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By comparingcondenser

Nagasaki,it is possibleto

w~<~ -.*●**.**●**●:*.*.
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gaugerecordsobtainedat Hiroshimaand
I

estimatethe

The resultis that Hiroshimawas 18-1/2

t~On Of 23 ~ 2 w for mUYLSaki.

The basisfor the assmed yieldfor

yieldof the Hiroshimagun.

~ 5 kT based on an assump-

Nagasakiis as follows.

The BikiniAble and Trinitymodelswere the same. Ball of fire

ratiosgive 23.8 Ml’for Trinityif the radio-chemicalyield for

BikiniAble,22 kT, is takenas the referencefigure(Sandstone

It is to be noticedthat yieldScientificDirectorsReport,Vol. 9). .

ratiosfromfireballmeasurementsare consideredmuchmore reliable

thanthe radio-chemicaltechniquesas employedat Trinity. Hence,it

seemsreasonableto assumethe Nagasakiyieldto be 23 ~ 2 kT.

The analysispresentedhere is basedon the one usablerecord

obtainedfrom each of the Japanesedrops. The comparisonis made

usingthe ratheraccuratelyknown (~ ~j) durationsof the positive
.

phasesratherthan the poorlyknownpeak overpressures.The essential

featureof the analysisis the near duplicationof heightof gauge,

distanceto gauge,and heightof burstfor the two drops. Becauseof

this circumstance,suchpoorlylamwntheoreticalfactorsas altitude

effectsshould

cases.

The usual

wouldrequire

have littlebearingon a comparisonbetweenthesetwo

scalinglaw, in the absenceof atmosphericeffects,

-?-
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r is the durationof the

● 9-
● , ● O9 ●**

where W is the yieldof the bomb in k’l’$

.

----

positivephase,and R is the distanceat which ~ is

requirefor our presentpurposes- approximationof f

sonablyS*

The rate

respectto R

rangeof the wxriable
*

of changeof the durationof the positive

is .

measured. We

wer a rea-

phasewith

(2)

.
where C is soundvelocityand V the shockfrontvelocityat R.

For a givenbomb we may then write

or

d(--j-j)=.($-$ &=&.

The shockconditionsgive

approximately,

where p is the excess

and d = 1.4.

(3)

(4)

pressureover po, the unshockedair pressure}

At this largedistancefrom the bomb a reasonableassumption-for

p is

where K is a

Combining

p=K( +3)”1,

constantwer the rangeof
+

considered.

(3), (4)@ (5)s

(5)

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



i“:-
● 0 .

●**::..
.

● a ● e, 9** ● e, ● *O ● *
●

e : :.:: O=.
● .●:::::

● ● *9 . ::
● om 9.0 . .

where pot C may be takenas constantcwer the rangeof integration.

(7)

the constantof integrationbeing splitintotwo partsand so chosen

thatthe function fits the followingdata for N~saki:

c.

P. =

P=

R. .

W. =

To=

Thesefiguresand thoseused

1000ft/6ec

4.39psi

0.15 (~ 30$)

36,000ft(~5$)

23 w(~lq$)

1.25 sec(~~).

belowfor Z and R for Hiroshima

are takenfrom LAMS-428. Variationsin C and,PO are insignificant.

Sincethe Hiroshimagaugegavea peak overpressureof 0.089,it is as-

sumedthat p liesbetween0.1 and 0.2 psi. The ~ @ takenfor

To (and r) is based on an estimateof errorcausedby a drop of one

mtiuteat 15 ft/secof a gaugewith a time constantof 30 sec. The

fact thatthe pressure-timecurvewent off scaleat Nagasakishouldnot

make lesscertainthe durationof the positivephase sincethe break in

the pressure-timerecordwas sharpand when the recordcameback on

scaleit was smooth.
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Agnew statesthe figure & 2$ givenin

R) is in errorand is disregardedhere. In

in LAMS-377fcm the computationof R. and

errorsixvolvedis 5~.

The constant K in (5) is takenas the

LA-1023for R. (md

the methodoutlined

R, the RMS of the

valuewhichfits the

Nagasakidata. Substituti~ T= 1.25 sec at 40,000f% for Hiroshima

4 (7)y~e~s + = 0.805$and, therefore,for 23 kT at I{agasalsi,
o

we obtaina yieldof’ 18-1/2kT for Hiroshima. .

Letting AW be percentagechange,wa f’indfrom (7)that

to

+ ~73
o

AZo+K-#R+ [$-$-%] ARO
o

$“
o

Thereforefl

!RMS dwa 10.1159.15Xlo-3(awo)2+ 0.223 (Ac)2 +0.193 (ATO)2

i

2 {U2+ o.cJ341+(LlR)2+ 0.0233(zlRo)2+ 1.08x 10-3 (Ap) .
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With the percentagech~es allowedabove,

RMs” AI? = 28$,

end fhall.yfor Hiroshima W = 18-1/2~ 5 kT.

It is interestingthat a calculationof yieldsfor Hiroshimaand

Nagasaki,based on the observeddurationsof the positivephases>~d

reportedby Wieboldtin IAMQ28, also yieldsthe ratio

The absolutevaluesgivenby Wieboldtare significantlyhigherthan

, thosegivenhere,but sincehe attemptsto givea yield usingonly
‘..

theorystartingwith the calculationof the explosionand following

the blastthroughan inhcmogeneous atmosphereto the gauge,the ratio

is expectedto

Obviously

Nonethe less,

be more reliable.

it is desirableto fix the Hiroshimayieldmore closely.

the number

on a measurementwhich is

as was Penney’sestimate.

It is to be compared

of 15 ~ ~ kT (l!.Taylor,privatecommunication).Further,for use in

the correlationof damagewith yield,it is seenthat insofaras the

obtainedhere has the virtueof beingbased

not subjectto the vagariesof blastdamage

A city is not the idealblaetgau@.

with the calculationof the Hiroshimayield

peak overpressureis the damagecriterion,the uncertaintyin blast

dsmageradiusis givenby

a figurecompatiblewith the accuracyto which it is possibleto assess

blastdsnage.
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The presenteetinnte‘c;;~ ba“&&%v&~ by a more accuratede-

.

terminationoi!a reference

~iS ~XOVemeIltwould,Of

pointthan

course,be

Hiroshima

more than

data and so the error

- -k- and wouldstill
fi:

thatprwided by Nagasaki.

limitedby the errorsin the

~ 5 kT couldnot be reducedby

be at least ~ 3.5 W.
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