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Fig, 1 is a compilation of almost all the data,

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

sphere neai' the bottom, a number of blisters, and several sp.ikes that
shot radiully ahead of the ball below the equa.tpx.'. the exprncion of the
bull of fire before striking the ground wag almost-. symretrio, 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 dependence of the radius followed close]iy the’relntionshipo

M(Mole)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 §hort1y
after the spikes siruck 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 sucoessive 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 0.052 seconds there _appeared
imnediately bebind the shook front & dark frant ofwnbaorbing matter, which

traveled slowly out until it became invisidle gt 0,88 ?ec:,md_s, The shook
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front itself becams invisible at about 0.1 seconds, but was follomed unti)
0,39 seoonds, first by its light-refmoﬁng property and later by the
‘impulse it umparted 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 geconds, At 3.5
seconds & minimum horizontal diameter, or neak, appeared oneethird of the
u:\gy up the skirt, and the portion of the skirt above the neck formed a
‘vortex ringz. The neok narrowad".%he ring and the fustegrowing 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, between the ring and the upper
part, persisted for et lsast 22 seconds,  The stem appearad twisted like a
left-honded sorew. The oloud of smoke, surroundsed by a& faint purple ha.z,{aib.
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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1o 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' of photow
gra;phs. Approximately 10° photographic exposures were made, almost all of them
matioxi picture frames. The report does not inolude any spectrographic or radioe |
metric results; thesec are in separate reports 112.. A great deal of the material
contained here 1; ‘presented less quantitatively but more graphically ;n 8 series
‘of motion ploture titles3 and edited motion pictures.

.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.

T°DT williams and P. Yuster, La - 353, | UNCU\SS“:\ED

27FoB. Geiger, J. ke ¥a0k, und S. Nicholson, TA - 5693

3 Cfe Jo B. Muck, 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 usually be founl

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

Egui;qnerit :
Appendix I contains, in Table 1, & compilation of the principel
equipment used for producixig the pictures measured for this report, to-

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

s |NCLASSIFIED

Coordinates and notation -

lieasurements were mede in terms of a coordinate system M_iose
cardinal q,irections are N, &, S, and B, vhere N is, according to an engi-
neering survey, 21V 66' vest of north, and i, S, and K eye successive
intervals of 90Ccounterclockuise. Vhen a point is referred te by latitude
or azimuthk, the origin is the explosion centér, the latitude is an anéle
measured positive upward from the horizontel, and fhe azimutﬁ ié measured
. counterclockwise from the direction M. Tne four pririci_gal eamaréa stations
were all neerly (within 10 mimutes of arc) in cordinal 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, e.8., B00O N i3 ap~
proximately 800 yords in the direction N from the gedget cemter. A station
called 8.3+10% Ni had two cemeras et ezimiths 251/3 ¥ end 26-2/3° , celled
3, 3+ 10% 1 and 3.:5~104N'.‘:R, respectively. Rai’arénce poin'ds for determining
distance were the centers of four billbonrda ten feet square, centered 200

.. .00 ..0
0 O .

meters from the vertical lzne mrough’zhe cen’cer of the gadget in the

% 999 909 e 090
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directions N, W, & end E.° Time intervals were measured with reference
to the period of' a 1000~cycle tuning fork, The origin of the tims scale
- was fixed at approxiﬁmtely the time of the nuclear explosion by extrapo-
lating the radius tl)f the b{gll of fire bvackward to zero f{cf. Figz. 2 below).

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

probable.errorso | 1 UNCL"\ “:lED

jeasurement methods
'me details of the methods used in determining the space-time

relationships shown in the graphs are given in Appendix Il.

Reocmmendations for future tests

Recammendations for future tests ere given in Appendix III,

II. GENERAL DESCRIPTIGN OF GXFLOSION

The significent space~time relationships that we have measured
£rom the photogrephic records are shown in the graphs, Figs., L 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 bottam, a muwber of blisters, and several spikes that
shot radially shead of the ball below the equator, the exponsion of‘ the
ﬁall of fire before striking the ground was elmost symmetric, following
the relatiomship, R %t 2/5, where_R is the redius in meters, and t is the
time in Secomds, '

Contact with the e;;oum.\xqs madp. at 0,65 = 0,05 milliseconds,

.C

5Survaying details may be ro :;;pagq 4& q{‘ LA notebook numbex 884,
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Thereafter the ball became rapidly smoothsr. From 1.6 to 82 milliseconds
the time dependence of the redius followed closely the relatidnahiﬁ
R (t' : 4*1(5-4)2/ 5 At B miiliaeconda thers appe'ared at the botitom of the
ball an irreguler line of demarcation, below which the éurreee 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 amuwoth 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 l:lmited 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 ebsorbing matter, which traveled slbwiy out um::ll it becamz ine
visible at 0,85 seconds (375 msters). The shock front itself beceme in-
visible 0.10 seconds (2.4-lozmqters) s £irst 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} cable. k

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
veloped it. At 2 seconds the top of the ball started to rise egain. At

3,5 seconds & minimum horizentel diemeter, or ne.qk,,,amgaargd.gng.:chird of
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e

)J)ee
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the way up the skirt, snd the port:_lon of the skirt above the neck J‘.’ormed

aﬂ new vortex ring. The neck narrowed, and the ring and f:he fast-growing

pile of mattef above it rose Aaa a new cloud of smols, carrying a con-~

vection stem bof dust up behind it. An epproximetely horizontal boundary

within the cloud, between the ring and the upper part,'pewsisted q,mr at

least 25 seconds. The stem appecred twisted like a left-handed screw,

he oloud of smoke, surrounded by a feint purple haze, rose witk 1%s top

tra%reling at 57 meters per second, 8t least until the cemeras lost its

relationship to' the horizon at 1.5 kilometers.
III. DEVILOPLINTS DEFCRE THE GROU:!DSTRiKE (6.5-10"489001363)

Radius proportional to the two~fifths power of the time.

