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Exo@ptfor the extrabrightnessmad retardationof a part of the

spherenea; the bottom~a numberof’bliatersoand several spi.kesithat

shotradiallyaheadof the ball belowthe @Uuatorsthe@xpMMion”bf the

ba13 of firebeforestrikingthe groundWM almostqmmmtrio; following

2!5,~hereR $S the radiugand t ie the time inthe rslatimshiptR@,

S#OOIldSa

. . . .

Contaot with the giwundwas mnde at OPf%t 0.05milliseoondae

Thereafte$othe ball booms rapidlysmoothero.‘k am lo5 to 32 milliseconds

thq time depmdenoe of’the radiuafollowedoloaelythe relktionshipo

R&o ~Oe4j2/50At 3 milltmootia thereappearedat the bottomof the

ball an &rr&gular line of dmmroatimq belowwhichthe surf@oeWM appre=

afterthe @pikesstruok‘thegroundthereappeuredw the ~ound”aheadof,.

the shookfronta wttiskirt of luxpymattergand within‘andabaw the

skirta sqoothb61t (interpretedas the,bhahwave)~ orig+lly brighter

IMn the.mainfrontbut rapidlyigrowi~ dixr.

Two euboemive visiblefrontsdroppedb,ehind’thewelldefined

shookfront. The brighterbut lesssharplyMsited ball ot firefell

behindit @ about0@16 seoonda, At about %(X52seoorklsthereappeared

ismdlate~y heh~nd*he shook fronta dark frontof tibsorbi~matterewhich
. ..
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front Ztselfbeoame

0039 semndso first

impulseit impmrted

invisibleat about0.10mxmndso but was followeduntiX

by its light.refracti~propertyand laterby the

to a balloon~able~ The masa MlOtiOnof the air oould

be determinedfrcma studyOY the motion’@ the vapor

The ball of firegrewevermore slowlyto a. .

301# metersountilthe dust oloud&owing out of the

“,
Of, tht3balloon mbleq

radiusof about

skirtahuostenveIopod

it. The top of the ball startedto ri$eagainat 2 mwondso At 3.5
,.

seoondsa minimumhor%~ontaldikmeteroor neok~appearedone-thirdof the

way up tie skirtsand the portionof’tho skirtabovethe neck formeda

vortex yinge

aboveit rosa

,f- Up behind ito

aThe neuk narrowo ,:,. .6 king and the fhet~rming p~le of matter

m a mw oloudof smokesoarryhg a aonvetationstem of dust”

A boundarywithin’tho a+oudcbetwmenthe riugand tti upper

partepersistedfor &t least22 seeondso,Thastesn@peared twist&dlikea
. .

left-handedsorew~ .Thooloudof smoke~ surroun”kedby a faintpurplehazee .

. rosewith its top traveling

top remhed 1.5 kilometers.

quantitativelyre~ordedo
,,

/’-- .

at 67 metersper wmx&is at leastuntil

The hter historyof t@ oloudwa; not
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T& purpoaoof thisreportis to mako a,detaileddescriptionof the

events oonaequentupon

graph8* &ppro%imately

motionpiotureframes.

the explosionsas determined~ the analysisOf phota

10~ photographicexposureswre made,almostall of them

The repofidoes not inolude

metrieresults~ theseare In separatereports1s20

ooatatiedhere is presented1ess quantitativelybut

any speotrOgrapMoor radie

A gr~t deal Of the =terial

more gmph$oallylaa aeriea

4of Mot$onploturetitl0s3 and editedmotionpioturea.

“PhotographLpoludodIn thisreport

Sighty.threeprintsare Inohtded at tho ead of thisr~port. They

● re

the

are

listedin thetableof oontents

dkensional”wale of theprint,

severaloomposltes,fourstereo

in tabularform,8howingthe vhmpoint~

and the time.for eaoh. Among’* prints

prints(forwhioha s$ereoviewer$8

inoluded),andoneoolor@nt. Thereis somedeparturefromohronologi~l

orderfor #e cakeof continuityof the aequenooa. In order to mold a oonfua.

ingarrayof ref!erenoeaInalmosteverysentsnoe,allrefemnooto the printsis

avoidedin the body of tho report.
-,

i Yuster,LA - 353.

