsr in the eloud but also the mutaorological
eonditions enoountered during its risel®, B

© Matter began streamng uward aloug the azis of ‘bhe 'romx fing ai:

z.o aeconds maently the £ivst xnaterial 1t tbis eonveqﬂ% atream. which
was maeo.ingly hot, originqted pear the oentor o? the explosion. & 00331'1'1‘-‘
ation of the volume of ths oloud shows tat most of um&%ter in it st bave

"'originated a conaiderable distance from the center and hav& boen mgwﬂ the

centar on its way to "bhn olond in the cconvection atream.
135, ¥ muvverd et &1, 1A - 367, . ,10-
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('uno valuea given are crude est:lmates fmm tho vortioel am
horizontal erbant: ‘the ahnpe of the torus. m the cloud. 1s talmn a8 an
ellipsoid of revolution exoept that for 3.0 and 5.0 seconds the non-skirt |

material 15 treated as a spherioa), s_a@e’nt bounded ﬁ; a phne‘.'f

Tine, , Volume of torus, Volume of ¢loud

. seconds © gubic lkilometers L :ncf;dmg ’coms.

3.5 T, X
5.0 . !;'  0,068 - o.108
0 / 08 0,23
15 JoT eas o0
20 0,17 - 0637

' =0 ' | . . | ' 0.87
40 . | 1.1
80 8,0
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XI. DEVELOMMENTS BET.EREN 10 and 20%SECONDS

Cloud rigg ;_omt;on
Metaorological observations shmd that while the h!hid.‘.ty wag
77 per cent et the vaun‘gce, it decreesed with mqnasing.altitudd toa

constant value of about 5O per cent, umtil at more than 2500 meters 14
* ingreased to saturation value®>, |
Photographs tsken at 3.3-second intervals show thet es the
rarefaction following the shock wave passed through layers ‘avt) 3.3, 4.2,
4.4 end 5.8 ulom;toi-s; 1t proaﬁo.a olouds at these altitudes, Deteils
’are given in Table VI. A disocussion of thie phem:mnon has been g:l.ven by
- ao:uwal‘ R S /

The aversge brightness of the oloud graduslly decreased ss the
¢loud fosa. After 15 seconds;mst of the light from tha"cloud itgelf was
from localized flames that progressed thirough the oloud as one"wuld expect
in a cloud whioh hed gathered up a great deal of rinely" divided, incompletely
burned materal. At about 20 seconds the light from the flames had died down
to such an extent that a dim glow bdeyond the surface of ‘the ocloud showed
z-'émmﬂy pmminanth. Tis glow was brighteet at the surface of the clond

1tu].f and deorsased in drightness with 1noreas:lns distance fram the oloud.

B i
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ve 500 See 000 G060 e
:
: .az_.‘
| | TABLE VI,
- CLOUD RINGS S

iy it

Diatancea are given 1n ldlometere.t O.l kilmnetor un.lesa speoified.

\

' Times are given in secomds, ¥ 0.3 seconds.

‘Anglaa ere azimuth, measured omtmlockwise. e.nd are gim 1n

degrees, t g°,

Nmbweinthnbodyotthetablemmmmn. ’

AlLbitude Mexium Time 8%  1lL.é . 14.7 18.1

et maximm  vertical | , |

- redius extent \

3.380.1. . 0.3 m 1,7¢ 4,081 8.0 gg

42502 06 ‘m | 2.4 B} EXTA

4.4%0,3 02 - Lie sy

'5,2;&0,3 1.0 - " | " 2.8v
..nbé‘mable trace of sosttering frau mist et spproximately this altitude,

. Jprobabny @ cap or d18c; possitly a Ting With its eperture invisible
£rém the eamra poaitions, ' |

A Innompleto ring, with scettered wisph eitenainé in szimmth from 164°

: "toaos".andsolidclomlfmmBOWtom. | |

¥, Incagplete ring, with solid eloud extending in eaimuth from 2199 o
- 368° , and scattersd wieps rmssa° to. 200,

3 Smtrio, oomp]ste rng.

P anpleto ring, hcmm; temard 93°aid ilmhst tomxd NE end w.

