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ON SOUTHERN MOVEMENT AND SEASONAL VARIATION
OF TSUGARU WARM CURRENT
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Abstract

The seasonal variation patterns on the relationship between the size of eastward expanding
gyres and southward current velocity concerning Tsugaru Warm Current (T.W.C.) had been clarified
by many oceanographic data of Sanriku coastal area during past decade,

The expanding gyres can be categolized in 4 types by monthly 100m temperature maps and the
southward current velocity of T.W.C. is also calassified by GEK data in the same 4 types.

Regarding gyre pattems, the smallest gyre and southward current near the coast of Shimokita
Peninsula from January to May, named coastal mode by Conlon (1982), is called coastal type
{Type C ) in this paper. Likewise, medium expanded size gyre from June to July is called medium
gyre type (Type Gpy); most enlarged size gyre from August to November, large gyre type (Type
GL); and large gyre transfering to Type C from November to December, transition type (Type T).

On the other hand, reguiar seasonal variation of mean velocity of southward Sanriku Coastal
current is observed 0.5 — 0.6 knots from January to May, about 0.7 knots from June to Jury,
1.2 — 1.3 knots from August to November and about 0.8 knots from November fo December
corresponding to the above 4 types respectively,

The ocean state of Sanriku coastal area is greatly affected by T.W.C.. Then, it is important to
know both regularity and irregularity of T.W.C. because it is necessary to predict the variation
of the Oyashio which have great influence on ocean state, local climate and various environments
of Tohoku district.
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Figure 1. Oceanographic observation result by patrol vessel “Iwaki” (Surface temperature, GEK current map: Hydro. Dept. 2nd R.M.S, Hgs)
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Figure 2. Oceanographic observation result by patrol ship “Iwaki” (100m depth layer water temperature, anomaly of surface temperature from

normal year: Hydro. Dept. 2nd R.M.S. Has.)

VAIHSTH "I



ON SOUTHERN MOVEMENT AND SEASONAL VARIATION

OF TSUGARU WARM CURRENT 5
154° 65° 1W'F mg :
o 146 4+ 0.86 /v .
i {fﬁﬁ & 08 2k 140 . $ & I
N
186" %4 7%
e ¥ Ianw o 03t gy 18977
fEfe 14 ‘ A6 1
KAaiE 7H7TH~10(H HHSTE. BHE6H~9H
139° w7 163 139'N
156" . \
0.5/-'[- \&iajﬁ}_ N BQBEDJVI' onﬂ Jub
W2'E 163 E. :42 E i43E

Figure 3. Examples of current distribution of Sanriku coastal and offshore area (Iwate Pref.
Fish. Exper. Sta.)
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Figure 4. Monthly variation of current speed and direction of Sanriku coastal area near Kurosaki and Togasaki from 1980 to 1986 (Iwate Pref. Fish.
Exper. Sta.)
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Figure 5. Monthly variation of current speed and direction of Sanriku offshore area near Kurosaki and Togasaki from 1980 to 1986 (Iwate Pref, Fish.
Exper. Sta.)
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Figure 6. Left: The variation of monthly mean value of current speed at Sanriku coastal
area near Kurosaki and Togasaki from 1980 to 1986 (Iwate Pref. Fish. Exper.
Sta.), Center and Right: Monthly variation of mean volume transport of Tsugaru
Warm Current and Tsushima Warm Current from 1966 to 1983 respectively
{Aomori Pref. Fish. Exper. Sta.)
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Pref, Fish. Exper. Sta.)
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COMPUTER AIDED HYDROGRAPHIC SURVEY AND
PROCESSING SYSTEM OF THE SURVEY VESSEL SHOYO

Akira Asada and Tadashi Kondo

Abstract

A computer aided hydrographic survey system of the survey vessel “SYOYO has been complet-
ed. Positioning, daia acquisition, data processing are done by using a computer PANA FACOM
U-1200.

The computer provides accurate positioning from the integration of the NNSS (Navy Navigation
Satellite System), the Loran C, and the other associated navigation sensors. In this system, Loran C
position is calculated by multi-LOP (Line Of Position) fixing up to 14 LOP’s of 6 hyperbolic LOP’s
and 8 range LOP’s, and corrected by a unique calibration methoed. The computer calculates dif-
ferences between NNSS fixes and Loran C fixes to minimize variance of NNSS fixing, and decides
reliable calibration values by a weighted mean method, The data processing programs included in
the system produces a bathymetric contour chart, a sounding chart, a track chart and other charts,
These charts are very available on conducting survey. As far sounding, the automnatic echo sounder
occasionally provides erroneous depth data. Therefore, we have developed a sub-system to replace
erronecus data with interactively re-degitized depth values from analog graphic records of the echo
sounder.
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Figure 7. Print-out of positioning data and hard copy of the monitoring CRT
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COMPUTER AIDED HYDROGRAPHIC SURVEY AND
PROCESSING SYSTEM OF THE SURVEY VESSEL SHOYO
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PROCESSING SYSTEM OF THE SURVEY VESSEL SHOYO
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CHARACTERISTIC FEATURES OF GEOMAGNETIC
ANOMALY DISTRIBUTION AROUND JAPAN

Shoichi Oshima*

Abstract

Hydrographic Department of Japan has been conducting Continental Shelf Surveys Project
since 1967. Geomagnetic total intensity measurement, depth sounding, gravity measurement and
seismic reflection profiling were carried out along tracks of two nautical miles average spacing.
The survey covered the area within about 100 nautical miles from the coast.

Magnetic results of the survey were compiled in a geomagnetic total intensity anomaly map around

Japan, and geomagnetic zoning was attempted to investigate local and regional geomagnetic fea-

tures.

Yamato Rise, Yamato Basin, and east of Japan Trench were not covered by the continental Sheif
Surveys Project, whereas the airborne magnetic survey of the U.S. Navy (altitude 150 - 180 meters
above sea level, average spacing of the tracks is three miles) covered these area, and the results
were published in magnetic charts of U.S. Defense Mapping Agency. These results were incorporat-
ed in the ancmaly map of this paper, Magnetic features of the land area were investigated by the
Geological Survey of Japan, and the result of the survey was published in airborne magnetic maps
(Okubo et al, 1985),

From the magnetic results mentioned above, characteristic features of geomagnetic anomaly
distribution in the adjacent seas of Japan are summarized as:

(1) Japanese lineations of the Pacific Plate is crossing the axis of the Japan Trench, losing its
amplitude toward west, fade away into continental magnetic anomaly at about 100 Km from
the trench axis,

(2) Remarkable positive anomaly zone along Pacific coast of NE Hokkaido and NE Honsyu were
infered as Mesozoic volcanic fronts. The strong westward magnetization vector of the latter
was confirmed, which support opening of the Japan Sea correlated with counterclockwise
rotation of the NE Japan Arc since the Mesozoic time.

(3) Continental slope of the SW Japan is characterized by the smooth geomagnetic anomaly dis-
tribution, indicating thick sedimental layer of the area.

(4) The Japan Sea is dominated by very complicated high amplitude short wave-length geomagnetic
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42 S. OSHIMA

anomaly distribution, which is indicating complex geology and complex distribution of the mafic
volcanic rocks. Geomagnetic anomaly distribution lack the lineated feature except for the weak EW
or NE—SW lineated pattems of the Yamato Rise and Oki Ridge.

Geomagnetic anomaly distribution around Japan was compared with the other geophysical data.
Among various pair of comparizon, interesting correlation between the seismic activity of the
shallow earthquakes and geomagnetic anomaly distribution was found. Positive geomagnetic ano-
malies of Izu-Ogasawara Arc and that of southern extension of Kamuikotan belt of Hokkaido are
characterized by active seismic activity, whereas the positive geomagnetic anomalies along the
Pacific coast of NE Hokkaido and NE Honsyu are characterized by low seismic activity.
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Figure 1. Surveyed area and survey year of the Continental Shelf Surveys Project.
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Figure 2. Geomagnetic observatories, of which data are used to obtain an approximation
equation for secular variation.
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Table 1. Coefficient values aij for equation (1-2).

i
. ] 1 2 3 4 5 6 7 8 9
1

1 —2.9109{—3.9036) 2.0239] 5.1796{—1.5340| 6.3386(—1.8951] 5.1748; 7.3053|—5.8753
X108 %1077 x 1071 x1074) x107%| X107t x1078] x 1077 x1075) x10°F
9 1.5833] 1.9022: —4.3868|—7.7773| 3.1104/—1,3794] 3.9700|—1.8774[—1.5113] 1.2973
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Figure 3-a. Geomagnetic total intensity anomaly distribution around northern Japan.
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Figure 3-b. Geomagnetic total intensity anomaly distribution around southern Japan,



48

S. OSHIMA

Figure 3-c. Geomagnetic total intensity anomaly distribution around Japan,
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Figure 4. Filtered sea surface anomaly field over the western Pacific; 45nT have been added
to the observed anomalies. Note the strong correlation between the region’s
ridge systems and the magnetic field. A negative follows the abandoned back arc
systems of the Japan Basin, Shikoku Basin, and the Parace Vela Basin. In general,
a positive anomaly is observed over the abandoned and present island arc systems.
The only exception is the Mariana arc system. (After LaBrecque et al. 1985)
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Figure 5. The Magsat field above the western Pacific, The correlation is much poorer than
for the central Pacific. Presumably, this is due to the directional sensitivity of the
Magsat field. A linear positive is observed above the arc trench system but the
detail of the sea surface field is not observed. (After LaBrecque et al. 1985)
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Figure 6. Gemagnetic zoning at sea around Japan.
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Figure 7. Geomagnetic zones and its name, with geological provinces and major tectonic
lines of land area.
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Table 2. Name and abbreviation for geomagnetic zones.
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Table 3. Name and abbreviation for geclogic provinces and major tectonic lines.
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Figure 8. Profile of magnetic total intensity anomaly and magnetization model for the
Pacific coast of northeast Hokkaido, A horizontal.
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Figure 10. Yamato Rise and geomagnetic total intensity anomaly distribution.
Dotted area: Above OnT. Hatched area: Below —200nT.
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DEPTH ESTIMATION OF OCEANIC LITHOSPHERE
SUBDUCTING UNDER THE JAPAN TRENCH

Shoichi Oshima¥*

Abstract

Depth and dipping angle of the surface of subducting Pacific Plate have already shown as a
double-planed deep seismic zone by Takagi et al, (1977). The double planed structure of the zone is
clearly observed for the depth deeper than about 50 Km, whereas the hypocenter distribution for
the shallower part is showing scattered pattern, Meanwhile, the multi-channel seismic reflection
profiles around the axis of the Japan Trench (Nasu et al. 1979) are showing the surface of the
igneous ocean crust subdueting under the landward slope of the Japan Trench. The records are
showing reflective sequences of the igneous bed dipping landward down to about 13 Km deep, of
which deeper parts are obscured. These two results are providing clear picture of the surface of the
subducting oceanic plate for the part shallower than 13 Km and deeper than 50 Km,

Geomagnetic survey results around the Japan Trench, which is showing landward attenuation
of Japanese Lineations, are used to estimate the depth and dipping angle of the oceanic layer, with a
filtering method.