& %@k, and $, ~iOhOhOn, LA - 588

LAMS- 373
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of the

easily

everythingmentWned in the reportis illustratedby at leastone

printsincludsdhere. ‘ihepertinentprintsoan usuallybe fourxi

by searchingfor printsbelp@W W the aPP~Priate

AppendixI oontains$in I%bleI, a G_pilationC)f

equipmentused ~or produoingthe picturesmeasuredfor this

time.

the prlncipsl

report, to-

getherwith all themost importantdata regardin~the equipmentand the

pidurea.

P
OctmWnates and notation

- W3asu.reznentawerenM@

cardinaldirectionsare Na W$ St

in termsof a coordinateeystemwhose

CM Es whereN is8 acoordirgto an enBi-

intervalsof 900counterulodnvise.When a pointis referredtoby latitude

or az~tht the ori@n is the ea@osion centerskhe latitudeis an m@l.e

measuredpositiveupward fram the horizontal a$xithe a@mu$h Is measured

countemloclufdse from “the Wmtion N. Tlq four principal camera stationa

were all nearly(within10 minutesof az%) in qati%nalazixnu~lmldirectio~

frcxuthe origin~vizl~at 800 and l@yards N L@ Vft we sta$@s are1

usually de8ig~ted by distancein yardsand directionse&*$ 800 N Is ap-

prodmate%y 800 yar@ in the di~eationN from thq gai@etuentex’.A station

. .- ———— —. .
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directionsN, W,t S and IL3 Time intervals were measuredwith reference

to the periodof a NX)O-cyole tuning fork. Theoriginof the time scale

was fixed at appkox+ma$ely.thetimeof the nuclear explosion by extrapo-

lating the radiusof the %@l of fire baokward
.i

Numericalvalue;appearing aft%? the si@*;~’~in

probableerrors.

to zaw (cf. Fig, 2 below).

Measurementmethods

!!hedetailsof themethodsused in determiningthe e~ce-tixue

relationshipshownin the graphsaregiveninAppendixU.

Reooxauendationsfoifuturetests

Reuoxm!mdatlonefor fwturetestsare givenin App8ndiXIQ.

U. (i= DESORIPTMN03’EXPLOSZON

The significant space-t3merelat$omhipsthatwe havemeasured

fromthephotograph recofisam s?mm in$he &w#u% Fi&s.1 to U-

l!’ig.1 is a“coxq?ilationofalmostall the data.

‘Exceptfor the extrabright-s and retardationofa partof

thespherenear the

shotradiallyahead

balloffire before

there~tionships

time in seoonds.
#/-

Contact

bottau,a mmiberof blisters,wi severalspikssthat

of the ball belowtbeequator,the expansionof’the

R& ‘t

with

5&rveying detailsmay

2/5~whereRls thanadiusinmters, md t is the
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There@terthebell became
i

thetimeGependenmo~ the

rapidlysmoother.Fran1.5to 32 milliseconds

rad$usfollowedcloselytherelationship

“R*(t+4*1N )2/5. At 3 millisecondstherea~eared at the bottomof t~
..

ball an ipgular lineof dtisruation,belowwhioh the surfacewas appreoi-

ab~ brighterthanabove~ th$slineroseUks thetopof a curtainuntilit

disappearedet thetop of the ba33at about11 milliseconds.Shortlyafter

thespikesstruckthemxmnd (about2 rnill~seoonds)there-app~eredon the

@roundahead of the

and above the @drt

nallybrighterthan

shockfmnt a wideskirtof lumpymatter,‘andwithin

a smooth belt(interpretedes theMachwave)~ origi-

themainfrontbutrapidlygrowingdimmer.

p Wo successivevisiblefrontsdroppedbehindthewell-def%ned

shcwkfrentq Thebrighterbutlesssharplylimitedballof tirefell~

behindit at about0.016seconds(105meters)p At awt O.0~ S@CO@S

(MO Iaeteti]thereappearedimmediatelybehindtheshockfmat a dark

fmmt of absorbingmatter,whichtraveleda30viI&outuntilit%eoam in-

visibleat 0J35 seconds(375metfm ). The slyxkfrontitselfbecame%n-

visible0.10smond$ (2*4Q10%neters),first~ itslight+efratting

pro-y and”laterby the impulseIt %mpartedto a ballooncable. The

massrriotionof theair couldbe deteqninef!i$X’OMa studyoftheqotion,,

thayaporof theballooncable.

!Iheballoff%regx%wevermom slowlyto a radiusof about

● ✎ ● ✎ ✎ ● **9**
● ** .0’0 ● ● **9
-.. e ● 00 ●

. . : ● **
m ● .: ape ●
.-.* . .3 .-

of the skirt almost en-

stm%ed to riseagain?

of

At

.

