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THE ANALYSIS OF MUTUAL PHENOMENA OF 

THE GALILEAN SATELLITES OF JUPITER IN 1985 

A日taSengoku, Kouji Terai 1, Kunio Kenmotsu, Se1i1 Fuchinoue, Takeharu Mryake2, Eikr Nishimura 

Kunio Matsumoto, Masayuk1 Sawa, Hiroshi Sasaki3, Takeo Uchiyama, Katsuhiko Murakami, 

S即日hrKanagawa4 

In 1985, mu加dphenomena of the Galilean satellites of Jupiter took place. At the hydrographic 

observatories (Bisei, Srmosato and Sirahama) 14 mutual phenomena (23 hght curves) were observed 

From 11 hght curves of good quality, the longitude corrections of three inner satellites for E-2 

(Lieske, 1980) a回目titnatedto be Lil 1 =4.2 ±1,6 （× 10－•），ム12=-l 目。 ±0.4 ( x 10-4) and 

L!.13=0.0 ±1,0 （× 10－•）.百iis results are mostly m accordance with those by Aksnes & Franklin 

(1976). 
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1. Introduction 

The motions of Galilean satellites of Jupiter are very much complicated. Each Galilean satellite 

is perturbed by the oblateness of Jupiter, the gravitational force of the Sun and the deep resonance 

effect among three inner satellites. 古川 varietyof disturbing forces have fascinated celestral 

me ch阻 ici副首 Furthermore, the Galilean satelhtes revolve around Jupiter very rapidly, and the 

degradation of the ephemerides rs inevitable. 

At present, there are two precise ephemerides, E-2 (Lieske, 1980) and G-5 (Arlot, 1982), which 

are both based on the Lieske’s theory (1977). Although the inner error of the Lieske’s theory 
is estimated to be about !Okm m hnear scale and about 2 arc second in jovrcentric angle, the 

discrepancy between above two ephemerides (E-2 and G-5) is rather large. It is because they used 

different data sets to determine the paramete日mthe Lieske’s theory 百四compansonamong each 
of the two ephemendes and the observation is still necessary 

There are various methods to observe the position of the Galilean satellites. The observation of 

mutual phenomena is the most precise method at present. 

The mutual phenomena of the Galilean satellites occur every half iovran year when the Earth 

or the Sun goes though the equatorial plane of Jupiter. In 1985 this cond1t10n was satisfied around 

the opposition of Jupiter with the Sun, and this good condition led to a large quantity and high 

quality of data. 

2. Observations and Data proce盟副g

2.1 Observations 

At the three hydrographic observatories (Table I), thanks to the predictions by Arlot (1984), the 
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4 S irahama Hydrographic Observatory, 3rd. R M S Hqs 
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Table I. The hydrographic observatories 

Observatory Bisei Simosato Sirahama 

telescope aperture 60cm 60cm 30cm 
f 940cm IOOOcm 500cm 

photomultiplier EMI9502B EMI9789B EMI9502B 
latitude 34° 41’ 33°34’ 34°43’ 
longitude 133。34’ 135°56’ 138。59’

Table 2. The observed mutual phenomena 

Date Time(TDT) Distance Altitude Diaph阻m Seeing 
Event Magnitude Observatory Voltage k 

m ＊ 。 v 
1985 6.17 30!p 17 44 0.74 5.8 B 37 550 20 l/b 
7.26 402t 12 35 1.21 7.4 B 26 720 20 0.033 2/a 
8.13 302p 13 14 0.67 9.3 B 33 640 30 0.526 1/a 

Sm 35 630 20 1/a 
Sr 35 600 35 1/b 

3E2p 14 06 0.88 9.3 B 36 710 30 1/a 
Sm 38 610 15 l/a 
Sr 37 650 25 l/b 

8.20 302p 16 23 0.64 9.3 B 26 650 30 0.006 2/a 
3E2p 17 58 0.44 9.4 B 14 730 30 0.222 l/a 

8.24 !03p 15 08 0.22 4.9 B 33 790 30 0.223 2/a 
Sr 32 595 35 0.333 

9. 3 IE2p 10 54 0.32 6.3 B 28 780 30 l/b 
Sm 30 720 15 0.978 l/a 

9.10 1E2p 13 59 0.45 6.7 B 33 730 30 2/a 
Sm 32 620 15 1/b 
Sr 30 680 25 3/c 

10 2 4Ela 19 37 0.12 5.4 Sm 32 610 15 2/b 
10.12 IE2p 13 34 0 56 7.0 Sm 18 630 15 0.661 2/b 
11.20 40lp 09 29 0 25 5.9 B 33 720 20 l/a 
11.25 2Ela 10 29 0.12 3.8 B 25 750 20 0.583 2/a 

Sm 24 620 15 0.026 1/a 
12.15 102p 08 56 0.60 4.4 Sm 26 590 15 0.855 l/a 

キB:Bisei, Sm: Simosato, Sr Sirahama 

mutual phenomena were observed photoelectrically. 

