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Abstract

The Hydrographic Department of Japan caried out the survey of submarine topography
by P.D.R., and of geological structure by continuous seismic profiler (air-gun system) from
off the Shima Peninsula to off the Izu Peninsula in July to October, 1974 The survey is
based on the project ‘“‘Basic Map of the Sea on' Continental Shelf’’,: The survey ship “‘Mei-
yo'’ conducted survey of 7600 nautical miles, and position fixes were made by Loran C
system.

Results from the analyses on ‘the data obtained are as follows

1. Submarine Topography

The physiography of the sea area extending from the Shima Peninsula to Cape Omae-
zaki is classified as continental shelf, continental slope, deep-sea terraces and knoll chains,
and each of them distributes in parallel with the direction of NE-.-SW. There exist many
submarine valleys from on the shelf break to the continental slope. They disappear on the
deep-sea terrace at the base of the continental slope.

The deep-sea terrace off the Shima Peninsula develops remarkably in the depth from
1600 to 2000m. One which develops from off Cape Irago to off the mouth of Tenryu Riv-
er becomes narrow depression in the depth from 700 to 1500m. The depression off the
mouth of Tenryu River correspond to the upper reaches of the Tenryu Submarine Vailey.

The knoll chains exist between the outer edge of the deep-sea terraces and the Nankai
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Trough, and the width of which varies from 40 to 60km. Two chains and small troughs
between them run along the Nankai Trough and they form en echelon structure. The
Tenryu Submarine Valley reaches from offing of Tenryu River to the Nankai Trough, de-
scending through the knoll chains area.

Both east and west slopes of the Suruga Trough are considerably steep. On the east
slope the configuration is simple, but on the west slope there destributes a éubmarine basin
and bank,

2. Geological Structure

The strata in the area were classified acoustically as Ae, Be, Ce and De formations in
the descending order. The main trends of the geological structure are NE-SW or ENE-
WSW, which are represented by the Nankai Trough, the knoll chains area and the deep-sea
terraces, and N-S by the Suruga Trough. .

The author estimates the history of the development of geological structure as follows;

After the deposition of De formation, uplift and subsidence with NE-SW trend faults
occured from off the Shima Peninsula to off Cape Omaezaki. The subsided area became the
prototype of the Nankai Trough. After the deposition of Ce formation, landside part of
the knoll chains lifted up with the NNE-SSW trend faults which cut upheaval axis. By
this movement, the base of the continental slope off the Shima Peninsula became subsidence
area which was the prototype of the Kumano Trough, and the lower reaches of the Ten-
ryu Submarine Valley was formed. The Nankai Trough continued subsiding, but the ele-
vation of the knoll chain and ridge around the Trough,  which is consisted of De and Ce
formations, kept Be formation from depositing there.

During and after the deposition of Be formation, the upper stream of the Tenryu Sub-
marine Valley was formed by the graben-like faults showing NE-SW trend at the base of
the continental slope off the mouth of Tenryu River, and other submarine valleys on the
continental slope were also formed in this time,

Later, sediment of Ae formation was supplied through the submarine valleys from the
landside and deposited in the Kumano Trough, the upper of the Tenryu Submarine Valley
and the Nankai Trough.

In the Suruga Bay after the deposition of Ce formation, this area became subsidence
area with the N.S direction because of the down warping. This movement continued after
the deposition of Be formation, and the prototype of the Suruga Trough was formed. Con-
sequently, the Suruga Trough connected to the Nankai Trough. After that event, the se-
diment which was mainly supplied along the main trend of the Suruga Trough formed Ae
formation in the Suruga Trough and the Nankai Trough.
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Fig. 1 Map of Surveyed Area of Ensyu~Nada
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3.1 M
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Fig. 2 Classification Chart of Bottom Topography.
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R 2 & D IROBOMAED B 5.
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T QHIBITFRE I O B AHIR R 3 AR oSN C &, HEoERAHLE R € L7380 5 R
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bHONDD, T CTHAPEMNEE UT—1%4 5.

3.2.1 KEEME

BREDRRIBR O BEMRTE I AR L OaTEEE (Fig. 2) odugeiic LTiBEmBlcad oh s,
LI AKER 900m DIRICHEIIR O 0 B K O RIRO/NMBIEA ST L, /KEEL000~1500m B 75 Al & 72
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BRI APRIERIC T 2 SBT3k ZE1400~1500m » 1700~1900m + 2200~2400m (T {§ OO FHRFRATH T 5.
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HON WY EEIED TS,
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EHEERFIOERHEOMI A 5, Be BAWaHIRROMNMTS 2. C OMilc Ae BAMERELTHS.
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4.3 3 M '
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5. MEBERES
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Be FOHEHATC NS DI & o TABMICHMIZBT L, #iEHRIERE De » Ce BOFET HICE
T Be BOHERAMD S,

® Be JEHEErh -~ © Ce BIERGOMEDTNT Be BT b SNz, BRSO AP
e, AREFAHRIGE TIZILEE AR, BEREH O BRI I T AR - S L - 3B 2 KEiR AR L
AEEMFHEEC R AR S e, KAEMIRE Bk < o Bl o e & R iR ol & - TR
FEEhi,

F i, REENI ORI R TR S <, PHEABITOMIRE C o X S IERoEc X -
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SURVEILLANCE OF NISI-NO-SIMA VOLCANIC ISLAND
BY MULTISPECTRUM IMAGE TECHNIQUE

Kuniro Sugiura and Masakazu Tsuchide

Received 15 October 1976

Abstract

The first submarine eruption occurred at the east side of Nisi-no-Sima Island was on
12 April, 1973. Nisi-no-Sima Island is located in the western site (27°15 N/139°53" E) of
130km from the Ogasawara Islands, and is about 650m long and 26m high. We know well
that this island is one of the summits of an extensive submarine volcano, but we have not
any records that the eruption of this volcano was observed in history. After the continuous
eruptions in a period of about 8 months, the new active volcanic island was formed in the
same site of the first eruption.

Taking this opportunity, the Hydrographic Department has started to study the techni-
que of prediction of future eruption about the submarine active volcanoes, especially in Ni-
si-no-Sima Volcanic Island. The method of study that we have employed for prediction
was the surveillance by the multispectrum image camera and the thermalcamera.

In this paper, the results for our surveillance for Nisi-no-Sima Volcanic Island in case
of a superimposed multispectrum image are described. The superimposed multispectrum
images are produced by printing simultaneously with a negative film of one band image and
a positive film of another band image. Our surveillance was carried out from October 1974

and will be continued in future.
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Fig. 1 Multispectrum image taken on 29 October 1974 (1)

Fig. 3 Composite image B (Bp+IRn)

Fig, 2 Composite image A (Gn+IRp)
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image C (Bn+Gp)

Fig. 6 Composite image D (Bp+Gn)
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Fig. 7 Composite image E (Gp+Rn) Fig. 8 Composite image F (Gp+IRn)
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Fig. 9 Multispectrum image taken on 27 May 1975 (1)

Fig. 11 Composite image H(Bn+Gp)

Fig. 10 Composite image G(Bn+Gp)



NISI.NO-SIMA ISLAND BY MULTISPECTRUM IMAGE

45

IR R

Fig. 13 Composite image I (Bn-+Gp)
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Fig. 15 Composite image J (Bn+Gp)



NISI.NO-SIMA ISLAND BY MULTISPECTRUM IMAGE 47

Fig 18. Composite image L (Rp+IRn)

Fig. 17 Com

posite image K (Gp-+IRn)
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Fig. 19 Multispectrum image taken on 12 November 1975 (2)

Fig, 20 Composite image M (Bp+Rn)
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DEEP SEA CURRENT IN THE DUMPING AREA
FOR INDUSTRIAL WASTE OFF SANRIKU DISTRICT
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Abstract

To examine the magnitude of deep sea cwrrent in the dumping areas which is designa-
ted for industrial waste by law, a continuous measurement for twelve days was done in
one of these areas (40°09/3 N, 145°211 E) from Jully to August 1975.

A rotor-type current meter with magnetic recording was installed, with an acoustic re-
lease system, 80 meters above the sea bed where the water depth was 5270 meters,

The obtained current velocities were distributed ‘between 8 and 20 .cm/sec.and the cur-
rent directions between 355° and 38°. Simple average of all the data gave mean current of

I 13.3 cm/sec in velocity and 14.7° in direction.

The north component of mean current is 13 cm/sec and is four times higher than the
east component (3 cm/sec).

Variations of the current which have longer periods such as 11.6, 5.8 and 3.9 days
were noticed from the Fourier analysis of the data series.

Fairly remarkable changes of tidal period such as 12 and 25 hours were found only for

the north component after examination of their self-correlations.
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Fig. 3 Observed Current (from top, Direction, Velocity,
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Table 1 Results of Fourier Expansion

55

N Period N-Comp. E-Comp
0.
Hour Day Amplitude Phase Ang. Amplitude Phase Ang.
h d cm/ s cm/ s
1 _278.5 .11.60 145 .190.3 238
2 139.3 ...5-80 115 ..38.8 ..1.52
3 .92.8 387 125 .8L9 _0.13
4 _69.6 2.9 .0.96 247.8 Y
5 55.7 2.32 0.29 329.2 0.48
6 46. 4 1.93 0.65 131.8 0.70
7 39.8 1.66 0.30 277.9 0.156
8 34.8 1.45 0.30 111.7 0.47
9 30.9 1.29 0.12 192.7 0.16
10 27.9 1.16 0.38 161.6 0.32
1 253 106 0.5 _67.6 ..0.33
12 23.2 0.97 0.06 112.9 0.22
13 21.4 0.89 0.20 2.3 0.04
14 19.8 0.83 0.26 239.0 0.15
15 186 017 059 1838 _0.21
16 17.4 0.73 0.42 335.7 0.14
17 16.4 0.68 0.17 287.0 0.23
18 15.5 0.65 0.24 319.7 0.29
19 14.7 0.61 0.42 112.5 0.07
20 13.9 0.58 0.65 115.9 0.11
21 13.3 0.55 0.34 109.2 0.20
22 127 ..0.83 104 ..357.8 ..0.32
23 12.1 0.51 0.96 216.6 0.29
24 11.6 0.48 0.24 267.3 0.01
25 11.1 0.46 0. 49 261.2 0. 06
26 10.7 0.45 0.38 255.3 0.21
27 10.3 0.43 0.13 206. 4 0.22
28 9.9 0.41 0.14 128.0 0.10
29 9.6 0. 40 0.29 0.8 0.14
30 9.3 0.39 0.44 122.5 0.14
31 9.0 0.37 0.16 197.2 0.09
32 8.7 0.36 0.23 264. 4 0.06
33 8.4 0.35 0.09 299. 6 0.18
34 8.2 0.34 0.09 192.1 0.05
35 8.0 0.33 0.09 10.2 0.08
36 7.7 0. 32 0.02 139.3 0.03
37 7.5 0.31 0.04 24.9 0.03
38 7.3 0.31 0.14 134.0 0.07
39 7.1 0.30 0.14 98.7 0.05
40 7.0 0.29 0.02 35.3 0.06
41 6.8 0.28 0.06 274.5 0.07
42 6.6 0.28 0.14 179.1 0.05
43 6.5 0.27 0.07 26. 6 0.09
44 6.3 0.26 0.13 297. 4 0.11
~45 6.2 0.26 0.09 84.8 0.09
46 6.1 0.25 0.03 219.7 0.04
Average 12. 646¢cm/s 3. 310cm/s
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Table 2 Results of Tidal Harmonic Analysis.

Component Xj‘g"f&ﬁ’gle M S K, Ki O P, M, MS, Constant
North V (cm/sec) 119 027 007 018 058 0.06 009 0.02 12.65
Comp. K () |2328 50.5 505 319.5 135 3195 320.0 203.8
East V (em/sec) 0.24 030 0.08 045 020 015 005 0.12  3.13
Comp. K (°) | 3182 3557 355.7 162 10.3 16.2 3441 149.1
Main V (cm/sec 199 033 0.09 031 0.6l 010 011  0.07
Dir. K (°) | 583 2123 212.3 .170.6 190.3 170.6 1429 345.2
(205.3°)
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COMPUTER PROGRAMMES FOR THE MOON’S EPHEMERIDES

Keisuke Inoue
Received 10 December 1976

Abstract

Computer programmes for the moon’s ephemerides have been prepared at the Hydro-
graphic Department of Japan (JHD). Programme for j=( ephemeris is strictly based on
the ILE without any modification and programme for j=2 ephemeris is strictly based on
EWE (1966) with modification by Bixby and Van Flandern (1970). Instead of numerical
differenciation, planetary aberrations are calculated directly for the date by differenciating
the series for true longitude and latitude. See. egs. (4.5), (4.6) and (4.7). Coefficients
for this calculation are given in TABLE 3,

Ephemerides thus calculated have been compared with those printed in the ILE and A.
E. for all half-day data from 1952 to 1980. See TABLE 4. Although discrepancy by & 2 in
the printed last figure never appears, there exist clearly systematic differences especially in
apparent latitude on j=2. These discrepancies seem to be due to omissions and simplifica-
tions ‘of small terms in the AE-programme. Comparison has been also made with Funda-
mental Lunar Ephemeris (FLE) of the U, S, Nautical Almanac Office supplied by Dr. Van
Flandern for sample dates, See TABLES 5 and 6. Since agreements in nutation and aber-
rations are satisfactory as shown by (6.1) and (6.2), discrepancy in apparent longitude
seems to be caused mostly by the difference in correction of terms due to the earth-figure
perturbations. If a small correction, eq. (7.1), is applied to the FLE, agreement improves
much as shown in TABLE 9. Similarly, improvement in agreement for horizontal parallax
is achieved by adding the fifth order term to the FLE as shown in TABLE 6. Accordingly,
respective mean values of differences between the amended FLE and JHD are 0%0.02 at the
last decimal places printed in the A.E. for apparent longitude, apparent latitude and hori-
zontal parallax. In other words, if the JHD and amended USNAOQO data would be tabulated
down to the same decimal places as in the A. E., the frequency of discrepancy by * 1 at
the last figures would be less than 295, which is remarkably superior to those between the
A. E. and JHD given in TABLE 4. TABLE 4 thus suggests that the calculation accuracies of
the A, E. are around 070010 for apparent longitude, +£0%003 for apparent latitude and
+07000006 for horizontal parallax. Correction due to the earth-figure given in the A.E. 1968
Supplement has been extended to the smaller terms and is shown in TABLE 10, as has been

done by Van Flandern (1976a). As far as the numerical consistency is concerned, the JHD-

* gHiEn (Astronomical Division)
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programmes are considered to provide the most strict ephemerides of the moon based on
the Brown-Eckert theory.

Frequencies of discrepancy in nutation between the A. E. and JHD are presented in
TABLE 7 for sample dates, and agree with Wilkins’ (1954) remark, concerning the errors
due to the use of the cyclic packs adopted in the A. E. data.

Contents : Sec. 1. Introduction,

Sec. 2. Fundamental formulae and notations employed in the Brown’s theory,
Sec. 3. Calculation procedure of j=0 ephemeris,

Sec. 4. Calculation procedure of j=2 ephemeris,

Sec. 5. Structure of the programmes and flow chart,

Sec. 6. Comparisons with the A. E. and FLE,

Sec. 7. Correction of terms due to the earth-figure perturbations,

Sec. 8. Explanation of the auxiliary constants Fy, F;, Fs,

Sec. 9. Notes on j=1 ephemeris and the printed ephemeris in the A.E. 1972,

Sec. 10. Closing remarks.

Key words: moon’s ephemeris,

1. & C & I

BE, bhEOREKNMESER (Japanese Ephemeris, J.E.) %Y & UTC, &KEOXKAKE (national epheme-
is) B 5N T3 AEZ Brown OEEGICEWHFALSE OSSO TH S, Brown OFERIZ Hill

k2 — S FICHE S E/1 b 0T, 1892~1908EDRIICER L, HLrEHE# Tables of the Motion of
the Moon (Brown, 1919 PIF Table tugd) L LUTHITIN, chickBHDOENT 4 ) H#)E (American
Ephemeris) (<RI NI OBI923FETH ol IR OBHOBFEIERBEAT EDN TELY, =a—1}

VRIS, THEBIIENES LI UBECOAOBOEER L, BbHFGORVEBOEMET TV, coTn
IFMEG I DEBELTERMEDNIZETENIC LD H 20, FHROBRChhH S THERRESHLR
{BoTLEHLERWVD. 2OHHELT @IEREObOICRIMS 5, WD b EER A Bic Yk
OFHEFELBUHE L ICRE SBEICRM Uiy, RROEB TEhsBEBRICAhEES, M ULRX
FE, TRHLBEEHREROBRSERPHARTIT B DICEA XN orbital parameter EigIT I
FETVRCE, EBBFONE. QOHEBERBEMBNTD 52 Brown OERICEZIMREBINTHEN. 4
MNEeD Table #FF LR, DHWY ZEBMIEMMND o THORD, ZHIZHIBRHEOREIHESBEB O T
WERCKMLTUE oD OT, HRORTDOLDIRAINEE 2 2B EEO S O TR, Jik, BE
B2 L7 19604E 0B & C OBHRBAN TN B, (), (ZBEREHEECH L BEANATI RO THS
Brown O 5 FHIREE BT b MO BIRE & K UERE O TS o DT, cob), icks
WEARMA QBB LI, CIUDLBRERRD 2 C Lick o TSNS, Chud Bk, KEEic
BIFBROXHBEREIL - THbRL TN 3.

HUER B 3 B O R DY MR & I8 o 7o C STy, ERRFE O EA TAU (55 8 [Blid4 (195248) 1tk
NT, RIKROGEHOHEL LORARBIC, #EkoitREE UT b o, BEE ET 20 0 2 BiE4IR 0L
. ZOBFRIROEBYTH . '

(1) ET oBAE 1900.04FiCk T 2 1 KBEORES (AU # 9 [Mid4s, 19554, KB BEIE) LU, 20

K%)ld Newcomb (1895) DABEDEZ 2 KO EHFER TERT S
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{2) Brown @ Table it X2 HOBAETIK Lo THET 220K, TOFEER» S LRo B E
—8772—26"75 T—11"22 T® %A %. T 3190041 B0.50 ET » & BE L2y v 2l (36525
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(3) Brown ¢ Table 1€ X % ] OEERIC +07018 cos ((—2D)+07007 cos 2D *h1zi 5. (8. LHRMR).

@) FEBIC, BoORBERET 05001, HRETO001 $THS AT ELL, % O EHICld Brown O
TCHE & ZAMBCCENC R - B WEREERYD 5.

5) K{EBI219604E 05 ET #MHV5.

FiERhc L o TASE ADOBRAUKHMRATERINSC L1y, ET BFEBRICIBOMNBECREIELD
W oREEINS.

7 # 1 # IBM & Watson Scientific Computing Laboratory ¢ Eckert {3, & OEHEICHE- A © %k
o R ITREE, WBOERICK D EEINAAEEORER SSEC ZRVT, 1952~1971 D0 THEE
Bz, 2055 1952~1959 04T Improved Lunar Ephemeris &5 ZFRT19544EIC IR & 11, 1960
ERIBROBH R FEOREBEOANFA I N, b ILE ST 5.

