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SUMHMARY

In february 1983, we have observed the Satellites of Sa
turn. and Minor‘Planets at the ESO, La Silla, Chile. They
instrument GRO (D=40cm; f=4m) was used. Having Clear

L H

skies, magnitude 18 could be attained. Measures and re.
ductions were performed at the Observatoire royal = de

®

Belgique with the Ascorecord meésuring machine (0,1u)
and by means of five reference stars on the UNIVAC com~
puter of the Royal Institute of Meteorology (SAC  Star
Catalogque, Least Squares and Dependences Methods).

RESUHMO

Em fevereiro de 1983 foram observados no ESO, La Silla,
Chile, asterdides e satélites de Saturno. Utilizou-se 0
telescopio astfométrico GPO (D=40cm; f=4m), evidentemeé
te sem o prisma que lhe dia o nome. Dadas as condigoes
favoraveis de t;ansparéncia da atmosfera, a magnitude 18
foi atingida. As medidas foram efetuadas no coordenato
grafo Ascorecord (0,1u) no Observatoire royal de Belgi-
que e as redugdes realizadas no computador UNIVAC do
Institut royal de Metéorologie. Foram utilizadas cinco
estrelas de referéncia; suas coordenadas o, § e seus no
vimentos proprios, ua e ué, extraldos do SAO Star Cata-
logue. Os métodos das dependéncias e dos minimos qua-
drados foram utilizados na obtengio das vosigoes dos cor
pos celestes fotografados. O controle final do traba-
lho foi levado a efeito no Observatorio do Valonqo,UFRj.r

»)

l- Observatoire royal de Belqgique
Av. Circulaire, 3
B~1180 Bruxelles, Belgique

2- Observatdrio Wacional do Rioc de Janeiro
R. General Bruce 586, S3o Cristdvio
20.081 Rio de Janeiro-RJ - Brasil

3~ Observatdrio do Valongo, Universidade Federal do Rio de Janeiro_
Ladeira do Pedro Antonio 43, Saudde
20.030 Rio de Janeiro-RJT - Brasil
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vations ; Saturn Satellites.

1. INTRODUCTION

This paper contains results of photographic observa-
tions of asteroids and satellites of Saturn obtained at the GPO of the
£30, La Silla (D=40cm; F=4m) using the 4m focal length Telescope (D=40cm)
as quide. R.R.F., Mourdo was the observer.

2, HMETHOD

The reduction method, which uses five reference stars
is based on the dependences (Debchogne et al., 1979) for future improve-
ments. Easily we can pass from the measured coordinates X,y yp to the
standard (or rectilinear celestial) coordinates xp, yp and to the equato-~
rial ones of the minor planet of satellite through the classical formulae
(Smart, 1944). |

It should be noticed that the general method

n . n . s
X = T ai.xiyj, Y = z bi.xiyj, nsi,
i+j=0 J i+j=0 T

with i+j=k $ n, 1 » and i~ in i+j=k (ordinated polynomium of degree n),
programmed by one of the authors and used by him to demonstrate the theo-
rem of the minimum (Debehogne, 1975) is used here with n=1. Thus, the
bijection between (x,y) and (X,Y) contains three terms determined by five
equations (least squares method) given by the five reference stars. He
compute the residuals on these stars (table 2) to give an idea of the ac-
curacy of catalogue measurements and solutions of this algebraic system
(5 equations for 3 unknowns).

3. ACCURACY

For good images and for a nearly pentagonal distribu-
tion of reference stars, having the celestial object near its center, the
measurements attain 0V2 (asteroids and satellites). The best evaluations
of accuracy may be obtained only from the orbit residuals,

4. RESULTS

Tables 1 and 2 present the order number of each . posi-
tion (to connect the two), the number and name of the minor planet and
satellite, the plate number, the date (UT), to topocentric right ascen-
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sion and declination }at 1950.0), with the same number of decimals as in
SAO Catalogue used, the residuals (same units as in the ITA - ephemerides;
sometimes differences appear on account the linear approximation: it is
not very important for these residuals, which are used only for identifi-
cation purposes), the star residuals and the dependences. In table 2, al
$0, are given the star SAO number and the last decimals of their coordina
tes (proper motion included).
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96927
. 96945
T9H52
79451
79428
o T93%1
79399

T9428.
79443
79451.

