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EDITOR'S NOTE
HIEH O

As both papers concern the location of the hypocenter
(ground zero) and epicenter (burst point) of the
Hiroshima atomic bomb with frequent reference to the
data tabulated in the Woodbury-Mizuki paper being made
by Arakawa and Nagaoka, they are publlshed simul tane-
ously as Part I and Part II of the same report. The
manuscript for Part I was prepared during 1959 and that
for Part II during 1954.
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PART 11:

THE LOCATION OF THE HYPOCENTER AND EPICENTER OF THE ATOMIC BOMB IN HIROSHIMA

BB RBEKLSUIBLBAEFRAOKE

Lowell A. Woodbury Ph.D., Mikiso Mizuki

Introduction

One of the prime requirements of ABCC in
s tudying the effects of the atomic bomb
explosion 1s knowing the distance of
patients under study from the center of
explosion of the bomb. This distance
provides a crude measure of the relative
dose of radiation received, and in the
absence of other information, 1s the only
available measure of such dose. When
shielding information is available, the
combination of distance and shielding gives
a muech more accurate estimate of the
relative dosage received.

In most instances, 1t is possible to
determine the location of an individual
patient at the time of bombing with fair
if the position of the
bomb at the moment of explosion 1is known,
the distance can be readily computed.

accuracy, so that,

As a matter of convention, the point on
the ground directly below the exploding
bomb 1s used as the point of reference. 1In

ABCC terminology, this 1is known as the

hypocenter, and the point in space at which
the bomb exploded is the epicenter. The
term "hypocenter" is equivalent to the
"ground zero" of the Army and Navy reports.
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Historical ESEE

The exact loecation of the hypocenter has
never heen settled with any degree of
finali ty.
investigators have been made.

Several reports by Japanese

1 2,4-6 ALl
agree on the general location, but disagree
in detail. There is general agreement that
the hypocenter was southeast of the famous
T-bridge (Aiol Bashi) and somewhere 1in the
general area shown 1n Figure 1. But there
the agreement stops .

THa.
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Estimates of the location of the hypo-
center were made in three ways:

1. Noting the direction of building
collapse and then projecting back to
the center of explosion.

2. Measurements of residual induced
radiocactivi ty.
3. Measurements of shadows cast by the

fireball on varlous objects.

The first estimate of the location of the

hypoecenter for whieh a written record is
avallable at ABCC was made August 6-8,
1945; it was based upon the direction in
which buildings were pushed by the blast.'
The authors concluded that there was only
one center of explosion, and that it was
located between the AIDI BASHI and KAMIYA
CHO at a point 300 meters south of the
GOKOKU Shrine. (See Page 38 for co-
ordinates.) They determined the helght of
explosion from shadows burned on two wooden
boards. For each board, measurements of
the angles and distances made possible
caleulation of the height. The two values
thereby yielded were 580 meters and 510
me ters. .
Dr. Fniiwaraz gives the hypocenter as
being 15 meters south southeast of the
front door of the former post office in
SAIKU MACHI. This 1s the point where he
recorded his highest level of radio-
activity.

A group of American investigators de-
termined a series of isodose contour lines
of residnal radioactivity.B The highest
1sodose 1line enclosed an area which
ineluded all other hypocenter determi-
nations. These investigators indicated on
their map of isodose lines the hypocenter
which they used. The latter was placed
near the intersection of the HON DORI and
OTE MACHI DORI (streets). (Figure 1)

Kanai, Kiyoshi4 of the Tokyo University
Seismological Laboratory located the
hypocenter by measurements of shadows cast
on various objects. His computations
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placed the hypocenter a considerable
distance south of the other estimates. The
reason for the discrepancy is not known but
could be due to his use of shadows outlined
on such varying substances as granite and
asphal t. Since these have different
mel ting points, the outline left would fall
in different parts of the penumbra and
could lead to error. HHis estimate of the
height of the bomb was given as 570 £ 20
meters. His location of the hypocenter is
shown in Figure 1.

