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Observation of 1994 November 3 Total Solar Eclipse *

Masayuki OKUMURA*, Tsuyoshi KATO** and Masato KATAYAMA*

Abstract

Observation of the total solar eclipse on November 3, 1994, was made by the Hydrographic

Department of Japan (JHD) by means of flash spectrum recording method. Analysis of the

observation gives the following correction to the relative position and semidiameter of the Sun and

the Moon to be applied to the tabular values in Japanese ephemeris .

A ( As— Ay) =+0.49"+0.15",
A (Bs— Bu)=+0.32"£0.19",
A ( r— n)=—0.10"+0.02",

(46154)
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1. Introduction

The Hydrographic Department of Japan
(JHD) sent an observation team to South
America for the total solar eclipse of Novem-
ber 3, 1994. The purpose of the observation is to
determine the accurate position of the Sun
. relative to that of the Moon, for maintainance
and improvement of the astronomical ephemer-
is accuracy.

The two members of the JHD, Masayuki
Okumura (chief) and Tsuyoshi Kato, par-
ticipated as constituents of the official
Japanese expedition team for the eclipse sent
by the Japanese Government.

The expedition team consisted of six mem-
bers from National Astronomical Observatory
(NAO) and the JHD with Dr. Kiyoshi Ichimoto
of NAO as the leader. The observation site was
set up at Putre, Tarapaca, located in the north
part of Chile (Fig.1).

After installation and adjustment of the

observation instruments for about three weeks,

the JHD members observed the eclipse succes-
fully although the sky was covered by thin
clouds during the solar eclipse (see photos 1 to
3).

This paper describes first how the observa-
tion was made and then the result of the analy-

sis of the obtained data.
2. Observation Site

The observation site of the Japanese expedi-
tion team was set in the playground of the
No-1

Granaderos de Putre of the Chilean army,

Regimiento Caballeria Blindado

reserved place for observation parties from all
over the world. Electricity of 220V was sup-
plied to the observation teams by Chilean
army.

In the days preceding the eclipse, the obser-
vation team determined the position of the
telescopes of both the JHD and the NAO using
a GPS receiver (Furuno GN-72). Geodetic
coordinates in geocentric reference frame

(WGS-84) were determined by obtained data

t Received 1997 December 3rd; Accepted 1998 January 26th.
JLERHER  Geodesy and Geophysics Division, Hydrographic Department
« + SIVEXH LEA%AEE  9th Regional Maritime Safety Headquarters

— 95—




Masayuki OKUMURA, Tsuyoshi KATO and Masato KATAYAMA

BOLIVIA

os |

PACIFIC (
OCEAN
258

oS

Santiago

ARGENTINA

AGUAY
ST BRAZIL

ATLANTIC
OCEAN

70

50W

Fig.1. Path of total phase at south america.

from October 13 to 23 as follows :

longitude . A,=69" 33'50.57"W,
latitude ! $g=18 11'51.37”S,
height - H=43522m,
(WGS-84)

Height is from the reference ellipsoid of
WGS-84.

The observation team also obtained the

meteorological data from October 13 to
November 4 :
mean minimum temperature 3.3C
mean maximum n 26.8C
mean minimum humidity 23%
mean maximum /7 349%

With the progress of the eclipse on Novem-
ber 3, the temperature went down and a local
minimum value of 14°C was recorded at 10h 15
m local standard time about an hour after the
totality, about 4°C lower than it would have
shown without the eclipse.

The observation team were suffered from

mountain sickness and very low humidity.
Fig.2 shows the variation of temperature

and humidity on the day of the eclipse.
3. Observation of the eclipse

The CCD-video camera and video tape
recorder were introduced for this observation
of the flash spectrum recording method,
instead of 16-mm movie camera and cinefilm
used in the past observations of eclipses by the
JHD. These new equipments enable us to
obtain digital data directly and make the anal-
ysis easier. The data analysis was carried out
with the same procedure in the past eclipse
observations by the JHD.