.
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thewayup the skirt,andtheportionof themrt abovetheneokfomad

a newvortexr*4 Thenecknarrowed,andtheringandthefast-growing

paleof matter”aboveit rosea? a Wm olotiof sm~ ~ ~am@3 a ean-

veotionstemof dwt up behindit; An approximatelyhorizontalIxn&k@y

within the aloud, between the ring and the upper part ~ persisted for at

least2!5seoonds, me stemappearedtwistedJ.3Jcsa 3.eft-handedsarevl,

The cloud 0$ smoke, surrounded ~~ a faint purple haze, rose witk i4NJtop
.,,

travelingat 57 metersper seoond

1

at leastuntilthecameraslostits

relationshipto thehmizm at % ki~$ers.

ilith,inthe limits@posk/1My O* has% resolvi~ time of abou’t
,,

0.1 milliseconds,the observedV*W, of the rad$usduringthe ear~ expansion

of the ba~ of fire (I?’I$s*Is 2* 3)t wep P~PQ~io~ tQ the o“*4:.0.~s
,,

powerof theelapsedtime. There+@ionfWp O+ be expmmmd, withinthe
.“

amurmy ofthe observations,as:

whereR is theradiusinmeters~.ml t isthe tim inseconds.‘lMsagrees

2~5. After1.5nclllistmcmds thewith Taylor?stheofitioalrelationR?.;,t

expansion was slightly slwmt fol+x+g a two-fifthspwer lawwItha

shiftedzeroof time: !,

R ~ 564 (t+4’1-)2/5 EQ. (2)

P
Eq. (2’)was fOllOWEd fmm 1:9 ‘fa~? ~l%fa~gntis ‘l!hI=WSdmem= of the

● ma*
● ***

“:”::~
●* ●** ● 009**● ** ●m
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Hot V in theaklrt

obliquely

gmmnd at

In Very ZIW@T ths dfredion IT, where IWo ooaxlal oables extended

fzwmthe$ad@t to the@roundandwheretwospikesstruckthe
*

about 2 milliseooxxls~ a V-shapedportionappearedat thebirthof

thesHY%. Itsap&X

In 40milliseconds.

hotterthan“therest

millisecondsandwat3

seoonds,afterwhioh

P
mderhltely W’lrw

rosefmrnthegroundto an al%ttudeof abut 10 nmters

@Fiw theearlyhistoryOf theSkirtitwasmuoh ‘

of tieskirt;thedifferexebemme noticeableat 5

verygromixtentin euneMmps between25.md 65milli-

tlmV co41edrspidXy.At abuut30 milltseoondsan

@meUiatelyaboveit,andcd?ter40miXL3secwmds,mareof theV itseXfthan

of itssurroundingswashiddenby smoke.‘Afterthev WciLed,them ap- “

peared, wheretheV hadbeen,a relativelydl.earradhl pathin ths aumky

s=t region,thatpersistedfor several seconds as thou@ thecombustible

materialnearthespiksshad beencompletelyexhaustedby bum ingWhilethe

V vms eepeciall.yhot.

At 3.6 milllsecondathereappearedabovethe skirta disoontinul-

~ .intheorientationof theshookflmnt. !l’hebelt be20w~hebreakappeand

to be a.semnt d a new,smooth,nea~sphefiml*a@e Vfithitscenter

slightlybelowthegroundsintereeotl%theol& sphericalshockfront. All

theobservationsuponthisbeltareconsistentwithitsMdw interpretedas

the Maohfroat~andhe#@#e~, ‘{{”al~o~assumedthatthebeltwastheM&
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the breekwas theM!@ W“. ~ altitudeof theY wee

functionof theazimuth.Previousto theseparationof
-

theballof fire,theMaohfrontwas considerably

thanthe sphericalshockfro@. After19MXU4seoonds
<

thepartseenagainsttheballof fireappearedrelativelydarkuntdlthe

boundaqrdisappeared‘entire~at about0.1seconds,butevenafter19

kmilllaeoondsthepar Wt wasvlswedalmost“tangentiQlyappearedbright

in contrastwiththespheri~ *ock i!ront.‘fheseobservationsindicate

thatthd Maohthmntwasmoreopaque,qndhotter,thanthespher%calshook

fxant~ At about0.04 secaonda severalappmximte3y horizontallines

PJJaredwithinthersgionomzptedby theMmh f~nt~ NO explamtion

been~ivenfortheselAneS. ~ble IV givescertatnotherdetailsof

hae

.