Kimura and Tajima5 by measurement of
numerous shadows cast by various objects,
estimated the locations of both hypocenter
and epicenter. To avold the penumbra error
they employed shadows where a right and
left side could bhe measured simultaneously.
The approximate loecation of thelr hypo-
center 1s shown in Figure 1. They esti-
mated the height as 577 + 20 meters.
Their work 1s probably the most accurate
published in the Japanese literature. It
1s based on numerous measurements and
advantage was taken of shadows cast by both
sides of an objeect to reduce the error.
They estimated the diameter of the fireball
as 100 meters.

6 made numerous measure-

Mr. Shogo Nagaoka
ments of shadows cast on granite tombstones
and located the hypocenter as shown in
Figure 1. He caleculated the helpght to
be about 570 meters. Mr. Nagaoka has done
by far the most extensive job of measuring
shadows cast on granite by the bomb. He
states that he measured over 6500 shadows.

ABCC has used for many years a hypocenter
located as shown in Figure 1. This
differs from the Kimura and Nagaoka
hypocenters by about 80 meters. The origin
of the location of this particular hypo-
Mr. Wright,’ echief
field supervisor for ABCC, 1949-1953, said
that he and Mr. Brewer, head of the
Department of Vital Statisties at that
time, determined the point on the basis of
what reports were then available to them.
It was felt that this point was not
necessarily the true hypocenter but was
Since some

center 1s obscure.

in the general neighborhood.
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hypocenter was badly needed this was
employed for the purpose of estimating the
distances. This is the hypocenter upon
which all ABCC records are based. It is
defined in terms of co-ordinates of the
U.S. Army Map Service map number AMS L9802,
Japan city plans 1 :12, 500, Hiroshima shi.
In terms of this map the ABCC hypocenter is
located at the intersection of co-ordinates
44.25 x 61.77.

Review of Location of Hypocenter

With the development of the shielding
program in Hiroshima the auestion of the
hypocenter location arose again. For
general analyses where patients are grouped
by 200 to 500 meter intervals an error in
the hypocenter location of about 80 meters
while undesirable may not be too serious.
However, for estimating shielding of a
single patient an error of this kind is too
large. It was therefore decided to review
the evidence presented by the Japanese
workers and to take supplementary measure-
ments of our own to check the work of other
investigators.

Methods and Materials

At the time of explosion of the bomb the
fireball was at an extremely high temper-
ature. Inflammable material near 1t was
burned or scorched. Polished granite was
chipped by the unequal expansion of the
constituent minerals and roofing tiles were
blistered. When material was protected by
an intervening object a shadow was ecast in
which the protected areas remained un-
changed and the exposed areas were burned
or chipped. These "shadows" remained
visible for a long period of time, partlecu-
larly on lasting material 1ike granite
where they can be readily detected today.

There were in Hiroshima at the time of
the explosion several graveyards within
B00 meters of the hypocenter. The grave-
stones in these yards are of highly
polished granite. When they were exposed
to heat radiation from the fireball the
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exposed polished granite spalled or chipped
while the shadowed granite remained smooth.
Many of these "shadowed" gravestones
remained undisturbed by the following blast
so that their "shadows"™ can be used to
indicate the direction of the fireball.

The 1line of demarcation between the
exposed and shadowed areas on the grave-
stone 1s quite irregular and is difficult
to see though easy to feel. To take a
measurement of a particular shadow a plece
of paper was placed on the grave stone and
after marking lines orienting 1t with the
stone (Figure 2), a soft penecil was rubbed
over the paper along the shadow line. This
produced a clear picture of the demarcation
of the 1ine. The orientation of the stone
with regard to north was then determined
and the paper returned to the laboratory.