The depth estimation with the geomagnetic data identified the surface of the magnetized oceanic
layer from the trench axis to a depth of about 35 Km. Dipping angle of the magnetized layer is
estimated as 14° at 35 Km deep, which seems to be extended toward the layer slightly below the
upper seismic plane of the double-planed deep seismic zone,
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Fié,ure 1. Topography of the deepest part of the Japan Trench. A narrow multi-beam echo
sounder (Sea Beam) is used in the survey,
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Figure 2, Double-planed deep seismic zone (After Umino et al. 1984),
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Figure 3. Geophysical cross-section of Northeast Japan (after Yoshii 1977).
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Figure 4. Multi-channel seismic reflection data across the Japan Trench along Line 78-3 by
Ocean Research Institute, University of Tokyo. The survey line is running E—W
direction at about 40°28'N latitude (after Nasu et al. 1979).
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Figure 5. Composite velocity structure section of the Japan Trench along lat. 39°35'N
(after Murauchi and Ludwig 1980).
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Figure 6. Western most part of the geomagnetic lineated pattern of the Japanese lineations.
Geomagnetic anomaly is expressed by graphycal feature, The top left is showing
the area of geomagnetic data with topography. The Japanese lineations are cross-
ing the Japan Trench, gradually lose its amplitude toward west, and are no longer
seen at about 100 Km west of the trench axis.
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Figare 7. Prism-shaped magnetization for the Japanese lineations and coordinate system.
Normmal and reverse alternate magnetization for the inclined columns of prisms are
assumed. Lateral shift across each column is supposed to fit the survey result.
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Figure 9. The filtering operations: a function to be filtered (at the bottom of a, b, ¢, and d)
is Fourier transformed; its transform (next above) is multiplied by the filter
transform {next above) to form the transform of the filtered function (next
above) which is inverse Fourer transformed to give the filtered function (top).
The functions of x consist of N real data points from x = 1 to x = 512 (Km); the
functions of s consist of N/2 complex data points from s = 0 to s = 27 f(N/2—1)/
N] (Km™); N =512. (a) Applying an earth filter F (s) to a magnetization distribu-
tion j(x) to yield a theoretical anomaly m(x). The magnetization distribution
here and in other examples is a simplified version of the reversal history between
anomalies 5 and 7. (b) Applying a phase filter ¢ (s) to the theoretical anomaly
m{x) to yield a skewed anomaly m(x). (¢) Applying an inverse phase filter to
remove the effect of nonvertical magnetic vectors from the skewed anomaly. (d)
Applying an inverse earth filter to the theoretical magnetic anomaly to resolve the
magnetization distribution that is its source (after Shouten and McCamy 1972).
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Figure 10. Geomagnetic total intensity anomaly distribution and location oflines (L, ~
Lg) for the depth estimation. Axis of the trench is shown by 7,000 meter
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Figure 11, Rotation of the coordinate system along X axis. Y’ axis is Iocally parallel with
the surface of the magnetized layer,
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Figure 12. Coordinate system and symbols for the depth estimation.

T Sp L ORMIR EOFME T — ¥ 2B TW DT, THEEBBO L7 —2 L84t izt
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FBOREZ &b, SpMpOEbL A BN I EILTH, $2SpkMpnZieT %0, XA NZEUBEa,
X B3GR EAET 5, BAOZALBARE LT 5,

BN Logi® pipe cop, op & L, THHOWMpICEFIZTS LA2AD Loy li®, #RFRa1, g2,
@ v @i S, PO FTHRESEY, D2 LWMpE THESER, P & BB FE 2 TONEES
deTh, HHEOCBU WS LR ToTEERSfdok T 55,

h=(b/2—x) sinB * sinf (2.1
d=dm—h {2.14)

Fl, ATHBRMIRER L HET S HENTH 5,

KIZ BT Sp_ LD B _Lod 7 — & % W2l upward continuation (X !3downward continuation) L., s
BOMEERL, Thbb, (2.5) RNTHBARELTHET WHBCHL THEbEHLTEESET &,

Ma(Sk) =Ja{3k} - Fa(5k) - ©a{Sk}
Mb{Sk) =Jb(Sk) - Fb(Sk) + ®b(Sk) ]

@b dh, MEESIAOBA LBRBS VR LAD T

Ja=Jh
ba=Db
F (2.6 Rizky
Fa(Sk}=Fb(Sk) » exp{—2xh5k)

(2.1%)
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fE~T
Ma(Sk} = Mb{(Sk) » exp(*2:rhSk) {2.16)
2@ (2,16) & (2.2 iz AN L O Fq— 1HBO s itBIl b BARTEAMEEIHL LT
25,

Ll l-#yupward {downward) continuation & p1—~m FHUI- 2Ty, HEER & AT AWM LA T AIC
BORMBABREIMEBL I ENTES,

GTBT7 A4 X740 =020 T, BEOMEEERT L LENS 5, BLRMOXY ZEE THL N
fifs LRAED, 12958, XEHIE LIRS b DIl Lo XY ZHERICHET 26 RAD &
i,

D'=tan™ ! (5/§)
I'=tan™ ' {n/u) @1

TATAR

£=cosl - cosD
n=cosl + sinD * cosf—sinl * siné
Z=sinl * cosf+cosl » sinD * sind
*JW
W, HLORMEEAZI >V TE, FHEOMES - TEE S T 20 TERT 08I 4w
{e) 74XokE

2T, Li~Lglcify) SRS 7 — #1213, #2 Tv BTSSR LA o 8l E iR o BT 4
BAEE LT ATHEN S S5, B2, Le~La THIEENEEL, SRLEARANoR L,
RGO Az s GO MO BEFE LN S, ZhIESignal (LR ANKRY) {2 Noise (B
TEME D BUT T8 S E L - 2o lnput (SRR EE) PEHBEINRCHLIRTHL, SnL T alsh, &
NI Wiener DT 7 1 /0% — TNoise  IRET 28050 fETH 5 (Davenport W.B.Jr and W.L.
Root « 1958), Wiener @ILHIC L 4LIE, Input y(t), Signal s(t), Noisen(t}{d

y(t) =s(t) +n(t) (2.18)

EEOTIENTE, BRIV Ts() Ly OHEZ~2 b2 Ssy (f), yit) A A~=2 b

WES, (DETBE, FRIZ7 448 —HEHT
H{f} =5, (/5, () (2.19)

L AHTMBL S B THHEN T4 7 — ) ZEHI (Sr) kb bR THEY, WM#Li(i=2~7) »5
Liv i BB TOHRBREOEE MM, Lo »oLICELEHREOHE P LMETE S, r LAESOY
Srfde, FFL BUL (0B AMBARE N7 — ) 28 HEM (Sk) KM, (Sk) T 5, HERE
OFALAFRLE e 2RO D TH UL, M+ (Sk) OHEEMEM . (SK) {3,

Mi+; (Sk) =M (Sk) exp{— 2xde- Sk) (2.20)

DEW, Lis (B2 BEAEOWEMH BT A<Z P28, (Sk), Bl & otz ~<7 b
NES(Sk) 15 ¢,

S5,(8k}=M+1(8k} - Mi+1* (Sk)
Soy(Sk) =M+ 1 (Sk} « M{y * {Sk)
* (FIEIRH R

(2.21)
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YEFILMETEL. (2.18) itk D, T 402 —H(SK L,
H(Sk} =M+t (Sk}/Mi+y* (8k) (2.22)
Lal, PBIZ (7 -BiEEDRIRERICHTARTORNEELELT WHEITE L DT,
I[H(Sk) | @A Hpas % VT,

Ho(8K) = H(S5k) /Huos (2.23)
2T, Liw1ioBiT 5 Noise P fah LNBARTE A7) 2EBREM . ((8k) 2332k,

Miy 1(SK) =H,{(Sk) - Mi+1(Sk) (2,24)
(d)  AHEER
SRR L REESOREAD, RALL, AREEERN Gk LREr) 6,

D =650

I =52°00

Y e, Fh, WHEORS2ISmET S (FRI3RHHEORIOMECILALBELL V), LA
LA, EL T RSB NERMIEICAMET 2 =20l (Takuyo—Daiiti SMt., Erimo
(Sisoev) SMt., Ryofu—Daini SMt.) @1 PHfE

Dmn=—11"00'

Im = £59
Bl i, WA (Li~Lg) HFE3EI01.3mTH S,

HEAEEZSE1IBRCERRIICRT, &8, INLOKBBIEYNMFF 2 AN FIERELLS (Nasu

et al,» 1979) T, REHGRE 2 B LR, WHRL FHECIES8 2k & 2 AWM AA T 615 0T,

Table 1 Depth and descending angle of the magnetized layer of the Pacific Plate.

WA | sk R i?;ﬁi’:';;;giﬁ'g iﬁfg‘mm M
L1 144727 —_— 8.2 km —
L2 144714’ 0 km 9.6 km 5°
L3 144°01' 18 km 12.8 km 7
L4 143°50 35 km 16.9 km 10
L5 143°35 55 km 20.8 km 10°
L6 14537271 76 km 24.5 km 10°
L7 143°06' 98 km 31.0 km 1¥
I. 8 142°57 ‘ 112 ¥m 34.6 km 14°
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MULFI-CHANNEL SEISMIC REFLECTION SURVEY
IN THE SAGAMI TROUGH

Shigeru Kato*, Yoshiaki Tomiyasu** and Yoshitaka Doki***

Abstract

In 1984 and 1985, a multi-channel seismic reflection survey on the six survey lines were carried
out by the Survey Vessel Takuyo of the Hydrographic Department of Japan in the Sagami Trough
bordering the northeastern margin of the Philippine Sea plate. The survey has revealed some charac-
teristics of the geological structure in the Sagami Trough.

Acoustic basement reflector of the southemn trough slope is traced beneath the Awa Canyon and
bottom of the trough near the Boso Canyon, The basement is inclined northeastward, so the
Philippine Sea plate is overlain by the Eurasia plate, Well-deformed layer and inclosed meardering
canyon in the central part of the Sagami Trough presents a contrast to the other convergence
boundary of plates, These indicate the change of tectonics after sedimentation of the layer and
support the change of the direction of the plate motion. There is a large possibility that a zone of
the Boso Canyon is a former accretionary prism, when the Philippine Sea plate moved to north and
subducted beneath the northem slope.
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Figure 1. Location map of the Sagami Trough. The box shows the area of Figure 2.
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Figure 2. Bathymetric map of a part of the Sagami Trough and multi-channel seismic survey lines,
1 to 3 show the dredge points reported by Fujioka et al. (1984) and Shiba and Hanada
{1985). ‘
KMC: Kamogawa Canyon (#8)il{igEs ), KUC: Katuura Canyon (MHligmE+ ), BOC:
Boso Canyon (JE#iBE# ), AWC: Awa Canyon ( ZeFiEi% ), MYC: Miyake Canyon
(Z=EHHES ), BOE: Boso Escarpment (424 ), KUB: Katuura Basin ( J#itiingh)
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Table 1. Stratigraphic correlation of the formations in the Sagami Trough to those of
Boso Peninsula.

Epoch Boso Peninsula This paper
Holocene Holocene SA
. Late Simosa Group
Pleistocene Early Kazusa Group SB
Late
Pliocene Early Anno Em,
Kiyosumi Fm, SC
Late Amatsu Fm,
Miocene Middle Kinone Fm.

