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THE EPICENTERS OF THE ATOMIC BOMBS
I. AN ESTIMATE BASED ON THERMAL RAY SHADOWS
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INTRODUCTION

To investigate the biological effects of ionizing
radiation upon human beings, the survivors of the
atomic bombs of Hiroshima and Nagasaki are being
studied by ABCC. For significant results, this
study requires good radiation dose data on the
exposed individuals. A comprehensive dosimetry
program is being carried out by the Health Physics
Division of the Oak Ridge National Laboratory
(ORNL) in collaboration with ABCC. Many of the
details have been described elsewhere.l:2 Two of
the fundamental parameters in calculations of doses
to the survivors are the distance of each individual
from the burst point and the radiation yield from the
explosion. The location of each individual has been
documented at ABCC by interviews with the indivi-
dual s involved. This information, together with that
on the position of the source of radiacion, is
required for an accurate determination of the
radiation exposure. Some of the estimates of the
radiation yield of the bomb depend sensitively on
the location and altitude of the explosion. It is
therefore important that the burst point of the
Nagasaki atomic bomb be investigated and document-
ed thoroughly.

In Part 1 of this report, the epicenter, or air zero, of
the burst point (including the hypocenter or ground
zero and altitude) are recalculated from measure-
ments of thermal shadows formed on stone, mostly
gravestones, from data on file by one of us (SN).

In Part 2, to be issued later, all available original
data on the burst point are reexamined. Careful
consideration of the internal consistency of the data
studied in Part 1 and a reexamination of those
shadows still visible (in 1960-64) leads us to
believe that the best estimate of the burst point is
to be obtained by a weighted average of all the
figures given by the various workers, recalculated
where possible from the original dara using the best
currently available maps and photographs.  The
reevaluation and the final result are discussed in
Part 2.
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DATA

The general procedure for obtaining measurements
of the shadows cast by the thermal rays was the
same as that described for Hiroshima.3 However,
two factors greatly reduced the amount of available

data. First, granite, which formed the best perma-
nent shadows, is used very little in Nagasaki.
Andesite is more common and forms measurable

found was still

small compared to those in Hiroshima.

shadows, but the total number
Second, many
of the shadows were located in graveyards, but there
were far fewer of these close to the hypocenter in

Nagasaki than was the case in Hiroshima.

The shadow edges could be discerned by several
techniques. Thin paper could be laid on the stone
and a soft pencil rubbed over it to bring out the
polished and burned regions, as described previous-
ly.3 Aleernatively, baby powder (J ohnson’s, another
brand didn’t work) was sprinkled on the stone, and
the surface wiped gently with a rag. The powder
remained only in the burned, roughened area. On
certain stones the edge was brought out by smearing
the surface with grease, sprinkling with powder, and
then wiping with a rag. Again, only the rough
surface would retain the powder. A study of pictures
of shadows observed in this way quickly convinces
one of the irregular nature of the shadow edge, and
difficuley of measuring the angle
between the edge and a reference direction with any
precision.

the extreme

Certain components of the andesite usually turned
black from the heat, so many of the shadows were
quite visible.

weathered off

How much of this black material was
before the measurements is, of

The shadow edges were also

somewhat irregular, like those on the granite.

course, unknown.

The original data on shadow angles were taken with
a small magnetic compass, graduated every 57
For the hypocenter series they were recorded as
shown in the Appendix (e.g., NW 57). The example
is interpreted as ;=57 west of magnetic north.

The elevation angles were measured with a small
clinometer in degrees above horizontal, and are
recorded in the Appendix. No corrections were made
to them.

Points 14, 15 and two of the readings ac point 9

(Appendix page 13 ) are considered unreliable
and were omirtted in calculation. The readings
and the reasons for omitting them are noted in

the Appendix. They are recorded here in case

later studies reveal ways of correcting them.

(8]
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The grid coordinates are those of the US Army
Map of Nagasaki City, series AMS L902 (1945)
No. 138,353. The units are 1000 yards, measured
in terms of the 1000 yard world polyconic grid band
Il N, Zone 'C’. The variation angle between grid
north and magnetic north is taken from this map.

