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EDITOR'S NOTE
HIEH O

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

ZE2OOMEHEL T L ICEBEBIFTOROMA (FEHisi)
BUBERAOMNBEREICHT 240 THY, HOFEH Arakawa —
£z Woodbury —AKAMEDEEEZBLIAHLTVIDT, 2%
BAMEHEOB IHEPEIHNE LTREBICERETZ2Z L2 L 2.
M, B IHOBRMIZI959F I, B IEOREMIZIMEICELSRE Y
DTHB.
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PART I:

DETERMINATION OF THE BURST POINT OF THE HIROSHIMA ATOMIC BOMB;

DOSIMETRIC SIGNIFICANCE
IS LBISUIERFREOHRAORE — BRAUEHD > RLER

Edward T. Arakawa Ph.D., Shogo Nagaoka (£ [f] %4 &)

Introduction

The Atomie Bomb Casualty Commission
(ABCC) has as 1ts general objective
determination of the delayed effects of
fonizing radiation upon survivors of the
atomic bombs. Presumably such effects are
an inereasing function of the amount of
radiation actually received. Adequate
investigation of the effects, therefore,
requires some measure of that radiation,
and the better the measure the more
adequate the investigation. It i1s es-
pecially desirable that a measure be based
entirely upon physical considerations since
biological effects are to be sought.

In recent years ABCC has collaborated
with the ODak Ridge National Laboratory
(ORNL) in a program to determine as
accurately as possible the radiation dose
received by each individual under study.
The program includes detailed shielding
histories of individuals exposed to the
bombs within 2000 meters from the hypo-
center (ground zero), experimental studies
on the attenuation afforded by various
structures, construction of air-dose
estimates in relation to distance, ete.
To estimate dosage precisely, distance from
the radiation source must be known with
great accuracy. For example, an error of
ten per cent in the air dose 1is introduced
for every 20 meters of error in distance at
1000 meters from the Hiroshima burst.

"E

FMEBENEZAS (ABCC)IL, B
WRETFE IS T 2 BHEMSBO®REELUET
AZLEF0—EMELTVE. ZORRBIE
BizZU AR ROMMNERKIZIZOTVWIED LR
Exha, foTC, PORELEMI AT S
Wz, MEroFEIzE), FHAERONE
L LENEL, BlEFEYICT bR
FNEHEAEBLEELLDELADTHS. £
FRREABRT AMG L, ZoWlE T LT HE
FWEBIIESOTITEZLh3ZLPRHIIEE L
WOThS.

i, ABCCI3K[E oak Ridge National
Laboratory (ORNL) &L T, #EHOMR
EEOTWVEED—A—AIZHABRLZERS
FATIEFEICICIE T A EFREEICEF L. 2O
FAtE Nz, MO (FBA) A 52000m LIA
THEB LA, OFMLEREBEEME 2L, &
FEHESE M - & 5B B OEES 122 VT OFEBRIIFE,
NG EROBELENFEENS. BiRREH
WEIZHEE + 5 2012 1E, HRATRRIE 2 & o BERE % Hi
WTEMIZHMEZLPFETHS. Hl2E, BB
OFEBERA S 51000m OHEAIZH W T20m OB
BEoB|ESFHNE, B EPERTIEFNS O
BEREUBZLIZLS.



The presently accepted location of the
Hiroshima burst point was chosen in 1954 by
Woodbury and Mizuki after they had taken
approximately 150 measurements of shadows
cast by the thermal rays of the bomb and
made a comprehensive review of the existing
(See Part I1 of this report.)
Woodbury and Mizuki determined the hypo-
center to be at the co-ordinates 44.31 x
61.72 on the U.8. Army Map Service map of
Hiroshima (AMS L1902, 1:25,000, 1945)
and the burst height to be 600 meters.
Al though they accepted the hypocenter
they felt that the value of
577 meters previously determined by Kimura
and Tajima' for the burst height was a
it off to 580
me ters as the best available estimate.

1iterature.

determination,

better value and rounded

In view of the necessity for utmost
accuracy in the hypocenter estimate to be
used in the ABCC-ORNL dosimetry program,
the lack
of definition in the shadows produced by
the thermal rays of the bomb, and the
availability of more than 2000 readings of
thermal shadows, a complete re-—examination
of all available data was decided upon.

the small size of the 1954 sample,

In addition,
suggested that a re-analysis of all

several other considerations
the
available data would be worth while:

1. The hypocenter (44.31 x 61.72)
calculated by Woodbury and Mizuki
does not appear to he at the center
of their plotted data.
1) Unfortunately their original

(see Figure

readings and the calculations based
upon them are not available for

review.

2, A similar effort in 1957 by Inada,

Yamada, and Yamasakiz. using a
transit and known landmarks for
measurements on 50 to 100 shadows,
yielded 44.33 x 61.69. This 1is 33
me ters away from the 1954 calcu-

lations.

3. The earlier Nagaoka hypocenter quoted
by Woodbury and Mizuki had been

chosen by visual inspection of a

B, EEOERE STV SEIE1954
(2 Woodbury » 7k A o) il G A% -T-HR 5 ) Bhig (2 &
AEH 1S0MFMERE L, HoZ oLk 1L
fEEIcmE LAk, BRELALEDOTHS, KD
IAFOREFIZOEMBRETEDE2H L LTH
LTH D, MK, B0 & RERER R
P19 B L 2 IR &3 (AMS L902) o
FEREAL . 31X6l . T2EED, TONUEOEEE
600 m & L7z, MRIEZDBOAOREZ —IC
H#ELTIWa, LAk - BEHK' »58E
LM B 57Tm AL DL THE &R
THY, THNEMEAALL 580m #4 F TOHE
EEDI EREOLDELE LTWVS.

