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ABSTRACT -

'A card catalog file of usefui information on the X-ray, Yoke
and Zebra films was set up after a preliminary scanning of.t
each film, Following this, measurements of fireball diameter
§s. time in the region before the light minimum were started,
The results of ﬁhesé fireball measurements are summarized in
graphs at the end of this report. In general, it was found
that in the region where the fireball diameter and the shock
front coincide the fireball diameter increases in prOpértion
to

Dofa+4)0-376 T 4005 ' (1)
where t is in milliseconds and the diameter is in meters, and
a is an apparent displacement in theitime variable, Relative
yields for the three Sandstone bombs.were determined and the
results compared with Radio-chemistry data. It caﬁ be said
that the comparison by two separate methods was good, The
Yoke shot relative to X-ray varied from the radiochemistry
results by 6 per cent. The Zebra shot relative to X-ray dif-

fered from radiochemistry results by less than 2 per cent.
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FILM CATALOG -

All available Sandstone films sho&ing fireball growth were
scanned and a card filing system set up in which data such

as tower position, film speed, focal length and film qual-
ity were noted., Special features suéh as presence of spikes,
blisters, dust skirt, timing pips and the light minimum were
also mentioned on each film's card., This catalog proved use-
ful during later measurements and more data was added to each

card as it became available, Seventy-nine films were reviewed.
FIREBALL MEASUREMENTS

Before the actual measurements were begun, several possible
nmethods of scaling were investigated., A series of concentric
circles was inscribed accurately on a block of Aluminum, then
photographed and reduced and the negative used as a rule to
measure the fireball along several diémeters. The photograph-
ing of a 1/64" ruler was alsoc tried., The use of millimeter
lined graph paper was also tried. A combination of all 3
methods was finally used; the particuiar cholice depended on
the fireball size and intensity for a particular frame, Since
our measurements resulted in a ratio of fireball size to film
width for each frame, the changing of measurement methods was

permiseible as long as we were consisﬁent within each frame.

The fireball diameters were measured within 0.1 mm. Four
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readings of fireball diameter for each frame and two readings
of film width were made., Averages wére computed and the re-
sults substituted in the following formula to obtain fireball

diameter in meters:

DFB = 4,877 [ gg fest ] (2)

mm

where,
DFB = diameter of fireball in meters

W = film width in arbitrary units as read on the Recor-
dek

D = fireball image diameter in same unit as W as read an
the Recordak ‘

as
"

FD = object distance; distance from zero point to camera

tower in feet

FL = focal length of camera lens used

Errors in the object distance and the focal length are negli-
gible as campared with other errors if the figures in the Davis
report.1 are correct, Errors in the fireball diameter are well

within 1 per cent after corrections for blisters are applied,

DETERMINATION OF THE TIME VARIABLE

The determination of the time variasble involved two steps:

First, the time between frames was cbtained from the 1 milli-
second timing pips on most of the films, Many of the films
1

ANNEX 7, Part I of, Scieptific Director's Report(Sectlon 2)

[ 1)
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did not have timing pips; and so could not be used in these
determinations, A plot of time vs, frame number gave a very
accurate value for this measurement., Although the Fastax
cameras accelerate during their run, this did not have any

apprecieble effect in the time interval investigated.

Second, the zero point of time was determined to within 0.01
millisecond in most of the films. The linear plot of time vs,
frame number mentioned above could be used to determine the
zero point of time to within one frame which is a consider-

able error,

’

However, using the arbitrary time scale obtained thereby, a
linear plot could be made of fireball ﬁiamster vs, time, As
this curve is the same for a particu;a: explosion and passes
through the origin, those films which had measurements below
1 millisecond could be corrected to within 0.0l millisecond,
Those f£ilms whose initial frames were fogged could not be
corrected in this manner., A table of the films read, the
film speed, and the error in the zero point of time is given
in the following table:

-50
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CGLASSIF

Error in Zero

Film Number Film Speed Point of Time
framesssec millisec,
Z1rl 9580 0.01
Z1F2 9500 0.01
Z1F3 . 9260 0.01
Z1F6 7715 0.0l
Z1F7 6871 0.01
Z1r8 7218 0.01
Z1F10 487 1.03
Z1F1l 564, 0.89
ZLF2 7500 © 0,01
ZLFT 6333 0.01
ZLF8 7714 0.01
YiF1 10580 0.01
Y1F3 8940 0.01
Y1F6 7420 0.01
Y1F8 6900 0.07
Y1F9 6130 0.01
Y1F10 360 1.36
Y1F1l 450 ' 1.1
3Fl 9600 0.01
Y3F2 9310 0.01
Y3F7 7550 0.0%
Y3r8 8000 0.01
X1FL 8000 0.01
XiF2 1680 0.30
X1F3 7340 0.07
X1F5 5940 0.08
X1F6 5000 0.10
X1r8 4930 0.10
X1F10 620. 0.81
X2F1 6020 ' 0.01
X2F2 5166 0.01
X2F4 4,780 0.10
X2F8 4,000 0.13

From this table, ;it ¢an be seen that the slower ruming

films introduce so large an error in the zero point of time

as to prohibit their use.