4ithin the limits imposed by our best resolving time of about
0.1 m_illiaeconda. the observed value of the radius during the early expension
of the ball of fire {Mgs. 1, 2, 3), wes proportional to the 0.404 - 0,008
powsr of the elspsed time, The relationship can be expresaed, within the
aceuracy of the observations, as: ”

R % 616 t°/° | £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‘?'/ 5, After 1,5 millisseconds the
expansion wes slightly slower, following a twmo-fifths power law with a-
shifted zero of time:

R « 864 (t:4°20~4)2/5 - rg. (2)
Eq. (2) was followed from 1.5 to 32 'millisecon?g:. o Tnxge uecpe:sges of the
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anelysis 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 their interml consistency. Second, the time 1s not indenendently
known relative to the nuélear exploaion; our pero was dfetemined_ by ex~
trapolation in Fig. 2. Third, with regard to the redius messurements,
which for the 8 end l6rm cameras were ell determined from horizontal
‘diamsters, it was necessary to decide what to interpret as the extent
of the bell, in view of the blisters (et Blisters; below): the measure-
' ments were made %o the extremes of the ball, except that the limit in the
airection i was taken at the base rather than the outer surfece of the
compound blister, a policy that brought fair agreement between plctures
from N and W,

Bethe has pointed out the usefulness of the early radiue~time
relationship in the determination of the total energy released in the
explosion, and Fuchs® has given da’cailed oonaidera;ion to thls asmpect of

the date,

Hot, pinched bottom
The slight informtion that we have far the first 0.1 mil).iaeoonds«—u-

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

spherically symmetric except for an epproximetely uniform retardation

x. Puchs, T4 - 516, | N
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of about 30 percent in radius within & zone extending ebout 50 deprees
from a polar axis directed about 10 degrees ! of the nadir. Dy 0.2
milliseconds the retarded portion was brighter than the rest, and sur-
rounded by a sharp demercation 1ine?. At 0,5 milliseconds the zone
boundary wae still retarded ebout 20 percent, but the polar reglon had
@ redius indistinguishsble in megnitude from the horizontel one. The |
strike ccourred at (0.65 0.05) milliseconds. The bright zone persisted
until it wes covered by the skirt at about 2.0 milliseconds.

These phenomena have been attributed by Peierls to the steel-
supported wooden platform on vhich the ‘gedget cradle rested., The floor
was 1.1 mstera below the gadget center, oni extended symmetrically in a
4,65 meter squéra. The pi_ta‘tform consisted of a steel frame of mess
J..‘&B-l(.'i5 Kilograms and an ogkwood floor of 1.17+10° kilograms. Above the
platform there were 1.43°10% kilograms of steel, in addition to the sheet

metal house of 0.58°10° kilogramsa,

i?Pos.ss:i.lzc:l.:\r the absence of evidence of any earlier line arises from insuffi-
clent time resolution during the initial high-speed expansion, which wes at
the rate of about 62 km per sec. at O.1 millisecondz; and only 16 la per sec,
:it 1 millisecond. The period of the pertinent cemera was 1.4°10"% gec.
Since more than heif the field of an 8&mn Fastax camera is exposefl i:or 95
percent of the period (ef. record of experiments by T. J. ..alker, in the
files of the Optics gmup), the boundary line could have moved about S
meters, or more than enough to hide it by blu.rrihg, during a single ex-

posure at 0.1 milliseconds.,

8The data on the tower compomnm 13. baeea..ugpfx informetion supplied by

. » e ! o
. oo H .,
eee vos o0 oo '

ﬂ‘ “'a 011352‘5031.
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Bt UNCLASSIFIED
By about C.2 milliseconds, betwsen thirty and forty blisters |
(the mmerical catimnte is based on two views at right anzles) had'fo:pned
on the ball., They were approxi:;nate_ly hemispherical and of roughly the
seme order iln size, with radii of ebout 1 to 2 meters. Ry 0.5 milliseconds
they covered surfece regions with abbut two or three tirmes their original
diameters, but they protruded slightly less then originslly. After that
time they subsided rspidly, until st 1 millisecond most of the sui'face of
the ball vas exceedinzly smooth. The only es.;racia}ly noticeable blisters

remainine; then were one aompourd one and four or five others, which will
be describved below,

Fointing 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 110° azimuth
950) that from 1 to 4 milliseconds appesrs themmally 1soloted end consideradbly
cooler than the main ﬁall; almost diemetrically opposite wes a rether large
blister thet lasted until. ebout 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 dlstances sre given in meters

Time, milliseconds _ 0.2 0,5 1,0 S 8
Base blister, radius 4 8 11 30 (gone)*
Extent,from svherical surface 3 7 4 4 o*
Superposed blister, radius 1 3 6 (cone)
Total extarﬂ; from sphericel surface 5 10 8 4 0*

* 'M™at 1s, the extent is oo slight for accurate messurement in the small-scale
Pastax imeges, [~ 1 meter). It is still noticeable at 10 milliseconds; |

ef. Sec. V, Irrvegular curvature.