A schematic diagram of the equipments used
is shown in Figs. 3(a) and 3 (b). Since a detailed
description of the main equipments is given in
Mori and Kubo (1971), only an outline and the
differences are explained below.

A spectrotelescope and a CCD-video camera

— %6 —




Observation of 1994 November 3 Total Solar Eclipse

Photo 1. The solar corona at the total solar eclipce of November 3, 1994.

Photo 3. The recording equipments.
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Fig. 2. Temperrature and humidity at the observation site on 1994 Nov 2 to 4.

based on an equatorial mounting constitute the
main part of the equipments. Both the equato-
rial mounting and the CCD-video camera are
driven by AC 100V which was converted from
12V DC batteries. The optics of the
spectrotelescope consist of an objective lens
with apperture of 8)mm and focal length of 1200
mm and direct-vision prism just ahead of the
objective lens. The resolution of the image at
the focal point is 5.8mm/1000” and the disper-
sion of the prism is 77A /mm at 4764 A

A CCD-video (Hamamatsu
photonics C3077-50) was used for recording of
the flash spectra at the second and third con-
tacts. The size of the CCD detector is 8.8mm X
6.6mm with the direction of dispersion parallel

to the longer side and that of position angle to

camera

the shorter side. Time signal was recorded in
lower left of each frame.

Digital image was recorded about 30 times a
second on a Hi8 8mm VTR tape. Examples of the
images are shown in Photos 4 and 5.

The time signal from a video timer (Hoei
VTG-33) was calibrated to UTC by using GPS
with an accuracy better than 10ms. The record-
ed time signal was corrected due to delay of 20
ms,

The flash spectra were recorded for 60 sec-
onds each around the second and the third
contacts.

After the eclipse observation,
images of the Sun’s disk through a slit were
recorded with various densities of ND filters

inserted in front of the CCD~-video camera and

spectral
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Fig. 3(a), Schematic of the spectrotelescope.
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Fig. 3(b). Diagram of recording equipments.

with several widths of the slit in order to
obtain the relation between light intensity and

brightness of the image.
4, Analysis

The data of the coordinates of the Sun and
the Moon and the local predicion of the eclipse
for the observation site are given in Table 1.
(Japanese Ephemeris for 1994, 1993) They are
calculated consistently with the Japanese
Ephemeris for 1994 which is accordant with the
IAU (1976) System of Astronomical Constants.

The difference between the center of mass,

which is given in the Ephemeris, and the figure

center was taken into consideration. The lunar
limb profile was estimated from Watts’ (1963)
lunar charts which is based on the figure cen-
ter. The difference was estimated from obser-
vations of lunar occultation of stars by the
JHD (Japanese Ephemeris for 1998, 1997) :
Ady=+0.38" and AB,=—0.21".
where Ay and By are the ecliptic coordinates
of the Moon’s longitude and latitude. As for the
semidiameter of the Sun s, and the Moon £, the
following values are adopted -
8,=059.63”, (at the distance of 1 A.U.)
k=0.2725076. (in unit of the equational
radius of the Earth)
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Photo 4. Exmple of the image of flash spectra near Second contact.

11I-03F O9-=21- 1I5"45

Photo 5. Exmple of the image of flash spectra near third contact.
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Table 1. The coordinates of the Sun and the Moon and the local prediction for the observation site.

Second contact Third contact

Contact Time(UTC) (to)

Position Angle of Contact Point (P,-180°)

Distance between the Centers of the Sun and the Moon

Geocentric  R.A. of the Sun
” Dec. ”
” R.A. of the Moon
" Dec. ”

Topocentric R.A. of the Sun

" Dec. ”
" R.A. of the Moon
” Dec. "
Z S.D. n

Relative Velocity of the Moon to the Sun

” (Position angle)

(Magnitude)

12k 18m 17.73s 12h 21m 19.77s

115.17° 289, 37°

45, 14" 45. 83"
14h 33m 42.544s 14h 33m 43.043s
-15" 04’ 48.13" -15° 04" 50.50"

14k 30m 08. 986s 14h 30m 16.772s

-15° 15" 21.63" -15" 15" 47.85"
14h 33m 43.052s 14h 33m 43.547s
-156° .04” 46.54" -15° 04" 48.93"

14h 33m 40. 232s 14h 33m 46.500s

-15° 04’ 27.34" -15° 05" 03.97"

1012. 58" 1012. 77"

0. 4964" /s

112.27°

UT1-UTC was taken from IERS Annual
Report for 1994 (1995) and is used in the local
prediction :

UT1—-UTC=+0.545s.

