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Authors’ Note

Many of the reports and other information cited in this report have been very difficule
to find and are nearly inaccessible to other persons interested in the problem.
Therefore, in order to supply adequage documentation, the original reports are copied,
often by photographic methods and‘included in the Appendix. Since measurements on
these figures are the only source of some of the estimates of the epicenter coordi-
nates, it was very important to reproduce the original or the best copy available, and
not redrafe the figure. For the poor quality of such reproductions the authors apolo-
gize, but a redrafred copy would be worthless for this purpose.
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Editor’s Note

All the figures in this report were copied phorographically from originals supplied by
the auchors or, for use in the Appendix, from material previously published. However
translations were added befare processing.
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THE EPICENTERS OF THE ATOMIC BOMBS
R+ & % 0 F ®#

2. REEVALUATION OF ALL AVAILABLE PHYSICAL DATA WITH RECOMMENDED VALUES

2. AF LB R

INTRODUCTION

An earlier ABCC report! considered the location of
the epicenter (the *‘air zero' or burst point) of the
atomic bomb in Hiroshima as determined from
shadows, mostly on stone. Part 1 of the present
report? gave a similar discussion and results for
Nagasaki. The errors inherent in the data in those
two reports and the discovery of other older
reports, some containing original data, led us to
reexamine all available data and estimates of
epicenter and hypocenter (the point on the ground
beneath the epicenter, or “*ground zero'’) locations.
This report presents an analysis of all known
available data and new estimates of the most
probable hypocenter and Height Of Burst (HOB) in
each city. The ecpicenter location is used to
determine the distance of each survivor from the
explosion. From this and a shielding factor the
survivor’s radiation dose is calculated by ABCC.

The newness of the atomic bombs in 1945 and the
uniqueness of their effects caused many groups to
be interested in studying the damage. At least six
Japanese teams, five or more from the United
States, two from the United Kingdom, and perhaps
several others, visited Hiroshima and Nagasaki
during the first 6 months after the bombs. Each
group found thar to correlate effects with the cause,
they had to determine the epicenter for each city.
There seems to have been little communication
between teams, and even less effort to reconcile
conflicting estimates. Some of the resulting reports
were highly classified, had limited distribution, or
became buried in files where they are exceedingly
difficult to locate at this time, 24 years later.

Furthermore, few workers realized the necessity of
locating the epicenters as precisely as possible. In
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some instances, their data were plotted on inade-
quate maps. Sometimes, only the result of the final
analysis was reported, and this was often vaguely
described with reference to poorly defined locations.
The difficulties and confusion in specifying
locations is increased by the old Japanese custom
of naming blocks or areas (machi or cho) and not
naming streets, and of numbering houses in order of
their erection rather than in order of their location.

For Hiroshima, two U.S. Army Map Service maps
have been used which have similar coordinate grids
printed on them. Coordinates on the second map
were rotated, with respect to those on the earlier
map, about a point near the left edge of the map.
This added to the confusion of describing locations
in that city. The coordinates on these maps are
not oriented to true north or magnetic north.

Directions were probably measured with magnetic
compasses, but few reports mention correcting
magnetic bearings ro true north or grid north. If a
compass was not mentioned, one must assume a
compass was used and surmise whether magnetic
corrections were made. -

It would be desirable to find all original data from
which hypocenters and burst heights were calculat-
ed. However, much of the early Japanese work has
not been found; it may have been destroyed. Only
small amounts of the data taken by U.S. teams
have been found.

A few early workers used the direction of fall of
trees, chimneys, etc., which were pushed over by
the blast, to determine the direction of the hypo-
center. Most teams, however, used thermal shadows
produced by the fireball. These thermal shadows
are far better because blast waves often reflect from
obstructions and may exert pressure in directions
other than directly away from the epicenter. The
clearest thermal shadows were those formed on
wooden objects or painted surfaces, but these
objects were often moved by the blast or early
reconstruction efforts. Some shadows on stone
remained visible for more than 20 years, but one
can seldom be certain that the stone has remained
unmoved so that it is impossible to make useful
measurements at this time, Weathering has obliterat-

ed most shadow edges, especially in Nagasaki.

Existing measurements on the shadows cannot be
used to locate the epicenters precisely because,
according to Glasstone, the fireballs were about
200 m in diameter when the shadows were formed.3
Therefore, the shadow edges were fuzzy and did not
point toward the epicenter, but rather toward points
nearer the edge of the fireball.
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Several reports* list the hypocenter as determined
by measurements of radioactivity induced in the
ground by neutrons from the bomb. Consideration of
the HOB clearly shows that such a measurement
cannot be used to determine the hypocenter with
any degree of accuracy. This can be seen as
follows: The neutron fluence N(S) as a function of
slant distance S from the epicenter of a nuclear
weapon may be approximated by the following
equation, the form of which is precisely correct at
distances greater than about 500 m from a point
source in a homogeneous, infinite medium :
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N (S)=N,(1/5%)exp (~S/L,) ...o. (1)

where N, is the apparent fluence at 1 m from the
source, and L, is the relaxation length** for
neutrons (198 m in these two cases). The slope of
this equation, dN/dR, expressed as a function of
distance R, where R2 = 52_4-10[32, along the ground
from the hypocenter is zero for R = 0 (hypocenter).
Therefore, the hypocenter location cannot be
estimated accurately from the gradient of fluence

near R = 0.

The HOB is known to have been approximately
575 m in Hiroshima and 500 m in Nagasaki (from
fuse settings of the bombs mentioned in the com-
munication to Ramsey from Brode included later in
this report). As an example, let us calculate the
ratio of the neutron fluence N(HOB, 0) at the hypo-
center to the fluence N (HOB, 50) at a radius R of
50 m from the hypocenter: The slant distance S at
50m forNagasaki is
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Therefore,

N(HOB, 0) / N(HOB, 50) = (503/500)2 exp [(503-500)/198] = 1.027 -.... (3)

This shows the variation of induced activity in
soil would have been only 2.7% at a radius of 50 m
from the true hypocenter if the assumptions were
made that the ground was of uniform composition,
was level, and activated soil was undisturbed.
Of course, this was not necessarily the case, i.e.,
there may have been houses, bridges, buildings,

etc., of various chemical compositions in addition
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to uneven terrain around the hypocenter, and acti-
vated debris from them was undoubtedly present.

When nuclear weapons explode in the air neutrons
reach the ground and cause activation almost
simultaneously with the explosion. About a second
after the explosion the blast wave stirs up the
surface near the hypocenter and raises much dust.
The rise of a fireball for the Hiroshima-Nagasaki
type bombs (initially appro ximately 90 m per second)
causes violent afterwinds to flow radially from all
directions toward the hypocenter and up the
mushroom stem, carrying some induced activity into
the cloud.3 Thus a hypocenter determination from
radioactivity measurements may merely be a
stagnation point of this wind system with more
induced activity remaining there than at other
points. This stagnation point may not be directly
below the epicenter. Some radicactive dirt may
have been carried and deposited someplace other
than the hypocenter. The net effect is difficult to
predict. It seems likely that the residual activity
decreased more rapidly as the distance from the
hypocenter increased than the calculation above
indicates, and observations confirmed this. How-
ever, the point of highest activity might still have
been appreciably displaced from the true hypocenter.

There were several heavy rainstorms between the
bombs in August and radicactivity measurements in
October, November, and December, hence some
activity was probably moved or washed away. For
all these reasons, the induced activity measure-
ments, which may have contained an inherent error
of more than 5% due to instrumental effects alone,
could not be used, by themselves, to determine the
hypocenter with the degree of accuracy required for
the ABCC dosimetric program. Data and results
from studies of this type are listed in this report,
but were given little weight in the final estimate.
The isodose contours observed by Pace and Smith%
were not circular, especially those in Nagasaki so
the '‘center’” cannot be determined from them with
enough accuracy to be useful.

MAPS, COORDINATES, AND METHOD OF CALCU-
LATION

This section indicates the method of specifying
locations in the cities, the method of analysis used
on data, and the weighting system used for combin-
ing results. In the following section are tabulated
original data based on the interpretations given
below. Each investigator's data, when they are
given, his estimate of the epicenter, and the
present estimate from his data are discussed. The
final section summarizes results.
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Maps and Map Coordinates

Hiroshima. The most accurate maps now available
for both cities at the time of the bombs (ATB) are
the [J.8, Army Map Service maps, series AMS 1.902.
The Hiroshima map is dated 9-46 and bears plate
number 138,449. Grid north is 1°26” west of true
north, and magnetic north in 1945 was 4015’ west of
grid north. All locations used at ABCC and points
discussed in this report are described in terms of
this map and these coordinares.

Azimuthal data,
assumed

as quoted for both cities, were

to have been measured with respect to

magnetic north and so were corrected here to

angles from grid north.

Because the largest collections of data, those of
Shogo Nagaoka, retired director of Hiroshima Peace
Museum, were originally recorded as angles measur-
ed east or west from north or south, all data for both
cities this
tabulation.
“SE 40" clockwise from

magnetic north, or 135°45" from grid north.

form before
recorded as

reduced to
For example, an angle
is interpreted as 140°

have been

When the United States Strategic Bombing Survey
(USSBS) teams were in Hiroshima from 14 October
to 26 November 1945, map 138,449 was apparently
not available, or available only in preliminary form
without the coordinate grid.
discovered that the
USSBS and reported in its three-volume study?
differs slightly from map 138,449. For example,
the southern end of the T-shaped Aioi Bridge has
coordinates 744.05 % 1261.87* on AMS 1.902 maps
(At ABCC it is customary to omit the first digits of
these numbers, wviz: 44.05 x 61.87). On USSBS

The authors recently

coordinate system used by

maps this same point has coordinates 44,000 x
62.000. To make the coordinates of this and other
points coincide in the two systems, one must

rotate the [USSBS coordinates by 1.6° counterclock-
wise with respect to the terrain, about a point near
the left edge of the map (39.000 x 60.000).
variation appears to be the same on both maps,
5941 west of true north. Perhaps the USSBS
oriented the coordinates to true north instead of
AMS grid north, since the error equals this rotation
in both magnitude and direction within the accuracy
of measurement on the map. Another U.S. Army
Map Service map was used by several groups. It is
essentially the same as map 138,449 but without
the coordinate grid. This map is marked **Prelimi-

Magnetic

¥

W H & O HEEEE

EE: B @mific2n THEATEL f'w,u #IE
e A Ml id, REFEAH R OAMS - LI02H[H T H 5.

I 0 BB 1946 9 B2 13 & T, HWEHFEHILE
138, 4-;9-?‘}’@ 3. HEOIEELEIEOMNL 267 (2HE L,
1945 O BEL (2 B B o b o 4" 15" T & - 2. ABCC
THWT VAT NTORME S s U AREETHT 2
HaEld, coEsLTzRiCEBASHAERIIETO
TikAhbDTHS.

ZZTHIB L AW AL,
EERFELOEBbNEOT, 22
SOMEIZHIE L THw

i e s R
Tk o bk

fil] [ 5 15 K?H’-‘f B R BEEAFEROMECC S 32 A
LEud, ZOR ff‘#:‘r” tE-AmeRsEIzLT

BT ?JIJB_ LA A RABLTVAOT, @mpizMT
BERGoEIECBENIIOBEEL 2.2 LIE,
TS E40, » il an T wa/mAE L, #lby 5 m
121400 F A HE Eodbfma 51357457 & L A

BEEREA S M EH (USSBS) (3 19454£10H 140 &
SUHZH & CIREIZHE L 2, S ZHREE
138,49 S AFsh T Eda r;-\_, HBHWIEAFE
NTVWALZLTHEEOUADEVEEMNLELDOTH -
mEeBbhad, mEEHESIE, USSBS w3&ichid
H R EHS O B o 2 B I, S 138, 4495

Ep B 5 RN e, TR

SORIMIE, AMS —LO02H T 13 % 2774405 1261, 87.*

(ABCC Tl EM o s DEFOATO T
HBEL T, 44.05X61.87L #AL T3 ). USSBS
Meit, 2ol -—H S0 E~ZI24,000 %X 62.000T5 5.
IO o0 hERANL LT, ZolEesothobhl i —
fragatbhizlz, USSBS Mo efin < o 1 Ml
(39.000x60.000) &hleiz, MEAEA BUES A2 1.6°
Afrs a0 ErbHs,. @itoBgirmbxs s
85 41", E—akri2Bbhbnd. ZoomEO MO
A EE, MR Bz A2EE0LHERBAT EidoM
EhHmERESEIZHELVWDOT, %5 USSBSTIL,
AMS B E@dEtem (Th 0 ic BAL & Fe 12 o F iy
AanitrBhbhid, w20 MENL, NoRER
ﬁ%ﬂmmm&mmurma.%mu$ﬂ%nummm
138,449 H :[HT U G AT N TS

IS TG

Hln

P 30 T S

*In this report the coordinates dre expressed in the form xx.xxx x yy.yyy with the east-west coordindate given first.
This is similar to the convention used in References | and 2 and in common use at ABCC.

EWMET T, EE oo yryy OBTELL,
Pl h Tw A FEERETS S,

B H O AL TS

zhigsEyLmll s 2072, 45 FILABCC



nary Edition, August 1945’ and bears the plate
number 340,460. It was used by several of the
authors cited here.6°9

The map shown in Figure 1 was traced from the
AMS map 138,449 and checked against an aerial
photograph, made by the 1,8, Air Force, marked
1422 STRS - M - 460 - 5315 CW - 6 July 47
(8 No. 21)."

Nagasaki For Nagasaki, the AMS 1902 series map,
plate number 138,353, is dated 8-45. Otherwise it
is similar to the Hiroshima map. Figure 2 was
traced from a post-bomb aerial photograph identified
as "2V 3PR 5M421 20AF 9-7-45 ¥/24 10000.”" The
coordinate system is of the same type as that used
in Hiroshima, but the rotational error does not
occur on the Nagasaki map.

There was a vacant lot used as a tennis court in
Matsuyama-cho, Nagasaki. It is shown as an
irregular four-sided area in Figure 2. Most estimates
of the hypocenter placed it within this lot. The
hypocenter certainly was close to the lot if not
inside it because after the blast tree trunks and
power poles were still standing within a ra divs of
about 50-100 m from this lot.10 These trees and
poles were left standing because directly below
the bomb burst, the blast wave pressure was
vertical and such pole-like objects could withstand
large wvertical forces. In some cases such items
were knocked over out to a distance of 2000 m.

Method of Calculation

The azimuthal angles of the shadows have been
recorded here as angles east or west (0% to 90°) of
magnetic north or south, because much of the
original dara was found in that form. Unless the
original authors specified otherwise, the angles
were assumed to be measured to magnetic north
or south.

For each available set of data the method of
calculation was similar to that described pre-
viously,? except each shadow measurement, rather
than each location, was given unit weight, and,
for HOB calculations, a ball-of-fire ‘‘size correction
factor’” was included to permit the use of all
shadow data. If this correction factor had not been
included, it would have been necessary to have
selected shadows from opposing pairs of measure-
ments (top and bottom), thus excluding much data.
Most of the data do not specify whether upper or
lower shadows were measured.

The calculations of the HOB were corrected as
follows (see Figure 3): Using the final estimate of
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There dare many small discrepancies in distances and locations of objects between this map and the
AMS map, and between the AMS map and recent Japanese city maps. For ABCC purposes, the AMS
map s should probably be considered authoritative, since all ABCC data are based on them.
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coordinates for the hypocenter, the estimates of
HOB were computed for each individual measure-
ment as in Part 1 of this report.?

HOB; =H_;+ R, tan

where H
relative

is the altitude of the observation point
the hypocenter, R, is the horizontal

distance from the observation point P; to the mean

oi
to

hypocenter. T; is the observed angle of elevation
from the true horizon up to the ball of fire, as
measured from the shadow on the object possessing
the T; was
assumed to be the angle to the center of the fire-
ball. These estimates were compared to the height
used for the fuse setting (575 m in Hiroshima, 503 m
in Nagasaki) and then corrected using the following
criteria;

burn. For this first approximation,

HMEs LR ESEOMIE

e
-

iz, A4 OFHEIE > w T HE o HE 5 1 4 3L

L

EREL, Hoy WO+ 2 ML A0 B, R38R
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RO ES BEEL M- THIEL 2

U pper shadows: HOB;=H_; + R, tan 51 — p sec fi

kTR

Lower shadows: HOB;=H_; + R, tan 7, + p sec 71;

TR

& and 7 are the observed angles, assumed to be to
the top and bottom of the fireball, respectively.
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As in Part 1 of this report,?
ordinates

the hypocenter co-
A least
squares method was used to minimize Ed?i where
d; is the perpendicular distance from the hypocenter
to the angular ray, i.e., the line representing the
extension of the shadow edge. The resulting
equations were solved for x and y, the estimated
hypocenter coordinates. Standard deviations for a
observation (discussed
were computed according to

were estimated as follows:

single under Results)

o=[(2a2y/(n-1)]%,

where N is the number of observations.

Study of the data, of the procedures by which they
were obtained, and of some of the remaining
shadows on the monuments have convinced us that
serious mistakes existed in some of the data. In
an effort to select the more reliable data points we
excluded points for which di>p, where p is the
approximate radius of the fireball. Most calculations
based on measurements of thermal shadows gave
p as approximately 50 m, but Glasstone’s equations3
give wvalues considerably larger and these were
used in our rejection technique. This is discussed
later. All available data were reanalyzed and the
results appear in Tables 1 and 2.

Because of the large size of the fireball at the
time the shadows were completed, one would like
to know on which side of each obstruction the
shadow appeared, on what material the shadow was
formed, how many calories/cm? were required rto
each marterial, and
inclination of the surface normal to
the direction of the fireball. From such data one
could calculate the apparent size of the fireball

to form a shadow on

form a scorched surface for

what was the

necessary
that is,

each material,
how much of the fireball had to *‘shine’’
on the material to form a scorched region. This
would permit an estimation of the correction to be
made to each shadow line to obtain the direction to
the center of the fireball.
were available,
which is

Since none of these data
a different approach was
discussed The fireball
correction method could not be used on hypocenter

taken
later. size
data because there was no way of deciding on
which side of the obstruction the measured shadow
edge appeared.