DIl e e e e K e

Three rother prominent blisters (end'possibly a fourth, to the
S of E vwhere 1t can be seen only from the cemeras 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 tham (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 conler than fbe sphere; the
brighthess 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 exponding front. ihenover a spike appeared ogainst the ball, it
appeared very dark. KFive spites could be seen on the throe~fourths of the
sphere visibde from the oomeras. Ty struck the ground etveon 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 I
end one alwost streight U; and slthough the other two could not be geen in
stereo, they appeared to be neerly S. T iy. 3 shows the lergth ond base radius,
or projected length, of each spi'e, :or these measurements, tho base is taken
as the intersection of the spike with the ball of fire, ond tke length is
measured from the center of the sbhere even thouch‘ the.s is evidence that the
spiles are not ragial. Toble III shows some of the other details for each
of the spikes. It is clear fram Table III that each of the thres spikes thdt
~ was observed in storeo orisinated neur a vertical cardimal pl:ine through the
centor of the gadget, and that 1t troveled in a direcpion better approximated

by a line parallel to thct plane then by a radius.

T.ILE IIT .
SPIKI'B ’
"Early" end "late” refer to the times of the tuo embries in the szimith columms.
Neme of Latitude . 2inuth et - Displacement of vertex from

- spike 0.62 0.78 1,2 1.3 contrn)l vertical cardinal plrne
De ms ms ms early, late

st
%

~330 334.6° 385,40 3.6, 3.7 veters T of T

e

el

-24° 2,59 2.0° 1.8, 1.8 meters . of X

-20°  84,5° 6, 0P 2,9, 3.3 metors Ij of
Upper 5 -287
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S3ix wires and two associated cables ren to the ground from points

Iy
seee

(]

L4
LR J *9 9

on the *:.w. namar the gadget. Two coaxiel mbles ran to the ground, one at
approximatoly 200 feet I (latitude -329), and the other just west of it

ot approximetely 200 fest N (latitude -21°), One guy wire su ported each

of thess cables, two guy wires exi;ended aepyroximately .5, and one each extended
approxirntely ecat aad westg. The systemat c errangemsnt of the spikes in
both azirmth and latitude points to a probable relationchip betwesen them apd
the puy wires. The geometric relationship betwween the tuo I spilkes, as Seen
from the N cameras, is in ualitative cgroecent with that betwsen the two
coaxinl cebles. The observed cono share would bae expectgd if the 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, thse orlentation of one spike towsrd i instead of west, cnd the ball-
like end of the |. spike at late time3 in contrasd with the pointed ends ofthe

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

Time of the groundstrike

By interpolation, the time of the groundstrike hes been doternined

-

ilio be (6,52 0,5)°10 = soconds.

9The information given here regarding the guy wires easf, 8, and west was
reyorted orally severel months after the exilosion, 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 absolutely varifies, in J. H. I, 's opinion, the existence of o guy wire -

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

99 909 B o oo L]
° [ 4

* . * 9 ) .
the possibility thet the @i m?egmgert?d‘a:s ranninz west actually ran .
% gee 980 VB Bey W9 - '
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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 post=-
explosica stoges, the skirt presonted a lumny, rather than a srooth, surface.
The hot lumps were bri hter than than the boll of fire iteelf during the first
few milliseconds of ite existence, and e-unl to 11; in brishtness ot 30 1
'milldseconds, after uhich 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
agrees ualitai;ively uith thet of the expected ground shook, the early vertiocal -

extont of the lurpy material is puzzling.

Curtain of light

Jbtarting at 5 nmilliseconds, en irrezular boundary line appeared
above the akirt. Below tho line the ball was considerably brighter than sbove
it. The boundery rose at a rate that increased, then decrecsed, until the
boundery disoppeered near the top of the ball at about 11 milliseconds. The
ball avpesred to be enveloped in a riSing curdain of light. {io sotisfactory
explanction his been givor for this phenomenosn. |

#ig. 4 chous the oltitude of tho curtain as o function of the tiro,
and i'ig. B, the vertical velocity. .ach vortical lins in Fis. 4 extonds from
1 metor sbove the nozirmm height to 1 meter below the mean hoig_:ht, as measured
in o freme. The dashed line at 10.8 millisecond® indicates that the curtain wes

1ndistinguishable from this gﬁin’c’-oﬂ, but muohbtedly reachod the top of the ball.

O °
O’ ..O o9 ... O.. .O .
L] oo [ ] 999 L I -
o e L] [ 4
~ .

~

yrree
Jirree
00 de
)yre
N1
.

~

~

03006¢e

o or-~

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

-

UNCLASSIFIED

e R

"

Wity
g

Rt

> ORI SESIR S,

: + .

[aatis apaar-vas sfond

aoi

EhBdres €LVTG

-~

K004 20%

0

famay mou 1ol soanwyng
‘TN AN G OD GNIN DHS $I YRS

BVl SREOBERE

PROVED FOHi/BE)

IEDe

r
r

UNCLASSI




APPROVED FOR PUBLI C RELEASE

UNULASOIFIED

(ad)

hock Wave

10175

%

Standard Condi

-

b e e

b
- P

8
H

)

#

/)
Velocity of Sound m Air

P
P

@42 3Hs

viva

3
S

wJUL QR

Loway FIU UICT  Eadu

YaN

ANTIWNCD ENINOYE 83

BV A

24

20

UMCERRSHEE Bor BB ¢ RECRASE




APPROVED FOR PUBLI C RELEASE

APPROVED FOR PUBLI C RELEASE

APPROVED FOR PUBLI C RELEASE

. PUBLI C RELEASE

R

X

ED. F

PRQY

ad.