Since TAI-UTC=29s at that time and
TDT—-TAI=32.184s, we have TDT—-UT1=
60.639s.

Correction for the polar motion is not taken
into consideration, because the value is so
small that it does not affect the analysis. (IERS
Annual Report for 1994, 1995).

The brightness values of spectra of the cres-
cent Sun on the frame were measured by a
Hamamatsu photonics DV S-3000.

The brightness values were measured for

each frame of the VTR tape along the direction
of position angle, which is parallel to the edges
of the image, at three wave length. The adopt-
ed wave lengths were 5960 A, 4740 A and 4615 A
which are less affected by the emission lines
from the chromosphere. We measured only the
brightness value of the continuum from the
photosphere.

The DVS-3000 has 640 pixels for the direc-
tion of dispersion and 485 pixels for that of
position angle. Each one pixel corresponds to
0.97A of wave length for the former and to
0.13° of position angle for the latter.

The brightness data were obtained digitally

with an interval of one pixel on the frame
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along position angle for each wave length and
recorded on a MO disk. ’

We used the prominent features of the spec-
tra to find the relation between the position
angle and the position of the images. The
outline of the process is as follows. A graph is
made for any frame to show the relation
between the position on the frame along the
direction of position angle and the brightness,
with x-axis for the former and y-axis for the
latter. Then the curve of the graph reflects the
profile of the lunar limb near the contact point,
showing prominent features of hills and val-
leys.

At the same time, we draw the lunar profile
based on Watts’ (1963) lunar charts for the
same part of the lunar limb, with x-axis for the
position angle and y-axis for the height.

If we compare prominent features seen in the
both curves, we recognize a similarity between
them. By a least squares fitting of the both
arguments (x-axis values) for common promi-
nent features, we can obtain the relation
between the position angle and the frame posi-
tion along the direction of position angle.

From the brightness data for any position
angle for all the frames, we can draw the
so-called eclipse curve, a curve showing how
the intensity changes with respect to time,
since we have already the relation between the
image brightness and the intensity of light.
Knowing the relative velocity of the Moon to
the Sun, the time is also related to the height of
the solar edge above the lunar limb easily.
Therefore eclipse curve reveals the relation
between the intensity and the height of the
solar edge above the lunar limb (from Figs. 4
(@)to 4(d)). The eclipse curves in Fig. 4 and the
following reduction as far as Section 5 are for
4615A, We have similar results for the other

two wave lengths.

Every eclipse curve shows a similar feature,
i. e., rapid change between the slow curves.

We define the solar edge by the point with
the inflection point of the eclipse curve, in the
analysis. In practice, we obtain the inflection
points of conspicuous hills and valleys on the
lunar limb. Then we can obtain the time for
every position angle when the brightness is
equal to the mean value thus determined. It
should be called the contact time for that posi-
tion angle. We can get such contact times for
each pixel of data for the both contacts. These
contact times consutitute the basic data in the
following analysis for the relative position of
the Sun to the Moon. The second to fourth
columns of the Tables 2 and 3 give contact
times for each pixel which is about 0.13° of
position angle for the three wave lengths for
the second and third contacts, respectively.