The wvarious estimates of the hypocenter location
and HOB to be discussed below will be combined
into a subjective
judgment must enter into any weighting scheme for
combining them, since they are obviously not of
equal accuracy. Two types of error estimates and

single result. Inevitably, a
g ¥,

10

AREHOH 1L oS &R, BON o R
2 qeik & HJL"Ed D E T AL cHEEL A~
tEL,Qﬁ‘ﬁum#é‘&%ﬁfﬁb%ﬁﬁmm%
HEE L - ZEEBSTHE., ZOERETE-FR
Ahs, HEBROBOERx b LUy 2Rk, &R0
HTHEANZHE OBz w T OEEREEL, ko
EoTHHELZ,

----- (5)
AL, NI#EHARTS S
st hndiBi b, ZoUIcaMIiinsns
BHEow2hzouT#llisisTa-rLo 3, EHO

HALOIIHEKRLEE tE bk, BES
e SOGRRTEABMAERET SL012,4,>PTH

BEH A O ST VP?F oo L, pPIEAROBRLEE
MEFETH L. B L AEEOHMIEI{HENT
EAENP % TJ‘%OmJ’ LTal Twvwad, Glasstone O
HRAT ILabhE D kEuEFBSATEY, Zh

SidbhbhoENECHERERE., AL TILS
TG, AFEMBIE DL BHTS
MERLRL B LUHEZ LR

fTaw, %

B

FBRMATHE SN RO R A E o EOT, &
DELE SMIZEIE L LD, TR R AT
ENLd, BPWEIOVTHREITEZADICREDRE
EoHo) —/m FUBBETH-h, FAKERD I
HTH2HREOEMBLEOBETCHLPEEIZDNT
MoBEFHL., 20k GEE, S, &K
T 512 0Ba2 kD AkEs, T4hb,
M AIZIE AR X ORI AR ARG S 08
PERHETARIENTELS. ZRIZED, FHiEmMCH
TAOMIEOHEE T4, KIROPLADHERD 5
ZEHFTELS. CNEOEROILAFTESLDIEE
BOT, Bz s sy aoFEEHVL
SRR ATE R ERET S HiEHAS
MO ERIC LT AERORE XD &
BoEATCELELoL

ED LD

i
o

o

S
ko X &

- T,

RO

g B

PIFizmaBoto & &0 s o &
FHOHEEILE, —OBRELTESTE. 2h61E
MoALZRIZOEBEOLOTEL W OT, B, Th
SCEBEGT AL LMD L ETAEAS »OINE
Hietilya0Eas 5. 2MEOERLOHERE LU
FORESoN A NERT2HETRDEZLIETES




TABLE 1 SUMMARY OF EPICENTERS, HIROSHIMA
#1 MEROAO-EE, KB

Number Estimated Weight Number Estimated Weight

1T

pecerter  Emor Mo Stemmey w mop Bt TG Acawcy v
Points of Angles Append Points of Angles Append
B A e B A PR WAl mEo  NMEMRsE HEN BET RBRAE AR NEES L
tThbbe HEHE CRNE oFE fthbe HEERAE O Ao
" ¥ yards degrees  x]0—2  meter meter degrees  x]0—2
(r— ) (F) ()
2. Kure Naval Base SR ciiiiniiiiineiiiiinnnaississnnne 44.20 o6l1.80 SOA A 3A 1.15 550 30 2 2A 2.36
3. Arakatsu LB i i R B 44,20 6l.80 50A 3A 3A 1.15 550  100A 5A SA 0.45
4. Watanabe et al BN e R 44.29 61,70 30A 3A 3A 1.93 70 20A SA 1A 11.20
5. Kimuraand Tajima A& & FHE i, 44,30 561.71 16 104 1A 19.8 577 20 10A 0.54 31.60
5h, Kimura and Tajima quoted by Nishina
AHELUHB (CRICES5IR) i s 44.32 61.75 10 10A 1A 10.0 586 15 4 0.5A 26.70
sc. Kimura and Tajima recalculated by present authors
AHELUHS (REASIZEBBHERE) v 598 15 4 0.5A 26.70
7. Kanai B E s s R e SRR AR R SR 44.36 61.59 88 14 1A 4.3 570 35 11 1A 9.48
7h. Kanai recalculated by pre sent authors
FMHCFER S L ABEE ) s e 44,318 61.617 88 14 1A 4.3 380 24 11 1A 13.80
7c. Kanai guoted by Woodbury and Mizuki in TR 12-59
S (TRIZ=5900 301 3 Woodbwry & £ Uikl E 541 H) 44.37  61.61 88 14 1A 4.3
7d. Kanai estimated by present authors 2
G AEESCLEARE] ... 44.28 61,70 88 11 1.54 2.5
10. Tanaka 2 e i L S o L 44,28 61.69 100A 5A 1A 2.24 570 20 S5A 1A 11.20
11. 1.5, Army Manhattan Engineer District
*E'—‘ﬁ[&anhattan Engineer District iaviissseeiissnisveassse 44.22 61.78 S0A 5A 1A 4,48 549 SOA 5A 1A 4.48
12. “‘Japanese’’ quoted by USSBS (probably Kimura &
Tajima’s point)
USSBSHIA® TAFACLIAE (B2 6 RH - HEDLD) 44,293 61.720 20A 5A 1A 11.2 550  SOA SA 1A 4.48
13. British quoted by USSBS USSBSHIM® MH#E ALz £ 2 ##E, 44.300 61.685 S0A SA 1A 4,48 G609  SO0A 5A 1A 4.48
14. Oughterson-Warren Report  Oughterson-Warren $8& ..., 44,30 61.75 SOA S5A 1A 4,48 555 S50A 5A 1A 4,48
15. Manhattan District, quoted by Woodbury and Mizuki
Manhattan Districy ( Wt.:udbur}' BFLURKIZESTIH) ... 44.38 6l.a6 1004 SA 1A 2.24
BT 00 - A St NP ) DN B £33 P S 44.25 61.70 i6 6 1A 15.3 610 61 7 1A 4,34
16b. UsS BS recalculated by present authors
USSBES (#E BAC L 3B e iie - deatbaiiiaibiaianyiias 607 66 14 1A 5.67
17. U.S. Navy Bureau of Yards & Docks H#EHEZEN-F » ¥ B 44.34 61.68 20A S5 A 1A 11,2
18. Woodbury and Mizuki Woeodbury & & TP A i, 44,31 61.72 20 150 1A 61.2 600 20 10A 1A 15.80
18b. Woodbury & Mizuki preferred value Woodbury & & 0F A - 3R4RE 580 20 10A 1A 15.80

18c. Woodbury & Mizuki, Arakawa’s estimate

Woodbury # L Uk AR, Arakawa OHEF .ieriiiasrsnrocneannnnns 44.305 61.705 20 14 1A 18.7
20, 1st ABCC hyoocenter, Wright & Brewer

MO ABCC L, Wrights & U'Brewer ... 44,25 6l.77 80A S5A 1A 2.79




1

Number Estimated Weight Number Estimated Weight

Author H}'pﬂ(fc?(tr Bty of Accuracy w HOB S of Accuracy w
Ceordinates ] L o (F g
= T Points of Angles Append Points of Angles Append
ot I, T T s i Wi Sk MmEO MEES LT RRES RET D e BEoO Ju‘ll‘.'!f‘i fif 45 &
i 92 A ARRE=" OFE dhbo EE Hes R
X Y degrees (FE) xjp—2 sietER  mpter degrees () %1072
21. Nagaoka (19537) BB (1953800 iicaiiiiane 44,33 61.73 S0A  1000A S5A 12.0 570 S0A 1000A SA 12.60
22. Arakawa and Nagaoka Arakawa b 2 TFEM ..., 44.281 61.696 43 1169 5A 15.9 606 T4 1172 3A 15.40
27b. Arakawa & Nagaoka recaleulated by present authors
Arakawa® L UEM (AXEESICEIHHE) ... 44.278 51.695 43 1169 5A 15.9 576 42 B4d FA 23.10
23. Bombardier’s fuse setting MBFOEEEE . 575 15 100A 1A 66.70
24. Fujiwara “'Collection ... ' p. 73
MEIEREERARTRER e i 44.28A 61.71A 3504 3A 1A 3.48 550  S0A 3 1A 3.46
25. Penney et al Penney 5 L icciiiiiiiciiiiieie s asasenanaas 573 204 6 0.5A 24.4
Recommended values, weighted average 883 5, METH  44.298 61.707 16 580 15

A indicates values assumed by present authors. "ATBEWENEE S OMEMERT.

]
TABLE 2 SUMMARY OF EPICENTERS, NAGASAKI

Fo HESO-EE, R

Number Estimated Weight Number Estimated Weight

Hypocenter Error Error

ik Comtimmes 0 potes Sigine amend "% W0 it ST s
i T SR mED s L FES BET Bl MED  JNEEE £
& HOEME  omE OmE dhbho GH HEE R U g
¥ Y ‘) de[gj;eis ®[10—2 meter meter a'ie{grlr;}es ®10—2
4. Watanabe et al LB e P P I 93.61 65.92 S0A 3A SA 0.69 490 30 5A 14 7.45
5, Kimura and Tajima (first description)
At L UEES (RO orneearerisrnreesiseminnannnes 93.59 65.89 25 4 1A 8.00
sh. Kimura and Tajima "‘center of vacant lot”’
o0 e 8 A1 0 M R o e ot 23.61 $£63.95 25 4 1A 8.00
5c. Kimura and Tajima map location
AL CHBOBEEOME .. ... 93.623 65.926 33 4 1A 6.06 490 25 5 0.5A 17.90
10. Tanaka HH vercvsnacasens 93.638 65.942 50 SA 1A 4.48 490 20 SA 1A 11.20
13. British I ., 533 50 SA 1A 4.47
16, TBEBE  suvsuassvmensinie 93.63 65.91 30 5 1A 7.45 518 10 5 1A 22.36

17. U.5. Navy Bureau of Yards and Docks
KWEERI . F 9P iemisomnsammssasemsussusimens 93.596 65.955 30 SA 1A 745




£l

Number Estimared Weight " Number Estimated Weight

Author Ié’;i?ﬁf:;:;s hor:?; of Accuracy w e of Accuracy w
% ey et i Points  of Angles Append or Points of Angles Append
e AL B e B Kb 2k ) SRR i [ R Ao IR R TR

Tihbo He i MU OO OB 4hho G BRI kU0 %
X Y rﬁatdli, y d?ﬁé?es %[ —2 meter meter dez&‘ffs xpg—2
20. Wright, ABCC (1952) (City Gov. Nagasaki) *
Wright, ABCC (1852 J{ BT T ] Lol iiievimeinneninsennns 93.61 05.92 100A 5A IA 0.75 490 25 SA 1A 8.94
21. Nagaoka 1961 (Shohoji, ABCC, memo 1 April 1966)
B, 19614 (19664 4 1 1 B-J, ABCCIEZEE®R) ... 93.63 65.95 80 100A SA 2.50 son 17 100A SA 11.80
21b. Nagaoka 1961 (Shohoji memo 1 April 1966) s
Em, 19614 (19664 4 H 1 H-J1r, ABCCIEHEIRER) . ... 93.66 65.92 80 100A S5A 2.50
21c. Nagaoka 1961 (Shohoji memo 1 April 1966) recalculated
by Shoheji
EoE, 19614 (lop6f 4 B L 0711, ABCCIEEMREE )
TEFEHIZE D EBEIIE vvssiavionsancarssnessssusnssnsronsassnoraes 93.742* 65.945 85 100A 5A 2.35 507 15 100A 5A 13.30
214d. Nagaoka 1961 (Shohoji memo 1 April 1966) recalculated
by Shohoji
EE, l9el4E (1966 4 H 1 H-—1T, ABCCIE M #%)
IR R B BRI G e e ses R S 93.665 65.943 96 1004 54 2.08 505 14 1004 SA 14.30
23. Bombardier’s fuse setring B8 F 2 & AIERERE 503 15 100A 1A 66.67
252, Nakamura b iy 0B86 16580 199 13 7, 34 1.21 538 90 11 1A 3.68
25b. Nakamura, recalculated g, EREE, .. e esiasiieg 93,664 65.852 90 11 3A 1.23 571 a0 11 1A 3.68
26. Masuda, Sakata, and Nakane Hif, H, FH ... 93.59 65.90 50 3A 2A 1.73
27. Pace and Smith ""Sight Center” (16 April 1946)
Pace #L1F Smith (R LEICE5HEHA] (1946%F 4 A16H) 93.553 66.034 100 1A 1A 1.00
28. Pace and Smith **Shinchara Center’’
Pacedr £ 1FSmith TEEMOEHEE | (s aniinaiinnnas 93.618 65.988 100 1A 1A 1.00
29, Pace and Smith '*Japanese Center"” (Kimura & Tajima?)
Paceds L SmithT IR AL L AW T o p B A (AR & LUHEST) 93,592 65.946 100 1A 1A 1.00
30. Hubbell et al, ABCC TR 5-66 Hubbell 5, ABCC TR5-66  93.644 65.927 73 139 SA 3.23 500 50 201 3 5.68
30b. ABCC calculated from data in ABCC TR 5-66 (used in
Te5D dose calculations)
ABCC 17 £ & ABCC TR § —66 RS & E LA L O TEHD BRIEIZAK 93.656 65.960 74 139 SA 3.18 507 50 201 5 5.68
30c. Present authors recalculation of TR 5-66
H£FEES1L3, TRE- 660 HHE . 93,653 165.967 58 128 S5A 3.90 497 50 T 5 3.41
32. Warren - radioactivity  Warren— B HE coovmraniiiiiinnnns 93,64 65.93 S0A 3A JA 1.15
Recommended values, weighted average
MM, MESH 93.626 65.932 25 504 10

“We believe this number is a@ misprint or mistake in the original memo. A CONFREEIME IS AAMABROTEIEE NS

A’ indicates values assumed by present authors. CATRHABEOER SO ERERT.



resulting weight factors may be calculated and
both are important: A statistical weighting factor
can be used, depending on the number of measure-
ments in each set and their relative consistency,
and a weighting factor arising from the physics of
the sitwation. The latter depends on the accuracy
and precision of the measuring devices used, the
degree of definition of the shadow,
observer's care and skill in obtaining the measure-
The weighted average of each of the three
coordinates of the epicenter was calculared from

and the

ment.

In order to account for both types of error, the
weighting factors w, were defined by

VvV N;

W, =
1

=
In this expression, N, is the number of measure-
ments from the i-th observer's set of data, o, is
the standard deviation of the set, as defined in
Equation 5, or the original authors’ estimation of
the error when ¢, could not be calculated because
the data are unavailable, and AOi is the present
authors’ the angular uncertainty of
each measurement of the ser, taking into account
the kind of shadow, the instruments used, and the
biases evident in the data.
data were not
estimate of the
Unfortunately,
data, so

estimate of

In some cases the
original available and only an
weighting factor could be used.
most of the reports did not give the
the present

authors’ assumed data for

evaluating w, were included in the final tabulation.

An altemative method of weighting was suggested
by Dr. Charles Land and is discussed under Results
and described in Appendix 1.

DATA WITH RESULTING
BURST HEIGHT ESTIMATES

HYPOCENTER AND

Hypocenter and Height of Burst in Hiroshima

Since Hiroshima was the first atomic bombed city,
and closer to Tokyo and other Japanese
centers than Nagasaki, more study seems to have
been given to the effects there.

was

Antiaircraft Searc blight Battery Observations. In
May 1965, M. Niizuma told j, S. Cheka that an

oy BBy~
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antiaircraft battery in Ujina port area observed the
burst at 550 m height.
Cheka that a group
Hiroshima University

It was also reported to
Prof. Fujiwara of
the HOB on 8
August 1945, from three sharp shadows, and got
550 m (see also Reference 11). The only indication
of his hypocenter estimate in that report is his

under
determined

listing of his Point 1 at “*Front entrance of former
Hiroshima Post Office, Saiku-machi.” He tabulates
this point as "'NNW 15 m from
We guess that his point is the same as Kimura and
Tajima’s point discussed below (Point 5, Figure 1).

wal Base Team
12

Kure Na
naval base at Kure

A team from the nearby
was sent into Hiroshima in
the late afternoon of the day of the bomb, 6 August
1945,

and the same and other teams studied the

damage on the 7th, Bth, and 10th. About nine
reports were made, and a summary is available
dated September 1945.12 From studies of blast

effects they placed the hypocenter
300 m south of

"“approximately
the Gokoku Shrine.”” The exact
point in the they measured from was not
specified, so this description may possibly have
covered an area of 50 m radius.

shrine

timbers ‘‘in the

vicinity of Ushita and the Hiroshima University of

From flash burns on wooden
and Science® Hiroshima
they calculated two figures for the
getting 580 m and 510 m. They averaged
these and rounded this off to 550 m, and stated
that “‘these figures agree with the report of the
lookout

Literature
University)
HOB,

(currently

station.”’  Probably the report mentioned

by Niizuma above was meant.

If one measured from the apparent center of the
shrine, as it appeared on the map and the aerial
photo from which Figure 1 was made, the co-
ordinates of the point 300 m due south were
44.20 % 61.80 {Point 2, Figure 1). The torii gate of
the shrine, to which some other workers referred,
was about 100 m east and 200 m south of the shrine
center.

Arakatsu Prof. B. Arakatsul? of Kyoto University
led teams which visited Hiroshima three times in
the first month or so after the bomb. Concerning
the hypocenter, they stated as follows:

“‘Hypocenter and Center of Neutron Production

“Sulphur in cup insulators of telephone poles,

which were believed to comparatively

simple
The relationship between

meet

geometric conditions, were collected.
location of samples
and radiation was determined by measurement of

beta rays and the results are as shown.

the hypocenter.”’
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“*According to this, if the hypocenter were about
300m to the south of the Gokoku Shrine and
500-600 m above the ground as observed ATB,
the intensity diseribution of samples agreed in
general, that is, it was found that the hypocenter
was simultaneously the center of fast neutron
production.””

This method of determining the hypocenter, in our
opinion, was not accurate for several reasons. The
attenuation of the each case was
probably not precisely known. Also, as pointed out

neutrons in
earlier, the neutron flux fell off very slowly with
from the Since Arakatsu
accompanied the team of physicists and military
people who

distance hypocenter.
visited Hiroshima on 10 August, as
listed in the Kure reportlz, this hypocenter prob-
ably represented their estimate from blast effects,
and the radioactivity measurements merely served
to confirm the locations. The coordinates were as
given above, 44.20x 61.80 (Point 3, Figure 1).

A very small scale and rather inaccurate map was
given in this report, with the hypocenter marked as
southeast of the Motoyasu Bridge, at a point whose
coordinates we estimated to be 44.4 x 61.4. This
was not the point Arakatsu described, and probably
was a drafting error, since practically all other
estimates, including his, placed the hypocenter
north of the bridge.

The

phenomenon.

team was investigating a completely novel
They had to discover whether there
was one bomb or more, whether it exploded on the
ground or in the air, whether it was actually an
atomic bomb or simply a large high-explosive bomb
which incidentally scattered radioactive material,
whether the blast, heat, and neutron radiations all
originated from the same point or different ones,
In view of all these
the terrible destruction and suffer-

and many similar questions.
questions, and
ing in the area where they worked, their findings

were remark ably accurate in nearly every respect.

Japanese Geologists' Determination, Watanabe et al.
The following is quoted from the report. 14

““In September
committee

1945, a special investigation
organized in the National
Research Council of Japan in order to study
exactly the results of damages caused by the
atomic bombs at Hiroshima and Nagasaki.
Together with physicists and chemists of this

was

committee, field observations were carried out

by some geologists and geographers ..

[t is not clear who made the actual hypocenter and

HOB determinations of this team, but we may
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assume that only one such center was measured.
They measured shadow lines and concluded that in
Hiroshima the hypocenter was ‘380 m south of the
Gokoku Shrine ..."", and ‘*‘the height of the epi-
center is also estimated at about 570 m above the
hypocenter.’”” The coordinates of this point were
approximately 44.29 x 61.70 (Point 4, Figure 1).
Their map showed the hypocenter as somewhat east
of a line running due south from the Shrine, though
they stated that the location was "‘approximate.’”” Tt
seems probable that this was the same epicenter
position
Tajima.

Kimura and
This result is discussed below.

which was determined by

Kimura and Tajima, Another early determination
was made by Kazuharu Kimura and Eizo Tajimal3
of the Physical and Chemical Research Institute,
Tokyo. They described their
follows:

observations as

“"Radiant rays released by bombs at the time of
explosion scorched and burned lumber, induced
changes on surface of concrete and exfoliated
the surface of granite. If there are objects to
shield these rays, their shadows would remain.
Thus, the hypocenter can be located on lines
extended from the boundary line of the shadow.
Various localities were visited to obtain such
data and determine the direction of the hypo-
center. These data were entered on a map and
lines extended from these shadows will converge

at one point. This point is the hypocenter.

**The direction is determined by sticking two

sewing needles along the boundary line and
A suitable object is obtained
along this sight line., However, actually speak-
ing the boundary lines of the shadows are not
very clear and spread out considerably. When
the bomb exploded, a considerably large size
fireball which had incendiary power spread out
producing the half tone shadows. Therefore, in
order to inaccuracies, pole-like

objects were selected and direction determined

taking a sight.

rule out such

by setting boundary lines along the area with
the same extent of scorches and burns on both
sides of the object. Then the hypo center was
determined by the average values. Furthermore,
when using this method, more accurate data can
be obtained from objects closer to the hypo-
center than from those comparatively distant.
In studies at Hiroshima, objects close to the
hypocenter were used in most cases. However,
in Nagasaki no objects close to the hypocenter
were available so we were forced to use distant
objects. Therefore, accuracy in the latter case

is not high.
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Saiku-
In other words about 125 m south of the
Gokoku Shrine street car stop and about 25 m
southeast of the Shima

"*The hypocenter in Hiroshima was 19
machi.

the main entrance of
Hospital.”’

The coordinates of this point on our map are 44.30 x
61.71 (Point 5, Figure 1). These authors estimated
that “‘the average error in Hiroshima is within a
radius of 15 m, and about 30 m in Nagasaki.”’ In
TR 12-59 Part 2, Woodbury and Mizuki gave the
the coordinates of Kimura and Tajima’s hypocenter
as 44.30 x 61.73, but Arakawa and Nagaoka in
Part 1 of TR 12-59 gave the coordinates 44.30 x
61.71 for Kimura and Tajima’s hypocenter.

For the HOB Kimura and Tajima gave 577 20 m,
from calculations based on shadows,
chiefly ar distances greater than 500 m from the
hypocenter. Since they recognized the importance
of measuring shadows on both sides of an object to
allow for the large size of the fireball,
seems far more reliable than most of the other
measurements, where apparently no such allowances
were made.

thermal

their result

-
.

A motion picturel® made by the Japanese shortly
after the bombs, illustrated, among other things, the
care with which Kimura and Tajima’s measurements
were made, Well defined shadows were shown, and
These
were in contrast with the small and probably less
accurate compass and clinometer, and old and fuzzy
shadows from which most of the data of TR 12-591
and TR 5-662 were derived.
movies and the discussion of their work the present
authors are inclined to put considerable confidence

a transit and large compass were visible.