AP

19,000

x

f’sec,- N
119 Usec, W 10,000 °

| B55 Hsec, N 10000

8 mad

% “B5rm, 107

Paf rediis -

. hokizon

e

Fadiuk

_—y

illiseconds

verffical

*r

- Bal

Time, m

i
[
; - 5 i
oo ...].fl.l.hql.!.!r. b

i
[
)
I
o
e
T

D

nlm

Morwrat dbe

Aoo
N e}

Nl

N

U

| Sudjow oSy S
o ™)

-

e et i I

A

l

FhOTL L

3

T

S

SR

APPROVED FOR PUBLI C RELEASE

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE APPROVED FOR PUBLI C RELEASE

APPROVED FOR PUBLI C RELEASE

SlIEI_ED RELEASE

TS

Pt ST

et S H

N e S =
S ; s

e oY

i

Y S

b

Rt __3 -y

e S W ST

F A

"L e
FICH . 17

L,

i i) It
Itﬂyl,

\Slﬂﬂ,u.!

3

S/ il @.&\mew.@_ |

eprdlNOLAS

 ARPF

-
-

y LRad 34 =
’ RELEASE.

Foin

APPROVED FOR ‘PUBL



APPROVED FCR PUBLI C RELEASE

o o oo 1 » o o .
[ . ove .
o o H * o 9
%e eoe 2" Se0 s s’ '
9 Se9 94 sos see
* e 9 o . e
L J [ 4 [ ] » * 9 o
° * 9 ® ™ o ®
® e o @ e o o o
® ess see S0 oo

UNCLASSIFiED

In very nearly the direction N, where two coaxial cables extended

Hot V in the skirt

obliguely from the gadgcet to the ground and vhere two spikes struck the
ground &t sbout 2 milliseconds, a V-shaped portion appeared at the birth of
the skirt. 1Its 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 nnd 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 the‘ ¥V cooled, there ap~
peared , where the V'i;ad been, a relatively clear radial path in the smoky
skirt region, that persisted for several seconds as though the cmnbuatible
materia]. near the spikes had besn completely exhausted by buming while the
V was especlally hot.

Belt, or Mach front

At 3.6 milliseconds there eppeared above the skirt a discontimii-
ty in the orientation of the shock front. The belt below the break appeared
to be a segment of a new, smooth, near-spherical \surfaoe vith its center
slightly below the ground, intersecting the old, spherical shock front. 4AXL
the observations upon this belt are consistent with its being 1n$erprete¢ as
the Mach front, and hereafter, it will be assumed that the belt was the Nach
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wavo front and that the breek was the Mach "{". The sltitude of the ¥ was
a 8lightly vai*iable function of the ezimuth. Previous to the separation of
the shock wave fram the ball of fire, the Mach front was considersbly
prighter throughout then the sphericel shock fromb, After 19 milliseconds
the part seen against the ball of fire appeared relatively dark until the
boundery disappearedjentirely at about 0.1l 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‘was more opaque, end hotter, than the spherical shock
. fonts At about 0,04 seconds several 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 '
i4g surface romained diatinct, While at 1 millisecoud the view from N -
shémd concavities, especially near the campound blister and its opposite
point, at 10 milligeconds the most prominent formmerly 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 resdings were tskern on the originéi tracings, below.
Angles ere messured with respect to the horizontal.
Positive ahgle meens, veloclty has an upward comronent.
Amrguler tolerances, unless specified: Feastex rilm #209,-%2°.
15" Mitchell film,-%1C.
Frame no. Time, Redlus, Angle, Angle,‘ Angle,
18" #209 ws meters main weve Mach wave trajsctory
normsl normeal of Mach "y"
E I W Roe G
1 8.3 74  -13.4° -14.0°0 §129 30 4149320 416° 422°
9 13.9 99 - 4 -3 20 a1 243 35
10 15.4 103 - 2 - 1 19 25 33 33
. 2 15 109 - 1.1 0.0 15%1 24%2 29 30
. 11 16.9 107 -1 0 i3 13 51 25
12 18.4 111 +1 +1 13 18 36 22
; 12 20.0 115 3 2 19 21 28 25
14 21.5 119 3 3 22 24 29 44
~ 15 23.0 123 S S 24 .85 37 48
16 24.5 137 6 7 23 25 41 45
’ 3 25 170 6.0 5.0 25 26 46 .36
S 17 2¢6.0 131 8 8 17 21 36 30
5 l8 '27.5 134 9 8 22 21 35 22
' 19 29.0 138 9 9 22 a0 53 13
4 34 148 12.¢Q 11.3 34 25 58 51
B -~ TFastax film #209
B DNyt gadget
. 19 4 [..-horizontal _ center _
AL s
} : graund e B
: 4 18" Mjitchell tilm
: : gedget
g - “horizontal _ ¢euker. .. . _.. )
K \ 1
e L e e LTGROG Y ,o:i_‘". v
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polygon than like a circle, with several edges about two-fifths as long
ag 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 mtefs in radius, btit two were outstandingly large. A apot at

‘latitud.e +20°, azinmlh 199, was 8 meters in radius when it faded into the
baclground at sbout 30 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 ebgut 1 millisecond, amd persisted until the