The fundamental equation for the reduction
for the relative position of the Sun and the
Moon is given in Kubo et al. (1993) :

h=x cos p+y sin p+z+H,
—v(te—ty)cos(p—¢)
— (15— mu) Zsin?(p — por) /275, (i=2, 3)

with
x=A (&~ ),
y=A (as—ay) COSGs,
z2=A (rs—mny ),
Hy= (8~ )icos p

+  {as— aw )icosdysin p+ (s —m)
(7’5“71\4 )1{1+C03(p—ﬁ01)},

where i=2, 3 represent that the values are

I

those of the second and the third contacts
repectively, @, ¢ and » are right ascension,
declination, and semidiameter, and subs.cripts S
and M mean the valuse for the Sun and the
Moon. The meanings of the notations are as

follows :
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. position angle of a point on the

lunar limb,

contact time for the point,

datum of the Moon,

. predicted contact time given in

Table 1,

position angle of the Moon with
respect to that of the Sun at &,
bDo—180°
magnitude of the velocity of the

Moon relative to the Sun,

appearing in the prediction,

the above velocity,

v and ¢ are also shown in Table 1. It should
be noticed that the predicted topocentric values
for all those quantities are used in the analysis.
The applied topocentric lunar libration param-
eters are 1=—0.14°, b=+0.12° and C=+
19.67°. A correction of 0.2° to the position
angle of lunar profile is applied (Appleby and
Morrison, 1983 and Kawada and Kubo, 1990).

We have one equation for one point on the
lunar limb, and from the equations for all the
points of both contacts we have the equation

for the least squares solution. The equation is
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Table 2. Position angle (p), contact times (tc), height by Watts (hw) and observed heights (h) ((1)
4960A, (2) 1 4740A, (3) : 46154 ). Second contact.