Early Hota Group SD
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RESULTS OF OCEAN BOTTOM SURVEY IN THE AREA
CONNECTING SIKOKU BASIN WITH WEST-MARIANA BASIN

Shigeru Kasuga, Yo Iwabuchi and Shigeru Kato*
Abstract

The Hydrographic Department, JAPAN conducted multi nallow beam bathymetric, seismic re-
flection, magnetics and gravity survey in the north-eastern part of the Philippine Sea. The survey
area lies southem part of Sikoku Basin which adjoins to the northern part of the West Mariana
Basin, The survey area includes the middle part of the Kyusyu-Palau Ridge extending NNW-SSE on
the west and the southenmost end of the Nisi-Sitito Ridge extending NNW-SSE on the east,

The steep gradient of the east side of the Kyusyu-Palau Ridge slopes down to the Sikoku Basin,
We regard this steep slope, forming alignment with an azimuth of 160°, is fault escarpment and it
represents remnant cliff of rifted island arc that was formed immediately after the opening of the
Sikoku Basin.

Remarkable alignments formed by minor ridges and troughs with NNW-SSE trend were found in
the western half of the southern Sikoku basin. The magnetic anomalies in the basin are somewhat
irregular because of their small amplitude (less than 200 nT), but NNW-SSE linear trends were
recognizable. This suggests that the basin was formed by the process of sea floor spreading under an
exiensional stress perpendicular to the trend.

It is reported that the Sikoku Basin has a lineated feature trending roughly NNW-SSE, while
the West Mariana Basin has a NE-SW trend. We could not find major topographic feature, such as
transform fault dividing the southern part of the Sikoku Basin and the northern part of the West
Mariana Basin, however, slight geomorphogical discontinuities running roughly NNE-SSW direction
were recognized, They may show the transitional zone between the two basins,
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Figure 1. Major topography of the Philippine Sea and location of surveyed area.
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50

Figure 2. Geomophological map of the Philippine Sea.

1. trench or trough, 2. rise, 3.1dge, 4. seamount, 5. guyot.
6. reef, 7. minor ridge

after Iwabuchi (western half of Fig. 2, 1982)
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ski and Hays, 1979).
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Figure 4. Bathymetric chart of the surveyed area. The contour interval is 100 meters.
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Figure 6. Single-channel seismic reflection profiles.

The location of each profile is shown in Figure 7.
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Figure 7. Location of single-channel seismic reflection profiles shown in Figure 6, and

location of bottom sampling.
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Table 1, List of bottom sampling.

Position
Site No. Date
LAT.(N) LON.(E)

D(e; ﬁ;h Sampler Area and Tepography

Sample

Chain bag and North col of Kita-Koho Manganese nodules
5905D01 11985.1.22 26°46°.1 [135°27°4 1830 ! Seamount in Kyusyu- {nuclcus: dacite and tuff}
Cylinder type dredgers Palau Ridge Sponge spicules
. Top of Minami-Koho Sea-
5005D02 (1985122 26°06°1 |135°49'.1 | sop | Ghain bapand mount in Kyusyu-Palau Coral reef limestones

Cylinder type dredgers | o dge

. ' Chain bagand Top of Myojyo* Seamount
5905D03 |1985.1.28 25°33'8 |135°35°4 | 1020 | Copinqor fype deedgers | in Kyusyu Palau Ridge

Manganese crusts
Foraminiferal sand

Syt 091 Chain bag and Top of Hayabusa* Seamount
5905D04 [1985.0.20 24°36'4 |136°27'9 | 1340 | (Rl TBTEL Lo | in Ryusyw-Pataw Ridge

Manganese crusis
Sponge spicules

Minami-K oha Deep* in

979> LY. Piston corer "
5905C01 (1985.1.23 26°23°0 |136°01'4 5970 {with heat flow meter) Western part of Sikoku

Mud in dark grayish yelfow

Basin
Chain bag and South slope of Nisi-Kaikata* | Manganese nodules
6006001 1985.6.28 26°55°5 [139°36°6 2200 Finde gt dredgers | Stamouat in Nisi-Sitito {nucleus; basalt and tuff)
Cylinder type dredg Ridge Sand in grayish yellow
. Manganese nodules
- Pag Chair bag and i Kaibeskn # Qan. ;
6006D02 |1985.6.28 257555 1139749'5 1800 Cylinder type dredgers Top of Nisi-Kaitoku* Sea {aucleus: basalt and tuff}

mount in Nisi-Sitito Ridge

Sponge spicules

* tentative name
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Photo 1. Manganese Nodule, Site 5905D01 shown in Figure 7.

Photo 2. 5905P01 Kita-Koho Seamount (26°45.0°N, 135°28.3’E, 1600m)

Manganese nodules, stick-like sponge spicule aggregates and non-manganese
encrusted gravels.
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Figure 8. Geomagnetic total intensity anomalies in the surveyed area.

135°00'

127

The contour interval is 50 nT. Solid lines are positive and dotted lines are nega-

tive values.
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Figure 10, Morphological characteristics of the surveyed area.
1. seamount or knoll, 2, ridge, 3. depression, 4. minor ridge, 5, 6. lineated
magnetic anomalies (positive and negative), 7. steep slope (escarpment) along
the Kyusyu-Palau Ridge.
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Figure 11. Comparison of two seismic reflection profiles:
Upper;  across the Kyusyu-Palau Ridge, Shikoku Basin and Nishi-Sitito Ridge
Lower; across the West Mariana Ridge, Mariana Trough and Mariana Ridge
(Lower profile; after Karig, 1971),
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ELECTRICAL CONDUCTIVITY STRUCTURE BENEATH
THE OKINAWA TROUGH AND THE OGASAWARA ARC

Yasue Kaneko* and Yoshimor Honkura®*

Abstract

Since 1984, Hydrographic Department of Japan has been observing geomagnetic variations with
ocean bottom magnetometers in the Okinawa Trough, the Xyusyu-Parau Ridge, and the Ogasawara
Arc. The ocean bottom magnetometers (OBM) used are three-component flux-gate magnetometers
developed by Segawa (1982). Electrical conductivity structures beneath each observation sites were
investigated. After the FFT method is applied to the data, transfer functions and induction arrows
were obtained.

In the Ogasawara Arc, induction arrows computed for the period of 60 minutes are not pointing
to the Izu-Ogasawara Trench but NNW or SSE direction, indicating the possible effect of local
topographic features of the area, Whereas anisotropic attenuations of horizontal component of
geomagnetic variations are indicating that a layer having high conductivity lies in NNW-WWE or
NW-SE direction, along the arc.

In the Okinawa Trough, vertical profiles of the electrical conductivity were estimated from the
observed attenuation of horizontal component of geomagnetic variations and transfer functions.
It is concluded that a highly conducting layer exists under the Gkinawa Trough. The upper and
lower surface of this layer are about 45 and 135 km respectively, and estimated conductivity of this
layer is about 18/m under the central part of the trough and is about 0.1 $/m under the northemn
part of the trough.
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Figure 1. Bistribution of observation sites.

Table I, Observations with the Qcean Bottom Magnetometer by Hydrographic Depart-

ment of Japan,

No. i i *®OOBE Bomom o IS OBM-
1 26" 31.1N,126°32.1E 1851 m "84 10/14—'84 11/14 145 54
2 27°00.1N, 135" 19.6E 3560 m 'B& 12/05—85 01/22 249 54
3 26" 57.1N, 139° 43.0E 3842m "85 05/22—85 06/04 14 S 4
4 26° 50.0N, 140" 50. 1E 2417m '85 11/24-86 01/23 245 S 4
5 29°32.0N, 1287 30.3E 1040m '86 04/21—'86 06/08 24} 54
6 27°56.1N, 129" 44 . 3E 1521m '86 10/16—'86 10/29 14r 55
7 27°30.3N, 126° 32.0E 1500 m '86 10/27—'86 11/12 14 54
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B 8

Figure 2. Induction arrows for a period of 60 min. The broken lines indicate directions of
possible two-dimensional structures derived from the analysis.
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Figure 3. Sea bottom topography near the sites, No. 3 and No. 4. Induction arrows are

drawn for a period of 60 min.
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Figure 4. Observed attenuations of horizontal component of geomagnetic variations at the
sites, No. 3 and No. 4.
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Figure 7-a. Model B2. Electrical conductivity

Model A2. Electrical conductivity structure.
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Figure 8. Observed heat-flow values in the Okinawa Trough and the adjacent area. (T,
Watanabe et al., 1977)
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A RADIO-CONTROLLED BUOY FOR OCEAN SURVEYS

Masakazu Tsuchide and Mitsuryou Murai*

Abstract

The Hydrographic Department is now working to develop a radic-controlled buoy for ocean
surveys, which it hopes will accomplish two things, among others. First, such a buoy will make
possible surveys of waters surrounding submarine volcanoes, which are usually very difficult with
existing manned survey vessels. Second, the buoy is expected to reduce survey cost, as major part
of the procedures will be automated.

The development of a radio-controlled buoy is under way on a five-year plan which covers the
period from fiscal 1983 to 1987, Under the plan, the project comes in two phases: the first phase
for the three-year period from fiscal 1983 to 1985 for designing of a buoy and its production, and
the second phase for the two-year period from fiscal 1986 to 1987 for verification of its capa-
bilities and possible improvement,

The radic-controlled buoy is conceived as consisting of four major systems; (1) the navigation
system, (2) the self-guard system, (3) the body and (4) the data acquisition and data transmission
system._Oﬁ the first phase of development, works to design and produce these four systems were
being carried out separately, and concurrently, After fully developed, they were consolidated into
a complete unit in the end of fiscal 1985.

The radio-controlled buoy is to carry out six ocean survey functions; (1) sounding {2) measuring
sea surface temperature and (3) its conductivity (4} ocean waves (5) water sampling and (6) XBT.

Obtained data are recorded on a cartridge tape, and at the same time, they are transmitted to the
mother ship, survey vessel I SHOYO. | belonging to the Hydrographic Department. Equipments for
water sampling and XBT can be operated at any time, responding to the directions from the mother
ship or to pre-established programs,

Communications between the mother ship and the buoy are connected through the VHF for
static images made of the self-guard systern, and through the HF for surveys and control data,
Urgent control data such as emergency stop can be transmitted through the VHF as well. It is
estimated that the distances for data transmission will be more than 20 kilometers for the VHF, and
50 kilometers for the HE,

Now four systems are consolidated into the radio-controlled buoy.

