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Abstract

The Hydrographic Department actively participates in the national programme for pre.ciiction of
volcanic eruption since the programme started in 1973. Observation of volcanic activities in the adjacent
seas of Japan is very important not only to protect navigation, fishery and other activities in the sea area
against a disaster, but also to manage the sea area itself effectively,

The Hydrographic Department regularly monitors the condition of the sea area, and whenever any
abnormal phenomenon on the sea is found and information of a sign of volcanic activity is obtained from
other sources, it operates concentrated observations of such volcanic activity by airplanes and ships,
such as, for example, in the cases of eruption at Kaitoku Seamount in 1984, Hukutoku-Oka-no-Ba in
1986, and Izu-O Sima in 1986 and 1987.

It is very essential to collect the geological and geophyisical data from the surveys on the volcanic
activity field for scientific promotion of systems and methods of prediction of veleanic eruption.
Therefore, the Hydrographic Dapartment promotes such surveys in the sea areas of Nansei Syoto and
Nanpo Syoto, and provides the society concerned with the fundamental scientific data.

Furthermore, in order to sophisticate the volcanic activity observation the Hydrographic Department

continues studies on various fields and items such as precise multi-narrow beam survey system, chemical
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and physical features of discoloured water, geographical change of a newly born island, remote sensing
by satellites, automatically programmed observation buoy, sonic observation of eruptipon and so on.
Annex 1 is a list of volcanos and their activity records, Annex 2 shows contributions from the

Hydrographic Department to the coordinating committee for prediction of volcanic eruption.
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Surveyed area in submarine volcanic zones.
5, 20 and 50 mean charts prepared at the scale of 10 thousands unit, respectively.
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Figure 2. Geomorphology and distribution of volcanos in the Nansei Syoto Are.
Geomorphology from JODC Depth File. Numbers in the figure refer to each number of

volcano listed in Annex 1.
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3. Outline of geostructure in the Nansei Syoto Arc.
1. Large-scale basins in the East China Sea Shelf. 2. Basement high in the margin of the
East China Sea Shelf, 3. Troughs in the Okinawa Trough, 4. Graben, 5. Small-scale basins
and troughs, 6. Gravity low belt in the continental slope, 7. Gravity low along the trench
axis, 8. Late Quaternary volcanos, 9. Pliocene-early Quaternary volcanos, 10. Hydrother-
mal spot at Izena Hole.
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Figure 4, Free-air gravity anomaly in the Nansei Syoto Arc.
1. > 100 mGal, 2. 50~100 mGal, 3. —50~—100 mGal, 4. < —100 mGal.
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Figure 5. Magnetic total intensty anomaly chart in the Nansei Syoto Arc.
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Figure 6. Geomorphology and distribution of volcanos in the Nanpo Syoto Arc.
Geomorphology from JODC Depth File. Numbers in the figure refer to each number
of volcano in Annex 1.
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Figure 7. Outline of geostructure in the Nanpo Syoto Arc.
1. Gravity high, 2. Gravity low, 3. Seamounts and knolls, 4. Basins and troughs, 5. Swell with
seamounts and knolls in the Sikoku Basin, 6. Seismic profile sectioins in Figure 8.
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Figure 8, Seismic profile records in Nanpo Syoto.
Sections are shown in Figure 7.

11




12

YOSHIO IWABUCHI

-35°

-30°

25° IRl N\ 250

-50-~-100
| I -00--200
B <-200mé

T 1 L] T 7?‘-0/2,\
140° 145°

Figure 9. Free-air gravity anomaly in the Nanpo Syoto Arc.
Unit in mGal.
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Table 1. Outline of main systems of Survey ships.
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Figure 10, Sea-beam chart in the axis of the middle Okinawa Trough (after Oshima ef «l, 1988).
A, Theva knolls, B. Izena knoll, C. Izena Hole.
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Figure 11, Submarine volcanic topography east of the Izu Peninsula.
{From Report of Coordinating Committee for Prediction of Volcanic Eruption, no 41, 1988.)
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Figure 12, System diagram of the buoy (after Tsuchide and Murai, 1987).
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Figure 13. Example of data recorded in the buoy acquisition system (after Tsuchide and Murai, 1987).
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Figure 14, Morphological changes of Niginesima-Sin To (born in 1973).
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Figure 15, An example record of an air-borne thermal infrared radiometer over Izu-O Sima Crater.
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Figure 16. Magnetic vector components and total intensity anomaly over lo Sima Volcano (after

Oshima ef g/, 1985)
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Figure 17, Geomagnetic structure of Io Sima Volcano (after Oshima ef al,, 1985) -
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Figure 19, Resolution of optical sensors loaded on satellites




Table 3. Outline of satellite available for observation of volcanic activity.
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Figure 20. LANDSAT MSS image of discoloured water {(after Otani ef al., 1983).
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Figure 21. Satellite image data of Suwanose Sima Volcano eruption in 1988.
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Figure 24, Topographic changes of a newly born island at Hukutoku-Oka-no-Ba in 1986. (From Rep.
coordinating committee for Prediction of Volcanic Eruption, no 37, 1986.)
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Figure 25, Changes of (Fe+Al)/Si ratio in discoloured water related to Izu-O Sima eruption in 1986
{after Tsuchide ef «f., 1987).
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Figure 26. Photographs of volcanic eruptioins in the sea area.
A. Nisinosima-Sin To ( 14,79,773 ), B. Hiyosi-Oka-no-Ba ( 10,/1/77 )
C. Hukuzin Seamount ( 26,1778 ), D. Kaitoku Seamount ( 19,73.784 )

E. Hukutoku-Oka-no-Ba ( 21,71,786 ), F. Izu-O Sima, First Burst of B craters ( 21/11,”
86).
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Figure 1. Topography of Aira Caldera.
Surveyed in 1988. Main contour interval in 20 m in the sea area.
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Figure 8. Topography of volcanic chain in the southern part of the Nansei Syoto Arc (Ryukyu Sone
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Figure 14, Topography of a newly discovered submarine caldera north of To Sima in 1987. (From
Rep. Coordinating Committee for Prediction of Volcanic Eruption no. 41, 1988.}
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Figure 33, Topography from Kita-Io Sima to Figure 34. Magnetic total intensity anomaly

Minami-Io Sima. _ chart from Kita-Io Sima to
Surveyed in 1981, 1985 and 1986. Minami-Io Sima.
Contour interval 200 m. Surveyed in 1981, 1985 and 1986,

Contour interval 100 nT.
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Figure 35. Topography of Hukutoku-Oka-no-Ba.
Surveyed in 1988. Contour interval is 50 m, except for 10 m on the top. (From Rep.
Coordinating Committee for Prediction of Volcanic Eraption, no. 43, 1989.)
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Figure 36. Chart of topography and magnetic total intensity anomaly in the northern part of the
Mariana Ridge.
Surveyed in 1976 and 1977. Right : Topography in interval of 500 m (unit 1000 m); Left:
Magnetic anomaly in interval of 100 nT (broken Hne, negative).
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TECTONICS OF THE OGASAWARA PLATEAU
IN THE WESTERN PACIFIC OCEAN'

Shinji Nagaoka*, Mario Uchida**, Shigeru Kasuga*

Yasue Kaneko*, Yukihiro Kato*, Koji Kawai*** and Hidenori Seta*
Abstract

The Ogasawara Plateau in an about 220X160 km semicircle shaped high, situates at the junction of
the N-S trending Izu-Ogasawara —Mariana trenches and the E-W trending Michelson Ridge. The vessel
“Takuyo” of the Maritime Safety Agency surveyed the plateau in December 1987 and January 1988 with
her narrow multi-beam echo sounder, single-and multichannel seismic reflection profiler, magnetometer
and gravity meter, The survey revealed the details of gomorphology and geclogy of the plateaun and the
adjacent area.

