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In an attempt to obtain motion-picture records of the movements
of the fission products during the first few hundredths of e second, apparatus
was constructed in which a gamma-ray image of the "ball of fire" was projected
on a fluorescent screen through s small aperture in a block of lead; buried
motion-picture cameras of standard type and of the Marley type were to make
optical pictures of the screen. The records show only heavy radiation-fogging,
which wes more than 100 times more intense than had been predicted from the
expeoted irradiation of the films, including the effect of secondary gammas due

to neutronso The cause of this very intense irradiation is not yet knowno
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JULY 16TH NUCLEAR EXPLOSION:

ATTEMPT TO OBTAIN GAMMARAY KINEPHOTOGRAPHS

General Description of Apparatus

The gamma;ra.y fpin-hole" image was formed, by a lead strueture
shown in vertical seotion in Figeo 1, upon a fluorescent screen that was immediatel
inside a steel "window" of halfeinch thickness welded onto a heavy steel tubeo A
silvered glass plane mirror of elliptical outline enebled this soreen to bw
photographed by cameras housed within another steel tube inside the lower end
of the main tube, and about 5 feet below ground levels -'l‘he upper end of the
main tube was closed by a heavy and virtually light-tight 1id, end a structure
of lead, sand and borax was built above and around this 1id as indicated in the
figureo. Stations were established at 150 yards and 275 yards to the south of
"O"; the camera at the 150 yards station was of the multi-lens, rotating aperture
type, while at the 275 yards station th‘ere were two Bell-Howell 16-mm motion-
pioture cameras, one operating at 16 frames and the other at & frames per second,
and both having lens apertures of F/loso The cameras were turned on electromag-
netically by signals from the automatic timing system provided by Jo L. BoKibben;
by devices desqribed later, the inner steel tubes containing the cameras were

made light tight shortly efter the growd shoock reached the installationss

Fluorescent Screen

With the cooperation of Group Gell and of various commercial firms,
a search was made for a fluorescent coating that combined high sensitivity te

gamma rays with short persistence of luminosity. The best material discovered
was a Zn0 - Zn phosphor {i%. $<31-1126) mafi¢ by RoCoAo laboratoriesc The

sensitivity of this substance to ra that when it is photo=
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graphed on Super XX film with a lens aperture of F/los, e faint but easily percepte .
ible blackening of the film is produced when the phosphor r?ceives an irradiation
of 1 roentgen. Zn0-Zn phosphors are known to be outstending in respest of short
persisterse; as a oheck that this phosphor was no exception to the rule, a

simple experiment with a rotating phosphor-covered disc was performed, and shaoved
no perceptible luminocsity remaining 2 mm after the cessation of irradiation. In
order toO inorease the ﬁrightness of the soreen when it is observed in a direction
nearly normal to its general surface, the screen was corrugated by circular
grooves indicated in section in Figo 1o If the ratio of depth to width of each
channel had been infinite, and the walls between the channels had been of negliw
gible thickness, the forward luminosity would be 1/(3 -.D) times that from a
plane surface, where D is the diffuéed reflection coefficient of the ccating

for the light that it emitso For Zn0, D is of the order of 0.8; thus under

ideal conditions the corrugation would give a five-~fold gain in brightness; in
practice the gain lay between 2 and 30 Thus one roentgen should give a very
clear percsptible blackening with the F/1.5 lenses usedo

Estimate of intensity of image and of shielding required to prevent

serious radiation fogging :

The rate of emission of gammas from the fission products of L9
during the first hundredth of a second is not very certainly known but is believed
to be of the order of 10-11 curie per fissiono The rate of irradiation, due
to 10 ~ fisslons, of a bare surface at the distanse of the farther of our

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

11 2
a ° 10& * 10 o 203/@05 . 101*) roentgen per sscond, where a represeuts the
loss by absorption in the t.iz- e.ad c;.7 :%/' M is taken as the irradiation due to

1 curie at 1 om. Since a is of the ordor of 10 , the rate of irradiation

M "Ncus;:n;n
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is of the order of 4000 r/seco At a few hundredths of a second i
what lesse At the nearer station it should be greater by a factor of perhaps six
at 211 times. When the source is so small that no detail can be resolved by the
pinhole syastem, the irradietion of the fluorsescent &creen will be the same as if
it was bare; thus the initial intensity will be something like 1,000 r/seo and o
with the lenses used, a rezsonable image should be obtaiped with exposures someo
what below a millisecondo

As the bell of fire grows, the gamma-ray flux through the hole
will be spread over a larger sarea of the soreen, and when the imge £il1ls the
soreen the a‘verage intensity will be less in the ratio of the area of the hole
to tha.f of the soreen, which in owr arrangement was about o01;, reducing the
irradiation te about 4O r/sec or, .allo'wing for some decrease with time of the
total omission of gummaorays, perhaps te 10 or 20 r/se0,

Thus it ssemed appropriate to arrangs the various cemeras to have
exposures varying from less than a millisecond to a tenth or a twentieth of a
second ; the rotatingeshutter camera and ths sta.ndard.motion picture cameras
covered approximately this rengs.