(X ) 0:0 :o. 0:0 3’006 ©
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DIAMETER COF FIREBALL VS. TIME CURVES

The grcowth of the i‘irebgll diameter with time for the various
bambs is shown on Figwres 1, 2 and 3. All of the experimen-
tal points measured are included on the graph and the best
curve considering all of these points has been dravn through
them. It should be remarked here that when points of single
films were plotted an excellent stra.ight line graph was cb-
tained with practically no spread of points., However, when
a composite graph of all of the films taken of a single shot
was made a spread of points such as is seen Figures 1, 2 and
3 resulted and the choics of the bestl straight line was not

nearly as easy as in the case of the single film graphs,

In the region above 1.5 ms. and befare the light minimum
(where the shock front and the fireball diameters are coin=
cident) these D vs., t graphs all follow closely a curve of
the form D = C(a* t)¥ where C, a and k are constants. J. E.
Mack in LA-531 has plotted a similar curve for the Trinity
Bomb, Table I summarizes and compares his results and the
Sandstone results as regards these three oonstants. It is
to be noted that the three éandstone bombs all agree within
the experimental error for the constant k; their value being
nearly 0.374., However, the Trinity value for k has been can-

puted to be 0.404 + 0,008, This variance in the value of k

. "-L:;:. gEz !{jn.fg %g g gg
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between the Sandstone shots and the Trinity shot may well be
due to the difference in the region over which the measure-
ments were taken. The Trinity measurements were taken as far
out as 0,400 seconds in a region well beyond the light mini-
mun, So far we have not been able tq get measurements beyond
30 milliseconds for the Sandstone films. Further, the exper-
imental points of the Trinity curve seem to be generally low
in the region before the light minimum, for a k = 0,404, This
would indicate that, if the Sandstone films could be measured
as far out as the Trinity films were, the value of k might
approximate 0.4, in agreement with theory. Below the time
value of 1,5 mllliseconds there is a considerable dropping
off of the curves resulting from smaller diameter values, It
is presumed that this deviation is due to the fact that for
very small diameters and times the effect of bomb material o

the fireball growth is apbreciable.

The apparent displacement in the time variable, which is in-
dicaeted by the constant a, has the effec’c; of producingaslight

curvature in the D vs ¢t plot,

RELATIVE YIELDS

The above data was used to determine the relative ylelds of
the Sandstone bombs., Two methods were used, The first com—

pares the yields as a function of the 'diameter to the 5th
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power, The second method involves a plot of t/D vs D (Fig-
ure 4) and here the yields are compared as a function of D
at a constant t/D. Of course, the second method is the more

accurate since D3 instead of D° is involved,

Table II summarizes the results of these two methods as well
as comparing them with the Radio-themistry data for the same
bomb models, ‘here is some discrepancy (6 per cent) between
Radio-chemistry and fireball growth methods for the Yoke shot
when their yields are compared in this way. Zebra compares

very favorably and X-ray was used as the basis of camparison.

LA notebook #2704 contains the complete data taken thus far
in the analysis for all films measured, This book, together
‘with the card index file previously mentioned, constitutes
the source of information for the Sandstone results discussed

in this report,

PROVISIONAL SCHEDULE OF FIIM INTERPRETATION WCRK

1, Measurements of shock wave ir;%eraection with water from
Bikini Able films,

2, Investigation of the positibi and growth of spikes on
Sandstone Films.

3. Investigation of shock froit ih and bayond the light min-
imun, Preliminary work indicates that the shock front
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cannot be followed, but positive prints may show up this
part of the phenamena. |
L. Measurement of the ball of fire in the region beyond the
light minimum, |
5. Investigation of the cloud chamber effect.
Investigation of the early stages (<lms) to determine
groundstrike and whether the firebail bounces up above
the original position of the bomb.,
T Irrve'stigation‘of the la'per stages including Mach front,
dust skirt, curtain and measurements on the cloud.
8, Further investigation of the blisters found on the fire-

ball as to their size, position, possible cause, etc.

TABLE I
Constant of Apparent shift in Exponential
Explosion Proportionality ¢ time constant a Constant K
Trinity * 704 L x 1074 0L £ ,008
X-ray 81.2 o7 x 1074 0375 + ,005
Yoke 84.2 1x 1074 373 * ,005
Zebra 69,8 1.4 x 1074 374 ¥ 005
¥ LA=-531
B S
6 000 0006 oo 00 ©9 ﬁh né\ PE"E’;
0, %% 0,0, &us@&i@é@‘gﬁ'z&-ﬁg
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Relative Yields (Sandstone Bambs)

Radio-Chemistry Fireball % Error Fireball % Error

Results (R/R)5 from R.C. (R/R)3> from R.C.
X-ray 1 1 - 1 -
Yoke 1.32 1.25 5.4 1.24 6.0
Zebra 050 .14.9 200 .50 0.0
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