. shock wave became dark. 'Iheibaundary lines were sharp and smooth., A
littdle while arte} Lhe separation of the shock wave £rom the ball of ﬁre;
the contrast between areas became unnoticeable, but the lines became darker
than the aresas 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 sight 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 milliseconds. Thie roughly circular area
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grew in redius from 20 to about 40 meters betwean 16 and 100 milliseconds,
1t was ot possible to trace the hot spot and boundary surely between 5 aml
15 milliseconds, but from the fect 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 bectme the area boundery, and the
hot spot ias a sort of micleus, !}

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

between the Mach front and the spherical shock front,

VI. DEVELOPMENTS BETWEEM 1072 AND 10-1 SEOQDS
The intervei from 10~2 gnd 101 meconds 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
ohotographs, \iith the exception 61‘ the local irregularities listed above,
the image of the shock front eppesred as a uniformly bright disc. After
(16:. 1) milliseconds a slight darkening of the limb was noticeable smnd
thereafter the relatively faint but sharp outer surface of jthe sphere,
vwhich we shell identify hereafter as the shock front, comtinued 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

vas meesureable, the bright central region, which we shall identify es 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 susceptidble

to unique measurement. 'Iﬁe‘ disagreements emong the veluss of the radius of

the ball of fire‘ in the figures are to be attributed not to disagreements

in measurements, but to differences in exposure conditions emong the several

cemgras, 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 & radius
between 2°10° and 3.102 meters {cf. Sec. IX, Partial envelopment 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
(Figs. 1, 6, 8). The contrast at the dark front wes originally elmost the

game as that et the shock front, but decreesed more slowly than the contrast

at the shock front, 5o that vhile ths 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 within ths ah_ock.mve. It is evident that the formmation
og »8
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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 10,

Departure of the shock velocity from the tWo~L1f the pewer law

Whereas the shock front followed the two~fiftha power lav up to°

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

143~ 6 meters), both fronts departed fram 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 saparation, the excess valocity, 1.0y, the

shock front velocity ¥ minus the sound velo_city & {(where ¢ » 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°10% mt&a) there appears to be another change in the velocity, to

v . é.a-m”n*lﬁﬁ Eq. (4)
with an aoouracy of aboui; x. 0u1 4n the axponi:ﬁt. 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. u., Davis, .. C. Elmore, G. H. Kappelman, end G,

Martin, L& ~ 358, Tadle Il.
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thet sq. 5 is folloved to 0,11 seconds (»2.,6?3.08 mer,é;-s), sfter viiich

{here is a pap extendiny to .25 seco;ﬁs (3.5‘102 meters); the vnlue

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

necessity of postl;lating a mpré complicated law/ for 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=%/2, The apparent simultaneity of the shock wave’s merked
departure from thet law with the separation’ qr the shoqk’ vRave 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 61‘ rudiant‘enera:j tﬁat origihated in thé ballbof fire and was
transfom_ad in the dark front from the ultraviolet or visible into the"
infrae-red; the coincidence of the split-off point.betxmen;’che two fronts
with the point of departure of the s‘hoék front frqn two~ifths .power

dependence londs weisht to lLcGee's supggestion, ) 7
The phenomena of the vfon'nation_.' of the dark front and the en~

——"

}_mncelnenf of the velooity of the shock front deserve intenaive -
further studye N “

VII. RuSRAGCTION BY T SHOCK FRONT AT - -10"lsmconps.

All the space-time phenomena discussed ig sthip Fépot’gtaér

. ' 4 - T T

then the one described in this section are believed 3 bd AL, L.8.,
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the light is believed to have traveled in a substgmtially rectilinear
path from the object to the camsra, so tirt measurements on the tilm.
with the application of proper geometric festors, can be considered tanta-
mount to measuraments on the objects. On the other hand, the apparent
cable breaks referred to in ?;his section ere a pure optical rhenomenon,
arising from the refraction of light at /yﬁf*a:i’chin the shock front on its
vay from the object to the CaAOTH. a
Ona of the ballqon cables extended upward, 1eanine, slightly to-

wvard the towsr from a nomt of attachment on the ground diaplnced 213.2
meters i, 216 meters S from the point dirsctly unier ;the gadget. Light
traveling from th'e cable to the cameras in the direc’cioh 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 actually
were, and points thet in the absence of refraction would fxave appeoarsd
within about 2 meters of the edge, wers not seen; instead, the image of the
cable appeared hooked, with points between 2 and 4 meters fram the edge
appeariﬁg twice. Incidentally, s:lncé the shock front in this region wes

~ invisidle the cutoff point madé the only convonient roint for the measure~

ment of the randius,

" Bvidently in the earliest nitehell camere picture:. of the refracticn
hook (0,072 seconds), the refraction took place in the Nach front, end 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 tangentstosthe oxivems part

: s
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pert of the hook in all pictures except the first. In the firs Z:’i’cture,
the circle interserts the hook. o ' UNCLASS‘HED

Fig. 9 shows the displscement es a fumotion of distance within

o6 ee
(L XXy
ede

L ]

the shock wave jor each of the eight Iitchell frames in which the phe-
nomenon appecrs. From these data an attempt will be mede in s later re-

port to dedrnce the density as a function of distance within the shock wave;-,
VIlI. 1435 MOTION OF TH AIR AT 45101 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 seme as that of the alx 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 accelerated particles only. In every casc there is an
almost continuwous stream of particles behind the front and in a few instances
there are streams back to almost undispleaced particles evidently much fnore

dense than the surroundin g air. The apexes, wnich are our extrapolated
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values of the muterial velocity in the shock frout itself, are from 10 to

12 e spread probably ree

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 choic;’of curves throuzh our experiuental spaces
time points. The average excess of 20 per ceent in our values over the cal-
culated values may arise, at leust in pari, from the inhomogensity of the

BNCLASSIFIED -

atmosphere consisting of hot cuble vapers and hot «ir,
EX. DUVILOPMENTS BT EEN 10~1 SICONDS /D 1 uICQND.