A B C C—OR N L#[E o8 E ft 2
WH N AL R HEEE I, i EolEEETS Z
&, 19ME 2T Lo BB E W L, B
BOBMICEVELLARYEI2EY LTV EZVE
&, 2000 b L 2 le AF L
RILEIES, AFAEONTOREIZOWVT
) —ERetERAE I LAMBRE LD

Tz, BEohoEEs» S, AFaEEO LT
ODBEBIZOWTHEHA2MZ 2LEFH A5 LA
b, i

1. Woodbury « AKAGM K @ HE L 7= 0 H S
(44 ,31%61 .72) EHEKAPEEIC L&
(M1E2R) ohbiczwEyIIcBEZT6h
A, MEAHBELAZLODEAEL, ZhilcE
SWTIT 2L EEIRE LN AFHXE
oLy,

2. 19574121%, Inada - (LH - (il 'D 3 &
AhT Yy b RUBRTFOE#ERW T
F 100K EZAE LR 4. 33X61. 69
OffiaiFE. 2hit 1954 FoREEAEN S
B omEhTws.

3. Woodbury + ACKM AT H LT w5tk



selected sample of about one hundred
measurements plotted on a map.

Conversations with Kimura and Tajima
revealed that their measurements were
very erude.
that their map was not very accurate
and much too small. Their estimated
hypocenter, 25 meters southeast of
the front entrance to the Shima
Hospital, has co-ordinates 44.30 x
61.71, not 44.30 x 61.73 as quoted by
Woodbury and Mizuki.

They also emphasized

The availability of pre- and post-
bomb aerial photographs provided
convenient and precise means for
locating the various cemeteries.
Comparison with the co-ordinates used
earlier showed that the assumed
locations of several temples erred by
60 to 100 meters.

DEROBRLOH S IZE 100@ ot %2EA T
WEIEFHLLEZLZOZBHBLTHAZLDOTH
3.

4. A -HBHEKLELEDARZE HK
DElRARD THETHEIZLAHOE. W
KEFIZZOMKEIRVIEELZ LD TIE LK,
FARVICAZBESZLEBRBM L. K
P ) ot R Do b s 1 B P B &k 0 Y
25m FHEAF D OMEE4Y (30X6l .TITHDOT
Woodbury - ARAKMEA, 5IHLTWAML
44 .30X61 .TB3TIx L V.

5. BT TAMEERI AT
¥z i3, EFMMOEBONBELDELDL S
DIZERBoELFERL oL LaiolE
B+ 5L, BEOFROMEMFIZIZ
50m # 5 100m DB|ENH /.

FIGURE 1 PLOT OF DATA OBTAINED BY WOODBURY AND MIZUKI
THE CO-ORDINATES 44.31x61.72 ARE THE RESULTS OF THEIR ANALYSIS OF THE DATA
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Method

Since the elty of Hiroshima 1s located
in the midst of the granite zone which
underlies much of the Chugoku District,
granite 1s employed extensively in many
different types of construetion such as
ferro-concrete buildings, gateposts, bridge
railings, tombs, ete.

BlE DR E

IREE, 1B < hEA 2R L TwaTER

Mo o ’Jé@?,ﬂﬁj/fu—b@
%.Mﬂ,mmM$, HO4 YEEoREDIZIE
LB AR Rz hTWwS.

FIGURE 2 PHOTOGRAPH SHOWING SHADOWS PRODUCED BY THERMAL RAYS OF THE ATOMIC BOMB

M2 SIHEFFHIO %

A: EXPOSED AREA A[XFMBEL 77 B: NON-EXPOSED

Surfaces of granite directly exposed to
the thermal rays produced at the moment of
explosion showed definite melting and
flaking. Such flaking is attributed to the
sudden thermal expansion of quartz and
feldspar which are the major components of
granite. These changes were most marked
close to the hypocenter. Surfaces not
directly exposed showed no change (Flgure
2). During the period 1945-48 one of the
authors (S.N.) made a careful search for
such changes on the granite surfaces of
objects located within a 1000 meter radius
from the Shima Hospital, presumed to be at

or near the hypocen ter. Two sets of

RID LDk LR E TR T

"
i e
T 0
)

AREA BIXHBR L 2 H 272200

TR B 1258 EAGR I HERR S N AE
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measurements were made. The first, to
locate the hypocenter, was on the angles
of the shadows cast by vertical objects on
a horizontal plane. This was measured with
an ordinary field-type magnetic compass.
(Appendix I) The second set, to determine
the height of burst, was made with a
clinometer on the angle of elevation of
shadows cast by horizontal objects.
(Appendix II) The average hypocenter
direction obtained from all the readings
taken at each location 1s listed in Table 1
and plotted in Figure 3. It should be
noted that some of these locations, e.g.,
cemeteries, cover a fairly large area
(20 to 30 meters wide). However, 1t was
felt that the error introduced by this
process was much smaller than the un-
certainties in the individual measurements.
(Figure 4)

. TOR2ODUBRETLEOE. 201 01321R
LS E2EET 220080 T, KFmEICHETX
NEAENHORFARLA Chiz$EoR2H
BRI " AFHVTEHEALE. (1) 4
—ORERAOBELIEET 3L 0T, KEHEO
HOMN T 2MAL+EMNGEHTHRLZ.(F
g% 1) EWRTHEZ2-2B8ToRNRLS B
L[ ADOFEHEIERLICHAELTH D,
B3R LAZBYTHE. ChbDbmodiz
i, Bz EERO L Sz, AR IEVEE (20m
»530m DILEE) OFfE 5. LI LEAHS, 2
DHEIZEODTELZRER, EHoNEIZRD
NATEEZLINEEIIZAESHOAE. (H4)

FIGURE 3 PLOT OF AVERAGED MEASUREMENTS FROM ALL LOCATIONS
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FIGURE 4 INDIVIDUAL READINGS AT KEIZD MYOREN AND SHOJUN TEMPLES
SHOWING SPREAD OF READINGS
B4 RIEEOIAD 2R+ 7200, W,
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Determination of the Hypocenter

The loecation of the hypocenter was
determined using the least squares method
and minimizing the quantity Ellidig,
di is the perpendicular distance from each
line of bearing to the hypocenter (xy), and

where

ny; the number of readings at each location
(xiyi). The total number of readings, as
shown in Table 1, was 1178.