p o te(d) te@ te® W) h@ K@ p o te(D) te(@ te® hw R h@ kO
12h 18m 12h 18m

° s s s " " ” » ° s s s " » ” »
107. 11 16.87 0.13 0.57 121. 03 17.67 17.63 -0.08 -0.30 -0.29
107.24 16.14 0.20 0. 44 121. 15 17.79 1776 0.14 -0.37 -0.36
107.49 16.17 16.24 0.21 0.45 0.37 121.28 17,73 1779 0.1 -0.35 -0.39
107.62 16.27 16.21 0.14 0.42  0.40 121. 41 17.58 0. 04 -0.29
107.75 16.33 0.06 0.32 121,53 17.28 17.48 -0.08 -0.16 -0.26
108. 13 16.35 16.54 -0.00 0.42 0.28 121.66 17.24 17.27 -0.18 -0.16 -0.17
108. 26 16.02 0.00 0.60 121.79 17.27 -0.11 -0.18
108.38 16.95 0.06 0. 60 121,92 17.32 17.82  0.04 -0.22 -0.22
108.51 16.21 0.13 0.64 122.04 17.75 17.32 17.29 0.09 -0.30 -0.23 -0.22
109. 02 16.31 0.29 0.52 122. 17 17.39 17.36 0.08 -0.28 -0.27
109,27 17.00 16.63 16,66 0.31 0.31 0,38 0.32 122.30 17.39 1736 0.00 -0.30 -0.28
109. 53 16.83 16.71 0.12 0.30 0.31 122,42 1749 17.42  0.00 -0.36 -0.33
109. 65 16.98 16.92 -0.06 0.23 0.22 122,55 17.48 17.43 -0.09 -0.37 -0.35
109.78 1712 1713 -0.07 0.17 0.12 122. 68 17,65 17.55 -0.21 -0.42 -0.42
109.91 17.12 0.03 0.18 122.81 17.87 17.46 17.47 -0.23 -0.45 -0.40 -0.40
110.03 17.53 17.23 17.28 0.09 0.10 0.13 0.06 122.93 17.54 17.47 -0.2L -0.46 -0.41
110. 16 17.22 17.28 0.02 0.14 0.07 123. 06 17.55 -0.24 -0.47
110.29 17.34 -0.11 0.05 123.32 17.89 17.82 -0.58 -0.67 -0.63
110.41 17.36 17.12 17.26 -0.13 0.21 0.21 0.10 123.57 17.81 17.8 -0.71 -0.66 -0.68
110.54 17.06 17.19 0.01 0.25 0.14 123.70 17.79 -0.78 -0.67
110.67 17.03 17.12 0.18 0.26 0.18 123.83 17.84 -0.85 -0.71
110.79 17.11  0.18 0.19 124.08 18.19 -1.00 -0.91
1117 16.39 -0.03 0.57 124.21 18.55 18.46 -1.13 -1.11 -1.06
115.72 17.60 17.52  0.32 0.06 0.07 124.34 18. 60 -1.24 -1.15
115.84 17.81 17.77 0.05 -0.05 -0.06 124. 46 18.60 -1.32 -1.17
115.97 17.89 -0.09 -0.11 124.59 18.75 18.66 -1.39 -1.26 -1.21
116.10 18.38 18.04 18.04 -0.07 -0.21 -0.17 -0.20 124,72 19.16 -1.38 -1.33
116. 22 18.03 18.10 0.05 -0.17 -0.23 124.85 18.72 1871 -1.34 -1.28 -L27
116,35 18.09 18.16 -0.01. -0.20 -0.26 124.98 19.12 18.74 18.71 -1.36 -1.36 -1.32 -1.29
116. 47 18.02 18.14 -0.18 -0.17 -0.25 125. 10 18.67 18.67 -1.43 -1.30 -1.29
116. 60 17.99 18.09 -0.16 -0.16 -0.23 126.23 18,97 18.64 -1.43 -L3l -1.30
116.73 18.06 18.10 -0.14 -0.20 -0.24 125. 36 18.58 -1.39 -1.29
116.85 18.11 18.16 -0.20 -0.23 -0.28 125. 49 18,31 18.47 -1.27 -1.18 -1.26
116.98 18.16 18.21 -0.22 -0.26 -0.31 125. 62 18.08 -1.07 -1.10
117.10 18.14 18.28 -0.21 -0.26 -0.35 125.75 18.00 18.04 -1.01 -1.08 -1.09
117.23 18.01 1817 -0.22 -0.20 -0.30 125,87 17.96 17.97 -1.09 -1.08 -1.08
117.36 17.85 18.06 -0.32 -0.12 -0.26 126.00 17.93 -1 17 -1.09
117.48 17,72 17.88 -0.42 -0.06 -0.16 126. 65 18.09 18.09 -1.49 -1.28 -1.27
117.61 17.70 17,77 -0.38 -0.06 -0.11 126.90 17.98 -1. 42 -1.27
117.74 17.74 -0.29 -0. 11 127.03 17,93 1798 -1.42 -1.27 -1.26
117.86 17.63 17.75 -0.22 -0.04 -0.12 127.29 1,75 1176 -1.37 -1.23 -1.22
117.99 17.50 -0.15 0.02 127. 42 17.80 -1.18 -1.28
118.12 17.38 17.54 -0.09 0.07 -0.02 127,55 18.01 17.78 -1.16 -1.40 -1.28
118.24 17.22 17.36 -0.01 0.14 006 127.68 18. 16 -1.32 -1.50
118.37 17.24  0.10 0.11 127,94 18.39 18.15 -1.50 -1.66 -1.53
118. 49 17.08 0.25 0.22 128.33 18.40 18.28 -1.60 -L74 -1.67
118.62 16.97 17.05 0.39 0.24 0.19 128.59 18.21 18.18 -1.76 -1.70 -1.67
118.75 17.02  0.43 0.20 128.85 17.90 17.86 -1.74 -1.61 -1.57
118.87 16.86 0.48 0.27 128.98 17.78 1770 -1.64 -1.56 -1.52
119.00 16.90 0.71 0.39
119.83 17.30 0.15 0.01
119.76 17.31 -0.02 -0. 02
120. 65 17.20 0.82 -0.03
120.77 17.48 0.09 -0.18
120. 90 17.62 17.57 -0.39 -0.26 -0.24




Observation of 1994 November 3 Total Solar Eclipse

Table 3. Position angle (p), contact times (tc), height by Watts (hw) and observed heights (h) (1) :
4960 A, (2) : 47404, (3): 4615A). Third contact.

