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; ABSTRACT“

A card catalogfile of usefulinformationon the X-ray,Yoke

and Zebrafilmswas set up aftera preliminaryscanningof

each film.

vs. the in

The results

Followingthis,measurementsof fireballdiqeter

the regionbeforethe lightminimumwere started.

of thesefireballmeasurementsare summarizedin

graphsat the end of this report. In general,it was found

thatinthe regionwherethe fireballdiameterand the shoqk

frontcoincidethe fireballdiameter,increasesin proportion

to

~N(a+t)o.37f$?.005 (1)

wheret is in millisecondsand the diameteris in meters,and

~ is an apparentdisplacementin the time variable. Relative

yieldsfor the threeSandstonebombswere determinedand the

resultscomparedwith Radio-chemistrydata. It can be said

that the ccaparisonby two separatemethodswas good. The

Yoke shot relativeto X-rayvariedfrom the radiochemistry

resultsby

feredfrom

d.percent. The Zebrashotrelativeto X-raydif-

radiochemistryresultsby lessthan 2 per cent.
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FILM CATAL6G

All availableSandstonefilmsshowingfireballgrowthwere

scannedand a cardfilingsystemset up in whichdata such

as towerposition,film speed,focallengthand film qual-

ity were noted. Specialfeaturessuchas

blisters$dust skirt,timingpips and the

alsomentionedon each film~scard. This

ful during

cardas it

Beforethe

methodsof

presenceof spikes,

lightminimumwere

catalogproveduse-

latermeasurementsand more datawas addedto each

becameavailable. Seventy-ninefilmswere reviewed.

FIREBALLWXNJRJ3MENTS

actualmeasurementswere begun~severalpossible

scalingwere inveetigatecl.A seriesof concentric

circleswas inscribedaccuratelyon a blockof

photographedand reducedand the negativeused

measurethe fireballalongseveraldiameters.

Aluminum$then

as a rule to

The photograph-

ing of a l/6411 ruler was also tried. The use of mill~eter

linedgraphpaperwas alsotried. A combinationof all 3

methodswas finallyused;the particularchoicedependedon

the fireballsize and intensityfor a particularframe.Since

our measurementsresultedin a ratioof fireballsizeto film

width for each frame,the changingof measurementmethodswas

permissibleas long as we were consistentwithineach frame.

The fireballdiametersweremeasuredwithin0.1 mm. Four
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readingsof fireballdiameterfor each freme and two readings

of filmtidthmeremade. Averageswere computedand the re-

sultssubstitutedin the followingformulato obtainfireball

dianeter

where,

D~ =

w =

D 7.

FD =

FL =

in meters:

DFB = 4.877 [;xE!##pl] (2)

diameterof fireballin meters

filmwidthin arbitraryunitsas read on the Reco~
dak

fireballimagediameterin sameunit as W as readcn
the Recordak

objectdistance;distancefrom zeropointto csmera
towerin feet

focal lengthof cameralensused

Errorsin the objectdistancesnd the focallengthare negli-

gibleas cunparedwith othererrorsif the figuresin theDads

reportl-are correct. Errorsin the fireballdiameterare well

within1 per cent aftercorrectionsfor blistersare appLied.

DETERMINATIONOF THE TIMEVARIABLE

The determinationof the tb variableinvolvedtwo steps:

First,the tim betweenframeswas obtainedfromthe 1 mill-

isecondtimingpips on most of the fiMS. Many of the fil.me

a

—
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did not have timing pips;and so couldnot be

determti~tions.A plotof timevs. fraswnumbergavea very

accurstovaluefor thismeasurement.Althoughthe Fasta%

oamerasaccelerateduringtheirrun, thisdid not haveany

apprechble effectin the time intervalinvestigated.

Second,the zeropointof timewas determinedto within0.01

millisecondin mostof the films. The linearplot of timevs.

fram numbermentionedabove

zeropointof timeto within

able error~

However,usingthe arbitrary

linearplot couldbe madeof

this aumre is the samefor a

couldbe used to determinethe

one framewhichis a uonsider-

,

timesoQe obtainedthereby,a

fireballdiametervs. time. As

particular explosion and passes

throughthe origin,thosefilmswhioh@d measurementsbelow

1 millisecondcouldbe correctedto within0.01 millisecond.

Those filmswhoseinitial

oorractedin thismannere

film speedsand the error

in the followingtable:

frmnes were

A tableof

in the zero

-5-

foggedcouldnot be

the filmsread,the

pd.ntof time i8 given

I 60 ● 00 ● ● a ● *

—
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Film Number.—

ZIFI
Z1F2
ZIJ?3
ZLF6
zlF7
Z1F8
Zmlo
zmll
Z4F2
Zfdw
Z@

Yun
nm
YIF6
YIF8
YI.F9
YIFlo

Y3Fl

;:
Y3F8

Xll?l
xlF2

X1F5
X1F6
lam
xl-no
X2Fl
X2F2
X2F4
X2F8

Errorin Zero
Pointof Time
millisec.