Therefore, from these

in Kimura and Tajima’s results both in Nagasaki
and in Hiroshima,
are not available.

even though their original data

Another version of Kimura and Tajima’s results was
quoted in a report of an interview with Dr. Yoshio
Nishina, the Japanese team leader, by Commander
Richard Reeve of the G-2 section of USSBS on
10 November 1945. The report quoted Kimura and
Tajima as having said that the fireball did not move
upward during its expansion; that the hypocenter in
Hiroshima was at or near the Shima Hospital, 120 m
south and 20 m east of the torii gate of the Gokoku
Shrine, at a height of 586 £15 m. The coordinates
of this point are 44.32 % 61.75 (Point 5b, Figure 1).
They claimed an accuracy of *10 m in the hypo-
The diameter of the fireball *“‘which
produced a scorched shadow on wood at a distance

center.
of 1.5 km from the hypocenter was 150 m."

For Nagasaki, Nishina quoted Kimura and Tajima as
saying that the hypocenter was *‘at the center of the
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tennis court at 170 Matsuyama-cho, at a height of
487 t 20 m.”” The size of the fireball, **which
produced a scorched shadow on a concrete wall ar
700 m from the hypocenter, 140 m.”’ The
present authors feel that because of the different
amounts of heat necessary to produce scorching on

was

different materials, and the unknown orientation of
these estimates of fireball
size are not comparable from one city to the other.
The HOB given differed slightly from the figure
given in the report quoted above and in Appendix 2
(490 m) but this gquoted wvalue was probably just
rounded.

the surfaces mentioned,

One further calculation of the HOB was made from
Kimura and Tajima’s data given in their Table 1.
This table gave angles of altitude for
(illustrated elsewhere)l?

shadows
on wall board in a room on
the third floor (numbered European style or fourth
floor American style) in the northwest corner of the
Postal Savings Bureau (UUSSBS Building No. 33).
The average angle & of the shadow is 22°277 above
the horizon. They stated that the Bureau was a
distance R = 1600 m from their hypocenter, and we
estimated that the room was 14 m above the ground.

We estima:cedI also that a vector, normal to the face * 7 B b b RE N RE A 7 VA, RO @
of the building (i.e., the plane of the wall board) 3 Gl lB ; W S i
made an angle a of 28.0° to the direction to the MLTETAE a 13287 TH 5 LHELL. FAADG
hypocenter. The HOB is given by 1,
HOB =R tan f cosa+ 14 ceeea (B)

which evaluated to 598 m. Note that since these k=T, 58méEns. ZOEHALR o ki
authors made the same number of measurements on FUTFMIIowTHHEOMESA TS > TwaEOT, NE
the upper and lower sides of shadows, the fireball DA E I EAMELIHBENAZ L ERS 208N
size effdecb: C‘;ncé]e‘j. The s(?me shadov:s wt;re 52, CORUERE Iz 0T IE, W.G.Penney & & U
MRS ¥ e o P.erm.f:y 2OC. 2 Meamy il e Manhattan Engineer District O @ &K & HlE 7% - T
Manhattan Engineer District.  This is discussed
Tofiass WA, Zhizow T ERiIcEscs,
Kanai, Kiyoshi Kanail® of the Earthquake Research . dipc B mEro S£IFE L, 194510817 H
Institute of Tokyo University visited Hiroshima and o = \ P

. X a1l H R I,L\ BE L ik IJ 2‘1 b RIS RO R KT
Nagasaki from 17 October to 11 November 1945, and ? 20 }_ & &t : R L r
made a number of measurements on thermal shadows BRUMREOGE RET L0 IIMEREREIIHT 2
to locate the hypocenter and HOB. His report was MWiEhknd ottt B 204, Billlomss s
nearly unique in that it gave the l(?c‘dt].onS of th.e SRR E AR TRL L5 w3 ATIEIERE
measurements and the angles of azimuth and alti-
tude. These were tabulated in Appendix 3 and our ZbDThot., ZhoollEil, hivhhofExsE
Table 3, (his Table 1), together with our estimates B B, BedEo 2w TRIZ—59 (250l = fs e i &

of the coordinates, and the measurements recorded
in TR 12-59 for comparison.
siderably south and east of all other estimates, at a
point he described as *'170 m west of the Kawaya-
cho street car stop and 570 220 m above the ground.”
The coordinates are approximately 44,36 x 61.59
(Point 7, His map, in the

His epicenter was con-

Figure 1). as given
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TABLE 3

KANAI'S DATA ON HY POCENTER AND HEIGHT OF BURST, HIROSHIMA

#3 O OBLEESEUHERAGECETAEHORY, LS
Kanai’s Distance TR 12-59
Kaf]ai’:{ : U_SSIBS Pre_serlu Authors Kanai’s Kanai’s Distance from W mnih s AlEid e
Point Location Building Estimate of Azimuth Altitude from His Recalculated
Number FTEEIR Number Coordinates  Angle  Angle HC HC a\ngl; A"E;e
&#0 USSBS KEHELO RO SHOMA GHROMN I BHELLBE 75
I i 2 T2 A E i Hhr Hh MM KSR
X Y meter meter averdge [ JH)
I Branch office, Sanwa Bank SHBFEE e 8 44.40 6l.61  s83”w 84427 50 75 N25W
4 Bankers Club BIT RS s 10 44,37  o6lA2 84 42 70 100 N5W
7 Branch, Chiyoda Insurance Co. F- (T H o i R [ E A 6 44.44 61.;2 S55 W 79 03 160 146 581.2W
10 Branch, Sumitomeo Bank EFREITEE vverernans 19 44,58  6l.63 S82 W 73 37 190 240
13 Seiyoken WREE ... icrinsmnnit 23 44,50 61.40 N4S W 70 28 220 258
14 Industrial Museum, south side TE ST RE AR veaeaen 4 44,18 61.BO S50 E 240 208
17 Chamber of Commerce and Industry BEL MM vveniirenns 2 44.19  61.95 823 320 244
20 Fukuro-machi Primary School BEEL AR i sin 41 44,62 61.30 N42 W 370 400
23 Hiroshima Central Telephone Bureau [EBHPRETE .. 43 44,74 61.30 N35 W 55 42 440 483
24 Branch office, Yasuda Bank THEITEE .. 45 44.82  61.47 N76 W 51 21 450 478 NGA.OW - 45.4°
25 Honkawa Primary School FNBFH L 95 43.95 61.89 S56 E - 51 33 480 419 S62.0E  58.5
29  Chugoku Electric Co. AR i 26 44.36  60.95 N2 W 45 600 610
30 Bank of Commerce and Industry Assn. i L#l S P R&HE ... 3ar 44,96 61,60 SEE W 41 21 00 587
35 Hiroshima City Office HCBTARERT L o it 28 44,27 60,58 N2 E 31 30 940 949
36 Shin-ohashi Bridge Bt R N g B;éf;é‘? 30 43.72 61.35 NG5 E 600 399
05

v : o ; ; y
Grid north is 4.25 west of magnetic north. We assume the azimuth angles were measured to magnetic north.
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“*Collection”,* was a copy of an old Japanese map,
which was quite inaccurate and did not even show
Aioi Bridge. Kanai twice remarked that the hypo-
center could not have been at points '*100 m south
of the Gokoku Shrine torii gate, nor near the west(?)
end of the Motoyasu Bridge,’” because of the
angles of the shadows at the Sumitomo Bank, and at
the Industrial Museum (the **Atomic Dome’’ which is
still standing). The present authors feel thar
there were two misprints in the original Japanese
text in the '"‘*Collecdon’’ (and in the translation at
ABCC). Kanai must have meant the '‘'east end of
the Motoyasu Bridge,” that the *‘point 100 m
south of the Gokoku Shrine torii gate was due eas?

and

of the Industrial Museum,”” though the original
Japanese text stated west in both cases. Using
Kanai’s angles of altitude and azimuth, and co-

ordinates for the buildings from map AMS L902 as
determined for the building locations given in the
USSBS report { but not the USSBS coordinates), we
calculated Kanai’s center to be at 44.318 % 61.617,
(Point 7b, Figure 1), and his HOB to be 580 m.

It is not clear why Kanai’s estimate of the hypo-
center was so far from all other estimates, while his
HOB agreed so well. Woodbury
discussing the fact that Kanai's center
south and east of all other determinations, attributed
the difference to Kanai's use of shadows on very
different marterials, such as granite and asphalt.
The present authors feel that the
instead, from the fact that so many of his points
that they
were actually under the fireball (maximum diameter
around 200 m).3 At these close distances the blast
wave would have hit the ground in about 0.7 second
and been reflected before all the thermal radiation
had been received (nearly 3 seconds). Hence, the
dust raised by the blast wave may have obscured
part of the fireball, and shadows might not have
lain in directions away from the exact center of
ex plosion at all.

and Mizuki, in
was far

error arose

were very close tw the hypocenter, so

Kanai's measurement of the azimuth of the shadows
at the Sanwa Bank, about 150 m from our hypocenter,
was S 83° W, whereas the figure at the same place
given in TR 12-59 was N 24°

the same shadows were measured.

It is not known if

stated that
places, but he gave angles of azimuth at

Kanai he made measurements at 37
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altitude at 11, so we could calculate only from
these. He also claimed that *‘the fireball size
could not have been larger than 30 m 1in radius.”
Kimura and Tajima got a diameter of 100 m.
Glasstone? indicated that the final diameter was
near 200 m, and that most of the thermal radiation
was emitted when the fireball had nearly attained
its full size, in the so-called '‘second maximum.’’
These underestimates of the size may have arisen
from the partial shielding of the fireball by dust and

by «clouds of nitrogen dioxide formed by the
explosion.  Also, it must be noted thar since a
considerable amount of heat must shine on a

surface, especially of stone, to cause the burning

and shadow effects, the edge of the shadow would
fireball, but
rather in such a direction that beyond it not enough
of the fireball shone on the surface to deliver this

necessary amount of heat.

not be in line with the edge of the

This would explain why
all estimates of the fireball size from shadows were
much smaller than the size as determined photo-
graphically act bomb tests by high speed cameras,
and referred to by Glasstone.

A plot of Kanai’s shadow lines on the map, after
correcting for magnetic variation showed that most
of his shadow lines were tangent on the south side
of a circle of radius about 100 m around a hypo-
center at 44.28 x 61.70 (Point 7d, Figure 1). This
effect showed again the importance of noting on
which side of an obstruction the scorched area
appeared, the fireball

and allowing for size in

calculations.

In TR 12-59, Woodbury and Mizuki quoted Kanai’s
hypocenter as 44.37 X 61.61 (Point 7¢, Figure 1).
This point and
probably within the errors of measurement on the map.

was c¢lose to our measurement

Tanaka. Prof. Yutaka Tanakal? of Tokyo University
was chief of one team which visited Hiroshima and
in October and November 1945. They
noted that the railings on the sides of Motoyasu

Nagasaki

From this
they concluded that the hypocenter must have been
nearly along the center line of the bridge.
shadows, etc., they decided the
location was on this alignment,

Bridge fell away in opposite directions.

From
thermal most
probable 100 m
northeast of the east abutment, and the HOB was
570 £ 20 m. The coordinates of this point on our
map are 44.28 % 61.69 (Point 10,
whether their
of the other

Figure 1). Itis
were  in-

such as

not clear measurements

dependent Japanese teams,
Kimura and Tajima. Tanaka's report makes use of
another copy of the old and rather inac curate map
that Kanai used.

ments and hypocenter location determination were

It seems likely that his measure-
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made on the ground, as Kimura and Tajima’s were,
and only the result transferred to the map.

Manhatian Engineer District. One of the first teams
to reach the two cities was sent by the Manhattan
Engineer District.8 On this team were W. G. Penney
(now Lord Penney) from the United Kingdom, and
R. Serber and Ensign G. T. Reynolds from the 1.8,
Their work, especially on the yields of the bombs,
has been restudied and reported recently.l? They
measured the same shadows as Kimura and Tajima
in the Postal Bureau Building (USSBS
Building No. 33), but with slightly different resulrs.
The average shadow angle @ they gave as 229237,
which was essentially Kimura and
Tajima’s figure (22°277). But they gave the distance
to the hypocenter as 5040 feet (1533 m) instead of
1600 m, the angle @ as 27° instead of 28°, and the
height of the room as 30 feet (9.3 m) above the
ground (third floor European style) instead of 14 m.
Their calculated HOB was 1880 feet (573 m),
instead of 577 £ 20 m given by Kimura and Tajima,
or the 598 m calculated from their data.

Savings

the same as

One presently extant report of the Manhattan
District group, apparently obtained from the work of
this team, was written by Maj. Noland Varley. He
quoted measurements of R. Serber which gave a
hypocenter *'984 feet south of the Gokoku Shrine
(300 m)”* and **1800 feet high (549 m).”’ The
coordinates of this point are as given previously by
the Kure Naval Base team, 44.20 x 61.80 (Point 2,
Figure 1). Varley quoted a ] apanese HOB figure of

1804 feet high (550 m).”

(X3

Serber was also quoted
the size of the fireball at the time
of maximum charring was 300 feet in diameter (about
100 m)."’

as finding that

this the so-called
“*Oughterson—Warren Report”’ (concerding medical
effects), by Cols. A. W. Qughterson and S. L. Warren
of the U.S. Marine Corps.? Copies of the AMS maps
of Hiroshima and Nagasaki were given in the covers
of this book, with the hypocenters marked by very
large crosses, so the exact points are difficulr to
locate, For Hiroshima, the hypocenter seemed to be
essentially that of Kimura and Tajima at 44.30 X
61.75 (Point 5b, Figure 1).

Another report of team was

In TR 12-59, Woodbury and Mizuki referred to the
“*First Technical Service Group of the Manhattan
Engineering District’’, and quoted their hypocenter
as 44.38 %X 61.66.

crepancy is not clear.

Again the reason for the dis-

A careful study of the Manhattan District report8
and its photographic supplement
further problem in locating the

indicated a
hypocenter as
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mentioned in the section on Nagasaki. In the same
report three aerial photographs of the hypocenter
area after the bomb were given, with the hypocenter
marked in three different places. Their Figure 19
indicated a point close to, or the sameé as our
point 15, Figure 1 which Woodbury and Mizuki
called the “*Manhattan District Point.”” Figure 20
of this same report indicated a point close to our
point 18c, Figure 1; while Figure 7 of the same
report marked the hypocenter as about halfway
between the points indicared in their Figures 19,
20. Again we must conclude that the authors did
not know very precisely where the best hypocenter
was, and did not think it of much importance.

U.S. Strategic Bombing Survey. The most thorough
study of Hiroshima and Nagasaki was made by the
USSBS.? Their Physical Damage Division Team 1
in Hiroshima included about 40 officers and enlisted
men, and collaborated, to a certain extent, with
a team from the U.8., Navy Bureau of Yards and
Docks, and the British Mission to Japan. Un-
fortunarely, this collaboration stopped short of
choosing a single, most probable hypocenter and
HOB while the data were still fresh and plentiful. .

The hypocenter was located on the ground by
sighting in the direction of flash burn shadows,
Only six such lines were used, but the center
found was said to have been checked by sighting
along other shadow lines (no original data have
been found). The hypocenter chosen is shown in
Appendix 4 (their Figure 1-VII) which was copied
from the USSBS report. Note that two other
hypocenters were also shown, one designated
‘'Japanese’’, and the other “‘British’® (Point 13,
Figure 1}. No attempt was made to reconcile the
differences, except to say that they were within
the errors of measurement. Note also that the
coordinates were not those of the AMS maps
currently in use at ABCC, as explained earlier in
this report. The coordinates of this USSBS hypo-
center on AMS maps are 44 .25 %X 61.70 (P oint 16,
Figure 1).

The original data for the HOB determination have
been found and are shown in Appendix 4 and our
Table 4. Tt is probable from the results given that
four of the shadows were formed primarily by radiant
heat from the top of the fireball, and three by that
from the bottom. The report quoted in Appendix 4
mentions that the fireball was not a point, buta
large sphere. No attempt seems to have been made
to correct for this.

These workers concluded from their data that the
apparent HQOB was not important when compared
with the distance from the hypocenter of the

24

IR PR OB LHAE OATEE RS 3 BT s A
THEN, BOEFhEFR="2OBL 38 L 35h
TWwag, 2hedEH9E, bhbhdE 1, HS152E
VH RSO LR oG ER L T BEA, At
Woodbury # b tf s A|A* Manhattan District Point
BLEbOTHE, FLEARGORWE bR OhOHL,
MrilBe (2l pie R L T ad, MEHEHoET ¢
I EEO L9, 200 m s Wt ol s o

4
TWa. ZForC0hbibhik, BUZOEEGH, I
BLIEMEZBRLMTHE s bhhed, g F0h % a
BrHELLREA TV R AL EBRLET IR
5%,
FEBBBERAL LSS EURGTRLMEL 2 3
i S REIZIRE E R

KL 01, USSBS T 3.

ERULEEOET Ao 1 BRI ER &
o, A[H g "i’u’rﬁ“f'fr = 2 f.-3 DA B £ U

A= ifE M EMH & SEFTERL THEIIRS .
LaLEaHFs, & di-‘l-ir % ”-;rr <, Bmizd Lw g BA
THohTOBEEHID, MEEESED A GBSO B
BREAEEE - SPIEETZETIIES R R F, 4

FfeEd b2 BT H S,

TEEOHLOAD S
U»H

S Bk

BELHR O, BB EERE O Hime L
i, ZOEILEHBESFELIABHOSHES

DHIEMOEEHRICH > THRE L, BEeiiT
HNTud (FEHPEHIER T a4 0) BE S N2 gLh
i, REHOMEE4IZFR L A2H, Thit USSBS s E
D1 -VMHhsEE s colEsr iz b Botsr ", +
ZhbZ0—21 THEAZLEZLD,, 47 —21f T8
BIAkizEasth, LTHRashTwvs (K1, HhE13).
FREOMOERTHELZORBRTSE >~ 209 L)
W, MEAITEOBMEELER TV ER L, £ A, #
DHEEEY, FEEHOMBIIE<~ZLIICABCCTH
T {4 1 1-Pu’)Fe’9 LS (AMS) o L o Tldd &

RIE &
A, HE

'f)f'-('dl\\

A

['\"

EVIZELLTEEHTABEAN S S, T USSBS HBL
Hb oy M ,':ixi, AMS HeB 71144, 25X61, 70 ([ 1, Hi5i16)
C&H5,

HREGEOREIMT IR BREN T E0T,

i d B LUAMEDRLIZTRY BRELEEZZ B L,
OIS E T L LT AERD B 5 0B IZ & - T B
EN, oW FRASORMMIEZLDLEELNE {4
SAORETE, ABEIETELRKEEBRKkoLOTH
SLEMLTwE, ZhEMETaRAERAEEATY

BuvlbaTEs B,

in

fFohZftre, COWEBEEHE LI ELTVAE
Wz LTRSS S ROy 5 ST X
BEETELVEERLAE, 2 sd, HUAASREORE




ST

TABLE 4 U.S. STRATEGIC BOMBING SURVEY, HEIGHT OF BURST DATA, HIROSHIMA
F4 OREERREENE, FRABEORH, K&

USSBS X’ Y’ Present Authors #A§ith 3 & & 0 fHllfi
“Base Line’ Length of Height of USSBS
Location = Distance Horizontal Edge Casting nHop  Coordinates Groundrange HOB . HO.B o
w2 e e W BLEE MmN REAKE
USSBSI#tas,  AEmREO BaiklilmE  USSBS s i
LA S DHE  EE PUBROHE  HBERE wlE  RREE
i (4 =) (4 =} meter X Y [+ — ) meter meter meter
feet inch inch yard
1. Entrance to shrine (Torii?) A O (BE?) .- 610 e 22.25 551 44,30 61.92 232 212 636 521
2. Bridge No. 20 (Bantai or Yorozuyo) EEais (RS ... 2810 12:5 9.8 672 43.85 060.85 950 867 GRO 633
3, Chugoku Electric Bldg. 26 fEEE, BEWEBS .. 2300 12 7.9 487***44.37 60.97 79 711 494 537
4. Bridge No, 30 (Shin-ohashi) B30T (AN 1810 28.75 36.25 696 43.72 61.35 660 603 760 713
5, Communications Bldg. No. 85 FAAES, HEEH ... 3320 12.25 6.75 558  43.25 62.17 1139 1040 574 574*
6. Electro-Technical Lab Bldg. 74 ',
OAMAMBRETESRET, BWETT e 5900 84.9 3L.3 664 44.21 63.72 2039 1863  6BG 647
7. Gas holder (far one) USSBS Vol. 3, p. 300
BEATAFT s (BUAHODL D) ceseerrirmrsasiane 6600 14.6 f. 4,9 ft. 676 45.41 59.72 2275 2078 697 658
8a, Bridge 20, upper SBEBAE, LB .o " 2900 26 19 646 43.85 60.85 949 867 634 589
b. Bridge 20, upper HHEH20%, L SRR Sysiasas 50.6 35 43.85 60.85 600 555
¢. Bridge 20, lower (?) diagram not clear MERB205, T2 BE TN 20 16 575  43.85 60.85 694 741
d. Bridge 20, lower(?) diagram not clear RS, T8 HEmT ik 23 13 43,85 60,83 491 333
e. Bridge 20, lower(?) diagram not clear Wipsms, T8 K@ s 46 29 43,85 60,85 546 589
f. Bridge 20, center fERREI0E, Pk cocmieiieiesiisanennees 23 16 615 43.85 60.85 603 603+
g. Bridge 20, center MEB0H, HHR 46 32 615  43.85 GO.85 603 603*
Average Height of Burst 621 479 m. Corrected for fireball radius, 607 t66 m.
PR PR S 621479 m TEEHAEE (KREZEIOVTHIEATE2 520 ®)  607£66m

* Ayerage of upper and lower shadows. No correction needed. Liis LU TSoREDEE, MIETE
*= Corrected for assumed radius of fireball, 40 yards. BEBKER BRI THiEA T 400, 07— F
wxvg63 m plus beight of building (25 m) = 487 m. A62m A+ oS E (25m) =48Tm



effects to be studied. They gave their result for
the HOB as ‘*slightly over 2000 feet. This result
was believed to be correct within 200 feet’” (610 +
61 m).