The following procedure was used in the

caleulations. The distance d, in Flgure 5
is given by

= AB - AC

i
1

wherea , 1s the angle as measured from the
thermal shadow.

RORORE

J L H 0 O R 13 0B — e i A L, S nyd,
AR B E T LTHE L. B Lagd@oe
Hi (xy) OHEIZE| V2= &K+ 5 B JERE
EL,ng BEMA (xyy,) 2F T SH RS T 3.
M EBEEE L Izh AL, 1178 TH 5.

HHEROFETT 227, M5 O IT T
DL TRDE.

(y -yy) cosay- (x = x4) sinay

BL,a, EBMOKI >0 THEl L ABETH S,



TABLE 1
#1

HYPOCENTER MEASUREMENTS
LR & RS 3 20 0l i

LOCATION NUMBER AND NAME cuﬁnh:-zsuangADTQEs AVFERRD%GEMAPEEOJN%%TTLM Nnushlgnﬂnusu;
WREFSHEU0E *Eé;” AL+ 5 FE e | wiRen
B
1 SHOKAKU TEMPLE iE ¥ 45.22%61.87 259° 1
2 JOEN TEMPLE i 44.00%61. 38 417 181
3 SENSHD TEMPLE ok 2 44.41X61, 50 332 93
4 JISEN TEMPLE Al F 43.99%61.65 a5 214
5 KEIZ0 TEMPLE B R B 44.08X61.34 34 35
6 SAIREN TEMPLE 75 i <& 44.21%X61.78 127 30
7 MYOREN TEMPLE i 5l 44.60X61,38 311 101
B SHOJUN TEMPLE 1 M = 44.B6X61.62 283 39
9 KOKUTAI TEMPLE [H] 2% 44.47X61.29 338 a1
10 MYOHO TEMPLE ik 43.93X61.41 55 115
11 RYUKO TEMPLE i 7] S 44,.24X%61.05 4 14
12 JOKOKU TEMPLE i [E =F 43.66X61. 53 77 85
13 DEMPUKU TEMPLE 7483 43.80X61,43 58 50
14 YASUDA LIFE INSURANCE CO. 2 A 44, 55X61. 58 295 17
15 YASUDA BANK % RTT 44.82X61.47 296 16
16 FUKOKU LIFE INSURANCE €O.  W[E %@ 44, 50X61, 42 326 16
17 YOROZUYD BRIDGE T 43.85X60.85 30 11
18 NIPPON BANK H AR 1T 44,47X61.32 338 1
19 HONKAWA BRADE SCHOOL A )| 7 2 43.085X61.89 118 11
20 DAILICHI BANK m—R1T 44.41X61.64 316 3
21 CHIYODA LIFE INSURANCE £O. T{UM4%# 44.44X51.72 261 10
22 GOKOKU SHRINE (Outer Gate) F[EAp4L (4F1) 44.31X61.01 178 .
23 KOKUTA| TEMPLE 5] %% % 44.45X61.17 345 2
24 SEIRYU TEMPLE I e 2 44.84X61.60 288 2
25 SORAZAYA SHRINE 2541 1+ 43.96X62,29 1586 2
26 AIOl BRIDGE (West End)* WA (k) * 44,02X61.98 145 2
27 AIOI BRIDGE (East End) FIA 4G (e 44.12X61.96 153 3
28 AI0| BRIDGE (South End) WA (RS 44.05X%61.87 123 2
29 KIYOZUMI TEMPLE i 43.79X62.05 126 3
30 SANWA BANK =R 44, 40X61.81 335 2
51 MONUMENT(West Parade-Ground) A (FGslisesy) 44.50X61.88 230 1
32 WEST RECONSTRUCTION BOARD g &) {8 MLY% iy 44.36X61.00 210 1
33 BANK CLUB ST (R &7 44.37X861. 52 355 1
34 NIPPON LIFE INSURANCE CO. A A4 i 44,38X61. 56 33o 1
35 HONKAWA GEIBI BANK 500 T AN 3R 43.80X61. 63 80 1
36 O0SAKA BANK e B 1T 44.57X61.64 286 1
37 COURT A ] 44.94x61.00 320 1
*A10| BRIDGE IS ‘T' SHAPED, HENCE THREE ENDS TOTAL NUMBER OF READINGS 1178

HEFL T BHThd0T,

3]

OA326 5.

MsED & EH: 1178



FIGURE 5 PROCEDURE USED FOR CALCULATING LOCATION OF THE HYPOCENTER
H5 BloihsoFEICHw SR

xy HYPOGENTER
HR LR

L »— GRID EAST
POINT OF MEASUREMENT B AR
il 8 S
The best value of the hypocenter was i&*t‘i{ﬂﬁ@fﬁ@%%mﬁU)iiA'—'Enidi;a@flﬁ
+fined h ; . i -
define asgt at for which the quantity FRAODLEDERERENS. DT, xRUYIC
A =3n;d," i1s minimal. Therefore the -
partial derivatives of A with respect to DVTRADRMA2FICHELIMS. AL

x and y are set equal to zero.