Its operations will be checked on the seas, and the results of verification tests will be described

next time,

Received 15 January 1987

*IEAEN Coastal Surveys and Cartography Division
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Figure 1. Developing Plan of a Radio-Controlled Buoy
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Table 2. Contents of Collected Data
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Photo, 6. Control System on the Mother Ship
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Table 3. Variations of Navigation Mode
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Table 4. Variations of Propelling Control

ol =4 1 H B 3 7w ¥ 5 s H b ] | il ) B
CPU~-AUTO HARERIOKE | DARNLEE S 0EEBEE | $EQa -2 1k —2 | HESHL 1 A0 — A DRIMAMRRE SRR ERT S
2—2EEHHME | AEMEI(EoF-SHEE | FHETLIENTES HEBE IR OXE 2 -2 c5 5 &0 i HEE
EX) ENTH3 T3
Doob VEDF—FEERBX -
JOEHORE2 -2 9XET | 6 CHOEMEF—#,0 1 4 | BENET G, BEshrRRtRacaditEd s
BEFELTEL ERELEENELT IO LN
N9FO—ADMEICEHRICRIR T3
TEHERDOD IFEOEHFE, LR
énﬁ%&%ﬁ?%;&ﬁ?% g%:mzéﬁﬁ?%:&#f HiEaEAES JEEHOBREERE HENET 3
5 e 4 )
DieEshha— A0 EiE
RELAHFGF— A A2y b | FOBEELAEMAIACER | BEREASSCEFCEES A ERRRCARMEY 3
oW &’ CEEHEEEL S DEENELRESECHEYT
BrEMTES
CPU-ON/OFT | REBES AL BRI CEBN CREAERT | BHEESE 7 —Fry 2 Lol shic ARCEESh
BREEEh KA £ =2 o o
R L koo B oD BRI R RIS
TR EEnTE s
MEC-ON/OFF | Bamiss o R L OVHF RS LY | K, ZROEBUEABEGS ) whEzha
AE-hy—Lit HE—DI—EROHEETS | FREEERR SO e - FIRS
D & OEE
EEEEL, B BREER, 2-ARTES | S ol &R B & Db;;a%—}%ﬁ B o OHEEBBImES L0 g
W, BECRE hﬁﬁﬁ?%&ﬁ?%»&ﬁ?% BOPThHIERETI o &MT | BEHfE2
B O W W[ TaoiNTE3 23, COROUEIFELEEE | DA —2— F%u FA-E— F R SRR BB
B O®m TE3 EEEEERECBHESES
3) a2-RoBTRUENESIRETERICELY 2
BEEE, B HHaA GUIF REGE & D | BEVMRERE R, WolEEENNe - FtES
B OR W @ HBEcRETLC ik, ER, #EFEEFLL
ENTER Mg
REREERESE | DFYZF—T2—FHoFY 7 (Ddaven, 2Fes, &8 | DEVZ7F2—-FOBE TussaclhEHTS
AC200 VAR F-ie—FEB-AR, BE| —2-FoBR, Bz F (FY2?b—~0~¥Y7F—1)
i DI U TEWT S EMNTES mFU7b—E%FP%¢m?éﬁ. =Ye, FFud,
= L] DFIT 11— Fhd42y D) VIFEEEECTEHT Lo -, FUPZF~1®=-FouThiroa v FEEEY
e, F508, hN—F—F 1 LHTES Z L ampcEYT S
s RREENICERT S
REEWMMA -
REBRESESE ([ DFI 7R 12— FhoFY 2 D4 2vel, F5o 0, &2 | DFIZ7 12— FRADE-FHLFY 7 -T1E—FiC
F-REE-FeBo kB B —2-vol, Miaevl | BohBE Tos/5aciviElds
i [l o TELEIRBIEHNTEE (| DA2ven, PSud, k- FUZ7F-12—-FOR
# i A=y e, FS5o, do— | 2) HF BREAOESERCE| a2y FoBRRRLOMBELEs 23l ENTES
E—FDEFY 7 F-1I1E—F | FEE3Z-ENTESE 3 Fussaklawr il aBHESREREIEEE

Bk, HERCEFLEY S

3) VIFERMmTELEEEa L
ENTES

BREOHOHELET 5. BENARSERCRLEE SR

i, WPSERHEOERERNE L IUF BENT oS

LESTEESELENTED

SAFAYNS NVHIO HOL X001 AATIONINOCI-OIAVYH V

191



162 M. TSUCHIDE, M. MURAI

Table 5. Specifications of a Body Movement

1, dHER (RE 2 m)

B [a v R,
£ oM 50/ b 4.8/ b
# B 6.8/ b 6.6/ b
2, BRERER (EH6.7/ v b, AEMISE)
yos #i
¥ fF 22 m 22 m
LT I ) O /2 32.9F

3. fEhERER GEHE6T/ v M)
ik F T iERE 55 m
Bl TaONEE 48,680
4. THRAEIZEE EH6.7/ v )
A & 0k F T MEEE 35 m
RS L DL F TOREH 14. 3%

FEREREATEMEIC TR VE a2 b P& N, F T, FEME X EIME % el T 2720 VHF
DB ERG IR E T & i HF o W E e £ 47 -~ 7,

SERFE e %3468, 95MHz, 59.65MH2R (K27, 274 MHzo0 3 TH Y, SilERO W £ BEHE & L T
BB M 14kn, 23km, 30kmA (X45kmHb SIS T E S BRI,

FEEROME, 468, 95MHzT(245km, 30km, 23mODHFILRETH D, MimThTMERHITETE S
R TH > 7z, 59.65MH2 CIITNTAOMGCRETE 20, Z£OTNHEIE50kn 17dB, 30km 20dB, 20kn 26
dBT#H 1) REIME30dB, 43dB, S1dBIZH~THMBEI Y HTEROEI RS WHRTHE-L, /2, HFTH
527, 274MHz {345k E CHIRICBE TR, _

IHEDERP L, BENZA DT » 7 F 0D 3 mATATH 52 & 2 EE UL, VHF T20kmey )
(FERFT S 2, Tr7ToBERBR KRS SHEEH L TREFL 400MH 2 6 5 v 13 150MHz 5 Tl
By TR  SOMHzFN M HAE F L2k, 72, HF T50kne) 7 — # (524 217 5 L1213 20MHz 4 T+ 47
TH D LI,

2)  ifikoElHEEE

BT SE & PP IE T BRI, PRSI ORI RE & BG SRR AT R RIS B W CIER LA,
He@EsHRORT,

3) R

Eiphkic BT 2 R EE, WEHI6I4H 2 H250 ~ 2 H27HO 3 HENC H7e D88 By THIRATIEE
FHGWTI =7,

TREE O EAA 7 A OB T LG, RRCEFIHTEFICT ) 2 LA TE, HitHo o —7 %24
Y et -7,

Fo w22 FRBOTIHREICRCREEINCELY AT — s —FlE B e Bz, 10T
BEINTEY»PAT—# I8 > THMA 7 A T~ TofiitalkBabr ), Hlll7—y 2Rk

L VAR T b B,

WER T eS8~ FOEATL, BSETIAMR 7 4 0BENRERHET 2OADERTH LY, #

BERTL A7 -2 I L > TIIALICFEIE - FIZQ D HR2, BNF - 2R L - S h#HE L 1T



10 H
DATE 1 28
TIHE  : 12:35:03

In s 2
CDatE ;28
TINE @ 12:35:13

It 2
DATE : 28
TIiE @ 12:35:3

1] v 2
BATE : 2B
TI8E 1 12:35:43

ID

DATE H
II¥E

MODE

oMb :
BAT 1.2
RPD-R,P
SID-1.8
LAT,LON
WD-4, R, P
nist

1.2

CCEE{ELeCt SAMPLE DATA  ))133)33))))
W-H : 0.0 @ POS-S : 000 KOIE  : TRACK D T STATUS : $0000 pIsT 8.0 ns 5§y MAE i DOOwe
WO-R ;o 0¢ W18 STI-S : 4.0 T RPE-R ;0.0 s I THOL : G°C 01  BATL : @V BYRD : 20
wor ;o 0° Rt & CPE-OR/DFF  ST0-T : 20°C RO-P : 0° LN b L3P IZ.B3C ™Z : 0'C OI BATZ : DV %D s 0.0
COLEqE(({ SAMPLE DATA 3)))313})))
WOz 0.0 PSS ¢ 201 WODE s HOVER W 942w STATUS ; 01000 DIST : 0.0 ca S5 : Fy WG 00D
W ¢ 0°* WT oz o0 515 : WS L RPIR : -20¢ LAT = 35400 THHL :29°C 35%  BAT: : 289 BYRE : (5
WP oz D RC s CPU-ONJOFE  ST2-T : 26°C RD-P : 2° L8 139*12.83° THOZ :3I'E I BATZ AV @0 ¢ L2
CCELQOOCte SAMPLE DATA  ¥)¥)13})¥))} '
WAD-H ; 0.0 m POS-5 : 211 NGDE & HOVER ME T STATUS = 01000 bpIST ¢ Bl am s 1 Y2 KAE @ ODDE+
Wz 0 WT 14 S5 [ RPO-R ¢ -9.0 LT ¢ 3L THL o+ 78D 341 BATL : 28V BYRD & 132
woe - 0° R & CPU-AZTO STD-T : 20°C RPB-P : 3° LN & I3912.85° T2 ML FL BTz BV S0 s 3.
(CLCCCEEt SAMPLE DATA 13331333113}
Wii-H : 0.0 m POS-S 1 211 MIOE  : HOVER I : 9% STATUS 5 51040 BST : L 85 : wE'an WE D0
WOk oz 0 WT Oz 14 STI-§ : J.9 L PR : -9.0° AT @ 3L WM :29°C Y BATY A EYRG & 206
woE : 0° RC : LPU-AUTD  STOT : 20 °C RFD-P : 4°* LGk @ 139*1Z.84° THEZ :3IBCC 27 BATZ @V 1 ;3.9
F—& O l=d=vpre—F MAG s BEavnnF—4 w ok =T *=TF F—h
=i B 3 = bl --eF BEr-bi~d R o =73
ey Bes 5 =Fusbet Biroisd 61RO TeduaynaF-—g sx=TH *=TIoA
g 8P : AE—F  [kt]
B 3% WeT : EREEE
—-F RC BRI 7—5 R CPU-ON/OFF =HFD = i TR
74 o ¥ CPU-AUTO = EBRBSERE O
W~ MEC-ON/OFF =HF, VEF SRy
{1 o T e e = =F SPS r HEERAF—F R 0={% It 1= &
Ny Fi—F—F 1 =HEEr 2 =EFRIFE ol & 3= &
EEET— 5 MOBHOBRE  R=m-a P=tx¥ .
i e PO3-§ - e ¥R F—FR - o5
8 BT -5 T=3ki& S =4y s ok %k =T e k= =75—
ia o3y 1 :No.lw 5 CEMER
e = LON = u3 2 :No.2u v CE{EH .
7 A DIFEF—# LAT =HREE 23 4 D R : Fiit v R RGEEE i & A
BT ¥ H=#% R=u—n P=twF _
B St RWA REBoar_sA
2 T OFEEE () EG- : R
JERE - DAL ERERR {19
7 4 OIREE - BEE BG-ON  : Seipiil {1l D& &l
Wi-AL o BEOREE {1 D& ETED

Figure 6. Transmitted Data at the Mother Ship

SAHAYNAS NVHIO HOd X01d TATTONINOIOIAVY ¥V

£91



e TINE  MDOE T AP HE A V E Rb oL L P 1 T L K
§108 R P2 THE EATT E5-5T LATYLEGN 0151 AIR:SFD STarus LORAN-C Est

BiQzzB 123303 2 94A.B 9IO.9 949 TA3.0 945.0 436 TA0.4 TA6.5 9468 MEE -12-0.2-1.2-L2-12-LI-0.2-R2-L2-020 -LT - L8 4 -2 B 4 AT L2 e L3 LE -1 LF LS 12
08 L1oL2 Lt 2000 3L 000 0LT B IEIE IR 2.1 ZTE 21000 20 3S-1L.11 IF9-12B3 040 O.01  00.20 03F 171 020 052 0.2 0.0 00201 1-17614.0 2-7SBA9.2 I-50J02.7 0-00000.0  00-00.00 &04-03.00