U.S. Navy Bureau of Yards and Docks. Physical
Damage Team 4 of [USSBS apparently consisted
mostly of officers and enlisted men from the Nayy
Bureau of Yards and Docks.29 They were in
Hiroshima from 8 to 24 November 1945. Whether
they made independent measurements for locating
the hypocenter was not stated in their repore, but
the map included (Appendix 5), placed it at quite a
different spot from that given in the UUSSBS report.
The coordinates of this point are 44.34 % 61.68
(Point 17, Figure 1) and no explanation was
offered for this discrepancy. No HOB figure was
given.

Woodbury and Mizuki. Woodbury and Mizukil i,
Part 2 of TR 12-59 summarized very well the work
of many people on the burst point location problem.
They also made a number of measurements of their
own, and used considerable care to average
shadow angles of azimuth from shadows created.dh
both sides of shadow producing objects. This
eliminated the fireball size error which seriously
reduced the and
practically all other results on the problem except
those of Kimura and Tajima. Unfortunately, their
original data have not been available for recalcu-
lating or checking, nor could any estimate of the
error be calculated. One could measure the angles
and coordinates in their manuscript copy of their
Figure 3,

accuracy trustworthiness  of

and calculate a hypocenter from these
This might answer Arakawa and Nagaoka's
criticism in Part 1 of TR 12-59 that *‘The hypo-
center calculated by Woodbury ‘and Mizuki does not
appear to be at the center of their plotted data.”
However, the process of
would be poor, and
possible that they had many more points than are
plotted.

data.

accuracy of such a

measuring on a plot it is

They gave their hypocenter location coordinates as
44.31 ¥ 61.72 (Point 18, Figure 1) and their HOB
as “‘about 600 m.”” However, they felt that Kimura
and Tajima’s estimate was more reliable (580 m)
and gave that as their final value. They remarked
that it was not possible to get shadows in equal
numbers from above and below objects, so they
thought that their height result was too high.

Woodbury and Mizuki also listed two additional
hypocenters, the ABCC hypocenter’” of
Wright and Brewer at 44.25 x 61.77 (Point 20,
Figure 1) and one calculated by Shogo Nagaoka at
44.33 X 61.73 (Point 21, Figure 1).

“first

It is not clear
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if this last point was derived from the same data
used by Arakawa and Nagaoka in Part 1 of TR
12-59. Part 1 implied that the coordinates of the
cemeteries where the shadows were found were
corrected before the calculation was made.

Weaponeers’ Estimate of HOB. Many dummy bombs
were dropped in the course of the development of
the atomic bombs themselves, at Wendover Field in
Utah, at places near Tinian Island and later over
Japan itself during crew training flights. Many of
these devices were identical in weight and®aero-
dynamic structure with the actual bombs, except
for the lack of nuclear material. They released
puffs of smoke at the instant of detonation, and
the HOB was observed (Utah and Tinian) with
accurate optical instruments on the ground. These
HOB figures were then compared with the sertting
of the proximity fuses which detonated the bombs.
Data were apparently available from about 100
tests for each type of bomb, thus errors of estimate
were calculated. The following cable was sent:

28 September 1945

To: Norman F. Ramsey From: R. B. Brode
Subject: Units L-11 and F-31 — Height of
Operation

The estimated altitude of operation of Unit L-11
was 1885 feet, X 50 feet (575 15 m).

The estimated height of operation of F-31 was
1650 feet, £ 50 feet (503 T 15 m).

These height estimates are made on the basis of
data obtained both at Tinian and at Utab.
These values may differ slightly from previous
estimates due to the fact that we have included
bhere more recent data than was available to the
crew at Tinian.

(1.-11 was the ‘‘Little Boy” bomb dropped on

Hiroshima; F-31 was the “‘Fat Man'’ bomb
dropped on Nagasaki.)
Arakawa and Nagaoka. Arakawal in Part 1 of

TR 12-59 made a very extensive study of the
hypocenter problem during 1958-60. He rejected
all estimates of the location, other than his own,
for reasons which he stated in detail, and used only
the extensive data of Nagaoka to recalculate the
hypocenter and HOB. The present authors feel
that all extant estimates of the burst point should
be influential in the determination of
likely epicenter.

the most
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In TR 12-59, several errors in graveyard coordinates
occurred in Table 1 on Page 7 (see memo, H.
Yamada, ABCC to R. Milton, ABCC 13 OQOctober
1965, and letter, R. Milton to ], Cheka, 13
October 1965). The best values seem to be:

1. Shokaku Temple 45.24 x 61.89
2. Joen Temple 44.00 x 61.36
11. Ryuko Temple 44.24 % 61.04, 8% from mag.
north
13. Dempuku Temple 43 86 x 61.42

The present authors have recalculated using the
data as given in the report, but with the corrections
noted, and obtained essentially the same results
as Arakawa, but feel that the data are not good. In
the first place, the compass and clinometer used to
obtain
probably net very precise.

small and
The compass scale was
calibrated only at 5 degree intervals, and it was
‘excremely difficult to read as close as 2 degrees.
The data in the report gave no indication of whether
the shadows were to the left or right of the obstruc-
tion, or whether above or below for HOB shadows,
yet our correction 1s quite large for this effecr. If
one could that in every cemetery ap-
proximately the same number of measurements were
made on left side shadows and right side shadows,
the errors would indeed cancel; however one has no
assurance nor data to indicate that this was the
case. The type of shadows measured for HOB
calculations, some of which the present authors

the shadow angles were very

assume

have examined, were nearly all *‘looking'’ at the
top of the fireball, so that it is not surprising that
the HOB figure of 606 m was well above most
other estimates.

We have plotted the data
cemeteries where

given for all the
shadows were measured,
and find that the observer seemed to have had many
biases in recording his data, which could seriously
prejudice the reliability of the results. One such
case is shown in Figure 4. It seems that the
observer had a bias against measurements ending in
an odd digit, and that something else was also
wrong because he got 97 measurements of 90
degrees and none at all larger than that (or in the
quadrant). Other plots strong
preference for angles ending in 0 or 5. None of
those distributions resembled a normal orGaussian
curve of error.

many

next showed a

The statement by Woodbury and Mizuki that 6500
shadows were measured seems to have arisen from
a misunderstanding, since only 1172 angle measure-
ments were given for the hypocenter and 1232 for
the HOB. Arakawa told us that he used all the
measurements he could get;
usable ones in the data books.

there were no more
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The hypocenter calculated in Part 1 of TR 12-59 TRIZ-59 & 1 8 THE & A8 0HbIE44, 281 X61. 696,
was at 44.281 x 61.696 (Point 22, Figure 1), and Y SO EEIZ606m TH - 2 (H 1, Heiz2). 2 O¥R#

the HOB was 606 m. There are apparently many
inconsistencies in the data, so that we do not have
much confidence that the results are as good as

LRFEFEVEITEEPE, TOERSLERL 2t
DECOBRLEEULCLOVIIMET NELDTHE LW

many of the others discussed above. IREF/IRBED LT L,

The present authors wrote a computer ‘code in an bbbl MM E0A TR EHE20II3HE
effort to reduce SOmE of the more obvious errors. WO — FEfEor, 2LTEF, TRNTOREER
The procedure was first to compute a hypocenter . e _ ) . i
from all of the data, by minimizing the sum of the T, BLU~OREE > SO EBEREAGO 2 RH 2D
squares of the perpendicular distances d; from the BRIz 2 HETHiOhE ke, D EID, 2hiOifilk
projected shadow lines to the hypocenter. The DEEE L 2 OEHEREE L 2 EE LA, X510, Wb
average value of these distances and its standard St i i s e S %
deviation were then calculated. Next, all dara RO BRFFEEBL 250 UJﬁﬂt_tt,.\. Foeoel
points were rejected for which the distance d; Wb L = (Glasstone®) * Z 0 ik & & ihfEd; & & HE2 L,
exceeded the maximum fireball radius (Glasstone3).* oM R T TR L 7.

*On Page 77 of Reference 3, the radius of the fireball in feet at ""break-away’’ is given as approximately = 110 wo-4,
where W is the total energy yield in kilotons TNT equivalent. Figure 2.111 on Page 74 combined with Figure 7.95 on
Page 360 indicate that the fireball was about twice this large by 2 seconds dfter burst when more than 80% of the
thermal energy bad been radiated. Therefore, we get R= 200 yards for Hiroshima and about 260 yards for Nagdsaki.
When the computer calculation was run some yedrs dgo, rougher estimates were used based on an early edition of
Glasstone's book. These were 142 yards for Hiroshima and 180 yards for Nagasaki. The selection rejected only about
45 points out of 1132 listed in TR 12-59. Changes in these fireball radii, by rejecting more or less points, make very
small to negligible changes in bypocenter location.
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This radius was compared with each distance d;
and all projected lines which fell outside this
circle were rejected. The final hypocenter estimate
was then computed by the squares
using only the points remaining after
these selections. The hypocenter calculated was
at 44,278 x| 61.695 (Table 1). The change in
location from Arakawa’s estimate was only about
3 yards,

same least

procedure,

The HOB was calculated in several steps,

using
this final hypocenter estimate. First, the height
was corrected for the large size of the fireball,
using the formula described under Method of
Calculation. To do this, we assumed that the

approximate HOB was that given by the bomb fuse
setting, l.e., 575 m This only
entered into the correction, so that the exact value
chosen would affect the final HOB as a second
order correction only. This choice enabled us to
decide whether each shadow edge resulted from

rays that had come from the top or from the bottom
of the fireball.

in Hiroshima.

The average HOB, corrected for fireball size and ies”

standard deviation was then calculated. Nexr, all
points giving heights of burst exceeding the
average by plus or minus three times the standard
deviation were rejected. From the remaining points
a new HOB was calculated, and this was considered
the best estimate. The results are given in Table 1.
Our preferred 576 m. The complete

program in FORTRAN is available on request.

value is

Hypocenter and Height of Burst in Nagasaki

Nakamura., Apparently the first determination of the
hypocenter was made by Katsuji Nakamura,l?
Director of the Nagasaki Meteorological Observatory.
In the reference note, he stated that he explored the
area a few days after and noted the
direction of inclination of “‘buildings, stone torii,
stone etc., that were not
affected by geographical features or other objects...”
(This probably refers to trees,

9 August

shrine lanterns, trees,
etc., which were
deflected in falling by hitting other objects, or were
initially leaning downhill, so that their final
positions obviously did not point directly away
from the hypocenter.)

His data are presented in Appendix G and Table §,
with the present
for his points.

authors’ estimates of coordinates
He also measured several thermal
shadows to determine the HOB, using a magnetic
and His

compass, ruler,

method of analysis was:

level, tape measure.
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TABLE 5 NAKAMURA’S DATA ON HYPOCENTER, NAGASAKI
#5 HROHIZ MY A MO, R

Point Present Authors
Number Estimate of Coordinates A imuch ; Bdeatisn
L 2 S A H G O R E S A
X Y
1 94,22 65.85 S85°E Pine tree near Department of Anatomy, Nagasaki Medical College B ER AT EMEORE
2 94.26 65,73 580 E Tree on Hill, east side of Nagasaki Medical College AR AT R Bk
3 94,08 65.53 545 E Pine tree northwest of ateached hospital, Nagasaki Medical College BUEE #4075 B i P9 AL &5 o0 4081
4 94.23  65.35 545 E Chimney, Nagasaki Medical College (Direction bent) B R B (e Tm )
5 94.24 65.19 540 E Stone lantern within premises of Sanno Shrine ITE Hp B O R AT
6 94.24 65.13 S32 E Stone lantern beyond second torii of Sanno Shrine WEME - O RE EOERBANOE RITE
7 93.60 64.87 s Steel-framed building of Nagasaki Steel Works west of Urakami Station (inclined)
il b SR o 0 B ) B e BRI A 0 BRAS M R (MR
8 93.30  64.97 S20 W Pine tree near Keiho Prefectural Middle School e R ST 358 G P R R o0 AR
o 93.34 66.36 N4O W Chimney in Komaba-cho I5H) 5% BT ¢ 450 2
10 93.61  66.25 N Ferroconcrete wall (west side of Urakami Prison) BWE LR ERO&EFT 2y — R (BB
11 93.60 66.25 N Tree outside ferroconcrere wall (west wall?) of Urakami Prison i LR FA OS2 > 7 ) — M (M7 ) SO0 B A
12 93,46 66,98 N12 W Gas tank in Qhashi-machi KIGET D H A% » 7
13 93,75 67.48 N Steel-framed building in industrial area of leno-machi (inclined) FOFOT T o S S (HiF)

The angles of azimuth (to magnetic north?) bere are measured to lines pointing away from the bypocenter, just as Nakamura gave them. Other tables list angles to lines
toward the bypocenter. This change does not alter the coordinates calculated for the bypocenter.

coHf (LI HLTY ) R, PHARLAE RO SOEMFRCHLTHELEZLOTHS. R2DETIHE, B AEaOBIIETaMELZRT.
IOEVIIEST, BOBOBBEEENELHS I EE T



“*Lines were extrapolated and extended in
opposite direction from which the objects had
collapsed, inclined or been bent. Most of these

lines c onverged about 450 m west of the Nagasaki

Medical College, about 400 m south of the
Nagasaki Urakami Prison, about 900 m north of
Urakami  Station and about 5350 m east of

Shiroyama Primary School.’’

The region he defined as *‘the hypocenter”
about

was
100 m south southeast of the wvacant lot in
Matsuyama-cho assuming that he measured from the
center of each region which he lists. The hypo-
center which he determined (Point 25a, Figure 2)
has AMS map coordinates 93.66 X 65.80.

Using our estimates of coordinates for Nakamura’s

and
assuming he did not make corrections for magnetic
g g

observation points, and his azimuthal angles,

variation when recording his points, we calculated
the coordinates of his hypocenter (Point 25b,
Figure 2) to be: X = 93.664 % .090,Y = 65.852 £
.090 (The range given is one standard deviation).
Two points were rejected as giving perpendicular

distances d; outside 3 times the standagds
deviation.
Nakamura also measured about nine shadow angles

of elevation to determine the HOB. His data, with
our estimates of the coordinates of his points are
given in Appendix ¢ and Table 6.

Since the HOB calculations all presuppose a
certain hypocenter, one gets different HOB figures
for each hypocenter chosen. Using his hypocenter,
Nakamura gets an average HOB of 538 m. Using a
hypocenter at 93.625 x (65.927, we get a HOB of
605 £99 m. The fireball correction process lowers
it to 571 90 m. This is still much higher than any
other estimate for Nagasaki, and is very unlikely to
be accurate. Perhaps the coordinates we estimated
for his points are not accurate.

Since Nakamura’'s hypocenter determination depend-
ed on the action of the blast wave, which was
notably capricious, it is not surprising that his
point lay far from those of most other investigators.
It is more surprising that using a better estimate for
the hypocenter and his data to calculate the HOB,
we got the highest value of any, because he measur-
ed his thermal for the HOB with con-
siderable Even making the fireball size
correction did not bring this estimate in line with
the others. All his points for calculating the HOB
to the south of the hypocenter, but the angles
showed a considerable range in magnitude, even for
points close together.

shadows

care .

lay

Perhaps the objects causing
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TABLE 6 NAKAMURA'S DATA ON HEIGHT OF BURST, NAGASAKI

#6

RO EMEEECE T SER, B

Point Present Authors Elevation Altitude Above
Number Estimate of Coordinates o f Sea Level Location
R E S A L O E R HE & 1 s & s
ydrds s
X Y B ¥

1 94,32 x 63.83 19002' 4 Western Gas Co. (Kyushu), Gas tank, shadow of frame on NE side
BE A AR () oFAr 2y, LEM7 L-20¥

2 94.32  63.83 19 25 4 Same, NW side . Al AP R

3 94.30 63.85 17 30 1 Same, gas generator, shadow of cylinder Al #HAgEREpmoR

4 94,30 63.85 15 00 4 Same, shadow of 10th step of ladder on cylinder [8 PIf Rt L Z@10EH O R

5A 94.30  63.85 17 14 3 Same, shadow of 8th step upper edge [ BEH (LM o

5B 94.30 63.85 18 49 3 Same, shadow of Bth step lower edge w8 H (FER) R

[ 94,32 063.83 17 45 5 Same, metal holder at center (vertically) of frame of gas tank
1 G £ G eCaR b= b PO &

7A 94.05 065.43 39 48 39 yamasato-machi, Nagasaki Medical College, shadow of eaves of roof on west side of
dissecting room
RNy, BREERAY, B3l EEEoR

7B 94,05 65.43 43 53 39 Same [k

8 93.40 064.85 19 50 3 Takenokubo-machi, Kyushu Electricity distribution substation. Shadow of frame of oil circuit
breaker
W AN, NERZER, BABERSBNED 7 L - L0

9 93.40 64.85 30 32 3 Same [d.E




the shadows to be formed were moved by the blast.
Another curious discrepancy between this hypo-
center and others is discussed below in the *‘Pace
and Smith'’ section.

Kimura and Tajima. Kimura and Tajima’sl3 method
of estimating the epicenter has been quoted in the
section on Hiroshima. They located pole-like
objects which cast shadows from heat rays of the
bomb. The present authors think thar their work was
very carefully done in comparison to other investi-
gators and probably the best
estimates of hypocenter location and HOB.

constituted one of

Kimura and Tajima summarized their findings as
follows:

**The hypocenter in Nagasaki was 40 m east and
70 m south of the intersection at the road leading

the Cathedral in Matsuyama-
In other words, approximately in the center
of the vacant lot used for a tennis court.””

up to Urakami

cho.

This description of theé location illustrates another~
problem encountered in a survey of the hypocenter
determinations. The point 40 m due east and 70 m
due south of the intersection was definitely outside
of the wvacant lot and to the southwest, and was
50 m away from its center. The coordinates of the
point they first described were 93.59 X 65.89 (Point
5, Figure 2). The position at the of the
vacant lot’’ agreed much more closely with other

determinations and has coordinates 93.61 X 65.95
(Point 5b, Figure 2).

““center

From the drawing of the location of this hypocenter
given in the “‘Collection ..., 15 (Appendix 2, their

Figure 2) it was determined to be at 93.623 x
65.926 (Point 5S¢, Figure 2). The description **40 m
east and 70 m south of the intersection’ was

inaccurate, The center of the vacant lot could be
reached by going 40 m from the of the
intersection along the center of the road running in

center

the northeasterly direction from the Matsuyama-cho
intersection toward the Urakami Cathedral, then at
this point turning right, perpendicular to the road
and going 70 m southeasterly.

Unfortunately, Kimura and Tajima’s original data
were not given. Their estimates of distances from

their points to the hypocenter were not very ac-

curate, bur their map (see Appendix 2) was quite
when compared with the AMS maps, a
(March 1960} |apanese map, and prebomb

aerial photographs.

accurate

recent

They made a number of measurements of thermal

shadows to obtain the HOB, and gave their best
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estimate as 490 25 m.
their

It seems very likely, from

discussion, that many more shadows were

measured Itis
interesting that they concluded from the shadows
that most of the thermal radiation was given off
after the fireball had expanded. This agreed with

a statement by Glasstone? (pp 44-5, 74-8).

than those shown on their map.

Masuda, Sakata, and Nakane. In *"Collection of
Investigation Reports on Atomic Bomb Disaster’”
Masuda et al2l state:

“*The hypocenter determined to be at a
point 40 m east and 60 m south of the intersection
at Matsuyama-cho.
limits

was

This point coincides, within
allowed for measurement errors, with the
location determined through shadow studies by
Kimura and Tajima of Physical and Chemical
Research Institute.’’