Fogging of the fimal image can be due to two causes: irradiation
of the fluorescent screen by rays not passing through the pinhole, and direct
.irradiation of the photographis film. The former wil) be avoided if the lead
structure surrounding the pinhole attenuates gemmas by a factor large comparcd

with the ratio of about 100 between the areas of screen and pinhole, which

requires only six or eight contimeters of lead, The latter is much more

difficult to discuss but Jay be divided roughly into three parts: (i) fogging

due to fission product g.{rlunfé'%. i;gx.eqii.;lio:.s§g§'ce is small compavﬁ with its distance
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from the camera; (54) fogging cccurring when the active material has spread so
far that some of it is above the camera and gammas can pasd nearly vertically
through the ground instead of having the long oblique path in the ground
characteristic of (i); erd (31ii) fogging dus to secondary gemmas produced by
the capture of fission neutrons in the surface of the ground. Discussions of
these processes by Welsskopf, Frisch and Moon lod te the conolusion that
fogging from all these causes should not correspond to more than 1 » even if
“the £ilms were left in the grownd indefinitely after the explosion, provided
that shielding by lead and sand were provided according to the dimensions
indicated in Fige lo As an additional precaution against neutrons, a six-inch.
thick leyer of borax was placed in fromt of the sand plle as shown in the figurec
Cameras

The commercial cameras call for no specinl comment, though it
should be stated that they were switched on electromegnetically at about -1 seo
by a signal from MeKibben®s sutomatic timing system. ‘

The rotatingeaperture camera et 8-150 was constructed by us on the
principle of the Marley camera and iz shown diagrammatically in Fige 2. The
main components are

1) A battery-driven DC elsctric motor which was switched on by remote
control at ~12 seconds and switched off by a local timewdeley device at about
15 seoonds. The motor ran at 50 rps, driving
| 2) o duraluminum disc, pierced with fowr circular apertures on
perpendicular radii. Each aperture was normally covered by a thin metal shutter
pivoted about an axis perpendioular to the disc and nearer to its center than the
aperture. When the disc rotf..tgeé;g ‘t;lgc;so.gsltt?t&;f:s moved centrifugally and une

covered the apertures; when the motor was switghed off and the speed of rotation
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fell, they werse drawn back to their original positions by elastic cordss Each
pair of diametrically opposite apertures corresponded in size and radial distance
to one of

3} two rings of lenses mounted in a brass plateo The outer ring cc
sisted of 25 lenses of 1 cm diameter and 1.6 cm fooal 1ength, the inner consist:d
of 15 lenses of 2 om diameter ard 3.2 om focal lengtho The number in each ring
being odd, the two opposite apertures exposed nearly opposite lenses in suocession
this arrangement provided exposures, overlapping in time, at twice the frequency
that would have been obteined with the same number of lenses and a single
rotating aperture, and was employed to eliminate the chance of socidentally
missing the most interesting phese of the explosions It will be noted tmt the
exposures are not confined to a single revolution of the aperture dise; the
camera was designed on the assumption that the brightness of the image would
be deoreasing so rapidly.after the instant of explosion that negligible intere
ference would be caused by light received after the first revolution and before
the housing of the camsra was closed by the device described latere

L) The images cast by the lenses were received on two Super XX
aero films clamped betweon three brass dises, the upper two disce and
the upper film being suitably perforated so that the images due to the outer,
shortefocus lenses fell on the upper film, while the light from the inmer, longer
focus lenses passed through holes in the upper film and was focussed on the lower

filmo Various mecheanical details, not shown, ensured ths correct positioning

of all the components.

ey
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Housing of Cameras

The rotating~disc camera was not designed to be completely lightotight;
it had therefore to be installed in and removed from the mein 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-
bther steel tube that could be lowered into the main tube and that carried at its
opern. upper end an arrangement which, when actuated by'mechaniqal shock from the ex-
plosion, would release a shower of %ead shot that fell around ths camera, shielding
it perfectly from light and to some extent from gemma rays. Details of this device
are shown in Fig. 23 the shct was originally contained in the annular space S, being
supported by the ring R that wag itecelf held by wires from 3 glass hooks, the break-
ing of which released the shot.

The films wers lcaded into the camore, and the camera loaded into the

inner steel tube, in the dark room at the base camp. The upper end of the tube
was temporarily covered by a changing-bag until the whole had been lowered into the
main housing in the field; a dark tent was then built over the housing, the changing-
bag removed, the lead shot poured into the annulus, the mirror inserted, the main
11d closed, and the lead and sand shielding completed.