Bso2ee 123513 I P4LF 4T.1 TAE.E TAA0 TIT.D 0.0 944,80 4OB FA7.0 9109 -2 -L7-4,2-02-L2-L2-L2-R2-L2-020 L2 .20 L7 -3 2.5 -6 24 -1 R -3 .3 1.4 .8 1.3 -3 LB
-l 22 -9 L 263590 0234020 WIS 2T 28125, 01000 2! SS-ILUM I3S-12.8% 0.00 0.00 20,00 529 1.1F 018 0,32 0.2 0,01 ©0201  1-17A14.0 2-33849.2 J-50302.7 0-G0000.0  00-09.00 000-00.00

Boltzzg 173523 3 9840 TA5.B 9140 76,7 T4L.8 346.0 995.5 9300 9284 ¥AL4 -12 o172 1.2 -1.2 -5 412 -LD -2 -l2 -1l 2.0 34 -1 1 -7 3 -LD -4 -RT <L | I A O LT e 1
H -2 53 &4 W0 ILM 0194039 9 ITIB L IB.027.8 01900 ML IS-ITLIL UTB-L2LET 400 600 00.50 314 271015 0.42 0.2 0.00 00201 1-(TA1N.0 2-33B49.2 J-60302.7 0~00000.0  00-00.C0 009-00.00

H

40228 123533 3 942.9 910.2 B82.8 9B4,5 HB5.5 $OZ,2 2424 M35 M7.0 7.0 -1.2 -1.2 -1.2 -2 -1, -1.2 -L2 b2 -12 -L2 2.2 -52 8! -8 -h3 -RE LY -0 -%.8 -55 LTS O 0 S - A
=754 b S 20038 ~00.3 4059 BB 20236 31900 211 I5-1L.10 139-12.83 0,00 0,00 OLIZ 010 .1 017 272 1.0 0.4 (HM2L 1-1T614.¢ 2-33B49.2 I-40302.7 9-00000.0  00-60.40 000-00.00

650220 123543 ¥ 9411 945.1 94B.5 T4T.0 94,1 $43.8 WAT.0 9126 M3 VMG -2 <1212 -LZ-L2-L2-L2-L2-02-02 5% <hd 3B -AT -h4 50 -25 B2 -hT -6 A5 23 -4 -2 ke
FLSE b 28 M0ITET -09.3 045 A3 H 1 2LE 01000 200 351010 139-12.83 €.00 0.0 OLIZ 112 0,91 132 0,02 T1 &R 1MIL  1-17614.0 2-35349.2 3-50302.7 0-00000.0  40-00.00 200-00.00

DAY = THE B # WODE 1 (fzsel), 2 (058D, 8 GB), 4 {Fo7b- 13, 5 (P 1D
DHE : WiEF—F (L0BHOLNE HEAVE : #hifF—s# (I0BMO10 RILL  : n—naF—F (10BREOIE
PINA : ¥oFF—#& (0BHEOIHD S : A (0), B G RPD r BHEERT - (n—a, ¥y FOIOBEOREA

THD 1 B~y HNEEERE, EAE HBIEIERE, B BT : o Y —F—F GTEE. HERD

EG-ST @ HEBIAF—# 2 (REEERURAT, MRIEE, #EX7 54, REERE SAkER

LAT/LON : fr@E7—¥ (e v ¥R7—F2 WA LHE 0:75—5) , G0 - S5, 95 - SRR

DIST  : BIEEIELGEHMMEE T O (v14)

DIR-SPD : L IBEBEF —# (of) @R vz bl BEREE R5—F 2, Jod oz vtAGE BERE A5—yx, $FEF—F, SRS X7—#2R)
@B Hiiev¥ar—Fr2 (2:FHA 1 {?ﬁﬁ. 0:75—L), BERF—FA (1 :EX 0: 825

STATUS - ElfVMRS, M7~ (1 :CPU-AUIO, 2 :CPU-ON/OFF, 3 :MEC-ON/OFF) MERME=7—s = (0 -k 1 -8 2 B 3 -isl , B (1 : 3D
LORN-C : 5> CF—2 Bl : ¥UYR-le— FEONEF—5

Figure 7. Collected Data recorded in the Buoy
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Photo. 8. Radio-Controlled Buoy in Experiment at the Sagami Wan
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A NUMERICAL SOLUTION FOR PRECESSION AND NUTATION
OF THE RIGID EARTH

Yoshio Kubo and Toshio Fukushima®

A numerical solution for the luni-solar precession and nutation of the rigid Earth is obtained
and compared with the result from the analytical theories which are the basis of the current IAU
precession and nutation formulae, We follow a simplified scheme of numerical calculation by
modifying the equations of motion and thus avoiding a small step numerical integration. Some
errors are found in the long periodic region of nutation in the current IAU theory.

Keywords: Precession and nutation, numerical integration, astronomical ephemeris.

1. Introduction

The values of precession in astronomical ephemeris are fundamentally based on the theories by
Newcomb (1894, 1906) and Andoyer (1911). As for nutation, the authority is the 1980 IAU
nutation theory (IAU, 1982) which was developed by Wahr (1981) for a non-rigid Earth using as the
basis the nutation theory of the rigid Earth which was obtained by Kinoshita et al. (1979). This
theory for rigid Earth is a thorough recomputation of the preceding work by Woolard (1953).

All these theories on precession and nutation for rigid Earth are analytical. The precision of the
theory of precession is believed to be better than 0,0001" except for the obliquity of ecliptic at
the epoch and the coefficient of the linear term in the precession in longitude which have to be
determined by observation. The nutatjon series for rigid Earth which is the basis of the 1980 1AU
theory contains all the terms greater than 0,00005, thus the precision being considered to be better
than a few numbers at the place of 0,0001",

Rather curiously, no numerical treatment has been attempted for precession and nutation. One
of the reasons may be a great rapidity of the rotational motion of the Earth, i.e. one rotation in a
day, which makes one feel at the first glance that the step in numerical integration of the equations
of motion must be very small. Of course, another reason may be full confidence in the analytical
theories.

Having a slight doubt about the precision of the current theories and intreducing a method
which enables to avoid numerical integration with a very small step, the present authors develop a
numerical solution {o luni-solar precession and nutation.

Because of some reasons a large computer, especially, precise ephemerides of the Moon and the
Sun were not available in this study. Therefore the present work is in the nature of a pilot study
and a more complete treatment should be made later.

2. Equations of motion

We describe the equations of motion for the rotation of rigid Earth in a fixed coordinate system.

Received 1 January 1987
# Satellite Geodesy Office



168 Y. KUBO, T. FUKUSHIMA

Z
p
‘C-axis
Equator ,
A-axis
[
o ” Y
v ¢ e
%C\w‘
N
X

Figure 1. Eulerian angles.

The ecliptic and mean equinox of J2000.0 are adopted as this fundamental reference frame. The
precession thus obtained can be compared directly with the expressions given by Lieske et al,
(1977), but the result for the nutation must be reduced to the ecliptic and mean equinox of date
before comparison because the nutation in astronomical ephemeris is referred to this frame,

Eulerian angles are used as the variables. They are the angtes shown in Figure 1, The obliquity of
ecliptic € used in precession and nutation theory is equal to @ in the figure, although ¢ is usually
described as the angle measured from the equator to the ecliptic at the ascending node of the
ecliptic on the equator, While, it should be noticed that the angle expressed by the notation
in precession and nutation theory is measured on the ecliptic westward from the X-axis to the above
mentioned node, Hence it is equal to 180°—/, ¥ being one of the Eulerian angles.

In order to formulate the equations of motion, we first write the Lagrangean of the Earth

rotating around its center of mass under external forces. It is given by
L:'%(e'u g}zsmzeng(¢+¢cose)2+0(¢,e;t). )

In this equation, 4 and C are the moments of inertia with respect to an axis in the equatorial plane
and the axis perpendicular to the plane, respectively, the latter of which we call the figure axis
hereafter, We consider the Earth axially symmetrical so that 4 = B, U is the perturbing function due
to the Moon and the Sun.

One of the Lagrangean equations obtained from (1) is

d 3L oL _

ar 3p) " 5y

From this we imediately get

d L

d—t((p‘i'lf/cose):ﬂ. (2)
Hence,

@+ cos§ = w (= const.), (3)

where  is the sidereal angular velocity of the rotation of the Earth, From this equation we can get
y if we have solved ¢ and 8, Equation (2) is also written as
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¢S+1]Jcos9—1i.)ésir18=0. (4
A second equation lead from (1) is

d 9L . 8L _

ar (o5 26 )= 7Y
which results

. < e av_

A&—(A—C)l})zSmGCOSG'E'Ct,U(pSHIG—é"é“=0- (%)
Also, from the Lagrangean {1) we have the equation:

d _ aL )- oL _

dt ( al;} ay

which gives
A (¥sin28+24 6 sinfcos )+ C(@cosd+ ¢ cos2f - ¥ 8 sin 0 cos 0)
—C931n8(gp+x}fcosf?)-~—@m0 6)

From equations (3), (4), (5) and (6) we obtain the following equations of motion for the

orientation of the figure axis:

o C 2. 18U
] H—wsm&'d;-&slnﬂcosaw +Z R
- C 1 cosf - 1 U
= —3—2 b
V=3 o VOt Tamd oy )

Fundamentally, all we have to do is to solve equations (7) by a numerical integration, This
approach, however, is not practical. The motion of the figure axis contains the well-known
Eulerian motion or free nutation which is a circular oscillation with the period of about one day in
space.

This free nutation is independent of precession and nutation which are a forced motion, there-
fore it is not taken into account in the computation of precession and nutation, Nevertheless, we
would have to solve this motion simultaneously in order to get the forced motion of the figure axis
by performing a numerical integration, in which the step would have to be taken very small

because of the rapidity of the motion,

3. Modification of the equations of motion

We now introduce a modification of the equations of motion {7). First, since the second terms in
the right-hand members of the both equations are of a magnitude of lﬁ/w or 10-7 as compared to
the first terms, we let them included in the first terms. In doing this we give V¥ its average value .

Next, we put
f—;-wsinﬂ—\bsinficosﬂ=P,
C i Teosf
A sin =0
1 aU

_—— = BJ At’

1 3 (o, y;t)
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1 aU
Asin28 ay
Then we have

§=-Py+f,v;0),
V=006 +g(6, ;). (9)

Now we consider 7 and Q to be constant and f(@, ¥, ) and g(8, ; £) functions of ¢ alone, This
approximation may be valid enough though we will not give a mathematically rigorous argument

=g(8, ;9. (3)

here.
Under this assumption, if there were not f{¢) and g(¢} in equations (9), they would have the

following solution:

g=asin(/0Pt+7),

=-V1C g cos (/PO 1+7), (10)

o and v being arbitrary constants,
Guided by these expressions, we assume the following solution of equations (9):

6 =asin (/PO + ) - ég(r)w(r),

§=- VP2 qeos (VPB4 )+ S s+ o), (11)

where p(¢) and (¢} are functions of ¢,
Substitution of (11) into (9) gives

. 1 .
p(fy=-Pq(}+ ) &(2),
. I
i0=2p0) -~ 5 £,
By repeating the same procedure, we obtain as the solution of equations {9),

= asin (/PO 14 9) - 5O+ o D)+ W1Q_2 £() - PJ—Qz Fio+

1/ 1
Qo:cos VPQrty)+p f(f) + (t) ( - g g(B + ... (12)
Integration of the equations gives the following expressmns for the orientation of the figure axis:

Trg O VTCrD- fé s() dt + s S 4 L i g(t) g 1O
V=vo - 5PN+ (3 @O dr+ g(t) f(f) P D (13)

In the right-hand members of these, the first terms are constant and the second terms mean the

=04 -

free nutation, 1t is easily seen that the third terms correspond to precession and the Poisson terms of
nutation if we neglect the small additive terms in P and Q. Then the fourth and following terms
must be the so-called Oppolzer terms of nutation. This can be confirmed directly if we calculate
these terms and compare them with the analytical values for Oppolzer terms which are found in
Kinoshita (1977).