We did not use any tlter. The background level was measured once a few minutes by driftmg 

diaphram toward the nonnal di田ctionto Jupiter. 百ieaccuracy oft注目ishigher than 0.1 sec, sin田

it is calibrated by JJY. 

Table 2 is the list of observed phenomena. The type of event 1s identified by the notation such 

as jOk and jEk for “satellite J occults satellite k”and “satellite J eclips回 satellitekぺ回spectively,
百idp, a and t mean partial, annular and total phenomena, r田:pectively.Columns 4 and 5 give the 

magnitude and the distance to the center of Jupiter in jovi肌 radius Column 10 contains sky 

cond凶ondata, stability of star image and tr組 sparency.Stability of star image is expressed m three 

grade, I, 2 and 3 meaning good, fair and poor, respecllvely. Transparency is also expressed泊 three

grade, a, b叩 dc which mean good, fair四dpoor，陪spectively.
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Data processing 

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

atmospheric extinction 

First, the background noise correct10n 1s considered. We have subtracted the background noise 

which is estimated by linear interpolation. 

Next, the data were smoothed by 5 points weighted mean formula which 1s expressed as follows 

2.2 

2 

Y;= i＝玉Wん j ）
 
－
 
（
 

W土2=-3/35 

W土I= 12/35 

ロ17/35Wo 

where xi is the raw intensity, Yi 1s the smoothed one and wi is the weight. 

The correct10n of atmospheric extmction is expressed as follows. 

. (2) 

where 10 and I are the initial and final intensities, z is the zenith distance and k is the extinction 

coefficient. 

We esl!mate也eextinction coefficient so that the levels before and after the phenomenon a悶

equal. In some cases, when we could not observe a whole phenomenon, we do not est町田tethe 

extinction coef日c1ent百四extinctioncoefficient of each phenomenon is listed in table 3. The fin叫

light curves are shown in figure I to 17. 

I=I0exp(-k secz) 
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Figure I . 13 occults JI partially 
on June I 7, 1985 (Bisei) 
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Figure 3. J3 occults J2 partially 

on August 13, 1985 (Bisei) 
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Figure 4. 13 occults 12 partially 
on August 13, 1985 (Simosato) 
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Figure 5. 13 eclipses 12 partially 
on August 13, 1985 (Simo阻to)
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Figure 6. J3 eclipses J2 partially 
on August 13, 1985 (Bisei) 
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Figure 7. J3 occults J2 partially 

on August 20, 1985 (Bisei) 
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on August 20, 1985 (Bisei) 
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Figure I 0. JI occults J3 partially 

on August 24, 1985 (Sirahama) 
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Figure 11. JI eclipses J2 partially 

on September 3, 1985 (Simosato) 

50 1Qfi45m 



THE ANALYSIS OF MUTιAL PHENOMENA OF THE GALILEAN 
SATELLITES OF JUPITER IN 1985 215 

J
 

．
 

3ド

2ト

i】ー

M
F
H
H
ω
Z
M
H
Z
H
 

。
Uτ 5 。

Figure 12. JI eclipses J2 partially 

on September I 0, 1985 (Bisei) 
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Figure 13. JI eclipses J2 par!Jally 
on September 10, 1985 (Simosato) 
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Figure 14. J 1 eclipses J2 partially 
on October 12, 1985 {Simosato) 
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on November 25, 1985 (Simosato) 
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Figure 16. J2 eclipses JI annularly 

on November 25, 1985 (Bisei) 
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3目 Themidtimes of mutual phenomena 

Although the obtained light curves have much information con田mingsuch as albedo distribu-

tion and radius, we intend to correct only the longitude of three inner satellites in this paper using 

也emidtime of each phenomenon. 

In the case of partial phenomenon, because the light curve is nearly symmetrical, the light curve 

near midtime can be modeled on quadratic polmommal 

y(t)=a(t-t0)2+b .. (3) 

where t0 is the mid time. 

