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GENERAL DESCRIPTION ¢ THE EXPLOSION

(refer to Tuble I, Appendix I)

Pig. 1 5

DEVELOPHENTS BEFORE THE GROUNDSTRIKE (6.5°'0~%4040nd5 )7

Radius proportional to the twoefifths power of the time
Hot, pinched bottom oFigs, 2,3 Eye. (1), {(2)

Blisters -(Table 11)
Spikes « (Tuble I1I)
Time of groundstrike

DCVELOPUE!'TS APPARENTLY CO:SRQUENT UPON THE

Skirt « Pigs. 4,6,6,7
Curtain of lizht
Hot V in the skirt

Belt, or laoh front - (Table 1V)

'OTHER, DEVLOPALENTS BEFORE 1072 SECONDS

Irregular curvalure

Hot spots

Area boundaries |

GROUNDSTRIKE 14

] .
DEVELOPUENTS BETAECHN 10°2 AND 104' SECONDS

16

a8

Separation of tha ahook front from the btall of fire
Dark front « Fig., B
Departyre of the shook velooity I‘rom the two«fifths
p:mer law « !}qs. (3)0 (4)

REFRACTION BY THE SHOCK FRONT AT 20-1 sgcomds 21
Fig. 9
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VIII (MASS HOTION OF THE AIR AT 5.104 SECONDS=Figo 10
X . DEVSLOPIENTS BET.4E¢N 103 SECONDS 4ND 1 S3CO: DS | 24
Partial envelopment of the ball by the skirt K
X DEVELOPMEWY'S BETAERN 1 end 10 SECONDS 2

{ Trnnnition from the hulluof-ﬁre stage to the
‘ smokeecloud sthge
Stopm.ue and resumptiop of the asoent of the
. tap of the ball _
Torus- :
Neok ra:mtion
Conve.'Lfon stem
Formetion and rise of the guoke olend - Fire 11
Change '9f shape of the sonke oloud.
Persistenge of the torus in the smoke c?‘d
Expansion of the swoke oloni « (Table .)

I DEVELOPZENTS BELIEEN 10 AxD 10 2 2.CoNDS 31
Cloud ring frrmation - (Tgble vi; |
Glow - R
Condensation : P :
Stem twist
X1z DEVELOPEUTS AFTER 10* SEGINDS - 34
Smoke pull | ‘
APPR DIX I ,mmmrm - (m:le 1) - 39
APPENDIX 1I  MBASURZHENT METHODS : - 36
APPENDIX III RECOMMTNDATIONS FOR WUTURB TFSTS . 39
Time of day .

Following the shock wive further by onble motions
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Maore space reolerence farks
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31 10bw 5.0 8p0 1%, -
32 10UN 10.0 1:
33 104w 0.118- 0.22L 1:
3, 10w 0.01 - 0.30 1:
35  10ler 0.2  1:
36  1olw o3 13
37 - 10bw 5.00 1:
380 3.30lw 115 1:
390 3.3.1008W 1.5 1;
io® 3.3.10Mw  18.1 1:
Il 3.3°10Mw 8.1.18.1 1t
2 3310k, 8.1 1:
llg 3-;’%3 L li.g 1l:
3.3°10" 1l 1:
5 3.3e0w 18 1
L5 m‘m 1 1:
L7 1olw 2 1:
llia : 1% 2 R
9 1 1:
50 10"‘)! , 5 1:
gl 10)"11 6 | 1:
52 IOI"N . 7 1:
53 104N 8 11
sl 10}_{5 _ 9 1t
10 10 1:
56 108N 11 1:
57 104y 12 1:
58  10HW ii 1:
59 1 | 11
& 10l 1% 1

100,000

100,000

50,000
50,000
50,000
50, 000

10,000
10, 000
10,000

10,000

10, 0CO

10,000
10, 000
10,000
10,000
10, 000

10, 900
10,000
10, 000
10,000
10,000
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61 10BN 16 sec 1: 10,000
€ oM 17 1:.200000
63 1obw 18  1: 10,000
& 1oy 19 1: 10,000
& 104y 20  1: 10,000
6 w0l 2 1:10,000
é7 10l 22 1: 10,000
68 1oby 23 1: 10,000
69 mﬂu 2l,  1:110,000
70 10 "2  1: 10,000
1% 30 1. 10,000
72 1okw 35 1. 10,000
73 10 Qo 1: 10,000
7h 10N 50 1: 10,000
7% 108K 60 1: 10,000
O L 30 ok
762 l‘.lm. 30-bo <107
71% 10k 50 - 60 Mok
781, 10UNT-80 - 90 ~10-L

792420408 -2 min ~10-b
8 ‘330100 o5 min -0~k

81, 3.3.10MW% .10 207l
ged " " jolw lo 107
83 VYertical 28 hrs. 1: 10, 4,00

amgh contrast copy.

®Vectograph (stereo print) ;
use the viewer in pooket.

cCo:mx'tesy of Stanley Frankel;

the time and space scales of
gthese pictures are not known.
Color print.
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Fig, 1 is a compilation of almost all the data,

Except for the extra brightness and retardation of a part of the

sphere neai' the bottom, a number of blisters, and several sp.ikes that
shot radiully ahead of tha ball below the equa.tpx.'. the exprncion of the
bull of fire before striking the ground wag almost-. symmetrio, following
the relatioship, RAt™", where R is the radius snd t ia the time in
seoands, | | ‘

Contaot with the groun& was made at §,65 * 0,06 milliseoonda,i
Thereaftor, the ball became rapidly smoother. From 1.6 to 32 milliseconds
the time dependences of the radius followed closeiy the’relntionshipo

M(Molb’*)z/ S, At 3 milliseconds there appeared at the.bottom of the

ball an irregular line of demarcation, below which the surfece was a'ppre-'

olably brizhter than above; this line rosc like the top of a curtein until
i€ disappeared near the top of the ball at about 11 ﬁilliaeoondao éhortly
after the spikes struck the ground there appeared on thn groﬁnd ahoad of
the shock fromt & wide skirt of lumpy metter, and within and above the
skirt a smootﬁ belt (interpretod’ ag the Mach wave), origimally brighter
‘than the min front ﬁut rapldly zrowing dimmer.

 Two successive visible fronts dropped behind the wall-dét‘imd
ah&ok frout, The brightcr but less sharply limited ball of !‘ire foll
 behind it at sbout 0,016 seconds. At about 0.032 seconds there _appeared
imnediately bebind the shook front & dark frant of‘nbaorbing matter, which

traveled slowly out until it became invisidle gt 0,88 ?ec:,md_s, The shook

bl
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2he o
front itself beomme invisible at about 0,10 seconds, but was follomed unti)
0,39 seoonds, first by its light-refmoﬁng property and later by the
limpulse it imparted to @ balloon cable, The mass motio;:z of the air could
ba determined from & study of the motion of the vapor of the balleon oable.g
v The ball of fire grew ever more slowly to & radius of about
3.10° metors, until the dust oloud groﬁng out of the skirt almost enveloped
it. The top ol the ball started to rise azuin at 2 secqnds-., At 3.6
seconds & minimum horizontal diameter, or neak, appeared oneethird of the
l:\gy up the skirt, and the portion of the skirt above the neck formed a
‘vortex ringz. The neok narrowad".%he ring and the fustezrowing pile of matter
above it rose as & new oloud of smoke, carrying a convection stem of dust
up behind it, A boundary within the oloud, betwoen the ring end the upper
part, persisted for at loast 22 ssconds, .The stem appearsd twisted like &
left-honded sorew. The oloud of smoke, surrounded by a& faint purple !xazé'b.
rose with its top traveling at 67 meters per second, at loast until the
top reached '195 kilometers. The later history of the o}:oud ws not

quantitatively recorded,
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JULY ) 6PH NUCLEAR EXPLOSION » SPACETIME RELATIONSHIPS

1. INTRODUCTION
Purpose

© The purpose of this report is to make a detailed description of the
events consequent upon the explosion, as. determined by the amlysisk\oi‘ photo-
gra;phs. Approximately 10° photographic exposures were made, almost all of them
motioxi picture frames. The report does not inolude any spectrographic or radioe
metric results; thesec are in separate reports 102.. A great deal of the material
contained here 1; ‘presented less quantitatively but more graphically in 8 series

of motion ploture titles? and edited motion picturests

"Photographs included in this report |

Bighty-three prints are included at the end of thiu.reporte They
are listed in the table of contents in tabular forﬁ, showing the\ viewpoint,

the dimensional scale of the print, and the time, i‘or. each. Among the prints
are several composites, four stereo prints (for which a stereo viewer is

‘inocluded), and one color print. There is some departure from ohronologidal
order for the sake of continuity of the sequences. ' In order to avold a confus-
ing array of references in almost 'every sentonce, all reference to the prints is

avoided in the body of the report.