Another English version of this report gives the
figures as ''60 m east and 40 m south of the inter-
section at Matsuyama-cho'’ (see Reference 22).
Since the Japanese version in the **Collection ...»’
gives 40 m east and 60 m south,” we are inclined
to feel the interchange of numbers in Reference 22
is a misprint. Our estimate of these coordinates is
93 .59 % 65.90 (Point 26, Figure 2).

These

accurate

authors gave a schematic and not
sketch of
distances measured perpendicular to
south  prefectural

(Appendix 7).

very
showing the
the north-
and parallel to it

the hypocenter,

highway

None of the authors state whether they measured to
the center of the the
corners. The center must be assumed in default of
other information, though Masuda et al indicated a
measurement to the Southeast COMer.

intersection or to one of

Probably none
of the workers was sure of the hypocenter location

within a distance equal to the width of the
street (about 10 m).
U.S. Strategic Bombing Swrvey. The Physical

Damage Division team of USSBS23 was in Nagasaki
from 13 QOctober to 20 November 1945. They made
five measurements of shadow angles to determine
the hypocenter, and six for the HOB, of which only
five were considered good. Their report,
which is reproduced in Appendix 8,
azimuths of the points,

part of
listed the
the measurements of
shadows for the HOB. Unfortunately, the locations
of the points were not given, and are impossible to
identify on the photographs or maps given. Hence
the hypocenter and HOB could not be recalculated,
nor could any statistical error estimate be made for
their the

and

estimates of hypocenter coordinates.

35

ERELTwd, ZofErsIdsE, ED m[ﬂ\ i a
NAEbDrLD b EOBEIHEERTLISLIED
N3, WE,CHEILT, B0 ALEY 1}(@')37&
T%Z;H?KLJJ‘EH/” LOThHS LML TS C_'-_ THELE &
AZETHhS, ZHiEGlasstone® O #HIE ( —5, 74
= 8) E—FL Tl

|, RE, sLUFIR: R

Aidko LI rT w3 B

I

B THHE

TR 13 42
s B o

L LT -5 B 00 B 40 m BE60 m ) HB SIS AR AE
ez B FEMERAN—BEEU BB
CREEINAME L BEREOEENT
=L T,

SRATEES S

COWMBELCMY AL o OFERCIE, TBILT RO
WH0md0m ) LT 4 k32 HE ) R R
B e T AT A0 m EE0m ) 2 R TV ADT, B

[##

EweToNEN AN boT A0 RMEILLES
DEELILNL, ThAMOHACHTABRbROHERE
MEFE L, 93.59%65.90 (B2, MA26) TH 5.

:mﬁﬁam,ﬁﬂﬁvﬁinmm%%uﬁbmmwﬂ
ERLTEY, #hickatmdbicBL2EHEIIYLT
BALEE TG E THEL T@t%%zﬁtfua
(fFek 7).

BESITR a0 tEEO LIS TEa LD, T
NoOhEPSITE-2RLOTEIR2IZO2VTLESE R
T, BMHS RFOEENEHHOMESSITEDN
EELTWAY, BACERSALOTHRLUAETH
REEETALENEL, BELLZOWAERSE,
FEUE A T A REEREIHAY (AV10m ) IZBRLHE A RE T
ZHEE R Aoz b9

KEEERS BB R o R RGN
SEHEIE, 1945100130 A 5 11H 200 & T £l |2
FEL. sl bbhEibET 22010 fl‘?t?ﬁja-a/\_
SWTHEBRERITE o, FAREASE s RET

KA O LAY IR

Pz milhE ‘_J‘l'v'\wé-‘) FDIH JLOFH
AT Nz boTHBLELERE. F0REECE,
BB S H g s I ERAC M 2O HNE

ST shTHEY, &£ H"—,’.‘\T[iﬂ"’iﬁ e W

MEBEH LA Baao iz, BBlaoEIRR S
hteEsd, 2OHEIE tucén’(u Tfi"“—‘JL;lO’J +
TEREERFTAI LN Tahwy, Lizh a0 b
PHRAEGE I VW THERERZTE I :*%’C«-’&-é'" 1%

L OEECT 2R s fEEMLE IS T H MR



Their hypocenter was located, on
photographs in the

the maps and
reference, at 93.63 X (5.91
(Point 16, Figure 2). The HOB given was 1700 feet
(518 m). They claimed that “*The diameter of a
circle including all the ground =zeros found was
600 feet, a circle including the three most reliable
ground zeros 80 feet.” The standard deviation of
their five HOB values was 34 feer, or 10 m, though
we wonder if the accuracy was really that good.

They attempted to measure the angles to the center
of the penumbra of the shadow, in order to reduce
the error due to the large size of the fireball. The
shadows measured were apparently all on wooden
obj ects, though at considerable distances from the
hypocenter. While such choices reduced the errors
from later movement of the objects by the blast,
it exaggerated the effects of any errors in angle
measurements.

Manhaitan Engineer District. A team selected from
those in the Manhattan Engineer District6:8 led by
Brig. Gen. T. F. Farrell, reached Hiroshima on 7
Septem ber 1945, and went on to Nagasaki about
17 September. Their report contained a copy of the
same AMS map discussed above,
marked at a point
estimate to be the same as those of Kimura and
Tajima (93.592 X 65.946) as indicated by Pace and
Smith (Point 29, Figure 2), and discussed in the
“‘Pace and Smith’’ Section below. However, an
aerial photograph, (Figure 44 in the same report) had
the hypocenter marked on the other (west) side of
the north-south highway from the
“*vacant lot in Matsuyama-cho, used as a tennis
court.’” These coordinates were abour 93.52 % 65.95,
and the point was nearly 50 yards west of all the
other estimates. [t is evident that the authors did
not know the location very accurately, and did not
think it important. For their purposes a rough
location (within 100 yards or so) was close enough.

with the hypo-

center whose coordinates we

prefectural

Most of the Japanese workers seem to have made
considerably more
as closely as possible.

effort to locate the hypo center

Joint Commission Study. A Joint Commission’»?
appointed from several of the U5,
service groups and several Japanese groups to
study especially the medical effects of the atomic
bombs. They issued a six volume preliminary
report, and later Cols. A. W. Oughterson
S. L. Warren wrote a book for the National Nuclear
Energy Series summarizing the results. Copies of
the maps of Hiroshima and Nagasaki mentioned
earlier were given inside the covers of this book,
with a hypocenter marked with a large cross for
city. It is difficult the exact
locations from these crosses, but for Nagasaki the

was armed

and

each to estimate
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point seems to be on the road from the Matsuyama-
toward the Urakami Cathedral,
about half way from the intersection to the bridge
across the brook “‘Shimono Kawa”. The coordinates
would be about 93.60 X 66.00. This point is north
of all except one other estimate, but there may be

some inaccuracy in our reading of the position of
the. cross on the map.

cho intersection

Warren also noted the point
radicactivity

were about

of highest residual
was at a place whose coordinates
93.64 x 65.95 (Point 32, Figure 2).
It is not clear whether this was intended to indicate
the same point as that mentioned in the previous
paragraph.

Tanaka. Yutaka Tanakal? srated that after a
careful investigation by the Physical Commitree the

center of explosion was found to be 60 m east along

the road from the Matsuyama-cho intersection
roward the Urakami Cathedral, then 50 m perpen-
dicular in the southeasterly direction. These

coordinates are 93,638 x 65.942 (Point 10, Figure
2). Tanaka also gave an HOB value of 490 * 20 m.
It is not clear whether this was his own figure, or

Kimura and Tajima’s.

U.§, Navy Bureau of Yards and Docks. The discus-
sion in the report of the 17.5. Navy Bureau of Yards
and Docks24 was limited, consisting of the state-
ment: ‘‘The location of zero point (according to the
best available at the time of the
inspection) and of the various incidents is shown on
the map’’ (see Appendix 5). These coordinates
were 93.596 % 65.955 (Point 17, Figure 2). The
map was not very accurate, but the measurements
were given. It is not clear in what direction their
eastward measurement was made. Probably it was

information

along the side street.

Pace and Smith. Concerning the hypocenters in
Nagas aki, Pace and Smith? stated:

“*Shown in the figure are also the various
the exact location of the hypo-
center, and these may be seen to fall within a
reasonable cluster.  The
located by sighting along fallen trunks
around the periphery of the explosion area, and
plotting the intersection of the cross bearings

obtained by means of a transit. This hypocenter

estimates of
‘*sight center’” was

tree

falls within the zone of highest residual activity.
The Japanese group
University estimated

from Kyushu Imperial
the ‘‘Shinohara center’’
from their residual activity measurements, and

the ‘‘Japanese center’”’ was estimated by a
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Tokyo group from triangulation studies of the
physical damage. These hypocenters also fall
within the area of highest residual activity.”

An attempt is made here to reproduce Pace and
Smith’s map (Appendix 9} though the best copy
available at present is not good. Several points
was located at
the west end of the bridge carrying the road to the
Urakami Cathedral across the little brook **Shimono
Kawa'" just east of the hypocenter area. Since the
method was the same as Nakamura's, discussed
above, it is surprising that the hypocenters should
be so far apart. This illustrates the capriciousness
of the actions of the blast wave.

may be noted. The *'sight center”

The "'sight center”’

“*Shinohara center”

was about 90 m northeast of the
, and the latter was about 45 m
north of the **Japanese center'’. Apparently this
accuracy was considered adequate at that time,

It was not possible to determine coordinates with
any accuracy from this work, but our estimates
are as follows:

“*Sight
Figure 2)

93.653 x

center™’

66.034 (Point 27

**Shinchara center’ 93.618 X 65.988 (Point 28,
Figure 2)
**Japanese center’® 93.592 X 65.946 (Point 29,
Figure 2. Probably Kimura and Tajima’s point)

The errors in our estimates of these figures are of
the order £0.100 (100 vards).

Hubbell,
report? have been subjected to extensive study and
reanalysis, both at ABCC and at ORNL.*
methods have been tried for weighting the different
shadow and for attempting to
eliminate readings which are seriously inconsistent
with the

et al. The data given in Part 1 of this

Various
measurements,

rest of the data, or with other physical
phenomena associated with nuclear bomb bursts,
such as  the size of the fireball. About the only
conclusions one can draw from these studies are
that the data are very inaccurate, probably because

the shadows measured were old (the stones were
weathered before they were measured), and because
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“The statement in a ""Memorandum for the Record' by R. C. Milton at ABCC, dated 11 April 1966 is incorrect.
data which Nagdoka gdave us were recorded in the Appendix to TR 5-66.

All the
The se data came from a memo by Nagaoka and

Tanaka dated 4 May 1960, which is on file at ABCC. The only ''selection’’ made before the calculation wds the
refection of four readings which we believed to be in error for redsons given in the Appendix to TR 5-66.
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the compass and clinometer used were not accurate
enough. One can obtain a hypocenter at almost any
point within a radius of 50 to 75 m from the center
of the **vacant lot in Matsuyama-cho, formerly used
tennis court’, by weighting the points in
various plausible ways, or by throwing out certain
satisfy
physical or statistical criteria.?

as a

points which do not some reasonable
The unweighted
or equal weighted calculation used by ABCC for
T65D doses gives a point on the east side of the
little brook “*Shimonoe Kawa’' which flows just east
of the present Peace Park. The coordinates are
93.656 % (5.960 (Point 30b, Figure 2). Nearly all
other observers gave points which were to the west
of this, so this hypocenter seems very unlikely to
be accurate. A study of the shadow lines which
were plotted in Figure 3 of TR 5-66 indicated one
reason why these data gave an estimate of the
hypocenter so far from all others: There were only
two groups of points to the north of the hypocenter
area, to the south, that if angles
measured at these northern points were in error,
there would be a large error in the east-west
coordinate of the resulting center. The hypocenter
given in TR 5-66 was at 93.044 X 65.927 (Point 30,
Figure 2).

and none 50

The program written by the present
authors to carry out the analysis has been discuss-
ed under *‘Method of Calculation®, both for the
hypocenter and for the HOB. HOB estim ate was
quite sensitive to the exact hypocenter chosen. The
recalculation did not seem to improve on the HOB
given in TR 5-66, namely 500 £9 m. We concluded
that the data contain serious mistakes, particularly

computer

in failing to indicate whether the shadow was form-
ed looking over the top or under the bottom of each
obstruction. We believe any result calculared from

them should be given little weight.

RESULTS AND RECOMMENDED HYPOCENTERS
AND HEIGHTS OF BURST

In attempting to choose the most likely coordinates
for the epicenters from all these sometimes conflict-
ing results, we were faced with a dilemma. We
could combine all the results, with subjectively
chosen weighting factors, into a final estimate
which would seem likely to be much better than any
single estimate. Or alternatively, we could have
used only those estimates for which the original
data were still available so that the epicenter
coordinates could be recalculated as was done by
Milton and Shohoji in setting up the TG65D dose
calculation system. We believe the first method

would yield a more reliable result for the epicenter
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location. Only a rough estimate could be made of
the range within which the coordinates should lie.
The second method produced small estimates of the
errors, but probably less reliable figures for the
coordinates because we mistrust much of the data
on which it is based. We greatly prefer an answer
based on carefully taken data, and feel that using
the results of a considerable number of conscien-
tious observers will give more accurate answers
than using only the results of one or two observers
for reasons discussed earlier as well as the ones

noted in TR 5-GG.

The results discussed here summarized in
Tables 1 and 2 and plotted in Figures 1 and 2.
Also tabulated are the quantities which entered our
The letter

“*A’* beside any number means that we have had to

are

weighting factor discussed already.

assume a value in default of any information in the
original work. Estimates of a specific author are
given by the same number in both cities, so not all
numbers are used in either city. The weighted

average coordinates are as follows:
Hiroshima [5 5
Nagasaki

The recommended hypocenter points are indicated
in the figures. Where there were several different
descriptions of the same hypocenter as determined
by one group of

points, or
based on the same data give different hypocenter
coordinates, included all and averaged
them sometimes with different weights.
The reason is that this is more akin to a historical
problem than to a scientific one:

authors, apparently

several

locating

different where calculations
we have

together,

while there was
but one precise geometrical center at which the
explosion occurred, all we have now is a series of
impressions and approximate data on the effects.
In defaule “ttrue’’ epi-
centers, we combine all available
information in accordance with our judgment of its
reliability and
ways of doing this than the number of people who
will study

of any knowledge of the

can only

and. accuracy, there will be more

the data. Fortunately, the changes in
coordinates, with further analysis, rapidly become
small enough to make negligible changes in the
radiation doses rto survivors at distances beyond
S00 m.

contain larger errors.

Other factors in the dose calcularions may

Since so much of the weighting of the wvarious
estimates rests on subjective judgment, it seems
nearly useless to obtain an estimate of the errors
in the coordinates by ordinary procedures. Any

decision to throw out all but one set of data as

Fe i 1293.626 % 1065.932 HOB MR &k
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was done in setting up the T65D dose calculations,
simply because that set is still available, is just
as subjective a decision.
estimate of the errors,

Therefore, we take as an
the errors of the determina-
tions which we feel are most reliable:

CHERR T A B T kIR,
IJ\ (})A
BhbhaHEROBRES

bkrF - BB EBRME
LEd-T, bhbhdBRLEBETELL

cEOHEME L TIRHAT A

Error Estimates

WmEOHEE

Hypocenter coordinates

e b o B A I B

Hiroshima £0.016 (16 yards or 15 m)

Nagasaki £0,025 (25 vards or 23 m)

i
HOB o m b
&

Nagasaki t10m

B i

Hiroshima £ 15 m

For the same reason, it is useless to attempt to
compute separate error estimates for the X and Y
coordinates.

It may also be noted that the standard deviations
have computed for
that
‘*standard deviations
This was used because it to be more
comparable with either the range of errors stated by

we individual sets of data,
possible, are what is called
single observation.”’

seemed

where was

of a

the original authors, or with the error estimated from
results for which the data were not available. The
corresponding coordinates used for the T65D dose
estimates were:

Hiroshima 55
Nagasaki &l
The differences in Hiroshima (15 m between

epicenters) do not seem to us sufficient to warrant
any dose recalculations. In Nagasaki, however,
the T65D coordinates were chosen on the basis of
a calculation from one set of data which we feel
could contain serious errors. That hypocenter is
well outside the region where most other estimates
of the hypocenter fall, and is unlikely to be close
to the “‘best’” point. Qur epicenter point and the
T65D point are about 35 m apart, so a recalculation
of doses would seem to be justified in Nagasaki,
since such a difference would make a change in
estimated dose of the order of about 10% at 1000 m
from the hypocenter, and even more change closer
to the hypocenter.! In correlating medical effects
this could be magnified to 20% when comparing
cases in opposite directions with

respect to

the hypocenter.
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TABLE 7 ALTERNATIVE COMBINED EPICENTER COORDINATE ESTIMATES, HIROSHIMA

£7 BOBAHELES FRALE, LS
Combines
” Points in New New
Estimate Table 1 Hypos:cmer Weight HOB Weight Designation
#E  Numbered Coordinates Loy fEREo WL REFS
Bhshrz) RLREE mER  mE WEE
o B X; ¥y ug* (m) ule®
% %
HA 1
HB 2 44,200 61,800 0.0203 550 0.0281 Kure &
HC 3 44,200 61,800 0.,0203 350 0.0010 Arakatsu it 4%
HD 4 44,290 61,700 0.0572 370 0,6332 Watanabe et al Fi- 1NN
HE ‘15;315,2\:.,12, 44,301 61,722 30,3799 580  55.9526 Kimuta & Tajima AHBEEUVHS
ib, 24
HEF  7,7b,7¢,7d  44.388 61.621 3.6416 576 2.7389 Kanai i
HG 10 44,280 61,690 0.077 570 0.6332 Tanaka e
HH 11, 15 44,273 6l.740 0.6934 549 0.1013 Manhattan
HI 13 44,300 61.685 0,3082 609 0.1013 British JEE
HJ 14 44,300 61.750 0.3082 353 01013 Qughterson & Warren
HK 16, 16b 44,250  61.700 3.5945 608 0.5058 USSBS
HL L7 44,340 61.680 1.9262. US Navy il &
HM 18 44,307 06l.713 21.4783 600 1.2602 TR 12-39 Parc 2 TRIZ- 593 2 i
HN 20 44,250 61,770 0.1195 ABCC Wright & Brewer
HO 21 44,330 61,730 2.4378 570 0.8014 Nagaoka 1953 & 8] 1953 4
HP 22,22b,22c  44.281 6l.696 34.9376 585 14.6658 TR 12-59 Pant 1 TRIZ- 59 & 1 40
HQ 23 575 22,4585 Fuse B
Alternative Estimates
) o HE T il
X Y HOB
44,298 61.706 579.6
Variances 7 i 0.0059  0.0056 2.0

(Land)

*Only the first one or two digits are significant. N1 26 OSHFHETH S,

ALTERNATIVE CALCULATION
CENTERS AND HEIGHTS OF BURST

OF HYPO-

The first author discussed this paper with several
ABCC 1968.
expressed dissatisfaction with the tabulations as
given in Tables 1 and 2, because several different
estimates

statisticians at in February Some

are given for the epicenter coordinates
derived from the same sets of observations (see
Appendix 1). Tables 7 and 8 were
calculated to give the single combined estimate of
The
weight w; for each combined estimate is simply the
sum of the individual weights given in Tables 1
and 2.

therefore

the coordinates from each observer's data.