We have made a linearized least squar田 differentialfit to each light curve near mid time. Est卸lat-

ed mid time and their r m.s. are hsted in column 2 and 3 of table 3 Column 4 to 6 contain the 

residuals of each event 官官 letters0, E2, GS and SV2 stand for“observed”，“E-2 ephemensぺ
“G-5 ephemeris”and “SV2 ephemeris”(Vu, 1977; Sampson, 1921), respectively.古田 calculated
midtimes of these three ephemerides are pr田entedby Arlot (1984). Column 7 and 8 are the phase 

angles v〔00くvく180°),which me肌SEarth-JupiteトtheGalilean satellite angle for occultation and 
Sun Jupiter-the Galilean satellite angle for eclipse 百emean error in tlus table is the formal error in 

the least squares procedure回dmay be larger in other midtime analysis methods. We omit some 

light 山町田ofpoor quality in this midtime analysis. 

Table 3. 百四estimatedmid times 

Event Midtime (TDT) d (midtime) Phase angle 

No. Observatory OE2 0回GS0・SV2 仰 ψk 

＊ホ h m s s s s s deg deg 

1 301 且 1985 6 17 17 44 15.6 土1.5 -8.4 1.6 26.6 23.0 84.8 
＊ 2 302 B 8 13 13 14 25.l ±1.8 9 .I 16.1 2.1 38.3 99.2 

3 302 Sm 8 13 13 14 25.8 土0.8 9.8 16.8 2.8 38.3 99.2 

4 3E2 Sm 8 13 14 5 35.0 ±0.6 2.0 4.0 7.0 38.5 97.6 
ネ 5 3E2 B 8 13 14 5 40.0 士1.7 3.0 90 -20 38.5 97.6 
＊ 6 302 B 8 20 16 22 26.8 ±1.5 4.2 38 -14.2 38.7 95 .5 
＊ 7 3E2 B 8 20 17 57 30.4 ±2.3 17.6 12.6 ←22.6 38.9 92.4 
＊ 自 103 B 8 24 15 8 7.3 土2.2 16.3 15.3 9 .3 57.3 160.5 

9 103 Sr 8 24 15 8 18.6 ±1.2 27.6 26.6 20.6 57.3 160.5 
• 10 1E2 Sm 9 3 10 54 18.5 ±1.4 22.5 12.5 32.5 108.2 143.7 
• 11 1E2 B 9 IO 13 58 41.3 土日9 6.3 3.7 8.7 98.4 141.9 

12 IE2 Sm 9 IO 13 58 55.1 ±1.2 20.1 10.l 5 .I 98.3 141.9 
• 13 IE2 Sm IO 12 13 34 8.3 ±0.5 1.3 -37 33.7 73.6 142.9 
• 14 2El Sm 11 25 10 28 37 .7 ま0.9 -9 3 9.3 -45.3 18.0 150.8 
＊ 15 2EI B 11 25 10 28 38.9 ±1.2 8.1 8.1 44.1 18 .0 150.8 

• 16 102 Sm 12 15 8 56 4.3 ±1.6 11.3 3.3 32.7 48.0 151.9 

料 B:Bisei, Sm: Simosato and Sr: Sirahama 
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4 The longitude corrections for inner three satellites 

Because the precision of satellite ephemerides degrades most rapidly in the longitudinal direction, 

we correct longitude of each satellite at the epoch. 

The observational equation is exp回目edas follows 

(aknkcosψk -a;n;eos<P；）ム.T=a;cosψ；Lll;-akcos'f)kLllk (4) 

where ak is the semi m句oraxts of the satellite k, n; is the mean motion of the satellite j, Ll.T is the 

residual of mid time and Ill k is the longitude correction of the satellite k at the epoch. The 

eccentncity of the satellite is ignored担 thisequation. Since we c四 notobserve the mutual 

phenomena when the pha田皿gleis neary 0 and since the coefficient of Lili in equation (4) 

becomes 0 when satellite j is at the m盟国umelongation from Jupiter, some selection effects may 

exist. It is desirable to observe many mutual events rather th四 toobserve one event at m皿y

observatories. 