T7D> williems and P. Yuster, LA - 353. | UNCU\SS“:\ED

27FoB. Geiger, Jo k. ¥a0k, und S. Nicholson, TA - 563

3 Cle Jdo B :\hek. LAMS - 373

b On file in Group M - 8.
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Almost everything mentioned in the report is illustrated by at least one
of the '_printa included here. The pertinent prints can usuelly be founl

easily by searching for prints belonging to the appropriate time..»

Egui;qnerit :
Appendix I contains, in Table I, & compilation of the principal

equipment used for producixig the pictures measured for this report, to-

gothor with all the most important date regarding the eguipment and the

s |NCLASSIFIED

Coordinates and notation -

seasurements were mede in terms of a coordinate system vﬁl_iose
cardinal q,irections are N, ¥, S, and L, vhere N is, according to an engi-
neering survey, 21“ 56' vest of north, and i, S, and K eye successive
intervals of 90%counterclockwise. Vhen a point is referred te by latitude
or azimuth, tha_ origin is the explosion centér, the latitude is an anéle
measured positive upward from the horizontal, and fhe azimut,ﬁ ié measured
. counterclockwise from the direction M, Tne four priricigal cam.aréa stations
were all neerly (wﬁhin 10 minutes of ars) in cardinal azirmxthal directions’
from the origin, viz., at 800 and 10% yards N end U. The stations are
usually designated by distance in yards and direction, @sFe, B0O0O N i3 ap~
proximately 800 yords in the direction N from the gedget cemter. A station
called B.3+10% Ni had two cemeras at ezimiths 251/3 ¥ end 26-2/3° , called
3,3+ LOSNW 1 and 3.3~104N'51R, respectively. Rai’arénce poin'ds for detormining

distance'were the centers of four billboﬁr:da. ten feet square, centered 200

meters from the verfical liné t&imﬁgb'ihé cohter of the gadget in the

e® 698 000 Bee ¢00 o
-~ ~
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directions N, W, & and E.° Time intervals were measured with reference
to the period of' a 1000-~cycle tuning fork, The origin of the time scale

- was fixed at approxiﬁmtely the time of the nuclear expleosion by extrapo-
lating the radius 6f the b{gll of fire backward to zero f{cf. Fig. 2 below).

Numerical velues appearing after the sign 3. in this paper are estimated

probable.errors. | 1 UNCL"\ iFIED

jeasurement methods
‘ma details of the methods used in determining the space-time

relationships shown in the graphs are given in Appemdix Il

Regommendations for futurs tests

Recammendations for future tests ere given in Appendix III.

II. GENERAL DESCRIPTIGN OF EXFLOSION

Ths significant space~time relationships that we have measured
£rom the photogrephic records are shown in the graphs, Figs, 1 to 11,
Fig. 1 18 a compilation of almost all the data.

Except for the extra brightness end retardation of a part of
the sphere nsar the bottom, a muber of blisters, and ssveral spikes that
shot radially shead of the ball below the equetor, the exponsion of‘ the
ﬁall of fire before striking the ground was elmost symmetric, following
the relatiomship, Rt 2/5, where,R is the redius in meters, and t is the
time in seconds, \

Contact with the groypd .\xqs madp. at 0.65 = 0.05 milliseconds,

’iﬂ‘}.ﬂ;wﬂm 4& q{' LA notebook number 834,

5Survaying details may be [
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Thereafter the ball became rapidly smoother. From 1.5 to 82 milliseconds
the time depandence of the redius followed closely the relatidnahiﬁ
R (t' . 4°lﬁ-4)2/ ‘,‘3. At 3 miiliaeconda thers appéared at the botitom of the
ball an irreguler line of demarcation, below which the éuzfeoe was appreciv-
ably brighter than above; this line rose like the top of & curtain until it
disappeared at the top of the ball at aboﬁt 11 milliseconds. Shortly after |
the spikes struck the ground (about 2 milliseconds) theré appeared on the
ground shead of the shock front a wide akii't of lumpy matter, end within
apd above the skirt a muooth belt (interpreted as the Mach wave), origi-
nally brighter then the mein front but rapidly growing dimmer. |

Two successive visible fronts drépyed behind the well-defined
shock front. The brighter but less sharply limited ball of fire fell
behind it at about 0 016 seconds (105 meters). At about 0,032 aeconds
(150 metera) there appeared mdiataly behind the shock front a dark
front of absorbing matter, which traveled slovly out until it became in-
visible at 0,85 seconds (375 msters). The shock front itself beceme in-
visible 0.10 éeconds (2.4-10%1;31'8) s first by its light-refracting
property and later by the impulse it imparted to e balloon cable. The
mass motion of the air could be determined from a study of the potion of
the vapor of the balloon eable. |

The ball of fire grew ever more slowly to a redius of about
3.10%meters, until the dust oloud growing out of the skirt elmost ene
velo_pe_d it. At 2 seconds the top of the ball started to rise egain. At

3.5 seconds & minimum horizontel diameter, or ne.qk,_,angeargd.gngvphird of

e ooe oo
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the wey up the skirt, and the port:_lon cf the skirt above the neck J‘.’ormed
aL new vortex ring. The neck narrowed, and the ring and f:he fast-growing
pile of mattei above it rose Aas a new cloud of smoke, earrying a con-
vection stem }of dust up behind it. An epproximetely horizontal bound.am'
within the cloud, between tha ring and the uwpper part, persisted ror at
least 25 aaconds. The stem appeared twisted like a left-handed serew,
The cloud of smoke, surrounded by a faint nurple haze, roge witl 1%s top
tra%reling at 57 neters per aecomi, at least until the comeras lost its

relationship to' the horizon at 1.5 kilometers.
III. DEVILOPLMITS NEFORE THE GROUDSTRIKE (6.5-10™%seconds)

Radius proportionsl to the two-~Lifths power of the time.

Githin the limites imposed by our best raesolving time of about
0.1 m_illiaeconda. ‘the observed value of the radius during the early expension
of the ball of fire {FMgs. 1, 2, 3), wes proportional to the 0.404: 0,008
power of the elapsed time, The relationship cen be expresaed, within the
aceuracy of the observations, as: ”

R % 616 t°/0 | £q. (1)
where R is the radius in meters, and ¢t 1s the time in seconds., This agrees
with Taylor's theoretical reletion R t‘?'/ 9, After 1.5 milliseconds the
expansion was slightly slwwer, following a tmo-fifths power law with a-

shifted zero of time:
R « B64 (t v.40204)2/5 | e (2)

Eq. (2) was followed from 1.5 to 32 millisecondg...,‘pme wesknesges of the

K
- »
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enalysis ought to be pointed out: First, the time scale of sll the other
cameras is fitted to that of the slow 16mm Fastex at 10% N (/209), so the
abscieaeé for all the points ott)er than the solid discs are valuable only
for thelir interml consistency. Se;ond-,‘ the time 1s not indenendently
known relative to the nucélear exploaion; our pero was deete'mined_ by ex~
trapolation in Fig. 2. Third, with regard to the redius messurements,
which for the 8 and l6rm cameras were all determined from horizontal
‘diameters, it was necessary to decide what to interpret as the extent
of the bell, in view of the blisters (ef. Blisters; below): the measure-
' ments were made %o the extremes of the ball, except that the limit in the
direction i/ was taken at the base rather than lthe ocuter surfece of the
compound blister, a policy that brought fair agreement between pilctures
from N and W,