The commercial c:meras at 275 yards were similarly housed, except that
sinco a small central aperiure at the top of the inQer stoel tube was sufficient to
allow entry of all rays fruom the fluorescent screen, the lead-shot device was re-
placed by a small spring-loaded self-latching trap=door, initially held open by a

wire attached to the mirror (see Fig. 1). When the mirror was shattered by the ex-
plosion, this door closed and wele ¥R Candhdshioisinglight-tight.
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Recovery of Cameras

Since the recovery of the cameras was ecxpected to occoupy an hour or two,
it was deferred until approximately two weeks after the shot, by which time the de-
layed ionization in the neighborhood of the station had decayed to the order of 1
r/hr,

Before describing the process of ramoval, it is appropriate to recall the
mechanical effects of the blast upon the sand piles and neighboring objects. 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 scorched. A groen lattice of fused sand covered most of
the northern surfece, and some of the other surfaces, of the sand pile. 1In contrast
to the small disturbanace suffered by this pile, a swall stack of unused lead shield-
ing bloocks, weighing on the average 15 lbs each, and lying about 10 yards to the
eaast of the center of the sand pile, was almost completely dispersed. Some of the
blocks were thrown 100 yards to the south and during their flight lost about 5% of
their material by melting end/or sand blastings that this loss was suffered in
flight was shown by the roughly uniform removal of material from all sides of the
blocks, and the equal rounding of their corners. Similar blocks thet had remained
on the ground near the sand pile had lost material from their exposed surfaces only,
- and a large fraction of the molten lead had run into the sand and congealed around
the base of each block.

The more distant sand pile, at 275 yards suffered much more disturbance

than the nearer one; the sand waas nearly all removed though the lead shielding
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These observations indicate extreme irregularity in the air blast; the
only fact that suggests any correlation is that a narrow and well defined green
“"streamer” can be seen from the aerial photographs to lie directly over the lead
pile and the 275 yards sand pile, which were violently disturbed, but to miss the
150 yard pile whioch was little sffected. Discussion ot this fact with R.R. Wilson
led to tho suggestions that the green streamers might indicate and be caused by ex-
tremely parrow and powerful Munrce jets, and that there might be some hope of identi
fying these jets on the fastax pictures taken by group G~1l. Nack has been consulte
but reports that such jets are not visible on the pictures taken by his group,
though thaf does not mean that they did not exist.

The removal of the 275-yard moticne-picture cemoras was comparatively casys
it was necessary only to remove socme lead blocks, open the steel 1lid and haul out
the inner tube, which was taken back to the base camp. The 150-yard sand pile had,
however, to be dug away, and it was considersd advisable to use a crane truck t§ fe-
move the main steel tubs, cerry it back to camp, lower it into a previously prepeared
hole such that the upper end of the tube was at convenicnt working height, drep a
portable dark room over it and remove the inmer parts in comparative leisure and come
plete darkness. Duriag this operation, H.S. Allen and his assistants operated the
crane truck, while Bainbridge acted as radiation monitor. Their help was very

greatly appreciated,

Rosults
A1l cameras were removed in good order, and there was no evidence of any

leakage of light to any film; ncvertheless all films were co1@letely and uwniformly

fogged to sn intensity corraspog@pngg q@ hup ghown by subssquent experiments with

similar specimons and & radium gepgasresg §oprag,, g0 about 500 roentgens, there being
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no great difference betwsen the amount of fogging of the 275-yard and 150-yard

films. This last fact mey perhaps indicats that the fogging occurred subsequent to
the arrival of the blast wave, thé survival of the sand pile at 150 yards compensa=-
ting for the shorter distance. Howaver, in view of the apparently very irregular
motion of air and presumably of active material in the blast wave, deductions of this
k¥ind are highly spsculative. It seems clear that very hard gamma rays or fast neu-
trons were present in much greater numbers than had been estimated by Weisskopf,
Frisch and Moon when the shielding of the cemeras was planned. In the hope that some
evidence of (y,n) or (n,y) reactions might be found at depths comparable with that at
which the cameras were, specimens ot the sand were obtained from the sides of the
hole at 150 yards from vhich the large steel tube had been removed; to avoid contem~
ination from surface material thet might have blown into the hole, the specimens were
teken from points about 2 inches within the exposed cylindrical surface of the hole.
These speocimens-are under examination by H.L. Anderson's group for beta activity and
for the decey thereof; the only fact that has yet bsen established with certainty is
that the samples taken well below ground level show activities that decay much more
slowly then does the activity of sand (excluding molten sand, which may have been
blown from the neighborhood of the crater) obtained 2 inches below ground level. It
is just possible that prolonged examination ot these samples may enable identifica-
tion of the isotopes responsible for their activities a;d may enable something more
to be sald about the radiation responsible for the fogging of the film. The best

hope seems, however, to lie in exporiments at future tests of nuclear explosions; if

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

number of specimens of various 3catdall’ and 1S itwestigate the delayed activities in-
o o [ 4 L [ ] [ ] ..
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