Where possible, measurements were made on
both the left and right hand sides of the
same gravestone to allow for parallax due
to the fireball's diameter of some 100
me ters.
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Computation

At the laboratory the locations of the
shadow lines were estimated and reduced to
standard 1ines of bearing. Two groups of
Tines were formed (1) those cast by a
vertical object and serving to indicate
direction of the fireball in the hori-
zontal plane and (2) those cast hy a
horizontal edge and serving to indicate the
altitude of the fireball. Very few
satisfactory cases were found where the
shadow of a corner was cast that would

indicate altitude and azimuth simul tane-
ously.

Computation was in two steps; first
location of the hypoecenter in the hori-
zontal plane and second computation of the
height of the epicenter above this point.

Computation of Hypocenter

FEach 1ine of bearing had an origin given
in map co-ordinates and a bearing given in
degrees relative to north. When these were
plotted on a map the majority of the
intersections occurred in an irregular area
about 200-300 meters across with no clear
confinement made apvarent. (Figure 3) The
area containing the majority of inter-
sections of the lines was too large to
serve as a satisfactory location of the
hypocenter and a more precise localization
was desired.
it was assumed that:

For purposes of caleculation

1. The line drawn along the demarcation
between the shadowed and unshadowed
zones pointed to the center of the
fireball. This assumption 1s not
quite correct. Measurements made of
the shadows cast on the left and
right side of a vertiecal shaft
indicated that the lines pointed to a
spot to the left or right of the
center of the fireball. However, any
other assumption would have made the
calculations extremely difficult.
The error involved was minimized by
using balanced left and right obser-
vations whenever possible.
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2. The gravestones on which the shadows 2. ¥RHELEEGZOEDIE, 20N
were measured were in the same HEAREERACERIZSD 2. BEFLS

position as at the time they were
cast. This seems to be reasonable as REOTIRNEAEE L &2 5D rERbh3

special care was taken to select ERZBIISBIEBELEDT, ZOEE
apparently undisturbed stones for FLEBTVILELNS,
measuring.

3. The map used for locating the 3. BlUIhAEROMBSHIZEH W A1
selected gravestones was accurate. - .

u - o 7 . L .

This map was Army Map Service map E#ZEOTHD L. O IERERN &
AMS 1902 (1945) Japan city plans, HERM O AMS L9902 (1945%) o HA# T
Hiroshima. HWEEERTH 5.

FIGURE 3 AVERAGE DIRECTION OF SHADOW - LEFT AND RIGHT SIDE
M3 EILRUvHLOEOTFHHE

———— average directlon of shadow
left slde open agalnst hypocenter
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average direction of shadow

right slide open against hypocenter
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The 1ines of bearing estimated from the “Re” hEHEE SN AAEIZEA EHFET

"shadows" were in the form of origin and EbEhTV3. ZhLE—RIBEROWIZED
direction. These were transformed to the

slope-intercept form:
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Y- a4+ bjx

where y is the north-south axis of the map BL, yimHoEFEERY Tll-> ~H6
measured in map co-ordinate units

x 1s the east-west axis measured in map x 3B OERER D CHlo
co-ordinate units

b is the slope b xHEC
a is the intercept. alzflF &3 5.
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If only two lines of bearing had been
used, the intersection of these two lines
would be a possible location of the
hypocenter. With three lines a small
"triangle of position" would result whose
center would be the hest estimate. With
four or more lines the problem hecomes the
s tandard least squares problem of more
equations than there are unknown variables.
In this instance ay and bi are known for
line and the solution of the normal
equations,

za

sab

for x and y should yield the least squares
solution for the location of the hypo-
center.

There are two possible sets of equations,
one minimizing the sum of squared residuals
of a and another minimizing the sum of
squared residuals of b. These two so-
lutions yield different values depending
on the coeffiecient of correlation. Both
sets were computed and the two values for x
and y were averaged. This was a practical
expedient to solve the problem of esti-
mation when both variables are in error.
This procedure yielded co~ordinates of
44.31 x 61.72 in terms of the standard map
previously referred to. The previous
co-ordinates were 44.25 x 61.77. The
linear distance between these two points
is about 71 meters.