Bethe has pointed out the usefulness of the early radiue~time
relationship 1n the determination of the total energy released in the
explosion, and Fuchs® has given detailed oonaideration to thls asmpect of

the date,

Hot, pinched bottom
Ths slight informtion that we have far the first O mil)_.isaoonds~~~u.

indicates that at the end of that period there was a uniformly bright body,

spherically symmetric except for on epproximetely uniform retardation

x. rachs, 1A - 516, | e
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of about 50 percent in radius v'ithin a zone extending ebout 50 deprees
‘from a polar axis directed about 10 degrees i of the nadir. Ly 0.2
nilliseconds the retarded portion was brighter than the rest, and sur-
rounded by & sherp demsrcation 1ine”. At 0.5 milliseconds the zone
boundary wae still retarded about 20 percent, but the polar region had

@ redius indistinguishsble in megnitude from the horizontel one. The |
sti'ika ccourred at (0,65 0.05) milliseconds. The bright zome persisted
until it was covered by the skirt at about 2,0 milliseconds.

These phenomena have been attributed by Peierls to the steel-~
supported wooden platform on which the .gedget cradle rested. The floor
was 1.1 mstera below the gadget center, onid extended symmetrically in a
4,695 meter squéra. The p:_tatform consisted of a gteel frame of mass
1.4;8-1(.'15 kilogrems and an oakwood floor of 1.1'?°105 kilograms. Above the
platform there were 1.43°10° kilograms of steel, in addition to thg sheet

metal house of 0.58°10° kilogramsa,

i?Pos.ssil:c:l.:\r the absence of evidence of any earlier line arises from insuffi-
clent time resolution during the initial high-speed expansion, which tes at
the rate of about 62 lm per sec. at 0.1 millisecondé and only 16 lm per sec,
:it 1 millisecond. The period of the pertinent cemera was 1.4°10"% sgec.
Since more than haif the field of an 8mm Fastax camera is exposefl éor 95
percent of the period (ef. record of expermments bty T. J. lLalker, in the
files of the Optics gmup), the boundary line could have moved about S
meters, or more then enough to hide it by blu.rrihg, during a single ex-

posure at 0.1 milliseconds.,

8Tha data on the tower compomnm 13. baeea, uppn informetion auppliad by

h‘ “’g Cnaersoth ®

~
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Blisters | UNCLASS\HED

By about C.2 milliseconds, betweon thirty and forty blisters |
(the mmerical catimnte is based on two views at right anzles) had'fo;ned
on the ball. They were approxi:;nate}y hemispherical and of roughly the
same order iln size, with radii of ebout 1 to 2 meters. Ry 0.5 milliseconds
they covered surface regions with abbut two or three tires their original
dismeters, but they protruded slightly less then originally. After that
time thsy subsided rspidly, until st 1 millisecond most of the sui'face of
the ball was exceedinzly smooth. The only es:racig}ly noticeadbls blisters
remainine; then wers one compourd one and four or five others, which will
be described beolow.

Pointing slightly above the horizontal and almost straight U, tﬁem
grev early an exceptionally prominent blister (latitude  13° azimuth 88°)
surmounted by a second one slightly below ite center (latitude $10° azimith
9'.5°) that from 1 to 4 milliseconds appesrs thermmally 1soloted end considerasdbly
cooler than the main i)all; alniost diemetrically opposite was a rether large
blister thet lasted until‘ sbout 1 millisecond. The dimensions of the cam~

pound blister are given in Table IT.
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DIXENSIONS OF THE COMPOUND BLISTER AT LATITUDE :10°,:13°, AzDuTH 88°, 93°

All d:_lstances are given in meters

Time, milliseconds 0.2 0,5 1.0 S 8
Base blister, radius 4 8 1 30 {gone)*
Extent ,from spherical surface 3 7 4 4 o*
Superposed blister, radius 1l 3 8 {rone)
Total extarﬂ; from spherical surface 5 10 8 4 0*

* That 1s, the extent is tco slight for eccurate measurement in the small-scale
Pastax imeges, [~ 1 meter). It is still noticeabls at 10 milliseconds; |

ef. Sec. V, Irrsgular curvature.

R s

Three rather prominent blisters (end'possibly a fourth, to the
S of E where it can be seen only from the cameras in direction N, and
hardly from them) grew at latitude about * 60°, at irregularly spaced azi-~
muths, For the second quarter millisecond they made the ball eppear flat~
topped. One of them (at latitude + 709, azimuth 6°) eppears quite isolated,
as though 1t were a completely separate oblate spheroid set into e dimple
in the mein ball. From \1;he outget it was cooler than fbe sphere; the
brightiess contrast increased until about 1 millisecond, It grew in equa~
torisl radiusfrom 3 meters at 0.2 miliiaacond to 6 meters at 1 millisecond.
Thereafter it flattened out, remaining distinctly indentifiable for almost

10~1 seconds (cf. Sec. V, Hot spots, Area boundaries).
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Before 0,5 milliseconds, V-shapod spikes started to a pear shead

‘of the expanding front. ‘henover a epike appeared against the ball, 1%
appeared very dark. KFive spites could be seen on the throe~fourths of the
sphere visibhe from the comeras, They struck the ground ‘etwoen 2.0 and 2.4
milliseconds. All occuxred at neorly tho same latitude, sbout -30°, near the
bourdary of the pinched region. In azirmth, two projected elmost straight N
end one alwost straisht \; and slthough the other two could not be geen in
stereo, they appeared to be neerly S. 7 ig. 3 shows the lergth cond base radius,
or projected length, of each spi e, :ior these messuremonts, tho base is taken
as the intersoction of tho spike with the ball of fire, und the length is
measured from the center of the sbhere even thouc:h‘ the.s is evidence that the
spiles are not rad‘ial. Tzble III shows some of the other details for each

of the spikes. It is cleer fram Table III thet each of the thres spikes thdt
was observed in storeo orisinated nour a verticel cardinal pl:ne through the
centor of the gadget, and that 41t troveled 4n a direcj;ion better approximated

by a line parallel to th:t plane then by a radius.

T.ILE IIT
SPIKES ~

"Early" énd "late™ refer 4o ths times of the two entries in the ezimuth columns,

L3

)
)
0

Nermo of Latitude . 2inuth et - Displacement of vertex from
spike 0.62 0.78 1,2 1.3 contrn)l vertical cardinal plrne
e ms ms ms early, late
Mg ~33° 334,69 355,49 3.6, 3.7 veters T of T
5, -24° 2.5° 2.0° 1.8, 1.8 meters of X
-29°  84,5° 56, 0P 2.9, 3.5 metors Ij of '
Upper S -28° i
(1iS projec~ Y ‘-
tion only) ot (not dotermin blel,, . (ot detorminable)
eT aCL 0 S S S R O A
s prOJBc" ’ ..: .o: 0:. oo: o:o oo.
tion o=l ves oo ' .

- -~ -~
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3ix wires and two associated cables ren to the ground from points
on the *:.w. nmar thc gadget. Two coaxiel mbles ran to the ground, one at
approximatoly 200 feet . (latitude -329), and the other just west of it
ot approxinetely 200 fest N (latitude -21°). One guy wvire su ported each
of these cables, two guy wires exi;en&ed aepyroximately .5, and one each extended
approxirntely ecat ead westg. The systemat c errangemsnt of the spikes in
both azirmth and latitude points to a probeble relationship between them and
the puy wires. The geometric relationship betwween the tuo ¥ spikes, as seen
from the N cameras, is in ualitative cgreerent w:@th that betwsen the two
coaxinl cebles. The observed cono share vwould be expectgd if tbhe velocity of
the shoel: front along the ceble were several timaS the veolocity of' the
conse uent shock front in the surrounding air. The abuence of any spike to
tho east, ths orientation of one spu:e towerd . instead of uest, snd the ball-
like end of the .. spike at late time3 in contrasd with the pointed ends ofthe

others, are not yet aceounted for by the cable hypothesia__ of the spikes’ orisin.