The geomorphological features are clearly indicating that the plateau is composed of four searmount
blocks and three grabens. The seamount blocks are composed of volcanoes with thick reef limestone on
the top. The features further saggest that several individual seamounts, arranged in E-W direction in line
with the Michelson Ridge, drifted westward by the plate motion, came close to the trench and reduced
the drift speed, backed up each other,.

A large number of NW-SE to NNW-SSE trending typical reverse faulis were identified in the most
part of the plateau, The faults, which cut the surface and underlying layers in the plateau, are showing
recent compression, ‘On the other hand, typical normal faults, associated with tension in the surface of
the subducting Pacific Plate, are recognized in the ocean-ward slope of the trench around the plateaw.

The dredged samples from the seamounts in the land-ward trench slope west of the plateau indicate
that the seamounts are composed of forarc ophiolite and boninite formed by Tertiary volcanism,
probably associated with subduction of the large seamounts beneath Philippine Sea Plate. These facts
do not support the idea of Pacific Plate obduction, but suggest the recent slower speed subduction of the
QOgasawara Plateau compared with that of the adjacent Pacific Plate. The partial speed-down of the
movement of the plate surface caused congestion of seamounts near the trench, which formed the

Ogasawara Plateau.

T Received 30th January 1989
* KA S | Continental Shelf Surveys Office
dok MAEE i FRZFREAERES | Hydro. Dept. 9th R. M. S. Hgs.
#dkk ALERRIHER © Geodesy and Geophsics Division
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Figure 1. Bathymetric map around studied area.
Contour interval:—1000m.
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Figure 3. Bathymetric map of the Ogasawara Plateau and its environs.
Contour interval: —100m
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Figure 4. Landform classification of the Ogasawara Plateau and its environs.
H1~H4 + Gk~Gm : the Ogasawara plateau, (H1 : Northeastern Block, HZ2 : Northwestern
Block, H3 : Central Block, H4 : Southwestern Block, Gk : North Graben, Ge : Central
Graben, Gm : South Graben) ; O : Ocean-floor ; M : Marginal swell ; IT : Izu-Ogasawara

Trench ; MT : Mariana Trench ; R : Ogasawara Ridge ; closed triangle: seamount and .

knoll ; closed circle: dredge and bathymetric camera point
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Figure 5, Bathymetric map(dipth in meter)of crater-like depressions on Nishi Seamount. Positions in
Figure 4.
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Figure 6., Geological map of the Ogasawara Plateau and its environs,
1:0r 1;2:0c 0;3:Tt-MEHL; 4 T¢-Mt IT;5:Nb-1;6:Nb-II;7:0p-1;8:0p-1I,9: Nb-
1I; 10 : Or-IL; 11 : Trench axis; 12 : Large fault (boundary of large blocks and grabens); 13
: Fault ( hieights >200m) ; 14 : Fault(heights <200m ) ; 15: Anticline 16 : Syncline.




TECTONICS OF THE OGASAWARA PLATEAU 81

Table 1, Stratigraphy in studied area.
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Figure 7, Seismic profiles{single channel:left}and their geological crossections(right). Positions in
Fig. 8, Symbols as Fig. 6. :
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Figure 8. Cartoon showing subduction of a seamount on the Ogasawara Plateau.
1 : Before Seamount subduction, 2 : Subducting seamount ; 3 : Seamount pushing up and
deforming the trench slope ; 4 : Seamount subducting away deeply.
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Figure 9.

Pl [

Palaeogeographic map for the Ogasawara Plateau. 1 : Early Neogene ; 2 : Middle
Neogene to Early Quaternary ; 3: Recent, a: Marginal swell ; b : Archiperagic apron
s ¢ 1 Guyot ; d : Seamount with a rounded top or a pinnacle ; e : Graben ; f: Trench
axis ; g : Fault. Upside is north, columns of break line show studied area in Figures
3 4
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TECTONIC LANDFORM AND GEOLOGICAL STRUCTURE
SURVEY IN THE TOYAMA TROUGH'

Akira Asada,* Shigeru Kato** and Shigeru Kasuga**
Abstract

Hydrographic Department of Japan conducted multichannel seismic reflection and refraction survey
and Sea Beam bathymetric survey in the Toyama Trough extending northward in the southeastern
margin of the Japan Sea. The purpose of the survey is to reveal the geological structure and tectonic
landform of the Toyama Trough and to confirm the hypothesis that the Toyama Trough is a subduction
zZOle.

Another purpese of this study is to establish a refraction survey system using ocean bottom seismome-
ters for revealing deep crustal structure, and to develope new method for image mapping of Sea Beam
‘bathymetry which clearly shows topegraphical feature caused by tectonic deformation,

Seismic profiles across the Tovama trough do not support the presence of distinct subduction zone
along the trough because the basement of the trough is not traceable beneath the Sado. Ridge. This
suggests that the Toyama Trough is different in geological feature from typical subduction zone such
as the Japan Trench or the Nankai Trough, where subducting oceanic basement is clearly traceable
beneath the overriding plate in seismic profiles. Further, seismic profiles show that the sedimentary
layers thicken to the east in some places and to the west in the other places. These features indicate that
convergent plate boundary is not present, or only extremely incipient plate boundary is present along
eastern margin of the Toyama Trough. However, the tectonic landform and geological structure
characterized by the presence of active reverse faults indicate that Toyama Trough has been subjected

to compressional stress.
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Phote 1. Ocean-Bottom Seismograph and Hydrophone (OBSH) .
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Figure 1, Bathymetric map of the survey area, Multi-channel seismic survey lines (A, B) . Ocean
-Bottomm Seismograph and Hydrophone (OBSH) location points (Al, A2, Bl, B2) by
Kaiyomaru in 1986. Sea Beam surveyed area (solid line box) by s/v Takuyo in 1987, Figuers
8~11 produced area (broken lined box) .
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Figure 2. Processing flow of multi-channel seismic survey data.
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Figure 3. Processing flow of OBSH refraction seismic survey data.
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(C) FECRIVEL BBAM PALTERN
C IN THE CASE OF ENG OF PORT )