The result is shown in Table 1 for three pairs of terms of nutation which have a greater Oppolzer
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Table 1, Comparison. between numerical and analytical for some Oppolzer terms.

Term Period Poisson 4th 5th 6th Oppol. Anal.
term term term term term value
o A () 0]
(Obliquity) 286 0 70 - g | 586pp
days
cos £2 -6798.4 +92277 -10.04 +0.00 +0.00 -10.0 =100
cos 282 13.661 +885 +59.08 +4.69 +0.31 +64.1 +64.1
cos(24-82) 13.633 +183 +9.95 +0.97 +0.05 +11.0 +11.0
. t t g(t
(Longitude) A oi ‘i:,(Q) - 15 Q) - pg;(Q)z Mopp
sin §2 -6798 4 +172675 -33.91 -0.00 +0.00 =339 339
sin 282 13.661 12041 | +162.10 ¢ +10.81 +0.85 +1738 +173.7
sin (24-£2) 13.633 +343 +33.54 +1.82 +0.18 4+35.5 +35.5

Epoch: 1900.0, Unit: 0.0001",

term, The third column of the table gives Poisson term for each nutation term. Using it, the 4th, 5th
and 6th columns are calculated which correspond to the 4th, Sth and 6th terms in equations (13),
respectively. The 7th column is the sum of these three columns, and gives Oppolzer term. The 8th
column is the value by Kinoshita, All the values are evaluated for the epoch of 1900.0. The
coincidence is satisafetory to 0.00001",

In the following, we only calculate the third and following terms in equations {(13). They
correspond exactly to the analytically given nutation of rigid Earth which constitutes the basis of
the TAU nutation series. In carrying out the integration of the third terms, we no longer consider the
integrands to be functions of ¢ alone but to contain @ and  which are not constant,

4. Perturbing function

Since the fourth and following terms in equations (13) can be calculated easily by numerical

differentiation of the functions f{r) and g(f), we take up only the third terms:
1 al/

Af=- - o
fc:» sin@ {1 —(Ay/Cw)cosd} P
1 AU
Ay=+ - = 4t
J’Cw sind@ (1-2(A0/Ce)cosb) a9 (14)

These are the same as those found in Woolard {1953) if we neglect the small additive terms in the
denominators and they very nearly give precession and Poisson terms of nutation.

U is the perturbing function due to the atfractions of the Moon and the Sun, They are separated
into two parts caused by the respective bodies, that is,

U=U; + Uy,

The two constituents have the same form:
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_3e2m(C-4) 2 = 32m(C-A) g

Vs = 25 2p3

n? §, (15)

where the suffix B means d or @, k is the Gaussian gravitational constant and m, r, z and & are
respectively the mass, the geocentric distance, the z-coordinate and the declination of the body
referred to the equator of the Earth, The units of m and r are the solar mass and the astronomical
unit of distance (2,u.), respectively.

In terms of the ecliptic longitude A and latitude § of the Moon or the Sun, (13) can be expressed

as
_32m(C-4)
B
. where « is the conventional unit in which r of the Moon or the Sun is expressed, The suffix 0

(_%L)a {cosf sin B, +sin @ cos B, sin (Ag - W) } 2, . (16)

assigned to X and f means that they are referred to the ecliptic and mean equinox of J2000.0.

The coordinates of the Moon and the Sun are taken from an abridged trigonometric series for
them developed by Kubo (1980}, The error of the seres is estimated to be 2" in average and 10" at
maximum. The effect of the error to the result will be discussed in Section 6.

We now discuss on the quantity k2m/fwa3 in the coefficients in equations (14), in which w is the
sidereal mean motion of the rotation of the Earth with the value 1299548.204" /day.

In case of the Moon, we take as ¢ the equatorial radius of the Earth a,. Introduce a4 defined by

3 2
g = ,/@(_m@__‘;’mf) = 0.002571881428 a.u., (a7

Rq
where mgand mq are the masses of the Earth and the Moon, respectively, and nq (= 47434.88963"/
day) is the sidereal mean motion of the Moon. Further, we have a relation among g, #, and the
mean distance of the Moon ag:

aq =a/Fy=a,[3422.448"[F, = 6032291182 q,, (18)
F, being a constant whose value is 0.999093142. Hence,

2
kKimg _  aq 2 My . k2(mg + mq)
Witg 3 de mg t+rig wag ?

2
= (60.32291182)3 x 001215056777 x 24

w
= 4617924.822"(day. (19)
In case of the Sun, we take 1 a.u, as a. Introduce a5 defined by
2
2o = s/ Blno ;m,j’ *Ma ) - 1000000036 0., (20)
o

where meis the mass of the Sun and g (= 3548.192807"/day) is the sidereal mean motion of the
Sun. Then,

Kimo oy Mo  Plmo g +mq )

wa3 a’ mg Fmg +myg wa 3

2
= (1.000000036)% x 0.9999969596 x "o
w

= 9,687701648"/day. (21)

Finally, as the common factor in Uy and Uy |, we adopt



A NUMERICAL SOLUTION FOR PRECESSION AND
NUTATION OF THE RIGID EARTH 173

C%‘i = 0.0032739935. (22)

All the numerical values adopted above are coincident with the IAU (1976) system of astro-
nomical constans and are the same as those used in the analytical theory,

5. Integration

In carrying out the inegration of (14), the integrands depend almost only on ¢ and hardly on 8
and s because the changes of these variables are very small. Therefore the integration is almost a
mere calculation of areas rather than usual numerical integration of equations of motion.

The calculation is carried out by the Simpson’s formula for definite integral with a step of 2
hours. In doing this, the perturbing force by the Sun is evaluated at OR every day and interpolated
to every 2 hours, while for the Moon the coordinates are evaluated at O every day and interpolated
to every 2 hours and then the force is calculated. Differences up to the fourth order are taken into
consideration in the interpolation, The update of the values # and ¥ is made once a day since the
rate of their change is very slow. In doing this, the geodesic precession 1,.927(Jc or 0.0000526" /day
is compulsively added to .

The initial values adopted in the integration are as follows:

t, = 1D 2446066.5 or Jan. 1, 1985 0P DT

(Ty= - 0.1499931553),

0; =23° 26" 21.448" + 4.849",

¥, = 180° - 5038.7784* T; + 1.07259" 7% + 0.001147" T3 + 13.715", (23)

where T is measured from J2000.0 in the unit of Julian century. The values of §; and {; are chosen
s0 that they coincide with the analytical values within 0.001”, but it should be noticed that
adoption of a slightly different value for &, or J/; only results a constant bias of the same amount to

all the values of 8 or { throughout the period to be integrated,

6. Result and discussion

The integration has been carried out for a period of about 18,000 days. In the following
discussion, ¢ is used in place of § and 180°-y in the preceding sections is replaced by W, according
to the conventional notations used in precession and nutation theory,

As mentioned in Section 2, the nutation obtained in the fixed reference frame 2y, and &g,
must be reduced to the ecliptic and mean equinox of date, The formulae for the reduction are

7 sin
sinZe
be = Ogy ~qrsin [T &gg, 24

A = My + weos [T cot e g, +

ED)

where
7 =47,0029” T - 0.03302" T2 + 0,000060" T3 (in radian),
I =5° 07 25.018" -4168.9695" T+ 1,03723" T2 + 0.001147" T3. (25)
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We first examine the short periodic terms of nutation. We compare our result with the analytical
one for a period of 250 days beginning from JD 2446066.5, In Figure 2 the differences between our
values (denoted by N: numerical) and analytical values (denoted by A) for Ay and Ae are shown,
Figure 3 is their power spectra. The constant biases of about 1 milliarcsecond in &y , and dey
are meaningless because of the reason mentioned in Section 5. As far as short periodic region of
nutation is concemned, the differences between N and A in &y and 2 are reasonable considering the
precision of the analytical computation,

When we proceed to precession and long periodic region of nutation, however, we see a fairly
different aspect. Figure 4 shows the Ayy » and dey_, for a period from JD 2445106.5 to JD
2462706.5. In the grapfs, one dot is the average for 32 days. Figure 5 is their power spectra.

In &y 4 all the analytical values of precession and nutation have been subtracted from the
numerical solution. Therefore it would be a horizontal straight line if both 2y and Ay, were

0.001"

Ay N-A
3
2
1
0 N T T T T T ¥ T T T T Li T
100 200 day
0.00"
A &y,
3
2
I
0 T T T ¥ T T T T T T T T
100 200 day
Figure 2. Ay s and Aey_p for JD 2446066.5 to JD 2446315.5.
0.0001"
Ay,
3
2
l M
0 : | | _/\/\/\._./\f\/\ iV A
30 20 liﬂ F I T H I 1 Period
3 (days}
0.0001"
A&y,
3
2
1
0 M |/\/‘I"\ S,V =NV Y. .
30 20 10 5 4 fs:;g‘;

Figure 3. Power spectra of Ay _, and Aey_, for short periodic region.
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correct. In 2ey_,, however, only the analytical nutation has been subtracted from the numerical
result. Therefore from the graph of Aey_, should be further subtracted the analytical precession,

ie.,
+0.05127” T2 - 0.007726" T3, (26)
An analysis of &y 4 and 2ey_, where the theoretical precession (26) in fey o has been

removed, gives the following expressions for the differences in precession and long periodic terms

of nutation:

Sy o4 =+0.01517 T -0,00227 T2 +0.0006" sin (§2 — 26°) + 0.0013" sin (26) - 29,
(£25) (£149)
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A z,b N—A aron
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-~ . b [ £
] e T i heArld
2 G ' - ~ o
1 : e T
O ~ X .
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Figure 4. A Y. and Aey.a for IJD 2445106.5 to ID 2462706.5,
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Figure 5. Power spectra of Ayy_, and Aey_, for long periodic region.
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Aey_p = -0.0003" T - 0,0067" T2 + 0.0008" cos (£ + 26”) - 0.0003" cos (22 + 37°), 27
(x12) (+62)

the first and the second terms being for precession and the third and the fourth terms for nutation
in each equation. £2 is the longitude of the ascending node of the Moon’s orbit on the ecliptic.