-1/2 @A _sna, sina, =0
174 i
adx
1/2 3A =Znydy cosay =0
ay
The value of d, is substituted into the FiorfERicagnfEiz s s Ris L kom
above equations to give Ty

xz‘,ni singxi - yzn1 sinar1 cosay = Exjn1 s-;ingn:r1 -Zyyny sinar1 cosa,

and chni sin ay Ccosay - yzni cos? a1=2x1n1 sinai cos ay - Zyyny eoszafi

kU

To simplify the ahove, let CZhZHEIZTELY

Ay = ny sin®a, SAp = A SAg%, = P
By =z ny sin a4 cosay B =B ZBixy =0
Cy = ny cosga1 Zcy=¢C ZByyy = R
S‘Ciyi -8

Then & +HiE Ax - By = P - R

T ; ¢ v 1L BT
which may easily be solved for x and y, the R, BLOBEOERx RU ydWHEIFLA

co-ordinates of the hypocenter: 5.



C(P - R) - B(Q - 8)

.

AC - B2

The result obtained 1s shown in Figure 6,
This point has co-ordinates x = 744.281 and
y = 1261.696 on the U.S. Army Map Service
map of Hiroshima (AMS L902) using the world
polyeconie grid system, and is 45 meters
south of the northwest corner of the Shima
The

measurements nsed in this determination are

Hospital. standard deviations of the

41 reters and 21 meters respectively for
the x and y co-ordinates and the standard
deviations of the estimate of the hypo-
center are 1.2 meters and 0.6 meter re-
spectively.

B(P - R) - A(0 - 8)

AC - B?

FOR/BEIEH6 DML THS., ZoiszitRE
IS EERE 7 & 0 T, kBRSSO FERL L 2
AMS LOI2EEHE O x = 744 . 281 &, y=
1261 . 696 MEEREE LI TR & h, BFEkoLEE
&0 45m WAOMEIZH B, ZOREOEIZLD
EAROEERZEL, xRVPy 0EEIZonTR
Kdlm & 2lm T, L HEE i O BEHER 2213 %
F1.2m& 0.6m TH5.

FIGURE 6 MAP OF THE HYPOCENTER AREA SHOWING THE VARIOUS DETERMINATIONS
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Determination of the Height of Burst

The height of burst was computed for each
1ndividual angle of elevation reading
listed in Appendix II after the distance
from the hypocenter (744.281 x 1261.696) of
each measurement point had been determined.
The calculated mean value of all 1172
readings 1s 606 meters with a standard
deviation of 74 meters in the measurements.
The standard deviation of the mean value,

74
Viizz
Figure 7 the numbher of readings for each
20 meter interval, say from 560 to 580
meters, 1s plotted against the heights as
calenlated from each angle of elevation
reading. The smooth ecurve is drawn on the
assumption that the data follow a normal
distribution.

however, 1s or 2 meters. In

FRANDBEORE

HRIOBE IR, ZBUBWSO®BLHA
( 744 .281 X1261 . 696 ) » 65D IEMESME L
ek, KA (HET28) CowTHEL
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606m T, ZOMEREIUn THE. Lol
£ T 7
#5, FHBOBERER Jra M5 2n Th

5. A7 121220m R, #Z1E 560m » 5 580m
ETORBHRL TN FhOMAFEEY, S FHE
NEFREESOEEEZR LA o426 b 28
i, RBAPERL2H9HERLTVALORENS
LIZHEWELDTHS.
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Summary and Discussion

The data presented show that the point of
detonation of the Hiroshima A-bomb i1s 606
me ters directly above the co-ordinates
744.281 x 1261.696 on the U.S. Army Map
Serviee map of Hiroshima (AMS L1902, 1945).
The standard deviation of the mean burst
height 1s 2 meters and that of the hypo-
center (ground zero) 1s 1.2 meters in the
X co-ordinate and 0.6 meter in the y
co-ordinate.

Two errors of undetermined magnitude must
be considered:

1. The cemeteries could be located only
to the nearest 9 meters, for an error
of + 4.5 meters. This error is
probably random and introduees no
bias into the determination of the
estimates.

2. In the burst height measurements, a
systematie error might result if the
thermal shadows produced were not
actually along the line of sight
from the center of the fireball.
This error 1s probably negligible
since BO per cent of the thermal
energy in a nuclear explosion is
emitted in the first 1.3 seconds,
during which time the fireball has

not begun to rise. °

The hypocenter determined in this report
is 22 meters away from that determined
by Kimura and Tajima and 35 meters from
the Woodbury and Mizuki hypocenter present-
ly used at ABCC for dosage caleulations.
However, 1f the assumption 1s made that
the hypocenter shown in Figure 1 of the
Woodbury and Mizuki report is correct
in relation to the Shima Hospital and
that the co-ordinate system is slightly
in error, the Woodbury and Mizuki hypo-
center co-ordinates become 44.305 x 61.705
according to the co-ordinate system nsed
in this report. This is only 23 meters
away from the point determined in this
report.
the probable errors of the previous
determinations.

These differences are within

11

HERUSZR

EHENAZBECINE, BEBICE TS EE
FPR A OO TR R ERDOAMS L9902
EEHE Iz &3 5 HEEE 744 . 281 X1261 . 696 O
B L 606m TG THS. HFEEOTFHEEEOE
#(REI2m THH, BLOMA (FEHR) OF%E
REGxEECIZ ] .2m, yHBECHE 0.6mn
Th3.