(A} TRANSMITIED BEAM PATTERN (B} REFRECEED BRAS PATTERN

Figure 4. Tunnel effect occurs (B) when reflected signal of pre-formed vertical beam is very great
and the other beam signals are very weak in relatively flat seafloor, (C} shows pre-formed
receiving directivity of end beam of port, and the received signal is interfered from strong
side-lobe signal of the vertical.
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Figure 5. Sea Beam swaths without sound velocity correction in the case of acutually occured tunnel
effect {A) and corrected contour chart (B) .
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Figure 6. Effect of the 3-D interpolation method. (A) Contour chart by using 3-D interpolation
program, contour interval 20 m. (B) Contour chart by using plane interpolation program,
contour interval 10 m. (C) Sounding chart of original data which were used in (A} and

(B) processes.
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10 € hikkkiikakadt I-p-3 HOKAN *hdkdkkdikhdkrnk

:II; ¢ 330 CALL LESQ33{XX,YYrZ,ICOrA,LCH)

13 IF {ICH.NE.D) 60 70 320

14 PELZ=0.0

15 W7=40.0

16 bO 53 IKP=1,1C0

7 U=XX{INP)

18 =YY {INP)

19 Vo mA{1 1) kUxx3xWrd3+A(2 132 UARTAUAA 2+ AT, 1) kU4 T2 UTACL 1) RUX3

20 T +A(S, 1) RURAZRUKETEACO 1D AURKZ AKX ZHACT LTI RURK2XHEACH, 1) ALAR2

21 T FACF 13 *UxUFY +ACTU 1) 2UaH#%2  +A1T,3)%U%W +A(12,10 %0

zz?g 1 +A0I3, 1) %pxx3 FA(T 4, ) Rlan2 +AC15 1) %M +AL16,1)
c

24 [

25 £

26 WTT = 4.0/ (UxU+W+Y)

27 WT=HT+RTT

28 DELZ={Z(INPY-¥D)*UTT ¥ DELZ

29 53 CONTINUE

30 Z0=A{16,1)+DELZ/UT

1 SUBROUTINE LESQ33(X,Y,Z-N-A,ICH)

2 DIMENSION X(MI,Y{N),Z{N},A{16,1)

3 [+ X DLW = N INPUT

4 4 ¥ :pIn = K : : INPUT

5 c z t PIM = N 1RPUT

6 [ M : DATA NUHBER

7 C A16.1) QUTPUT

8 C I = NAX3#Y3 $A24XI&Y2 +AZ&NIHY #AG2X3

9 c + ASHNZXYZ HAGENZRYZ HATKHZXY FASAX2

10 [ + APRXAYI  FATORNXYZ +ATI#XAY +A125X

1% [ + A13%Y3 +A14%Y2 FAT5%Y +A16

12 [ ICH = D NORMAL OuUTPUT

13 [ = 1 ABNORMAL CALCULATION

14 [

15 DIMENSION C(16,%63,8(16-1)

18 po 10 1=1-16

57 BC1,1}=0.0

18 20 10 4=1,1¢6

19 £(1,4)=0.0

20 10 CONTINUE

21 <

2z Do 280 K=1.,N

23 20 20 1=1,16

24 20 20 J=1.16

25 I1F (J.GT.I) GO TO 2CG-

26 11=1~1

27 JI=§-1

28 LI=HOD{II %)

29 LI=MOD{dJ 4)

30 MI=INTC(L{I-1)/4}

3t MJ=INT({a~1)/4)

32 KX=6-HE-HiE

33 HY=6-LI-LJ

34 XA=XAK)

35 YY=Y{K)

38 IF (NX.E@.D )} XX=1

37 IF (MY.Eq.0 ) Yy=1

38 IF (XC(K}).EQ.D .AND. NX.HE.D) HX=1

39 IF (Y(K}Y.EQ;O .aND. NY.WNE.D )} HY=1

40 ClEA)=C{L g2+ (XA (NXI IR (Y YRR {NTY)

41 IF (I.GE.16) 8,13=B0 1)+ XA & (NI DX {YY 2 (HY) 222 (KD

42 20 CONTINUE

43 [

44 Bo 30 I=1.16

45 b0 30 J=1.16

46 IF {J.LE,F) G0 ¥& 30

47 C{I ) =C 1)

48 30 CONTINUE

49 CALL SAINVC(16,16,C,8,I1CH) cl.c

50 IF ¢ICH.NE.D ) GO TO 99

51 CALL SAMMET(16,16,16,16,16-1,C,Bs A, IERRY C+B-A

52 IF (IEAR.E@.0) GO TO 999

53 WRITE (&5,100) IERR

54 100 FORMAT (1HO,28Hxxxx% LESQI3 SAW ERROR w&xxik £13)

55 ICH=1

56 GO TO 999

57 99 WRITE (6,200} I1CH

58 280 FORMAT C(1HO,28H4xx*x [E5Q33 YNV ERROR **k%# £I3 )

59 ICH=1

40 999 RETURN

61 END

Figure 7. Fortran 3-dimensional interpolation program list made by Akira Asada. Interpolated point
is setted in X-Y origin in main routine,
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Figure 9. 3-D image view map of Toyama Bay. Viewed direction : from north, elevation angle . 45°,
exaggeration rate of depth . X4.
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DIRECTION OF DOWN-SLOPE

|
137

Figure 11. Toyama Bay color code map corresponding to direction of seafloor down slope, viewed from

north.
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Figure 13. Migrated depth section of line B. Location of line B is shown in Figure 1.
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Figure 14, Line drawings of Figures 12 and 13.
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STRATIGRAPHY OF THE OKINAWA TROUGH IN THE
AREA WEST OF TOKARA VOLCANIC ISLANDS!

Yukihiro Kato*, Masahiro Ogawa* and Shoichi Oshima*
Abstract

Multi-beam bathymetric survey by Seabeam System and seismic reflection profiling in the Okinawa
Trough and the adjcant area, We interpreted seismic profiles in the area west of Tokara volcanic
islands to reveal the acoustic stratigraphy in the Okinawa Trough. The strata is divided into the seven
formations in ascending order on the basis of these acoustic lithology. Comparison with the driling data
in the Yokogansone lnoll confirmed that bottom two formations (NiX and OtV) are correlated with
Lower Pleistocene or older formatjons and volcanic rocks. The upper five formations (OtiV, OtIIl, Ot
II,0tI and Eb I) are corrlated with Upper Pleistocene to the recent.
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Figure 1. Survey Area
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The tracks of the sections is shown in the bathymetric chart.
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The tracks of the sections is shown in the bathymetric chart.
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INFLUENCE OF ASYMMETRIC BOTTOM TOPOGRAPHY
UPON KELVIN-MODE WAVES IN A CHANNEL?