Time of the groundstrike

~ By interpolation, the time of the groundstrike hes beon doternined

-

'éo be (605&005}'10 seconds.

9The information given here regarding the guy wires easf, S, and west was
reyported orally severel months after the exslosion, from the mamory of H. S,
Allen, vho was in cherge of the risming et the tower, and of one of the ;1;3@91-9. :
It sbsolutely vérifiee. in J. B. ¥.*s opinion, the existence of a guy vire

rum 24 in the gensral direction of east or E, but dogs not abaolutely exclude

the possibility that the @i 1&0.::3961‘1‘&&'&3 Tunning west actually ran U.

g e n -
- ~a -
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ghortly sitor the groundsirike thore arose from the ground, and
edvincod shesd of the ball, e skirt or mass of motter that porsisted until it
turned into, or was succeeded by, tho croat cloud of duct thet eventually
almoat cnvelopsd the ball., Unlilte all the other elements of the early poste
explosica stoges, the skirt presonted a lumpy, rather than a srooth, surface.
The hot lumps were bri:hter than than the boll of fire iteelf during the first
few milliseconds of its existente, ond e:ual to 11; in brightness at 50 - 1
‘milldseconds, after vhich they cooled rapidly.
The extent of the skirt i: shovm in igs. 1, 4, 6, 2nd 7, and‘ the
velocity, in iig. B,
Thile the travel of the outer border of the skirt along the ground
aErees ualitaﬁvely uith thet of the expected ground shook, the early vertiocal -

extont of the lurpy material is puzzling.

Curtain of light

starting at 5 milliseconds, en irregular boundary line appeared
above the skirt. Below the line the ball was considerably ‘brighter than above
it. The boundery rose at a rate that increased, then decrecsed, until the
boundery disoppearsd near the top of the ball at about 11 m1111sec0nds. The
ball aupeared to be enveloped in a rifiing curdain of light. lio satisfactory
explanction hus been givor for this phenomenon. |

#ig. 4 chous the oltitude of tho curtain as o function of the tiro,
and iig. 5, the vertical velocity. .ach vortical line in Fis. 4 extonds from
1 metor above the noxirmm height to 1 meter below the moan hoig_:ht, as measured
in o freme. The dashed line at 10.8 millisecond® indieates that the curtain wes
1;1distinguishable from this péfntiofy’ bul Wdstbtedly reached the top of the bell.
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In very nearly the direction N, where two coaxial cables extended

Hot V in the skirt

obligquely from the gadgcet to the ground and vhere two spikes struck the
ground &t about 2 milliseconds, a V-shaped portion appeared at the birth of
the skirt, Its apex rose from the ground to an altitude of avout 10 meters
in 40 milliseoonds. During the early history of the slcirf it wasAnmch

. hotter than the rest of the skirt; the difference became noticeable at &
milliseconds and wes very prominent in same lumps bétween £5 and 65 millie
seconds, after which the V cooled repldly. At avout 30 milliseconds an
indefinitely defined dark spot, evidently consisting of smoke, appeared
immediately above it, and after 40 milliseconds, more of the V itself than
of its surroundings was hidden by smoke. After 'che‘ ¥V cooled, there ap~
peared , where the V'i;ad been, a relatively clear redial path in the smoky
skirt region, that persisted for several seconds as though the cmnbuatible
materlal nsar the spikes had been completely exhausted by buming while the
V was egspecially hot.

Belt, or Mach front

At 3.6 milliseconds there eppeared above the skirt a discontimii-
ty in the orientation of the shoek front. The belt below the break appeared
to be a segment of a new, smooth, near-sphsrical \surface vith its center
slightly below the ground, intersectiing the old, spherical shock front. 4Ll
the observations upon this belt are consistent with its being :anerprete@ as

the ¥ach front, and hereafier, it willl be eassumed that the bell was the Nach
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wavo front and that the breek was the Mach "{". The sltitude of the ¥ was
a slightly vai*iabla function of the azimth, Previous to the separation of
the shock wave fram the ball of fire, the Mach front was considersbly
brighter throughout thmi fhe spherical shocls\i"ror.n:° After 19 milliseconds
the part seen against the ball of fire appeared relatively dark until the
boundery disappearedjentirely et sbout 0.l seconds, but even after 19 |
milliseconds the parg»tnat vas viewed almost tangentielly appesred bright
in contrast with the sphericel shock front. These observations indicate
thaf the 'Mach'fmnt‘wae more opaque, end hotter, than the spherical shock
. font. At about 0.04 seconds sevaral appm‘ximtely. hoxrizontal lines ap=~
peared within the region occupied by the Mach front. No explsnation has
been given for these lines, Table IV gives certain other details of the

Kach front. TFigures 4 and 6 show the time dependence of the altitude of

the Y, and Fig. 5 shows its velocity during part of its history.
V. OTHER DEVELOFLENTS BEFORE 10~2 SECONDS.

Ix curva
The ball continuocusly approached sphericity in shape as long as '
itg surface romained diatinct. While at 1 millisecoud the view from N -
shémd concavities, especially near the compound blister and its opposite
point, at 10 milligeconds the most prominent fomerly conceve seguents viere
almost flat, and at 20 milliseconds, the surface was convex throughout, above

the belt. At 10 milliseconds the contour of the ball eppeared moxe 1like a
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All reudings were tskern on the originéi tracings, below.
Angles ere messured with respect to the horizontsal.
Positive ahgle meens, veloclty has &n upward comronent.

Amrguler tolerances, unless specified: Feastex rilm #209,~+2°.
18" Mitchell film,- xlo

Freme no. Time, Redius, Angle, Angle, Angle,
18" #209 ws meters main weve Mach wave trajasctory
normal 1 "y
L w nogma W ot %ach Y
1 8.3 74 213.4° 14000 $12°%3° 4140 O 418° &4 °)°
9 i%.9 99 -4 -3 20 21 25 35
10 15.4 103 - 2 - 1 19 25 35 33
" 2 15 109 - 1.1 0.0 15%1 24% 2 29 30
. 11 168.9 107 -1 0 13 13 31 25
12 18.4 111 +1 +1 19 18 35 22
13 20.0 118 3 2 19 21 28 25
14 21.5 119 b 3 22 24 29 44
o~ 15 23.0 123 by 5 24 .85 37 48
18 24.5 137 6 7 23 25 41 45
' 3 25 170 6.0 5.0 25 26 46 .36
e 17 26.0 131 8 8 17 21 36 30
L 18 '27.5 134 9 a 22 21 33 22
' 19 29.0 138 9 9 22 20 33 13
4 34 148 12.0Q 11.3 34 25 o8 51

Fastex film #209

gadget AU
__horizontal _ center T AL TR

graund

A e b 38

18" Mjitchell Iilm

gsdget
hoxlzgnn§1_~ Genler .
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polygon than like a circle, with several edges about two-fifths as long

as the radius,

Hot spots
From about 5 to 40 milliseconds many bright spots appeared on the

surface of the ball. About 200 could be sepen in one view, Almost all were
from 1 to 3 meteis in radius, Ixit two were outstandingly large., A apot at

‘latitude +20°, azimulh 199, was 8 meters in radius when it faded into the
bacl@round at sbout S0 milliseconds, _Another hot spot is discussed under
"Area bounderies", below,

Arga boundaries

Mild differences in brightness between different parts of the
surfece beceme evident at ebsut 1 millisecond, amd persisted until the
. shock wave became dark. 'Iheibaundary lines were sharp apd smooth. A
1ittle while after Lhe separation of the sbock wave £iom the ball of fire,
the contrast between areas becems unnoticeable, but the lines became darker
than the areas they bounded and appsared tov be in or close to the shock weve,

A hot spot at latitude 1620, szimuth 89, evidently Telated to &
bliater prerviovusly described {Sec. III Blisters), grew in redfus from 4
meters at 16 milliseconds to 12 meters before it faded out of sighi at about
100 milliseconds, It went from moticeebly cooler to motigeably brighter
then its background at about 5 milliseconds, apd dimmer again et about 50

millisecondg, It was gsurrounded by an ares that was somevhat brighter than
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its surroundings until about 30 millissconds. Thie roughly circular area
grew in radius from 20 to about 40 meters betwsen 16 and 100 millisaconds."
It was ot possible to trace the hot spot and boundary surely between 5 ani
15 milliseconds, but from the fact that at 2 milliseconds the blister was 8
metors in radius and growing ab the Tete of 2 meters per millisecond, 1t
appears that the boundery of the blister bocame the area boundery, end the
hot spot ias a sort of micleus, !’;

The boundaries mentioned here, vhich were relatively static i
azimuth end latitude, are not to be confused with the pre~groundstrike
boundary of the hot bottom, the boundary of the curtain, or the boundary

between the Mech front and the spherical shock front,.