Maoh front. F@rea 4 and 6 showthe time dependweeofthe altitude of

V. OTHERDEVELOWENTSBEFQREMF2 SEOONML

gularcurvature

Theballcontinuonelyapproachedspherloityin shape@ MW as

itsew%%oe remaineddlstinot.WMIQ at 1 &Llisecondthe viewfromN.

shinedoonoavities,espeoial~neartheaompoundblisterand itsopposite

) point,at 10 mil.li~eoondathemst ,prantnentfomueXiyemaoavesegmentswere

almostflatsand at 20mllliseoonds,me Wrfaoe wsa oonvexthrm@out, above ‘

thebelt, At 10mlll+sg~~ th~~~ of thetwillappea??edmoreMm a
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blygon than like a oirole, with several edWS about two-fifths aa long

I

as the rauusb

Hot mow

nom

m@!aa3 of tb

about

band

5 to 40millisecondsmanybrightq)o%s

About200WUM be seeniU On@ vi~a

from1 to 3 metersin radiue, m%

{latitude$f?O”,azimuh 190,was8

/

appea+etlon the

Almet allwere

twowereoutstandinfgy large; A spotat

meterein radiusW@ It fadedinto the

background at about30millieeoonde.Anotherhot spotisdIsmasedunder

“AreabOun&Wieefi,be).OWe“
.,

r’
A2+ Mti ariaa

Mild dlflerenoaeIn brS@tn@aS betweendiffemmt partaof th

surfaoabeoemeevidentat about1 mil.i.i6eoonfi,ati persi8teduntil W

shookwavobeomm dark. Theti=Y ~1~ we~ *xW am ~t~ A

littlewhileafterW sbwrationof the shookwavei!mntheba3.Zof
,.

theoontrastbetmeenareaabaeameWmotMeable,buttheX%nesheoame
,.

f!he,

darkm?

thanthe areastheyboundedandapmared to be in or alme to the~hwlswave*
.

A hot spot at latitude+62°,azimuthSot.ev$dentlyrelatedto a

., blisterpreviouslydesoribed{Sec.IUJliliste~)s$rewin radiusilnm4
,

ma,tersat 16millisecondsto 12 meter$before It radedout0$ sightat about
,,

MM milliseconds.Xt wentfromnoticeablycooler to nothetibly brighter
.
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its aurmundingsuntilabout30milliseconds.ThisXW4@Y Gimtbr _

grewin radiw from20W about~ meterspetween16 and100miUi8eoondS.1

,1~was notpossibleto traoathehd @potandboundarysurely~ !S@

M millisecond% but fromthe faotthatat 8 millisecondsthoWtes was8

metersin radiusandgrowinget therateof 2 metersper ImM8wml, ‘ It

appearsthattheboundaryof’theblister Mome * ama ~0 aua the ‘

hotsp@ was a Sortof nuobus- ‘1

azimuthendlatitude$arenotto be eonfhewl,withthep~lce

[

betweentheMaohf!mntandthe

VI, DEWELOI%~913H&EWEEMX@

spherioalshock f rent.

Zhe interval from10’=2end20-1smmds was cha~ by the

\-
breakingup of theheretoforesixle frontintithree~oMWg

.
,,

Se~tlon of the shock rrOm&cmtheballof fm

Eef6re16 rnilliseootisonlyonefrentwas disoerniblaon tha

phot-. Witht“he exoeptIonof the100al.imreguleritiesIlstedabove~

the ima@ ofthe shookfrontappearedas a uniformlybrightdisu~ After

(16JL1)milliseoolulsa 8U@t darkeningof the limb~ noticeablead

thereaftertherektivelyfaintbutsharpoutermrfaoe of thesphere,

whichwe shallidentifyhereafteres the shookfront,ooxtinnedto e~d

was measursables%he &@ u5u#%~&g*~n, -~ we sha31identif!yas ‘the
● c-
●e-”:.;.a.
●8-”--O

“n;”- ----
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-19- ‘umllmm
deoxeaaedgrmluallyin brightnesswithiRW6MiI& radius~As

to uniquemeasurement.

theballof firein the

in meaeurements~but to

‘QMdisammments arnoxthevaluesof theradiusof

f!i@resam to be attributednotto disa@e_ts

differencesin eqxm.nm conditions monfg ths se’veral.

canmasPwithconsequentdiffarenoesint~ region‘of&reate@ coMwastt

(i.e~,densi~ gredient),whiohwasarbitrarilytakentomeasurethaap@oxi.