20O, () TAU RBPF12EHS 19644F) ICBOTAIEMREYET Lichs,  Chicfy Brown OFHEK
OEBEBOBEAEET 5 EAMBEICR Y, Fio Gi) Eckert (1966) (3 Brown ¢ Table HE182THD RIED
BOEFR U, 861 (i) Eckert ZABHC X 2B OO TEBEOHMBEMIERD:. chize
HEHREZOLENTT EWE EFid 3 (Eckert, Walker, Eckert, 1966).

zc T TIAU 35513EHE (19674E) kBT, ADBAEE j KkoTRAT 2 & & LT, ILE % j=0,
chic bido () & () oMERELAbO%E j=1, chid b (i) AHELLSDE j=2 &L, &
NBDOADBEBNTRDIBEERFEEZNZN ETim, ETi., ETis, &89 C EAEE L. REEICED
ZAOBOBRBATRIORYT. ccic EFW RERICET2HETH 5 (B9, 2081,

Moon’s data contained in national ephemerides

correction table
main part
AE JE

— 1959 Brown’s Table
1960 — 1967 i=0

1968 j=0 j=0—1 (every day) j=0-1 (every day)
1969 — 1971 i=0 ” ” #  (every half-day)

1972 i=2 EFW (every day)
1973 — i=2

COWOBERIL, LREb), ek 2 OB IBHIEE OFR—FKE2MNT 5 LI, j=0, j=1, i=2 ©
BzoBROBKIEERTH L EERTC LB S, T Brown @ Table, ILE, EWE %3 2 O
ZEFT AT TLEROF AL BHAETZ0T, TRLICOWTEANBESATET. S oICEKNEHE
RO CNETREINTONEVOT, 7Y =P XXABLCT 2 ) AFERXATRON T 3 kO
EBIUIhS EbhbhOFEEOHE « M 2O TPPE LR~ chdld, BEOT w7 Alck
ZROBOFEABYIELETL, POMPROUGTICESICHLTE 22 L4BRLLbDTH 5.

AT, EHEOkHIC LR Brown @ Table, ILE, EWE 0I5 2 A T F OB AR S
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HMNAO : /'Y = VR X EHEEZR (Her Majesty’s Nautical Almanac Office, Royal Greenwich
Observatory) %72 X 2 5 HH,
USNAO : 7 2 V) #iEK X AFER (Nautical Almanac Office, U. S. Naval Observatory) %
ToITFERRIC K 2 3T 5AE,
JHD : B A/KEEEEET (Astronomical Division,: Hydrographic Department of Japan) %
ToldERRIC & 25154,
IAU 64 : IAU 1204 (196447 ICBWTHHR S IR IGEHCR TAU (1964) System of
Astronomical Constants ¥ 7old  PCHWTE L/ FHEHH,
AE : 19604ELIR D 4 £ RJB (Astronomical Ephemeris) 5 X 08 7 # Y #J& (American
Ephemeris) Zff4%d 2. MEONERR—TH 5.
AE 1968 Sup. : 196840 AE DO¥#4#{1¢% (Supplement to the A.E.1968), AU 64 Offib L0t chr
DEAICHE D RIEBOFREOEESFAL TH 5. CORLHFR
Exp. Sup. AE : HMNAO « USNAO 247 (1974), Explanatory Supplement to the Astronomical
Ephemeris and the American Ephemeris (3rd impression) ¢ pp.497~523 (CH&

LThsd
B, ILE B2 EWE B ohi-FA281Hd 5 E41d, A3 ILE @ TABLE T % ILE-T1 3,
EWE @ TABLE W 4 EWE-T F£&iZlL, b EORRAMT 2 CT%;O)E% '3 TABLE 1, TABLE 2

EnD XoicEed.
AT, &R KHBRVRY, BRARDIHERE LT TI1319004 1 40.50 ET poE L
y o 2l (36525B£ A) HTh D, .
T=(J.D.—2415020. 0)/36525 , : an
TEAENS. I.D. BEEROL) YRAH, 2 415 020.0 (31900421 A0.5 A ET lchiy 321 Y AATH 5.
Fi, CNEBEABNTELLULRME T 93, $ibb
1=36525T .2

2. Brown QEEIR o ;

—fic HEEER (lunar theory) SFEENT W 3 dOld, HWFR- A - i(l%o)zﬁif'nﬁ%lcﬁb\fﬁhﬁ « A%®

TBOMKGOED 2577 —E#T 2 & LT, bbb RGOEREMMES LTHEREHEDLTOE. Chid 3
T 2 R HERIC K o TRBEIN 2 EH AL ¢ LickiEd 5 (Brown, 1895). Brown 3

DERBEO AT (solar term) SUELR, KBROOKIKIC K 2 8 OMEBH~OREHE « BIHEOBE, Mk
ORI & 21T, RO IC X 2 A ORI X 4 mHEAREHE (planetary term) EFEATOS

Brown {3 Hill (18772) OMICHVER RO —-FLHBEAEE X, ¥, Z L LTHIL. zoXB
BOBMIERE

aXl Ci Mlgg;(zH— ¥ +kF+mD) @1

DA S. . C T a |t linear constant &I, Hill opiiEOETH 5. © 1 [THFE - Bo{&
HE» 515515 PEE ¢ & ORIC

a=F,a=0.999 093 141 962 @ 2.2
OBEFAH 5 (B8 28R, C BRI T, EEERDO—>TH 2 A OFER) n 5 m=n'{(n—n") OF
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B LERELTCO C; ORITRYAATH S, éClC w FKEBONIGEIHTH S, M 12 Hill-Brown
@ parameter e, &, k, @ OZMBOE, T15bb

ese’’krd@®  (a,B,7,0 130 ZETEER
DJ¢ (algebraical form) IC Xk - THEPHINTEY, Brown [ NA characteristic EMFEATNS. ek, @
Bzheh

e=2e, k#r:sin—g-, &1:—;‘7(%)
TH2 (Brown, 1896). i e RAOWEOHLLE, I QIHEAMORSMA, o RAGOIEYRE, E
M @geheh, ik, HOBEBTH 5.

L,U,F,D |3 Delaunay O#|# (argument) G, ZNZNPEELEEB L O orbital pérameter & O BTk

DRSS 5.

I=cm—nw")(@t—t)=L—a,

UV'=mm—w)({—t) =L —d’,

F=gm-n)({t—t)=L-Q,

D= nm—-w){t—ty)y=L-L",
¢ RADIEDHEEZIY I, g BAORLAOBBERD LHHTH-T, 4,0 Leheh

=n(t-y i) a=(-E5)

OBRASH 5 (Hill, 1877b; Brown, 1896). L, & QIXZNZIAOTIIHEE, STHAGEE, FAAkE,
L, & BenEhkKBOFEHER, THUEER ¢ RABOHEOILNETH S, 15 6 HOBIERI o
kb, by b ThHB.

Brown Coff X, Y, Z 2% 2, Hi P, BHEEXK sina KT HB0C parameter e, ¢/, k, a %
Delaunay ¢ parameter e, ¢, 7, ay [CZ#L, £IEH%E

(2.3)

Il

aCieltle’ il bl (1+aet+be2+cyt+dal+ - ) i‘l)ré (il+jl’+kF+mD) @4

DX AL LI, Brown i3 eltle’lilpiklay (r 3 m HHROEE 1, BHKOEE 0) % principal cha-
racteristic FEATINA., £ 2T ap i .
a E~M @.5)

ay=—;

a E+M
THY, e & e k &7 EOBKRRAIL EWE-WI RICBYTH 5.

TABLE 1 {3 H 0ok X OBICEA SN orbital parameter O—ETH-T, EWE-T. £, 5 8L
fo. CORT “‘Mem.” (FFHAICL B 13 Brown (1908) #HHZEHM U CAHHN & UCT EBRT 55
WCERF U72fl, “Table” 1% Brown %3 Table Z(p#ld 2 PICHRA L7cflETH 5. Brown (& Table DA%
TR LRI, b OEBOBRMEE LT “ILE” OICRIEAEE L. LirL Table ® REEZ0OE
FRLTES, #AERE—BFELT, COBRREEZAVESLEUBRESRZ X9 IC L. $7bH Brown
O Table DEABIER, COBKMICH>THY, ILE BCNERA L0 TS, “IAU6L [Z1964EHGR
ICHWIETH 5. T b BEEOKRGAOEHOREY, fr REEOKGHOEHDOHE, sina i HEE
HOABEOEHIE (constant of sine parallax for moon), e {3 H O OHELE (constant of eccentric-
ity of moon’s orbit), ¢ [ZRBOHEDHELE (eccentricity of sun’s orbit), 7 dFHBICHT 2HHEOMEH
HAD § OER, o BEAZOHTRTICOD > T BENTH . CDIiEh ¢, g O algebraic expression
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TABLE 1. Orbital parameters

Mem. Table ILE TIAU 64

X4 22 639580 22 639”500 x 22 639”550 = 22 639”550

Br 18 461”480 18 461”350 * 18 4617400 = 18 461”400
sin 3 4227700 3 4227700 e 3 422”540 = 3 4227451

e 0. 054 900 56 0.054 900 367 8 = 0.054 900 489 1 = 0.054 900 489 1

r 0.044 887 16 0.044 886 844 7 = 0.044 886 966 9 = 0.044 886 966 9

ay 0.002 5056 32 0.002 512 73 = 0.002 512 73 % 0.002 509 351

¢ 0.016 771 91 0.016 751 04 = 0.016 751 04 = 0.016 751 04

it EWE-VI RIBF 5T 3.

3. i=0 OBOHHE

3.1 j=0 DBOEE

=0 O, HIHTHW L& HiT TAU (19524E) OB&HICH-7cbDTH 5. §7dhH Brown © Ta-
ble DIEBICRAVIHBERICESEMEEANS C EICk o THET 2, ZOBICROBETEMAS.

(a) orbital parameters (D{fi% TABLE 1 @ ‘“Table’” »H “ILE” KZ&Z 5 (GE2H51R).

b) IR, S

WEEATH 10771 sin {140°0 (f,—18.5) +170°7)
ZFEL, 2ORLDICROBEEMAS.

—8772—26"75 T—11722 T°* 31D
it t=19.0+T Ths.

() FRied 05001, Frék 0701 OWETEMTA. Brown @ Table TREENTEZMBEICERLTY
7RO, RERMNCIEIERRIC 07703, STHIAFERIC —07350 LWV IORTEMEAM LI SITE - T 3.
ULl cNTHEROERBEL#L SBOOT, Fauns, ROBETHEEICHIET 5 (Clemence
i, 1952).

+0"018 cos(I—2D) +0"007 cos 2D ~ 6.2
@ =Bz Woolard (1953) OREBINAFOWTEHET 5. (JAUSE 8 mS, 19524, #14)
3.2 MELTEBLUT—4 OEHEH /

(1) Fundamental arguments

ILE-T3% (p.288) @ EmdlEk L319), *L3G0), é¢@i6), Q38), L'3G8), &' 318), V3Ed), Ji6), M(3e),
Sn(i8), QG®), T(i0), Lo(if), I(i0), I(i8), F10), D8 THs. V, J, M, S, Q, T, Ly 3&#h+<
hael, KB, k&, TE, K&, Wk AoYg®Ei [ U, F, Dig @3 RNcBLTH3. V, I, M,
Sn, Q, T, Ly i3 1850.0 OFHEREEE L2 REIC LicE, MRBRROBFSAEEBEARELC L BTH
5. b RBABHEHBIURBEOSMOTER LS. *L i L ic B D REMABTH 2.

(2) Additive terms

ILE-T 3% (pp.290, 291) @ EsBIIC, H1EMLP29HE TE L3y, HEI0~36FH% da(in, HEIT~
4% 0Q (i), H42~4550% 6T(iy), F46~48HA or(in), H49HE oJ(in), HE0HA 0Snlip) LT3,
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chblkehEin L, 6, @, T, 7, J, So KAHNT3EAPETSH S,

(3) Periodic terms

ILE-M #% (pp.292~343) BEHMETH T, ROXHHFHEND.

KEETH Eets dL(ia) pp. 292~304,
” Ho S 8S3iB) pp. 304~311,
#” ” 7.C Cry pp. 311~316,
” #n N N p. 316,
” v FIH p. 316,
” HE R dsinz (iy) pp. 317~322,
HEBTH ®OR dL(i6) pp. 323~335,
y #H dLat(ic) pp. 335~340,
” IR 2 dsinz (i) pp: 341~343.

INBRROEINUETS.

ABEO—ME  KSDGL4j1 4 kF-+ mD) (3.3)
EREIHO—E Kgg;(flJrjl’ +kF4+mD+aLy+0Q + Angle+¢T +dP) @4

T T A, g, ko a,bye,d (TS, Angle \3AEE, P V,ILM,Sh @ 5 B ENDMOBROERE, ia~i0 1T
Brown @ Table @ List ia~if <359 3.
3.3 BB LCHEROHER L S CICERTEICESFHROBETE
B LU, F, D oft8E
I =*L (i) +86L(3n) —da (in), 1
U= L'G0)+6l (ip), -
F= F (i0)+aL(ip)—80 (i7),
D= D (i0) +6L(in)—dl (in). J
R K otk

D OEs m BEROLE  K=Nelilelily1Ela,(1+Aet+ Be'*+Cy2-+ Dag+ ) (3.6)
p B K=Neltle' UlplE| (1 +Alet+ B'e/t 4 C'p2t- D ay24-ee-) @D

i, J, b BBIHMOBRBMERL. N, 4, B, A, B BHIRETH . o K OERBUCHELTHD,
Brown ® Table OEFEIE pp. 8~28 1 “‘Coef. of sin”, “Coef. of cos” & LT, %7 ILE pp. 292~343
iZ “Coefficient” & ULTIB 5T 3.

B K 0T :

P22 Brown @ Table %713 ILE [ BFShTwsd K O, TABLE 1 @ “Table” @ e, y,a (T
HONTHahe, Tha “ILE” %7203 “IAU 64" O e, ¢, 7, o) iKW K KEAL & ITid, WEIKE

K(new) =N(e-+de) Vil (¢! +de) Ul (p-+d7) 1¥1 (ay + day) (1+ Ae+ dey+ B(&/ + & Yo+ ) (3.8)

Sl d. de BRFEMBOETH 5. CIUIFER, ¥ parameter % (3.6), B.7) RICRATET L%
L, AWICHELVELUTHLOEREEO BT C L5, ChElEd 2oic 3.8) A& koK T
AT 5.
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_K'(new>:Ng[i|e'ljlrlklal<1+%)lil< >m<1+ : )'”(1+A"‘)(1+Ae2+3e'2+ ______ )

+ut+vdyr+w

— (14 )" (14 42 )“'(1+ A (1 Aa‘)+m‘+v§7+w

e

TNk - THED K OEDSFIATE 5. u,v,w BRIGHIEEORMTHY, ILE-IV F (p. 347) ITBFS
NTW35. 0y 13 dy(in) % revolution THELLKETH L., 2T

Corr.=(1:+ 40 ) (14 42U (14 A7 ! ) (1) (3.9)

a,

EBFE
K(new)=(Corr. X K) +ut+vdy+w .10
T, m BHHO LI Corr. & (1+day/ay) %EH, BEOLSIKIETHNT LICER.
i=0 OBICHAT % de {3 TABLE 1 @ “ILE” & “Table” &DETH2hD
1+(de/e)=1.000 002 209 456 3.11)
de’ 13 ¢ DHFLEAIC K BYERT, KIEHHMZEDL S5 THRGE L & QICHIELTYHhE TR
SR, EHAENICRENRE LT o OETA-TED, d=a’te/t+e/ 4+ - O TAN TN
ZUTHONMT o ORDYIC e te’t AL LT LTS, BENIKIE Brown ARERD 5 KiC
e'=0.016 751 04
PRALTOS. 20 THRONKLMOHO ¢
e’ =(0.016 751 04—0.000 041 807'—0..000 000 126 72
EANBO RS, T FHAEE LT ¢=0.016 751 04 (1—6.831 943 7x1078x%)
LiehoT
1-+4-(4de'je’)=1—6. 8319437 X 1078 x ¢ (3.12)
dr 13y OEBOUETICKL E(E dr ERECEBICKAHIE 6y LOZOohbM5. THbLE r i, 1
RICR - TOZE Brs2y, dfr=2dy THBHMD,

r+dr+57=7<1+#‘;7_+%7)'=.;A(1+%F+%) (3.13)
D L1535, TABLE 1 i

"glf ~18 46140018 461. 3500 000 002 708 361 (3.14)
F7c ILE-T %0 o7(in) % revolution THbF &, 1=0.044 836 844 7—0.007 143 963 213 75

o7/7=139. 978 324 o7 (3.15)
WA T

1+ (47/7)= 1. 000 002 708 361+139. 978 324 (57)rev (3.16)

doy FREMEOS B (3.6) RFFICEbH S, TABLE 1 [c k3 & “Table” b “ILE” AT o i BLT
BEBHBEOOT day=0, k-7
1+ day/a) =1 .17
ILE 5 TAU 64 (j=1,2) & ey LEHNRH 20T @17 RiF 1IKEB5E0. B4 280218
PlbzZEDDE (3.9) ROGHOWHEIT
Corr. = (1. 000 002 209 456)'%(1—6.831 943 7x1078x1)!7!
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% (1.000 002 708 361-+139.978 324 7)1+ (3.18)
R A
3.4 HWER L HEE L, WFRE « OHERX
WMEZ=*L{0)+IL>n) +6L{a)+8L{i8) + 8L(Corr) +dd+ ((3. 2)Z) (3.19)

*L(0) - ILE-T BOHE 2TH  ap+bot+e24-dotd (L @B DREME IS D)
SL(in)---ILE-I 3, Ser. No. 1628—1662 M29IHADHI, ‘

K sin (@s+bit+-cit?) (3. 155 OBBRIHERNTH 5).
dL(ia)-+ - ILE-II 3, Ser. No.0—396 D390HMT,

>3 Corr. X Ky sin(il+jV +kE+mD).
OL(i8)--ILE-II 3, Ser. No.986—1401 D410ZH®D7,

>iCorr, X Ky sin(il+ji! +kF+mD+aLy-+bQ + Angle+cT+dP)
SL(Corr):-+++- ILE-IV ZOHRICHET 2155HOM, Xt +vdy+w) sin @4V +kEF+mD)
Aepreeeserineinens Woolard (1953) OFEBROIETHEIHORL.

f{ﬂﬁﬁ:(mwm@[sin S+77‘2~a'2 sin 35 +;vﬂa4sin 5S +— L (N+aN (Corr) }]
1 1

Tap
+8 Lat(ic) (3.20)
S=F(i0)+3L(in)—dQ(ip) +5S3H)
a=1+(dy/y)=1.000 002 708 361+139.978 324 (dy)rev
72/ y1=—6.241/18519. 700= —3. 369 924 998X 107*

73/ 71=0. 004/18519. 700=2. 159 862>10" ILE-T 3 Ser. No. 797—800 .
11=18 519770
G ILE-II 3, Ser. No. 641—786 M146FHD N, X;Corr. X K; cos (¢/+jI' +kF+mD),

ILE-T HOWI6T  ais+digl+ciet2+digtd.

ILE-T %, Ser. No. 1628—1662 ®29H®DH, XKy sin(aitbit+cit?).
ILE-T %, Ser. No. 1632—1672 @ 5 ORI, XK sin(ai+bit+cut?),
ILE-II %, Ser. No. 397—639 (D234THD,

TCorr, X K sin(Gl+jI! +kF+mD),

N e ILE-IL %, Ser. No. 787—796, 1679, 1680 12D,
:Corr. X K; sin (d+j +kF+mD).