BOsLUERASEICRYT 25 0EEE

19681 2 H, FUAEHFLABCC isn THADKIFE
EAHG MY AMEA T o, MUBEREE S K
foRy 2 FRGEREEMAHNTEOT, £
FHElIbLIUR2OBRH S LTS ERL 2 (A
g1BM) LAd-7T, FHEEILORBIZLLE
ErBaLT—oofElLLTEbT LB, £#7 8
rUrRgoHESTE bR, BESHEHEOINER
wilk, Bl IUE2 R s h - BEMEBOAFITE
A,
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TABLE 8 ALTERNATIVE COMBINED EP ICENTER COORDINATE ESTIMATES, NAGASAKI

#8 BOBAEERCE T BB AR, R
) (;;corr;:ti:e; HypOCEnter N._ew New
Estimate Table 2 Coordinates \I-'t:Lght HOB Wf_:ight Designation
HEGE Numbered 1L Bl fE ¥JEL_ L g LW B4 Fh
Eaahitk A o pill ﬂ}flé
2 tho BLH 4 R Iy Ui eter  ujt
7o %
NA 4 93.610 65.920 0.0546 490 0.7530 Watanabe er al M &
NB 5, 5b,5¢,29  93.606 635.923 61.0263 490 4,3470 Kimura & Tajima AH &k UHER
NC 10 93.638 65.942 2.3033 490 1.7019 Tanaka e
ND 13 533 0,2711 British FEEM
NE 16 93.630 65.910 6.36%6 518 6.7831 USSBS
NF 17 93.596 65.955 6.3696 1S Navy HoiwE
NG 20 93.610 £5.920 0.0646 490 1.0843 Wright ABCC
NH ;}’,dzlb,Zlc, 93.674 65.939 10,2052 504 21.0609 MNagaoka 1961 £ [ 1961
NI 23 503 60,3040 Fuse Setting IR T
NJ 25a, 25b 93.662 65.826 0.6832 545 0.7349  Nakamura iRl
MK 26 93,590 £5.900 0.3435 Masuda er al HH 5
NL 27 93.653 66.034 0,1148 Sight Center R L ksl
NM 28 93.618  65.988 0.1148 Shinohara IR
NN 30,30b,30c  93.651 65.952 12,1988 502+ 7 2.9597 TR 5-66
NO 32 93.640 65.950 0.1518 Warren
Alternative Estimates
B 0 8 E i
X Y HOB
93.621 .635.929 503.6
Variances % 0.013  0.0026 1.6

(Land)

*QOnly the first one or two digits are significant. /MO 2K OHHFHETH 5.

It was also felt by these statisticians that it was
more desirable to use wiz as a weighting factor
rather than w;, because in a few cases the error
estimate ¢ was computed by equation (5) and is a
standard deviation. In many of the cases we did
not have the original data and could only guess at
an error figure. (l/wi) does represent our guess at
the relative error of each estimate of the epicenter
coordinates, but note that to obtain w; by equation
(7), o is multiplied by two factors which could be
determined only subjectively, in all but one or two
cases, and the W, are therefore essentially arbitrary.
They could just as well have been chosen so that
each w; value was numerically the square root of
the value in Table 1 or 2. Squaring these would
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give the weight numbers in Tables 1 and 2, but now
these would be Dr. Land’s weight factors U,
except for normalization so their sum is unity. So
we do not see why squaring our weight factors as
originally given endows them with the statistical
significance of vadances.

However, to satisfy this request, we have calculat-

ed new weight factors u; for hypocenter coordinates
7 :

and u ; for heights of burst;

and similarly for “’i‘ The u; and u'i are thus
normalized so that their sum is unity. The values
of u; and "‘)‘1 are also given in Tables 7 and 8.
Using these, we have calculated new estimates
for the epicenter coordinates. What this process
essentially does is to reject, or at least make
negligible the effect on the final estimates of all
but the two or three estimates with the highest
weight. We do not think this is a wise or justifiable
procedure; however, the argument is academic
because the new estimates of the final epicenter
coordinates differ very little from the recommended
values. Dr. Land suggested this procedure, and
we are indebted to him for this discussion.

Following Dr. Land’s suggestion further, we also
calculated in each case the quantity he defines as
the **Variance of the estimate’ of the coordinate,
as explained in his letter.
Tables 7 and 8.

These are given in

As a macter of interest, we have listed in Table 9
several estimates of the epicenter coordinates,
including those derived according to the immediate-
Iy preceding discussion. It is again evident that
the TG5D hypocenter coordinates for Nagasaki differ
significantly from all other estimates which have
been used by ABCC. We think the method used to
obtain the TG65D hypocenter coordinates for
Nagasaki was unjustified and should be corrected.
The arguments for this, both physical and scatistical
are givenat length in References 2, 25, and 26.

SUMMARY

The location of the epicenters or burst points of
the atomic bombs of ¢ and 9 August 1945, are
among the primary data used to determine the
radiation doses estimated for survivors. These
doses are being correlated with medical effects by
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TABLE 9 VARIOUS EPICENTER COORDINATE ESTIMATES, HIROSHIMA & NAGASAKI

#9 HMafHOEEofEE, L5 B
Hypocenter
Source Coordinates HOB
i 0 Mo B Fe B 510D AR IE
X Y
HIROSHIMA 55
0ld ABCC (Wright) HVABCCRH (Wright) ,.caiiai. 44,250 61.770 5807'm

T57D (Woodbury & Mizuki)
T65D (Milton & Shohoji)
TR 12-59 (Arakawa)

Qur Recommended Values

Alternative (Land) Calculation

NAGASAKI E#f
Ts7D 0ld ABCC
T65D (Milton & Shohoji)
TR 5-66 (Hubbell et al)

Our Recommended Values

AEE S DIREM
Ao FEZ (Land)

TS7TD (Woodburyd 2 UFRAR) il
TESD ( Miltonds & UFIEEHL) ........

T57D v ABCCHe
T65D (Miltondr & BB ...,
TR5— 66 (Hubbells )
HEE 6 OEREIN

Alternative (Land) Calculation SI@ 8 EE (Land)

44.310  61.720 580
44,285 61.697 376
44,281 6l.0%96 606
44,298  61.707 580

................. 44.298 61.706 579.6
.................. 93,610 65.920 490
93.656  63.960 507
................. 93.644 65.927 500
................. 93.626  65.932 504
................. 93.621 65.929 503.6

ABCC in About 25
reports from 1945-68, and many old maps have been
restudied in an effort to find the best estimates of
the coordinates and heights of the epicenters. All
original data which were found and which had not
previously been published by ABCC are recorded

Hiroshima and Nagasaki.

in this report. Parts of several reports on the
subject which are difficult to obtain are also
reproduced. Original data were recalculated

where possible, and all the estimates are combined
to get weighted averages of the coordinates. In
this report the recommended coordinates in terms of
the 11.S. Army Maps of Hiroshima and Nagasaki
Series AMS 1.902, No. 138449 Hiroshima 1946, and
No. 138353 Nagasaki 1945 are as follows:

Hiroshima 5 &

Nagasaki

The error in each of the coordinates in Hiroshima
is estimated as t 15 m. For Nagasaki, the errors
in the hypocenter coordinates are estimated as *
23 m, and T 10 m in the height of burst.

For Hiroshima, the recommended epicenter is
within about 15 m of the point used for the T65D
dose calculations, so no recalculation of doses is
desirable. For Nagasaki, the recommended epi-
center is about 35 m from that used for T65D, so a
recalculation of Nagasaki

survivors doses is

recommended.

744.298 x1261.707, Height of burst FERH 0 &E

E# 1293.626%1065.932, Height of burst fEH sid &E

45

BHHENTVE, BASAOEESLUVEEORD L wHE
fAERO D0, 1945F L0 1968 £ TOMICAFL L
s nWEBE LU ELOFH Iz DV THRE M
HEashETSTOEBRT, 4% TABCC It &
STHBsATwEvEOLZoREFCMNEELTY
2., FAFEPAFTEL Y MEBORER IIonTIE
FECHET A DAL 2. RSB AL, B
BROB\HESITL Y, TNTOMEMEBS L THEHE
OMEFHHE 2RO 2. ESEIURFIIMT 5 KERE
EIFAMS 1902 138449 & (1K B 1946 € ) & & (F 138353 &
(REF 105 ) ICR T FHREOEFIIR LBITHS

i o

580m
504m
R s 2HEOREIIAT A In&feEash, B

B OBROHEROBRE L +23m T, FHOAOSE TS
Eipt10m b HEEAT LS,

ZOETIREL ZIEE O R SUE, 196551 E HEE A R
(TesD) A SR8 0D IZIELmEATS 3207, &

BROBHFEOLEIEVEELL,. LAL, REOHE
FRE AL, 195 EHERRI IHWSAZLO LD G

FsmEERLTHUA0T, AMO#BEORREHIHES
B EERIET S



1o.

13 (2

12.

13.

14.

15.

REFERENCES
BEXH

ARAKAWA ET, NAGAOKA §, et al: Determination
of the burst point and hypocenter of the atomic bomb
in Hiroshima. ABCC TR 12-59

HUBBELL HH JR, ARAKAWA ET, et al: The epi-
center of the atomic bombs, 1. An estimate based on
thermal ray shadows, N agasaki. ABCC TR 5-66

GLASSTONE S(ed): The Effects of Nuclear Weapons.
US Atomic Energy Commission (revised ed 1952,
reprinted 1964). pp 31-5

PACE N, SMITH RE: Measurement of the residual
radiation intensity at the Hiroshima and Nagasaki
atomic bomb sites., S Naval Medical Research
Institute, NMRI-160A, 16 April 1946; ABCC TR 26-
59 (The relevant pages and figures are included
herein as Appendix 9)

US STRATEGIC BOMBING SURVEY, PHYSICAL
DAMAGE DIVISION: The Effect of the Atomic Bomb
in Hiroshima, japan. Washington DC, US Gov Print
Off, 1947

VARLEY N: Physical damage, Hiroshima, Japan.
Vol. 1. USAEC W0-172 ;i
COUGHTERSON AW, WARREN S: Medical Effects of
the Atomic Bomb in Japan. National Nuclear Energy
Series, New York, McGraw Hill, 1956

MANHATTAN ENGINEER DISTRICT: The atomic
bombing of Hiroshima and Nagasaki. (1945?). Oak
Ridge National Laboratory Library

QUGHTERSON AW, BARNETT HL, et al: Medical
Effects of Atomic Bombs. The Report of the Joint
Commission for the Investigation of the Effects of
the Atomic Bombs in Japan. Vols 1-6. USAEC NP-
3036 through NP 3041, 1951 (This was apparently
the  preliminary report and source material for
Reference 7)

(NAKAMURA K: Report on investigation of atomic
bomb casualty in WNagasaki City. In Collection of
Investigation Reports on Atomic Bomb Disaster. Ed by
Commitcee  for the Publication of Investigation
Repores on Atomic Bomb Disaster, Japan Science
Council. Tokyo, Japan Science Promotion Society,
1953. Vol 1, pp 177-83 (Included herein as Appendix
3]

(FUJIWARA T, TAKEYAMA H: Residual radiation
around Hiroshima City. Ibid. pp 75-83)

(KURE NAVAL STATION: Investigation of aromic
bomb attack on Hiroshima, Ibid. pp 413-2 3)

{ARAKATSU B: Report of radiclogical investigation
of Hiroshima City conducted for several days after
the explosion. Ibid. pp 5-11)

(WATANABE T, YAMASAKI M, et al: Geological
study of damage caused by atomic bomb. Ibid.
pp 143-38)

(KIMURA K, TAJIMA E: Location of atomic bomb
explosion and size of fireball. Ibid. pp 83-8)
(Included herein as Appendix 2)

46

RSBz 2 FRMoRRGE & B LERokE)

(ETIRM OB S, MBS MB I RS ClEw, B

(HERHOR)

(m%ntﬁﬁﬁmﬂ%ﬁw&ﬁm BT A
DI EDWE) (G BIREACHIEARE
L)

‘9’: 53] ?f( fﬁ HE
DfFERg Iz

CIRES 12 8 U8 & I B o a3 )

(B Iz & A EERNH S )

(H AT 55 o B F )

(LB s £ U RGO BT BB T)

(B FmMoREFMER) GE ZhEms o BEE T
DTETHIEEHLEHN L)

ORI ¢ RSl T RE R I . iR
El%]'ff?[i“‘iE H A= 5 il 2 il o - s o e R A T 4
FHEM. Mm, A& 'r—ﬂr{h‘ﬁ_., 19534, & 1 51,
pp177=83 (i gk 6 & L THFEMBIZEML L)

BEIGLE R, Tl
2w, [E,

A 07 B R B e
pp7h—83

SESFR L RETIC s AR M AR (-
M) Wk, pp 413-23

TS MmO MICT R 2 A
HECET AHE. B L,

A LB o B e
pphH —11

HUE S, LEES, 124 U R W i 12 &

LS H &

AlEFHEEEDOME s LG RENEE, [,
pp 143 - 58

AT —ih, HEEB = R TR OB G s LU AR
Faa, ALk, pp83-8 (iF:ftgke &L THFRELE
it L)



6.

17,

18.

19.

20.

21.

22,

23.

24.

25.

26.

Japanese films of Hiroshima and Nagas aki, edited
with English sound track by s Air Force: 16 mm,
19 reels, G-783-1, USAF 17679 (See especially reels
R2, R3, R4, R5, R13, R14, R15, R1s)

PENNEY WG, SAMUELS DEJ, SCORGIE GC: The
nuclear explosive yields at Hiroshima and Nagasaki.

Roy Soc Lond Phil Trans A266:357-424. 1970

(KANAI K: Epicenter of atomic bomb in Hiroshima. In
Collection of Investigation Reports on Atomic Bomb

Disaster. Ed by Committee for the Publication of
Investigation Reports on  Atomic Bomb Disaster,
Japan Science Council. Tokyo, Japan Science
Promotion Seciety, 1953. Vol 1, pp 92-8) (see Append ix
3)

TANAKA Y: Preliminary report on destructive

effects of A-bombs with one photo album, 10 March
1946, Draft in Oak Ridge National Laboratory Files,
CF 46-3-503

US NAVY, BUREAU OF YARDS AND DOCKS:
Report of the Bureaw of Yards and Docks, Mission to
Japan 1945. Part 3. Sec 1. [ncidents in Hiroshima
{The relevant pages included herein as Appendix %)

(MASUDA T, SAKATA T, NAKANE R: Radiation due
to the atomic bomb in Nagasaki and adjacent areas.
In Collection of Investigation Reports on Atomic
Bomb Disaster. Ed by Committee for the Publication
of Investigation Reports on Atomic Bomb Disaster,
Japan Science Council. Tokye, Japan Science
Promotion Seciety, 1953. Vol 1, pp 38-40) (Included
herein as Appendix 7)

TYBOUT RA: Radiation in Hiroshima and Nagasaki.
USAEC WO-170, 1946, Sec B

US STRATEGIC BOMBING SURVEY, PHYSICAL
DAMAGE DIVISION: The Effects of the Atomic
Bomb on Nagasaki, Japan. Washington DC. US Gov
Print Off, 1947. Vols 1-3 (The relevant parts in-
cluded herein as Appendix 8)

US NAVY, BUREAU OF YARDS AND DOCKS: Report
of the Bureau of Yards and Docks, Mission to Japan
1945. Part 4. Incidents in Nagasaki (see Appendix
5)

UEDA §: Nagasaki hypocenter computation. Memo-
randum to HH Hubbell, 3 July 1960. ABCC Depart-
ment of Statistics Files

UEDA S Nagasaki hypocenter determination.
Memorandum to HH Hubbell, 17 August 1950. ABCC
Department of Statistics Files

47

(H A& ADEE L 2R ES £ O o )
($$12k® ) — % K &, R2,R3,R4.R5,RI13, R14, RIS,
R16)

(M3 & U B 1 350 A i oo g fi )

G50 | < SO T R e B B o R B 1L
AN, HBAdis
TEASH. dal, H&
pp92—8 (iE: 83 &

I TR
e S I51 O S A A S T
REE, 1953, ® 19,
20 )

(EBOBIEMRBE T 2 PROMES L USR] ,
19464F 3 H10H )

(IS I A TGRS h 2B - Fa
I&E, F1E, EEORR) Gk
e LTHRLA)

7IHOBE. 6
MEEArE AR ED

HAOTHES, WM RHE, PR R
(ES ol i s o 1 R, 1 R e S R
g RS aRE RN ERSERNTEA S
.8, HAFATEELE, 19537, 1 4,
pp38—d0 (3 : &7 & LOARHEBIZHENLE)

ol & L UFE O R

(EEH LU ERIZ &I 3 BE &)

[ Eedp iz &1t & 57 HR o
gloR L&)

D) (R S A RSO 8

(194588 12 H Al & R 2 & fier -
= 5

485, RIGSOMET(HEEs B

Fo s lmafd,

{H i o B Lo Hboon B )

[ Bl HE LMo hE )



APPENDIX 1 :

LETTER FROM DR. CHARLES LAND OF ABCC ON AN ALTERNATIVE METHOD

OF COMBINING THE EPICENTER ESTIMATES

18 |  BAaERLAHTABE #5550 AXEICET 2 ABCCOH Dr.Charles Land® F i

17 February 1968
Dear Dr. Hubbell,

Since the meeting vesterday morning [ have been
thinking, off and on, about a way of expressing
your estimation scheme in an *‘orthodox’ statistical
manner. [ think I have one that is defensible on
statistical grounds, and with your permission [
propose to write up the method and do the calcula-
tions when [ return to ABCC, perhaps for an ABCC
footnote to your report.

Briefly, the method is as follows:

(1) It bothers me to think of the w;’s as inverse
standard deviations, and 1 seem to recall that ypu
mentioned that you didn't really think of them in
this way either. 1 think that 1/w; would more
properly be termed an expression of relative error.
That is, if xp is considered to be twice as accurate
as xj, then 'L/wl =1/2 % l/wz. All the w;’s could
be multiplied by the same constant, and it wouldn’t
make any difference. We might say, rather, that an
unknown constant, ¢, exists such that the standard
deviation of x; is g/w, etc., or in terms of variances,
the variance of X s ()‘zf’wlz. The nice thing about
this is that 02 can be estimated as a by-product of
the procedure for getting a weighted estimate of x,
and thus we will have estimated variances for each
of the separate estimates, and more important, a
variance estimate for the final estimate.

(2) As I mentioned on Friday, I'd prefer to geta
separate estimate for each set of data, by raking
averages of all the equally plausible calculations
from the data.

(3) Given that (1) and (2) are followed, the custom-
ary estimate would be

W
Ii

and the estimated variance of this estimate is

19684 2 H 17 H

OH

WHOESOS2HLE VWA E LS LOHEMEETE
Ha, MAFMPEELL2TEBET I FHELIODVWTEZ
L. —Io, #SAaAFHvEro BB TE S —FaitE
LAMT, ABCCARIEDEETOHFEEIERL, ThC
FEICHEETRE-T, TRFBEB-LELTEEZOHE
#AOABCCHIIE LT TEMHALE EELTET

P

FOHBEIMBE RO LI BLOTH.

(1) Ahid, w2 iRdERBEL EL S L L EBEE L
THEY, FLELLTHELREZALSIILEELT
W EnbRAEIICHREL T ES, HFl/ w4
MR EDEREFAZEI ALV BOES. th b
L A, D 2L EMTHEEEEZ G /v, =1/2
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There is a good reason for using x. Letuj, ..., u,
be an arbitrary system of weights, and define
o .

x= zuixi, where we assume Zui = 1. The varance

L
of ¥ is

Var Gz) ZEUZ‘ \Tar();i) = Luzl

i
where 02 is an unknown constant.

that each of
produce the estimate xy, ..

If we assume the methods used to

-, X, were unbiased (and
if we don’t we should be able to say something
- . ~y -
about this bias), the accuracy of X as an estimate
of the true coordinate is expressed by its variance.

We should, if possible, select the weights uq, ...,

R
u to minimize Var (x).

Using calculus and a Lagrange multiplier, we have

d

Qs

b

xEHOWBEZ LIZOoVWTRERDSIELEMEA XED £, u,
cUunEFREAEEAOIMEM S L,

F. ARLZOBASy=1LRELET.

x=3u;¥ ERLEF

L, cfdkmMOEHTEY £,

HEE S, -, ne ot luiaFEdistlato
THVERETHIE (LLEIRELE A -LLELTY
SO EN IO TIZEMTE L), EoMEEERE L
LTOXORERIOSHEoTRbERET.
AESH(X) B 2T 2 Effug, - unk BET N E

ThHNET.

TX

4y & &£ F Lagrange m ik & FH v g,

[Var () + A (Su; - D=0,

(;}T[Var (x) + )L-(Eui =1y =0

so that

(1) 2u; . _1

(2) Zu;=1.

e 4
This gives u; =

o

; S, & e
, and it does minimize Yar x.

Charles Land

49

w% ~
TRy T uy = s OXAESN, ZhiE Varx %
B ET it

Charles Land



APPENDIX 2 :
f14% 2 :

Keazubary Kimura, Research

Assistant

LOCATION OF A-BOMB EXPLOSION AND SITE OF FIREBALL!®
ETBRBOBEES S UNEOAE 1D

and Eizo Tajima, Assistant, Physical and

Chemical Researcl Institute

BEAEEr s RIEFZRE

The location of the A-bomb explosions in Hiroshima
and Nagasaki were roughly determined immediately
after the bombs.
upon the following factors:

These determinations were based

Trees had been toppled by the blast in all

directions away from the center of the explosion;
In Hiroshima, both railings of many bridges
toppled in one direction, but the railings of the
Motoyasu Bridge toppled in opposite directions.

Therefore, it was surmised that the hypocenter
must have been on a line extended from the
bridge;

According to a report made by an army anti-

aircraft unit which was making observations at
the time, the altitude of
550 m.

the bomb was about

In order to accurately determine these values and
the diameter of the fireball, that is, the size of the
bomb the instanct it exploded for it had considerable
incendiary power, an on-the-spot study was made.
The resules are given hereunder.