Satosi Sato*
Abstract

In the Yellow sea, the position of the amphidromic point of semi-diurnal tide approaches to China
nearer than that of diurnal tide, In general, it is thought that the difference of positions is caused by
energy dissipation, L, e,, semi-diurnal tide wave loses more energy, because its wavelength is shorter than
that of diurnal tide. But, the bottom topography of the Yellow Sea is not symmetric about the long
channel axis. The water depth in the western part is shallower than that in the eastern part. This
asymmetry of bottom topography may exert influence upon the cross-channel profiles of Kelvin-mode
waves(N==0: N is the number of nodes). And, the difference between oppositely travelling Kelvin-mode
waves may cause the asymmetry of the amphidromic system,

At first, Kelvin-mode waves are investigated, which travel in the channel whose cross-channel bottom
relief is the same as that of the cross-section near the entrance of the Yellow Sea. In this case, the
position of an amphidromic point can be regarded as the point where oppositely travelling Kelvin-mode
waves of same frequency and same energy flux have the same amplitude of sea surface elevation. As
a result of this calculation, the position of the amphidromic point move from the western part to the east,
as the cycle of waves gets longer, In the case of diurnal tide{g=7.0X10"%sec™"), the amphidromic point
locates a little to the west from the center of the channel. If there is 20% loss of the incident
Kelvin-mode wave, the amphidromic point will be right on the long channel axis.

Next, a model channel which has a single-step bottom topography is used to study the properties of
Kelvin-mode wave which propagate in the channel whose bottom topography is asymmetric about the long
channel axis. With this model, following results are ohtained. (1) Whefher they travel with the shallow
part on their right or left, amplitudes of Kelvin-mode waves in shallow part get larger, as the cycles of
waves get shorter. (2) As to waves traveling with the shallow water on their left in the northen

hemisphere, the result (1) is caused by the interaction between Kelvin wave and edge wave.

1. FL®I
gz iy, ARSI LERBRECLENSY S L, JOEMSIE, Ogura (1938) s8R 7T— 5 28Iz LT
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Figure 1. Co-tidal chart of semi-diurnal tide in the Yellow Sea(after Ogura,1933).
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Figure 2. Co-tidal chart of diurnal tide in the Yellow Sea(after Ogura,1933).
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Figure 3. Bottom topography of the Yellow Sea. The unit of the depth is meters.
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Figure 4, Bottom relief of cross-channel section near the entrance of the
YeHow Sealline A, fig, 3), in meters,
The width of this section is 550km,
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Figure 5. Sea surface elevation vs, cross-channel section (line A) in the Yellow Sea.
Thick lines show sea surface elevation for northward travelling Kelvin-mode waves. The
value is normalized to one at Korean coast.
Thin lines show elevation for southward travelling Kelvin-mode wave whose energy fluxes
are the same as those of northward travelling waves of the same frequency.
@ denotes amphidromic points when there is no energy loss of incident Kelvin-mode wave
in the Yellow Sea.
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Figure 6, Single step bottom relief which is used for estimation of dispersion relations in

Section 3. The widths of hoth steps are the same(L;=L,=225kn}.
Thin line is the same as fig. 4 (real hottom relief of line A).
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Figure 7. Dispersion relations for shallow water waves travelling in the channel whose bottom relief
is single step stracture(shown in fig.6}, f =8.0X10%sec!, L,=L,=226ks, H,=80m,
H,=35m, In region I, dispersion curves are given by equation(3.7). In II and IIl, they are
given by (3.8) and (3.9). respectively.
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Figure 8. The cross-channel profiles of Kelvin-mode waves which propagate with the deeper water on
their right. The amplitude of unity for each wave is the maximum value in the cross-channel
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Figure 9. Dispersion relations for shallow water waves when L,=¢0, L,=225ke, Other parameters

are the same as the case of fig.7.
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HIGH ACCURACY MEASUREMENT OF SEA CURRENT BY
NAVIGATION ELECTRIC WAVE AND ACOUSTIC WAVES!

Fusakichi Ono* and Shigeru Aoyama**
Abstract

An acoustic sea currentmeter, in combination of a position measuring device navigation electric
waves, log an acoustic log and a gvro-compass, has been developed and used practically as the
equipment for surveying sea current in vast and deep sea in 3-dimensional manner. However, this

" equipment presently surffers from lower measuring éccuracies in deep sea than in shallow sea because
of lower accuracy for measuring velocities in relation to land using navigation electric waves.

This report describes a new method for achieving a level of accuracies about 10 times as high.
According to the method, the same data as conventional practice is used for measuring velocities to tand
using navigation electric waves. However, only incremental components of measured time differences
are dealt with for converting velocities. ‘Another merit of the new method higher operating rate of
calcutation. The new electric wave log is assembled in conventional meter, thus realizing high-accuracy
metering of sea current even in deep sea,

In addition, it is also reported that the new electric-log is capable of comparing {requencies of received
waves to a reference frequency at the receiving point, in high accuracies, and also applicable to

measuring frequencies of a standard oscillator.
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Figure 1. Block diagram of an acoustic Current Figure 2. Velocity meter use of the Radio
Velocity Meter. Navigation Waves.
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Figure 5. Principle of the Doppler Log.
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Figure 7. An operation flow of an acoustic current velocity meter.
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Table 1. Example of the ground velocities and doppler frequecy measured by Loran-C waves

DATE

Y M D
87/08/07
a7/09/07
87/09/07
87/09/07
87/09/07
H7/09/07
87/09/07
87/09/07
87/00/07
87/09/07
87/09/07
87/08/07
87/09/07
87/09/07
87/08/07
87/09/07
87/08/07
87/09/07
87/08/07
87/09/07
87/09/07
87/08/07

B7/09/07

87/09/07
87/09/07
87/09/07
B7/09/07
872/09/07
B7/09/07
87/09/07
87/08/07
87/08/07
B7/09/07
a7/09/07
87/09/07
87/09/07
87/09/07
87/068/07
87/09/07
87/09/07
87T/09/07
87/09/07
87/09/07
87/08/07
87/09/07
87/09/07
87/09/07
87/09/07
87/09/07
a7/09/07
B7/05/07
87/09/07
B7/09/07
87/09/07
BT/09/07

TIME

h m B

12:66:30
12:56:33
12:561 36
12:56:39
12:66:42
12:56:45
12:66: 48
12:56:51
12:66:54
12:66:67
12:57:00
12:57:03
12:67:06
12:57:09
12:87:12
12:57:156
12:57:18
12:167:21
12:67:24
12:57:27
12:87:30
12:687:33
12:87:36
12:57:39
12187142
12:57: 456
12:07:48
12:57:81
12:57:564
12:67:57
12:58:00
12:58:03
12:68:06
12:58:09
12:68B:12
12:58:15
12:58:18
12:68:21
12;588:24
12:58:27
12:58:90
12:58:33
12:68:36
12:58:39
12:68:42
12:58: 456
12:68:48
12:568:561
12:58:54
12:58:57
12:69:00
12:69:03
12:58:08
12:59:09
12:69:12