6N(Corr)~’ ------ ILE-IV &D 5 WHoR, 2(ut+vdy+w) sin Gl +EF+mD)

3 Lat(ic) e ILE-IL %, Ser. No. 1402—1555 0 154THDF, ‘

iCorr. X K; sin (il+jV +kF4-mD+aLo+bQ + Angle+cT+dP)
HISA 6 = sin + - siner
sinz =dsinn(iy) +dsinz(i{) 4+ dsinz (Corr) (3.21)
dsinz(iy)-+ILE-TI 2, Ser. No. 801—985 D18LHEHMH,
>iCorr. X K; cos(il+jI +kF+mD)

dsina G- ILE-I %, Ser. No. 1556—1627 DG6HDT,
Y'Corr. X Kicos ({44 +kF+mD+alLy+bQ + Angle+cT+dP)
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dsina(Corr) - ILE-IV RO 2THOR, X (ut+vdy-+w) cos G+ +kF+mD)
3T, ae ZHIROFERZ LTINS, sinn=ae/r THY, 7 @ Brown Offid a/r=(a/r),+AME OF
THEZLNRTOZ R,

sing—-de. 2 4 [(2) | pypm) | (3.22)

E18D. ae BEDLLRINEZOETTIOD, @ WEDNWT ( ] OPREZDOEET, ae/a 2EINEX
W, TABLEl @ ¥ sinw 13 (@e/a)(@/r)e THoEDDS ae OGS 2. £ 5T Table DFEHER
THELNIBHKHERO sin T
3422. 540/3422. 700=0. 999 953 253 2 (3.23)
ZHohiE “ILE” OoFHick o7 sina BESN 5.
3.5 HHFRE « A& 0 OHEN
FEEED O IREBEA~OZI, B ORmESARRIcX 3.
cos d cos a=cos f cos 1
cos § sin @=cos § sin A cos (e+4¢) —sin B sin(c+4e) 3.2
sin d=cos B sin 2 sin (¢+de) +sin B cos(e+4e)
T CITHBEEA ¢ 12 Newcomb (1895) DKM D
¢=23°07" 08726 — 4678457 070059 72 +0700181 7",
de 13 Woolard (1953) OFHRIFRICEY 5 HME M OFHHAHOT.

4. j=2 OBOHE

i=2 OFIX Brown OHEHOF IR OFBETAONEAE5X 20T, KBHEK 2T Brown ©
Table DREEBRKORDLDICEWE ORI S, chid Table DRI ZEPEC U C ‘numerical method’
TABHEORHOBBREA L 0 —FfEIC (Fk - #iT 1i7, ERE T 2HIRMIO KDicbDTHS. T
DFHkid Brown (1938) A Table SEpkith, L ORHTELRZLDICHELLIbOT, ik Eckert (1958)
# & ¢ Eckert, Smith (1962) MR L, ZOFEAETHERICGEALTRONLEDTH 3.

4.1 FHHEOIEF '

i=2 OBEOHFIROIETTD. BB LEANREARENICE =0 OBOBELRALTH-T, h
ICRIEY, orbital parameter OZEBICAESWETZ2ML, BER LODICHENASES.

(&) ILE CHWCEEREERO S BT L & 6 oEfBEcehah +00703, +07350 22 5. Lic
DBoT L F, Dichzhah +07363, +07703, +07703 £z 5.

() FHHERORNTEWNT, FERTE 10771 sin {140°0 (4.—18.5) +170%7} %k, —8172—26775T—
1172272 %inZ 5.

(¢) Brown @ Table ® Ref. No. 182 OZz 2T, —17208 sin(2—2F) ORb VI —17372 sin (2
—2F) ZRN5.

@ FREHTEEICE 2 KBEIC >N TE, [LE-I £& EWE-TT £4A8H7 5. ¢ 04, gl
B L5 HAEBOHE, cORBAMATIEICE L) 5. BHROXEEIE EWE-IT %720 %A, ILE-II
KRN, COBEOHREIT +4E L 95, FBRWERK 20 Cid ILE-NV £0fbbic EWE-V &
ER0S.
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(e} BMBEIHIZ ILE £ 3.

() Orbital parameter %k U RICEHOETICH D WiTA T, orbital parameter {2V TILHH3. 34
Tk~ HEEAERA L, BEBEREHICONTY j=0 OEASIC#ES 4. orbital parameter {CHFNITINKI
D S B THIRO FR ETEERDET I, HIRRROBATIcN S MIEHZ Bixby, Van Flandern
(A970) DA & 5. BENTEBO) T PALICER T 22 SRTEEHOWITIC OV TRBEEZE LY.

(® ZBhid Woolard (1953) OHERELES.

(h) FEEEE - FEEIC K o TRENGEEIGE L, HER  RERERY 5.

4.2 HEONE

EERE)~OOEB S AN AR, DToe), b), oo FLEowE), ©), g 5.

(0) BERTEAZWOEEL TOIRBOTRERICHIET 2 ¢ &I ETH 2. §7hH Brown @ Table
CEENLBENTE (W3 1802 2HEL, BNFHABICS LT EE2BKT 2.

(b) #3. 180 0), (OBH.

(¢) Brown DEEOMD DITE.

@ EWE-T F#iZ, #&IFEEEOKBIICOWNT, Brown @ Table ic k54 (§72bb ILE-II &
L B ~ORIEM 42, dsinn &, KB il HEF+mD R UTE L5, BIHOBE L 4,k mic
BOFhbs05MmAi<hds. HAE, p.316 OFLM, LHo108:HIE

Arg,
l v F D 42 dsin
51 50 50 48 11— 131—
THoC, i=51~50=1, j=60—50=0, k=50—50=0, m=48~50=—2, Fibhb
42=—070011 sin (/—2D), 4 sin z=—07000131 cos(/—2D),
TEET 5.

ILE-IF T, hd ERUBIE (—2D) %25, #ETHE Ser. No. 8 (p.202) TH-T, ZOHRMK
13, 45867465, MR TIE Ser. No. 809 (p.317) TH Y, it +3473117 ©H 5. chbkhk EWE-I
FEENENEEDT, FROTFE 458674661 sin (/—2D), MEIEHOIEA 347311569 cos ((—2D) &9 5.
FERIiF Eckert %51, ABHOENHIZ LT, czwmﬁs&@& LT HER 0 —458674661 % £ 18347311 569
BT, chb & ILE-IL Lok EWE-T £ic 42, dsinz L LTRD0TH%. (EWE-I Rt
BRI ILE-II RICIEWEAR, EWE S LABINULHTSH 22 &2E® ST 5.) 2ED, CO
42, dsinz BRBHICH T 3HETH 200, KBHEBEHE 2L URET 2 0EDH 258K, C
DT L EREL TP RIS,

2T ILE-IE BB LN TV AEOBEESICDWTHE L TH . L2 Ser. No. 8 TiZEEM O Ref.
No. Oic=>OFEE 1173, 8 BUFLTH 5. Ser. No. i3 ILE O Ic B 28 LESTHY, Ref. No.
1z Brown @ Table ® No. Th%. Brown @ Table © Ref. No.8‘ BABIETHD, #OfEIT —45867426
sin ({—2D), Ref.No.1173 BREHTH Y, €0fEld —07039sin (I-2D) ch 5. ILE T 5IHHHED
HA—DIck EDTHD, COBAIII—45867465 sin (I—2D) & L, ch% Ser.No.8 DHHE LD THS.

(Brown @ Table ® Ref.No. & ILE @ Ser.No. &3¢ UdILETIRIWL.)

FHROABREICOVTE, EWE i3 ILE &3e{Eo kiR ER - T 3. §ihb ILE TiI#EKT
1+C) (g1 sin S-+y2 8in 3S+75 8in 5S+N) @I (B3 4f) THET L0 LT, EWE T
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B=1K sin(il+jl' + kF+mD)
O THES L. 20T EWE-IL Ricid 4, j, kb, m Cenens0Emii@Ees b, 48 g Thbs. K=
B+dp THB. WA, p.319, RO, b o19BEI
Arg.

{ v F D i 4B

49 49 51 52 88904 5
TH-T, g 878909 sin(—I—l'+F+2D) S HIHAEES 3.

(f) orbital parameter {Z DT TABLE 1 I B 2555 « REBIC K - THIEOBEOEHELDLAD,

Thict->T B.9) R Corr. 23HEFT 2. bbb ¢ e,y i j=0 & j=2 icdbBTH 205, B3 360

(3.11), (3.12), (3.16) RIC K ZUGETIRED i=2 OBARK B ZTOTERMATE 2. AMETH a IKONT
i3, TaBLel @ “TAU 64 & “ILE” L @3#% day & LT

1+ (day/ @) =0. 998 655 247 48 @D
L1558, KRBT - REFEWNDT, D ORI m BFET S 23 EBHORK Kic, ¢ 1) o3l

Plkzg T, D OREm BEETS 2815EF HORN, bbb Q7 Ko K LT, 318
A (3.10) Ko Corr. ICRA LB OZF, m BEFETH 281 BH > HO @B, bbb 3.6) X0 K
ELTH, 3.18) & (4.1) oA (3.10) R Corr. TRALKESOEHNS.

RAEFILEL sinr OEFICHEIFHES LTHE, =0 kb3 3.23) NCHBLT, =2 oBdikcl

3422. 451/3422. 700=0. 999 927 250 416 4.2
%, RMAEROBKERICRERTS.

HEOFHEMSH OB RTTHEBE LT, j=0 Tk Brown @ Table [CRWIRE f=1/204 %
LT3, j=2 QBT f=1/298.25 2f 5. A~OEBIZAMENRER £ Tl IYRREE L
W4 5. o & F EOMIicZROBHENS 5.

Sp=r-1o “.3)
CO o FHEROFRBICHD 20N EBHOR aw®lgs IGEOETSS. TTIC ao THROREER, o
MiEk G  SMEE, ge WIRE (< B 2EANGEE T & 4. Brown 3 (3/2)/:=0.001 667 36 &FIWichs,
1AU 64 GiF 0.001 624 06 AR LTS, Lot THIRROIERIC & 21BHHIC

0.001 624 05/0.001 667 36=0.974 024 806 4.0
EETLCERLK ST j=2 OF L5 (Bixby, Van Flandern, 1970). ILE-TIT %, - RIKBINTZ OxE
&1: 21EEIH% TABLE 2 {T/RT.

() =2 OB 2, B, sinm & UCHMEMALN CRRR - HIEH  ZOLOESD 2512505, ch
OB AL UCHER - BFHE 372, cVETH 0 AE, USNAO W »ihd Milkskic s -
T3, CORDICIRRET HHANEE S ATHEEQCEY s H#ER - HEHBEHAEL QY hi3Hon
V. hWbNOEEETIE, BRET IR DO THBHCERER - HERSBONI X DI TS, BT
COFHEEHIBT S,

H#EE  BEEOHERL, BWHOBESS0, ToRPNREERYT 5L

A=L+0L+ ) Ksin (A+Bt+Ct2+Di),
B=2k sin (@+bt+ct?+di?),
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TABLE 2. Perturbations by the earth’s figure

Ref. No. term additive to Ref. No. term additive to
1375 477261 sin Q L 1293 407083 sin(F+2Q) 8
1401 —2.076 sin Q @ 1294  +0.003 sin(F—2T) B8
1407  +95.96 sin O Q 1295 -+0.005 sin(F+2Q+10) B
1413 —4.318 cos Q 7 1296 —0.005 sin(F+20-0) B
1178*  —0.039 sin (/—2D) 2 1292 —0.007 sin{L,—2D) 8
1174 —0.004 sin (I—2F) 2 12900 —0.017 sin Lo B
1179 —0.038 sin 20 2 (*85~— Y HIEBI)

DRI S, ChEHRITHS LT
2 =LA-8L+ 5K cos(A+ Bt-+Ct2+ D) (B+2Ct+ 3D#)rad
B =Xk cos(a+bi-+ct24-df*) (b+ 2ct-+3dtz)yrad } “5

525N IBRICE D 5 8 ORI  WEHIE, € OMBRICHILNCEEE LIobsh 2N Sslics Y 2 Ao
A BT H 5. DENHHIBRO RIS LRI OO 2, f 0E{EE 2, B LT,
A B OBENFGHERENEN —A/sing, —p/sing TH3. (4.5) RiCBNT £ X OERO HEHET 27
B, 4, BB BNITE 04, 08 BIRATEHESNS.
d2=—{0"001 168 05-+ X F cos(G+Hp)} /sin = (4.6)
0f=—{2 fcos (g+h))/sin = “@.nD
F, G, H, f, & h O¥fli% TABLE3|[TIE 5. T F, f i3 62, éf OREOEREAL4BEALKLEXIC
+07000 01 BlERIEZ2HAT R TRNBT LD THS.
4.3 BHOHER
B, W PO BTEOHICH S BIEIE TR TRO &S BETRGENULE 5720, 2 4.1 @)
DEBMR.

g

1=*L (i) +6L(in) — 6 (in)+0"353
V= L'(i8)+a¥ (ip)
F= F (i0)+8L(in)—8Q (i) +07703
D= D (i0)+8L(ip)—s¥ (in)-+07703
4. 8) KRBT, 8L3y), dd(y), 6Q(y) oEhFhohicgEh TS 77261 sin Q, —27076 sinQ,
95796 sin @ 1T, FFBITIITVA 8y tho —47318cos Q 1T, ZH-EH 0.974 024 806 ZHF 3. 4842
Hi(EHS .
4.4 WERE HES HTREOHEE
W= LOLE-T)+L4(ILE-T) +3Ls(ILE-T)+6Ls(EWE-T)+dLs(EWE-V)
+38Lp (ILE-TI) + 4 + 52 4.9
LOLE-T ) (ILE-1 R0 2TH, apy+bot+cot2+dyt%)+07703.
SL4(ILE-T)----ILE-T E® 6L(ip), 20HOF. D3 H 77261 sinQ iz 4. 4) 2T 5.
SLs(ILE-T)-----ILE-T %D 5L(a), 390D (Ref. No.182 RGET L THE ). BEEGETOR H D

4.8
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TABLE 3. Aberration terms

Fx108 G H fx108 g 13
" rev rev ” rev rev
291 0.897 09 0.135 452 769 32 0.928 34 0. 172 200 964
24 833 . 948 54 . 067 726 384 1 895 .979 80 . 104 474 580
53 . 719 60 .171 744 414 104 964 .031 25 . 036 748 196
3 089 771 06 .104 018 030 2 989 .082 71 — . 030 978 189
127 120 .822 51 .036 291 646 56 .134 17 — .098 704 573
22 306 .873 97 — .031 434 739 329 .802 31 - 140 766 226
590 . 925 43 — .099 161 123 11 415 .853 77 . 073 039 841
10 . 976 89 — . 166 887 508 — 137 .905 22 . . 005 313 457
— 266 .944 31 . 070 464 163 64 . 956 68 — . 062 412 927
— 283 .995 77 .002 737 779 63 .105 83 .135 909 319
1 661 047 22 — .064 9838 606 2 104 . 157 28 . 068 182 934
39 . 098 68 — .132 714 990 - 71 . 208 74 . 000 456 550
— 655 .974 27 .033 863 192 347 . 260 20 — . 067 269 834
312 . 593 57 . 140 309 676 - 21 . 975 56 .107 212 359
8 636 .645 03 . 072 583 291 — 40 .027 02 . 039 485 974
— 159 . 696 48 . 004 856 907 130 .(078 48 — . 028 240 410
299 L747 A — . 062 869 477 126 .984 03 .101 736 802
12 799 40 — .130 595 862 26 .035 49 . 034 010 417
—~ 48 . 766 82 . 106 755 809 — 63 . 086 94 — . 033 715 967
— 662 . 818 28 . 039 029 424 — 59 . 005 52 .070 611 388
914 .869 74 — . 028 696 960 - 107 .093 76 . 110 244 587
65 .921 19 - . 096 423 345 - 14 .145 22 . 042 518 203
228 L7175 29 .101 280 252 42 .624 82 .177 057 871
767 .826 75 . 033 553 867 1 047 .676 28 .109 331 487
— 151 .878 20 — 034 172 517 — 100 L7127 .74 . 041 605 103
- 10 . 929 66 - .101 898 902 37 .283 31 . 099 617 673
78 . 042 99 — .062 250 827 176 . 386 23 — .035 835 096
— 125 .011 05 .141 222 776 34 . 437 68 — .103 561 480
— 4 680 . 062 51 . 073 496 391 — 62 . 849 53 075 777 620
— 49 . 113 96 . 005 770 007 90 .161 52 . 065 445 156
— 92 .796 78 .070 154 838 24 . 806 54 . 138 028 447
o — 32 .899 70 — . 065 297 931 73 . 858 00 070 302 063
102 .970 04 . 036 600 971 — 14 . 153 05 . 070 920 713
29 .416 08 .176 601 321 18 . 255 96 — . 064 532 056
609 . 467 54 .108 874 937 — 11 . 828 04 . 106 903 034
- 84 .518 99 . 041 148 553 — 23 .916 27 . 146 536 233
— 89 .640 79 .075 321 070 - 32 .271 25 . 073 952 941
— 10 .692 25 .007 594 685 90 .498 79 . 145 623 133
25 .743 71 — . 060 131 699 — 18 .550 25 . 077 896 748
25 .597 80 . 137 571 897 18 .563 71 — .072 126 741
105 . 649 26 . 069 845 513 — 11 .672 05 .112 069 266
30 . 865 50 - . 025 959 182 13 . 680 51 .106 593 709
12 .779 52 . 098 542 473 '
12 .830 98 . 030 816 089
— 14 .882 44 — . 036 910 296
- 27 . 833 56 .177 514 421
- 766 . 885 02 .109 788 037
— 30 .708 55 .030 521 639
— 228 .760 01 — .037 204 746
— 152 .811 46 — .104 931 130
10 .670 75 . 038 720 099
14 .792 55 . 072 892 616
44 .290 05 . 145 166 583
— 11 .341 51 . 077 440 198
11 471 77 .106 137 159
— 90 .707 53 . 146 079 683
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Corr. & D @ I m BBEOEST (B.18) %, m MHEBOE &I (3.18) & 4.1) LA
7ollE% RN %, TABLE 2 Ohd Ref. No. 1173, 1174 OHED FHc (4. 4) 2T, ZOXBEHE
oA TEL.

OLS(EWE-1)-EWE-T %@ 42 1cB$ %683HDHI, 4. 2HQEB M.

GLs(EWE-V ).~ EWE-V FKOFRICHET 2800 wt+vdy-tw, 43HOTL

SLp(ILE-T0)----ILE-II &0 6L(i6), 410THOF, RIBETD MO Corr. OB L 6Ls(ILE-
M) OEAEFL. TABLE 2 @iy Ref. No. 1179 i€ (4.4) A TH S C QI © hicinz 5.

Ao FEROEBICOHD T, Woolard (1953) D=,

04 - FROBEILTE, TABLE 3 0LMOHORN, #HERT WL6) .

R =0Bs(EWE-TL) +08s(EWE-V) +68,(ILE-T)+465 . 4.10)

0ps(EWE-T)--- - EWE-TI 3o 685 H{OH, 23 Corr. X Kssin({l+jl/ + kE+mD). {FHBGETO DD
Corr. OFIkNFIZ sLsILE-T) DA &Rk

0ps(EWE-V)-- - EWE-V £OERICET OO0 ut+vdr+w, 241‘;5@@.

dfp(ILE-M)---- ILE-T - & 6 Lat(ic), 154THO R HEWETO D Corr. DI 6Ls(IL
E-) OH4 &ML, TABLE 2 Qi Ref. No. 1293, 1204, 1295, 1296, 1202, 1290 OIADHIK

i W) Y TrS, CORBHOHICMES.