KEERIRETHIY, KO2o0REEE
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The height of burst differs by 29 meters
from that determined by Kimura and Tajima,
and is 26 meters higher than the presently
accepted value of 580 meters. The 606
meters burst height, is in
excellent agreement with Woodbury and
Mizuki's estimate of 600 meters.

however,

An 1necrease of 26 meters in the burst
height 1s reflected in an eight per cent
decrease in dose at 800 meters from the

hypocenter. This was determined as

HFRIAO&GE L, AH - HEBKAWE L L
L0LEYD, Vm DEHHY, BEZHLATWVS
580m £V £26m EHv. LALIO 606m Ot
Woodbury- AKAKME D 600m & (FFA ¥ —HH LT
Ww3aEwnz s,

YEZ RO & & A726m BN+ 5 2 &1, MO
M 800m o iEMETIEAREAT 8 BRDT S L
2k b, ZOEHEIRDIMIZLTT L%, ¥
4T3 ANDEBRDSL

follows. From the Pythagorean theorem
s — l'l2 + R2
where S is the slant distance from the SIS, FoNAhE £ ToE & 6 EE,
burst point to a point on the ground, H HizFEZA0®E =, RIGEBLOHS LD 0k Ek
is the height of burst, and R is the
o = NTT
distance along the horizontal plane from Th3. HEOWTIhEmMITHL
the hypocenter. Differentiating the above
with respeet to H.
AS
28 — = 2H or AS ——AH
AH Bt S
The air dose D as a function of distance BB EHE LTtoEdBRD I A0FERNIZE
is given by the equation NiBLNS.
D = D(l e'_s/l
g2
where D is the dose at the source and 2 B LD, I3 FFRE Iz &1 2400, A FREED OB
v1s the relaxation length. Differentiating M, SizowThiMsy+hid
the above with respect to 8, we get
B, W e 12
AS g bz =g
AD (- Ll_2Aa8 4 (-L-2) L aAn
4 o e AR gl B



If R 800 meters,
H 600 meters,
me ters,

A= 300 meters,
and the error AH = 26
the relative error

4, R= 800m, A= 300m, H= 600m, Rz
AH=26m &3 &, HMHFEZEI

]

2
1000

600
1000

= 0.083 or B.3%

Similarly, the errors at distances from
the hypocenter R of 1000 meters, 1500
meters and 2000 meters are calculated to be
6.7, 4.4 and 3.2 per cent respectively.

In a similar manner, the differences in
dosage resulting from differences in
hypocenter values ecan be calculated from

the equation

and found to be approximately 15 per cent
for all distances which are along the line
Joining the two determinations of hypo-
center. This error decreases in cosine
form to zero at 90° from the line joining
the two determinations. A maximum relative
error of 30 per cent is thus introduced 1in
the doses calculated for two survivors
exposed on opposite sides of the hypocenter
along the 1ine joining the two hypoecenter
de terminations.

On the assumption that the survivors are
uniformly distributed around the hypocenter
for each distance interval, the average
(E ) is calculated to be 19

ave
per cent of the maximum error (Emax).

error

_4(E

EB.V& =

[+

)

FAFEOHFEIZELY, B LA IV EERY
1000 m, 1500m % 1F 2000m DL 0EREIT KA
6.7% 4 .4 %RV 3.2 %EL5,

BL<, RLBAOEOMEIIHE I RROE
BROFBEA P SHBENS.

2

8

R
— AR
§

MEshAZ2HEOBRLOMAZRERERLEONLTD
PRBEIZo VT, RADZER EOX,ERDE LH
15%i1c%27k. ZOBREFERZOOBLBREZER
E&EH» 5 DAEE DeosinelZ el L THA L, BLO
HEEEIEI SN DUBETCHEELLSE. 20
L3512 LT, 22o00B0HEERRBRO T T
BHRLEZAOEFZEIIDLTHEL-HROH
AHEAMBRZED LT 5.

L, WHEN, RAOBEMBIZO>VT, B
LS o BE .~z LTwa s ERETRIL
ZDTFHRE ( By ) R TEOMS, HARE
(Foax) P19% & % 3.

max)f% cos § d 6
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Although this error 1s undesirable, the COMEEFF LI 20, BEIDHSATWL

presently accepted hypocenter location and LS EEREOE L, KO 2oO0EED
I b } e I il b
burst height will continue to be used in

the present series of dose calculations 5, BiTo@BMENE (HERR, 1957%) 1«
(Tentative 1957 Dosages) for two reasons: I35l &> HWwL N 3.

1. Dose calculations on the approxi-

mately 8000 shielding histories on 1. BB 511 3 #8000fF DRI HRI & 5
file in Hiroshima are nearly complete PREITE IR AT LTH 0, MO
and are being processed for use 1in FHWwa~ HFLMEdThs, A CHER

various analyses. A recalculation Ao G et
7 XTI 6— i
would require six to elght months L) LT RUEETRI6—8WARRT

for completion. 5ThHA.

