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In an attempt to obtain motion.pioture records of the movements

of the fission products during the first few hundredths of’a seoondo apparatus

was constructed in which a gamma-ray imge of the ‘%all of fire” was projoctcd

on a fluorescent screen through a small aperture in a block of lead~ buried

motion=.picturecameras of standard type and of the Marley type were to make

optical pictures of the

which wis more than 100

expected irradiation of

to neutrons. The oause

screen. The records show only heavy radiation.foggingO

times more intense than had been predioted from the

the films. including the effeot of seoondary gammas due

of this very intenee irradiation is not yet knowm
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JULY 16TH NUCLEAR FXW)SION :

ATTEMPT TO OBTAIN QAMMQRAY mmPHo!I!oGRAPHs

General Description of Apparatus

The gamma-ray ‘pin-hole” image was formedO by a lead structure

shown in vertioal seotion in l?igo 1, upon a fluorescent screen that was immediate

inside a steel “window~’of half-inch thickness welded onto a heavy steel tubeo A

silvered glass plane mirror of elliptical outline enabled this soreen to bw

photographed by cameras housed within aaother steel tube inside the lower end

of the main tube, and about 5 feet below ground levo10 The upper end of the

main tube was oloaed by a heavy and virtually lighbtight Ii% and a atruature

of leads sand and borax was built above and around this lid as indicated in the

figure. Stations were established at 1~0 yards and 2~~yard6 to the south of

“O”; the camera at the 150 yards station was of tb multi-lens, rotating aperture

type, while at the 275 yards station there were two Bell.Howell l&ms motio&

pioture oaneraso one operating at 16 frames and the other at Q frames per sooond~

and both having lens apertures of F/10~0 The oameras were turned on electromag.

netioally by signals from the automatic timing system”provldeciby J. L. MKibben;

by devioes described later, the inner steel tubes containing the oameras were

made light tight shortly after the grouad shook reaohed the installations~ I
Fluorescent Soreen

With the cooperation

a searoh was ~de for a fluorescent

of Group (3.11and of various oommezwial firms,

coating that combined high sensitivity to

gamma rays with short persistence of luminosity. The
9 9**● .ae ●ob ●*

was a ZnO . Zn phosphor (#&.0#+11~6)~oma~4 by ROC.AO
● ● 9 ● 0

●* ●:@ ● 9*●:. ● *990

best material diaoovered

laboratioriea~ The
I
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graphed on Super XX film with a lens aperture of F/10~, a faint but easily percept.

ible blackening

Of I roentgen.

persiste~e~ as

of the film is produoed when the phosphor reoeives an irradiation9

ZnODZn phosphors are known to be outstanding in respeot of short

a oheok that this phosphor was no exoeption to the rule. a

simple experiment with a rotating phosphor.oovered diso WA8 performed, and showed

no perceptible luminosity remaining 2 mm after the oessation of irradiation Jn

order tb inor=se the brightness of the soraen when it is observed in a direotion

nearly normal to its general surfaoe, the tioreenwas corrugated by circular

grooves indioated in seotion in Fig. 10 If the ratio of depth to width of each

charnel had been infinite, and the walls between the ohannels had been of negli.

gible thickness, the forward luminosity wouldbe 1/(1 -CD) times that froma

plane surface, where D is the diffused reflection coefficient of the ooating

for the light that it emitsO For Zn08 D is of the order of 0.8~ thus under

ideal conditions ‘&e corrugation would give a fiv~fold gain in brigh~ness; in

praotioe the gain lay between 2 and ~. Thus one ro~tgen should give a very ‘

clear perceptible blackening with the F/105 lenses usedo

Estimate of intensity of ixmge and of shielding required to prevent

532

Tho rate of emission of gammas from the fi8sion produots of 49

during the first hundredth of a eeoond is not very oertainly known but is believed

-11
to be of the order of 10 curie per fisaiono The rate of irradiation due

&
to 10 fissions~ of a bare surface at the distanoe of the farther of our

stations (about 250 motors) will therefore be of the order of

24solo “ 1<110 2.54?.5 ● 104)2 roentgen per seoond, where a represents the
●00 ●99 ●e

loss by absorption in th&l&;~”a~d 2{,~}$/~ is taken as the irradiation due to
● ● ● 0.-●:b :99 ●:. .9* ● * *
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is of the order of 4000 r/seoQ ●“””””; 4.At a few hundredths of a seoond i \ 8ome.