W X Y
183764383339605036
183769383338606006
183763383336606036
183762383335606037
183762383334605036
183761383333606037
1B37613B3332606037
183760383331606037
183760383330605037
183759383328606037
183759383327605038
183758383326606038
1837685383326605038
1B83757383324606037
1B3756383324605038
183766383323606038
183766383321605038
18376638331960L038
1837563833186056038
1837553830917606038
183764383316605039
1B37633833156606039
1B3753383314605039
183762383312605039
183752383311605039
1B3752383310605039
1837651383309605039
183751383308605040
1B3750383307608040
183760383306606040
1B37493B3306605040
1B3748383304605041
183748383303605041
183747383301605041
1B3747383300606041
1B374736832096056041
183746383208605041
183746383297605041
183745383295605041
183745383294605041
183744383283605041
183744383293606042
183744383292605041
183743383290605042
183743383289605042
183742383288605042
1B83742383287605042
1837413832866005042
1837403B3285605043
183739383284605043
183738383282605043
183738384281605040
18373B383280605043
183738383279605044
1B3737383278605044

31
g1
31
31
31
31
31
31
a1
a1
31
31
31
a1
31
31
31
31

31
31
31
31
a1
31
31
a1
31
31
33
31
a1
31
31
31
a1
3l
a1
31
31
31
31
31

31
31
31
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Table 2. Example of a current data by the measurement system in figure 7.
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13.0. 32.6
13.0 32.3
13.0 32.5
13.1 32.5
13.2 32.3
13,2 32.4
13.3 32.2
13,3 32.3
13.2 32.2
13.2 32.1
13.3 32.0
13.4 32.0
13.4 31.6
13.4 30,8
13.4 30.8
13.4 30.4
13.4 30.2
13.4 30.0
13.4 29.4
13.4 29.3
13.3 28.9
13.3 28.9
13.3 28.6
13.5 28.4
13.4 28.3
13.4 27.9
13,3 27.5
13.3 27.4
13.4 27.8
13.56 27.2
13.6 26.8
13,6 27.1
13.6 27.6
13.7 28.1
13.7 28.5
13.7 28.5
13.7 28.3
13.7 28.3
13.6 28.2
13.6 28.2
13.7 28.5
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13.6 22.9
13.7 22.8
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2.5 130.4 0 0 25
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2.5 129,4 0 0 25
2.5 129,0 0 0 25
2.4 128.3 0 0 25
2.4 127.8 0 0 25
2.4 127.6 0 0 25
2.4 127.5 0 0 25
2.4 127.1 0 0 25
2.4 126.4 0 O 2B
2.4 1286.7 0 0 25
2.4 1256.2 0 0 25
2.4 124.7 0 0 25
2.3 124.2 0 0 25
2.3 123.7 0 0 25
2.3 123.2 0 0 25
2.2 122.8 0 0 25
2.2 122.4 0 0 25
2.2 122,2 0 0 2B
2.1 122,00 0 0 25
2.1 121.8 0°0 25
2.1 121,56 0 0 25
2.1 121,33 0 0 25
2.0 121.2 0 0 25
2.0 121.2 0 0 25
2.0 121.3 0 0 25
1.9 121.2 0 0 25
1.9 121.,1 0 0 25
1.9 121.,0 0 0 25
1.9 120.7 0 0 25
1.9 120.5 0 0 25
1.9 120.2 0 0 25
1.8 114.9 0 0 25
1.8 115.6 0 0 25
1.8 119.4 0 0 25
1.8 119,2 0 0 25
1.8 11,0 0 0 25
1.8 118,9 0 0 25
1.8 118,77 0 0 25
1.8 118.5 0 0 25
1.8 1:8.3 0 0 25
1.8 118.2 0 0 25
1.8 118.2 0 0 25
1.8 118.1 0 0 25
1.8 118.2 0 0 25
1.8 118.3 0 0 25
1.8 118.4 0 0 25
1.8 118.6 0 0 25
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'50 2.7 126.8 0 O
50 2.6 126.9 0 0
50 2.6 127.1 0 0
50 2.6 126.6 0.0
50 2.6 126.9 0 0
50 2.6 125.3 0 0
50 2.6 124.5 0 0
5O 2.6 123.9 0 0
50 2.6 123.6 0 0
50 2.6 123.4 0 O
50 2.5 :23.0 0 O
P50 2.5 122.5 0 O
150 2.5 122.0 0 0
{50 2.5 121.6 C O
50 2.5 121.3 0 0O
5O 2.4 120.9 0 O
{50 2.4 120.6 0 0
O 2.4 120.3 0 0
{50 2.4 120.1 0 0
:50 2.3 119.9 0 0
50 2.3 119.9 0 0
60 2.3 119,8 0 0
50 2.3 119.8 0 0
.50 2.2 119.6 0 0
'50 2.2 119.5 0 O
[ 50 2,2 119.4 0 0
P50 2,2 119.4 0 0
{50 2,1 119.3 0 0
|50 2.1 119.2 0 ©
50 2.1 119.¢ 0 0
50 2,1 118.8 ¢ O
50 2.1 118.5 0 ©
{50 2.1 118.1 0 0
.50 2.0 117.7 0 ©
150 2.0 117.3 0 0
{60 2.0 116.9 0 0
{50 2,0 116.5 0 0
150 2.0 116.2 0 0
50 2.0 115.9 0 O
50 2.0 115.6 0 0
150 2.0 115.2 0 0
|50 2.0 114.9 0 0
| 50 2.0 114.7 0 0
50 2.0 114.6 0 0
BO 2.0 114.4 0 ©
50 2.0 114.3 0 0
50 2,0 1314.2 0 0
50 2.0 114.2 0 0
50 2.0 114.2 0 0
50 2.0 114.3 0 0
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Figure 8. Surface current velocities obtained by the measurement system in Figure 7.
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COMPUTATION OF GEODESICS BY INTEGRAL METHODfT

Tadao Tatsuno®
Ahstract

Many solutions have been submitted for the {first and second problem of geodesy, Among them are the
solutions by Legendre, Schreiber, Gauss and Helmert. Almost all of them employ the method of series
expansion of Taylor or Mclaurin.

In this report, another methed is employed for solution of the problem of geodesy. It is the method of
numerical integral by formula of Gauss. The formulae of numerical integral are directly reduced from
the Euler's equation of the calculus of variations, Characteristic features of these two methods can be
summarized as follows:

Features of the method of series expansion: Higher terms of the expansion must be omitted. The
omission will cause an error in the computation of azimuth, distance and position coordinates, especiéEly
in the case of long distance. Much effort is needed for expanding the formula which is satisfactorily
accﬁrate for long distance. On the other hand, repeated computation is not necessary. In the days of
manual calculation, this last item should have been a very good merit for practical surveyors,

Features of the method of numerical integral: There is no omission of computation as in the case of
series expansion. Constants of the computation of the Gaussian numerical integrai can be easily obtained
to any accuracy. Repeated computation is terminated by comparing with a given small positive number,
This number can be given to the program without any limit, so there is no cause of error in the
termination of repeated computation.