In many cases only the central point of the grave-
yard could be satisfactorily located on the map.
Attempts to resurvey several of the graveyards were
not successful, because of the difficulty of locating
modern bench marks and because of the discrepan-
cies between current maps and the wartime army map
on which the data are based. Only a few of the
shadows are still visible today.

CALCULATION OF THE HYPOCENTER

The measured angles at each location were first
averaged. The average angle and location coordi-
nates were then considered a single datum of unit
statistical weight. There were several reasons for
using this procedure rather than that used in
Hiroshima,3 where each location was given a
statistical weight equal to the number of measure-
ments. Any monument may have been moved by the
blast or other causes so that a systematic error may
be present in all the measurements of shadows on
that monument. It was observed thac the variance of
the measurements on one grave is less than the
variance calculated from all the measurements in
one cemetery.
given monument will not reduce these systematic
errors.

Repeated measurements on the

The fireball which caused the shadows was really
not a point source and may not have been spherically
symmetrical. ‘The Effects of Atomic Weapons’
(p 198)% indicates that the heat radiation which
caused the shadows was emitted over the first 3
seconds, with the peak emission occurring at 0.3
seconds, but the curve of radiation vs time shows
two peaks, the second being quite broad. The first
peak is much higher, but because of its very short
duration, the total energy radiated is small compared
to that radiated during the second peak (p 188).
The fireball had adiameter of 200 m at 0.01 seconds,
and at the end of 3 seconds, it had attained a
diameter of about 280 m (p 182). Hence the source
was far from being a point, as assumed in the
Hiroshima report, 3 and shadow edges from opposite
sides of an object converge away from the fireball.
There were not enough shadows to take only pairs
from opposite sides of the same monument. The
data do not state on which side of the monument
the shadow appeared, and many of the shadows are
no longer visible, so that the side exposed cannot
be determined now.
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Several photographs of bursts of other nuclear
devices show fireballs in about the stage mentioned
which are not perfectly spherical. Therefore, the
shadows in any one vicinity may show a systematic
error, differing from that in another location some
distance away, since the edge of any particular
shadow tends to lie along such a direction that a
substantial part of the radiating area of the fireball
is visible from the burned zone. Furthermore,
nearby surfaces may have reflected considerable
radiation, and thus distorted the shadows. The
assumption was made in this work that the average
shadow line points toward the apparent mean heat
center of the fireball, but the apparent center may
well have been different when viewed from different
places.

This averaging procedure was equivalent to assuming
that the location coordinates of each graveyard or
other measurement point were known much more
accurately than the shadow angles, because in the
final calculation unit statistical weight is given to
each location and to its average shadow angle,
regardless of the number of shadows averaged.

The shadow azimuth angles [3; are calculated from
the data in the Appendix in degrees clockwise from
grid north to the extension of the shadow edge
toward the hypocenter, as shown in Figure 1.
According to the map (AMS L902 No. 138,353)
grid north is 1933' east of true north. Magnetic
norch in 1945 was & = 6°30" west of grid north, and
O is treated as a positive number. No correction has
been made for the annual change in magnetic
variation, since the change is small, and it is not
known when the shadows were measured. The
angles f3; were calculated as follows:
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FHEN OB OERBICAON3ENDEERL 525
MAMREIHDNATHSS. 20MEL, BEoHR
T RER O B O R AR A N KD 5 &2 3
MIB-THRbh ML L TH 5. x5 125k
OMEOERE > L EHLEROMBOFEH H D, Fh
LE-TRELUOTFAFTETVAILE LG WL, L2
PoTIOWMRTIE, FHETRD 2REOSHILEHE
TR NERBRBEODLERKETZE 0 LIEE L AP,
RLEDHMD 6 ALBBEORPLIILERZAFNRE T
whtneEZLNS,

ZOFHIE - TR S FiEkE, BEBE W LSO
B RTEREIFBEOBELY X3 A2 FHEICRET
ERLDEMETAIZELY. LWL 6, REAHTI
FOTREMBES L UBREOFSAE L, BEOK
OF L GBIFR L CHAMWBEMMEATE2bN S 256 T
H 5.