794248
79391
79399

19378

6913
96913
79371
79378
79391
79399
. %6900
96911

96913
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79504
79514
79492
79483
79480
79480
79483
19461
T 79446
79428
79480

79492

79483
79461

TABLE 2+ STAR ‘RESIDUALS,. DEPENDENCES.

POSITIONS USED

S
+37.518
+34,865
+45.612
*31.994
+13.612
*59.527
+29,.,175
+13,612
+17.51%
+41,.,994
+13.612

- +59,527

+*29.175
+40.162
+34,705
+34,705
+10.496
+40.162
+59.,527
+29.175

+42.763

+28.491
+34,.,705
+40.162

+10.496-

+02.7%0
+264943
+57.588

+36,509

+25.,201
+25,.,201

+36.509

+U6¢957
+32,961
+13.612
+25.,201
+57.588
+36.509
+16.057

26.08
15.65
l6e24°
‘50439,
35.83 -

31465

37,78

35.83
22.51
58.39
35.83

31.65.

37.78

53,85

09.17

09.17 -
50438 .

3,85
31,65

37.718
'19071-

08417

0917

53.85

50.38

59 .40
17.96
24,39
58.87
42.85
42.85
58.87

19.84

11.65
35.83
42.85
244,40
58,87
1984

{3

- 8
+0.009
-0.008
=0.006
+0.013
-0.007

‘10.029

-0.039
+0,016%

- =0.00%

+01,004
-0.012
+0.060
-0.010
-0.028
-DQDIG

-.001.

-0.009
+0,008
+0,011

 =0.010

~-.013

+0.008
T +0.004

‘00015

"00017

+N.013
-0.006
-0.031
+*N.043
‘00019
~0.02&
i0.014
~0.,004
+0.032
~-G.016
+1.010
‘90035
+0,033
-ﬁaOﬁS

+0.32

=0.51

+0.27

'0)03

-D«04

+0.91
~1.15%
+0.15
+0.24%
‘0-;5
~0.18
+1.09

'0035.

~De iy
'0015
'0001
-0.17
+0.20
+0.,09

-0.10
'*0006

+0.01
+0.07
-0e19
+0e17
~-0+30
+0.20
+0.46
~0.82
+0.46
+0.02
+0.02
“Uel?
+0.17
-0.02
'O)UU
-0.01
+D.01

+0.02

-
£

STAR RESIDUALS

L3
+0.,005
-0.002
~0.009
+0.012
=-0.006
+0.027
-0.039
+0,026
~0.027
+0.014
-0.010
+0.0318
40.011
~0.014
-G.004
-0.005
-J.00%
-0.002
204049
-0.033
+0.,009
-0.011
+0.008

’00011

+0.011
+0.018
~0.007
~0. 047
+0.063
-0.026
=0.018
+0.011

-0.007

+0.026
—0-012
+0.010
-0.03%
+Ce035
«J.000

v

+0,30

“0562‘

+0,.54

wa??

+0,.07
+0 .49
-0,67
+D .27
‘U.l?
+0,08
+0.,03
+«0, 44

-‘0.34

_0009
—D.UQ
-0.05

“0.12
+J,01

+0,53
-0036
+0.,05
+0.01
-0, 09
+0.24
-0.21
-0.30
+0.13
*0,.,79
‘1.06
+0.44
+0,22
-N.06
-0.30
+0.05
+0,09
-C.09
+0 ., 39
=0 36
-, 0%

b
+0.003
-0.,002
-0.005%
+0.007
=0.004
+D.D28
-0.040
+0.021
~0,01%
+0.,00%
‘0000?
+0.035
“00006

‘=0.016

-0.006
-0.,002
-0.004
‘U.DBI
+0.020
—O.Ulh
+0,.500
~0.0567
+0,014
~D.034
+0.027
+0.012
~0.,003
-BODQI
+0.049
_00017

~0.018

+0,008
+0.0112
+0.00%9
-D.00%
+D.012
-D.DQI
+0.,038
-D.00%

.s
*0.32
~Q.50
+0e23
+0.02
-0.07
+0.54
-0.73
+0,31
-0.21
+D.10

+0.08
+J.59

-0e54
~0.08
~-0.04
=0.02
“0.10
-0.18
+0e19
‘0.09
~0e25
+0.24
?0.10
+T.13
-0.02

-0.33

+0.17
+0.76
-1.09
*0.49
+0.37
-0e«16
‘0.19
-0.21
+0.19
*Uoll
+Da40
~0e37
+0.00

t

+0,.,434960
+0.123849
-0.,172542

+0.010066
+0.,603668.
+0.503700

+0.369513

. =0.053473.