VI. DEVELOPMENTS BETWEEM 1072 AND 10-1 SEOGQIDS
The intervei from 10~2 gnd 101 geconds was cheracterized by the

\
bresking up of the heretofore single front into three fronts,

Seperation of the shock front from the bell of fire

Before 16 milliseconds only one front was discernible on the
vhotographs, iiith the exception 61‘ the local irregularities listed above,
the image of the shock front eppesred as 2 uniformly bright disc. After
(16: 1) milliseconds a slight darkening of the limb was noticeable smnd
thereafier the relatively faint but sharp outer surface of jthe sphere,
which we shell identify herear‘;;er a8 the shock front, continued to expend
according to Eq. (2), While the bright cemter region fell farther am
farther behind it (Figs. 1, 4, 6)s At amy fixed time thereafter while it
vies meegsureasble, the bright central region, whigh we shall identify as the
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ball of fire, decreased gradually in brightness with increasing radius. As
a consequence the ball of rire, unlikXe the shock front, was not susceptidle
to unique measurement. 'Iﬁe‘ disagreements emong the values of the radius of
the ball of fire‘ in the figures are to be attributed not to disagreements
in measurements, but to d;‘.fferences in expc,)sure conditions emong the several
camgras, with consequent differences in the region of greatest contrast,
(i.0., density gredient), which was arbitrari]y taken to measure the approxi=-
mate extantv of the ball,

The ball of fire expanded with decreasing velocity to a radius

between 23"102 and 3.10° meters (ef. Sec. IX, Partial anvelbpment of the ball

by the skirt).
Dark front

At {32 £3) milliseconds there split off behind the shock front
a dark front, which progressed thereafter more slowly than the shock front
(*igs. 1, 6, 8).‘ The contrast at the dark front was ongiﬁan.y almost the
same as that et the shock front, but decreesed more slowly than the contrast
at the shoek fnc;nt, 50 that vhile the shock front became invisitle at« 10-1
geconds, the dark front offered strong contrast at 10~ seconds and wes
noticeable until elmost 1 second, |

The derk £xont evidently consisted of absorbing matter. Frobably

it waes & compound from the material of the demp air, produced bty the thermo-

dynemic conditions f:ithin the ahock.mve.r It is evident that the formation
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of the compound required an increasing amount of time as the pressure and

temperature within the shock wave decreased. A more detalled hypothesis

\

of the dark wave is in preparation 1O,

Departure of the shock velocijy from the two-fifths pewer law

Whereas the shock front followed the two-~fiftha power 1&1; up to°

the point of departure of the dark front from it (32- 3 milliseconds,

143 ~ 6 meters), both fronts departed from the two-fifths power curve near

the point of separation : the shock front traveled ahead of it and the

dark front behind it (Figs. 1, 6, 8).
Very soon after. the sapara.tion, the excess Veloc:lty, i.9,, the

shock front velocity ¥ minus the sound velo_city & (where g v 344.4 meters

per second}! followed the lew:
v-¢ ¢ 5,61.109~1.19 Bq. (3)
where the exponent ~1,19 is accurate to ebout 0,05, Near 0,07 seconds
(2.,0°102 mt&s) there appears to be another change in the velocity, to
Y0 s 9.801074"1.75 Bq. (4)
with an aoouracy of aboui; = 0al in the exponéﬁt. The date for this 1931:
break, and E;.-. (4), are less relinble than our infomation on the serlier

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

105, L. Turkevitoh, 1A report in preparation.
114, H. Barschall, R, i/, Davis, .. C. Elmore, G. H. Kappelman. end G.

Martin, L& ~ 358, Tadle IIl.
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that Eq. 5 is follqwed fo 0011 seconds (2,6'103 maté;'s), after viiich

{here is a pop extending to .25 seco:ﬁs (3.5‘102 meters); the volue

R= 2,0°102 meters for the break is used principally tc; avoid the

necessity of postuleting a mpré complicated law' foxr the intérml after

the break.

The fwo-ffifths power law, in the region where one may neglect
the small additive time oonstﬁnt_ of Eq. (2), implies a velccity pmé |
portional to R=3/2, he apparent simultaneity of the shock wave’s morked
departure from that law with the separation’ qr the shoqk’ vave fram the
alo'&er dark front points to o causal mlationship between the two phe~
nomens, It hes beén suggested by EcOee that the un’éxpected high velooity
of the shock wave in this region may arise £rom the absorption by the
shock wave of rudiant‘energj tﬁat origihated in thé ball of fire and was
transfomed in the derk front from the ultraviolet or visible into the
infra-red; the coincidence of the split-off point.bet!men;the tvo fronts
with the point of departure of the s‘hoék front frqn two~Lifths .power

dependence londs weisht to lLcGee's supggestion. 7
The phenomena of the vfon’natior._\( of the dark front and the en~

——"

}mncement‘ 6f the velooity of the shock front deserve intensive
further studye N “

VII. Ru‘RGCTION BY T SHOCK FRONT AT --10-lsnconps.

ALl the space-time phenomepa discussed igi sthis Fépogt’ Pt
, e o
[ ol

than the one described in this section are believed 10 be
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the light is believed to have traveled in a substqntially rectilinear
path from the object to the camsra, so tirt measurements on the tilm.

with the application of proper geometric feotors, can be considered tante~

mount to measuraments on the objects. On the other hand, the apparent

cable breaks referred to in ?;his section are a pure optical chenomenon,
arising from the refraction ji;f light at /yfwithin the shock front on its
way from the object to the Caners. a

One of the ballqon cables extended upward, 1eanine, slisghtly to-~-
wvard the towsr from a nomt of attachment on the ground diaplaced 213.2
meters i, 216 meters S from the point dirsctly unier ;the gadget. Light
traveling fronm th'e cable to the cameras in the directidn N, after the
shock wave had expanied 2,0°10% meters, traversed the shock front. Points
seen thréugh the wave appeared farther from the center than they actuslly
were, and points thet in the absence of refraction would fxave appeoarsd
within gbout Z meters of the edge, were not seen; instead, the imnge of the
cable appeared hooksd, with points between 2 and 4 meters fram t;he edge
appeariﬁg twice. Incidentally, s:lncé the shock front in this region wes
~ invisible the cutoff polnt madée the only conveniant zoint. for the measure~

ment of the randius,

" Bvidently in the earliest mitehell camere picture:. of the refracticn
hook (0.072 seconds), the refraction took place in the Lach front, and in all
the later pletures, in the sphoricél shock front; for o cirecle with ite center
at the image point corresponding teo ths originsl gedget center, and radius

equal to the distance of the cutoff point, lies tangent:tosthe oxiveme part
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part of the hook in all pictures except the first. In the first piecture,

the circle intersersts the hook. o ' UNCLASS‘HED
Fig. 9 shows the displscement es a fumotion of distance within

the shock wave Jor each of the sight Litchell fromes in which the phe-

nomenon appecrs, From these data an attempt will be mede in s later re-

port to deduce the density as a function of distence within the shock wave,

VI1I. k43S MOTION OF m{a AIR AT 6+10~1 SECONDS

The pictures in vhich ths balloon cable is shown being pushed
asies by the shock front yielded en opportunity for e determination, not |
on.y of the shock front velocity, but of the actual motion of the natter
disvlaced in the shock wave. The motion of the vapor cen be considered
fn be the same as that of the alxr if the cable is assumed to have been
| vaporized before the arrival of the shock front, and if one neglects tl;e
density difference between the air and the least dense¢ perticles of the
visible remaine of the balloon cable, asvwell as any inhomogenelity arising
from the presence of the high-temperature vapor.