BEoOBMA L, MlcRi+T Lo, iodErh:
FTE, HEOAED, S BLH S o HmAEE Y 2§
BOWMEIELIBELHEB LALOTHD. HIE( AMS
L902No. 138,353 ) iz ki id, W otk Mo dt» 5
1733 HWHFV 126+ 5. 19454612 519 3 b1z, & =Hy
ModEOp 6930 Th-T, S HENKELTRDA
TWwa., FLAOBAEINCLI3EIzZ>wTlE, 0%
fEOENNE <, BEAMES NG ECL VA
b, TALGOEELMEI L k. BE B 1T koX12
ko Tk

For angles NE: ﬁi:GNE—S

i B L#
SE: Bi =180 — (0sE + &)
¥ 5 (1)
SW: Bi=180+(f0gy - &)
i 8
NW: Bi=360 - (Ony+ &)
At

The location of the hypocenter was detemined
using a least squares method and minimizing the
quantity

A1: Ediz

where dj is the perpendicular distance from a mean
shadow line to the hypocenter (x,y), as shown in

Figure 1. The distance (dj) was determined in

OGS OHEMBEERD2EHCEY, Kool
b5 N ol - S B s s o

(2)
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Grid North
i o AL H
Magnetic North h

Hypocenter
D(x,y)

Mean shadow line
extended

Obstacle casting b B 0 BE R
shadow

Rk R ZED

Place of measurement
7
P (xi, yi)

terms of the angle of the mean shadow line measured
clockwise from grid north (Bi), the coordinates of
the place of measurement (xj,yj) and the coordinates
of the hypocenter (x,y) as

FIGURE 1 COORDINATES USED IN
CALCULATING HYPOCENTER

1 BROHR OB E IZH R

ks 6o EED IS - 2 PR EROEIMIES, #
WS OB ( xi, yi), FLUBOHBER(x, v)
it ExkoRIZE - TR 2.

d; = ED = GF = HF — HG

HF =PH sin f3; = (y—yj) sin 3} (3)

HG = HD cos Bi:(x—xi) cos 3i

where ED, GF, etc. are line segments indicated in
Figure 1. Therefore

ZOHEGED, GFIRE1IZRLABOETTHE, L
o,

d; =(y—-yj) sin Bi — (x—xj) cos Bi (4)

This is the normal form of the equation of the line,
and the equations are unchanged in form in any of
the four quadrants, or for shadow lines pointing
either to the left or to the right of the hypocenter.
Equation (4) was substituted in the equation (2) for
A1 and the minimum condition was introduced by
setting the partial derivatives of Al with respect to
x and y each equal to zero. The resulting equations
were solved simultaneously to give the hypocenter
coordinates:

THRBEEHNAHOARTH- T, TRTORRIIHL
T, TabbBRLHAOESTROMIZHEREAY 1T
TELZORUFTETHE. Mz TRME)E2R(2) 1R
AL, xp&UyicM+2 A ORBEMEEELIEDLC
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BlEo . 2 LTHAEL R 2RO TRLMEAD
HeEER RS 2.



.. C(P —R) - B(Q - 8)

AC — B2
(5)
Y=B(P—R)-—A(Q—S)
AC — B2
where /=7 L,
A= X cos? Bi
B = X sin Bi cos f3;
C= 2 sin2 Bi
P=3 X; cos? Bi (6)
Q= X x; sin B cos B
R= Eyi sin Bi cos Bi
S= 3 ¥i sin?2 Bi
The hypocenter coordinates determined by this ZOFHRIZENRD ML R E R & R b
method, in terms of the map mentioned are: x= REERDEENTHS. x=1293.644, y =1065.927

1293.644; y=1065.927. At ABCC it is customary to
drop the first two digits of each coordinate, viz:
93.644 x 65.927. As mentioned above, the unit is
1000 yards.