Partisl envelopment of the baell 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 th; originel ball of fire end
and the upper part of the dust skirt coslesced into a body that eventuelly
became %the new cloud of anoke.

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 Lirst 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 mnasux%mcnt of the rumdiue znpoéslble

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

12  Brinkley, Kirkwood, sad Riohardson.‘osanéiﬁﬁo. corrected vl referres’ t0

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

one second.

X. DEVELOETZNTS 3ETECN = AND 10 SRECONDS.

UNCLASSIFIED

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

At 1 second the character of the materiel 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 almc_;st hid the bell
of fire. 1In the interval between 1 and 3.5 seconda a new cloud of smoke
formed from the ball of fire and the upper part of the skirt, snd gradually
changed shape until by about :7 seconds it had become 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 formmtion and rise

of the c¢loud of smoke,

Stoppase and resumption of the ascent of the top of the ball
after rising steadily 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 copstant altitude of (356811) meters from 1.0 to 2.0 seconda.
It then acquired en upward velooity, slmost all of it betwoen 5.5 end 4.0

seconds (cf. Fommation &nd rise of the cloud of mmole, below).
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The top of the skirt materiol had suddenly slowed down at 0.7

seconds from e vertical velocity of ebout 2102 meters per second to one |

of alfout one-fifth of that velue. During the pause in the rise of the top
of the ball of fire, the sidrt material continued its rise, gathering about
the materiel of the bell of fire until the top of it formed en almost plane
surface, mach wider than the ball of fire and almost high onough to hide it.
From two to four seconds the shape of the upper part of the s)girt rapidly

- becanme that of a torus or vortex ring, ,preaumébly on account of the incipient
strong-'} upward convection et iﬁs axis, The outer radius of the aki:rt remained

approhmateﬂ:y constant, and the top of the skirt continued its slow rise,

eck formation | ' UNCLASS‘HE“

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

flat~topped portion 'or the skirt material beceme steeper, and at {3.5%0,5)
seconds, when the top of the skirt materiel uaes at 390 gnters, an actual
rinimum 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 remeining within 10 meters of ite original value until

7 seconds, began an increase that attained a maximm rate of ebout 90 msters
per second at 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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1ts sides were concave upward, reaching the ground tangentielly, ‘hile
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 brénch in fhe upper pert of -
 the stem, leading to embiguities in the messurement 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 éoing at the periphery of the skirt,
a considerably more violent process was starting inside it. Latter from
within and belm_w 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, beginnin‘g
at 2,0 seconds, 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 _’(;wo-s'econd interval was 4.5g. Thereaftsr, thé
rate of rise decreased somewhat, and after § seconds it was rearly constent
at 57 meters per secomd, at least until the campra lont its relation to the

ground et 1500 meters (fig. 11).
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Chmgg' in shupe 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 vertical et 60 seconds the
ratio of horizontel to vertionl dismetera was approxinately 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 meters 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 volumes of the torus and the whole cloud are

1

Expansion of the gmoke cl'oud'

given in Table V. No ’attempt is made here to calculate the actual acoretion of
ma‘t,eridl‘ in the cloud, which would bave to take into account nat ‘only the
nature and temperature of the matter in the cloud but dlso the meteorologicel
conditions encountered during its risel?, / ’

Matter began étx;eeming upwaerd along the axis of the vortei: ring at
2,0 seconds, Evident];r the rirst materiel in this convective stiream, which
was axceeding.‘ly’ hot, originated rear the center of the explosion. 4 consider-
ation of the volume of the oloud shows that most of 4o patier in it must have
originated a considerable distence from the center and havé been swept, neair ti:o |

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

135, 1 Hobbard et al, LA = 357, p. 10,
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TATLE ¥
" voums oF T s CLow
(‘Ih;a values given are crude evtivates from the vertical emd -
horizontal extent: the shape of the to:zus, ¢ the cloud, is taken a8 an
ellipsoid of revolut;io:; excevt that for 1.5 and 5.0 seconds the non-skirt 7

material is treated as a spherical segment bounded by a plene.)

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 0623
5 / 0.16 0,30
20 0.17 0,37
30 0.87
40 | , | Lol
60 - 2.0
75 ’ : o | 'Ro8

\

)
)

.
2>

3 K] ® & o
[ 3R] ® @ [ [ 4 [
* 9 ep o e o .
o 0 o e o .
0 0o 900 soe 00 o0
® o 0. 000 o ees o0
o o 00 o o 0 « o0
. voe . L3 o o 0
L] - - - - ~— o~ -
~ -~~~ - .. N
;

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

(X 2]
e
[}

(XX

(X 2]
L ]
(X}

®0 S99 009 909 999
[ ] [ 4

[ XX XY ]
.
egecse
[YYY ]