This position 1s very close to the one
determined by Kimura and TajimaS and is
within 10 meters of the one determined by
Mr. Nagaoka.

The height of the epicenter was estimated
using the previously calculated location of
the hypocenter and the vertical angle
measurements. The penumbra of half shadow
area introduced a bias. In the case of the
horizontal measurements 1t was possible to
cancel out the bias by using measurements
from both sides of the object. In the
vertical angle measurements this was not
possible. It is felt that the blas was
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such as to place the estimated epicenter
above the true position. OQur estimate was
about 600 meters.

Kimura and TajimaS used shadows cast upon
wooden areas from which the penumbra area
could be more readily estimated and allowed
for. They obtained a value of 577 + 20
meters. It was felt that the estimate of
Kimura and Tajima was the more accurate
one; consequently it was adopted as the
most probable values,

The final values for the location of the
hypocenter and the height of the epicenter
are as follows:

hypocenter co-ordinates: 44.31 x 61.72
epicenter height: 580 meters.

Estimate of Error of Locations

Figure 3 shows the intersections of the
measured lines from the shadows cast by the
right and left sides of the gravestones.
The square enclosing the area represents
one square of the major map co-ordinates
and is 1000 yards on a side. The scatter
of the intersections of the various lines
gives an indication of the error of the
determination. A eircle 100 meters in
diameter does not cover the majority of the
intersections. A purely statistical
estimate of error is of little value here.
There are too many sources of error
extrinsic to the purely statistical
components.

For the sake of gaining an appreciation
of the error involved, the possible
contributing sources should be reviewed.
These are:

1. Determination of 1ine of bearing.
The 1ine of bearing was taken as the
demarcation between the spalled and
the unspalled granite. As can be
seen frow Figure 2 this is quite in-
definite and the exact 1ine drawn may
be in error by several degrees. In
the end these errors should average
out when many measurements are used.
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2. Measurement of bearing.
The direction of 1ine or bearing from
true north was of necessity de-
termined by a magnetic compass. The
maximum accuracy in this set of
measurements was within = 0.5
degrees.

Penumbra or half shadow error.

The granite completely exposed to the
fireball spalled or chipped; that not
exposed remained smooth. That
partially exposed to the fireball
chipped but the partial exposure that
produced chipping is unknown so that
the exact relation of a 1ine of
bearing to the fireball is unknown
except that 1t lies between the
center and the edge.

The resul ts of these various errors are
not readily determined. Many of them will
cancel each other in solving the equations
for the hypocenter location. In our
judgment, the hypocenter location given
above is accurate within 20 meters. This
is based on the observation that three sets
of measurements done by three different
groups of people at different times agree
with each other within 10 meters.

General Notes

Since the fireball was about 100 meters
in diameter, the loecation of its hypocenter
to within 20 meters seems about all that
can be expected. In some respects, this
seems more refined than is necessary: but
a cruder estimate leads to errors of
rounding off whiech when combined with
similar errors in the location of an
individual may amount to more than 100
meters.
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FIGURE 4 APPROXIMATE LOCATION CO-ORDINATES OF THE VARIOUS HYPOCENTERS

X 4 FuOBLOHEADOKEDOURIZHT 2 EE

AUTHOR OR ORGANIZATION & REFERENCE

CO-ORDINATES

EEXGHKR, RUSELHES 23 #®

First Technical Service Group

(Manhattan Enginnering district)3 44 .38x61.66
KANALY ke 44.37x61.61
KIMURA and TAJIMAS  Acjff - HIfS 44,30x61.73
First ABCC Hypacenter! 1 RABCCHELHAT 44.25x61.77
NAGAOKAE =i 44.33x61.73
Second ABCC Hypocenter 52K A B C C 0 fhsi 44,31x61.72
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