~te extentof’theball.
.

TheI@).of fire expandedwith deoreasit%velooityto a radlu~

between2“102and3.Id meters[@f.SW. IX,Paxtia3envelopmn.tof t+eball

by the Skirt)O

Darkfmmt

At (S2‘M) milllseoOndStheresplitOff behindtheshooktront

a darkfront$whichprogressedthereaftermoreSIOW3Ythantheehoolsfront

(~@So 1, 6,8), Theaontrastat the darkfmritwas originallyalmostthe

s- aa‘thatatthes~k fxmnttbut’deoreasddmoreslowlythentheqontrast

at theshouk‘frent,‘SQthatWine theshookfrontbecamelnviSSUeat~ 10-1

smonds, thedarkfrentoffered.stron.8oontr@ at 10-1secobs andwas

noticeableuntilalmost1 second.

Thedarkf%nt etidentlyoonsistedof absorbi~~t%rs -@bW
.

itwas a mmpound tkcmthematerl~of the damp airsproduaedby thethel!Mo-
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of thecxwqpoudirequiredan increasing_ of timeas the

*P
.

temperaturewithintheshookWQVe deoreased. A mme Ue%alledWpotbsls

of the darkwave is in preparatIon ‘o.

IkmIrtum of the shoak veloei tw fmm the tm-fifthsm r lW
..

Whereas the shookfnmt followedthetwo-fifthspowerM* up to

the pointof departureof thedarkfrontfromit (31H3 mllliseoonds,

M3 ‘t6 mdmrs)~ bothfrontsdeparted~ the two-fifthspower mm near
*

thepointof!separation: thesho~kfronttraveledaheadof It andthe

p darkfrontbehindit (~i&a 1s 6? 8)*

Verysoonafterthe13eparatIon,theexoeesveloei~,i.e,,tk

shockfrontvelocityI mimm theSOUMIvelooi~= (wheregs 344.4metem

per seconf$ll f’ollomdthelaw:

v-oe 5,610M33R+19 Eq. (3)

wherethee~nent -1.19isamarate ta about&O*O% NearO.OTseWnds “

(2.0”102 meters} thereappearstobe ardher _ in theveloeity,to
..”

!,,

?% ‘q, 9.8* 107R-1c m Eqs (4)

withan cmuraoyof aboutk.0.1in theexpo@Jnt*Zhedateforthislast

break,andM. (4)S are‘MSS reliablet~n ~r t~o~ation on the ear~er

Slmget% In f%ot,ourpointsin’theneighborhoodof thebreakIndioate
.. ,,..., .. .

10A,L. IUrksvitoh,LA reportinpreparation.
P’

G. E. ~ppelman.andG*
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that F+ 3 b folkwwd to 0.11seoonds(2.6:108EwWW) . afterwblah

tlqe is a Gap,axtimll~t850;25seeonds(3.7*1~ mstem);the,valw4J

Ra 2,0*l@matare forthe 8raals18 usedPrlnolpallylm mold th@,,
9

AWME$tyOr po8tulati~ a mom axnplloatadlaw for the Interval aflw

me awlu

port$oaal

departura

me tW1-fmh9 -s *, a * r’8@#ox#wham OIHmay Xmgloot

+Itive tinmoomtantof X$IO(2)s *lies a,WJ.odtyQro-

to R“3@. TM apparant@multanaityof thashook wave~a marlmd

fromthat lawwttb the 8eparationOS tha#hookwmm fzumthe

of the dtookwave ta tM6 ragionmmgarisafnm @o absorptionby tha

.
hlfra-rod;the udllddanoeof theI@3t-off pointbotWen the * fronts

with the pointof de~ Of the shookfrontfrab -lftho -r

depe~anee lendswei~t toWJaeTS _stiono

6 The phanomeiw)of the fmmationofthe darkfrontandthe

hammmnt of thevelocityof theshookfrent.(kmrve im?mmlvm ‘-4.
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thelightisbelievedto ha#etrawled in a substantiallyreotilinaar

pathfromthe obfeottothe aenmra,so tlmtmewurementaon thefilm,

withtheapplicationof propergeometricfmtom,,cm be eonsldemdWmta-

mount tomeasurements on the ob jmts ~ On the other IMLIXI,the aptit

cablebtiake

WLS1* from

way frm t ha

rafem?edto In is sectionam a pwm optioal @emcmanon,

~).

tb reikmtion f lightat a withintheWook fmnt on its

objectto themmerm

Oneof thebe
?