~51~ L
XI. DEVELOILLNTS BET.LED 10 apd 1025iECOIDS UNCLASSIHED

Cloud ring formation

Meteorological observations showed thet while the humidity wes
79 per cent at the surface, it decreased with increceing sltitude to a

constant value of about 50 per cent, until at more than 2500 meters it

._‘r
increased to seturstion value: ‘5@

Photographs taken at 3.3 second intervals show that as the

rarefaction following the shock wave passed through layers at 3.9, 4.2,

4.4 ond 5.2 kilometers, it produced clouds at these altitudes, Detalla

are given in Table VI, A discussion of this phenomanon has been 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 propgressed throush the cloud a= one would expect
in a cloud which had gathered up a great desl of finely divided, incompietely
burned material. At about 20 seconds the light from the flames had died down
to such an‘e:ctant thet a dim glow beyond the surface cf‘ the ¢loud showed
relatively prominently, This glow was brightest at the surfaco of the cloud

itaelf and decreased in brightness with increasing distence fram the cloud,
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99 900 0o 089 996 o0
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TAZLE VI..
UNCLASSIFIED
CLOUD RINGS ,

Distances "iare given in kilometers,® 0.1 kilometer upnless gpecified,
Times are given in seconds, ¥ 0.3 seconds.

Angles sre azimi;th, neasured couvnterclockwise, and are given i.n

degrees, I 2°,

Ntm'bers in the body of the table are maximum radii.

AMtitude  Meximm Time 8.1  11.4 14,7 18.1

at maximum vertical

radius axtent

5.5%0,1 o3 m 1.7 4.081 5.0 ¢,
4.2,5.0.2 0.6  m 2.4 fy 3.9 #,
4.4%0,3 0.2 L,1¢ 3¢

5.22:0.3 1.0 | | 2.8%

m Noticeable trace o scattering from mist at apyroxmately this altitude,

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

Incomplete ring, with scettered wispe extendins in azimuth from 164°
%0 2089, and solid cloud from 209° to 49° ,

Incamplete rin;, with solid oloud extending in ezimuth from 219° to
352° , end scattered wisps fram 352° to 20°.

Symnetric, complete ring.

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

Incompls te ring, without strongly predominant azixnuth, bat 1vith. i~ 32"

o. .
00 000 0.0 000 000 [ X

complete portions; partly hidden by lower clouds. o o ®- .
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until at about 100 meters from the surface it beceame invisidle. In our
slowest motion picture camera record, which could bs expected to record
brightness down to ebout 35 eundles per square metar, the glow wag noticeabls
for (75%5) seconds, In a snapshot taksn by Stanley ﬁ‘rankel, thie 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 "zmve; hesn exposed
for a few seconds during the time inteﬁal between 60 snd Y0 seconds,

Condengation

At 60 seconds, whore an extrapolation of thé eloud~hop albitude
curve (Fig. 11) indicates that the cloud wss at sn altitude of about 3,7
kilometers, there is evidence of a halo of clc;ud or cordennation in a thin
ring about the main cloud near its top. It will be noticed that the altitude
of the cloud was approximetely that ih which the 8.l=second acro comera
ploture showed a faint mist. The halo formed in the presence of the cloud

had spproxirately the extert of the glow and can be presumed o have been

cauged by ionization,

Stem_twist
The convection stem at 60 seconds appeared as though it had been

twisted into the form of a left-handed screw with:’;ox?meters pitch.
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XTI, DIV CELEGDS APTER 102 SECOMDS. A UNCLASSIFIED

Before the explosion, after the explosion time schedule hed been

ad justed from 4:00 a.m. to 5:30 a.m., the sameras were readjusted for dey~
‘light operation and, unfortunately, the daylicht was slightly tco faint
for following the cloud after losingfa.ssilleluninosifyuntil about 15 minutes
after the explosion, .ven after it was lisht enough $o ses the cloud ﬁaJ,l_,
an overcast sky prevented the following of énythmg gxcept the stem, Therefore
ve have no quantitetive 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 taksn at 40 minutds

ghows this pall.
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AFPINDIX I UNCLASS'HED

I UIPLGAT
| Table I ia"a‘compléte list of the cameras and auxiliary
equiv,ment used for prodﬁéim—; the pictures upon which this report is
based, tojether vdtﬁ all the pertinent photozraphic, geometrical, electrical,
and timing dota, and the file numbers under which the original negatives

will be kept with the archives of Group Ge1ll {now i-8),
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[wTENDIX 1T

NEASURELENT MITHODS

With the exceptions listed hers, all measurements for this
report were mode 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 millimeters end easily interpolated
‘to 108 millimeters, ‘a distance thet in most cages corrasponded to a
distance of the order of decimeters in object space, The magnification
was 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. , UNCLASSIFIED ‘

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

the originel, becauss of the desirability of using construction lines thas
would have spoiled the original and would heve had to be draun with the )

impractically close spacing of several lines per millimeter,

In the meesurement of the shock front radius and dark‘i‘xvont radiuvs
after thei;* Mparation, it was not pi'actical to use the origin;als because
of the lack of contrast as well as 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
upéin these p'rints» For each frame several prints were made on double welght

paper, and air-cooled elong with pleces of the same kind oII: 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 imagg.
Measurements upon the circles indicated that the streteh or shrinkage in

these prints was well within one ver cent and that the 1nhomogenéities

 in the dimensional chances were considersbly less then this., On each

print the distence between billboard centers was measured, and the resulting

correction factor applied to all measurerents made on that pﬂn’c.