'} Incomplate ring,. mthozu-. etﬁlslv'p:t;.lomimnt ezimnth, tut with in-

completo ,mﬁgﬁgﬂ&hﬁﬁsﬁ e EAS?Elm‘ |
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until et sbout 200 zeters from the suxface it became :I.nviaible. In our
slouaat motion pictm-e oamm recora, wh!.ch oould be upoctad to moom

. brightmess down to about 35 candles per squere meter, the glow was ‘oticeable

for (75%05) gebond‘n. "In.a ‘gnialpahét”ﬁak'm by Stenley Frankel, the glow eppsers

50 be severel times as bright as thg light from the ¢lqud itself. = From its

position in a sequence of pictures, this pioture appeers %o have beqzi eu:poaea |

for a few seconds during the time interval between 60 end 90 seconds,
atios |
At 60 seconds, where en %xtrapolation of the cloﬂdétop altitude

curva (Fig. 1) ind:loatea that the cloud was at-an altitnde of a‘bout 3.7

o -ld.lmetars. there is maenee or a halo of cloud or dmnensatton in a th:l.n '

ring &bout the main cloud near 11:8 top, It will be noticed that the altituda

~of the c:lmd wes approximately that 1h which the B.ls-second aero camere

pimmre ahpwed a raint mist. 'lho helo fomod. in thn presence of the cloud
had e"ppmx_imtolythe atmt of ﬂze glow and oanbg prqamoa. to heve been
oamqa' by 1onizat;on. ' o o
 Stem twigt
mecomotimctmuGOuWappomdaemw@ﬂmm

mm into tha tom or a htt-hamoﬁ aorm with 3. loametera pitoh.
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- XII, vamopm'm m 102 SECONDS.
Barore the e:plosion, after the explosion time aehedulo m been
. o adjustod trom 4: 00 a.m. to 5:30 a.m., thq cameres Were re&djmted for day-v
lisht Oparat:l.on and. unfortunately, the daylight was 8lightly too faint '
for rollowing the cloud after loaiusw-elfclmtnowa nnt:l.l about 3.5 mirmtes
after the exploaion. . hwen after it was ught enough to see the cloud ball.

an overoast sky pmentel the rallowlng of a:vth:l.ng exoopt the stem. Therefore

. we have no quantitative date on ocourvences after 102 saeonna. ~
Suoke 9_9_'11 | |
' (.\ ; e For mére than an hour after the ‘explosion, the naiehborhoo‘d was’

covered with a pall of amoke. A 0olor picture which was teken at 40 minutcé'

!

shows this pall,
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APPENDIX T

Table I 15 [ omplete liat of tho cameras and auxlliary
equipmt used for prodnoing the pic&.uros upon whioh this report 1-

buod. together vdth all tho pertinunt photographio. gomtrical. oloo'brioal,

'.\uqd timing data, and the ﬁ.lo mmbors under which tho origi.nn.l nmtivu

w1l be kept with the u-chs.ve. ofi Gronp a-n (m u-a),
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IPPENDIXIi o

~ With the exosptions listed here, all measurements for this
report were made by dirdct m‘adinga“upoh mgafsivas. The ugual progedure
with motion picture freme® was %o place directly upon the emlsion a scale

which could be reed dimtlv W 10'1 millimtars and aasny 1n1;erpo1atea

'\ to ZI.O"2 1:1:[1;1!.1‘1043‘be:r:’'e.t a. distance tet 1n most cases corresponded to &

aistanoo of the order or deolmaters in object space, ' The masniﬁcation
was detemima in almst avery oase by dimct masuremnt of the distanoe

in the :hmge btheen the qanters or the billboarda, 400 0 meters apert in

| ohject space.

| For the measurement of the refrection by the ahook front, measure-
ment upon prints turned out to de innz_'e, pacticel rather than measuremfnt upon

the oﬁiglngi.rboomiae of the Gesirdility of using comstruction lines that

would bave spoiled the original end would have had to be dravwn w:lth the -

mmotically close spacing of aeveral lines per millimater.
‘ In the measurement of the ehock front redius end dark rront redius

after their separation, 1t was not practical to use the originala becense

of the lack of oontrest as woll es the Decessity of detemining the imege

point oorrespdndinf to the gadget center for diagonal meesuraments,
ror thm m Kinds of moaaureunta, prints were made that onhanood

the contraat or the reaturea to be masm-ed, and ﬂza measurements were mede
Eso.‘hergl, prints were mede on dcudle weight

paper, end a:lr-coolod dlgtggguuth mccpa of. the same kinn of papcr that haﬂ

APPROVES FOR*PUBLIC RELEASE RN
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et

been tregtéd simiiarly, except thet aevér_'al éi:éie‘sf‘adcurat_ely di'afvﬁ _6nl
various par’aé‘ of the surface by & caupass roplaeed ‘t‘ha photogr;ph'io' image.