Among the four terms for precession in (27), only the linear term +0.0151" T in &4y 5 s
significant judging from the mean errors. Since this term is to be determined by observation, the
difference is not important physically. However, it must not exist because the same constants are
adopted in both the numerical and analytical solutions. All the terms for nutation in (27) are
significant. Among them the terms with the argument of 282 are well coincident with the result
Kubo (1982) obtained analytically:

5 (Ay) =+ 0.0012 sin 282,
§ (Be) = = 0.0002"" cos 28 (28)

As for the remaining two terms of nutation +0.0006" sin (£ ~26°) and +0.0008"" cos {2 +26°),
as well as +0.0151” T in precession, we can not tell in which side N or A there are errors. The
errors arizing from the modification of the equations of motion and from the integration in our
solution are estimated to be small enough, The largest source of the error in our calculation would
be in the low precision of the coordinates of the Moon and the Sun we have adopted. Especially,
some long periodic terms which are missing because of their smallness in the trigonometric series
for the Moon might be questionable, although the effect to our result does not seem so large as
0.0002".

However, it is desirable to follow the present scheme once again, using precise ephemerides of the

Moon and the Sun and, if possible, applying a more rigorous formula for numerical calculation.
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GRAVITY ANOMALIES AND DERIVED SUBTERRANEAN STRUCTURE
ON/AROUND TOKYO BAY AND SOUTHERN KANTO DISTRICT

Yoshio Ueda,” Hisaho Nakagawa,” Tsunchiro Hiraiwa** Toshiyuki Asao,* and Ryuuji Kubota™**

Abstract

Hydrographic Department, M.S.A., Japan, carded out sea gravity survey in Tokyo Bay from Feb
to March, 1985 and in Dec, 1985, Gravity field at sea surface was measured by KS8-30 type sea
gravity meter, installed on 8/V shoyo. The position of §/V shoyo was fixed with Decca-
Transponder positioning system within the estimated error of 5m. Through this survey, Free-air and
Bouguer anomaly maps of Tokyo Bay were compiled and gravity basement depth was calculated by
fourier intergral inversion method. The gravity basement depth is fairly consistent with relief of
Pre-Neogene basement structure. Free-air gravity anomaly map onfaround southem Kanto district
was also compliled using sea gravity survey data measured by JHD, for study of tectonic situation of
the region concemed. Three gravity anomaly profiles onfaround Tokyo Bay were analysed with
two-dimensional Talwani’s method. Through the above study, followings become appagent.

1, Negative Bouguer anomaly in the northern part of Tokyo Bay, is subdivided into two regions,
one is extension from Anegasaki, north-eastemn coast of Tokyo Bay, whose negative peak reachs
—24m@Gal and the other is from Yokohama, south-western coast of Tokyo Bay where negative peak
reachs -2 1mGal,

2. Gravity analyses on two profiles in Tokyo Bay reveal that the negative Bouguer ancmaly
should be ascribed to two sources, one is Pre-Neogene basement structure, and the other is slope of
Moho boundary. This result also imply that the thickness of crust beneath Tokyo Bay become
deeper than surroundings.

3. The relative Bouguer gravity low amounting more than 20 mGal is recognized over Tokyo
subbottom channel, where gravity basement is depressed more than 4000m. This feature sujests
that Tokyo subbottom channel is one of the results of tectonic dynamic of southern Kanto district,

4. Gravity analysis on E-W profile along 35°30°, from E139°00" near Tanzawa mountains to
141°30, offing of Taito cape, reveal that subducting plate should be taken into considered, as well
as Pre-Neogene basement structure. Density constrast of each part is as follows, 0,12 glec for
Philippine plate, 0.25 gfce for Pacific plate and 0,58 g/ec for Pre-Neogene basement. The density
of Pacific plate could be reduced by taking account of the slope of Moho boundary.

Received 15 January 1987

* o ik Geodesy and Geophysics Div.

**F 3 WK EIRT AR AR IS EIMAT Hatizyo Hydrographic Observatory. 3rd R.MS. Hgs.
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Figure 1. Track lines of sea gravity survey in Tokyo Bay.
Survey in February and March, 1985 are shown by dot lines and those in Decem-
ber, 1985 solid lines.
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Figure 2. Free-air gravity anomaly contour map of Tokyo Bay. Contour interval is 1mGal.
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{

Figure 3. Auto-contoured bathymetric map of Tokyo Bay. Contour interval is 10m.
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Figure 4. Gravity survey data used to compile Bouguer gravity anomaly map.
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Figure 5. Bathymetry used for terrain correction.
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Figure 6. Illustration of terrain correction method for the most close region to correction point.
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Figure 7. Correlation between free-air anomaly and depth.
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Figure 9. Residual gravity anomaly near Tokyo Bay. Contour intetval is 5 mGal.
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Figure 10. Gravity basement depth map calculated by fourier integral inversion method.
Assumed mean depth is 2.5 km and density contrast is 0.6 g/cc. 10(a) is calcu-
lated from Bouguer anomaly of Fig. 8(a) and 10(b) from Fig. 8(b).
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Figure 11. Tectonic map on/around Tokyo Bay.
Active falut (=) and estimated active fault (~ 1) are shown. Epicenter of
some earthquakes are also shown by open circle with magnitude and year of
occurrence,
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Figure 12. Gravity basement are compared with acoustic basement beneath Tokyo Bay
(Kato, 1984) and with elastic velosity structure of Enosima-Yumenosima line,

determined by land exposion exploration (Tada, 1982).
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Figure 13. Gravity anomaly profile along T1 and T4, which are analyzed by two-dimen-
sional method.
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Fignre 14, Results of gravity analyses on profile T1-T1'. Observed bouguer anomaly is
shown by solid point, and calculated one by open circle, In this calculations,
density contrast of Pre-Neogene basernent is assumed to be 0.6 g/cc and that of
mantle layer 0.4 g/ce, _

In model (a), only Pre-Neogene basement was used for model analysis, in model
(b) slope of Moho boundary as well as Pre-Neogene basement are included in
calculation,
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of figures,
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Figure 16, Undulation of Moho boundary derived from residual gravity anomaly (Fig. 9)
along E140°00". Southem site is N35°00' and northern site correspond to
N36°2(¢, Observed gravity anomaly is shown by solid point, and calculated one
by open circle. In this calculation density contrast of mantle layer is assumed
to be 04g/ce.
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Figure 17. Free-air gravity anomaly on/around southern Kanto district.

Land gravity anomaly is refered to Gravity map of shizuoka, omaezaki and yokosuka (Bouguer anomalyies map) and Gravity map

of Kanto district (bouguer anomalies map) edited by Geological survey of Japan. (1982, 1985).



GRAVITY ANOMALIES AND DERIVED SUBTERRANEAN STRUCTURE

ON/AROUND TOKYO BAY AND SOUTHERN KANTO DISTRICT 203
a1 ‘ L SKI:
i /F.G.A. ——
" BiR B = AtRE

KH Kk

Figure 18. Bouguer gravity and seismic focal depth profile along SK1 in Fig. 17.
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Figure 19. Results of gravity anomaly analysis on profile SK1 in Fig. 17.

In model (a), only Pre-Neogene basement is used for gravity calculations. The
fitness between observed bouguer anomaly and calculated one become better,
when subducting Philipine plate and Pacific plate are modeled in calculation (b).
Derived density contrast of Pre-Neogene basement become 0.58g/cc and that of
Philipine plate 0.12g/cc and 0.25g/cc for Pacific plate respectively in model (b).
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THE ANALYSIS OF MUTUAL PHENOMENA OF
THE GALILEAN SATELLITES OF JUPITER IN 1985

Arata Sengoku, Kouji Terai!, Kunio Kenmotsu, Seiji Fuchinoue, Takeharu Miyake2, Eiki Nishimura
Kunio Matsumoto, Masayuki Sawa, Hiroshi Sasaki3, Takeo Uchiyama, Katsuhiko Murakami,

Sinichi Kanagawa?

In 1985, mutual phenomena of the Galilean satellites of Jupiter took place. At the hydrographic
observatories (Bisei, Simosato and Sirahama) 14 mutual phenomena (23 light curves) were observed.
From 11 light curves of good quality, the longitude corrections of three inner satellites for E-2
(Lieske, 1980) are estimated to be Al;=4.2 *1.6 (x 10™*), Al,=-1.0 04 (x 10~*) and
A14=0.0 £1.0 (X 10~%). This results are mostly in accordance with those by Aksnes & Franklin
(1976).
key words the Galilean satellites — mutual phenomena

1. Iniroduction

The motions of Galilean satellites of Jupiter are very much complicated. Bach Galilean satellite
is perturbed by the oblateness of Jupiter, the gravitational force of the Sun and the deep resonance
effect among three inner satellites. This variety of disturbing forces have fascinated celestial
mechanicians. Furthermore, the Galilean satellites revolve around Jupiter very rapidly, and the
degradation of the ephemerides is inevitable.

At present, there are two precise ephemerides, E-2 (Lieske, 1980) and G-5 (Arlot, 1982), which
are both based on the Lieske’s theory (1977). Although the inner error of the Lieske’s theory
is estimated to be about 10km in linear scale and about 2 arc second in jovicentric angle, the
discrepancy between above two ephemerides (E-2 and G-5) is rather large. It is because they used
different data sets to determine the parameters in the Lieske’s theory. The comparison among each
of the two ephemerides and the observation is still necessary.

There are various methods te ohserve the position of the Galilean satellites, The observation of
mutual phenomena is the most precise method at present.

The mutuat phenomena of the Galilean satellites occur every half jovian year when the Earth
or the Sun goes though the equatorial plane of Jupiter. In 1985 this condition was satisfied around
the opposition of Jupiter with the Sun, and this good condition led to a large quantity and high
quality of data.

2. Observations and Data processing
2.1 Observations
At the three hydrographic observatories (Table 1), thanks to the predictions by Arlot (1984), the
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1 -Satellite Geodesy Office

2 Bisei Hydrographic Observatory, 6th. R. M. S, Hgs.

3 Simosato Hydrographic Observatory, 5th. B. M. 5. Hgs.
4 Sirahama Hydrographic Observatory, 3rd. B. M. S. Hags,
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Table 1. The hydrographic observatories

Observatory Bisei Simosato Sirahama
telescope aperture 60cm 60cm 30cm
f 940cm 1000em 500cm
photomultiplier EMI9502B EMi9789B EMI19502B
latitude 34°41 33°34 34°43°
longitude 133°34 135°56' 138°59

Table 2, The observed mutual phenomena

Date Time (TDT) Distance Altitude Diaphram Seeing
Event Magnitude Observatory Voltage k
k m # e v "

1985 6.17 301p 17 44 0.74 5.8 B 37 550 20 - 1/b
71.26 402t 12 35 1.21 7.4 B 26 720 20 0.033 2fa
8.13 302p |13 14 0.67 9.3 B 33 640 30 0.526 1/a

Sm 35 630 20 — 1/a

S 35 600 35 - 1/b

3E2p 14 06 0.88 9.3 B 36 710 30 - 1/a

Sm 38 610 15 — 1fa

Sr 37 650 25 — 1/b

8.20 302p |16 23 0.64 9.3 B 26 650 30 0.006 2fa
3E2Zp 17 58 044 94 B 14 730 30 0.222 1/a

8.24 103p | 15 08 0.22 4.9 B 33 790 30 0.223 2fa
St 32 595 35 0.333 —

9.3 1E2p 10 54 0.32 6.3 B 28 780 30 - 1/b
Sm 30 720 15 0.978 t/a

9.10 1E2p 13 59 0.43 6.7 B 33 730 30 — 2/a
Sm 32 620 i3 — 1/b

St 30 680 25 — 3fc

10. 2 4Ela 19 37 0.12 54 Sm 32 610 15 — 2/b
10.12 1E2p 13 34 0.56 7.0 Sm 18 630 15 0.661 2/b
11.20 401p {09 29 0.25 5.9 B 33 720 20 - i/a
11.25 2Ela 1¢ 29 .12 38 B 25 750 20 (0.583 2/a
Sm 24 620 15 0.026 1fa

12.15 102p | 08 56 0.60 4.4 Sm 26 590 15 (.855 1/a

*B: Bisei, Sm: Simosato, Sr: Sirahama
mutual phenomena were observed photoelectrically.