O EHEOBENATE, TABLE 3 OGMO42HOR. kg @ X

HISEAE2E = sin n+~ésin3n+%sin5n ) 4. 1D

sin 7=A [J sin as(ILE-TI) +4 sin zs(EWE-T)+0 sin zs(EWE~-V )+ sin 7, (ILE-1I)]
Attt 0.999 927 250 416, (4.2) XBJE.
0 sin as(ALE-IL) -+~ ILE-T %@ 6 sin x(iy), 18IEOW. BRI 0p® Corr. IDWNWTE dLs
(ALE-II) #RHBEAEEL.
d sin as(EWE-TL) - EWE-TL %0 4sinz BE$ 257250, COROBEACO>WTIIE 4 2 Ho
(QHEBH.
8 sin rs(EWE-V)--oo EWE-V HOWEFICET IO ut+ody+w, 36D AL
4 sin 7p(ILE-TL)--~ILE-TL &0 §sin (i), 66D, (REBGEI D@ Corr. 1T DT dLs
(ILE-T0) %k 2HEAEFLU.
4.5 BFE - AFEOHHE
B « RIS S B « B~ 0L 8.2 ek 5.

5. 70U3L0BEL& RN
i=2 OO s 5 a0iEE, BELDNOABERLTO 02O THMT 2. j=0-0854&1 WA
KRRALTHZ. bodbdbIBBICHELELE, KVBREEED /07 7 AR L LTS LT THS.
51 F#—=%Ah—F
ILE-T % :No. Arg., a,b,cx10%, dx10%. ccic L, @& I, F, D ® a {cl&¥54. 1HO@OFHE ST
14— Fic 15,
ILE-T % : Ser.No., {4 # (Coefficient), I, F, D, Q, T, P,(t:—18.5) OFk, Angle. ¢ © 5 b
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TABLE 2 OHUCH HIREIC 44 2RULSOEFHELTEL. 14— FiK1H
FEREMWEHEEOANGE  ILE-L #& EWE-T ZoO5HpbBREHIE, ThehREEmMLT—o0H
5. coMs, BREROMM0IE B, 2OHARETS. Fio D ORI m BEHELE
(4.1) ©fE 0.998 655 247 48 %= T ORYUCFE L TH . kIC Brown @ Table &> Ref. No.182 @
AIEZEY. XSICHBEROBESFROSNOILDIBBOBRI i, 4, k m2RO—20HNICE -
H5.
N = ({450) % 10°+ (F-+50) X 10*+ (£ +50) X 10>+ (in+50) 6D
14— Ficl1H,
FEOXEIE  EWE-TI B0 B+4B 2R E T2, D O m &R OEAI 1D 2EF20L,
BROA, Gk om =20 N KEEDHZCEFEOESEAL. 14— FIK1HE
ILE-T FEOBEIE : Ser. No., {RE, BIHORE, Angle. m pFHROEAIC 41D £FT L L, B
i, 4o kyom%B NIIEEDLICEZLOBAERIL, i a, b, ¢, d, Angle ZROMICE &
5.
M= (a-+50) X 10*+ (b-+50) X 107+ (¢+50) X 105+ (d+50) X 10°+ Angle (5.2)
14— Fig15.
EWE-V % :u, v, w, JIBOREAE1H— N1 HEANICEZEDI LB ELRL.
@) : No., HE, SIOBREE 17— FIC 1 518U {4+ +RF4+mD+nQ O THY, ORI
KON e ThL.
N/=({+50) X 108+ (5+50) X 10+ (£+50) X 10* + (1 +50) x 102+ (1n+50) (5.3
Y1736 : TABLE3 O F, G, H, f, & h k14— Ficl1H hiF—-2XTAND
5.2 7OYSiVTEE
785 ald NEAC 2200-500 @ FORTRAN L THATHS. i3 JIS 7000 &4, &5 ICHRED
RS 7 FORTRAN ©d 5.
5.3 HEOMRLTHHM
A U R30S - orbital parameters « SEHEBER OBATRRA LR 270513, Bk - kel
DTHEBEOORCE ABMHBETE B X 5ICE - T 5, HHERECHEE LORY 0.5 AR Tl
RHNCHEL D 3. MBEEEThEZ OB CHET 5.
5.4 EIF{ R
BLHOBE e Ui hid, =) v RR « 7)) ABOFEA R - Kok - BEE  \EHE - o
Bzt « \HRE - BARREET 5.
2o B WHOREE LY, FlGRhiEE CHFE T 3 C LS oRERK KT 2 LiEEET. B
5.6 HiowmiEsK.
5.5 FHE AN HHOHE-F
1o EE  EEINARICE Y SRFR R RS - SRR RRRERET 5. BOIE
FEARHCHE T — 7 IE T 5.
w2 PoBE : AOBOFERIENBAEST 0T, BRhERENFZ LT IBRENTH 5. FIEH
G A= FoZEOPEELDBE O THATE 22 EDIFE LVOT, ROBE— FEMNE
T2, CBRMUEICRUTHET — AICRETE D IHCHNOA T Y a v i — FCHIfT 5.
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(a) orbital parameter ZANF -2 ICE > TEHETX 5L 31T 5. §75h b orbital parameter %

7a s 7 A0 - Bl LTS,

W) ML THE7 -4 (LE, EWE OHEORIE) 2B T2 245 @v ASH — F A Ui

ZBHDTRIEL, WAT Ak LTH a7 — 252 a3 7TITFOH LCEHET 3B, ®iT L
R OIBIET — 2120 2 — FTAHLTHET $20TH 5.

(o) FEHROMDPFHEZ 20 D

@ R o BIIEH  HOEB - B - RO E I, HE) ORITE « HULBEE ¢ FONR A RS
- MAHIET S

(@ ﬁ¢%<%,Mﬁ%?-k@ﬁ~ﬁ&ﬁ-%ﬁ%-ﬁﬁ%6@61m$?5.

@ MlodtEdg: (WA AE, USNAO 05 ITk A#5H b Rk HISET 3.

A

HEOBEAHENKICK o TRT. it JIS k7 o —F 4 — FEEICHTL Bt THIID.

1. ILE-I #® No., ai,b;,c, dz a:T —7 (MT) »6thdujiazhE (CPU) ~., 1

! :
2. ILE-T %£® Ser. No., Coeff., [, F, D, Q, T, P, (£:—18.5) D%, Angle & MT /& CPUA. 1

Y

3. ILE-T ROF 455 ai,bi, o, di ZRPHEL

)
2, sinm IWHLTR ILE-IT #IC BWE-T ROMEZMAL OO, B icH U TRIEWE-
WkD, 42D Ser. No., Coeff., N, M # MT 5 CPU ~.

N=(.15x, M= 2

5 EWE-V #£® No., Coeff., N 2 MT »5 CPU . 4

¥
6. #HO No., ¥, N % MT »5 CPU ~. ’ N'=(5.3)=
L !
7. WHEEE (G OTEI), MANE (b ORTEIR) 28RS 55 — G 1
; ﬁ
8. k=0 ’ k=1 b !
J ! A S
ﬂ%ﬁ?ﬂ;ggﬂ HaANH ( Ejﬁ(ﬁﬂggﬂ(b\ggf&@ é%%}"fgﬂlﬁ HEAD ‘
e Af2E>, £00.50 ETwT]
rﬁbwmmjmééﬁﬂﬁi &ﬁi32§2§§MTm lﬂﬁﬁﬁeggﬁﬂﬁﬂﬂl
(T SRURET 5. lﬁ%ﬁgggﬂaéﬂﬁw‘

| | J !

by DIEICE > TROBERILAT 5. ENENIRBEDFS . |

!
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|

by IS B T

1| 2y o =@A, L) ABEOF MG, SR (0701), Rk (00D, HFEHRE
(070001), #HFRE (02001), HARHE (070D).

2 | Y URiEH, 7va) AEO4H BT, HERE (070000, ik (070001, HIER
Z (07000001), A% (03001), #k# (070D).

3 | Y YRER, SV A BOFEH B, RER (070001), HEETARICSDYE L
YOI (070001), HISEHZE (07000001), FixOES) (070001), FHEE A OB (070001).

4 | 2V UREA, ST ABOEH AR, BRI (070001), WA+ ABICADES
7o OFRERTE (070001), HSEHEZE (07000001), #i7RE: (07001), Mk (0701).

5 | Y URMA, FLIVABOES BRSE, BHFER (070001), HHEA& (070001), HSEH
% (07000001), Hsk#E (05001), @A (0701), HLLEHE (107%), HEOEDH, HHH
AOED, FRONGTE, FHEONTE £(07000001).

6 IEE;‘&E?%Q’;%EU?@'Z). &), fundamental argument, additive term, #%f,
Wik, o WESREOKBT, RRREE BRWEER B, Hi8 RUEmRE,

7| Y UREB, WS ORI R, SRR SR 9EEEs, BROZD,
MM OFD), MEREAEE, SRR GER, W), THER WEEE~ 0 additive

' term ORI, %, HE, WEEELhEhOXGHIBEH, %

8 | FREEMEEN (1950.0 OFRE, okl BROVISEGN, FREE FROR
o, BARMME R &R LTS b REE A ERY ).

9 | F—KZlo JHD & USNAO & ORGP L 2 1RER, R, HSEEZE, BRR BR
B~ THIEY 3.

10 | 7T —Z, EENENTET 5.

11 | orbital parameter, SEHHEEER O A2 U CHE L, HIFET 2.

12 | additive term, KIGTH, BEFEOREEZ LM CHEL, HFET 5.

13 orbital parameter, SEYGHEEERE, additive term, XBTEH, HEHO—BE2ZE LIRZ T
HEL, HET 2.

(EE) HEAMCOUELF OB &Iz v RBALGZHFEL, FL T ABRIEL. COBRKT
R 2HFET 5. l
} 0. ‘ k=0 k=1 ‘ by=2
i | :
Y | FEET EEpE S p

|

o, ‘ - l

[wTueR T whes

‘1/

10.  t=J. D. —2415020. 0 ‘
v
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1. tieBdsd CFObBOBES L) fundamental argument A58
4

12. additive term #AE}E.,
4

13. KBIH® argument (fundamental argument+additive term) 3%
! .

4. FEROXBHE, AEALEITIDIC, FIH - F30 1007 YL - 100" FOHEO=
DITHMFTRE & 5. FHIITRRIGER, orbital parameter T3 5. (LINC OWET
DN TEOBOBI LY, EOEAKD COWITRINETH D).

}
15, BEHEOKRHAALEH « F3 1007 DEOTH « 100" BTFOHEOZ2CH0 THIA L 5.
!

16, BEEROKGHEETEH - R 107 D EOB - 107 DIFOHO=ZDICHE Tk & 5.

: ' -

17. BREOHHO 5 b TREOTHBERUAN OB IECEAHE.

)
18 4 K, A, LEOFEER OK LEICHUTI additive term %212 2) » KKK
T & BERICHT BRI A
!
19, FEEIREBICUTE, X, KREICX3EERICHT 2EHEE 4.
i
20. TERERBICLTS, X KB & AEZEFERICHY 2EHHEA .
: ;
21. principal characteristic ZILOFERD/$F # — 2 OZEHICE S WETR (S NAERFHIEE & 1§
), wtt+vdytw REEE, FHE, BEIERICHT CEHEA

Y

22. EROE®, FEEMOEBEZI.
[

23, ERIFHOMTEEHE, EEERRZ0FIITICLTEL) ‘
!

24. ISR, I, HCEREERE
¥

25.

TREEAEE, AR, SR FOHGUY, HULBREEE AL ‘

v
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26. ke OEICK > TIRESNE2MEEE LP) TIHAT 5. {EESN 58I step No.8 &
9 LOMICH D k=1-13 IKHT B HHNELEEBR.
Y
27. ki OEICE T MT WZERETIMEPEZREDS. 0,1 O&XICRBHTE. BT IH%
13 ke OfEICKS.
!
28. ) v RHZFHENBOKRMITEPT. J
!
29. wVA -+ ZA y TFHONITRL > TNARBEHEADIET ., ONICT BiTlda vy — i
LFEBTHD.
!
30. YR «RAA o FH OFF 15513 step No. 9 T & 5. l

PILEMET DS T ATHD. THIEIT RS T 2200HMb 5. —ME LTHEE Corr. X Kisin (il -+ +
kE+mD+aLe+bQ +Angle+cT+dP) OHFEAZRT 5. (3.4) XBH.

% B2 s [ ¢ [ b
= "
N N
5 |« 3
I N
> — >
A — E |2 FO[Z] e
T

A K, N=(.1) ®BL0 M=(5.2)=% »5 Corr. Kisin (Arg.) %389 5. Corr. 11 (3.18) RT
Bz o, ¥ Arg.=il+j/+kF+mD+aLy+bQ + Angle+cT+dP,
NS L AL kR 2Rk,
TN/100 5 1L 7], L&) 2Rk B,
NpB i, 4, By om ERDB.
(K, Ny M, P&+ KR 2BODBEO—20FLHR) A£54T Kisin (Arg) 2EET 3.
:N, M, P #5%C Arg. 2RkpH 3
G:N, M25%27Ti, 4, k m a b ¢, dxKD5s.

5.7 7A7SAERICELLAY, 11— FERE S UHESRTICET 28504

a7 MERORBERABETHE LBFETELTCLHBESTHD, 2070l 7 AOFRKNILI—F
BOC DO THRABTHE 2. UL, COX3EEEIS, o7 s 7 A0Eo—ENbMD, BicHLL
317005 AE{EBEAOBREITIL S EBDNEDOT, ROKIIBT TE L. #A LFHEHIT NEAC-2200,
EFN500 ThH 5.

m o 0w

e
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j=0 j=2 note
Spent time
h h
planning 480 240 including literature research
data compilation 40 104  including designing of procedure and formulae
data punching 136 224 including verification
programming 220 240 coding in FORTRAN
programme punching 120 208 including verification
debugging 128 176 including machine time
test calculation 64 240 including machine time
Number of cards
data 1686 2801 aberration for j=2 in DATA-sentense
main programme 490 1131 variable according as amendment and revision
sub programmes 289 289  common to j=0 and j=2.

COTUY T AERERFHER LD FACOM 230/568 1€ X - TEFF Lic s & OFFEFINZRO E LD
TH 5.

Calculation time for the moon’s ephemerides : 2, 3, #, «, 0
by FACOM 230/58 at Tokyo Astronomical Observatory

one date one year
(e. g. one half-day data) (about 730 dates)
s m
j=0 ~1.7 ~21
j=2 2.1 26

KEGEBTIT19304 LR, BEEE L L TEFEZ0 4 FR0A D% Brown @ Table i[Ck - THEL, KM
B (HRHIHEER) - RUKE CUIRFRHZEER) - REMNER Q94341 5) 2HFEELI. ZOBBORE
WEkE (1954 pESEL TS, 196040 ILE BAICHED, CofEdubsnis, ZOERIEY 5
HEFRBEARERFICORT. MR SN R K 2T, R, Ch&MraERick
BETEOHE AT UTHVEEEINE. L& FACOM 230/58 ¢ & 2 BI7E OFFEERR & Hl X fio .

Spent time by manual calculation of the Brown’s Tables at JHD

half-day values of numbers of actual term for

‘“Ist scheme” for calculation of

one year sheets man-days  personnel ephemeris for 1958

arguments, J,n,An, Bn 81 84 3 1953 Sep. 26—1953 Oct. 28,

apparent longitude 126 201 3 Oct. 20-—1954 Jan. 10,

apparent latitude 80 108 4 1954 Jan, 20— Mar. 6,

horizontal parallax 52 62 4 Mar, 7— Mar. 31,

conversion to «, 0 65 93 3 Apr, 1— May 13.
total 404 548

“2nd scheme’ was made in parallel using modified forms for checking.
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TABLE 4. Frequency of differences ILE/AE-JHD in the last figures.

Differences never exceed by=1 in the published last figures.

dift. in App. Long. App.-Lat. Hor.Par. App. Long. App. Lat.  Hor.Par.
ot (0701) ©701  (0%00D) (0”01 0D (07000
n % n % n % n % n % n %
~1 30 41 20 27 12 1.6 20 27 2 36 2 0.3
0 | 1952 657 89.8 691 944 697 95.2 ] 1968 673 91.9 688 940 706 96.4
+1 4 61 21 229 23 3.1 39 53 18 25 24 3.3
-1 40 55 18 2.5 4 0.5 28 38 16 22 10 1.4
0 | 1953 634 86.8 678 929 706 96.7| 1969 652 89.3 683 93.6 691 94.7
+1 56 7.7 34 47 20 2.7 50 6.8 31 42 29 40
-1 18 25 19 2.6 5 0.7 38 52 19 26 6 0.8
0 | 1954 658 90.1 691 94.7 710 97.3 | 1970 642 87.9 685 93.8 706 96.7
+1 54 7.4 20 27 15 21 50 6.8 2 3.6 18 25
-1 18 25 19 26 5 0.7 32 44 20 40 7 10
0 | 1955 654 89.6 695 952 705 96.6| 1971 641 87.8 686 940 706 96.7
+1 588 7.9 16 2.2 20 2.7 57 7.8 15 2.1 17 2.3
—1 23 31 19 2.6 9 1.2
0 | 1956 659 90.0 695 949 705 96.3
+1 50 68 18 25 18 25| 1952 487 3.3 425 2.9 160 1.1
~ 13062 89.4 13789 94.4 14047 96.1
-1 31 42 16 2.2 19 26| 1971 1061 7.3 3% 2.7 403 2.8
0 | 1957 643 881 693 949 690 945
+1 56 7.7 21 29 21 2.9
(070001)
-1 23 32 15 21 2 03 15 21 57 7.8 6 0.8
0 | 1958 646 88.5 697 955 712 97.5| 1973 674 92.3 600 82.2 699 957
+1 61 84 18 25 16 2.2 41 56 7 100 2 3.4
-1 % 36 14 19 9 1.2 23 32 8 11.9 12 1.6
0 | 1959 653 80.5 696 953 705 96.6| 1974 679 93.0 545 747 705 96.6
+1 51 7.0 20 27 16 2.2 28 3.8 938134 13 1.8
-1 "3 41 33 4.5 8 1.1 4 6.0 91 125 2 3.4
0 | 1960 660 90.2 680 929 710 97.0| 1975 681 933 524 71.8 674 92.3
+1 42 57 19 26 14 1.9 5 0.7 115 158 31 4.2
—1 11 1.5 33 45 14 19 42 57 123 16.8 13 1.8
0 | 1961 666 91.2 676 92.6 696 95.3 | 1976 683 93.3 491 67.1 695 94.9
+1 53 7.3 21 2.9 20 2.7 7 1.0 118 16.1 24 3.3
-1 10 1.4 21 29 6 0.8 22 3.0 105 14.4 4 05
0 | 1962 671 91.9 698 95.6 697 95.5| 1977 692 948 534 73.2 691 94.7
+1 49 67 11 15 27 3.7 16 22 91 125 35 48
-1 4 60 25 3.4 8 1.1 5 0.7 8 1.1 12 1.6
0 | 1963 629 86.2 682 93.4 690 94.5| 1978 675 92.5 566 77.5 693 94.9
+1 57 7.8 . 23 3.2 32 4.4 50 6.8 8 11.4 25 3.4
-1 14 1.9 29 40 10 1.4 3 04 52 7.1. 11 15
0 | 1964 677 925 680 929 706 96.4| 1979 657 90.0 633, 86.7 68 93.8
+1 41 56 23 31 16 22 70 9.6 45 6.2 34 4.7
-1 17 23 18 25 8 1.1 ' 1 01 17 2.3 9 1.2
0 | 1965 647 886 698 956 698 95.6 | 1980 645 8.1 696 951 702 95.9
+1 66 9.0 14 1.9 24 3.3 8 1.7 19 26 . 21 2.9
-1 10 1.4 15 21 9 1.2
0 | 1966 654 89.6 704 96.4 703 96.3| 1973 155 2.7 613 10.5 92 1.6
+1 66 9.0 11 1.5 18 25| ~ 5386 922 4589 785 5544 94.9
198 303 52 642 11.0 208 3.6
~1 24 33 21 29 2 1.0
0 | 1967 646 88.5 693 949 708 97.0
+1 60 82 16 22 15 21

i
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6. AE £ 40 FLE (USNAO) &bt
PbHOYHOBIE, AES4A<H UB%BA 55510707 hilfol &ETHof:. HIH W4
TR LTI - T B0 T 0 77 AHI9BEBEICER L0 T, ZhEAE (1959FELHNL I LE) L&
FHBEORIC OO THEK Lic. AE-JHD OEQHENMi% TABLE 4B 5. AE IC5ATH sRHT 1
I, HERB XCHEFET 0701, WEREET 07001 (wééfﬁm&li 070001) THYH, O HICBOTHED
# AE—JHD 222 L8230 LR Bhrofcdt, =1 WAL TR LS. C&iT j=2 OHERIC
FLL, COTHEROBETBI NG, HOMCHIRIBESLBMTE->T 1 HBLbNE. DEDIE
FALZEHBRE L BERT - 21c20T, AEETHD EOBICEENDOD 5T EMEE RS, Hifd 000 &
BHOWMOBCHEINI S, 20Ohd 1 TH R Z3OMmIGEOMABNE, b hESEOHHIC
ENEDPIFTFERTHOTHS.
H7e USNAO zc:}ém’c)ﬂ OfF A4 QEOHEARAT A Van Flandern Kz, ¢® AE—JHD {2 TE
RERwick A, RELUTOXS1EEZE (Van Flandern, 1975b) 2w Sk,
1) =2 OFic>T, USNAO & HMNAO JiliEo 7" oy 5 sl L 2482 ki L, AE [CHIRIS
LENG D V2B ETH->TONLCEEHAL, Chidk-T HMNAO (3 AE 23 E L T
Z. LU, AEKESIT o 7ok 5 R IBIESERT o T,
2 ' AE—JHD DERERE, BEAEMAE QTR 7 AORMCH S EMDNE. & SO BROEH
IS FRIEIC DWW T, TABLE 2 ITBH 2O D b REIHOK S W I U O 4T CRGHEER IO
AIH) Ref.No.1375, 1401, 1407, 1413 #20Hic (4.4) REFL T, BEEO/NSVED © 9 THIT(3HE
UTinE L5, AE—JHD B bElTasThAD.
COHETEATED 5 2iC, JHD O 7 n 77 AOHERE « BIRICTROWE 42, 48 2ELT, AE [GE3LH
& . '