2. It 1s anticipated that recalculation
of doses will become necessary when

2. BEEHBIIMETALED L ERIAF

either better attenuation data are REE %54, LiHEgESZEPEROL) & &
made available or the air dose BE»HENE, S#ROBAEIVEILLST
versus distance data are improved. HBITLRTFEENG. COBEBIIEN

The results obtained in this report e e - R X o
should be utilized in all of these ERFRZALOHTOATIFIMEAS

caleculations. ETH5.
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APPENDIX 1|
8% 1
INDIVIDUAL MEASUREMENTS OF THE LOCATION OF THE HYPOCENTER

Bl RERDODIALADOZFRE@E

1. SHOKAKU TEMPLE
W % GRAVES IN CEMETERY PROJECTION, MAG. MORTH
AMS L902 Co-ordinates 44.00x61.38 B A 08 G AL A 5 D F7 A
BB 58 360
| 62 45
GRAVES IN CEMETERY | PROJECTION, MAG. NORTH
BHANOER 5o F ac
| 42 52
260° [ s3 s4 s0
256 | 52 s0
| 260 | a4 52
260 (46 52
| 258 S
| 28 48 60 B0 46 44
I 2680 38 38 54 54 52 B2
AVERAGE PROJECTION T H 4 259 42 50 52 44
STANDARD DEVIATION 12 i 2 =
NUMBER OF READINGS i) 7 (0] 7 34 44
42
2. JDEN TEMPLE 40 B2
# M 40 38
AMS L802 ca-urdtnrates 44.22x61.87 i
EE
50 40 54
GRAVES [N CEMETERY PROJECTION, MAG. NORTH 38 40
EihNoER Elkrsnhfy 44 26
45 450 [ s0 58
|45 50 45 45 45 53 40
[ 50 50 45 45 | 34
[ 45 45 50 50 | 52 52 52 50 32 34
50 50 52 48 54 48 54
50 50 50 50 52 52 3g 30
48 52 52 57 52 36 38
40 58 62 42 54
40 52 54 80 BO 50 38 34
50 52 60
50 52
50 50 42 54
[ 47 80 44 52 44 56
68 50 36 |45 57 41
|36 54 30 54 52 52 50 45 45 40
50 48 42 58 57 | 50 45 50 50
48 38 55 | 60 40
| 50 44 57 40 |45 50
5 [50 s0




GRAVES IN CEMETERY PROJECTION, MAG. NORTH 4. JISEN TEMPLE
WA OER REALA 6 0 F S (TR _
AMS L802 co-ordinates 43.88X61.66
40 400 I
45 50 S
20 45 35 GRAVES |N CEMETERY PROJECTION, MAG. NORTH
35 45 BN O ¥R LA 5 0 H
50 40 45 50 T 90 90 90 90 °@
40 74
40 40 50 50 90 80 8O0
AVERAGE PROJECTION TP 47+ 8 90 90 90 78 8o 78
NUMBER OF READINGS il o] ¥4 181 82 86 90 90
890 90 80 78 78
s SENSHO TEMPLE B4 B4 T4 78
H OBk OF a0 a3
AMS L902 Co-ordinates 44.41X61.50 8
o 67 83
74 78
GRAYES IN CEMETERY PROJECTION, MAG. NORTH
) ‘ 70 82 76 80 90 90 40
Kt O EEH Eilro0hA
335 336 336 335 3359 80 50 90
334 334 335 335 336 334 72 72 90 80
330 330 329 331 334 85 VB
331 328 330 332 335 90
330 329 227 326 326 325 a0 90 64 78
324
78
330 329 328 325
90
331 330 329 328 324 330
77 90
335 335 335 330 330 328
328 330 B2 85 86
335 332 332 331 330 87 80 90 &8
335 335 334 334 334 334 82 90 88 90
334 334 332 332 330 330 90
330 78 90 90 90
335 335 334 334 334 333 90 90 80 90 90 g0
335 335 335 334 335 90 82
336 78 90 BD 80 B8O 80
330 82
330 90 71 90 76 90 77
335 786 90 78 B85 90
330 82 90 §2 90 80 80
335
335 88 90 88 90
332 85 90 BO
335 B6 00 80 90 B8
335
335 90 90 80 S0 80 80 40
334 87 90 90 90
335 84 90 80 90 86 80 77 40
332 30 80 Q0
330 90 90
331
90 90 B7 83 90 73 80
332
— 88 76 68
- 76 76
AVYERAGE PROJECTION FiH A 332 !
NUMBER OF READINGS (il 7 [i] i
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GRAVES [N CEME TERY PROJECTION, MAG. NORTH 6. SAIREN TEMPLE
EA OB BEAL A 5 0 f i A 3
S0k 15 bod AMSMJ!.QU‘; Co-ordinates 44.21X61.78
78 80 90
68 90 GRAVES IN CEMETERY PROJECTION, MAG. NORTH
79 79 90 EMANER 5 (e A o
| 82 87 80 1279
88 82 90 84 148
30 82 123
70 88 80 114 123
88 82 | 133 137
74 89 B4 90 | 132 121
| 88 86 8B BB 128 113
| 88 78 88 90 135 130 127
80 88 80 110
86 87 122 130
72 70 82 82 126 128
76 80 B1 120
82 90 82 B2 124
72 80 128
a0 128
90 68 138
AVERAG PRDJECTIUN Eh A B5 136
NUMBER OF READINGS il 52 [P £ 214 124 128
110
140
134
AVERAGE PROJECTION 194 M 127
NUMBER OF READINGS i i (] 30
7. MYOREN TEMPLE
B G %
- AMS L8902 Co-ordinates 44,60X61.38
5. KEIZO TEMPLE e
O B =
AMS L8022 Co-ordinates 44.08X61.34
B GRAVES IN CEMETERY PROJECTION, MAG. NORTH
EANOER B L 7 N 7 i
GRAVES IN CEMETERY PROJECTION, MAG. NORTH 315 315 317 317 316 315°
S a | pEL 4 i fi 320 318 318 317 315 315
| 30 440 320
30 30 3z 34 320 318 2318 317
[ 30 a5 40 315 315 316 319 320
[30 30 45 40 315 317 318 318
i25 310 311 315 315 316 315
an 320 318 315
34 34 40 32 33 34 35 34 315 315 317 320 320 320
3t 320 320 318 315 310 320
30 318 317 317 315 314 320
34 317 317 316 316 314 320
a3 315 316 316
34 34 35 35 315
33 33 35 34 320 315§
AVERAGE PROJECTION 1 45 14 34 325 320 305 315
NUMBER OF READINGS i 7E [A] 35 3ts 320