The individual values of d; were calculated; and the

average value, d | from the equation

where measure-
is the absolute

where m is the number of places
ments were made and used, and d;

value of dj, neglecting the sign.

If one defines the probable error,

P.E.a, in this
average distance d as

m

2
P.E.3=0.6745 ( =1

then we obrain

P.E.'a'= +

ABCCTIHAERE* T+ HFORMO 2HIZERT 20
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g,
L 1
(& —dy2\7"
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0.0074 = + 6.8 meters.
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Two possible interpretations might be given to the
quantity d. On the one hand it might be concluded
that it represents a measure of the error in this
hypocenter, as determined from the internal con-
sistency of the data. On the other hand, the radius
d might be interpreted as an indication ofa projection
of the radius of the fireball. Since average angles
Bi were used, which in many cases probably
include shadows both on the left and on the right of
the obstructions casting them, another calculation
of d using each shadow angle measurement indepen-
dently would be required to make such an interpre-
tation. This will be considered further in Part 2,

CALCULATION OF THE HEIGHT OF THE BURST

The measurements for determining angles of azimuth
were made on the shadows of vertical objecrts,
while the measurements of elevation angle to
determine the height of the burst were made on the
shadows of horizontal objects. These two types of
shadows usually did not appear on the same object.
Therefore, the height values were calculated from
the elevation angle measurements assuming that the
calculated mean hypocenter location on the ground
was correct:

H;j = Hpj + Rj tan Tj

where H; is calculated height of the burst above
the hypocenter, Hyj is the alticude of the observation
point above the hypocenter, R; is the horizontal
distance from the observation point to the mean
hypocenter, T; is the angle of elevation from the
true horizon at the stone to the center of the fireball,
as measured from the shadow. The average value
of Hy; was used where a range was given in the
original data, found in the Appendix.

The elevation angles listed in the Appendix were
averaged at each location, as was done in the
hypocenter calculation. The burst height values
were obtained from equation (9), and the average
value was
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The error stated is the probable error, 0.67457
calculated from

o3 -
(n—1)n

where n is the number of locations used, here 27.

3 (H; - H)?

BEGHMERETH T, KORD5HEE 1067457
Thb.

(10)
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DISCUSSION

It might appear that the system for finding the
location of the hypocenter gives two large a weight
to observations made at large distances, because a
small error in shadow angle at a distant point
would produce a much larger error in the perpendicu-
lar distance to the mean hypocenter, d;, than the
same error at a near point. This is not true in
these data, as a careful study of Figures 2 and 3
will show. In Figure 2 the perpendicular distance
dj is plotted as a function of the distance Rj to the
mean hypocenter. There is no correlation between
the quantities, whereas if the assumption mentioned
were correct, one would expect dj to increase with
R;. It may be speculated thac the reason is related
to the smaller angular size of the fireball when it is
viewed from a larger distance. The apparently
smaller fireball would produce a shadow with a
sharper the error in
measurement.

edge and decrease angle
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On the other hand, it does seem that the mechod of
minimizing the sum of the squares of the perpen-
dicular distances d; gives excessive weight w the
observations with large errors since these contribute
so much more to the sum than those with small
errors. The justificadons for using the method are
that mathemarically it is simple and straightforward
and that if the errors are truly random, the measure-
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ments  would exhibit a Gaussian distribution about
the and it can be shown that the least
squares method then gives the best estimate of the
mean. However, if systematic errors exist in the
data, as seems likely, then the second argument
loses validity.

mean,

Other minimal procedures were considered, such as
minimizing the mean square angle between the
observed shadow line and a line tw che hypocenter,
or the sine or the tangent of this angle. The
mathematical complexities of the resulting equations
are considerably greaterin these altemative methods
and there seems to be no theoretical advantage in
using any of them.