: Measuremanta upon the circles indicated that the streteh or ahrinkage in ’
| theso printa was well within one per oant and ﬂmt the 1nhmnogent&bties

| in the dimansional ,ohanges wera conaiderably less the.n this. On eaoh
-pr:l.nt the distance betwsen billéoard centers wae: measu&d,, and tha resulting
corred‘bion ractor appliod. to all measurmnts made on that print.

| , 'I'h.e meurementa of the ahqck wave and dark wave radii amd the
mags motion of the air between 280 ann 530 me‘bers wera made from the 24%
Hitchell cemere record. 'me absenee of any sea:le marks on any trms of
tnis cemsre made the d1rest messurensnt of dlstenaes tmpossible. Two a].most
,'.;; 'anouy independent and indirem; but rigcroua mathods ror distance
.-"‘méashrement wera worked out: one gz‘aphical method and one analytical method.

/7
_The tinal ‘result or theao two- methada on the shook wave pointe agraod, on tm

E average, within abouts ome meter; ror the dark wave. only the anhytical method
was. used. ‘l‘.he baaie of both mathods Wae tha detemination of the poe:ltiona
or oertain poin'lze an the ‘oalloon eabla, a.e;. the bot'ooms of the balloons
_thamselvea, a bright Spot correapopdi?g to tha exploeion thet wes to ralaaag |
the balloons. and en a].tmimm eylinder attachod to the oabls, with tho am of

' tho time expoauros tm the 2-meter camraa, each or whioh showad at lmt

: soms of these points as well as the pair of binboards Artez' the detominat:lon
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' or the acale with the ald of these time . ezpoaures, the graphical method

_ made use only of the standard methods of descriptive gemtry. and the

analytical method made use only of the methoda of solid analytical gooma=
tr,y plns tha approximation of the portion of the cable undar conaidoration
by a straight line.

'me points fimlly uaed ror the shook wave mre the msult of

 the ananum deteminatiop..

'me dark wave in the mgion beyand 280 metars ofrered 80 little

contrast that it was d:lrﬁoult to de'bect, axoept upon a moving image. ‘Ihe

8 position of the dark wave ‘was dei;erminad by nmuing a positive fﬂm in a

"Moviola" Jection machine wi’ch 1ts ahutter rmnoved. ana trac:lng the

position of the wave after watching tpq 1mage move into place. Several

ru.ns were made and avaraged. The two kinds of sym'bole reprasenting tho
dark points represant two 1mlepena.ept seta of rune.

Il'er convenieme, the :mwge ppaitiona for the. shook rmnt and mass

'mo'bian data f:.'om the 24" cemiers. ware detemined also with the aid or a

"Moviola™ projector.

i

In‘ the meaeurements upon the 'ﬁurtain.- successive 'oyutlineu of the

ball of rim and the curtain wexre traced ipon a ainsle shaet of traoing
.paper with the aid of the "Moviola" prejector. and subaequent]s moaaurod

‘*I’wo rm wore made by diﬁ‘erent obaarvez-s. N

L \zl'hawmsnuremnts upon tho lhch i‘ront rooordod i.n S.‘:bla zv _
wer's made by tracing bounda ..’mqs r;-.m.mh izos by pw;@ots.on and from the
18" m.tohell from 1:2000’ adla- _nrlnta.uﬂnﬁ tho g;raaing pnpor repraduedd in

o
e g

nne®
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REGMAENDA‘I‘IONS FOR FUTURE ES’.’EB

Time of dgz

Whatever the cireumstancea u.nder whieh i‘uturo tests are madar :

photographic work of great .uyportance wul clearly have to be done over

~ an o'bject d.istance of the order of 10 to 100 ld.lometers. 'Ihe two. prina:tpnl

optieal hazarda of 1ong diatance phnt;ography ere’ haze end irrsgular re-r o
fraetion ripples. Experiences at the Trinity test showed that eonditiona

for photography were the most mportant ractor in the choiqs of time of

' ,day for the explosion. It :l.s 1mportant that .tha time of 'dw for any futm"e'
: explos:l.on be ohosen only after a atudy of. oontmt and resolut:lon at tha
- ezpected objact distance. as’ fumtions o:t' tha tim of day. pred’erably during