The measurements of the shock wave and dark wave redii and the‘
mess motion of the air between 280 end 530 meters were mede from the 24"
Nitchell cemera record. The absence of any scele marks on any fremss of
this camera made the direct measurement of distances impossible. ’I'wo almost

wiclly  independent and indirect but rigorous methode for distance

measurement were worked out: one graphical method epd one analytical method.
The final result of these two mathods on the)'shock weve points aéreed, on the
average, within gbout one meter; for the dark wave, only the erslytical method
was used, The hasgsis of both _methods was the determination of the poeitions

of certain points on the belloon cable; 8., the bottoms of the balloons

themselves, a bricht spot corres*ponding to the explosion that was to release

A

. the balloons, end an alumimm cylindgr attached to the cable, w:ith the aid of

the time exposures fran the 2-meter cereras, each of vhich showed at least

some of these points as vell as the psir of billboards. After the detemmination
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of thé scale with the ald of these 'time exposures, the graphitedl *fethod
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made usSe only of the standard methods of descﬂpfive geometry, and the
analytical method made use only of the methods of so0lid analytical geome~
try plns the approximation of the pértion of the cable under consideration
by . straight 1ine,

The points £imlly used for the shock wave wsre the result of

the analyticel determination, | UNCLASS}HED
- | The dark wave in _the region béyond 280 meters offered so little
contrast that it wes difficult to detect, except upoh g moving image. The
position of the dark weve was determined by running a positive film in ‘a
"oviola® projection maoﬁine with 1ts shutter removed, and tracing thq
~position.oil' the wave after watching the irage move into place. Se'o:erél :
k‘runs vwere 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 data from the 24" cémera were determined a}.so with the sid of a
"I;lovidia" projector.
In the measurements upon the Wn; succesa'ive outlinaes of the
ball of fire and th§ curtain were traced upon a single sheet of tracing
paper with thé a:ih of the "ioviola" projector, and subsequently measufed.

Two rune vere mede by different obsoervsrs,

The measurements upon the kach front recorded inm Table IV

]
were rade by tracing bhoundoariés from film #209 by projeotior and from the

18" iditehell from 112000 scale prints,upon the $rigik’ | ¥ rpproduced in
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RECUWINTIDATIONS FOR FUTURE THSTS

Time of‘ day
Jhatever .the circumstances under vhich future tests ars mae,'

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. Ixperiences at the Trinity tost showad t;uat co‘nditions ‘
for éhotography were the @st important factor in the choice of time of

day for the explomion. It is irportant that the‘time‘of day for any futwe
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 thnt the time may
be chosen for optimm conditions. The success of the photogranhy 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 hemrm.

Following the shock wave further by cable motion
The agcidental phbt‘ography of ths balloon cable alloved us to

follow the shock front and the mess motion of the air behind the shook fronmt
past 450 meters. The mesans 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 ao;ne instances, on account of disturbancuMQL&San!nE!JED

cii-cuit snd 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 iﬂ» reconmended, therefore, that fhe'photogmpb;fcnbles "or other
objects with ordinery cameras Le used herveafter to replace the more elaborate

shock switch signals planned for the July 16th explosion.

Improvement in time resclution during the early Bta{;eé;

Theoreticel interest in the early stages of the exyangion has
been greaily enhanced since ths July‘lsth exploslion. An ipcrsase in the
order of magnitude of the fme frequency for a short interval during ths
§arly stages would require some develomment but is a problem already solved
for somewhat dif ferent experimental conditions, The ldariey CITiera eXPoSures .
that we originally plamned, but abandoned, would have yielded 105 fYENES per
second for 56 frames, The fixed short focu_;?. and low guality of the lenses
vould probébly havé mede thé Larley camera pictures useless, 'The réta’cing
mirror, Kerr-cell apporatus that has taken a series of about 60 exposures
at 10™® second 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 Pestax appeer to requlre e considei-able awount of.‘ develop=

mend and ought to be considered only if their use .’usg s?mnglaéﬁycgumged by

*e e
st

the theorists, . - .
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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 had. Our 1nngr stations at 50 meters turned out to be useless,
possibly beceuse of the difficulty of the erection and checking in the field
of ax\rracesﬁith the _px;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 sfandards. The p!;oto.graphy of a drop over water

UNCLASSIFIED

introduges new difficulties that need study.

Incressed number of motion piecture cmneraé :

It was as much by good fortune es by foresighf thaet a fairly

complete record of the f£irst minute after the explosion was obtained with
the aid of only 12 Fastox snd 4 I'itchell cameras. Several important

/

phenomena, such as the derk wave, the cable refraction and the shock
veloclity and nass vcl‘ocity from the ‘:_)alloon cables; viere properly photo=-
éraphed only through sheer good luck. Increasing the numberb of atations
and using several times as many high speed and J0rm motion picture cameras

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

’ probabillity of oanpleﬁe 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

direct sgpectrographic study of the object itself, the position of the
. 8 200 ...
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Xy}

L]
L]

(2 ]

[ ¥ )
rre€e
L]

.

..

[

e
1)eee

[ ]
-

APPROVED FOR PUBLI C RELEASE

.
Jree®
’))ee S8
»
)
reeses °
3
[
IREX I Y )
XYY

)




APPROVED FOR PUBLI C RELEASE

® ¢ 9 * 3 el o
’e LX) o .
s *%% “5” ee O s %
L]
o’® %es 2% ses oqe
. e 3 ® 3%
e $ 2 e 3% oo
* ses o s g .
e see 3,°

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 opportunitieas offered for spectroscopy at any such fixed-
_ position test. One 61‘ the flelds in whicéh further spec"’croscopic gtudy is
urgently needed is that of the dark wave, It is possible that significant

+

infomation as to the nature of the dark wave can be obtained by aiming a

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

in the naishborhood of en approximately predicted drop location.~
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