what less. At the nearer station it should be greater by a factor of perhaps six

at all ‘times. When the source is so small that no detail oan be resolved by the

pinhole systein,the irradiation of the Sluoresoent soreen will be the same as if

it was bare~ thus the initial intensitywill be

with the lenses used~ a reasomble i=ge should

what below a milliseoondo

something like 4000 r/seo and~

be obta~ned with exposures some-

As the ball of fire grow~, the gama-ray flux through the hole

will be spread over a larger area of the soreen, and when the image fil18 the

soreen the average intensity will be loss in the ratio of the area of the holo

to that Of the

irradiation to

total omission

soreen9 whioh in our arrangement was a,bouti.Ol~ reduoing the

about ,!+0r/see or, all&ing for some doorease with time of the

of gwnma.rays~ perhaps to 10 or 20 r/seoo

Thus it seemed tippropriateto arrange the various oameras to have

exposures varying from less than a milli8eoond to a tenth or’s twentieth of a

second; the rotating-shutter camera and the standard motion picture oameras

ooverod approximately this rangeO

Fogging of the final image oanbe due to two oauses; irradiation

of the fluorescent soreen by rays not passing through the pinhole, and direot

irradiation of the photographic film. The former will be avoided if the lead.

structure surrounding the pinhole attenuates gammas by a faotor large oomparcd

tith the ratio of about 100 between the areas of soreen and pinhole, which

reqpires only six or eight oontimeters of lead. The latter is much more

diffioult to disouss but nm~.b? dic.~d.@o~~ughly into three parts: (i] fogging
●’. ● ● 0 ● *. . :..= .

due to fission produot @“J&M& -ken%~s~$ce is small corrip with its di8tanoe.. .00 ●00 9*O ● *e

4*MJ /f/~~●m ●*9
● b* :..;;.,: -q●ea b
● 00
● **9 :.0 .00:0 90
●* ●b* **a* ● -“-----—~
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far that some of it is above the oamera and garmnascRn pass nearly vertically

through the ground instead of having the long oblique path in the ground

oharacteristio of (i)j and (iii) fegging duo to seoondary gammas produoed by

the capture of fission neutrons in the surface of the ground. Discussions of

these processes by VieisskopfsFrisoh and Moon Iod to the oonolusion that

fogging from all these causes should not correspond to more than 1 P even if

the films were left in the ground indefinitely after the explosion, provided

that shielding by lead,and sand were provided moording to tho dimensions

Sndioated in Fig. 10 As an additional precaution against neutrons, a six.inch-

‘tick layer of

Camera~

borax waa pkoed in front of the sand pile as shown in the figure.

The commercial cameras call for no speaial oomment9 though it

should be stated that they were switched on eleotromagnetioallyat about 4 seo.

by a signkl from l%Kibben~s automatic timing sys’t~e

The rotating-aperturecamera at S-150 was constructed by us on the

principle of the Marloy camera and is sho~ dhgrammatically in Fig. 20 The

main components are

1) A battery-driven DC elaotwio motor whioh was switohed on by remoto

control at -12 seconds and switched off by a local time-delay device at about

+j scoonde. The mOtOr ran at ~ rps$ driving

2) a duraluminum discg pieraed with four circular aperture~ on

perpendicular radii. Eaoh aperture was normally oovered by a thin metal”shutter

pivoted a?)cxrban axis perpendicular to the dieo and nearer to its center than the
●n ●*O 9*9 0 ●.. ●

aperture. When tilediso rot~.~d8~t~osoO$h~t@$8 moved centrifugally and G
● **O=9* *** ●9* ●00 ●:o ●*