+0.001620
+0.,178640
+0. 096787
+0.248051
+0.218976
+0.392006
+0.048179
-N.138389
+D.318581
+0.314940

+0.237149

+0,267719
-0.018%26
~0.177T8BU44
+0.,167986
40.516651
+D0.,512133

- *D.783629

+0.068873

~D.054727
"0.!212“5

+D.323471
+0.561580
+0.248101
+0,306244
+0.216500
“0.332325
-0.030808

+0,217715

+0.306402
+D.211967

ks .y

DEPENDENCES

+0.436179
+0.123952
~D.173609
+0.00%097
+0.604381
+0.504251

+04369829

-0.053383
+0.001373
+0,177932
+0.096308

+D.248372

+0.219046
+0.393D033
+0.043241
-00138887
+0.319498
+0:.315497
+0.,236822
+0.267071

-De018438

~0.177880
+D.166448
+0.,516863
+0.,513007
+0.782001
+D.068024
-0.054232
~041198608
+0.324074
+0.560984
*D.2485%9%
+0.305766
+D.216124
~0.331469
-C.0351865
+0.,218133
+0.308168
+0.212213

+0.,43748¢%
+0D.124112
-0.174862
+0.008114
+0,605150
+0.50482Y
+0.,370315%

~0.053323

+0,000959
+0.177226
+0.,095645
+0,248621

+0,219173

+0.394172
+0.,042389

“De139684 .

+0.320435

+0.316070
+0,236613
+0.,2665686

04017882
~0.,177902

+0.164738
+0.517013
+0.514016
f017800782
+0.,06713¢%
-0.053345
-0.118599
+3.,324730
*0.55974¢%
+0.249124
+0,305255
+0,215693
~0.329821
~0.039300
+0.,218352
+0.,309547
+0,212547 .
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+0,1748%6

+0.247316 .

+0.059028

+0.258524
+0,268%06
+0.,186807
+D.212776
+0.072987
+D0,211238
+0.234522
+0.156185
*+0.312144
+0,085911)
+0.,0940%9}
+0.140589
+0.097284
+0.513249
~Z.154787
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38
38
18

3g
38
38
38
38
38
38
38
38
38
38
158
158
158

T 158
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158
158
158
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158
158
158
686
686
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686
686
686
686
686
686
686
686
686
686
871
871
1007
1007

1067

1432
1432
lu32

38"

0BJECT

LEDA
LECA
LEDA
LEDA -
LEDA
LEDA
LEDA
LEDA
LEDA
LEDA
LEDA
LEDA
LEDA
LEDA
LEDA
KORONIS
KOPONIS
KORONIS
KORONIS
KORONIS
KORONIS
KORONIS
KORONIS
KORONIS
KORONIS
KORONIS
KORONIS
GERSUIND
GERSUIND
GERSUIND
GERSUIND
GERSUIND
GERSUIND
GERSUIND
GERSUIND
GERSUIND
GERSUIND
GERSUIND
GERSUIND
GERSUIND
GERSUIND
GERSUIND
AMNERIS
AMNERIS

PARLOWIA -

PANLOWI A
PAKLOWT A
ETHIOPIA
EVHIOPIA
ETHIOPIA

TABLE 1. POSITIONS.