We did not use any filter. The background level was measured once a few minutes by drifting
diaphram toward the nomnal direction to Jupiter. The accuracy of time is higher than 0.1 sec, since
it is calibrated by JIY.

Table 2 is the list of observed phenomena. The type of event is identified by the notation such
as jOk and jEk for “satellite j occults satellite k” and “satellite j eclipses satellite k”, respectively,
and p, a and t mean partial, annular and total phenomena, respectively. Columns 4 and 5 give the
magnitude and the distance to the center of Jupiter in jovian radius, Colummn 10 contains sky
condition data, stability of star image and transparency. Stability of star image is expressed in three
grade, 1, 2 and 3 meaning good, fair and poor, respectively. Transparency is also expressed in three
grade, a, b and ¢ which mean good, fair and poor, respectively.
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22 Data processing

Data processing consists of three procedures, i.e., background noise correction, smoothing and
atmospheric extinction,

First, the background noise correction is considered. We have subtracted the background noise
which is estimated by linear interpolation,

Next, the data were smoothed by 5 points weighted mean formula which is expressed as follows,

2
Vit By (1)
Wiy ==3/35
war =12/35
w, =17/35

where x; is the raw intensity, y; is the smoothed one and w; is the weight.

The correction of atmospheric extinction is expressed as follows.
I=Igexp(-kseez) . 2)

where I, and I are the initial and final intensities, z is the zenith distance and k is the extinction
coefficient.

We estimate the extinction coefficient so that the levels before and after the phenomenon are
equal. In some cases, when we could not observe 2 whole phenomenon, we do not estimate the
extinction coefficient. The extinction coefficient of each phenomenon is listed in table 3, The final
light cuwves are shown in figure | to 17.
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Figure 1. J3 occults J1 partially
on June 17, 1985 (Bisei)
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Figure 2. J4 occults J2 totally
on July 26, 1985 (Bisei)
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Figure 3, J3 occults J2 partiaily
on August 13, 1985 (Bisei)
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Figure 5, J3 eclipses J2 partially
on August 13, 1985 (Simosato)
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Figure 4. J3 occults J2 partially
on August 13, 1985 (Simosato)
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Figure 6. J3 eclipses J2 partially
on August 13, 1985 (Bisei)
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Figure 7. J3 occults J2 partially
on August 20, 1985 (Bisei)
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Figure 8. J3 eclipses 2 partiatly
on August 20, 1985 (Bisei)
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Figure 9, J1 occults 33 partially
on August 24, 1985 (Bisei)
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Figure 10. J1 occults J3 partially
on August 24, 1985 (Sirahama)
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Figure 11. J1 eclipses J2 partially
on September 3, 1985 (Simosato)
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13750% 55 0 5 U1
Figure 12. J1 eclipses J2 partially
on September 10, 1985 (Bisei)
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Figure 13. I1 eclipses J2 partiaily
on September 10, 1985 (Simosate)
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Figure 14. J1 eclipses J2 partially
on October 12, 1985 (Simosato)
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Figure 15. J2 eclipses J1 annularly
on November 25, 1985 (Simosata)
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Figure 17. T1 occults J2 partiaily
on December 15, 1985 (Simosato)
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Figure 16, J2 eclipses J1 annularly
on November 25, 1985 (Bisei)
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3. The midtimes of mutual phenomena

Although the obtained light curves have much information concerning such as albedo distribu-
tion and radius, we intend to correct only the longitude of three inner sateliites in this paper using
the midtime of each phenomenon,

In the case of partial phenomenon, because the light curve is nearly symmetrical, the light curve
near midtime can be modeled on quadratic polinominal,

y=alt-t)’+b (3)

where t is the midtime,

We have made a linearized least squares differential fit to each light curve near midtime, Estimat-
ed midtime and their r.ms. are listed in column 2 and 3 of table 3. Column 4 to 6 contain the
residuals of each event. The letters O, E2, G5 and SV2 stand for “observed”, “E-2 ephemeris”,
“G-5 ephemeris” and “SV2 ephemeris” (Vu, 1977; Sampson, 1921), respectively, The calculated
midtimes of these three ephemerides are presented by Arlot (1984). Column 7 and 8 are the phase
angles p(0°<w<180"), which means Earth-Jupiter-the Galilean satellite angle for occultation and
Sun-Jupiter-the Galilean satellite angle for eclipse, The mean error in this table is the formal error in
the least squares procedure and may be larger in other midtime analysis methods. We omit some
light curves of poor quality in this midtime analysis,

Table 3. The estimated midtimes

Event Midtime (TDT) d (midtime) P-‘hase angle

No. Observatory 0-E2 OG5 0O-8V2 i wk
ok h m ] s ] s $ deg deg

1301 |B |1985 6 17 17 44 156 *15] —84| 16| 266 230! 848

#1 21302 B 8 13 13 14 251 #18 9.1 16| 2.1} 3837 992
31302 | Sm 8 13 13 14 258 08 981 168 28| 383 992

4 |3E2 | Sm 8 13 14 5 350 £06] 20| 40 -70( 385 | 976

* 1 513E2 [B 8 13 14 5 400 =17 30 90; 20| 385 976
*1 61302 |B 8 20 16 22 268 15| 4.2 38i-142| 387 955
*| 7 |3E2 |B 8 20 17 57 304 +23|-17.6|-126—22.6( 389 | 924
*[ 81103 B 8 24 15 8 73 22 163 153 93| 5573|1605
91103 | Sr 8 24 15 8§ 186 =*12| 276 266| 206| 5733|1605

# 110 |1E2 | Sm 9 3 10 54 185 =14 225i 125| 3251082 | 1437
* 111 |1E2 (B 9 10 13 58 413 09 637 -3.7, -871 98411419
12 {1E2 ; Sm 9 10 13 58 551 12| 201, 101 51 98311419

* (13 i1E2 | Sm 10 12 13 34 83 05 13| —=3.7,-337| 73.6 11429
* (14 |2E1 | Sm 1t 25 10 28 377 #09, -93| -93|-453]| 180 11508
* {15 |2E1 [B 11 25 10 28 389 +12) 81| —81|-441| 1801508
* 116 (102 | Sm 12 15 8 56 43 16| 113 333271 480 1519

#+ B Bisei, Sm: Simosato and Sr: Sirahama
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4. The longitude corrections for inner three satellites
Because the precision of satellite ephemerides degrades most rapidly in the longitudinal direction,
we correct longitude of each satellite at the epoch.

The observational equation is expressed as follows.
(aknkcos ka - ajnjCOS‘Pj)AT = ﬁ]‘COS (PJA 11 =8y, C08 (Pk Al K - (4)

where a, is the semi major axis of the satellite k, n; is the mean motion of the satellite j, AT is the
residual of midtime and Aly is the longitude correction of the satellite k at the epoch. The
eccentricity of the satellite is ignored in this equation. Since we cannot observe the mutual
phenomena when the phase angle is neary O and since the coefficient of Alj in equation (4)
becomes O when satellite j is at the maximum elongation from Jupiter, some selection effects may
exist. Tt is desirable to observe many mutual events rather than to observe one event at many
observatories,

We intend to correct the longitudes of only three inner satellites because the observed mutual
phenomena.of high quality involving J4 are quite few.

Figures from 18 to 22 are the observational equations in the phase space.

The obtained longitude corrections are shown in tables 5 and 6. We have tried two data sets,
the one contains the whole 16 data, except for those with J4, the other contains the 11 data of
comparatively high quality indicated as * in table 4, We show the estimated values by other authors
in table 5 and 6, too. Aksnes & Franklin (1976} deduced the correction of longitudes using 91 light
curves of mutual phenomena in 1973, Nakamura (1976) corrected the longitudes from 23 light
curves,

Table 4, The estimated longitude corrections {(Unit: 107* radian)

Aksnes &
Dataset | Data set 2 Franklin Nakamura
(E-2)
J1 30 %25 40 *15
J2 —1.0 206 —-10 %0.3
J3 —(.1 0.4 00 09
(G5)
Ji 29 123 37 +i.2
J2 04 +05 0.4 0.3
I3 -~10 £0.3 -09 07
(SV2)
5| 249 +3.4 267 1.4 227 1.0 19.0 =07
I2 472 0.8 4.1 0.3 59 106 2.9 0.1
J3 0.1 #0.5 0.3 0.8 —2.5 +0.3 —5,1 2.4
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Figure 19. The longitude correction of J1 and J3 (E-2)
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Figure 20. The longitude correction of J2 and I3 (E-2)

Figure 21. The longitude correction of J1 and J2 (G-5)
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Figure 22. The longitude correction of I1 and J2 (8V2)

Table 5. The estimated time corrections (Unit: minuite)

FSatellite Dataset 1 Data set 2 Aksnes & Nakamura
L {16 data) (11 data) Franklin
(E-2)
J1 0.12 #0.10 0.16 £0.06
12 —0.08 005 008 +0,03
I3 —0.01 006 000 0,15
Residual 0.15 0.08
(G-5)
J1 0.12 £0,09 0.15 #0.05
¥2 003 0,04 0.04 2002
I3 —.16 003 -0.15 %0.12
Residual 0.13 007
(8v2)
J1 1.01 +0.14 1.08 006 092 0,04 0,77 003
2 0.34 006 0.33 +0,03 048 +005 0.24 £0.01
i3 —0.02 008 005 £0.14 —042 005 —0.83 040
Residual 0.20 0.08
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5. Discussions

Our results of JT and J2 are mostly in accord with those of Aksnes & Franklin. The correction
of longitude of J1 for E-2 and G-5 and the correction of J2 for E-2 seem to be significant. The
difference between our results and other authors may arise from the absence in our analysis of the
corrections of other augular variables such as w or Q. The absence of the corrections of these
elements results from insufficiency of obtained data in 1985 to improve them. Therefore we
restrict our attention to longitude corrections.

The error of the longitude of J1 is larger than other outer satellites in table 5. It is because the
phase angle of J1 is always smaller than those of outer satellites and the coefficients of Al is
always smaller. This is inevitable in the analysis of mutual phenomena. But the error of the
midtime of the phenomena with J1 is comparable with those of others,

It is noteworthy that our results satisfy the Laplace relation within the estimation error for E-2
and G-5.

Al -3Al,+AlL,=0 (5)

This seems to imply the accuracy of the amplitude of libration argument (1,-31,421;3) in E2
and G-5 and to justify our analysis,

The difference between the resulis from the two data sets is smaller than the residuals,

If we gather world-wide light curves of mutual phenomena in 1973, 1979 and 1985, it will
be possible to improve afl the elements of the Galilean satellites and to investigate on the tidal
secular accerelation of J1. We really hope that our observations enrich the knowledge on the
sateilite ephemerides.
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