p te( te@ te® o h(1) K@) KD p o te() te(@ te®® WD W@ K@)
12h 21im 12h 21m

B s s s " " " " o s s s " " " "
280.13 22.97 0.87 0.87 292. 24 15.39 15.30 -2.97 -2.46 -2.49
281,13 23.90 1.85 147 292. 36 15.40 16.34 -2.96 -2.46 -2.47
283.89 19.27 -0.78 -0.49 292.49 15.22 15.45 15368 -2.90 -2.256 -2.44 -2.47
284,01 19.15 19.03 -0.93 -0.85 -0.87 292.61 15.44 16.37 -2.79 -2.44 -2.47
284, 14 18.80 -1.06 -0.97 292.74 15.47 15.40 -2.67 -2.43 -2.48
284.26 18.77 1865 -1.16 -1.02 -1.04 292, 86 15.49 15.44 -2.62 -2.43 -2.4
284,39 18,39 -1.23 -1.16 292.99 15.30 15.57 15.52 -2.61 -2.23 -2.40 -2.41
284.51 18.33 18.16 -1.36 -1.21 -1.25 293.11 156,59 16.52 -2.55 -2.38 -2.41
284.64 18.04 -1.47 -1.34 293.24 15.65 15,57 -2.56 -2.37 -2.40
284.89 17. 46 -1.54 -1.61 293, 36 15.59 15.49 -2.59 -2.40 -2.44
285,14 17.00 17.07 -1.563 -1.51 -1.78 293. 49 15. 59 -2. 49 -2.41
285. 39 16.95 -L.77 -1.79 293.61 15,57 15.51 -2.44 -2.42 -2.44
285,51 16.96 -1,86 -1.81 293.73 16,52 -2.57 -2. 44
285.64 16.74 16.82 -1.76 -1.60 -1.87 293, 86 15.57 15.47 -2.63 -2.44 -2.47
285.76 16.66 -1.56 -1.91 294,23 15.58 -2.79 -2.45
286.01 16.94 -1.45 -1.76 294,48 15.40 -2.43 -2.28
286. 14 17.00 17.07 -1.50 -1.75 -1.68 294,61 15,73 15.80 -2.25 -2.40 -2.35
288. 26 17.16 17256 -1.38 -1.67 -1.59 294,73 15.94 16.01 -2.11 -2.30 -2.26
286. 38 17.30 17.42 -1.23 -1.59 -1.50 204,86 15.66 16.10 16.12 -1.97 -2.15 -2.23 -2.21
286.51 17.54 17.62 -1.32 -1.47 -1.39 294,99 16.21 16.19 -1.86 -2.18 -2.19
286. 63 17.63 17.47 -1.53 -1.42 -1.46 295.11 15.99 16.26 16.23 -1.78 -2.01 -2.16 -2.18.
286.76 17.50 -1.72 -1.47 295, 24 16.30 16.31 -1.67 -2.16 -2.14
286. 88 17. 06 -1.82 -1.69 295. 36 16.42 16.56 -1.56 -2.10 -2.08
287.01 16.71 -1.89 -1.85 295. 49 16.69 16.79 -1.52 -1.98 -1.92
287.13 16.25 -2.04 -2.04 295,61 16.39 16.86 16.87 -1.54 -1.85 -1.90 -1.89
287.26 16.29 -2.23 -2.05 295.74 16.94 16,97 -1.53 -1.87 -1.86
287,51 15.91 15.79 -2.42 ~2.23 -2.26 295.86 16.69 17.06 17.20 -1.44 -1.72 -1.82 -L75
287.63 15.70 -2.44 -2.29 295.99 16.80 17.30 17.48 -1.20 -1.67 -L.71 -1.62