il

At the the
importance of high precision was not fully realized,
and in particular, the original data do not indicate
whether the burned area on the stone is to the left
or right of the shadow edge as one faces the
hypocenter (for above or below for elevation angle
measurements). Since the fireball was about 280 m
in diameter at the time the shadows were formed,4

time the measurements were made,

there is an appreciable divergence in the shadow
edge lines. This divergence could be detected in
someof the data by plotting a number of observations
of a given angle in one small region as a function of
the angle. A double humped curve suggested that
perhaps shadow edges had been measured on both
sides of an object. The divergence of the edge
lines could then be estimated and the apparenc size
of the fireball calculated. This size is considerably
smaller than the true maximum dimensions of the
fireball since an appreciable fraction (about 0.3) of
the fireball must ‘shine’ on the stone to burn it.
An effort was made to infer from the data whether
the burned area for each shadow was to the left or
right of the shadow edge (or above or below for
elevarion angles), and then to correct the azimuth
or elevation angle by half the apparent angular
diameter of the fireball. This diameter was inferred
from the data in the same way. The procedure
became so arbitrary and subjective chat licle
confidence could be placed in the resulting hypo-
the correction was abandoned. A more
sophisticated calculation from these data using
statistical principles is in progress and will be
reported in Parc 2,

center, and

Other values for the hypocenter and burst height
calculated from these same data have been reported.
However, some arithmetic errors have been dis-
covered in these earlier calculations.
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SUMMARY

The hypocenter or 'ground zero’ and the burst height
of the atomic bomb at Nagasaki have been redeter
mined by statistical analysis of about 300 shadows
cast by the thermal rays of the bomb at 21 locations.

In terms of the coordinates of the wartime US Army
Map of Nagasaki series AMS L1902, No. 138,353,
dated August 1945, these coordinates are: x=
1293.644 (E — W); y=1065.927 (N — S). The unit is
1000 yards and the coordinates are in terms of the
1000—yard world polyconic grid, band III N, Zone
!C!.

The calculated average burst height above the
hypocenter and its probable error were: H=500+
9 mecters. The corresponding figures currently in use
at ABCC are: x=1293.61; y=1065.92; H=490 meters.

The differences between these and the new values
are within the errors of measurement and calcula-
tion. The new point is 32 meters from the currently
used one.

E I O

Tl 0 J5E - R 5 00 BRAR T4 U R A 2L AF T4 300 1
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RBELURESEELH SO THEE LA,

i B A oD of R FE R B0 (R 0 RE AMS 1902, No. 138,353
1945FE 8 Az & hid, EEHIIZROLEDTHAS.
1293.644 (E - W); vy =1065.927 (N — S ). H f(£1000
Y= FT, FEREIE1000v — FitF £ MgEmE, <y F
N, v—r“C"iz2k5.

X =

AR ENZ-FHIEREOEE L7 OBERE T H="500 +
9A— PN, HEABCCTHOV TV AHMMBEFhFhT
BOoLENTHB. x=1293.61; y=1065.92; H=
490 A — kL,
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APPENDIX
fit53

INDIVIDUAL MEASUREMENTS ON SHADOWS FOR THE LOCATION OF THE HYPOCENTER
B Ot S o FF R R E IR W A 3R O & E

[ecadion Cosidiatas Kind of  Altitude Above Bear.ing to
) ) Stone* Sea Level Magnetic North
B b B e o -
A @ Hi 278 1] BEAE (2 f 4 5 AL
m 6 ()
1 Sakamoto- North Graveyard 94.48 x 65.60
AL B
A. Gr 60-70 NW 57 58 60
B. Gr NW 61 62
C. Gr NW 55
D. An NW 53 54 55
2 Sakamoto-North Graveyard 94.44 x (65.66
WAL B
A, Gr 60-70 NW 616161
B. An NW 55 55 55
&) Gr NW 58
D. Gr NW 57 57 58
E. An NW 60
3 Sakamoto-North Graveyard 94.40 x 65.71
At B
A. 60-70 NW 60
B. An NW 60
[ Gr NW 56 57 57 58 58
D. An NW 37 38
4 Graveyard NNE of Yamazato Grammar School
LU L A 2 6% oo CIE AL 3 BE M 93.77 x 66.85
A. Gr 30-40 sw 15 16 17 17
B. Gr SW 13 13 14
E, Gr SW 10 11 14 17 18
D. SW 10 11 12 12
5 Shiroyama-Machi Graveyard 93.17 x 65.68
I Ly T B
A. An 10-20 NE 50 58 70 72
B. An NE 7272727374
G Shiroyama-Machi Graveyard 93.09 x 65.68
I L1 BT BE b
An 10-20 NE 80 82
7 Shiroy ama-Machi Graveyard 03.10 x 65.66
LA 5]