GRAYES IN CEMETERY PROJECTION, MAG. NORTH 8. KOKUTAI TEMPLE

e AMS LS8O02 Cﬂ-?:ﬂ:ta(esJi,:?!Ei_gg

31s o

ais BRAYES IN CEMETERY PROJECTION, MAG. NORTH

320 i = by e

315 315 320 3300

| 310 315 335 330

310 330

320 330 330

320 340

315 340

317 345

320 340

320 340

| 320 340

| a1s 335

IEE 335

| 315 | 340

| 320 340

| 315 33s

310 335

31s 345

320 340

317 330

313 345

317 345

31s 340 )
AVERAGE PROJECTION ik a7 340
NUMBER OF READINGS i i 1Bl ¥ 101 345

340 330 340 340 33D

8. SHOJUN TEMPLE [ 340 335 330
B N SF

AMS L9902 Co-ordinates 44.66X61.62 l 350 330
=
GRAVES IN CEMETERY PROJECTION. MAG. NORTH gap ;3310
O BER Bitro0HM 340 330 330 336
2B7 285 286 280 284 285 338 230
280 285° 340 340 330 330
285 285 287 288 340 335
286 284 280 280 2980 286 345 340 350 350
284 284 282 280 284 350 350 340 340 340
280 280 279 278 340 340 330
285 285 283 280 340 340 345 345 335
282 285 345 345 345 345
287 287 340 340 336 345 345
330 330
330 330 N
345 345
340 350
AYERAGE PROJECTION 283 330
NUMBER OF READINGS 39 340




GRAVES IN CEMETERY PROJECTION, MAG. MNORTH BRAYES IN CEMETERY PROJECTION, MAG. NORTH
ENoER i e R T J NER BilL»50 kR
340 ° 52 520
330 58 60 60 50 50
330 | 50 48
330 40
330 54
330 345 50 B0
AVERAGE PROJECTION f5 338 80 6O
NUMBER OF READINGS 91 80 50
50 50
== \EO
10. MYOHO TEMPLE w
B ik 50 50
L 2 ~F
AMS L9802 co-ordinates 43.83X61.41 58
R 50 50
52 60 56
GRAVES IN CEMETERY PROJECTION, MAG. NORTH
- o = 80
EhA =11 Blkhronlif
50
540
58
44
52
. | 58
58
52 2
50 4B
62 58
44
52 52
50
5 AVERAGE PROJECTION igHify 55
4 iy
= NUMBER OF READINGS i [l %4 115
J
62 62 60
2
58
64 58
58 52 52
54
52 11. RYUKD TEMPLE
[ =
50 50 48
AMS L8902 co-ordinates 43.24X61.05
62 P
68 64 62 53
58 GRAVES IN CEMETERY PROJECTION, MAG. NORTH
60 60 56 58 it oBEL 1533 | R |
54 7 7 13 13°
50 60 4
55 55 68 48 52 BB BB 4
60 60 G0 10
58 58 10
50 15
B2 60 50 6B B8 50 52 2
62 52 52 64 | 8
62
g0 60 B0 50 50 52
52 50 §2
52 AVERAGE PROJECTION 4
48 55 NUMBER OF READINGS 14




12. JOKOKU TEMPLE
& E O OF
AMS L8802 co-ordinates

B

43.66X61.

GRAYES IN CEMETERY
BEHAoREs

PROJECTI
A

N,

i
7

MAG

NORTH

5MFH K

80 80 78

11

759

|
|

75 81 BD

74

15 16

82

80

80 75 BO

17

15

80 81 78

117

16

80 81 78

17

79

80

80 80 78

78

77 171 78

80

80

80 B0 75

16

716

80 8D 77

74

15

16

15
77

75 78

18

80

75 76 175

80 80 76

16

15

80 80 78

15

14

15 15 81

80

17 78 80

768

748

80 70 75

70

AVYERAGE PROJECTION

T

14

NUMBER OF READINGS

I i [m] ¥

85

13, DEMPUKQ_TEMFLE
{z @& =F
AMS L802 Co-ardlnates

B fR

43.90X61.

43

GRAYES IN CEMETERY

S HLA 0 BT

PROJECTION,

MAG

NORTH

540

60

55 55

55 55

60

60 65 70

55 65

52

58

45

G4

45 70

60 58

58 58

62 50 50

60

50

47

58 70

| 56 58

20

GRAVES IN CEMETERY PROJECTION, MAG. NORTH
B RO ER AL 5 @ i fy
60 60 70 60°
[0
58 58
| 50
[ 68
B4 52 52
58
68
i 68
AVERAGE PROJECTION 782/ 58
NUMBER OF READINGS #l £ [a] ¥ 50




LOCATION NUMBER AND NAME Co-ordinates PROJECTION FROM MAG. NORTH(o)
Lk &5 B UHiTs E B itrsnhm