287.75 15.75 15.64 -2.50 -2.30 -2.32 296.11 17.00 17.57 17.71 -1.16 -1.59 -1,69 -1.52
287.88 15.65 -2.52 -2.34 296. 24 17,76 17.85 -1.07 -1.50 -1.46
288.00 15.60 15.56 -2.52 -2.36 -2.35 296.36 17.47 17.86 17.92 -1.13 -1.37 -1.47 -1.44
288.25 165.71 1570 -2.47 -2.30 -2.28 296.49 17.64 17.95 17.99 -1.36 -1.30 -1.43 -1.42
288.38 15.43 15.75 15,66 -2.41 -2.13 -2.28 -2.30 296.61 17.71 17.95 17.93 -1.52 -1.28 -1.456 -1.45
288.50 16,63 -2.40 -2.31 296.74 17.77 17.91 -1.47 -1.26 -1.48
288.63 15.67 -2.42 -2.31 296.87 17.92 17.99 -1.50 -1.48 -1.45
288,75 15.43 15.51 -2.39 -2.12 -2. 36 206.99 17.75 17.97 18,04 -1.45 -1.29 -1.47 -1.43
288.87 16.50 -2.24 -2.37 297.12 17.81 18.06 18.10 -1.14 -1.27 -1.44 -1.42
289.12 15.65 -1.98 -2.29 297, 24 18.06 18.08 -1.01 -1.45 -1.44
289.25 15.79 156.76 -2.22 -2.24 -2.23 297.37 17.87 18.06 18.17 -1.06 -1.27 -1.46 -l.41
289. 37 16.80 15.60 -2.59 -2.23 -2.31 297,50 18.20 18.44 -0.98 -1.41 -1.29
289, 62 15.47 -2.74 ~2. 40 297.62 18.00 18.48 18.76 -0.79 -1.23 -1.28 -L 1§
289.75 15.44 15.35 -2.73 -2.41 -2.43 20775 18.19 18.73 -0.59 -1.16 -L17
290.37 15.20 15.42 15.28 -2.57 -2.23 -2.42 -2.47 297.87 18.38 18.86 -0.46 -1.07 -1.07
290.49 15.18 -2.62 -2.24 298.00 18.59 -0.47 -0.98
290. 74 15.29 15.18 -2.92 -2.48 -2.52 298.12 18.77 -0.60 -0.91
290.87 15.24 15.15 -2.91 -2.51 -2.54 298.25 18.92 -0.67 -0.85
291.12 15.21 16.12 -2.83 -2.53 -2.56 298.38 18.96 -0.66 -0.84
291,24 16.22 15.12 -2.92 -2.53 -2.56 298,50 18.94 -0.58 -0.86
291,37 156.19 15,10 -3.04 -2.54 -2.57 298,63 18.97 -0.54 -0.87
291. 49 156.22 15.14 -3.08 -2.53 -2.55 208,76 19.04 -0.55 -0.85
291,61 14.99 15.20 -3.05 -2.34 -2.54 298.88 19.09 -0.60 -0.84
291.74 © 15,25 15.16 -2.98 -2.52 -2.55 299.01 19.10 -0.71 -0.85 :
291. 86 15,24 15,17 -2.78 -2.53 -2.54 299.13 19.02 19.14 -0.83 -0.91 -L.13
291.99 15.81 15.28 -2.67 -2.50 -2.52 299.26 18.91 19.00 19.14 -0.84 -0.97 -1L21 -L16
292.11 15.08 15.32 15.27 -2.84 -2.31 -2.49 -2.50 299,39 18.84 19.05 -0.75 -1.02 -1.20
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Table 3. (continued). Third contact.