Formulae of the computation are presented in egs. (9),00,(3 and {4 for longitude and distance. Results
are presented in Table 5 and 6. The resulis are compared with the results of series expansion in Table

1, which is taken from the report of Dr. Shinzi.
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b Y

Figure 1. Single Route
When points P, and P, lie on the same side of the meridian, on which les the top point P,
of the geodesics, the route of the integral is called “Single Route”.

Px

T\

Py

Figure 2, Return Route

When points P, and P, lie on the both sides of the meridian, the route of the integral is called
“Return Route”.
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CTEHELTL ) o FMo+kTdh b,

BAEES OH KT TROWES 1 £, BLLRNCOMEFRS L - TERT 2L ThH S,

1:./:}1()()(1}{

=Zw, f (x;)
Sk, SEXEBAWORNFIL T, MenHEdrhs, b, X FHERICEY, W EHSWHE
PERiFs kiRt p=a—tbroa—vEeesu— Yk Bliw EHLAE), X ERSBEY ET D
ESI B i 7OHEETH L A TADFHEX, W, L LRHESHBEL LT3 kL3 HET
Hb, FRBWTRAV20OLETTREE 6BE LR Hvic, 2O, SROEBELELIKROET
H5,
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— X, = X ;=0.932469514203152

— X, = X, =0.661209386466265

— X,=x,=0,238619186083197

W, =W, =0.171324492379170

W, =wW,=0.360761573048139

W, =w,=0.467913934572661
High (3, 63, Wrbibddiii, RESERTCOHETR, BiabiigoBn, a8rvoich)
By a0T, EEX, x0fikBENEEHACEWT Y 2RBIOMTLIRECE L TWa,

3. EfE

BRIEDEIC BV i, BC b2 EMHER 52 Tond K2 IEBEL T, MEREFITW (DT, &
WAL POFEI L » CTRIMER 5 2 2 WEFH 5, =2 THE X SN A IMER, Hhif, BEE &%
Ethbd, hbHicDWT, 7 VERFAONEBIVEHET S,
(1) Jfam o iEEE

IR LOMER, @Ik - TEREINEH, CHEEESI ML TTRL, FREBEB<7 A0, 2
HHAORM7 P AR RS LR L 1E B,
T=27 a¢

_ay ae . 7
=%t wsquk (15

2o, APREDBUFHMETHE~Y FAE, LH~7 L AN dRC8AT 5,

— —sind — —gingcosi
E= ( cosi ) N= (*Singﬁsin/l) {18
0 : : cos¢
BP0 b 2 P T S TS — 2B UL M P I 51T 5 588 & B P, % ST I A A B IR 2 5 ¢
BEFLHERTH D, FRBEO—DDRMIE, T OBWEBEHEDP 2 51T A 0TE LT h - TET 580K
HThb, ok, @ ETBE, HP, HP,0O=I P AEERENT,, T,250T, BT LN Bons,

(T,~T)-E
tane’'= 5 S5 o an
r,—r,)-N
INEBETLEROAKT S,
tana’ = cosgysin(l; —A,) (19

cosehsings —sing cosdcos(o— A1) — &%cosdycosg: (sing, —sing, w,/w,)

FhEm oL 5 —OomiEIMEIR AP o B 2B AP, 2 ELEERE D, AP, BT ANTEH - Tho
THETLBOGNATHE, Z2a"tThE, KEATELLNE,
((?2_—;1)X32) '

((—r)z*_r)l) X?l)z) ’

tana” = —

=izl
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ChEBETLHERORTLD,

. cosdhysin{d; —A,) —e?sing cosgysin (A, — A,) {sing, —sing, W,/ W,)
cosdsing, —singcosdcos{A, —A;) + €2cosghcos{d, — A, ) (sing, —sing, W,/ W,)
@20

Z O TABOEPGED Pila, # BT, FALAORPEL 5. &P, L P 7RAEEICHLEE, o La"
Elwv, 3/, “EdE—FFREChERLETTEL Y,

ERTOFERFEFEETAREELE I RIORT, JhisEwiornLo#t#sickadoT, 30
Frozoirnto FHIREEE] 074 20 L 58100 (RIFIEK BT 2) »Lai|BReE LT, &
BEEE (W130km, BATF4—2AE¥2), REHE (8530, LIFr—2B:43), BIES (11320, LT
- r—ACETE) OFEAL L CREE, FAf, BlOBERARERZLOTEL, I, FBROF
Bkl L THW,

WlMEa', a” @ FHHEaDEHEMBREYE 2RICTT, ShICIUE, <2 Aok kb ufaoikril
B2 PEREL0kn T 1207 OLFZRE, BERES3O0knTid 0. 1AREE, PEAE1S20km T3 0 SREEOHELATL L L ith

tana”

Table 1, Standard Examples of JEK
Constants . Bessel, 1841
a=6377397.15500m e?=0.006674372231315
These values are taken from the report of Dr. Shinzi, “Calculation Accuracy of 200-mile
geodesics”, which appears in the REPORT OF HYDROGRAPHIC RESEARCHES No. 13

Mar, 1978,
P, P, ‘ @, S

A & =49 300 0" ¢, =50" 30" 0" =32 25 21".5109

A=0 0 0 =1 ¢ ¢ § = 132315.375m
B by =527 300 167.7 ¢ =54" 42 507.6 a=5% 33 07.6892

L=0 0 0 A= T 607 $ = 529979.578m
c =45 0 0 $.=55° 0 0" =29 03 15".4598

M= 0 O 0 A,=100 00 0”7 5§ =1320284.366m

Table 2. Approximate azimuth
The approximate azimuth & is computed as the angle between the meridian plane and the
—
plane decided by the normal vector n, and point P,. The azimuath #” is computed as the angle

—_—
between the meridian plane and the plane decided by the normal vector n, and point P,.

' ”

& 44 [+4]
A 32 25' 21".5297 32 26 217.4737 320 25 21".5017
B 59" 33 0".9325 59" 33" (".2436 59" 3% 0".5880

C 29° 03 17".4381 29" 03 117.9138 29° 03 14".6760
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o,
{2) fEBEoRE{LUE ,

HIlc BWT, #Ep BRI IFEE L, METHMRNES sRAC I TiEML (EL (R
%)o

ZEp ) @

Bk Lo - SMOBEgEO— 200 LT, ZOXREHAWLRI LTI L, O, AP, P,0EEE
(%, V,, 2)), {X,, ¥, Z,)&T2E, BRI LIRATRHLENS,

b=y (X, X JPH{V,~- ¥ )2+ (2,—2,)? @)
72, BECEENR AP, P,OTHEESICEIT IS GEOMEREEE AV 2.