T4 YASUDA LIFE INSURANCE CO. it d 44.55X61, 658 (300 300 290 298 288 298 207 285 295
293 283 293 203 280 280 290 280 300

15 YASUDA BANK e HBIT 44.82X61.47(300 300 297 290 2982 292 289 290 281
292 2080 290 304 308 306 305

16 FUKOKU LIFE INSURANCE CO0. BE4%% 44.50X61.42(330 330 320 325 325 328 328 330 328
321 328 322 328 325 324 320

17 YOROZUYO BRIDGE I A - 43.85X60.85| 30 30 30 28 29 29 28 30 a3l
30 31

18 NIPPON BANK H A& 17 44.47X61.32 (342 340 339 340 340 337 337 338 335
350 340

19 HONKAWA GRADE SCHOOL AN A 2k 43.95X61.88|120 118 120 120 122 121 120 115 111
120 110

20 DAIICHI BANK B—RIT 44.41X61.64 (312 315 320

21 CHIYODA LIFE INSURANCE CO. F{tM4% & 44.44X61.72 (252 255 257 260 262 262 262 266 268
268

22 GOKOKU SHRINE (Outer gate) H[EdH it (%+P1) |44.31X61.81[350 5 ]

23 KOKUTAI TEMPLE H & F% 44.45X61.17 (350 340

24 SEIRYU TEMPLE '® ¥ F 44.04X61.60 (278 285

25 SORAZAYA SHRINE 2 B 4 4k 43.86X62.28 (335 337

26 AIOI BRIDGE (West end) FEE (F) 44,02XB1.088 (340 310

27 AI0I BRIDBE (East end) HEE (EiE) 44.12X61.96 |336 322 340

28 A0 BRIDBE (South end) HEE (5 44.05X61.87(315 290

28 KIYDZUMI TEMPLE A E % 43.78X62.05(130 125 122

30 SANWA BANK —HIRTT 44.40X61.61|338 332




DEMPUKU TEMPLE

-
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INDIVIDUAL MEASUREMENTS OF THE HEIGHT OF BURST

NEAOBEERKHD2-D0F R E @M
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AMS L802 Co-ordinates43.80X61.45
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IN CEMETERY ANGLE OF ELEVATION( o) GRAVES IN CEMETERY ANGLE OF ELEVATION(o)
A& 1 15 EHHOER T
80 B2 57 59 |40 40 42 43 43 40
58 60 B2 62 B1 [38 38 40 43 43 38
58 §7 57 40 42 42 44 45 43
56 57 60 60 61 34 34 37 39 40 40
57 58 60 61 B2 40 40 43 44 45 45 40
57 57 60 58 40 40 39 45 45
| 56 58 58 61 81 [34 34 37 40 41 42 34
| 60 81 58 57 42 42 45 45 48
57 58 56 B2 42 42 45 45
30 58 62 40 40 45 45 47 40
[ 60 60 61 54 57 32 32 40 38 37 32
61 60 57 55 |42 42 47 47 42
81 B0 57 45 45 46 44 42 45
60 57 57 58 32 32 37 40 45 32
62 60 59
61 50 59 KEIZD TEMPLE
62 58 57 57 3 =
AMS L9022 Co-ordinates 44,08X61.34
1 54 A
o4 Saes BB
62 61 B DISTANCE FROM HYPOCENTER 367 m
TR LT LA 5 O JERE
58 60
E E ANGLE ELEVATION (o
a1 B0 38 57 sRAt"S IN EF& TERY N 0F 10N(0)
EHANORS 1
60 57 P
55 G6 57 55
81 a0 00 55 & ]
- 59 60 58
60 59 58 58 A
58 58 50 60 G1 61 58
62 61 BI
55 54 60 57 5§
61 62 59 59
58
62 B! 61 58 59
55
60
[ 50
80
50
—_ KOKUTAI TEMPLE
58 N
AMS L9902 Co-ordinates 44.47X61.20
(11 ]
ZIN
JOKOKU TEMPLE
@B F .
AMS L8002 co-ordinates 43.66X61.53 ERAVES IN CEMETERY ANGLE OF ELEVATION(0)
B P! DR m m
DISTANCE FROM HYPOCENTER 588 m. !
: LS | 50
B > ) R RE !
| 52
GRAVES IN CEME TERY ANGLE OF ELEYATION(O) | 50
EHAOEL i 53
a2 54
|42 54
|36 ]50
48 48
38 52
|40 56
|44 50
|38 36 40 38 43 46 45 | 58
40 40 45 43 40 60 59 56 53 52 B0
41 40 48 45 42 56 54 54 52 52 56 52
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MYOHO TEMPL
Wik F

AMS L802 Co-ordi

nates 43,92X671.41

50 50 53 54 55 55 50 R
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GRAVES IN CEMETERY ANGLE OF ELEVATION(o)
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56
51
55
NAME DISTANCE IN METERS |CO-ORDINATES| ANGLE OF ELEVATION (o)
T EREE (m) . M
FUKOKU LIFE INSURANCE CO. 326 44.50X61.42 (58 58 58 58 58 589 58 50 59
BN 60 60 60 B1 61 61
HONKAWA GRADE SCHOOL 348 43.95X61.80|56 56 58 58 58 59 50 60 GO
AN 2R 650
AIOI BRIDGE (West end) 350 44.02X61.98 |57 58 58 58 S8 58 59 59 &9
HEE (/mi5) 59 58 59 60 60 BO
YASUDA LIFE INSURANCE cO. 260 44.55X61.58 |64 B5 65 65 65 65 65 66 66
W B6 66 66 67 67 67 67
DAIICHI BANK 130 44.41X61.64|75 76 76 768 76 17 7171 717 18
B 78
NIPPON BANK 389 44,47X51.32 |52 53 53 §3 53 55 55 56 58
B AT
YASUDA BANK 536 44.82XB1.47 |44 44 44 44 44 45 46 46 47
T HRIT 47 47 47
YOROZUYD BRIDGE 871 43.85X60.85(31 31 31 32 32 32 32 33 34
LA 35 35
GOKOKU SHRINE (Base of Lion Statue) 342 44,72X62.10|57 57 58 58 59
34 [5] 1 31 (H&1a)
GOKOKU SHRINE (Stone Lantern) 370 44.22X62.10|55 55 55 56 56 56 57 57
34 [] 4o 11: (1 HEi)
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