A Fig. 10 shows the motion of the vapor front subsecuent to the
’arrival of the shéok viave, in the cases of several elements of volume
originating et different d:lstax;ces from the center of the explosion. Since
measurements were made only on the front, the veloeity values given are
those of the fastest acceleprated particles only. In every casc there is an
almost continuous stream of particles behind the front and in a few instances
there are streams back to almost undisplaced particles evidently much fnore

dense than the surroundin g air. The apexes, winich are our extrapolated
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values of the muterial velocity in the shock front i{tself, are from 10 to

12 e spread probably re-

30 per cent greator than the caloulated walues
presente a random error of about 10 per cent in our velooity values, which
depend sensitively upon the chofc;’of curves throuzh our experiuental spaces
time points. The average excess of 20 per cent in our values over the cal-
culated values may arise, at leust in parf, from the inhomogensiiy of the

BNCLASSIFIED -

atmosphere consisting of hot cuble vapers and hot s«ir,

IX. DLVILOMENTS BYTiEEN 10~ SZCONDS /3D 1 SHGOND..

Partisl envelopment of the ball by the skirt
Between one-+exth second and one second the dust skirt grew in

height until it hid most of the ball of fire, and there occured the prelim-
inaries to the.great convection movement by which thé originel ball of fire and
and the upper part of the dust skirt coalesced into a body that eventuslly
became the new cloud of snoke,

The hor;zdntal rodius of the ball of fire itself reached a practd-
cally constant value of (2.0X0.2)+10% meters at about 0.15 secondé, vwhile
the upper radius, probebly on sccount of the incipient convection movamant,
continvously increased throughout thwe first second until the end of that
period, when it wes 3.2-10% meters. The indefihitensss of the edge of the
ball df fire continuod to make & unique mnasurgmcnt of the rumdiue ;npoésible

until the indefinite ball began to be replaced by definitely outlined flemes

12  Brinkley, Kirkwood, snd Riohardson.‘OSRDéiﬁﬁos oorrected vl referr~’ v

the Trinity sound velooity (ef, ref. 1l.). .
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that allowed guantitlative consideration of size azain, after approxinetely

one second.

X. DEVELOP!INTS SETECN & AND 10 SRECONDS.

UNCLASSIFE)

Transition from the ball-of~fire stege to the smoke~cloud stage

At 1 sscond the character of the material left by the explosion
was changing repidly. At this instant the material consisted primarily of
two portions; a ball of fira,/ vhich had bocome somewhat elongated vertically,
and only the upper part of which could be seen from our ground posityions;
and a skirt of dust, vhich hed grovm vertically until it almqst hid the bell
of fire. 1In the interval between 1l and 3,5 seconda a new cloud of smoke
formed from the ball of fire and the upper part of the skirt, and graduslly
changed shape until by about :° seconds it had bécome almost a sphere, a
shape it retained for several minutes. The necking of the dust skirt with
the formation of e torus and a stem, and the variations in upward rﬁotion,

described in this section, are all minor phases of the formtion and rise

of the c¢loud of smoke,

Stoppase and resumption of the ascent of the top of the ball
ifter rising steadlly throughout the £irst second, the top of the
ball of fire, i.e., the higheét point on the vhole ensemble, remained at a
substaz;tially conatant altitude of (35811) meters from 1.0 to 2.0 seconda.
It then acquired =sn upward velocity, élmost all of it between 5;5 and 4,0

seconds (cf. Fommation énd rise of the cloud of mmoke, below).
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The top of the skirt materiol had suddenly sloved down at 0.7

seconds from e vertical velocity of ebout 2°10° meters per gecond to ons

of alfout one-fifth of that value. During the pauss in the rise of the top
of the ball of fire, the sidrt material continued its rise, gathering about
the material of the ball of fire until the top of it formed en almost plans
surface, much wider than the bell of fire and alnost high onough to hide it
From two to four seconds the shape of the upper part of the s)girt rapldly

- became ,that of a torus or vortex ring, ,preaumébly on account of the incipient
strong-'} upward convection et if.s axis, The outer radius of the akirt remained

appmhmateﬂ:y constant, eand the top of the skirt continued its slow rise.

Neck formation | ' UNCLASS‘HE“

As the top of the ball or cloud resumed 1ts rise, the sides of the

flat-topped portion 'or the skirt materiaml beceame steepsr, and at {3.5%0,5)
seconds, when the top of the skirt materiel waes at 390 gnters, an actual
minimun or neck fombd in the skirt material at an altitude of (128 ©3)
meters. Thenceforward, the radius of the neck steadily decrease:i, going .
from 360 meters at $.5 seconds to 99 meters at 23 seconds. The altitude

of the neck, after remsining within 10 meters of its original velue until

7 seconds, began an increase that attained a maximm rate of about 90 meters
per second st 16.seconds.~ Thereafter, at least until 1ts contact with the
.ground was lost at 22 seconds (620 meters, the neck rose at a lcwér rate,

| averaging about 30 meters per second. .

Convection stem

The neck was followed in its riss by @ great stem, apparently of

801id metter, caught up by convection. The stem was nerrowest et the neck,
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this tangentlal structure prevented an accurate measuremont of the bottom

‘radius after 1.8 geconds, it can be stated that the redius of the stem at

the ground was of the same order of magnitude as the radius of the cloud.
Turbulence neer the neck gave rise to a minor brénoh in fhe upper pexrt of -
 the stem, leading to embiguities in the measuvement of the height of the
stem and related quentities, between 14 and 20 seconds,

Formation end rise of the smoke cloud

thile these changes were going at the psriphery of the skirt,

a considerably more violent process was starting inside it. Latter from
within and belm_n the torus spllled over the top of the torus, and a new

ball or cloud“'}of smoke, consisting of the torus and the superposed matter,
began to rise. The second, convective rise of the top of the ball, beginmn'g
at 2.0 séconﬂs, was guite different in character from the first rise, which
was part of the original symmetrie expansion. This time the boundary was
evidentlﬁr %t of a hody of incandescent material, or later, of smoke, carricd
in a convective movement, In the half second \betwean 1,5 and 2.0 seconds the
measured diéplacement of the top was 1 meter dovnward, end in the hslf second
between 3.5 and 4.0 seconds it was 43 meters upward: thus the avel;ag;e up-
ward acceleration during this _'c;v:o—s'econd interval was 4.5g. Thereaftsr, the
rate of rige decreased somewvhat, and after § seconds it was rearly constent
at 57 meters ver second, at least until the campra lont its relation to the

ground et 1500 meters (fig. 11).
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Change in shape of the smoke cloud | UNCLASS’ F'ED

At the time of formation of the smoke cloud, it consisted of the

torus of skirt maée;iul with a relatively small volums of mattor piled over
its center, TFor a few seconds this pile grew without greatly affecting the
torus, although the halfeheight of the torus incransed ounnideraﬁleo By 8
seconde the portion uﬁova the torus was shaped something like a thimble, with
sloping sides. From 10 to 15 seconds the whole gradually changed shape to
very nearly a sphere, After 15 seconds the shape wus approximately that of
an inoreasingly oblate spheroid, with its azis vortical et 60 seconds the
ratio of horizontel to vertionl dismeters was approximately 4 to 3, The

nearwgpherionl shupe persisted for ..any minutes.