Retrogressive revision of JHD-programme

for correction of térms due to the earth’s figure

Ref. No, A2 Ref. No. 48
1173 —07001 013 sin (/—2D) 1280  —07000 442 sinZ,
1174 —0.000 104 sin ({-2F) 1292 —0.000 182 sin (Ly—2D)
1179 —0.000 987 sin 20 1293 +0.002 156 sin (F+2Q)

1294 +0.000 078 sin (F—2T)
1295 +0.000 130 sin (F+2Q+D)
1296 —0.000 130 sin (F+2Q 1)

This revision means that the factor (4.4) due to the change of the earth’s
figure is applied only for the first four terms in TABLE 2, while remaining

nine terms with smaller coefficients are unchanged.

1974, 1976, 1978, 1979FEM 1 A& 2 ADBEBMEICONT, COREAW UIEELAE LH~2 E, RO
X Hlcis 3.
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Improvement in numbers of agreement dates between AE and JHD
due to the retrogressive revision in JHD

for half-day ephemerides in every January and February, 1974, 1976, 1978, 1979.

for 2 for

/,—1 on ( dates 4—1 on 16 dates
—1 on 19 dates —1 on 48 dates ¢
Ny N

0 on 19 dates 0 on 32 dates

2—1 on 2 dates ' +—1 on 7 dates

0 on 434 dates— 0 on 423 dates 0 on 370 dates - (0 on 358 dates
14+1 on 9 dates \4+1 on 5 dates

0 on 11 dates 4 0 on 28 dates

+1on 21 dates +1 on 56 dates
N Mo

1 on 10 dates 1 on 28 dates

THDE, HRTEMID BRI LM, FBRETRINEET L, TR EEINE > TObC &ITi
3. ZhIEDNTRE BICERAEST Z2EMRED, BTH TN S C LT 2.

5 Van Flandern K (1975b) @FE#ficid, RIKMHPER U Fundamental Lunar Ephemeris (FLE &
9D ORI T AL THFELET —2BRATHD, hid 2,  2/NUET AL sinx & /NRUETT7
METHEZSZFHMEATTH 0. CNERTESX91C, THDOT BT A, HiED OB THE
BRI, TR0 AERBICHEMT 2502 L. ZOERSELHTRHLLLDT
b3,

COWETTas T Mok bEEERLE FLE (USNAO)Y & 0@ Hik% TABLE 5§ X ¢f TABLE 6 [C/RT.
TABLES B2 3%), D% “Tablell” {3, ILE-TRICHIRRROZEETIC EHWHIE (TABLEZ2 DR LU
DO LFEDYED) ZHLTELNIMERENRT S, T/ FEO “Table W, Sums” i, 2 BXY sinrx 12D
DT ILE-M#EE EWE-TEOM, f Ik o0 Tid EWE-IIEONAEREYT 2. X5KEBEFELMD o TH
%4. TABLE 6 TR, F - 20ONOHEIEBRLTH 5.

z® TABLES 3%t TABLEG (B LC Van Flandern I5 (1976b) 75, EEUrhfisss, KBHE =mE
H, ILE-TZOREEDT — 2 OREE. ch o2l LckR, ROERBHR - .

(@) FEHICOVTE, USNAO BXU JHD 2heho7 vy s sREMAEEL —KUEEER 5.

ERAT PR
4¢p(USNAO) — 4¢(JHD) < +07000 003,

6.1)
Ae(USNAO) —4e (JHD) < +0. 000 001.

TABLE 7 [CEBHC 5025 AE & JHD OEOFIAERT. COERBEEAL AE OBFEICLDLHDTH
D, TORORTEHSHIL Wilkins (1954) OB &12IZ—HT 5.
(b HFEICDNTH, USNAO & JTHD WEEAE—H LIciEEA5. B4 20E TN, & 5 i
25 L HEE RS TOBN, FHERROEIKO &SNS
dA(USNAO) —d2(JHD) < +07000 04,
dB(USNAO) —dp(JHD) < 0. 000 01. }
(¢) USNAO & JHD Rinvhd, ABEHEIREEL +070001 ORFE THEBRICHEHLTHESH, USN

(6.2)
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AO T3 ILE-T &A% £07001 OB T,
WMLTNSG.
@ USNAO T, = 2RKD272DO sin~'z OEAE 3KEE TIC» TS, (411 XBHE.
TABLE 6 2R SN/ BRI T 2TH 545, USNAO & JHD &0 U 3HIEHESEI>NTELL,
TR FH TR ARV, EROFBPP-HMNEN. % - BT BT 5353 LR, Ohobhrd k>

Ul d HIBRREROZETICH 5 REER Ul L TIHEREA LR

I, FH - ETROHFAOBNCL 20 TR, OHIRREOEEICH S MBEOEMCERES 5. chic
TABLE 5. Intermediate calculations for 1974 January 8.5.

U=USNAO—JHD
J D =244 2056.0

Fundamental argument Table II Argument U
L 107°29/597523 78 (—07703) 107°29' 587820 78 +13
*L o 107 29 24.855 93 8.086 30 107 29 32.942 23 +40
@ 106 14 40.941 03 0.151 07 . 106 14 41.092 10 + 3
Q 267 31 19.825 27 —03.399 43 267 29 46. 425 84 +69
L7 287 39 29.531 40 — 287 39 29.531 40 + 7
&’ 282 29 37.086 00 - 282 29 37.086 00 +13
v 97 16 07.859 12 — 97 16 07.859 12 +11
J 323 48 24. 482 91 352. 332 87 323 54 16.815 78 —544
M 60 48 15.703 24 — 60 48 15. 703 24 + 7
Sn 90 29 13.612 09 —886.170 55 90 14 27.441 54 +1406
Q 297 57 10.794 62 — 297 57 10. 794 62 + 4
T 105 55 36.317 25 —5.396 71 105 55 30. 920 54 + 2
L, 105 45 33.768 54 — 105 45 33.768 54 +10
l 1 14 43.914 57 7.935 23 1 14 51. 849 80 +71
v 5 09 52. 440 27 —5.396 71 5 09 47.043 56 +19
F 199 58 05.030 43 101.485 73 199 59 46.516 16 + 3
D 179 49 55.324 35 13.483 01 179 50 08. 807 36 +52

2 ) B ) sin @ ¢5))
Table T, Sums —1237735 85 (—6) —6 1577595 88 (+16) 3 69070725792 - (—45)
Nutation 18.170 05 C O - -
Aberration —0.757 10 (+2) 0.065 98 ( 0 -
b} ~106.322 90 ~6 157.529 90

Ephemeris :

2=*L+Table 11+ 3 =107°27 467619 3 + 4

B= 2=-142 37.529 9 (+ 2)

T= 61 30.000 949 (—33), cf. O(sin®zx)=-29.
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DNTIE T CHRET 3. TSI ET 2R3, USNAO A sin~'nr ® 5 KEEKL T3 T iciE
EAERRT D, o5 REAY USNAO i JHD EHiLicdhs TABLEG @ U* ThHs. Ficlc)Dil
WFEOZETICH S MBUC DT H USNAO OFZEAMIEL, JHD SHEELbohs TABLEY @ U* T&H
3. TIRbBEED U, EHHO U, HIFFEHZED U OWINIKONTHZOEEE 052 Eliof. 20T
&, b UHEORKHERAMERALT, AE ERUYAHTHRIRT 27251, USNAO & JHD OEDKE
M, £1 OBEBIHEEF2BPAREND CEEERT S, chid AE-JHD Kk 525E (TABLE 4) &l
NTHRBICEN T 5.

—F, TABLE4 @ j=2 OIIRT X 51c, AE-JHD 5 AE OHRIKRET +1 &5 25, BRTS8
%, FiET229%, WWHETS B THE06, AE-JHD DM ZzhEh

oa=2070010, op=07003,  o-==0700006
CifEsh s, JHD & USNAO BRL—ELTHATEND, ThoOHHIEIT AE OHEBELRILE
5THAD. 158, TABLE4 FI975FEICE T 5 JHD 07 uy 7 Alck bfE AE LORKRETH-T, £
D%, JHD O7 145 AFBETIN TV, i3 TABLE 4 OFRHEICIIFEASEELITO.
TABLE 6. JHD-ephemeris for j=2.

U =USNAO-JHD
U*=n(USNAO)—=(JHD) + O (sin® )

App. Long. U App. Lat, U Hor. Par. U U*

1974 1 8?15 4676193 + 4 —3775299 + 2 307000 949 —33 - 4
1 16.5 43.7672 + 8 —38. 9059 + 1 37.605 350 —16 +1

1 24.5 6. 3856 + 6 +40. 3995 + 3 13.089 878 —13 + 2

2 1.5 44. 5888 -1 +-38. 7484 + 1 44.579 732 —26 — 4

2 95 36. 1507 + 5 —25. 5930 0 24.536 259 —25 0

2 17.5 2.4390 +12 +47. 9758 0 4.648 496 —~16 -1

2 255 23. 4413 + 7 -+18. 4478 1 13.917 936 —17 1

1976 1 6.5 21. 2063 — b +19. 6721 + 2 37.596 270 —14 2
1 14.5 18.1228 + 5 —59. 5644 -1 51.330 975 —19 0

1 225 30. 0196 + 3 —46. 0280 - 2 29. 706 945 —25 -1

1 30.5 37. 8692 0 +32. 3984 + 1 4,062 230 —17 + 2

2 7.5 44. 4975 + 1 +17. 2938 +1 26.339 4564 11 + 5

2 155 16. 6955 + 6 —31.5183 — 5 10.941 812 =27 -2

2 23.5 29. 7849 + 3 + 0. 2464 0 37.639 950 —20 + 1

1978 1 3.5 25.1263 -5 +10. 2740 0 17.603 100 —23 —1
1 11.5 21. 0266 0 +14. 7349 0 57.314 184 —21 + 4

1 19.5 26. 7772 + 8 —13. 4920 — b 9.560 737 —14 + 1

1 27.5 6. 7681 -1 —37.9036 -3 43.868 088 —15 + 2

2 4.5 51. 5590 — 5 + 1.7817 +1 26.233310 —-30 —4

2 12.5 25. 0839 + 2 —56. 0306 — 2 23.905 871  —20 -1

2 20.5 14. 5695 + 8 — 7.0802 — 5 37.260 300 —17 — 2

2 285 46. 5351 0 +12. 4893 + 3 18.311 323 —20 +1

Mean of U and U* +3 %5 -0 %2 —20 =6, 0+ 2
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TABLE 7. Frequency of differences in nutation between AE and JHD
at O ET of each first 50 days in 1960~1980.

d¢ de
(07001) (0”001

-1 0 + 1 -1 0 + 1
1960 8 37 5 7 38 5
1961 7 37 6 9 38 3
1962 3 31 16 7 34 9
1963 2 33 15 12 35 3
1964 4 32 14 10 37 3
1965 3 34 13 5 38 7
1966 8 38 4 10 31 9
1967 9 34 7 5 37 8
1968 19 31 0 5 37 8
1969 6 37 7 10 35 5
1970 7 30 13 7 39 4
1971 3 35 12 2 38 10
1972 5 31 14 1 29 20
1973 6 35 9 5 38 7
1974 7 36 7 6 37 7
1975 6 31 13 5 38 7
1976 4 33 13 3 36 11
1977 11 30 9 13 32 5
1978 5 38 7 3 36 11
1979 4 38 8 6 35 9
1980 3 41 6 6 35 9
total 130 722 198 137 753 160
% 12 69 19 13 72 15

7. HBROREOEEICHES HIELZOKRE

7.1 USNAO—JHD

AE QFBEORBICONTILE WilkinsiK »OEESS 20 LML TS, BicHIBRREROEH ICk
MR 20T, MTIET LI EMnE, JHD & USNAO LRIUFEEE - TNEDEAILSN A,
(1) 197340 AE OFIUCA DB, 1972E0 L1 ILE IHET 5 2 & & LINT, BEEHEE LL®E
WCHB. (2) EEREENLE, VEHRBERAYETT 25 (JHD & USNAO &b 20HH) 28507
& o THERROBICH U TEBTION 3 BEIC X 2WIERRIRSG RV THEA D, 3) & ULdlc L3 HEHEL L
T T.2HOFE 2 RA LET 2L, 1972F0/80 JHD & O BIcE LT K S 7530 - MEEOEEN
1BELBOETCEEET IR TH 505, £ > T,

% ¢ JHD, HMNAO, USNAO ZhEh sl L 5 Fiffls TABLE 8 [</Rd.*

C DT Ref. No. 1375, 1401, 1407, 1413 {2 FHNBEZEF ¥ 7212 orbital parameter 1€ 34 5 M ERO
B X 408, Ref. No. 1173, 1174, 1179 133#4%ic, Ref.No.1200 » 5 1296 % T i B s 2 fn

* (BIEMicBY %:1888) Van Flandern Koisflick » T, TABLE 8 ©® JHD @ Ref. No.1173 O%53E -~ T 3
&b otc. ELWMER +07038480 TH-T, ThEHES & (7.1) ROB2HEIZHEL 5. TABLE 2 OZ OEDH
iz —07039+07020—07020 HBRY,  ORBORHSHEOILOBHTH 3.
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TABLE 8. Comparison of adopted coefficients
Table Ref. No. Brown’s expression JHD HMNAO (?) USNAO
ILE-T 1375 + 77261 sin Q + 77072 3904 4 77072 394 + 77072
" 1401 — 2.076 sin Q - 2.022 076 — 2.022 076 — 2.022
” 1407 +95.96 sin Q +93.467 421  4-93.467 421 +93. 467
” 1413 — 4.318 cos Q — 4.205 839 — 4.205 839 — 4.206
ILE-II 1173 + 0.039 sin (2D-D) -+ 0.037 986* -+ 0.039 -+ 0.0385
o 1174 + 0.004 sin 2F—1) + 0.003 896 -+ 0.004 + 0.0039
” 1179 — 0.038 sin 20 - 0.037 013 — 0.038 — 0.0370
” 1290 — 0.017 sin L, — 0.016 558 — 0.017 — 0.0166
” 1292 — 0.007 sin. (Ly—2D) — 0.006 818 — 0.007 — 0. 0068
” 1293 + 0.083 sin (F4-2Q) + 0.080 844 -+ 0.083 -+ 0.0808
” 1294 + 0.003 sin ('-2T) + 0.002 922 + 0.003 + 0.0029
” 1295 + 0.005 sin (F+2Q+0D) + 0.004 870 + 0.005 + 0.0049
” 1296 = 0.005 sin (F+2Q—0 —~ 0.004 870 — 0.005 — 0.0049
TABLE 9. Modification of A(USNAO).
(1) JHD (2) USNAO 3) 4w {4)=(2)+(3) U*=(4)~(1)
q (0%0001) (070001)
1974 1 8.5 4676193 4676197 —4 4676193 0
1 16,5  43.7672 43.7680 -9 43. 7671 -1
1 24.5 6. 3856 6. 3862 —4 6. 3858 +2
2 1.5  44.5888 44. 5887 +1 44. 5888 0
2 9.5  36.1507 36. 1512 —4 36. 1508 +1
2 17.5 2. 4390 2. 4402 -9 2. 4393 +3
2 255 234413 23. 4420 —4 23. 4416 +3
1976 1 6.5  21.2063 21. 2058 +1 21. 2059 —4
1 14.5  18.1228 18.1233 -7 18.1226 -2
1 225 30.0196 30. 0199 -6 30. 0193 -3
1 30.5 37.8692 37.8692 +1 37. 8693 +1
2 7.5  44.4975 44. 4976 0 44. 4976 +1
2 155  16.6955 16. 6961 -7 16. 6954 -1
2 235 29.7849 29.7852 —6 29.7846 -3
1978 1 3.5  25.1263 25. 1258 +4 25. 1262 —1
1 1.5  21.0266 21. 0266 -1 21. 0265 -1
1 19.5  26.7772 26. 7780 —6 26. 7774 +2
1 275 6. 7681 6. 7680 0 6. 7680 -1
2 4.5  51.5590 51. 5585 +4 51. 5589 -1
2 12.5  25.0839 25. 0841 -1 25. 0840 +1
2 20.5  14.5695 14. 5703 —6 14. 5697 +2
2 285  46.5351 46. 5351 0 46. 5351 0

mean of U*=(0-2




COMPUTER PROGRAMMES FOR THE MOON’S EPHEMERIDES 87

FHTH5 (TABLE2HBR). cORKRLNS LS BEE - LEHEEZANIGEA0H OB BREE KRbN
b7, A« Besing TRENOHAERICONTHOIREED, ChICRBIEOZRAIAT 2. L LK -THS
CEMTE A, TABLEGCIENS/c USNAO & JHD L3 U K20 T, ChAEE~RTH 3. Bitxhik
USNAO 0zl5bili, ke WA 070001, HIFEE%E 07000 001 £ THZTH 5. 2+ f-sinn O
HRICHBNT, TABLE 8ITIBW 2 EIED® S, BHER LRI T 07000 05, HFHET 07000 000 5 £ b
KEWVIE, f & sina icidisnd, 2 o0y
Adag=—0"000.39 sinQ+07000 51 sin(2D—1) (7.1)

b5, chgk USNAO »oilx, JHD &H~/o, FIFicdli TABLE 9@ U* Tk 3. TABLES I
5T, ZOMUONEVEETELICHEUHET 235, FHRO U* X TABLE 6 O#EO U, HIF4H
D U 3, WTNLISINS BB ENL e I RAIHTE 3.

