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By comparing condenser gauge records obtained at Hirosghima and
Negasaki, it is possible to estimate the yield of the Hiroshima gun.
The result is that Hiroshima was 18-1/2 + 5 kT based on an assump-
tion of 23 + 2 kT for Negasaki.

The basis for the assumed yield for Negaseki is as follows.

The Bikini Able and Trinity models were the same. Ball of fire
ratios give 23.8 kT for Trinity if the radio-chemical yield for
Bikini Able, 22 kT, is taken as the reference figure (Sandstone
Scientific Directors Report, Vol. 9). It is to be noticed that yield
ratios from firecball measurements are considered much more reliable
than the radio-chemical techniques as employed et Trinity. Hence, it
seems reasonable to assume the Nagesaki yield to be 23 + 2 kT.

The enalysis presented here is based on the one usable record
obtained from each of the Japsnese drops. The gomparison is made
using the rather accurately known (i 3%) durations of the positive
phases rather than the poorly known peak overpressures. The essential
feature of the analysis is the near duplicetion of height of gauge,
distance to gauge, and height of burst for the two drops. Because of
this circumstiance, such poorly known theoretical factors as altitude
effects should have little bearing on a comparison between these two
cases.

The usuwal scaling law, in the absence of atmospheric effects,

would require

=75 = =7y (1)
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where W is the yield of the bomb in kT, T 4is the duration of the
positive phase, and R 1is the distance at which 7T is measured. Ve
require for cur present purposes an approximstion of f over a rea-

sonably small range of the variable ;l%

The rate of change of the .duration of the positive phase with

respect to R 1is

ar
dr

1 1
I I 124 (2)

vhere C 1is sound velocity amnd V +the shock front velocity at R,

For a given bomb we may then write

algr3) = (G - ) alp)- (3)
The shock conditions give
-1/2
c 1+1
{f ( 27 % +l) 2
or approximately,
™
=3 -5 A, (4)

wvhere p 1is the excess pressure over Pgos the unshocked air pressure,
end 71 = 1.4,
At this large distance from the bomb a reasonable assumption-for

p 1is
-1

vhere K is a constant over the range of ;137—3' considered.
Combining (3), (%) and (5),

’1+1 K KX ol‘looo s ose o
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where P C may be taken as constant over the range of integration.

Then py R
LT - 2 9 ) S w3 1)
A3 Al e, U\ T R, )?

o) \wm

o
the constant of integration being split into two parts and so chosen
that the function fits the following date for Nagasaki:
C = 1000 £t/sec
4,39 psi
0.15 (& 30%)

g
[

3
]

=)
[

36,000 ££(+ 55) .

=
4

23 xT(+ 10%)

1.25 sec(+ 3%).

These flgures and those used below for T and R for Hiroshima
are ‘taken from LAMS-428, Variations in C and P, &re insignificent.
Since the Hiroshima gauge gave a peak overpressure of 0.089, it is as-
sumed thaet p lies between 0.1 and 0.2 psi. The + 3% taken for
T, (and <«) 1s based on an estimate of error caused by a drop of one
minute at 15 ft/sec of e gauge with a time constant of 30 sec. The
fect that the pressure~time curve went off scale at Nagasakl should not
make less certaln the duration of the positive phase since the break in

the pressure-time record was sharp and vhen the record came back on

scale it was smooth.
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Agnew states the figure + 2f given in 1A-1023 for R, (and
R) is in error and is disregarded here. In the method outlined
in IAMS-3T7 for the computation of R o and R, the RMS of the
errors involved is 5%.

The constant K in (5) is taken as the value which fits the

Nagasaki dete. Substituting Ta 1.25 sec at 40,000 £t for Hiroshima

in (7) yields —— = 0.805, and, therefore, for 23 kT at Negasaki,
: 0

we obtain a yield of 18-1/2 kT for Hiroshima.

Letting AW be percentage change, we find from (7) that
Kl z ] A Sl:lﬁ.l. z ] <
A“’['s";wm L3 " 5373 Y -y AT
T
+W-I‘7’-§A10+K1AR+[;1%-W%§-K1] AR
o o

[

o

. (7 +1l)p Ro
where L.L 157G p wl/3'
o

Therefore,

RS AW = 10.45 39.15 X 10'3(Aw°)2 + 0.223 (AT)® + 0.193 (A ro)‘2
21/2

+ 0.034k (AR)? + 0.0233 (AR )% + 1.08 x 1073 (Ap)2
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With the percentage chenges allowed above,
RMS « AW = 289,
and finally.for Hiroshima W = 18-1/2 +5 kT,
- It 18 interesting that a calculetion of yields for Hiroshima and
Nagasaki, based on the observed durations of the positive phases, and

reported by Wieboldt in LAMS-428, also yields the ratio

¥ 18
Wo 23

The absolute values given by Wieboldt are.significantly higher than
those given heré, but since he attempts to give a yleld using only
theory starting with the calculation of the explosion and following
the blast through an inhomogeneous atmosphere to the gauge, the ratio
is expected to be more reliable.

Obviously it is desirable to fix the Hiroshime yleld more closely.
None the less, the number obtained here has the virtue of being based
on a measurement which is not subject to the vagaries of blast damage
&5 was Penney's estimate. A city is not the ideal blast gauge.

It 1s to be compared with the calculation of the Hiroshima yield
of 15 + 5 kT (7. Teylor, private camunication). Further, for use in
the correlation of damage with yield, it is seen that insofar as the
peak overpressure 1s the damage criterion, the uncertainty in blast
demege radius is given by

1AW _ .15 ~
R CTAB T3W T3 0.1,

8 flgure competible with the accuracy to which it 1s possible to assess
blast damage.
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1x'np°1’6véﬁ. by a more accurate de-

termination of a reference point than that provided by Nagasaki.

This improvement would, of course, be limited by the errors in the

Hiroshima data end so the error + 5 kT

more than ~-%- and would still be at least + 3.5 kT.
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