First, to avoid confusion, definitions were made
for the following terms:
where

Epicenter - point in midair
the bomb exploded; Hypocenter - point on
ground directly underthe epicenter.

the time of
lumber, induced
and exfoliated

bombs at
scorched and burned

Radiant rays released by
explosion
changes on surfaces of concrete,
If there were

their shadows remain.

the surface of granite. objects to
shield these Thus the
hypocenter can be located on lines extended from

rays,
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Location of atomic bomb explosion and size of fireball.
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the boundary line of the shadow. WVarious localities
were visited to obtain such data and determine the
direction of the hypocenter. These data are entered
on a map and lines extended from these shadows
converge at one point. This is the hypocenter.

The direction is determined by sticking two sewing
needles along the boundary line and taking a sight.
A suitable object is obtained along this sight line.
However, actually speaking the boundary lines of
shadows are not and spread out
When the bomb exploded,
size fireball which had incendiary
power spread out producing the halftone shadows.
Therefore,
pole-like

the
considerably.
siderably large

very clear

a con-

in order to rule out such inaccuracies,

objects were selected and direction
determined by setting boundary lines along the area
with the same extent of scorches and burns on both
sides of the object. Then

determined by the average

the hypocenter was
values. Furthermore,
when using this method, more accurate data can be
obtained from objects closer to the hypocenter than
from In studies at

objects close to the hypocenter were

those comparatively distant.
Hiroshima,
used in most cases. However, in Nagasaki no
objects close to the hypocenter were available so
we were forced to use distant objects. Therefore,
case is not high. The

objects used are as follows (distances from the

accuracy in the latter

hypocenter are given within the brackets):

Hiroshima

1. Right-most stone lantern in front of Gokoku
Shrine (350 m);

2. Lion Statue in front of above shrine (350 m);

3. Fence of above shrine (350 m);

4. Window on top floor of Chamber of Commerce
and Industry Building;

5. Stone foundation of Sino-Japanese War
Monument (232 m);

6. Others.

Nagasaki

1. Monument for War Deceased at foor of

Urakami Cathedral (450 m );

2. Monument in front of Cathedral (450 m});

3. Window frame of Attached Hospital, Nagasaki
Medical College (650 m);

4. Policebox in front of Ibinokuchi
stop (1470 m).

streetcar

The following results were obtained from these data:

The hypocenter in Hiroshima was 19 Saiku-machi.
In other words, about 125 m south of the Gokoku
streetcar stop and about 25 m southeast
the Shima

Shrine

of the main entrance of Hospital

(Illustration 1).
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The hypocenter in Nagasaki was 40 m east and
70 m south of the intersection at the road leading
up to the Urakami Cathedral in Matsuyama-cho. In
other

words, approximately in the center of a

vacant lot used for a tennis court ([llustration 2}.
From the state of the dispersed directional lines
on the maps, it is believed that the average error in
Hiroshima 1s within a radius of about 15
about 30 m in Nagasaki.

m and

The angles of incidence of radiant rays are deter-
mined from the shadows of eaves produced on the
walls behind and the shadows of ladder rungs on
the sides of chimneys. Then, the height of the
epicenter was determined by the angle of incidence
and the distance from the hypocenter.

Suitable objects available the
hypocenter and when the angle of incidence was
near 900?

were  not near

efrors in

angular measurements are
greatly affected. Therefore, values obtained from
distant studies were used. The results are as

given in Tables 2 and 3. In Hiroshima the height
was 577 £20 m and 490 £25 m in Nagasaki.

-
.

Next, the size of the fireball was determined by
the spread out area of the halfrone shadows and the
distances the hypocenter.
make  further studies to determine
whether these values give the radius or the dia-
meter of the ball.

from However, it is

necessary to

Immediately after the explosion of the bomb when
the fireball is still
extremely and
greater

small, if
the incendiary power much
the fireball had expanded,
angle of the half scorched and burnt area
will correspond with the radius of the fireball. The
location of the center of the fireball should be on
the extended line which forms the boundary between
the scorched and burnt areas and the hali scorched
and burnt areas. This is because about half of the
area burnt after the fireball expanded will include
areas already burnt once and it is believed that the
additional

its temperature is
high
than

after the

visual

burning will not make this area any

darker (Illustration 3-A wo! included here).

On the other hand, if the integrated incendiary
power of the fireball immediately after the explosion
is smaller when compared to the power after the
fireball halftone
shadow will correspond to the diameter (Illustration
3-B not included here).

has expanded, the spread out

In order to determine whether it was the former or
latter case,
Bureau are cited.

the studies made at the Postal Savings

In this case, the shadows of the
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upper and lower ledges of a level window frame
were left on a wall. The boundary lines between
the main shadow and halftone shadow of the upper
ledge were coded A and B, and those of the lower
ledge C and D. The dip angles of A, B, C and D
will be GA’ GB’ 9(:, 91—). The values
angles are indicatedin Table 1.

for these

BrUEEEOBEREEsRk A, B, &L FEOEELC,
D,&+%.A,B,C,D,0ERtAER~g, 6, 0.0,
LAnE, ZEOMEE 1 ROBRIC tlaliraﬂlf-.

TABLE 1 SHADOWS AT POSTAL SAVINGS BUREAU
#Hl1k ITadEoR

o4 g 0.-0 ! a

A B -9a %09 g Op  Opb. uOH9p
Window & 1 51% & e % ootidr St mbawr Puwe mtise
Window % 2 2150 2439 L d9 23 4 2058 2328 230 22 13
Average 21 16 24 5 2 49 22 40 21 23 25 2 22 22 14
F

In the former case, the following formula would be

in effect, GA B GD, in other words, A//D.

On the other hand, in the latter case, the following
f(jrmll}a would be in effect, GA = GC(A;’;’C} (9]3 = GD,
Y% (B4 + 0g) =% (B + Op). The above table,
therefore, proves the latter case to be correct.
However, the shadows on both sides of the object
providing shielding, show a slight tendency to draw
closer to each other, in other words,

The degree of darkening is not in proportion to the
integral energy of rays and the main burnt area may
be considered as having already exceeded the
Therefore, it is believed that
the visual angle of the measured halftone shadow

permissible limit.

GB - HA or 99 — O, must give a value slightly
smaller than the diameter of the fireball.

The value obtained for the former case was 77 m
and 99 m for the latter. Therefore, for objects from
which only one halftone shadow could be obtained,
it would be necessary to provide the following
corrections, 99/77 = 1.28 times.

can also be applied to Nagasaki.

This correction

The results obtained from such observations are as
shown in Tables 2 and 3. It is believed that the
diameters of the fireballs of the A-bombs dropped
on both Hiroshima and Nagasaki were about 100 m.

Before ending this report, we wish to express our
appreciations to the Japan Science Council for the
assistance extended in the preparation of this report.
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54,
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TABLE 2 HIROSHIMA
Hk BB
Distance Material on Height of Diameter
Place of Observation from Object which shadow E SrEnEY of
B 5 38 Hypocenter ) was left Pleentet:  tireball
e SRy ] okt a BEOSE KBORE
Lot &y
Chugoku Power Distribution Co. (Ko-machi) 730 m Window frame of dome on Wood 560 m
AE B AR S (1 H]) top of roof # 585
BLiF—-soEhok
Chugoku Power Distribution Co. (Ko-machi) 730 Post of shrine on top of Wood =
o [E A @ bk 2 24k (AT roof A
BREIs2punknil
Chugoku Power Distribution Co. (Ko-machi) 730 Same as above Wood 581
REACE B S H (BT BECHZEEODEOE FS 571
Communications Bureau (Higashi Hakushima) 1350 Past o air raid shelier Wood 504
Bk (P ENT) on top of roof E 589
B EoBEgo s 540
Fostal Savings Bureau ( 2-chome, Senda-machi) 1600 Shadow of window {rame Texture -
FeEER (FHEr2 H) OB Ty B
Trust Asseciation (Enko-bashi) 1860 Air raid shelter on roof Wood 599
EIBHLE () B LB A G
Average STT* 78, corrected
T 8 value #iiEf 100
Gokoku Shrine 350 Stone lantern Granite 550
8 [ 5 4 L 1EiE 546
Gokoku Shrine 350 Lion statue Granite 517
] 18 41 FRF A EEARIE 493
Gokoku Shrine 350 Shrine fence Granite - 70
6 6] 410 1 £ f8 {Ei 51
Sino-J apanes e War Monument 230 Foundation stone Granite 525
El i T % WA 12 1 452
630
Average i 556%
*1t was finally decided to adopt 577 m for the beight, SMEOREMNERE L TR ST m O B2 EBT S,
TABLE 3 NAGASAKI
B3E R
Distance Material on Waishi ek Diameter
Place of Observation from Object which shadow E & of
. 5 T picenter . :
AT Hypocenter % was left fireball
Wb 5 o0 BEE WOERTVE BEOEEs  KHOER
o B
Artached Hospiral Nagasaki University 650 m Window frame Concrete - 80
e 5 B & o# LR i
Attached Hospital Nagasaki University 630 Shadow of eaves Concrete 485
52 oA B I ) 2 Ty OER
Urakami Cathedral 450 Monument for war deceased Andesite - 6l
H T e A ik =)
Mitsubishi Ordnance Factory 1400 Rungs of ladder for Paint on 515
CEEn T chimney steel plate 515 A Average 1y
RO BT Ot B LogRoge 472 (497,492
1/
Mitsubishi Steel Works Research Section 1150 Shadow of rungs of Conerete
= s R o iron ladder 2y o= OER

Pebh T o RO R
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APPENDIX 3 :
423

EPICENTER OF A-BOMB IN HIROSHIMA LS
LEBI-s2EFEREOE LM

Kiyoshi Kanai , Eartbquak.e Research Institute, Tokyo University

/-kuj

[ visited the A-bombed cities of Hiroshima and
Nagasaki from 17 October to 11 November 1945 and
conducted detailed study on materials necessary
for the estimation of the location of the epicenter
which should be the basis of study and investiga-

tions on the A-bomb explosion.

To determine the epicenter, the following investi-

gation was conducted on as

structures as possible.

many remaining
In other words, the border
between parts burned or singed by thermal heat and
the parts shielded by some objects were investigated
and the point of intersection of the plane formed by
these borders and edges of shielding objects was
obtained to determine the epicenter.

As the A-bomb exploded over the center of Hiroshima
City, several scores of remaining structures such
as buildings, and walls
within the radius of 1000 m from the hypocenter.
Detailed investigation showed 37 places to have
well-defined border lines caused by
In Figure 1 which is a map of

bridges, were available

thermal heat.
Hiroshima City,
circles have been enrered to indicate the locations
of buildings investigated and the numbers are the
numbers of buildings shown in Table 1. Of the
37 places 7 typical ones were selected and their

photographs are shown in Figures 2-8 (not included

here}. Brief description of each photograph is
given below. House numbers in parentheses
correspond  with the numbers of structures in

Figure 1 and Table 1.

Figure 2, Sanwa Bank(1), shows the shadow remain-
ing on the steps at the base of a concrete parapet on
the west side of the roof.
from

The epicenter calculated
this shadow was at an angle of 84°42" and the
direction was S 83° W.

Figure 3, Chiyoda Building (7), shows the shadow
made by a tower on the ornamerntal tile roof of the

i B B 9

&= # i

BEFI20E10H 170 2 5 11H 110 £ TOR, [KE, REFO
BT etz R L, BRSO MRS
EMEATORML L 2N SROOE LR L EHE

mEIcIEEL £

BEeDOHEE I, PR BN BRI E A BRI A M & R
WTHMSOMBI L RS EOBRGYy, TELLTE
COBTFL ARSI oL TEEL, FOBERM S S

Wogige 2 EUEORMAERD 3 HEIZL-

LETHOBEE, RLBAlEHbOPLETH- DT,
B A 5 PR 1 knlAp o Bl o B+ 0 BR AR R RS A, D
b, Y, RS, MEA A0, ThSEREL S &HDH
LIt Huiil, 8ot L8Rl &

NEE - TV AEREITT RN
Mok EfomBEo b, O EEAEL 2 EEHoE
BT, #FE8 1l E0BRBEWOHFSI 374D
FORENLZLOTFITOBERSE2~8B (22212
L AW IZRL, ZhLSDERERD—-
MuAHHWEMA S, EMboFMAOFRIZE 1IME

Vgl ZRPOBRBEWOESIZH

aoekdrai Bl

Hil2 5,

= 2 DAA T

TooTTlad,

2 =AET

FEE I R,

HES 83" W k& A,

= LTy by r Y —

DA SHEEO XY AT B Y R 84 "312:

FI3M FRAEYWD B LiEMER LCcRbR R

18. (KANAI K: Epicenter of atomic bomb in Hiroshima.

Japan Science Promotion Society, 1953, Vol 1, pp 92-8)
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e Mler, 19534, |14, pp 92-8
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HYPOCENTER OF THE ATOMIC BOMB IN HIROSHIMA
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FIGURE 1 MAP OF HIROSHIMA CITY
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TABLE 1
a1 &

Direction of  Altitude of Distance from
Number Name of Building Epicenter Epicenter Hypocenter

% 2 HiEth s 1L 1 ML Bk D o R

1 Sanwa Bank - et o VRSSO 1 L s s 8301\'" 84742 50 m
2 Mihien Tosurznce Cd. HEEFER avimsimiio s sy 60

3 Daiichi Bank R BRI s A T S R 70
4 Bank Club House O o 84 42 70
5 Hiroshima Gas Co. BB Mmoo s 110
& Motovasu Bridge o0 S OO 1 1 WO 3 IO 160
7 Chiyoda Insurance Co. THRHEEGHEEER . oiieiiiinns & 555 W 79 03 160
8 Prefecture Fuel Corp. B#HESENEIS X8 ... 190

9 Yasuda Insurance Co. EHIE G EIE Livcivriivenmnionirismiaiainsiosinsninrsssssssss 190

10 Sumitomo Bank TR TG i v e e S R e e G s S$82 W T3 .57 190
11 Meiji Insurance Co. HRSE S 3 I i i s R 200
12 Geibi Bank e A T R R T 220
13 Seiyoken B cooiminiiangienes GiEs N 45 W 70 28 220
14 Industrial Museum PR T S U e s s s 850 E 240
15 Bank of Japan HEEITEE | irirernnannns

270
1o Teikoku Bank FERITEE e 270

17 Chamber of Commerce & Industry B LT vviiviiiiiniinerrrennsrscrsesssses 523 E 320
18 Aioi Bridge THEERE Lo cvummmmiosesin s v insig COsFeu b M o5 320
19 Nihon Kan-i Fire Insurance Co.  HAFMEME L i, 350
20 Fukuro-machi Primary School o B e N4z W 370
21 Honkawa Bridge A v S S T e e 440
22 0O 1d Building of Obayashi-gumi Construction Co. ¢ 4 fhil 440
23 Hiroshima Central Telephone Bureaun EBPREER virieiiieniaenn, N 35 W 55 42 440
24 Yasuda Bank RN T s O 1 0 S D N76 W 3 Es | 450
25 Honkawa Primary School I FEE v irieresrreisnrscsnnnsansens S35 E 51 33 480
26 Girls Middle School 15 B R e

27 Shimomura Jewelry Store  F# B GHE

28 Kirin Beer Hall e e . e 590
29 Chugoku Electric Power Supply Co. thF A ...

w 45 600
41 21 600

w =
®
]
=

30 Bank of Commerce & Industry Association % Tl & i &6
31 Asano Library BIERIBR v s
32 Fukuya Department Store TARBERE  eeirrrrrrsirsirerimsesssannn sassass 670
33 Sotcku Middle School FEPFE ...,
34 First Middle School B s 780
35 City Office 721 3 - L NOT GO MRS (0 o N 2 E 31 30 940
36 Shin-Ohashi Bridge T A AR R N &5 E 600
37 0ld Building Bank of Japan JEH T
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Chiyoda Building. The height of the epicenter
calculated from this shadow was at an
79°03” and the direction was S 55° W.

angle of

Figure 4, Branch Office of the Sumitomo Bank{(10);,

shows a shadow made by a parapet on the west side
of the roof. A similarly clear shadow was seen on
the south side. This is definite evidence that the
hypocenter not the west end of the
100 m south of the Gokoku
The epicenter calculated from this
shadow is at an angle of 73°37’ and S 82°W in
direction.

Was near

Motoyasu Bridge or

Shrine gate.

Figure 5, Seiyoken(13). shows the shadow made by
a parapet on the ornamental tiles on the west side
of the roof. The epicenter calculated from this
shadow is N 457 W in direction.

Figure G, Industrial Museum (14), shows a well-
defined shadow on the concrete window frame on
the south side on the first floor. The epicenter
calculated from this is § S0°E in direction. The
west end of the Motoyasu Bridge and the spot about
100 m in south of the Gokoku Shrine gate are due
south and due west from this point respecti‘:el}u
These places far exceed the range of permissible
error in the estimation of the hypocenter by shadows.

Figure 7, Hiroshima Central Telephone Bureau (23},

shows the shadow made by a parapet on the west

side of the concrete roof. The epicenter calculared
- - la} ’

from this shadow is at an angle of 20724°. A

shadow of the tower on the roof was seen on both

the east and south side.

Figure 8, Shin-Ohashi Bridge(36), shows the marks
road due to thermal heat which
passed through the interstices of the railing. The
is N 65°E

on the asphalt
epicenter calculated from these marks
in direction.

As is evident from Figures 2-8 and the description,
the epicenter can be calculated with considerable
from thermal heat marks or the border
between thermal hear marks and shielded portions.
The hypocenter calculated from data obtained from
the investigation of the 37 places is marked by X in
Figure 1. It is estimated to be about 170 m west of
the Kawaya-cho streetcar stop and 570 T 20 m above
ground. The size of the so-called fireball could not
have been larger than 30 m in radius.

accuracy

The resules
of investigation are summarized in Table 1.

In case of Nagasaki, the A-bomb fell outside of the
center of the city and few structures remain in the
Therefore,
shadows

vicinity.
had
this srudy.

there were only 2 or 3 places

that suitable for the purpose of
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APPENDIX 4 :
44 4

THE EFFECTS OF THE ATOMIC BOMB ON HIROSHIMA, JAPAN?
LBLsYsRETREEORES

U.S. STRATEGIC BOMBING SURVEY
S [ e W A0 % o 58 7 O

Summary. The point of burst of the atomic bomb is
referred to as ** , a point determined to be in
grid 5H approximately 700 feet southeast of the
T-bridge, at an elevation of slightly over 2000 feet.
The location of zero in both plan and elevation
was developed from flash marks found on surfaces
readily
from
which were delineated by

zero'’

scorched or spalled by radiation of heat
Marks or unscorched areas
on surfaces

the explosion.
‘*shadows’
that were shielded by some object in the path of
the radiation or heat wave afforded directions and
elevarions for the location of the point of detonation.
Definition. The zero point may be defined as the
point of detonation of the atomic bomb. The point
had location in both plan and elevation, inasmuch
as the bomb burst in the air. Throughout this report
the ground location of the point immediately under
the burst is designated as ground zero, abbreviated
to GZ, and the actual point of detonation in the air
is designated as air zero, abbreviated to AZ.

Location and Elevation.
grid S5H at
zero,

G7 was found to bein
744,200-1,261,850. Air
average of seven compu-

coordinates
determined from an

tations, was found to be slightly over 2000 feet.

Method. Both AZ and GZ were determined from
flash marks found on buildings, bridges, and other
The flash marks resulted
surfaces

structures or objects.

the scorching of
asphalt, paint, or the
radiation of the intense heat of explosion.

from such as wood,
spalling of granite from
Objects
obstructing the path of the hear wave cast their
“*shadows’" which were actually unscorched areas.
The edges of the ‘‘shadows’ upon horizontal
surfaces led to the of GZ, and upon
vertical surfaces permitted the computation of AZ.
Photos 1-4 (not included here), show typical flash
marks.

location

Ground zero was located by extending to an inter-

section the lines formed by various flash marks on

EmEON NS AT A,

1, &) JH Ao S TEA, L sh, #@l
EOHEECAGBR ETEZ) sy FSHAL ST TT
FHE, OEEIT007 4 — b EE20007 4 — B R D P
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horizontal surfaces. The lines were extended by
sighting by eye across objects placed at two points
along the mark and alining stakes ahead to a point
of intersecrion with other lines similarly extended.
Six such lines were run from flash marks found on
the granite door sill of a building 6600 feer east of
GZ; on granite objects in the shrine, approximately
800 feet north of GZ; on the granite shrine, 900 feet
northeast of GZ; on the asphalt roadway, 250 feet
west of GZ; on the ornamental granite work on
building 11, 800 feet southeast of GZ; and on
bridge 22, 250 feet southwest of GZ. Other marks
were used to check the point obtained by inter-
section of the lines listed above.