7.2 AE 1968 Sup. DOFEDILIE

HIFR R OB > BiEHE, JHD - USNAO « AE ©0=Ficdm LT 1255, AE 1968 Sup. pp. 16s-
19s=Exp. Sup. AE (3rd imp.), pp. 510-513 Zi3, ThEe@H>WEENEBESTH 2. Cﬁ@t’)b\‘ffﬁ-ﬁ?
15, ‘

WA Tk S, HEROWI &L 2 B ofrEoE#i 4.3) RTRLE —g‘fz JCH 4%, Hill (1884)
Feof@E LT 0.001 759 5 2L, chiHSO algebraic BWRICHA UEIEREM AT 7. Brown @
Table iTiz %fz L LT 0.001 667 36 MELASNTED, T/ IAU 64 Ci2 0.001 624 05 TH 2. Tib
t Brown O Table 75 cOEWE LTCEA 281, Hill ORBERICEOTEIED 36K B 0.001 667 36/
0.001 759 b 2FF A Lick > TELNIBIG L. R TAU 64 27 5 &S ICEERIC 0.001
624 05/0.001 759 6 AFFNIT L. LichioT Brown @ Table & TAU 64 %53 3 BAICHENHIE
B2 Hill o

0.001 624 05—0.001 667 36 _ _
0.001 759 5 0.024 615 (7.2)

ERFHCEICK-THEND. Ll AE 1968 Sup. p. 17s=Exp. Sup. AE (3rd imp.), p. 511 Ici, ¢
O &I UTERIHERDBY TH 5. (REUEAS 070010 LI EOTEY 2> TN 50T, HETUH, KT
0EB Y, WEHZERSL.

CNTROUDNOBERITBENRD 180 OT, ¢ AE 1968 Sup. OHHEIH-T, FRHEFEHERD
Exe &&Cotof%éﬁé‘%bbéc&%a&f:. Zhvhs TABLE 10 @ “‘Coeff” TH 5. No. DFERFIC* Eﬂ@ob\'
TV BIER A AE 1968 Sup. iKiB BT 3. TORICBNT, #iid 41 o No.8THid—071888 sin (—
F4-L), 48 @ No. 193z +070022 sin(—I+2D+L), dsinz @ No.2 ZHjZ —07000 047 cos (—I+F+L)
AT 5. CoIC A2 & Af OB sin THAOIKL, dsinx OREEL cos THB T EICHEETB.

Z @ Coeff [CL-T 4 B, sinz ZHHET 2HEIC, WHEBREZMELIV X 5 IKERLZTWIE LR
Vo b, BAMO (44) RE TABLE 2 OREUCR U TR S0, 4 28(BHBICET 58ET 2T T
W5, MiUS S ARIOFER EEEEREZEE LT, RN 2OEEL L ERUHRES 12
53 XS I L AHIEEE O TH 5. Lizh-C TABLES ¢ JHD - USNAO + AE O XS IEA LTI
7559, Brown OFRXFOS0EFEbLETNIENE S, £5 LTEBNTELNK 4, 8, sin = (€ TABLE 10
@ Coeff. 1C L BHIE 42, 48, dsinn 2T 0OTH 3.

Van Flandern (19762) 1%, Brown @ Table IKRMSNTO S 372 offtiz 0.001 667 36 Tl < 0.001
672 4 TH 5 LHEE L, Technical Summary (Bixby, Van Flandern, 1970) ¢ 54 2 siTH: (354, 2M(1)
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TABLE 10. Additional correction for the earth-figure perturbations

No. I ¥/ F D L Coeff. VvV V*|No. [ I/ F D L Coeff. V V*

42 (0%0001) 4B (070001)
1 -1 0 +2 0 0 -1 1 0 0 —1 +2 0 + 1
2 -1 0 0 +2 0 — 5 2% 0 0 0 0 +1 +2148 +241 +250
3* 0 0 +1 0 +1 -9 — 11 — 11 3 0 -1 0 0 +1 "+ 1
4% +1 0 +1 0 +1 —10 — 11 4 0 +1 0 0 +1 — 1
5 +2 0 +1 0 +1 -1 5% 4+1 0 0 0 +1 4112 + 12 + 13
6* —1 0 +1 0 +1 —14 - 2|16 +1-1 0 0 +1 + 1
7 =2 0 +1 0 +1 + 1 7 41 +1 0 0 +1 -1
8* 0 0 —1 0 +1 —1888 —211 —220| 8 +2 0 0 0 +1 + 5
9 0 -1 -1 0 +1 -1 9% —-1 0 0 0 +1 -—121 - 14 — 14
10 0+1 —1 0 +1 +1 10 -2 0 0 0 +1 -5 .
11* +1 0 —1 0 +1 —128 — 15 — 15|11 0 0 +2 0 +1 -2
12 +2 0 -1 0 +1 — 8 - 112 -1 0 +2 0 +1 -1
3 +3 0 -1 0 +1 -1 13* 0 0 =2 0 +1 —87 — 10 — 10
14* -1 0 ~1 0 +1 —128 — 15 — 15]14* -1 0 -2 0 +1 -10 - 1
5 -2 0 -1 0 +1 -8 - 1{15 -2 0 —2 0 +1 -1
16 0 0 -3 0 +1 — 4 16* 0 0 0 +2 +1 +13 + 1
17 -1 0 -3 0 +1 + 1 17 0 -1 0 +2 +1 + 1
18 0 0 +1 +2 +1 — 1 18 +1 0 0 +2 +1 + 2 )
19 -1 0 +1 +2 +1 - 2 19* -1 0 0 +2 +1 +22 + 3 + '3
20% 0 0 —1 +2 +1 —24 — 2 — 3120 —-1-1 0 +2 +1 + 1
21 0—-1 -1 +2 +1 -1 21 0 0 —2 +2 +1 -3
2 +1 0 -1 +2 +1 -2 22% 0 0 0 —2 +1 -9 — 8 — 9
2% —-1 0 -1 +2 +1 —18 — 2 — 223 0—1 0 —2 +1 + 2
24 —-1-1 -1 +2 +1 — 1 24 0 +1 0 —2 +1 — 4
25* 0 0 +1 -2 +1 —13 — 1126 0 0 +2 -2 +1 -1
26 0+1 +1 —2 +1 -1 26 0 0 —2 —2 +1 -1
27 —1 .0 +1 —2 +1 + 2 27 +1 0 —2 -2 +1 + 1
28* 0 0 —~1 -2 +1 -6 - 2 — 228 +1 0 0 —4 +1 — 1
29 0+1 —1 -2 +1 -1 29 0 0 0 +1 +1 — 1
30* +1 0 —1 -2 +1 —14 — 2 — 2]30* 0 0 —1 0 +2 =21 - 2 — 3
31 -1 0 -1 —2 +1 -1 31 +1 0 ~1 0 +2 -1
32 0 0 -1 +1 +1 + 1 32 —-1 0 -1 0 +2 +1
33 0 O 0 0 +2 +1 33 0 0 —1 -2 +2 + 1
34 0 0 —2 0 +2 +10 4+ 1(34* +1 0 0 —2 +1 -19 - 2 - 2
3 +1 0 -2 0 +2 +1 3B +1 +1 0 —2 +1 ~- 1
366 —-1 0 —2 0 +2 +1 36 +2 0 0 —2 +1 2

3r -1 0 0 —2 +1 — 4
dsinz (07000 001) )
* Terms listed in AE 1968 Sup., p. 17s=Exp.

1 0 0 0 0 0 —10 + 2 Sup. AE (3rd imp.) p. 511.
2 -1 0 +1 0, +1 —47 - 3
3 +1 0 -1 0 +1 —41 — 10
4 -1 0 -1 0 +1 +41 + 10
5 0 0 0 0 +2 —43
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OFEOZERITHS FRBHOZT 2 HERE L TR, chds TABLEI) OV TH 2. FihH Coeff.
EVORIMELY j=2 OB2RIDOBEORBEEVI T LIC s, COVOER, ROXIICLTHERY
515, Coeff. DHUEIL (7.2) ko THE LSO TH B2, L Brown @ Table © %]2 A5 0.001 672 4
THoHOIELE (7.2) ofibbic

0.001 624 05—0.001 672 4 _
0.001 759 5 =—0.027 479 (7.3)

EROBGIEE S, LiedioT (7.3)—(7.2)=—0.002 864 # Hill OEHRICFRUTHSL M VEE
Coeff. DAt Brown @ Table i IAU 64 ~OHIIELT 2. V*OM(ES TABLEL ICEF 2. cid: V
ERAN-KT 2RI TH S

8. #WMRK F, (F), Fy,, Fy; O

IAU #16#8 4 (19764R) KB W TREEROUGTICE T 2 8E sEHR s, CcoH L b @R, E
ik TAU (1976) RICEHCREWHIN DS, C Tl JAUT6 LiEd. COEERTR JIAUMM e hEnhT
WIHIRE Fy, Fyy Fy A TLEY, DIRICEECROBAOIEIC Fi 8 F & LTEDbNTO 308
s L U 0% Brown OMERICIOTEZZIRY, chbORBOC BT Brlidhid 2b
WOOT, LT, HEICl~TEL.

8.1 RATEFHERDGIMH F (1AU 64 Tk F)

F sk o EIYeEdpE & 7y RO RIEREOEEEEOLE UTERSH, ROKXTHEIIS.

n
F:*/’e‘ a— Z’Z)l/Z Y

i k @AY ADEIEE, n TKGOMEEEEED, ¢ GEBEZ A O, o & kg
DGR TH 5.

IAUG64 Gl n, @ ¢ & LT Newcomb (1895) OffiA4-5OMEETH N T % 5 & LT D (AE 1968
Sup. p.7s=Exp. Sup. AE, 3rd imp., p.501), 4/@o IAU 76 OFERTH, chaz J2000.0 IEMH LT,
F=1.000 141 312 &L, iU oRT3Ee LT r=207495 518 AR N/, L L IAUTE TRIEED
HELUDHONIOT, chiKiEd 4 a OEEHELTH. Newcomb (1895, p.10) i @ ZHHT 20K

Evaluation of the aberration constant (J 2000.0)

Perturbations by

Venus-Saturn Mercury-Pluto
a 1. 000 000 227 785 1.000 000 289 011
1 (Newcomb, Tables of the Sun) 0.017 202 124 27
¢ (Newcomb, Tables of the Sun) ) 0.016 709 114
F 1.000 141 326 1.000 141 387
I3 207495 518 6 207495 519 9

Masses of the planets : IAU (1976) System,

Sidereal mean motion of the plantes : Clemence, (1949).
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&EP L LEETORI UAZEE LTIV, 4EKE»ETE X TEEICAN . GIHEORKR, ETE
OEIIIERICEZI LT Edbh o12.) a OFEICE Newcomb (1891, p.402) OXAH, » & e i
Newcomb (1895, p. 9) Kk o7z, ZOFERIREI—VDROELV TH B, LIFF~T J2000. 0=20004 1
H1H12" ETICBY 5ETH 5.

T, BAEOWEEHRE LT Seidelmann {lIi (1974) OFHEREMOTRAMOHEZT - 72 #ith, KO
S & O ke sEaI—F Lk '

Evaluation of the aberration constant (J 2000.0)

using Seidelmann’s (1974) mean elements of planets

a 1.000 000 231 1.000 000 293

F 1.000 141 325 1.000 141 387
K 207495 518 6 207495 519.9

TIAU 76 Cid BHARICIE F=1.000 1414 & LT x=207495 52 SR &, CAMI V) — TV 5516
[EHRETHIRENI O TH 208, oL, COBEONLS LT, Lo F=1.000 141 325—1. 000 141 387
BB SN

8.2 ADFEHEEERD ZFRH I,

Hill 232 @ HEEEGICE 0T, ZAMEOH (main problem, 475 HABE) 2RO Tw kDA
& UM Ui variational curve [E, {LADHERO X HIC ZEKBEOy 75 — RT3, £Fvve
WA =0, (1/a')=0, Z=0 EHHIE(L LIRS GRMEORIMTE o7, C OfRNLY 5 Hill ok
W TaH 5 (Hill, 18772). CRBIATEET 3 L0 5 [0S &1¢, 2 EOBAEREEN » 5 K ¥
T, SR O REEIR D RIEBIGE PSR BEIC L o TR .50 THY, TORBIELE &“Jblﬁi@fa‘ib‘ﬁﬂé [
CEON. COBIICE @1 RICRBRALSIC, HIIEOEE a Ml -THD., Ciuds 73 —il
Bic B 5 A O @ LoORIC, Hill (1877a) @ scale factor (a/a) A3 LT ‘

a=(a/a)a v
OBIGIcH 5. Hill (12 0 scale factor % 0.999 003 141 962 & L#c. JAU 64 Tl3, chd Fy L,
Fo=0.999 093 142 & Lz, LORi
a=F.a 8.2
L5, 3B EEMREAMEO T Brown (1893) MERICL o TRD TS,
8.3 BAaZERDIFNE F;
J fi3523% constant of parallactic inequality P {2k TEHEINZ.
P¢=Fsa
@ a; 13 constant of lunar parallax &I, (2.5) KB WT p=M/E EJIZ

1=y a
ay 1—!—‘[[ [l/ (8.3)

Hill ohEiETI, ANECINE D ERKEL S OB NI —ELNIENE (KEEERIEA, FEIRRREE)
TCHAERDIOTHBH, ERRZEE, B BRTH A « XKGHOEIHCIZ A OWOEBEEZY OB
H5. chick 2 REHH A% parallactic inequality & UTHOEDHCTEIN 5.
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S (m)(a/a’) sin D

91
Brown (1892) %, ¢ OAAXOEBHEXOFEEHEAZROETEDL U GEEOERILE 2 i),

Z ORI « HROBMCEBY 2552 56D TH 505, HWEPLNCBG 2HICE bk, B

KORIHIC A—mw/(Q+p) =R UBFHERSEN. TRLE FEOFIEFHICHE 75 0l 8.3) RNick
P=f(m)a,

5T f(m)a, sin D OIICIS 5. & QRN Brown Ik 2 AREN Pe¢ Thsb.

8.4
Brown ¢ Table T, ¢ ®FHEHLE LT Ref. No. 21 1T —1257154 sin D #3515 h T3, §abb
Brown @ Jfz5EEud 1257154 b 5. Ffc «n (Table, 3HFEHA, p.3) & LT
a;=0.002 512 73
BERAShTOS. LkdsT

F(m)=1257154/0. 002 512 73=49 808”0
8.2), (8.3, B4 Ao

T
Fy=f(m)/F, (8.5
LB
P(=F3%l & (8.6)
Zhs TAU 64 iIcki 2 HBEEHOESNTH S
IAU 64 Ti, n & #' [ Brown Q&AL TH 505 LD f(m) OEDESEL.
5
Fy=49853"2

PEAINTHS
WarDH

LiehioT (8.5)
T Dl IAU 64 Tk p=1/81.30, a=384 400Xx10°m,

a’=149 600X 10°m »EESNT
P =124"986
THb i

jem lzpo a1
[44] 1+lu a/
LR AR

=0.002 509 36
2

% Qg W& N Wk ne LRELTHD.

REEMEG 2o, 8. 261 & #8. 3 TILE 2B LR LIS E i
9.

R

Ul

ZDHL IAUGL Tld, o %4, a

5 1 MiciB 7 B OIEOZSEICE Y 2 RICHE UTHTOMRE LTE <.
9.1 j=1 OF

HELIbOTH S,

i=1 OBBREBORIITBY bhic T 1340, 1968~19714E 0 KIKBIC,

i=0 »5 j=1 =k b7
OOWEEBRA SN TS, cild AE 1968 Sup. p. 18s=Exp. Sup. AE (3rd imp.) p.512 OWEL, S
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9.2 19725EDA DE

1972 D RIKFICIBY S 1 B O, 196848 HI97EICHh T COEBORTHRELZ IO TH 2. TOFE
DI §=2 OBEVD T LKL -TOED, CHUTIITELIEON & LR D ST bASEY, oI EE
ATEY, LichioTHRE  FEICHBER LTV,

Zhix EWE o & LT Eckert, Van Flandern, Wilkins (1969, 3 18io3% T EFW &m0 A48
LichDTh 2. $bb EWE KB THEKIC DO TH LLERRAE BRI, 20RRE b & db LiC
SR L, Skisin(argument) O Brown @ Table OFEOEE—HT 2L LEDOTHEH, #
D ki & Ak ZESFT B ZICDNT Brown OFEAOELDOID BN E X OFHHFOREN H-70T
b5,

197280 F 0JEE, i=0 »5 j=1 ~OWERE, EWE Kb 5 =2 Qv OREREEMAS, L5
W HETHESNTED, CORRIC EFW OBIC X 3T ESA < TRV, C OITERIED G555,
203 B ELHRBOBRHARE 07034 sin (F—2D) 2INA 5 & DI EFW [Jak~Th 3. AROREHE
FPIH, CO1IRICEBWERZERICRA TS, COWERY TR j=2 OBITRRE S0,
COEQBEOHERAC OS5 &%, HAEHERMEIASEHLTNE. =2 OFLL 6RO
SERFRITIE 070010 ORIGAE S DMRIMINSIEREY S

10. ¥ &

fcikste kDI, bhbhoSTMO L, AE L&<RULADEEEZCETHo/. ULh LIEELE
BTWL H B AE ORMEBLIEVIKAL MY, & 72 USNAO 7520 FLE 3 28407 — 20
BEETY, CNEORBONENSFHEREZRRL, ZOKE, BPENLALIDREANCHOVEEDC T a s
5 AB—IBER Uic. ChidBIFET 2BOHT, j=2 OERICEDEEIDEFEIOLEbN 2.

bbhA, AONEBNNGE, CNREFBOCHERERINGOL, Tk i=2 20500 RORBER,
HKEEIIC BT 2 REBROBOERENL LA TS 2072 BELlESN, COBEAEOAPHE Brown-Eckert @

MBI AREFAOKIC L 2D O LELSNS. —T, HOMNICONTRERIERL &5 ERNICHED
m‘z‘ﬁfﬁ Bl L o T4 1361 TW 5. 17213 Garthwaite 2 (1970), Oesterwinter %5 k¥ Cohen

(1972), Van Flandern (1975a).

Lo URKEOHE—0BINE, KEDFHAOMILE ZORETHY, Z0BICIINRITHRICE %R
JBOWE  PRESEARTH 2. AlELIONDT o LHATIGERD, COXIB4ROVB LU ChiTHES
[BOwBIE 4 Ol TR L AT 5.

cp7ns s A0OMEEICY 5T U, S, Naval Observatory-Nautical Almanac Office @ Dr. Thomas C.
Van Flandern & BT EWEICHE THA OFHAERE RGN/ IG5, 0 HERXA
DEREMESED & BRI ML 5 /e & ST BT 6. C OERRKSEFRENOSRHEO—>E LT
HROEOF L2 DML DRIICEY BRI« AKX o TRITTE LSO TH 5. BRI ELICE
T B REICIEE, BEEE LAY, (IRIFRRICR 70 25 AERHERHCOOT, ARBHER
CEAFEIRICOVTREREZ D 2. SOWBEROBBLNERBRKELLN. F—2B8X07 0l 740
{Enk, FHEOHET, BROBHE, T RTOBRBICE) 2 EROETFRATRIARICLIEEDOTH S, THHEKE
KXEDO N RICIE FACOM 230/58 @120 7 v "5 AZSMSRIC BIMERITIT o 70 T & 2/ Lz,
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Abstract

A satellite laser ranging system has been made under cooperation with the Hydrographic
Department and the Geographical Survey Institute. The receiving telescope is of a Cassegrain
type with 40cm diameter installed on 3-axes type mountings which are driven by pulse motors
in combination with encorders in three different tracking modes: manual, programing and auto-
matic. A 0.1 nsec-resolution counter is prepared for measuring flight time. The system has a
500 MHz oscilloscope with a remote controlled camera which makes it possible to study the sha-
pes of the transmitted and received light for accomplishing high ranging accuracy. According
to the test operations the transmitted laser energy attains to 3.3 Joules and the pulse width is
21 nsec. These correspond to 160 MW at peak. In the case of using an electro-optical shutter
which is adopted for sharpening the transmitting light, those values become 0.2 Joule, 6 nsec
and 43MW, respectively. It has been definitely shown by some experiments and test operations
that the developed system is valid for precise ranging.