●

GQVQM thg aporturosj when theOn?to~{~8C@\Qh8d off and the speed of ro~a~ion
●

I
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fell, they were dravM back to their original po8i+ions by ela6~ic cords. Each

pair of diametrically opposite apertures oorre6pondcd in size and radial distanoe

to one of

3] two rings of lenses mounted in a brass plateo The outer ringcc

siated of 25 Iensos of 1 cm diameter and 1.6 cm fooal length, the inner consist>d

of lb lenses of 2 om diameter and 302 om fooal lengtho The number in eaoh rhg

being odds the two opposite apertures exposed nearly opposite lenses in suoccmsion

th16 arrangement provided exposure80 overlapping in timo~ at Ixioe the frequenoy

that would have been obtained with the sane number of lenses and a single

rotating apcwture~ and was employed to eliminate the ohanco of accidentally

mis8ing the most interesting phasa of the cxplosion~ Itwill.be notedtht the

exposures are not confined to a siz@e revolution of the aperture di6ca;the

oamera wa6 designed on the assumption that the brighkneso of the image would

be decreasing so rapidly after the instant of explosion that negligible inter.

ferenoe would be oaused by light reoeived after the first revolution and before

the housing of the oamera was dosed by the devioe described Iatero

4) The images east by the lenses were roceivod on tam Super XX

aero filme olmped between tk-eo bras6 disoso the upper”two discs and

the upper film being suitably perforated so that the innges duo to the outer,

shortdocus lenses fell on the upper i’ilm$whilo the light from the inner. longer

foaus lenses passed throu.ghholes in the upper film and was foaussod on the lower

film~ Various meohnical details~ not shown, ensured the correot positioning

of all the oomponentso
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Housing of Cameras
——. — .... -- ----..._

UIIICIASSIFIEO

The rotating-disc camera was not designed to be completely l&ht.tight;

it had therefore to be installed in and removed from the main steel tube with the

minimum exposure to light. There was, moreover, no certainty that the main housing

would remain light tight after the shot. The camera was therefore enclosed in an-

other steel tube that could be Iowe.-edinto the main tube and that carried at its

open upper end an arrangement which,~,when actuated by rneohanicalshock from the ex-

plosion, would release a shower of load shot that fell around the camera, shielding

i% perfeotly

are shown in

supported by

ing gfwhich

from light and to some extent from gamma rays. Details of this device

Fig. 28 the shot was cwiginally contained in the annular space So being

the ring R that was itmlf held by wires from 3 glass hooks, the break.

released the shot.

‘Ihefikns were leaded into the camera. and the camera loaded into the

inner steel tubes in the dark room at the base camp. The upper end of the tube

was temporarily oovered by a changing-bag until the whole had been lowered into the

main housing in the field; a dark

bag removod, the lead shot poured

lid closed, and the lead and sand

*ant was then built over the housing, the changing-

into the annulusO the mirror inserted. the main

shielding completed.

The commercial ckmoras at 275 yards were similarly housedfiexcept that

sinco a smaU aentral aperture at the top of the inner steel tube was sufficient to
\

allow entry of all rays from the fluorescent soreen~ the Icad-shot dovioe was re-

placed by a small spring-loaded self-latahing trap-door, initially held open by a
,

wire attaohed to tho mirror (see Fig. l). When the mirror was shattered by the ex.

plosion, this door alosed and ms,%%!k?~a “ ..W ..

‘--Lig;;;islflEu
● ● ●e, ●*eO**● ● ● ●’0 ● ●°:

● ●9* ● ● ● S*
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●9*** b*m ●*
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Recovery d Cameras

‘NCUUIFIE4

Since the recovery of the cameraB wa8 expected to ocxsupy an hGur or two,

it was deferred until approximately two weeks after the shot, by which time the de.

Iayed ionization in the neighborhood of the station had decayed to the order of 1

rfir.

Before describing the process of’ramoval, it is appropriate to recall the

mechanical effects of the blast upon the sand piles and neighboring objeat8e The

sand pile at S-150 appeared virtually unaffected, though the paper sacks of borax

had been broken and much of the borax removed by blast or weathering. Exposed wood-

work had been considerably scorohed. A green lattioe of fused sand covered most of

the northern aurfaoeg and some of the other 8uri’aces,of the sand pile. In contrast

to the small disturbaxxm suffered by this pile, a small stack of unused lead shieldo

ing blooks,

east of the

blooks wore

weighing on the averago 15 lbs each, &nd lying

center of the sand pile, was almost co~pletely

thrown lC)Oyards to the south and during their

about 10 yards to tho

dispersed. Some of the

flight lost about 5% of

their material by melting and/or sand blasting~ that this loss was suffered in

flight was shown by the roughly uniform removal of material from all sides Gf the

blocks. and the equal rounding of their oorners. Similar blooks that had remained

on the ground near the sand

and a largo fraotion of the

the base of eaoh block.