ge;aistance-of the torus in the smoke cloud

4 During the sarly purt of the riés of the smoke cloud, the torus,
yhich, constituted the lower part of tixe cloud, maintained its identity
within the cloud, The b&undary of the torus was definite ss un upproximately
horizontal oircle until sbout 22 secouds, after which it gradually becume
harder to digtinzulish,

The verti;ul half-helght of the torus itself, after increasing
rapidly from 60 meters at 3,6 seconds to 210 wetors at 10 seconds, remained
approximately constant until 15 seconds and then decreased to a nenrly constant
value of about 130 meters at lavseoonds. whiﬁh it maintalned ag long us it

was digtinguishadble, although the oloud itself contimmed to grow in height,

-
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The epproximate wlumes of the torus and the whole cloud are

Expension of the gmoke cloud

given in Table V. No ’attempt i8 made here tc calculate the actual acoretion of
ma‘beridl‘ in the cloud, which would have to take into account nat ‘only the
nature and temperature of the matter in the cloud but also the metesorologicel
conditions encountered during its riseld, / ’

Matter began étxieeming upwerd along the axis of the vortei: ring at
2.0 seconds, Evidant];r the rirst materiel in this convective stiresam, which
was exceeding“ly’ hot, originated rear the center of the explosion. 4 consider-
ation of the volume of the oloud shows that most of the Watber in it must bave
originated a considerable distence from the center and hava been swept neai ti:o |

center on its way to the cloud in the donvéqtion gtream,

135, 1 Hobbard et al, LA = 357, p. 10,
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" voums or THE SUOVE CLOW
(‘I!uia values given are crude eirticates ,fmm.the vertical and -
horizontal extent: the shape of the to:zus, ¢ the cloud, is taken a8 an
ellipscoid of revolutior; except that for 1.8 and 5.0 seconds the non-skirt 7

material is treated as a spherical segment bounded 'b'y a plane.})

Time, Volume of torus, VDlﬁme of cloud
seconds cubic kilomete)s including torus,
‘ cubie kilomgters
8.5 _ 0.083 0.051
5.0 : 0.068 0,108
10 | /"; 0.18 0.23
5 / 0.16 0,30
20 0.17 0,37
30 0.87
40 | , | 1.1
60 - 2.0
75 ’ : o | ‘2,8
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XI. DEVHLOILENTS DBHT.HY 10 and 102siCOMDS UNCLASSIHED

Cloud ring formation

Yeteorological observations showed that while the humidity wes

77 per cent at the surface, it decreased with increasing altitude to a
constant value of about 50 per cent, until at more than 2500 meters it
increased to seturation value o |

Photographs taken at 3.3 second intervals show that as the
farefaction,rollowing the shoc_k wave passed\through layers at 3.3, 4.2,
4.4 ond 5.2 kilometers, it produced clouds at these altitudes, Detaiia
are given in Table VI, A discussion of this phenomonon has heen.given by
Reinesl4, |
. clem

The average brightness of the cloud g;radually decreased as the

¢loud rose. After 15 seconds most of the light from the cloud itself wes
froxﬁ localized flames that progressed throush the cloud a= one would expect
in a cloud which had gathered up a great desl of finely divided, incompietely
burned materiel. At about 20 seconds the light from the flames had died down

to such an extent thet a dim glow beyond the surface of the cloud showed

relatively prominently. This glow was brightest at the surface of ths cloud

itaelf and decreased in brightness with increasing distence fram the cloud,
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Distances "are given in Idlometers, £ 0.1 kilometer unless specified.
Times are given in seconds, ¥ 0.3 seconds.

Angles sre azimuth, measured covnterelockwise, and are given i'n

degrees, & 2°,

Numbers in the body of the table are maximum redii.

AMtitude  Meximm Time 8.1  11.4 14,7 18.1

at maximum vertical

radius extent

5.3%0.1 0.3 m 1.7 4.081 5.0 ¢,

4.2 50,2 0.6 om 2.4 fy 3.9 #
4.4%0,3 0.2 L,1¢ 3¢

5,23:0,3 1.0 | | 2.8v

m Noticeable trace of scattering from mist at apymximately this altitude.

¢

Probably a cap or disc; possibly a ring with its aperture invisible
from the cerera positions.

Incomplete ring, with scattered wispe extendins in azimuth from 164°
to 209°, and solid cloud from 209° to 49°

Incamplete rins, with solid oloud extending in ezimuth frem 219° to
352° , ond scattered wispe from 358° o 20°.

Symmetric, complete ring.

Complete ring, hsavieet toward S, and weakest towaxd NE and V.

Incomple te ring, without strongly predominant azimufﬁs bat Withs {é-.- ::‘

coamplete portions; partly hidden by lower clowds. ., . ..
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until at about 100 meters from the surface it beceame invisidle. In our
slowest motion picture camera record, which could be expected to record
brightness down to ebout 35 eundles per square mete'ar, the glow wag noticeabls
for (75%5) seconds, In o snapshot taksn by Stanley ﬁ‘rankel, the glow appears
to be several times as,bright as the light from the cloud itself. From its
position in a sequence of pictures, this piétﬁre appears to "n::we; hesn exposed
for a few seconds during the time inteﬁal between 60 snd Y0 seconds,

Condengation

At 60 seconds, where an extrapolation of the eloud~top adtitude
curve' (Fig.. 11) indicates that the cloud was at an altituds of about Sa7
kilometers, there is evidence of a halo of clc;ud or cordensation in a thin
ring about the main cloud near its top. It will be noticed that the altitude
of the cloud was approximately that ih which the 8.1=second aero camera
ploture showed & faint mist. The halo formed in the presence of the cloud

hed spproxirately the extert of the glow and can be presumed to have been

cauged by ionlzation.
Stem_twist

The convection atem at 60 seconds appeared as though it had been

twisted into the form of a laft-handed screw with 3.)Pmeters pitch.
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Bofore the explosion, after the explosion time scheduls hed been
ad justed from 4:00 a.m. to 5:30 a.m., the samerss were readjusted for dey-~
‘light operation and, unfortunately, the daylicht was slightly tco faint
for following the cloud after losingfa.selleluninosifyuntil about 15 minutes
after the explosion, .ven after it was lishit enough Yo ses the cloud ﬁaJ,l_,
an overcast sky prevented the following of amything except the stem., Therefore
ve have no quantitative data on ocourrences sfter 102 secouds.

Smoke pall

For more than an hour after the explosion, the neijhborhood was

covered with a pall of smoke. A color picture which was taken at 40 minutds

ghows this pall.
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Table I is a complete list of the cameras and suxiliary

equi,msnt used for prodﬁoing the pictures upon which this report is

based, tojether with all the pertinent photozraphic, geometrical, electrical,

and timing dsta, and the file mumbers under which the original nezatives

will be kept with the archives of Gfoup Gell (now_M-B)o
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ATENDIX IT

MEASUREL'ENT METHODS

With the exceptions listed hers, all measurementé for this
report were made hy direct readings upon negatives. The usgual procedure
with motion. picture frames was to place direct.l,y‘ upen the emulsion a scale
‘which ocould be read directly to 10-1 nillimeters end easily interpolated
to 102 millimeters, .a distance thet in most cuses corraaponded t0 a
distance of the order of decimeters in object space, The magnification
wes deteimined in almost every caée by di:rec’c measurement}of the distance

in the image between the centers of the billboerds, 400,0 meters apart in.

object space. , o UNCLASSIFIED ‘

For the measurement of the refraction by the shock front, measure-
ment upon vrints turned out to be more mmctiical ;rathar than messurerent upon

the originsl, because of the desirability of using construction lines that
would have spoiled the original and r:oﬁld heve had to be draun with the b

impractically close spacing of several lines per millimeter,

In the meesurement of the shock front redius and dark‘i‘x-ont radiuvs
after thei;- separetion, it was not pi'actical 1;.0 use the origin;als because
of the lagk of contrast as well s the necessity of determining the imege
point corresponding te the gadget ‘ceqter:for diagonal measurements, -