p o te(D te®@ tc® hw () h@) h(®

12h 21m
° s s S "

299,51 18.84 -0.68 -1.04

299.64 18.95 -0.75 -1.01

299.77 19.05 -0.82 -0.97

299.8% 19.15 -0.67 -0.94

300.02 19.26 -0.59 -0.91

300,78 19.32 -1.20 -0.99

300,91 19.12 19.16 19.19 -1.29 -1.10 -1.36 -1.36
301.04 19.02 19.12 -1.36 -1.17 ~1. 42
301,17 18.95 19.01 19.11 -1.42 -1.23 -1.47 -1. 44
301.29 18.93 19.16 -1.50 -1.26 -1, 43
301.42 18.92 19.11 -1,64 -1.28 -1.47
301,55 18,97 -1.53 -1.28

301.67 19.06 -1.563 -1.26

301.80 19.14 -1.65 -1.23

302.44 19.28 -1.64 -1.28

302.57 19.29 -1.65 -1.30

302.83 19.38 -1.78 -1.30

302.95 19.45 -1.65 -1.29

303,08 19.53 -1.52 -1.27

constructed with the condition that (2— /)2
should be the minimum, where Ay is the height
for the point on the lunar limb read from
Watts’ charts and reduced to the topocentric
distance of the Moon. Ay and %’s for the three
wave lengths after the best fit with respect to x,
y and z are given in the 5th and the 6th to 8th
columns of Tables 2 and 3, respectively.

Solving the equation, we have corrections to
the computed values for the relative position
and semidiameter of the Sun and the Moon :

A(ds—dy )=+0.53"%0.18",
Alas—ay ) cosds= +0.337+0.09”,
Alrs—n )=-0.10"£0.02".

We can also solve the equation for the longi-
tude and latitude if we make the following
transformation of the unknowns -

2’ =A(As— Ay) = (cose sinex)
+ (cosd cose +sind sinasine)y,
¥’ =A(Bs— Bu) = (cosd cose
+sind sine sine)x
— (cosa sine) y.
Then we have
A(ds— A ) =+0.49"%£0.157,
A(Bs—f ) =+0.32"£0.19",

Alrs—n )=-0.10"+0.02".

All the above results are for the wave length
4615A as stated before. Results of the other
wave-lengths are,

A(As— Ay ) =+0.487+0.29”,

A(Bs—fy ) =+0.40"%0.377,

A (75— ):+0.12’f4_r0.05”, (for 49604 )
and

A(As— Ay ) =+0.63"10.16",

A(Bs—fy ) =+0.43720.21,

A(rs—mn )=—0.09"+0.03", (for 4740A)

5. Discussion

We compare above results to those of the
past eclipses reported in this series of the
Report of Hydrographic Researches. They
are . for 1970 March 7 : (Mori and Kubo,
1971)

A(As— Ay ) =+0.17"%0.027,

A(Bs—fu ) =—0.43+0.07”,

Alrs—ny )=+0.29"+0.02”, (for 46154)
for 1973 June 30 : (Mori and Ganeko, 1976)

AAs— Ay ) =—0.26"+0.02",

A(Bs— By ) =—0.32"+0.14”",

A(rs—ng )=+0.44710.04”, (for 46154)
for 1991 July 11 : (Kubo et al.1993)

Ads— Ay ) =—0.20"%0.02”,

A(Bs— By ) =—0.50"+0.07”,

Alrs—mn ) =+0.51"£0.02". (for 4615A)

As seen from Fig. 5, the obtained lunar limb
# and those from Watts’ charts Ay show a very
good coincidence with each other. This fact
means that our observation was made with
sufficiently good precision. However, compari-
son of the reported ecliptic longitude and lati-
tude differences shows larger correction values
for the 1994 solar eclipse. We can not discuss
the changing rate of the solar radius in this
paper. (Gilliand, 1981, Kubo, 1993, and Pasa-

choff and Nelson, 1986) We assume that causes
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Fig.5. Observed lunar profiles (caracters) and those by Watts’ charts (solid lines).

are as follows. inate our results.

(i) The final results are limited by the cor- (i) There are deep valley and high moun-
rections of lunar limb which depend on Watts’ tain at the third contact. The strong light
charts. Poor quality of the lunar limb profile emerged from the deep valley affected eclipse

calculated from the Watts’ charts may contam- curves.
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i) Thin cloud affected the results to some
extent,

(v} Characteristics of the new observation
equipments differs from the past ones.

For exmple, the resolution is lower than the
past one.

We have to continue to discuss the reason of
larger corrections and to improve these results
in order to accumulate the data of the total
solar eclipse with these new equipments in the
future.

If observations may give more precise
results, efforts to improve ephemerides should
be done to keep pace with the advancement of

observation.
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