Air zero was determined from marks made on
vertical surfaces, usually outlined by overhanging
objects or members which ‘‘shadowed’’ portions of
the The legs of the wiangle formed a
and & in Figure 1, were measured with a scale or
steel tape, and the horizontal distance (base line)
to GZ was scaled from the map. The base line
was checked, where pracricable, by actual measure-
ment on the ground. Thus, similar wriangles were
formed which permitted simple calculation of the
height of burst, or AZ. Seven such computatkons
were made with base lines ranging from 600 to G600
feet. The marks actually used in dete tmining AZ
granite lantern post at entrance to
shrine, 600 feet north of GZ; asphalt surface of
bridge 20, 2900 feet of GZ;
window frame of penthouse on Electric Building 26,
2300 feet south of GZ; tile wall surface of Electro-
Technical L aboratory Building 74, 6000 feet north
of GZ; asphalt surface of bridge 30, 1900 feet
southwest of GZ; asphalt roof of Communications
Building 85, 3300 feet northwest of GZ;
Holder, 6600 feet south of GZ.

surfaces.

were on oa

southwest wooden

and Gas

Accuracy. The attained in
locating GZ and AZ was limited by circumstance,
but it is believed to be adequate for the purpose of
evaluating effects of the bomb.

degree of accuracy

All measurements
were made from flash marks, which, although easy
to sce, were not sharply defined along the edges.
This lack of sharp delineation was probably caused
by the fact that the source was not actually a
point but an oblate sphere of fire in which the major
axis was vertical. Elevation measurements there-
fore, could not be made with precision and minor
inaccuracies were inevitable.

Ground Zero. All points of intersection of the lines
extended from the six flash marks fell well within
a circle of 50-feet radius. Although the method
used in the determination may appear ina ccurate, it
that methods

{such as use of a transit and tape traverse) would

must be pointed out more precise
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have attained no greater degree of accuracy inas-
much as the edges of the flash marks were not
sharp lines. The selection of the edge of the
**shadow’ was a matter of judgment which could
nullify the precision of extending a line by means

of a transit. Surveys made by the Japanese
(Chugoku Electric ©Co., and the city architect)
placed GZ in the same general area as thar

determined by this team.

Air Zero. The seven calculations of AZ ranged
from 1600 feet to 2300 feet and averaged slightly
over 2000 feet. This figure is believed
within 200 feet. Japanese surveys made
independently by the Chugoku Electric Co. and the
city architect established AZ’s of 500 m (1635 feer)
and BOO m (2620 feet), respectively.
also made by

to be
correct

A survey was
the Kure Naval District, and the
following is taken from their report of September
1945, paragraph 5, page 17.

“*The carbonization of timbers in the vicinity of
Ushita and the Hiroshima University of Literature
and Science caused by the radiated blast showed
comparatively clear shadows which were formed
by obstacles in the path of the radiated rays.
From this, the angle and direction of the source
of the rays were clearly determinable. Taking
the horizontal distances and angles from these
points, the altitude of the center of the blast
was calculated and figures of 580 m and 510 m,
respectively, were obtained. From this, the
altitude of the burst was figured to be approxi-
mately 550m ... "

The average of the four findings of the Japanese
was 1970 feet. The height of AZ as determined by
the British is taken from the preliminary report of
the British Mission to Japan, paragraph 2.1.2,
page 10, which reads as follows:

**Enough measurements, however, were taken in
each place to confirm the general location of
7 as that marked as the center of the circles
on the accompanying maps; and to give reasona-
ble estimates of the height of burst. These are:
Hiroshima - Just below 2000 feer. Nagasaki -
Approximately 1750 feet.

**These are the distances between GZ and AZ.
Since GZ was effectively at sea level at both
places, they may be taken as heights of bursts
above sea level.”

The calculations of the British and Japanese
surveys placed AZ slightly under 2000 feet, which
closely approximates the result obtained by

calculations of this team.
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B Am i, f

=
h:‘:::‘:?“

/ Nagasaki Prison
Tardet L

L5 g Y %

NAGASAKI
LOCATION OF ZERO POINT

Measurements in feet. Zero point is point 17 in Figure 2 of the text. U.5.N.24
BEEE 7 o~ FHA. HAROB EFRTOE 2 08517,

66



APPENDIX 6: REPORT ON INVESTIGATION OF ATOMIC BOMB CASUALTIES
IN NAGASAKI CITY!?

1826: RIBHRTEBEHBAEREO

Katsuji Nakamura, Director, Nagasaki Weather Station

LiF Rl Aarer B o #H B Kk

Hypocenter 1% i H

The direction towards which the buildings, stone Wik, BEE, T, SRS mE, MR 2
Tt e F 1 -3 i = E

torii’’, stone shrine lanterr.m, trees, etc. that were FLELOORRE RO BEE R T AL EED
not affected by geographical features or other
objects had collapsed, inclined or been bent are AooER AN EHEBLAFREROBY TH S,
as follows:

Pine tree near Department of Anatomy, Nagasaki University
RIS RHCF RN A F BUENGE OB Lo ousiies i saesiaesss s e esbs e e sieeiieseaides it s85 E

Tree on hill on east side of Nagasaki University

HOMEIR P A R 2 O fiE A

............................................................................. 580 E
Pine tree northwest of Awached Hospital, Nagasaki University

EREHAFHESRBAIETE OB i v i sy s s sk ws e s s ss png swa 545 E
Chimney, Nagasaki University (direction bent) .-

Rl m il VBRI owemmmmuinrsnuss i o i R S e R A R 5§45 E
Stone lantern within premises of Sanno Shrine

L BN R AT R 540 E
Stone lantern in garden beyvond second torii of Sanno Shrine

X 0BE EDERPIODERETH (o s ivsaem i iy §32 E
Steel framed building of Nagasaki Steel Works, west of Urakami Station (inclined)

WL O RO BB BEN (HED i i e s e San s S

Pine tree near Keiho Prefectural Middle School

BB R SE T h S AR ONRTH o v s s e S A S S R S S 520 W
Chimney in Komaba-cho SMFET R | il iiiiimeiiiiviie secienrsssans sunmeisiassbonnsssonsasonn N 40 W
Ferroconcrete wall (west side) of Urakami Prison

bR S e - e B Al o T 0 A PO N

Tree outside of ferroconcrete wall of Urakami Prison

B E AR RS 2 7 e BIRMTINE wovnsiusmeisvmamassns s st i S s saivmans N
Gas:tank n:Ohbashische: RISTEOILIN #32 F Guviamiiis des s v i b v s v e 5 5 NI12 W
Steel framed building in industrial area of leno-machi (inclined)

EHITO TR O BBEEN (HBL) i i it s o snis s sl ssesh iniesins sesnaaediei N

Lines were extrapolated and extended in opposite Phbs 20 Shbtf S B s g 2w s Tl A
directions from which the objects had collapsed, G o b A i
inclined or been bent. Most of these lines con- E A B IR F R E O 1 4 #9450m , Fe il L IR S P O 1

10 (NAKAMURA K: Report on investigation of atomic bomb casualties in Nagasaki City. In Collection of Investigation
Reports on Atomic Bomb Disaster. Ed by Committee for Publication of Investigation Reports on Atomic Bomb Disaster,
Japan Scie nce Council. Tokyo, Japan Science Promotion Society, 1953, Vol 1, pp 177-83) (Sec 3 and 4 only, pp 178-9)

chd B B RO B A R B PR R A Bl SR R SRR T R A, M, HER
iR E A 1953, W LM, pp 17783 (B4 - 5 BOHEE, pp 178-8)
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verged about 450 m west of the Nagasaki Medical
College, about 400 m south of the Nagasaki Urakami
Prison, about 900 m north of Urakami Station and
about 550 m east of Shiroyama Primary School. In
other words, the A-bomb had exploded in the air
above this area and energy was released downward
in a megaphone-like shape. It was decided to call
this area the A-bomb hypocenter. The diameter of
the hypocenter was about 100 m and hardly any
trees broke or toppled. A number of trees with
diameters of about 30 cm were left standing on the
plateau at Hamaguchi-cho and on the south side of
the plateau where the prison was located. All trees
with diameters less than 20 cm were left standing.
This was because the pressure of the blast was
received from directly above and because young

trees can withstand wind and blast pressure.

Almost all trees had toppled or broken in the area
berween 300 to 1000 m from the hypocenter.

Power poles (large long poles with transformers)
within the hypocenter which lined the prefectural
highway were left standing. a ferro-
concrete chimney about 20 m from this area had

However,

toppled rtoward ENE direction. The reason ~why
this chimney toppled in this direction and the
reason why the chimney of the candy factory in

Saiwai-cho inclined in the NW direction are unknown,
but these are noteworthy findings.

Height of Burst
The height of the burst point of the A-bomb as

calculated from the shadows which were produced
by the flash of the bomb was about 600 m. The
great height the wvalues
obtrained from observations located less than 10 m

apart made at Takenokubo Power Substation is felt

difference in between

not toe be due to measurement error, but some other
special reason. Generally, the angle of elevation is
larger as the distance from the hypocenter de-
creases, but when observed in close derail, this is
not necessarily the case. It may be that the umbra
was produced by a combination of other shadows.
Thus, based on
would

such measurements
also cause considerable difference
height from the ground.

calculations

in the

where
measured,

The place the measurements made,
object angle of elevation, horizontal
distance from the hypocenter, and height of burst
point from the ground are as shown in the following
table,

were

68
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FHI400m , il EBR o AL A #9900m , ML B E R o
550m ¢ Hi e |2
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D, EE0m FTOMEIEII->T5, ThIZEEE
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Horizontal Height of
Angle of .
. ) Distance from Burst
Place of Measurement Object Measured Elevation H e
i L w1 ypotenter 1R 5T
G i E 1 MR @ om s
A
Seibu Gas Co. Yachiyeo-cho Shadow of frame on NE side of 19002' 1875 m 647 m
S A s Tl gas tank
Efi# » s NEM 7 b — 4 @8
e Shadow of frame on NW side of 19 25 1875 661
gas tank
s v FNWH T L — L
2 Shadow of cylinder of gas 17 30 1860 386
producing unit
T R R P 0
i Shadows of 10th step of ladder 15 00 1860 498
on cylinder .
RS ® MM L1080 op
] Shadow of 8th step of ladder 17 14 upper 634
on cylinder kB
EMF s ®aEM M LT s oy 18 49 lower 1860 577
FEE
b Washer at middle section of BE. 45 1875 600
gas tank frame
Hiisy v 7 7L — AhBEd g
Nagasaki Medical College Shadow of eaves on west side 39 48 375
Yamasato-cho of Anatomy Department 43 53 450 433
USRI e e [ A B BOENE O
Power substation of Kyushu Shadow of frame on the side of 19 50 950 343
Electric Power Co. oil-filled circuit breaker 30 32 950 562

Takenokubo-che

i MAEESRHEO 7 L — L0
7.2 2 R BT U A a2 W

As the only instruments available were a compass, balance level, collapsable ruler, measuring tape, and strings, more
brecise medsurement could not be done.

WE MEMBEELG, RESH, TR, BR, BSCBEL L0 TMESHEEZI AL ET S 4 o0,

69



APPENDIX 7: RADIATION FROM ATOMIC BOMB IN NAGASAKI AND NEIGHBORING AREAS?!
87 EBs LU ZORBEBXICS T 2 ETFEBMIC L 3Rt

Tokio Masuda, Assistant; Tamio Sakala, Assistant; Ryohei Nakane, Assistant
Physical and Chemical Research Institute

HiEpfEm BhF MO o0y B, BE R O RO BFE b R R OF

Determination of Hypocenter of the Atomic Bomb BROEE
The hypocenter was determined to be at a point PR AR IR P E RO HA0m Me0m G A IZE AL 2 h

40 m east and 60 m south of the intersection at
Matsuyama-cho. This point coincides, within limits
allowed for measurement errors, with the location BEAahANBLAEREORBNTEL =L TV,
determined through shadow studies by Kimura and
Tajima of the Physical and Chemical Research

EECH I ET AN AR R CHBRE RS S

Institute.

Remains of
Prison

to Urakami Cathedral

/AM“ RI¥LE

Al

Matsuyama-cho £y
Intersection il
i
.+,
=
=

hayt )
O

LOCATION OF HYPOCENTER, NAGASAKI

BRI B

21 (MASUDA T, SAKATA T, NAKANE R: Radiation from atemic bomb in Nagasaki and neighboring areas. In Collection of
Investigation Reports on Atomic Bomb Disaster. Ed by Committee for the Publication of Investigation Reports on Atomic
Bomb Disaster, Japan Science Council. Tokyo, Japan Science Promotion Society, 1953. Vol 1, pp 38-40(Page 38 only)

HWERE, RARE, PERBT [ Ee b0 OBERE I 50 A5 TG0 &S RO RER TR S M RS R H AR S IR TR
WHEMAES ST EA S, R, R TFHERS, 19534, B 108, ppdB-d0 (P3BO AL
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APPENDIX 8 : THE EFFECTS OF THE ATOMIC BOMB ON NAGASAKI, JAPAN23
T88: RIBICS I 3EFREOSED

U.S. STRATEGIC BOMBING SURVEY
oA 6] e s A 2 B2 ) 5 [

Location of Point of Explosion. The horizontal
location of the explosion, or ground zero (GZ), was
determined by the measurement of the angles of
flash burn and shadow, and by extending lines
through these angles to the point where they
intersected. It was calculated that the bomb
exploded above the district called Matsuyama-cho,
as shown in the figure.

The heat radiated from the bomb at the time of its
explosion was sufficient to cause a slight charring
of exposed, unpainted wood within a radius of
approximately 1% miles. This charring action will
be called **flash burn’’. There was no flash burn in
areas where the wood was shielded from the bomb
by screening objects. These areas will be called
“*shadow’’,

All suitable flash burns which were located were
used in determining GZ. Because the flash causing
the burns was followed by the blast of the bomb
most of the objects receiving the flash burmns were
displaced. Stable points not affected by the blast
were usually found at distances of 1 to 1% miles
from GZ.

A total of five suitable points was found. The
angle from these points to the zero point was
measured with an Army lensatic compass. The
point selected on the object receiving the flash
burn was taken at the center of the penumbra. The
azimuth was measured from the point through the
edge of the object casting the shadow. The purpose
in selecting the center of the penumbra was to
measure the angle to the center of the explosion
rather than to an edge, as would be the case if the
shadow were measured from the edge of the umbra.

The points used and results obtained are listed
below:

ERDRE
MHEAOME—BRORTME, +4bb LIFEHIE,
WAESBES L UCRBEORELZFEIL, Zho0RE2zR
MLAERARETI2ETRELTHREL 2. ZoHA
CEAEBUMEIM TR TS CBLTO L% - BRL-
hokitg a,

BRAEFIIBE s D s B, PR LA L
NTHEEOEsSh T s AR R uSBEL R L
EEEDLOTH, ZOMERE TPLE,

T A2 2T A, RMAMEIC Lo TEBRAHES S

s by, AR E» o2 ZThEDE
S THRR, T AZ8I12T 5,

Y

S AEE TS 2l 2 PRSI T N TG Z ollE
CHwE, BEOFRETSAMNEORIZBEIEZ - 7
OT, MEREBEZEC AWEDREAFEMEIEH >
. BEOEELZHTHEOMNENED S 24 - 2
ik, BEGZAPE1~14¥<4 LOHBETE -,

BYLZEFAGHEDBOAE, CHAEDAPLESST
ORELBEEOEAE > 2 a2 AL TEEIL &,
s s s 2RO Eoh I SERBAL.
fiifmll, 20H»0REAHRUAZMEOREEL T
Lz, ¥E0h L&A LHEAE, BROPLAOAE

PRS0 ThoT, FEOEL, SHREE AL
BEILEBREOPLEN b EHEMEL L2128 5,
MALAEZAS LUATF LR EkoLtsEnTHrd

23 US STRATEGIC BOMBING SURVEY: Effects of the Atomic Bomb on Nagasaki, Japan. Washington DC, US Gov Print Off,

1947. Vol 1-3 (Vol 1, pp 31-3 only)
(REEEBEFEEE B3
A ER )
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Distance from

Point No. = Azimuth Photo No.

THICE e i 4 i &S

R A A A 5 5 B i 1y T HEAgS
1 1.22 miles 186 degrees 1
2 {2 213 2
3 1.03 235
4 1.43 355
5 .97 35

It will be noted that the points chosen do not give MAXSEN OBETEEL TV EVWLOTHE - A

3 : o
an Intersection of 90°.
to the
available.

This was not possible due
suitable flash burns
Points 1, 3, and 5 were considered the
reliable points used for determining the
location of GZ; Points 2 and 4 less reliable. The
diameter of a circle including all the ground zero’s
found was 600 feert,
most reliable ground zeros 80 feet. The center of
this 80-foot circle was considered (GZ. Before the
of Physical Damage Team 2,
Japanese engineers had established a location and

limited number of

most

a circle including the three

arrival Division
set up a marker at a point which they estimated to
be directly below the point of detonation. They
made similar use of flash burns in determining the
location of their point, which was approximately
150 feet northwest of GZ as established by the
Bombing Survey Team. Members of British parties
investigating damage at Nagasaki accepted the
Bombing Survey G7 asaccurate.

The elevation of the explosion of the atomic bomb
was determined from flash burns and shadow by the
The average for
As in the
measurements to determine (7, places had to be
Also,
the greater the distance between the object casting
the shadow and the object burned, the more accurate
were the results obtained. Two points were located
where this distance was in excess of 50 feet, The
distance from the top of the object casting the
shadow to the object burned was measured along a
horizontal line.

comparison of similar triangles.
the measurements taken was 1700 feet,

chosen which were not affected by the blast,

This horizontal line was determin-
ed through the use of a level and measured with a
tape. A wvertical line was established from the
middle of the penumbra and measured with a tape
to the place where it intercepted the horizontal line
previously established. The length of this horizon-
tal line will be called X and the vertical line v.
The distance the upon which the
shadow was cast to the zero point was determined
from the map. called X'.

from object

This distance will be

73
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The altitude at which the bomb exploded will be . ZOHEEEAXEL, BBROEASE LAY LTI,
called y’.

Therefore X x
Y Y
These determinations are listed below. All IRSsOMEMTROFIIRT. BHEEEXTXTT o — |
distances are in feet. B TH S,
X Y X Y’ Photo
1.45 .40 6180 1660 4
1.50 A0 6180 1650
76,70 15.00 8660 1690
55.80 15,00 GLBO 1700
1.97 A3 7880 1720 4
6.06 3525 4650 2500 5
The last determination is not considered reliable FEROBERB L, MESBETHEDL Tu st s

because of the probability thar the gate post was
shifted by the blast. This determination was
included because the flash burn clearly shows the i, Mg ARAGEOMEI IR S A A FEe R
method used in determining the altitude of the
explosion. From the determinations above it was
estimated that the altitude of the explosion was BlEM17007 « — FEHES R,
approximately 1700 feet.

AW, EETEAVEELL, ZOEEEFSZOED

LTwaasThs. LALROBEMIZEY, FREAOS

APPENDIX 9 : MEASUREMENT OF THE RESIDUAL RADIATION INTENSITY AT THE HIROSHIMA
AND NAGASAKI ATOMIC BOMB SITES*

1429 BESLUEBORETHREHIZMHIZICSH T 5 BENETEEDE & ORIE 4

U.S. Naval Medical Research Institute, National Naval Medical Center
KEBHEEFHEMKERER S~ ¥ —

Shown in the figure are also the various estimates Boiidnd oo BECRD S NSO OIEE LA
of the exact location of the hypocenter, and these EORENTRLCE S, AEORECE LA, E ) K
L

may be seen to fall within a reasonable cluster. ; _ 5
The “‘sight center’” was located by sighting along w5, dmEEfE s e CRCIRID OB N B RO

4 PACE N, SMITH RE: Measurement of the residual radiation intensity at the Hiroshima and Nagasaki atomic bomb sites.
Bethesda, Maryland, US paval Medical Research Institute National Naval Medical Center, NMRI-160A, 16 April 1946
{One paragraph on p 7 and Figure 4 only. See also ABCC TR 26-59)
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fallen trunks arcund the periphery of the
explosion area, and plotting the intersection of the
cross bearings obtained by means of a transit.
This hypocenter falls within the zone of highest
residual activity. The Japanese group from the
Kyushu Imperial University estimated the *‘Shino-
from their residual activity measure-

was estimated

tree

hara center’’
ments, and the '‘Japanese center’’
by a Tokyo group from triangulation studies of the
physical damage. These hypocenters also fall
within the area of highest residual activity.
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