Key words ; laser ranging system

1. Introduction

Since the first launching of artificial satellite in 1957, researches on application
of satellites to geodetic work have been conducted at the Hydrographic Department
of Japan (JHD), as are reported, for example, by Yamazaki (1971) and Yamazaki et
al, (1972). JHD has also continued an investigation on the design of satellites for
geodetic uses with the Geographical Survey Institute (GSI) of Ministry of Constru-
ction. One of such satellites has been planned to be a balloon of 10m in diameter
which can be observed by photographing and laser ranging so that its direction and
distance can be determined simultaneously with high precisions. The body of the
sétellite is a hard spherical hull coated by aluminum leaf. Some thousands of corn-
er-cube prisms are sticked on the surface uniformly for laser ranging., Since the
satellite keeps spherical shape and shines brilliantly by reflecting the solar rays, it
is possible (i) to photograph the trailed image of the satellite while images of refer-
ence stars in background are taken as fixed dots on the photographic plate (equato-
rial mode), and (ii) to evaluate the geometrical relation between the reflection point
and the center of the satellite’s mass. Hence, the direction of the satellite can be
measured on the photographic plate with the same accuracy as that of ordinary ast-
rometry. On the other hand, since the pattern of laser reflection does not change
with the satellite’s attitude but is constant, the distance of the center of the sate-

*  Astronomical Division, Hydrographic Department,
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Fig. 1 Block diagram of the experimental satellite laser ranging system
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llite’s mass from the obsetrver can be measured with a sufficient accuracy by com-
paring shapes of returning light pulses with transmitted ones.

The satellite is planned to be launched for the purpose of practical use to rec-
tify the national geodetic net of Japan and to extend it to the ocean areas. Since
the equipment for photographic observation of this satellite can be manufactured by
some slight modifications of an apparatus which was designed by Ono (1966 and 1968) -
and has been verified its utility in practical observations in these ten years, it had
been concerned mostly to develop the apparatus for distance measurement. In
accordance with the launching project of the satellite, JHD and GSI have been
cooperating to develop a satellite laser ranging system on an experimental basis.

The principal object of the development of this laser ranging system is various
experimental investigations for designing a system to be employed practically for
the -observation of the geodetic satellite mentioned above. Main features of the pre-
sent system are;

(i) Since sharpness of the transmitted wave is indispensable for obtainning

high accuracy of distance measurement, an electro-optical shutter is attached to

the transmitter as a trial for this purpose.

(i) A high resolution oscilloscope is linked on line to investigate fully the forms

and patterns of transmitted and returning lights.

(iii) Because of the high brilliancy of the satellite, tracking by optical method

can be easily applied, If precise tracking would be realized, the beam width of

the transmitted rays would be made extremely narrow. Such a narrow width
would contribute in making the whole system smaller in size and higher in per-
formance of its function. Since development of tracking system of simple mech-
anism and of high precision is one of the subjects of the present research equip-
ments for automatic optical tracking has been manufactured.
Research on laser ranging system was undertaken already in 1967 at the Tokyo As-
tronomical Observatory (TAQ) and valuable works have been performed with an
experimental device at its Dodaira station. It is remarked that the results and var-
ious experiences of the researches were availed fully to start present research.

The present research is now under way, scheduling the practical observation in
near future. In the present paper, a construction of the system and some results of
experiments are described laying emphasis on the part which the JHD-team has been
charged.

2. Instrumentation

The present system is composed of optics and tracking system, which are in
charge of GSI, laser transmitting system, detecting system, measuring system and
control system, which are in charge of JHD. See Fig. 1.
(1) Optics and tracking system

The system has four telescopes: a transmitting telescope, ¢=7cm, f=27cm; a

receiving Cassegrain type telescope, ¢=40cm, f=660cm (effective); a guide tele-
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scope for automatic tracking, ¢=12.5cm, f=60cm ; a guide telescope for visual and
manual trackings, ¢=8cm, f=120cm.

These telescopes are set on a 3-axes type mounting which is driven in altitude-,
azimuth- and tracking modes by three independent pulsemotors with 1. 8deg/step
resolution, The maximum driving speeds of them are 30’/sec for altitude and azimu-
. th axes and 65’/sec for tracking axis. The rotation angles per an input pulse are
272 for altitude and azimuth axes and 079 for tracking axis. ‘The angles of these
axes are read out in three photoelectric encoders, respectively. The reading resolu-
tion is 0/1/pulse after five-time enlargement.
(2) Laser transmitting system

The laser oscillator is a ruby rod of 1.25cm in diameter and 10cm in length
with a rotating prism as Q-switch and a herical Xenon lamp as the pumping source.
The oscillator is cooled by a water cooling unit of circulation type. The light pen-
cils have a divergence of 5mrad. They are emitted at a rate of 0.2Hz and then pa-
ss to an electro-optical shutter (LA-101, Japanese Electron-Optics Laboratories) for
regulating the shape. The shutter is composed of two polarizers, of which polariza-
tion planes make a right angle with each other, and a Pockels cell is laid down be-
tween them. The light pencil is cut off to about 5nsec width by an abrupt rotation
of the polarization direction of the Pockels cell. The part for the abrupt rotation is
in need of nitrogen gas of about 10atms.
(8) Detecting system

Photo diode EIC
LED

:]Sub mirror Rotating shutter

]
jF Motor
r,//’—l Interference filter

TMain mirror

[ PMT cooler o
H ] Signal line
TRV -"A(AF 7TRMT | Ee— -
4 ND 7 T i i
Airis $ Fiter | High voltage line

- Eye piece

Fig. 2 Receiving equipments
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The transmitted laser light is detected by a high speed photodiode. The signal
is devided by two power-deviders into three equipments. One is led to a digital
clock and it makes record the laser firing time. The other one starts a counter
for flight time measurement of laser light pencil. The last one is sent to a high
resolution oscilloscope and is photographed for analysis of the wave form of trans-
mitted light.

The light reflected by the corner-cube prisms on a satellite surface is collected
by the main telescope and it passes an iris and an interference filter (&5A in band
width at 6943A) which decreases light noises before it reaches a photomultiplier
(PMT). It can also be brought to the eyepiece through a bascule-prism attached in
front of the PMT, as shown in Fig. 2. PMT in the system is RCA 31034. Its gain
is 107 at the maximum voltage of 2200V. A part of circulating water to cool the
laser oscillator is utilized for heat emission from electronic-cooler for PMT.

A rotating shutter, of which rotation is synchronized with the firing, is also
attached for protecting the PMT against the scattered light of the emission.

(4) Measuring system

Two pre-amplifiers with a gain of 26dB and a range of 100k~1.3GHz and a
power-amplifier with a gain of 22dB and a range of 100k~1.3 GHz are prepared to
amplify the signals from PMT. In order to analyze wave form: at nearly the same
wave height for any signals, the signals have to be decreased to: almost the same
levels. For this purpose two attenuators with a range of DC~1 GHz, which is cont-
rolled by computer in every 1dB step from 0 to 132dB, are combined with the amp-
lifier. The amplifyed signal is devided by a power devider. One is led to the flight
time counter to stop counting and another is led to the oscilloscope for investigation
of the wave form.

As flight time counter a computing counter, Hewlet Packard (HP) 5360A, is
adopted. This counter has following specifications; 0. lnsec in timing resolution,
1nsec in timing accuracy, 5x107!° a day and 5x107!* for 1sec averaging in time
base accuracy and 300mV in minimum sensitivity. For precise measurement of time
interval HP HO01-5379A which is a plug-in option of 5360A is used. This has a gate
circuit called arming circuit. When an external arming signal is on, the counter
can t operate. This circuit prevents miscounting caused by light noises within the
time interval from a laser firing to just before the returning of the light. The ex-
ternal signal is made by a preset counter driven in computer control.

A digital clock integrates the standard frequency of 1IMHz sent from the com-
puting counter and keeps time. The time is calibrated by Loran-C using a compa-
rison unit. Such a system was developed ten years ago at JHD and has been in
practical use. .

An oscilloscope of 500MHz (Tectronix 7904) has been adopted as the oscilloscope
for wave form analysis. Its technical data are; 0.8nsec of rise time, 0, 5nsec/div in
writing speed and 10mV/div in maximum sensitivity.

(5) Control system
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Fig. 4 Measuring equipments and computer system
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This system has two controllers. One is the controller for laser transmission
and range measurement. Another is for mounting control.

The former controls laser transmission, operation of measuring equipments, pho-
tographing of images on the oscilloscope screen, shutter rotation, I/O cycles bet-
ween CPU and measuring equipments and between CPU and mounting controller.
Firing intervals can be set by digital switches from 5sec to 99sec. Every I/O cycle
between CPU and mounting controller is selected from 0.1sec to 9.9sec by this co-
ntroller. Though the computer treats many data, manual control can be: executed
without the computer if necessary. At that case time of laser fire and flight time
are printed out by two back-up printers, respectively.

The latter controller with arithmetic circuits controls the mounting, Tracking
of satellite is performed in either of three modes; manual, programing and automa-
tic. In any case the mounting is driven by pulse moters and the pointing direction
of the telescopes are detected by encoders,

In manual mode, rough tracking are performed according to the set values on a
key board. Fine adjustment of the driving speed of the mounting axes is made ma-
nually with handswitches by sighting the satellite in the telescope field visually.

In programing mode, the computer provides tracking velocities to the controller
for pulse motor driving and reads out the integrated values of output pulses of en-
coders from the controller, If a deviation between the position of the actual satellite
and one of the prediction exists, the observer controls the direction of the telescope
visually with hand switches and commands the computer to correct the prediction
suitably. Then, tracking accuracy is superior to that of the manual mode.

In automatic mode, the telescope for tracking follows the satellite motion auto-
matically after capture of the satellite image., Main units of this mode are; tele-
scope, image intensifier, TV camera and XY-analyzer., Tracking is executed in the
following way. If a satellite image deviates from a set point of the TV camera, the
XY-analyzer detects it’'s amount and generates voltage level corresponding to the di-
splacement. The output level from the analyzer is digitalized in A/D converter and
then added to the tracking speeds initially set in the arithmetic logic unit. Thus
the satellite image is kept stationary at the same position on the screen.

Two controllers are fully available in case of using computer. NOVA-01 (Nip-
pon Mini-Computer) with core-memory of 24kilowords is adopted as computer with
peripherals of a magnetic disk of 24Megawords, a paper tape reader and a tele-type-
writer. Measuring equipments and two controllers are linked to CPU through inter-
faces of six I/O modules and three multiplexer modules. In addition to the on-line
system control, CPU calculates and revises the prediction. The CPU also processes
the obtained data and stores them into the disk.

(6) Self check and safety system

The system has following check-up functions. The system controller has laser
transmitting and receiving simulation circuits which check measuring instruments
and I/0 cycles of the computer. According to the switched values of delay time of
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laser transmission and flight time these circuits generate simulation pulses. The co-
mputing counter has self-check mode. The I/O data of the computer are checked
by a software checking program.

The system contains some sources of danger. They are high output power laser
which seriously harms eyes when it goes in and high voltage power supply of big
capacity.. In order to avoide accidents safety switches are prepared at critical
points and they stop the system when someone opens these switches. In- addition
laser firings are warned by buzzar sounds.

3. Tests of each part of the system

Some performance tests of each part and examinations of their specifications
have been made.
(1) Laser

The pattern of the transmitted laser beam was examined by exposuring on pho-
tographic printing paper and a circular image of almost uniform intensity has been
obtained. Output energy was measured by using caloriemeter. Examples of the re-
sult are shown in Fig. 5. Fig. 6 shows relation between output power and pressure
of nitrogen gas. The output energy attains to 3.3 Joules in maximum and half
height width is 2insec. They correspond to 160 Mw. When the shutter is equipped
those values becomes 0.2 Joules, 6nsec and 34Mw. The wave forms are shown in
Fig. 7 and 8, respectively.
2 PMT

Quantum efficiency has been measured by use of spectrometer. As can be seen
in Fig. 9, the efficiency is 495 at tne wave length 6900A. Transit time and rise time,
both of which affect the accuracy of distance measurement directly, have been mea-
sured with pulse generator, high speed photodiode and TK 7904, Obtained data are
shown in Fig. 10.
(3) Miscellaneous

Fair results have been obtained in the various tests about the performance of
-the control system and relating parts. For instance, many electric circuit tests,
delay time measurements of simulation signals, laser and telescope divergence test,
adjusting of field center of telescopes and so on. As for the tracking, the automatic
mode was examined for stars up to 6th magnitude. Some superior results were re-
ported by a member of GSI.
(4)° Ranging tests to a ground target

A ground target was set at 18511 meters apart from the system and ranging
tests were performed. In a case, the measured mean distance was 13527.8+0.1m
by 34 emissions without the electro-optical shutter and the standard deviation -to
one pulse was 0.6m. The main part of difference in distance will be explained by
the delays of amplifiers (2.0m), PMT (10.2m), attenuators (1.2m) and cables.
The remainder is interpreted as relative triggerlevel-difference between transmitted
signals and received signals. The further investigation for the difference is con-
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tinued.

4. Conecluding remarks

Although it is difficult to assert that the system has been completed, the funda-
mental problems are considered to have been solved through the manufacturing wo-
rks and some tests described above. .
(i) The electro-optical shutter effects satisfactorily to sharpen the emitting light,
though output power has not been as large as was aimed at first. However, this
situation is considerd to be improved by inserting a power amplifier of laser light
between the shutter and the transmitting telescope. It is desired that the actual
type for field works is equipped with an amplifier.
(ii) Specifications of present system are summarized in Table 1, where values fol-
lowed by an asterisk (*) are those taken from the original design or from the data
catalogs of each equipment or estimated values. According to these data and some
assumed values relation between number of receiving photoelectrons and range are
estimated using the formula;

N= (E/hv)GrAsGsAr(T?/p" By

where E: laser energy (3.3 Joules without the shutter and 0.2 Joule with the shut-
ter), hv i energy per photon - (at wave length 2=0.69x10%m), Gr : transmitter gain
(full width #=1.0x10%rad), As : satellite effective area (0.09m?), Gs : satellite mir-
ror gain (0=1.0x10"*rad), Ag: receiver area (diameter d=0.4m), T :atmospheric
transmission factor (0.5), p : range to satellite, « : transmitting efficiency (0.5), 5:
mirror efficiency (0.5); y: receiver efficiency (0.2) and 7 : quantum efficiency (0. 04).

Estimated values are following. The range which can be measured with only
one photoelectron at 3.3 Joules of laser energy without the shutter is 1.0x10km and
and the similar range is 5.0x10%km at 0.2 Joule with the shutter. But with only
one photoelectron the received wave form can’t be analyzed. If fifty photoelectrons
can be obtained the analysis can be fully performed. The ranges with fifty photo-
electrons are 3.8x103%km without the shutter and 1.9 x10%km with one.
(iii) Experiments of the automatic tracking system has given satisfactory results.
Although trackings in programing modes have not been tried, they seem to concern
only softwares involving proficiency of observers because the tracking mechanisms
have been designed to have an accuracy of #0/5 and their satisfactory performances
have been certificated in the automatic mode.
(iv) This system had been intended to be a portable type but it could not be real-
ized because of some restrictions. On the stage of field works the portability is in-
dispensable Since the present system can be operated without computer as men-
tioned in section 2-(5), in the case of the next system for practical use it is desi-
red that the system will be operated without computer as the tracking are easily
performed owing to the brightness of the satellite. But precise tracking is so impo-
rtant because light divergence affects the intensity of returning light as square of
its amount., If the divergence can be a half it makes possible to lessen the aperture



AN EXPERIMENTAL SYSTEM FOR SATELLITE LASER RANGING 105

of the receiving telescope by a half or output power of transmitting light by a qua-
ter. Considering these matters minimization of the system has to be performed wi-
thin limits of high reliability and high accuracy. Corresponding to the minimiza-
tion of the laser oscillator, telescopes and mounting, it is required to make those

equipments of electric power supply and cooling tower for laser smaller.

Table 1 Specifications of the Laser Ranging System

with the shutter

Laser energy 3.3 Joule 0.2 Joule
half-power full width (min.) 21 nsec 6 nsec
power (max.) 160 Mw 34 Mw
light divergence of ruby rod 5 mrad*
frequency of emission 0.2 Hz
shutter type v Pockels cell with nitrogen gas
cooling type : cooled water

Transmitter objective ¢ 76 mm
transmitting divergence 1~3 mrad* (variable)

Receiver objective ¢ 400 mm
focal length 1200 mm (6600mm effective)

Range (max., with one photoelectron) 10000  km 5000 km
range (max., with 50 photoelectrons) 3800 km 1900 km
ranging accuracy 1 m* 0.5 m*

Tracking system 3 axes type
tracking modes manual, programming and automatic
drive 3 pulse motors
direction reading 3 encoders
auto-tracking image intensifier, TV camera and XY-analyzer
tracking accuracy +1 mrad*

PMT transit tim (min.) 26 nsec
rise time (min.) 2.1 nsec

Oscilloscope resolution 0.5 nsec/div*
rise time 0.8 nsec*

Counter resolution 0.1 nsec*

Amplifier rise time 0.4 nsec*

CPU memory 24 kwords

Disk memory 2.4 Mword(real time disk operating system)
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Abstract

Two kinds of geoid map have been drawn for the area of the Izu Islands by employing the
data of over sea levelling among the islands and of vertical deflection at each island. The over
sea levelling has been made since 1967, and two closed levelling loops have been constructed
among the islands and the Izu Peninsula, joinning at Nii Sima to each other. Closure error of
each loop is within 20—30cm, when geoid undulation inside of each island and vertical deflection
are taken into consideration. A geoid map thus drawn on the Tokyo Datum indicates a syste-
matic shift of the Tokyo Datum. Another geoid map on a global datum, SAO-SE3, shows
effects of the gravity low over the trench lying to the east of the mainland of Japan and the
gravity high over the southern area of the Izu Islands. Extention of the geoid undulation from
the mainland of Japan (Ganeko, 1976) to this area seems satisfactory.

Key words: geoid——over sea levelling.

1. Introduction.

Over sea levelling by the trigonometric method have been made by the Hydro-
graphic Department since 1967 at the area of the Izu Islands which is one of the
active regions of earthquake. Purpose of this project is to obtain basic data for the
earthquake prediction.

Observations have been performed at a rate of one pair islands (or mainland)
per annum, A view of relative positions of the islands connected by the over sea
levelling is shown in Figure 1. Observation year is attached to each connecting line.

At each of pair islands, two observation sites have been located with a short
distance but an adequate height difference. Zenith distances of two sites at the
confronted island have been measured mutually from each site at about same time.
As shown in Figure 2, observation data of eight zenith distances are thus obtained
every time. We shall call them as one sef of data. Measurements have been made
by theodolites : Wild-T3, and-T2 and Kern-DKM3A and-DKM3. Individual observa-
tion data obtained from 1967 to 1975 with fuller description about observation method
are reported by Ganeko and Sasaki (1977).