For these two kinds of measurements, prints were mede that enhanccd
the contrast of the features to be measured, ond the rﬁeasurements were mede
upén these p'rints.. For each freme several prints were made on doutle weight

paper, and air-cooled elong with pleces of the same kind o{ paper that had

~ -
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been treated similarly, except that several circies accurately drawn on
various parts of the surface by a compass replaced the photographie imagq.
LMeasurements upon the circles indicated that the streteh or shrinkage in

these prints was #zall within one per cent and that the 1nhomogen&ities
- in the dimensional chanses were considersbly J.éss then tlﬁs. 0n each
print ‘the distence between billboard centers was measured, and the resulting
‘ correctihon factor applied to all measurerents made on that pﬂnt.
" fhe measurements of the shock wave and dark waﬁ‘e redii and the‘

mess motion of the air betwoen 280 and 530 meters were mede from the 24"
Nitchell cemera record. The absence of any socele marks on any fremss of
this camera made the direct measurement of distances impossible. ’I'wo almost

wmelly 1ndependent and indirect dbut rigorous methoda for distance

measurémsnt were worked out: one graphical method end one analytical nethod.
‘I‘he final res'ult of thess two nathods on the shock weve points agreed, on tha
average, within about one meter; for the dark wave, only the amlytical method
was used. The basis of both methods was the detexmination of the positions
of certain points on the balloon cable; 8.5, the bottoms of the balloons
themselves, a brigcht spot corresgonding to the exploaion that was to release

- the balloons, end an slucinum cylinder attached to the cabla, .'11;11_ the aid of
the time exposures fram the 2-meter cereras, each of vhich showed at 1eést

some of these points as vell as the psir of billboards. After the detemmination
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of the scale with the aid of these time exposures, the graphi a‘.\.’ﬁethod

made usSe only of the standard metbods of descriptive geometry, and the
analytical method made use only of the methods of solid anolytical geome-
try plus the approximation of the pértion of the cable under consideration
by a straight line,

S[he points £immlly used for the shock wave ware the result of
the anclyticel deternination. | UNCLASS}HED

| The dark wave in the region béyond 280 meters offered so little

contrast that it wes difficult to detect, except upoh a moving image. Tae
position of the dark wave was determined by running a positive film in ‘a
"oviola® projection maoﬁine with its shutter removed, and tracing thq
'position.oil' the wave after watching the irage move into place. Se'o:erél :
k‘runs vere made and averaged. The two kinds of synbols representing the
dark’points represent‘ two independent sets of runs.

Fbr convenience, the image positions for the shock front 'gnd mass
motion deta from the 24" cémera were determined also with the aild of a
"x;xovicia" projector,

In the measurements upon the Wn; succesa'ive outlinaes of the
ball of fire amd th§ curtain were traced upon a single shoet of tracing
paper with thé a:ili of the "oviocla" projector, and subsequently measufed.

Two rune vere mede by differeut observsrs,

The measurements upon the kach front recorded inm Table IV
were rade by trnciug boundaries from ©ilm #209 by projeotior and from the

18" ititcholl from 112000 scale prints, upon the %rug;.:g, pupag n.aproduced in

Table IV, “ e
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RECUINTDATIONS FOR FUTURE TE3TS

Time o? day
Jhatever .the circumstances under vhich future tests are made,l

photographic work of great irmportence will clearly have t0 be done over
an object distance of the order of ‘10 to 100 kilameters. The two principal
optical haz&rds of long distance photography are haze and irrecular ree
-_ fraction _ripples. Iixperiences at the Trinity test showad t;uat co‘nditions ‘
for éhotography were the @st important factor in the choice of time of

day for the explosion. It is irportant that the time of dey for any future
explosion be chosen only efter a study of contrgst and resolution at the
expected object distance, as functions of the time of day, preferably during
the season of the year in which the _test is to bé mede, so that the time may
be chosen for optimnn'conditions. The success of the phntdaraplw of the.

July 16th explosion was due in no small rieasure to our salectiuvn of the time

of day. Fortumtely, tha deley of an hour and a half d4d no hemm.

Following the shock wave further by cable motion

The ascidental photogrephy of the balloon cable alloved us to
follow the shock front and thé mass motion of the air behind the sheck front
past 450 meters. The means with which we had intended to follow the shock

front photographically, V' z., the photography of explosions set off by shock

guitches, feiled completely on account of fogging from the m_a:l.n flash and
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possibly also, in a@ instances, on aceount of disturbancu“QL e arming
cii-cuit and'melting of the shock switch apparatus, if we can judge by the
experiences of others with apparatus within ‘ons kilometer of the explosion
conter, It is reconmendad, therefore, that fhe‘photogmpb;fcnbles ‘or other

objects with ordinery cameras Le used heveafter to replace the more elaborate

shock switch signals planned for the July 16th explosion.

Improvement in time resclution during the early atageé;

Theoreticel interest in the early stages of the expangion has
been greaily enhanced since ths July‘lsth exploslion. An inersase in the
order of magcnitude of the fme frequency for a short interval during ths
§arly stages would require scme develo;ment but is a problem already solved
for somewhet dif ferent experimental conditions, T_he ldariey CiImerd eXposures .
that we originally planned, but abandoned,v would have yielded ;05 frames per
second for 56 frames, The fixed short focu_;?. and low guality of the lenses
viould probébly havé mede thé Larley camera pictures useless. 'The rétating
mirror, Kerr-cell apporatus that has taken a series of about 60 exposures
at 10™® sscond intervals would be difficult to control remotely, but it hss
thc advantege of fzjee choice of lens. There are other possible schemes; for
which the develomment would be confined essentislly to the ﬁi'oblwha of
r'emote‘ control and instrument protection. All the setups with higher freme

| fraquehoy‘than the Pastax appear to require a considei-able amount of develope

mend and ought to be considered only if their uaa ;.q stronglaﬁ.e?sgumged by
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- More space reference marks

Several unexpééted. opportunities for Laasuraments emphasize the
paucity of our reference points ami the great ﬁnporl:ance of the reliable ones
thet we hod. Our imner stations at 50 meters turned out to be weless,
possibly beceuse of the difficulty of the erection and checking in the field
of aurtacesﬁith the _pr‘oper space orientation, A series of sets of Qu;'face\, at
rixed distences fram 10% to 10% meters would be relatively cheap insurence
ageinat 1693 of distence si:andards. The p!;oto.graphy of a drop over water

“UNCLPSSIFIED

introduges new difficulties that need study.

Incressed number of motion picture cmneraé :

It was as much by .g;ood fortune es by foresighﬁ that a fairly

complete record of the f£irst minute after the explosion was obtained with

the aid of only 12 Festax and 4 i‘itchell cameras. | Severnl important

o _ )
phenomena, such as tle derk wave, the cable refraction and the shochk
velocity and mass vciocity from the ‘:_)alloon cables; viere properly photo-
é,raphed only through sheer good luck. Increasing the numberb of stations
and using several times as many high speed and Z5rm motion picture cameras

as we used would require no developmént work and would preatly enhance the

’ probabillity of oanple’ée successful coverage.

Fixed position required for spectroscopy
It is cleax that much \further spectroscopic study will be required,
The exceedingly narrow field of a slit spectrograph demands thot, for any

airect spectrographic study of the object itself, the posgition of the
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object be well known. Therefore, it is bo be hoped that at lsast some

I‘u’cu;-e tests will be made with fized-position bombs and that full advantage
will be taken of the opportunities offered for spectroscopy et any such fixed-
~ position test. One 61‘ the fields in whicéh further spec'tr:roscopic study is
urgently needed is that of the dark wave, It is possible that significant
infomation as tok the nature of the derk wéve can be obtained by uimng a -

sufficiently lerge number of spectrographs (perhap:a one wiﬂlctepgﬁﬁﬁw)

in the naishborhood of en approximately predicted drop location.~
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