*Gr = Granite  An = Andesite
AR IR



Kind of Altitude Above Bearing to

Location Coordinates ]
_— " Stone Sea Level Magnetic North
AL LR Aofm i R i3 o B i -39 SR 14
m @i(o)
8 Shiroyama-Machi Graveyard 93. 10 x 65.67
I Ly T BE M
9 Shiroyama-Machi Graveyard 93.08 x 65.67
Ly BT BE
An 10-20 NE 82 84 86 88
10 Shiroyama-Machi Graveyard 93.07 x 65.67
EANLIE5:)
An 10-20 NE 70
11 Urakami-River Yana-Bridge 93.27 x 65.96 <10 SE 40 60 70 80
ik s
12 Oka-machi Monument 93.54 x 66.03 <10 SE 18 20 29
[E] AT 42 &
13 Urakami Cathedral 94.13 x 66.23 10 SW 6B 69 70 70 73 74
i ERER
14 East of Peace Park* 93.65 x 65.91 <10 NW 82 84*
R IV i
15 Yachiyo-machi gas tank** 94.25 x 63.83 <10 NE 14 16 17 18 19**
AFRA(HFRA - 72 7)
16 Shimo-ohashi 93.25 x 66.40 5 SE 28 40 42 36
TR
17 Oka-machi prison 93.66 x 66.23 20 SW 20 40 50
[} BT (900 85 )
18 Shiroyama-machi Gokoku-shrine 92.83 x 66.35 30 SE 42 44 60 62 64 65
WL BT (3 [ # L) 68 70

*Bridge post east of Peace Park. This post was very close to the bypocenter, and the top is burrned and flaked off.
The sides are undamaged. The angle measurement is considered unreliable, and was omitted in calculation.
EFHAREFOBOR. ZOBEERLHBRoT CEFIzs- T, HHIBY CHEFE:s Tua, Ml sn. AEOMELTL-TE
fEHERZ R LBbhidHFEL RV L.

*%This reading was considered unreliable because the compass was probably deflected by the large mass of steel in
the gas tank. It was omiited in calculation.
HA 5713 EROFEHHIBEATVEOT, PZLCAMIBIIOTANR DDA TV ALOLEZ LRSS, T OMENM (X3 HEH
v, LA, THE» SRV A
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Altitude Above

Altitude Above

Bearing to

Locati 5 i :
E;);Uatmlzn Coor;j;;ates Ground Sea Level Magnetic North
HEd 50w E {67 44 % - E RS R
m 91 ®)
19 Yamazato Grammar School 93.70 x 66.63
TR 25
Third floor =K 8.3 12 SW677881011 12
12
20 Chinzei Middle School 93.30 x 65.54
ERIER:
First floor —# 7 15 NE 35 37 37 38 39 40
40 42 43 44
21 Shiroyama Grammar School 93.10 x 65.95
Wl A 2k
A. First floor —PF§ 4.4 10 SE 80 80 80 81 81 82
83 85 85
B. Top of building 2 E 12.6 SE 81 81 82 87 86 86
84
22 Medical College North Comer 94.19 x 65.90
M ER KF (LMo E)
Second floor NW 74 75 76 79 82
23 Medical College Hospital 94.15 x 65.53
3 W B Bt oK 4 0 B 75 B
A. Second floor B 4.5 10-20 NW 54 55 56 58
B. Top of building 2.t 8.5 NW 60