" tho seaaon of the yeer in whioh the teat ia t0 be made, So that the t:l.ma may

be ehoson for optimum eonditions. ‘me suceess of the photography or the

Ty 16th exploaion was due in no em.all measure o our aﬁieetion of ‘the time

of day. Fortumtaly. the delay or an hmzr and a half d:l.d no harm,

‘Ihe aocidental photpgraphy o:f the balloon cablo allovad us to

follow the shock front ard tha mass motion of the air behind the shook rront

o past 450 metars. The means with which we had 1ntsnded to follow the shoak

‘ 'ktmnt phowgrhphieally, @.z., the photograghy of ezplosions nt orf by shnck

| APPROVED FOR PUBL| C RELEASE
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'possi"‘bly also, :1:‘1' gome instam_ea, §n account of dis’turﬁaﬁce_s of the arming
c‘iréuit and meltiﬁ.g of the 'shook switoh ‘app'amtué; 1 we ‘o'ah Juﬁée by the
eroeriencos of others with apparatus within one kllometer of the explosion _
canter. It is recomanded, themefm-e, that the photogmphy;cabha or other
. objeets w:lth ordinary cemeres be uped hereafter to replaca the more elaborat'q

shook switeh aie;nels planned for the Suly 16‘bh explosion.

Improvement in time resolution dur% the early ﬁgeag ' |
' 'Iheoretical 1ntereat in the early steges of the ezpanamn naa
been grestly anhanced singe the July 16th explosion. An inereaﬂe in the °
order of magnitude Qf the frame frequency for e sho:rb interval during the
- early’ ategas would require some developmant but 18 a pmblem already solwd
for somwhat d:li‘ferenb ezperimental conditions. The Marley camera azpomes Tl
thet we orig:l.nally planned, bus a‘pandoned. would have yielded 105 m per
sgoond for 50 frames, Tha fixed ahort focue and low qmlity of the lemos :
| would probably have made the Marlqy camera picturea uselems. m rotatins
nirror, Korr-cell appamtus that haa takgn a se:ies of about 60 expoms
at 10"5 second intervels wquld be urﬂmn to control remotaly, at 1% es

the admntage of rrae ehe&ce or 1ens. mqro are other poesible nchenﬁs. ror

. Which the davelopmnt wmﬂ.d be oonﬁm eaaentiauy to the problans of

coF

~Temote gontrol and 1nstrument protecticn, All the setups mth higher framo o ¥

frtaquehcy ‘then the Festax ,appaéi' 't'o requira a oonsid‘emhle emountof developf |

ment and cught to be comidmeg ondy 3£ m:r use is strongly encouraged by

the theormtso ' .:o vee o Y ete Seo
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_ More space reference marks N |
Several unoxp'ooted oppoz;tunitios roi' loasuromems omphosir.o the
', pauoity of our rotorenoe points end the great imporbance of the roliable ones
that we had. our inner otationa at 50 motora turnod out to bo moloss.
possibly booauso of the difficulty of the erootion and choclding in the field
of sui‘reoexwith tho probe:r space orientation. A series or sots of surfaceat -
fixed dlstences fram II.O2 to 105 mstore would be rolatively cheap insurance
: asainat lose of distame standards. ‘Iho photographw of a drofp over wa'ber-

introduoos now difficultioa that need study

Increased number of motion p;iotum cemeras

It wae as much by good rortuna a8 ‘oy rorosight thet a fairly
complete record of i ﬂio first minubo after the oxplosion was obtained with -
the aid or only 12 Fastaﬂsﬂnd 4 P..itoholl oameras._ Several important
phenmnona, Such as tha dark wave, tho cable rofraction and the shook
velooit:,r and mass velooity frcm the balloon oables, were properly photo-
graphed only through sheexr good luck. Increasing the mxn‘bor oi‘ stationa
. and using several +imes as many high-spesd and 35mm motion ploture cemsres
as we used would require ne dovelomont work and muld e;reatly enhanoe tho
' probability of complete successful coverages
| Pixed position reguired for @oet_rgsoop_z |

It is clsar that much further spedtroscopic study wil‘i bo required.
- iiie exooeding‘i;‘v nerrow fleld of a slit. Spectrograph demands thate,‘ for any

‘ 'diroot apeotrographio study of the. object itsolf,, the position of the
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object be well ‘knom. Therefore, 1t is bo be heped that at least some

: future tests will be made with ﬁmd-position bombs and tat full admntage

"
wml be taken of the opportunities offered for spectroscopy at any such fixede
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