& cablesextendedqpward@leaningslightlyto-

wardthe towerfrom a podnt of attmhmit on thegroundW!Jplaoed213.2”

mtem W9 21$ meters S tram tlw pointdlroctlyunderthegadget.L2@ht

travel%ngf r& thecableto tM csmras @ thedirectionH, aftur tha

shookwavehadexpmled~~00102metem~ tmmaed theshookfmmt ● Points

seenthzwgh thewa~esppearodfartherfrcmtheoenterthanthugmtuallg

were,andpointsthatinthe absenoeof re=et ionwouldhaveap~ared

WithAnabout2 meters of theedge,wem not seen;Instead,the imageof the

@ableappearedhooked.uith pointsbetween2 and 4 ‘metersfrm the edge

appearingtwice. Incidentally$sincetheskk fmnt inthisz?w$onwas

invisiblethecutoffpointmadttheonlyoo”nvenientp~intforthemeamme-

ment of the radlueo

Evidentlyin the earliesthiltohe~loamerapidmm~.of therefractIon

hook (0.072seconds)~ &e rsfraotiontookp~aoeIn the Naoh frontsand in all

the laterpioturessin tha apherioalcshookfront;for a oirolawith its oenter
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1

partof thehookin allpioturqexoeptthefirst~ In theflxwtpiatunq ,

“’theoiroleIntorseatsthehook.

J7ige9 showsthedisplawmumtas a funotionofdistanoewithin

theshockwaveforeachof theeightMitchellframesin whichthephe-

~ nomenonappears.Fromthesedataan attamptwillbemadein a laterm.+
t

port to dedu~ethe densityas a functionOf distancewithinthe shookwave.

V’HI- MASSMOTIONOF ~AIRATJ@*K@ SEOONDS

!i’hepicturesin whichtheballooncableis shownbeingpushed.

P asi4eby theshmk frontyieldsdan opportunityfora detexm$natlon~not

“onlyOf theshocktmnt veiocity,butof theaatualmotlonof thematter “

displawdinthe”shockwave. lhemotionof thevaporcaabe considered

to be thesam as thatof theairif thecableis as8ume&to havebeen

vaporizedbefor6thearrivaloftheshockfront,

densitydifferencebetweenthealrand the least
.

visibleremainsof theballoonoable,qswellas

fromthepresenoeof thehigh-tem~ratureva~ra

and’ifoneneglectsthe

densepartiolesof the -

anyinhomogymleityarising

Flge

arrivalof the

originatingat

10 shows”themotlonofthevaporfrontsubsequentto the

sh.wkwevea in the casesof severalelelnentsof VOIW

differentdlstan~esfromthec@aterof theexplosion-Sims

measurementsweremade onlyon the frontsthe velocltyvaluesgiven are

n
thoseof thefastestacoelnratedparticlesonly, In everycme thereM an

almostcontinuousstmmm @o~a.rti.o@~gO~qhi@thefrontandin a few Instcmoes
● ● * ● *

therearestreamsback:~bo~&OtC”~~\~&~~@partiolesevidently muohmm
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#J#&s of them.kerialveloaityin the shookfrontit$el~,we from10 to
,’

“N.

/

prosentse randcmerrorof’shout10per oentin ourveloeityvaluea,&ioh
\

dependsensitivelyupon the ohoim of ourvas,throughour pxperimeatalapaoe.

time points. ‘Theaverageexoeaaof 20 per oent in ourvaluemov= the Oal.

oulatedvaluesmay arise~At leastin par’% from the inhomo&@Mi~y of the

.
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The horizontalradiusof the

, oallyoonstantvalued (2aO=@2)’M?

ballof tim itudf reaoheda

materOat aboutO*25eeeonda,
{ t

gmqstd- “

while

continuouslyinmeaaedthroughoutthefirstseoonduntilthe,endof that

ball of fix% oontinuedtomakea Unlquemeasunmentof the ~dlus impossib%o,.

untilthe indefiniteballbe~anto be replaomlby definitelyoUtliMdf%
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W%thths exoeption&i listed here; au mes~ nts for, thu
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wiithmotbn’ pMtura fhmea wss t6 pbwi “dlra&tly upon the amu3sion R SW&e
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