5 = 2 psin™? (

()

sinay, = sin @9
oSN T ()
2 3 2
1 _ cosay sinag 9

pirm(@n) rp(qﬂm)

SRR TEMTH ) 2dth, P2 VEENFE v, AEERLEIROEMICRT. thiR10%E
# 2 FEe Uy, BEEEL30km T T onll b, 530km T 2 mefRiE, 1320kn T 6 cofRENHE L F T LI by A,
FEROFER BT VIE D L vt I TIIERETE MRS RE MR T b RSN
THBHOUNVITS 7esd, BOFHEICEDZ L EF B, Blb, ZAP, P, BRAO kil 5 VE CREWED
285 L WEICIEA L 2 FEHEE RS, 2 OESMEEOBELMICE L P, P2 LI S i
B, Wl S RIERS &%), SATRBOWMFCED, £, EROEIMEY LT, Do
BHic2»T, S elolFkicl Nkhiaiothss,

F, XW, VHI, 2WHFEOS P AE L, 1, RETDE, KAO, HP., P,k RAFHOBEES
7 b vw i, SREETEA S LKA L DRE B,

2

7 by DRSS (L, m, D)L, BIMOL I, BiEYxy FE Y580 X8r b0 MEEQ, Bl
Bz d T HBE i LT 5 EKkOBEEXES,

1 sin i sinQ)
m; = | —sinicos {26

n CcoS5 1

hkn,

Q=tan™? ("""]%) an
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Figure 3. Rotation angle & and i
Points P;, P, and the erigin O make a plane, which is obtained from x-y plane by rotating
the system around the z-axis by {1 and around the x"-axis by 1.

Table 3. Approximate distances
Approximate distances in the left column are computed as the length of the arc by string and
radius at mean latitude. Those in the right column are computed by the method of inclined
ellipse in the plane decided by points P,, P. and the origin Q.

slazi. at ¢n) s(inc, ellipse)
]
A 132315.375m 132315.375m
I —
B 529979 .580m 529979.578m
C 1320284 .428m 1320284 .347m
) e

n

| =tan- ( v 1”'*r“2) od

2 W ) | AR A EEQA T EET 54701 % R, (Q), XM Y i AR { 223 EET 2 502 R, (i) &
L, Wi % X7, YORME, 27 by % 2 e BEEATONS PR TET b S BRI TR ND,
=R ()R )
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EHITHL, AQE I 2HWT, KR L VEBEAL,

cosl}  sinQ @ )

R.Q)= (—sigﬂ cgsn 0 (30)

i

1 0 0
R,(i}= (g cos i sini) @

—gin i cos i

BEBIZKATEEND. 7 PATET Thbbl, brOREBAKNRIAT S &, ROTFHEEN
KoL N5,

T=R,(~0)Ry(—i)T" (32
2 2 3 1a2
art (C%l +SH€)21) yo=1 w

SR b, PEBHOCRE N Q THY, B, BLOREENETN, b, e’ LT3, koRTESRL -
EWbi b,

2 2
b1’2 _ co; 1 sng a4

b2
az

COVEBA LR ZET LKA TERS N ABAICH T 2 EMOf g2 AV 2,

g2=1 —

{5

yf
#=tan™! ((m,) 136)

HPy, Pl s 2 g2 BN ENAy, gt T 5, 2 SMERO D 5 —D0E0EE LT, GlcRAT 200

CanTE L L RARNOMBLFp 2 AV I L/ TED, 2N, FEEEOERA ¢, & DT E B
HEREETh B,

a(t—ern
p:(l——mm @n

SO LB RREr—2A, B, COTRENIEHL, $I3X0EMCRT, CoFETR, SoE
W%E?mmmﬁﬁﬁﬁminﬁﬁﬁﬁi<,#—xAkB@1MMLT$G,&—xczqsmﬁﬁmﬁﬁ
Thd,
(3) BiREOELIE

HP,DRBREDRMB L L TUEL ENIRIIE, HOEP, OBBEL, ZhdboFifife, BHIES 2
%#kLT%LEhTM%OH%MJi%4®LT¢J7LﬁPf®$ﬁ«7%wn&%?ﬁﬁfﬁﬂﬁ
a KD B~ 7 Hl/a ERUTERATAE yI2 <7 M e & DTHEMA I~ M/ﬁ FHELTLE
OATEP L L TRDENE, ZOHED<RY L% r[,?: La, ﬁ, y &GP B EF~7 i‘)l/E,
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FH<7 VAN, Gck ba HIOHEER,, #ELTET EROL 314D,

— —r —>
a =cosa N +sing E (39
— - —
B =cosya —sinyn, 39
Y

= {0
Y= %a
L= 2 psiny @)
To=T,+20g )

Pl iD= LT R b 1D b, COAOBRERRRTRO LIS,

do=tant (%) o

9

Z
= —1 0
o= tan ((1_62) J—Jioz—l—_yoz) &
ZOMBEOBREB ARIIRT CREED TS LA TH L%, ¥— A AT O 0005825, & — A BT0".02
B, v—ACTO" AREORELHET 5,

4. bz —RNE
B BT, B—AP OBE(g, A) &, BLAP~OHEfAa LS 2 5EE 20, BT
S, DER (B, A HRERE SN B, WA L BFHEOTIE L FHRIZKROMY TH 2,
() EFE
i HERES 3OS L VIR Py (d A) RO B
HOWHOS MEOBEHHET s HRICED, P, P MBS, #2450 SERSHIC L )k
B OB, BPOBEES EHUMaFSBTHELOT, HannT - KEREIE L - THESR
LERL A -TWh,
i RON k- TAP, BT 5 MBI 0 % KD, UL S , & S0 ElN 0, BEOMIER
AGEERATHET B,

£g= 052 ey @

I TakEET B L T, BERESREER MBS LE L B, Bl L, BEERY LT
it L B—HRICHY), REEHROBAIE, BORBH L,
iv HIEBRASOETHEN TS 2 2B L DI TS, SHEET EL, £ CThiriud, ESAE
ErxboTii~Rab,
v OBEAUUE LRE S N, BEREOEACIAIC LY, REERoSazE, Rzt -1,
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B

Figure 4, Appmoximate point P,

-
Approximate point Py is obtained by unit vector # and length £ of the string. Declining
angle y is calculated from the radius p and distance s.