Except for the heights for Kozu Sima and Sirahama, geodetic positions of the
sites are referred to those of the nearby national triangulation points. Geodetic
coordinates of the triangulation points have been taken from the ‘‘Resulting Table”
of the Geographical Survey Institute (GSI). In general the list contains the coordi-

* Sirahama Hydrographic Observatory
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nates of the triangulation points referred to the Tokyo Datum. However, for the
triangulation points in Nii Sima, Kozu Sima and Miyake Sima, to which the 3rd
order triangulation net of the mainland has not been connected, the Resulting Table
gives the height determined independently at each island from its local mean sea
level. During the period of the over sea levelling observation, heights of the obser-
vation sites in Kozu Sima were connected ditectly to the bench mark (4.88m) at
Kozu Sima Tide Station, Heights of the sites at Sirahama were connected directly
to the bench mark Itiki of the national levelling net.

Besides the over sea levelling, observations of astronomic position have been
made over the Izu Islands, including most of the levelling sites, by means of the
constant altitude method. Vertical deflection is obtained as the difference between
astronomic and geodetic positions for each site. . Devices employed are Tsubokawa
photoelectric astrolabe, Carl Zeiss Ni-2 astrolabe with a 60°-prism and Kern-DKM3A
with high sensitive levels and an impersonal micrometer. Individual data with
preliminary reduction of these observations have been reported by Suzuki and Ha-
rada (1966), Suzuki and Sugimoto (1967), Sugimoto and Harada (1968), Takemura
and Koyama (1970) and Sasaki and Kanazawa (1977).

In the following the geoid undulations over the Izu Islands area are calculated

using the above two kinds of observation data.

2. Geoid-height difference by over sea levellings.
We suppose that the zenith distance 2z’ of a point P, is measured at another
point P,. See Figure 3. Let
hy and 4, : ellipsoidal heights of P, and P,,
« tazimuth of P, at Py,

& and 5 : vertical deflection components at P; along meridian and prime vertical,

¢ : vertical deflection component-at P, in the direction of }TPE,

s :ellipsoidal distance between P, and P,

R : radius of mean curvature of the ellipsoidal arc between P, and P,,
K : refraction coefficient.

a, s and R are calculated from the geodetic coordinates of P, and P,. We can
calculate ¢ from ¢ and 7 through the well known relation

e=§ cos a+y sin a.
The observed zenith distance refers to the local plumb line, with which the ellipsoidal
zenith distance z at P, is related by

z2=2 +e.

Hence, the difference in the ellipsoidal height between P, and P, can be calculated
from z by the formula
SZ 32

hy—hy= s cot z+ﬁ—ﬁK' (1)
The second term of the righthand side of (1) corresponds to the curvature of the
ellipsoid with sufficient accuracy in our case, because the ellipsoid heights of P, and
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P, are far smaller than the length of R and the zenith distance is very close to 90°,
The third term is a correction for the curvature of the light pass, assuming it to be
a part of circle. ~ The effects of this assumption will reflect in the various errors
estimated in the procedure of data reduction.

The ellipsoidal. height is the sum of the height above mean sea level (above
the geoid) H and the geoid height N, namely

h=H-N. {2

From (1) and (2) we obtain the difference in geoid height

2 2
AN = NZ—NI:—(HZ—H1)+scotz+§SE—ZS—RK. 3)

Since ¢ is a small quantity, we can rewrite (3} as
, s? s?

AdN=—(H,—H)) +scotz _Ss+7ﬁ_ﬁ1’ 4)
so that the effect of the vertical deflection appears explicitly. The magnitude of the
last term of {4) amounts to about 10 m in our case, say, for s=30km for example,
Actually K is not a constant but a variable quantity depending on atmospheric
condition and hence changes with time. Its value varies in a 1'ange of 0.13~0, 15
usually.

In principle it is possible to evaluate K using the meteorological data. But such
a procedure have great difficulties practically, especially in gathering the data of
vertical gradient of air temperature. Therefore, it is more practical to consider (4)
as an observation equation with two unknowns 4 N and K. It is remarked here
that the geoid-height difference between the two sites in the same island is negligibly
small because they are located enough closely to each other. Hence only the two
unknowns above are reasonably adopted to be solved through observation equations
for each observation set.

We can figure out other observation equations with more unknowns taking the
effect of height dependence of the refraction into consideration. There sometimes
happened also that the apparent zenith distance changed suddenly at one site solely ;
this fact may suggest the air blocks of small size take an important part in the large
change of observed zenith distance., If this would be true, an expression of the
refraction coefficient by a simple function of height would have no advantage but
would increase the mean errors of 4 N and K calculated by (4). However, since the
purpose of the present paper is to get a view of the geoid undulations around the
Izu Islands area, we shall not make further investigations on the refraction effect
for the present.

Result of the least squares calculation of (4) is given in Table 1 and discussed
in Section 4.
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Fig. 6 Astrogeodetic geoid of Kozu Sima.
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Fig. 7 Astrogeodetic geoid of Miyake Sima.
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3. Inland geiod of the Islands.
The geoid undulations inside of an island are computed by using the Helmert's
formula

Q
Ny—Np= ~S (€ cos A+ysin A) ds, (5)

P
where N, and N, are the geoid heights at points P and @; &, 5 are components of
the vertical deflection in the conventional expression; A is azimuth of tangential line
of the integral path from P to Q. If the distance between them is not so large, the
integral is approximatad by
Ny—Np=—(ep+eq)s/2, {6)

ep=E&, cos A+7,sin A,

eg=&, cos A+ sin A,
where A is the azimuth of the line IS&) (6) can be applied effectively to the case in
which data of vertical deflection are available only at P and Q.

The geoid undulations on the Tokyo Datum inside each island are calculated by
using (6) for O Sima, Nii Sima, Kozu Sima and Miyake Sima, and they are shown
in Figures 4 (a), 5(a), 6 (@) and 7 (a), where one of the deflection stations in the
north part of each island is taken as the starting point of the integration. Locations
of the deflection stations are indicated by dots in the figures. Accuracies of the
geoid undulations presented here are estimated to be several centimeters for O Sima
and about 10 cm for the other islands. We see the systematic effect due to the
adoption of the Tokyo Datum in the Figures (a)’s.

In order to eliminate this effect, the following datum shift is applied to reduce
geocentric rectangular coordinates to one of the world geodetic system, SAO-SE3
(Gaposchkin et al., 1973) :

DX=—136m, DY=+541m, DZ=+681 m, (7)

Using (7) we can calculate the distance between the reference ellipsoids of the
Tokyo Datum and of the SAO-SE3 as illustrated in Figure 8. By adding this
distance to the relative geoid undulations on the Tokyo Datum, we can translate the
geoid undulations on to the SAO-SE3 system. They are seen in Figures 4 (b), 5
(b), 6 (b) and 7 (b). The local features' of the geoid proper to each of the islands
are now appatrent in these figures, and it can be seen that the highest point of the
geoid at each island is not situated at the centre of the island. This fact is interest-
ing especially for O Sima and Miyake Sima.

It may be expected that the peak of the local geoid of O Sima is located at the
center of the island from a view 'of the distribution of free-air gravity anomaly
as shown in Figure 9 WfliCh has been produced by using the data reported by Yoko-
yama and Tajima (1957). We suppose here that the apparent shaf)e of the geoid is
produced by a superposition of a local geoid caused by mass concentration at the
island and a general geoid which has a simple shape over wider area around the
istand. We can estimate the feature of the general geoid by abplying any of suita-
ble models, the following assumption is introduced : the local geoid has a shape of
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———_ teference ellipsoid

A of the Tokyo datum

SA0-SE3
ellipsoid

Ol
0
DR(-DX,-DY,-DZ)
Fig. 8 Conversion of geodetic datums. Fig. 9 Free-air gravity anomaly over O Sima.

rotational parabola and the general geoid is expressed by a plane : namely the ver-
tical cross sections of them are expressed by the following formulae, respectively,

Np=—as?+ Nio, . a>0 (8)
Ns=—bs + Nso, b>0 (9)

where N.o, Nso are constants and s is a parameter of distance. The shape of ac-
tual geoid is formed by the sum of (8) and (9)

b \? b
Ni=Ni+Ns= —a(s +——2 ) +Nro+Nso+——.
a 4a

Now we find that the peak of the geoid is shifted by the amount of 0/2a¢ to the
direction of the higher portion of slope of the general geoid. Applying this simple
model to O Sima, we find that the island is located on a geoid slope with a gradient
by 5 cm/km down to the northeast. Similarly for Miyake Sima, the gradient is es-
timated to be about 2 cm/km downward in the same direction.

4. Geoid around the Izu Islands.

As described in Section 1, we have horizontal coordinates on the Tokyo Datum
at each levelling site, and vertical deflection data are also available for the most of
the sites. For those sites where observations of astronomic position have not been
made, vertical deflections are estimated from the data at the nearest astronomic si-
tes. We can thus calculate the geoid-height difference between each island pair from
the eight observation equations of the form of (4) for each observation set. Results
are listed in Table 1 with some relevant data. In the 4th column are given the
weighted means of the geoid-height difference with formal mean errors obtained
through the least squares calculations. However, in practice, errors due to the
adopted vertical deflections and to the adopted heights of the levelling sites are cer-
tainly larger than the formal errors. Error (d¢) of the observed vertical deflection
is estimated to be --1~2” depending on the method of observation.* In the 5th



Table 1 Geoid-height difference by over sea levelling

pair island observation geoid-height Possible mean geoid-height
distance difference error refraction difference
A—B date Np—Na for ge=+2" coefficient on SAO-SE3
m.e.
km m m m m
1967.11.22 15.6 +0.83 £0.02 +0.15 0. 1458 +0.72
Nii Sima - Kdzu Sima
1975. 5.27 15.7 +0.83 0.02 0.15 0.1385 +0. 66
1968.11.16 35.9 +2.00 0.03 0.35 0. 1462 —0.20
Kozu Sima - Miyake Sima
. 1973.10. 23, 24, 25 37.2 +1.94 0.04 0.36 0. 1440 —0.34
1969.11.23 35.3 +3.52  0.03 0.34 0.1489 +0.84
Nii Sima - Miyake Sima
1974.10.14, 15 38.8 +4.03 0.03 0.38 0.1438 +1.07
O Sima - Nii Sima 1970.11.21 31.5 +1.54 0.04 0.31 0. 1407 +0.53
Sirahama - O Sima 1971.12.6,7 36.8 -0.05 0.05 0.36 0. 1455 —1.39
Sirahama - Nii Sima 1972.11. 14,15 46.5 3.08 0.02 0.45 0.1503 —0.40

1418
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column are given values of s-d¢, taking de= =27, as an example for estimating the
effect to the geoid-height difference. As described in Section 1, heights of the lev-
elling sites are referred to those of the triangulation points, and errors in these ref-
erences may be around +20cm.

It was incidentally found through the investigation of the levelling data that
the heights of the triangulation points in Kozu Sima given in the GSI Resulting
Tables are 2.8m higher than those by actual measurement from the mean sea level
at the bench mark of tide station in Kézu Sima. If these nominal values would be
adopted in the calculation of the geoid-heght difference, there would appear an abnor-
mal dent of geoid around the island. Such a dent could not be interpreted from
the distribution of gravity anomaly around the Izu Islands area (Segawa and Bowin,
in press). Then, we have adopted the actual height for Kézu Sima to evaluate the
geoid-height difference given in Table 1. " (See addendum in proof.)

The  geoid-height differences transformed into the SAQO-SE3 system are also
given in the last column of Table 1.

We can now view the geoid undulation around the Izu Islands in Table 1 and
the geoid inside of each island in Figures 4, 5, 6 and 7. As shown in Figure 1, two
loops. of the levelling have been formed, i.e. Sirahama, Nii Sima, O Sima, Sirahama;
Nii Sima, Kozu Sima, Miyake Sima, Nii Sima. Loop closures of the geoid-height
differences are within 14 cm for the former loop and about 30cm for the latter.
The large misclosure for the latter loop comes mainly from the bad accuracy of the
vertidal deflection data at Kozu Sima and Miyake Sima where astronomic observa-
tions were made mostly by visual method.

A geoid contour map around the Izu Islands on the Tokyo Datum is produced
by extending the astrogeodetic geoid map of Japan made by Ganeko (1976). It is
presented in Figure 10, in which the geoid-height at Sirahama is taken to be zero
for convenience’s sake. Figure 11 is the geoid in the SAO-SE3 system, which is
also drawn by extending the geoid map of the same kind by Ganeko (1976), in
which the datum point of the Tokyo Datum is taken as the reference point of the
geoid-height. In preparing these maps, the over sea levelling between Miyake Sima
and Kozu Sima is less weighted than the others because of the bad accuracy of the
vertical deflection data as explained above. In Figure 12, the free-air gravity ano-
maly map by Segawa and Bowin (in press) is laid on Figure 11. We can easily
understand the rapid change of the direction of geoid contour lines in the Izu Island
area on seeing the existence of a vast area of gravity high to the south of Izu Is-
lands. The gravity high may overcompensate the gravity low of the Izu-Ogasawa-
ra Trench, and contribute to a geoid rise over the south area of the Izu Islands. On
the other hand, the gravity lows in Suruga Bay and off Ensyii Nada may contribute
to a geoid dent there. The geoid slope suggested in the last paragraph of Section

* For example, visual observations with Carl Zeiss Ni-2 astrolabe include some amount of
personal equation in longitudinal component. They are, of course, corrected in the reduction,

but the resultant deflections are still considered to be not accurate enough for the author.
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3 is clearly found in Figure 11 and its gradient agrees fairly well with those esti-
mated there.

5. Concluding remarks.

Due to the restriction of mutual distances, determination of geoid height differ-
ence by means of the over sea levelling cannot be applied to the area further from
Mikura Sima. Evalultuin of geoid undulation for the outer area in the Pacific Ocean
has to be made by other methods; one of them is gravimetrical one using ter-
restrial gravity data. A simple application of the Stokes’ integral requires gravity
data over the entire surface of the earth, but the combination of the terrestrial gra-
vity data and the coefficients of the earth potential derived from the satellite track:
ing data enables to compute a detailed gravimetric geoid, although the terrestrial
data are not available at present with sufficient density to cover the whole surface
of the earth (Strange et al., 1972 : Ganeko, 1975). By applying this method, compu-
tation of a gravimetric geoid in Japan and the adjacent seas is now under prepara-
tion. The geoid obtained in the present paper will be of use for the calibration of
the detailed gravimetric geoid.

The accuracy of the geoid-height at Miyake Sima is roughly estimated to be
about +30cm. Since positions of the levelling sites are based on those of the tri-
angulation points, the accuracy of the height above mean sea level (above the geoid)
of the triangulation points directly reflects into that of calculated geoid-height differ-
ences. Although the case of Kozu Sima may be an unusual one, the possibility of
some error still remains concerning the other islands. Further investigation on this
problem and improvement in the accuracy of the vertical deflection data are needed
to compute the geoid undulations more precisely.

It should be remarked that the derivation of the geoid maps in Figures 10 and
11 are based on two serious assumtions. They are (i) assumption that the adopted
heights of the levelling sites are referred to the ture mean sea levels at respective
islands, and (ii) assumption that the mean sea level represents the geoid surface.
Ultimate sources of the heights in Nii Sima, Kozu Sima and Miyake Sima are tide
observations in 1910’s, detailed records of which seem to have gotten scattered and
lost. It is probable that the periods of these observations were limited in some
short terms. On the other hand, the mean sea levels in the Izu Islands change sig-
nificantly according as the situation of the flow axis of the Kuroshio. In particular
at Kézu Sima and Miyake Sima, monthly means of sea level change often over 50
cm within one year (e. g. Shoji, 1972). Detailed analysis of tide observation data
for longer periods is desired.

Mean sea surface never coincides with the geoid surface, espeéially in the area
where ocean current dominates. Investigation on the discrepancy between them is
entangled with the analysis of tide data stated adove, and is an important problem
for research in marine geodesy as well as in oceanography. Information from the
gravimetric geoid may become a good tool to separate these two surfaces so that
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Fig. 10 Geoid contours around the Izu Islands on the Tokyo Datum.
Geoid height at Sirahama is taken to be zero.
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Fig. 11 Geoid contours around the Izu Islands in the
SAO-SE3 system, extended from the astrogeodetic
geoid map of Japan by Ganeko (1976).
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Fig. 12 Free-air gravity anomaly (Segawa and Bowin, 1976) laid on Figure 11.

dynamics of the ocean current be improved. Such improvement may be fed back to

refine our knowledge on the geoid in ocean area.
The author is indebted to Drs. J. Segawa and C. Bowin for kind permission to

use their result before publication. Thanks are due to Dr. A. M. Sini and Mr. T.

Mori for advice to prepare the manuscriﬁt. This paper would not appear without
the accumulation of data obtained with great effort in many years by the members
of the Astronomical Division, JHD. The author wishes to express his appreciation

to all of them.
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OF THE JAPANESE STANDARD SEA WATER

Ryoji Higano
Recetved 15 October 1976

Abstract

Calcium carbonate of sediments in the polyethylene bottles, which had contained 20 lit-
ers of sea water for 4 years since it had been collected in the area south of Honshu (Japan
mainland), were analyzed.

The results of the analysis can be summarized as follows: v

Calcium concentration of sea water in these bottles was decreased by 0.1% from the
initial composition, and this decrease corresponded to 10 to 20 percent of variation in the
ratio of calcium to chlorinity of sea water in the ocean.

Although this 0.19% decrease in the ratio of calcium to chlorinity makes the electric
conduétivity ratio lower for the salinity determination by use of a salinometer, this change

is still the same order as the sensitivity of salinometer.
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Table 1 Results of analysis of calcium carbonate deposited in the sea water

storage bottle for preparation of Japanese Standard Sea Water
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AN EXPERIMENT ON THE DISPERSION AND DISTRIBUTION
OF PETROLEUM IN A WATER TANK (PART 1)

Ryoji Higano
Received 15 October 1976

Abstract

This report gives the results of a fundamental experiment on the dispersion and distri-
bution of crude oil in a water tank which is 88cm long, 43cm wide and 50cm high and con-
tains 106 liters of water.

As the initial state of the experiment, 1 ml of crude oil was added to the water surface
in the tank, and then dispersion state of the oil was observed with time.

About half a year later, distribution of the oil (in percentage) in the water tank was
found as follows:

81.8% of the total oil in the tank was distributed as the surface oil film, 4.8% as the
dispersion oil particles in the water, 11.3% as the oil adhered to the glass wall at the bou-
ndary of water and air, and 2.695 as the oil sediments at the bottom of the tank.

According to the measurment of infrared ray absorption spectrum of those samples, the
spectrum of the surface oil and that of oil perticles in the water are similar to that of the
crude oil, but, as regards the oil adhered to the glass wall and the oil sediments at the
bottom of the tank, the absorbance of about 1700cm™! in wave number indicated greater
values than that of the crude oil.

FKOB e 106!

TR TR o ereveremrivn e 3784cm?

7kﬁ@%%o)§é ........................ 262cm

IR OSEIGIHIEEL -oovvvvrvmrerrenens 2.6 ¢
quantity of water -« vvevrri 1067
area of water surface «-v--voieieeien 3784cm?
length around water surface: «--rovoooveieens 262cm
initial thickness of surface oil film -coooe 2.6

Fig. 1 Glass-walled tank used in the experiment.
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Table 1 Observation of the state of thin oil film spreaded on the water in a tank
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Table 2 Distribution of oil in the water in a tank
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