pile had lost material from their

molten lead had run into the sand

exposed surfaoes only~

and congealed around

The more dj.stantsand pile, at

than the nearer one; the sand was nearly

dmmture was almost uutouchod~”~““~“~-
● m,,b
● . .

q5 y=ds suffered much more disturbance

all removed though the lead shielding

0 ● O*
9 ● ●**
● O9
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These observations indicate extreme irregularity in the air blast$ the

only fact that suggests any oorrelati.on”isthat a narrow and well defined green

“streamern can be seen from the aerial photograph~ to lie directly over the lead

pile and the 275 yards sand pile, which were violently disturbed, but to miss the

150 yard pile whioh was little affected, Discussion ot’this fact with R.I?.Wilson

led to tho suggestions that the green streamers might indicate and ba os.usedby ex-
.

trewmly narrow and powerful Munroe jets, and that there might bo some hope of’identi

i!yingthese jets

but reports that

though that does

on the fastax

suoh jets are

not mean that

pictures taken by group G-M. Mack has been consultw

not vioible on the pictures taken by hi8 group,

they did not exist.

‘Ikeremoval

it wai3necosf+aryonly

the inner tube, whioh

of the 275-yard motion-picture oeuwrw was comparatively easy;

to remove

was taken

however, to be dug away, and it

move the main steel tuba, carry

hole such that the upper end of

some load blooks, open the eteel lid and haul out

baok to the base camp. The 150-yard sand pile had,

was considered advisable to use a crane truck to re-

it baok to camp, lower it into a pre~-W prepared

the tube was at convenient working height, drop a

portable dark room over it and remove the inner parts in comparative leisure and com-

plete darkness. During this operation, H.S. Allen and his assistants operated the

crane truck, while Bainbridge acted as radiation monitor. .Their help was very

greatly appreciated.

Results

All cameras were removed in good order, and there was no evidence of any

leakage of light to any filn; nevertheless all films were completely and uniformly
.* ●O9 ●98 9 ●*O ●

fogged to an intensity corrospo~~ng~ is W& ~h& by subsequent experiments @.ti
●0 ●*O ●00 ●*8 ●*8 ●*

$imi~ak speci.monsand a radium ~~i~:~g ~Q~PSgk~O about 500 roentgens, there being

@~~~$\~@++;~~u~

d

—
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films. This last fac~ may perhaps i?wiioate

the a~rival oi’the blast wave, the survival

ting for the shorter distance. However, in

fogging of the 275-yard and 150-yard

that the fogging oocurred subsequent to

of the sand pile ati150 yards oompensa-

vicw of’the apparently very irregular

motion of’air and presumably of active material in the blast wave, deductions of this

kind are highly speculative. It seems olear that very hard gamma ray~ or fast neu-

trons were present in much greater numbers than had been estimated by Weisskopf,

Frisch and Moon when the shielding of the oameras was planned. In the hope that some

evidence of (~,n) or (n,~) reactions might be found at depths comparable with that at

which the oameras were~ specimens oi’the sand were obtained from the sides of the

hole at 150 yards from tiich the large steel tube had been removed; to avoid contam-

ination from surface material that might have blown into the hole, the specimens were

taken from points about 2 inches within the exposed cylindrical surface 01’the hole.

These spooimens-are under examination byH.L. AndersonQs group for beta aotivity and

for the decay thereof; tho only faot that has yet been established with certainty is

that the samples taken well below ground level show activities that deoay much more

slowly than does the aotivity of sand (excludingmolten ~and, which may have been

blown from the neighborhood of the crater] obtained 2 inches below ground level. It

is just possible that prolonged examination or these samples may enable identifica-

tion of the isotopes responsible for their activities and may enable something more

to be said about the radiation rospon.siblefor the fogging of the film. The best

hope seems, however, to lie in experiments at future tests of nuclear explosions; ii’

suoh tests are made over land it would be interesting to bury at various depth a

number of specimens of’various #%e&.t&a@ W $Y!westigatethe delayed activities in-.ab9e ● *

duoer.iin thin.
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