Table 4. Approximate coordinates

Approximate latitude ¢, and longitude A, are computed by the method of declining angle y,
—
unit vector # and length ! of the string,

Po (s, Ao

Bo=50" 30" 00”0002
A | P00 59 59”9995

4o =54 42’ 50”6189
B | 1="7 "5 59" 0884

4 =55" 00’ 00”3445
C | X="¢ 59 59”5739

BELYFHET S,
(2} EtHEEER
HEBRELESRICRT, BEL LB IFRLMELT, ¥ XA L BTH, 07 00018 LOREXH Y,
r—Z CTIH, 07.00010ESE LT Wb o kathh s, EERERE, 27498 #ERICL ) EH
BALS Ui bn 4 5 ih, v FE, AL O AT £ B RRITREN TS, 85
FEORREFNLEWETLE, 7—AATE, ZhbH 4HEOFHEIZEL T 507.0001~0". 000204 FE
BaEL L AERICRELTWRY, 5 A BT, ~ 2 EOFEHTH0.00010EHE L T 3 290
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BETRAELTWE Y, ¥—ACTH, BHETLE.0001NENELTWAED, ~ A0 FEETI07.00024¢
ELTwBI EHbdb,

Table 5. Results of the First Problem
Results of the first problem are computed by the integral method from the data of Table 1.

P, (¢hs, Aa)

4o =50" 29 60”0000
A o000 59° 60”0000

&, =54" 42' 50”6000
B L L="7 & 00".0000

=54 59 59”9999
C L A="9 59 60".0000 |

5. M E R
EORMEEIC BV, AP, PBoBE (4, &) & (¢ 4) 5L SR, HEEs $PbP,~ak
Brfapekknti x5 U5, M X BEFERIEE BRILKOE) Th b,
() sHEFE
| W T~y b eSO L A 2 R B, SN EREIRAL TR
Kohliars$7 A — 2 oinlEic % 3,
i RRC I L AR OB i & ) OIS IES, £ b B, k72, TOW, BEOEEST vy
YA, 1L <, BEERITFIR, (), Ry 2 Hhb, P, POBRS Rax BRI LY, x/,
X DREE L LI HBEN, RISSLLIIEERRENATE, UTROAEHTEL B,
a, HEEkoR
fli-a R $F A —FK, BT, BoHEC L 2 EEES 23R 5,
iv-a JEBLET A — PR RIEBAK £ L TEL WK 5185 72, BIToRIC & D OIK, 24RA L T3
72all, OREFKIDWTTA F—BRLASENL, LEHET2,

A=At oK, f) I““ﬁ/—ﬁ-—%«ﬂqs w0
DAL= 7
AK:TH%%H: @
L=a fﬁ"s’;;—::\/—t——l{—g—dqs | )
L=af e )

v-a BIEAENE SMHEALDEAL, B s, 0B NSIFISIEEEETERT S L, 25 T%
HHEBESNAKEK & L, Els RIS, & L¢, ii—a~RE5,
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vi-a BEEHOHESRTLRL, KE»LBRNICE ) et ko TERT 275,

b, REREOEE

fii-b REEROEACEES FRA LWTTRENL L H 2T 2~ FKOBH LR -T2, $#-TE
PMEK T~ 2MEAKORDFH RO L J RiZfT 2 v T, BFokdEc k) Fifks iRy sk
HHEZEETD,

AP, b P RRETE WSS RN L 2 I L 50" 3R 50T REFRIZRAL THA
naKE#FnsanK, K28, b L, ZErTEETHIIL, o« »5K 28D, (0THLND JI
MEHZEL (2000mT07 582K EMLLS/ EHVTEIZ L VK, 255,

iv-b EEEOK,, K EFRBR/AL THRLNEES ZATRL, AL"ETh, DToL i, enER ],

L, o858, (K, ) FEicBwT, [ =024 3K0E2ED 2,

[ = A
L=,

ark=2"K 61}

1,—1
K=K,—a | AK|
%:+H190®ﬁ)
=—1(1 , < 0 Ok
ot Ky 1), Ky 1)0BFERD OHEMESNEWERI=1 8L TEL,
v-bh HETHLKERACTR), MCRALTELREEL TR, s T 5, SEAE 2 ER
sHAFHIEL Tvilg, BEESERTEL, 2o chilhg, o oBshe (R, 1) MEls T,
(Ky £4) &L, B (K 1) % (Koo 15) EBERLT, wv—b~E3,
vi-b FEEOEEHEINERLLL, BolKioLD, Aot Ko BHRT T3,
2 FEHR
HESRTS6ERIORT, RISy —RBO530kE T L mll LOWE TH 1 EDJEK & —H L Tw
B, r—ACKBWTER2. 4B AL L T WD,

Table 6, Results of the Second Problem
Results of the second problem are computed by the integral method from the data of Table

1,
@ 5
A 32 25 21".5109 132315.3752m
B o 33 0" .6889 529979.5779m
C 20" 3 15".4595 1320284.3684m

BHRD RH KBS 1S B FHE L A TROBEERCOMBRIRES AT s, AN
EAETHCELOTHLEINTNS,
B 4=1000 00 =0 00
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Pp=55° 07 1, =49" 35 55”.480210

BEfE s =6606696.04340m
[ b GRHE R 4> T, EREIECATIOMS I L D ERT S L ROBRIEL L,

RABE 0 S =6606696.04279m

Fhe T a=30" 35 17".23587
2 O%E, EREOHITH0 6mTH Y, WO TEVCER L L > T 5, ZO540EERIZ bSO TEEOR
BEg 60 LT, Mz b0 E 3 NTWE, - T, SMRONEORMEHABEEN0~a T EH
Lo TRENE, BAETORTEHREKOBY THD,

H—RAE  pe=60" 00 19".58666

BUEMME | $ =59 59 59”.99349

BIROME ¢ $=60" 007 00”.00001

PLEoEF 212, PC-980LUV2IOBERGEERIB % Al 7z, arid, MEEMEN OB BIC k- ORI % e

2L —RKEZE00kmPHE o\ L 5 D L - THRSEME2AEL Tk 2 6lca8lofd 241 T
BEFRIL 2 LHT & LI, 3287 ARSEOS IOV, 2080 FEHELTWHE L 28 b d o
7.

O

OB Y2 » CREBHETERO/NMEHERECE T 2EEMN0E LI 20T, ELEEILIEKD
BT — & 22Tk IR 2 T4 85—, P > Wil A0 b O T — 7120w,
FHBSREBEREO T — F 122w TBHFIC T - 2, KRB ERMIRO &L AREE IR 77 A S
DNEENDAFIZOCTEREBEW:, 709773 7 LOMBEEC > TRANERRERERBKOHET 2T
2. Bk, BULTER#LET,

B FH X ®

PENFERIE - REENGE SRR, iR, (1969)
HARNYS | BteoE, BARmES, (1978)
BAREHS  HANES, BFAEHS, (1981
L R ZEEEAMG OB, KEEEFes, 13, p89—110, (1978)
AR - FHAE - R 5 EFIERoLH OB EET, $HReE, (1972)
ﬁm@ﬁi@Eﬁm%ﬂﬁﬁ%ﬁﬁ%mm%ﬁﬁ?&%2%@@%%&%&#%%,&1,@%—%Jw&f
Al FCBA2BMEBORMEROHERNOMA, BR2EERTHNERTALSEEES p

66—69, (1978)
A P EEBERESOESICOWT D R hEESEH58—2, (1982)
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