9,500
9260
7715
6871
721.8
4$7
564
7500
6333
?7U

10580
%9c40
7420
69oo
6130
360
450
9600
9310
7550
8000

8000
1660
7340
Sjlio
5CO0
4930

620.
@&

4780
4000

.-

wan this ‘table,iitc%nbe ‘seenthat

filmsintzwduceso largean errorin

,$he

the

0.01
0.01
0.01
0.01
0001
0.01
1.03
0.89
0001
0.01
0.01

0.01
0.01
0.01
0.07
0.01
1.36
1.11
0.01
0.01
O.oi
0.01

0.01
0.30
0.07
0.08
0.10
0.10
0.81
0.01
0.01
0.10
0.13

as to gmohibittheiruse.
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zeropointofthe
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DIAMETEROF FIREBXLLVS. TIME CURVES

l’%egrcwthof the fireballdiameterwith time for

bcrnbsis ~own on Figures1, 2 and 3. AU d the

*+

the various

experimen-

tal pointsmeasuredare inoludedon the graphand the best

curve

them.

films

considering all af these pointshasbeon drawnthrough

It shouldbe mnarked here W at when pointsof single

were pluttedan excellentstraightline graphwas &-

tainedwith practicallyno spreadof poinbs. However,when

a compositegraphof all d the filmstakenof a stigleshot

was made a spreadof pointsSU* as is seen Figures1$ 2 and

3 resu~~edand the choiceof the best straightline was not

nearlyas easyas in the case of the singlefilmgraphs.

In the ~egionabove1.5 ms. and beforethe lightminimum

(wherethe shockfrontand tie ftieballdiametersare coin-

cident)theseD vs. t graphsall fblbw closelya curveof

the form D = C(a~t)k whereC, a and k are constants. J. E.

blackin LA-531has plotteda similarcurve for the Trinity

Mxnb. TableI summarizesend compareshis resultsand the

Sandstoneresultsas regardsthesethreeoonstants. It is

to be notedthatthe threesandstonebombs all agreewithin

the experimental errorfor tie const&t k; thetivaluebeing

nearly0.374. However,the Trinityvalue for k has beencan-

putedto be 0.404f 0.008’.!&uisvariance

● 00 ● ● me ● om ● e●°, ● *
● : :00

● e.*mam <?-

in the value of J&
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betweenthe Sandstoneshotssnd the Trinityshot may well be

dueto tie differencein the regionoverwhich themeasur-

ementsmere taken. The Trinitymeasurementswere taken as far

out as 0.400secondsin a regionwell beyondthe lightmini-

mum. So far we havenot been ableto get measurementsbeyond

30 nd.lklsecondsforthe Sandstonefilms. Further,the exper-

imentalpointsof the Trinitycurveseemto

in the regionbeforethe lightmirdmum,for

wouldindicatethat, if the Sandstonefilms

be generallylow

ak= O.l+ak. This

couldbe measured

as far out as the Trinityfilmswere,the value of k might

appmxlxnate0.4, in agreementwith theory. Belowthe time

valueof 1..5millisecondsthereis a considerabledropping

off & the curvesresultingfrom smallerdiameter”values.It

is presumedthatthis deviationis due to the fact thatfor

very smalldiametersandtimes the effectof bomb materialtn

—

the fireball

The apparent

growthis appreciable.

displacementin the timevariable,which is ind-

icated by the constant

curvaturein the D vs t

The abovedatawas used

a~ has the effeet of ~oducingaslight

plot.

RELATIVEYIELDS

to determinethe relativeyieldsOf

the Sandstonebombs. TWO methodswere used. The firstc~-

p~es the yieldsas a functionof the diameterto the 5th

● ☛✍ ● .*O ● *9 ● m

●*9 ● .:
● :00

. .. . . . .&_.._● 0:00
● e .-.. .-A..-
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power. The secondmethodinvolvesa plot of

ure 4) and here the yieldsare comparedas a

t/Dvs D (Fig-

functionof d

at a constantt/D. Of coursesthe secondmethodis the more

accuratesince@ insteadof D5 is involved,

TableII summarizesthe resultsof thesetwo methodsas well

as comparingthemwith the Radio+hemistrydatafor the same

bombmodels. Thereis somediscrepancy(6 p~ cent)between

Radio-chemistryand fireballgrowthmethodsfor the Yoke shot

when theiryieldsare comparedin this way. Zebracompares

very favorablyand X-raywas used as the basisof canparison.

LA notebook#2704 containsthe completedata takenthusfar

in the analysisfor all filmsmeasured. ~i.s book, together

with the cardindexfile previouslymentioned,constitutes

the sourceof informationfor the Sandstoneresultsdiscussed

in thisreport.

~ROVISIONKLSCHEDUIEOF F~ INTERPRETATIONWCRK

1. Measurementsof shockwave intersectionwithwater from

BikiniAblefibs.

2. Investigationof

SandstoneFilms.

3. Investigationof

the posit~b~bnd growthof spikeson

shockfroiibk sndlmyond the Ughtmin-

imum. Preliminarywork indcates thatthe shockfront
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cannotbe followed,but positiveprintsmay showup this

part of the phenanena.

Measurementof tie ball & fire in the regionbeyondthe

lightminimum.

Investigationof

Investigationof

grwndstrikeand

the clcudchambereffect.

the early stages(SIMS) to determine

whetherthe fireballbouncesup above

the originalpositionof the bo&.

Investigationof the laterstagesinoluding

dust sMA, curtainandmeasurementson the

Furtherinvestigationof the blistersfound

Mach front,

cloud.

on the fb e-

ball as to their size,position,passiblecause,etc.

TABLEI

Constantof Apparentshiftin
Explosion ProporticmalityQ timeconstant~
—.

qyfity * 70.4 4 x 1.O-4

X-ray 81.2 .7 x 10-4

Yoke 84.2 1 x 10-4

Zebra 69.8 1.4 x 10-~

Exponential
Constant~

.404 t .008

.375 ~ .005

.3732 .005

.37L t .005

* LA-53:L
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X-ray

Yoke

Zebra

--- -.
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TABLE II

RelativeYields

Radio-Chemistry
Results

1

1.32

.50

Fireball
(R/R)5

1

1.25

.49

(SandstoneBanbs)

% Error
fromR.C.

5.fb

2.0

Fireball
(R/R)3

$ Error
from R.C.

1

1.2!$ 6.o

.50 0.0
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