We intend to correct the longitudes of only three mner satellites because the observed mutual 

phenomena of high quality involving J4 a問 qmtefew 

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

古田 obtainedlongitude corrections a日 shownm tables 5 and 6. We have tried two data sets, 

the one contains the whole 16 data, except for those with J4, the other contams the 11 data of 

comparattvely high quality indicated as •in table 4. We show the estimated values by other authors 

in table 5 and 6, too. Aksnes & Franklin (1976) deduced the correction oflongitudes using 91 light 

curves of mutual phenomena in 1973. Nakamura (1976) corrected the longitudes from 23 Ii桝

curves 

Table 4 The estimated longitude corrections (Unit: 10-4 radian) 

Aksnes & 
Data set I Data set 2 Franklin Nakamura 

(16 data) (11 data) (1976) (1976) 

(E-2) 

JI 3.0 ±2.5 4.0士1.5

J2 1.0 ±0.6 1.0 ±0.3 

J3 0.1土0.4 0.0 ±0.9 

(G-5) 

JI 2.9 ±2.3 3.7 ±1.2 
J2 0.4士0.5 0.4 ±0.3 

J3 1.0土0.3 -0.9 ±0 7 

(SV2) 

JI 24.9土3.4 26.7 ±1.4 22.7 ±1.0 19.0 ±0.7 

J2 4.2 ±0.8 4.1 ±0.3 5.9 ±0.6 2.9土0.1

J3 0.1士0.5 0.3 ±0.8 2.5 ±0.3 5.1 ±2.4 
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Table 5 The estimated time corrections (Unit minuite) 

Satellite Data set I Data set 2 Alcsnes & Nakamura 
(16 data) (11 data) Franklin 

(E-2) 

JI 0.12 ±0.10 0.16士0.06

J2 0.08 ±0.05 0.08 ±0.03 

J3 ←O.Ql ±0β6 0.00土0.15
Residual 0.15 0.08 
(G-5) 
JI 0.12 ±0.09 0.15 ±0.05 
J2 0.03士0.04 0.04土0.02

J3 0.16士0.05 0.15 ±0.12 
Residual 0.13 0.07 
(SV2) 
JI 1.01 ±0.14 1.08士0.06 0.92土0.04 0.77土0.03
J2 0.34士0.06 0.33士0.03 0.48 ±0.05 0.24 ±0.01 

J3 0.02士0.08 0.05土0.14 0.42士0.05 -0.83士0.40

Residual 0.20 。β8
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S D1scuss1ons 

Our results of JI and J2 are mostly in accord with those of Aksnes & Franklin The correction 

of longitude of JI for E-2皿dG-5 and the correction of J2 for E-2 seem to be signific叩t.The 

difference between our results and other authors may arise from the absence m our analysis of血e

corrections of other au伊Jarvariables such as w or [), 古田 absenceof the correctwns of these 

elements results from in回 fficiencyof obtained data m 1985 to improve them. Therefore we 

restrict our attention to longitude corrections. 

τ'he error of the lon伊tudeof JI is larger than other outer satellites in table S It JS because the 

phase angle of JI is always smaller than those of outer satellites and the coefficients of Al I is 

always smaller This is inevitable in血eanalysis of mutual phenomena. But the error of the 

midtime of the phenomena with JI is comparable with those of others. 

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

and G-5. 

ム！1-3Ll.12+Ll.!3=0 ）
 
，、J（
 

This S田msto出向 theaccuracy of the amplitude of libratwn argument (11-312+213) in E-2 

and G-5 and to justify our analysis. 

The difference between the results from the two data sets is smaller than the residual&. 

If we gather world-wide light curves of mutual phenomena m 1973, 1979 and 1985, ii will 

be po田ibleto improve all the elements of the Galilean satellites and to investigate on the tidal 

secular accerelation of JI We really hope that our observations enrich the knowledge on the 

satellite ephemerides. 
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ガリレオ衛星相互食（1985）の解析（要旨）

制l石 新，寺井孝二， E主物邦男， i#M之ti青二

三宅武治，西村英樹，松本邦雄，沢 雅行

佐々木弘志，内山丈夫，村上勝彦，金川真一

木星の衛星であるガリレオ衛星の相互主が. 1985'H月から12月にかけて，美星， ト旦，白浜の各ノ・）＜路観

測所で観測された. 14の現象が観測され23の光度曲線が得られた．

解析の結果， E-2(Lieske, 1980）の理論に対する内側の3衛星の経度の補正は再々 At1= 4.2士I.6 （× 

10 4), At2= I 0士0.4（×104),AQ3=Q 0土I.O（×10 4）と求まった．この成果はAksnes& Franklin 

(1976）の結果とほぼ e致している