INDIVIDUAL MEASUREMENTS FOR THE DETERMINATION OF THE ALTITUDE OF BURST

MEREOEEREIZH

A i

s di Kind of Altitude of Elevation Above
Lu.mm‘),n Leor vma:e Stone Ground Above Horizontal
Ltk EiR o i Sea Level KR E o
i i 0 3 4
Ti %)
1 Sakamoto-North Graveyard 94.48 x (65.60
AR L SE
A, Gr 60-70 22 25 26 27
B. Gr 33 35 3537
. An 32 32 34
2 Sakamoto-North Graveyard 94.44 x 65.66
A i B b
A. Gr 60-70 27 31.21.33
B An 39 39 46
C] Gr 45 45 49 50
Gr 39 43 43 48 53
An 21
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Kind of Altitude of Elevation Above

LOC'&-U?H Coord1nare Stone Ground Above Hori zontal
HR i Hb 52 R
o%: bl Sea Level T Lo
Hi i} & {7 £ i
m T; %)
3 Sakamoto-North Graveyard 94.40 x 65.71
3 A b
A. 60-70 21 21
B. An 38 38 40
C. Gr 24 28 28 31 31 32
D. An 21 23 23
4 Graveyard NNE of Yamazato Grammar School
L 52 /s 2 oo L AL T BE B 93.77 x 66.85
A. Gr 30—-40 22 24 26 28 33 34
37
B. Gr 35 35 35 30
G. Gr 27 27
5 Shiroyama-Machi Graveyard 93.17 x 65.68
B Ly BT BE H
A. An 10-20 39 40 50 55
B. An 36 38 39 44 46
6 Shiroyama-Machi Graveyard 93.09 x 65.68
il 11 T HE
7 Shiroyama-Machi Graveyard 93.10 x 65.66

B LB BE b

8 Shiroyama-Machi Graveyard 93.10 x 65.67
B LB T

9 Shiroyama-Machi Graveyard 93.08 x 65.67
Ik L1 T BE b

TO*

10 Shiroyama-Machi Graveyard 93.07 x 65.67
i 1L BT BE K

11 Urakami-River Yana-Bridge
il k1) S
A. 93.27 x 65.96 <10 44 53 54 56 58 58
60 61 63

N
wn
[S¥]

*Readings considered unreliable because of the large deviations from the readings at ihe same place. The burs!
altitudes calculated from these two angles deviate from the average by more than three times the probable error.
They were omitted in the final calculation.
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Lo eatisn Coordinsts Altitude Above Altitude of Elevation Above
P e Grond Ground Above Horizontal
WErSOHE Sea Level AR E o fa
M O RS
m T )
B. 93.295 x 65.965 44 47 50 54
G, 93.30 x 65.97 55 56 56
D. 93.310 x 65.975 46 49 51 54 55 56 63
E. 93.285 x 65.945 43 43 49 55 56 57 58
61 65
F. 93.290 x 65.955 52 55 67
16 Urakami-River 93.25 x 66.40
ik
Shimo-ohashi T A% 5 38 39 40 40 41 41 42 42
19 Yamazato Grammar School 93.70 x 66.63
W R PNER .
A. Third floor =R 8.3 12 32 32 34 35 35 36 36 40
B. Top of building 2L 12.3 32 35 38 39 40 41
20 Chinzei Middle School 93.30 x 65.54
U rh 2 b
First floor — R 7 15 40 42 43 45 47 49 50
21 Shiroyama Grammar School 93.10 x 65.95
Il 2 B
A. First floor — P 4.4 10 41 42 42 43 45 48
B. Top of building & L 12.6 40 40 42 43 43 44 45 47
50 51
22 Medical College North Corner 94.19 x 65.90 20-=30
EMERK¥ (EMoE)
A. Second floor bt 4.5 38 38 39 40 40 40
B. Third floor =R 8.5 37 37 37 38 39 39 40 40
40
C. Top of building B 14.0 37 37 38 38 38 39 40 40
41
23 Medical College Hospital 94.15 x 65.53
$% W R B2 (IR A B
A. Second floor bl 4 4.5 10-20 35 36 36
B. Top of building 2t 8.5 32 32 32 34 35 35 36 37
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