DATE UT 1983

PLATE MON, DAY
6018 2 12.047787
6018 2 12.054713
6018 2 12.061638
6037 2 14.,050004
6037 2 14.056871
6037 2 14.063797
6055 2 16.042397
6055 2 16,049322
6055 2 16,.056248
6075 2 184047326
6075 2 18.054251
6075 2 18.061177
6095 2 20.08134)
6095 2 20.088267
6095 2 20.,095192
6037 2 14.050004
6G37 2 14.056871
6037 2 14,063797
6055 2 164042397
6055 2 16.,049322
60855 2°16.056248
6075 2 18.D47326
6075 2 18.054251
6075 2. 18.061177
6095 2 20.081341
6095 2 20.088267
6095 2 20.,095192
6022 2 12.162751
6022 2 12.169677.
6022 2 12.176602
6043 2 14.239706
6043 2 14,246631
6043 2 14,253557 1
6062 2 164241853
6062 2 164248870
6062 2 16.255703
6682 2 18.255092
6082 2 18.262017
6G82 2 18,268943
6101 2 20.263484
6101 2 20.270409
6101 2 20.277334
6006 2 10.291486
6006 2 10.302220
6024 2 12.259709

- 6024 2 12.266634
6024 2 12.274252
6037 2 14.05000u
6037 2 164.056871
6037 2 14.,063797
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17

17
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49,333
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2576
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23,654
23479
23.286
46.88]1
5.651
46.399
43,513

43,338

43.117
45947
45,744

GS¢543
54.056

53.,874%
53,691

24327

2e172

2.016
19.164
19.010
18.842
324214
32.017
31.819
319469}
19,509
39,326
42.250
42.025
4]1.838
QI0388
40.957
2B+967
28,607
284158
48,774
48.480
48.191

DELTA 1950 RESIDUALS
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37.62
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41.48
“0031
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37,68
30,03
25.89
28,26
11.51
11.11
10,52
36,14
36451
37412

34,35

34,67
34492
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51.87
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53,14
18,44
19.03
19.08
22466
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23.03
28.76
29.03
29.60
47445
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NO

&1
52
53
54
55
56
57
.58
59
50
61
62
63
64
65
66
67
68
69
10
71
72
73
74
75
16
77
78
79
80
81
82
83
84
8%
86
87
88
89

90

?1
92
93
94
95
96
97
98
99
100

0BJECT

143s
1436
1436
1436
1436
1436
1436
1436
1436
14836
1436
1436
1436
1436
1436
1727
1727
1727
1829
1829
1829
1829
1829
1829
1894
1894
1894
1911
1911
1911
1911
1211
1911
1911
1911
1911
1911
1911
1911
2363
2363
2363
2363
2363
2363
2363
2363
2163
2363
2363

1936

1936
1936
1936
1936
1936
1936

YA
YA
YA
YA
YA
YA
YA
YA
YA
Ya
YA
YA
YA
YA
YA

1936
1936
1936
1936
1936
1936
1936
1936
METTE
METTE
METTE
DAWSON
DAWSON
DAWSON
DANSON
DAHSON
DANSON
HAFFNER
HAFFNER
HAFFNER
SCHUBART
SCHUBART
SCHUBARY
SCHUBART
SCHUBART
SCHUBART
SCHUBART
SCHUBART
SCHUBART
SCHUBART
SCHUBART
SCHUBART
CEBRIONES
CEBRIONES
CEBRIONES
CEBRIONES
CERRIONES
CEBRIONES
CEBRIONES
CEBRIONES
CEBRIONES
CEBRIONES
CEBRIONES

TABLE 1+ POSITIONS,

DATE UY 1983

PLATE MON. DAY
6022 2 124162751
6022 2 12.169677
6022 2 12.176602
6043 2 14,239706
60643 2 14.246631
6043 2 14.253557
6062 2 16.241853
6062 2 164248870
6062 2 164255703
6082 2 18.255092
6082 2 184262017
6082 2 18.268943
6101 2 20.263484
6101 2 20.270409
6101 2 20277334
6091 2 19.236785
6091 2 19.244750
6091 2 19.251698
6018 2 12.047787
6018 2 12.054713
6C18 2 12.061638
6095 2. 20.081341
6095 2 20.088267
6095 2 20.G95192
6024 2 12.259709
60286 2 12.266634
6024 2 12.274252
6018 2 12.047787
6018 2 12.054713
6018 2 12.061638
6637 2 14.050004
6037 2 14,056871
6037 2 14.063797
6075 2 18.007326
6075 2 18.0542%1
6075 2 18.061177
6095 2 20081341
6095 2 20.088267
6095 2 20.0951%2
6022 2.12.162751
6022 2 12.16%677
6022 2 12,176602
6043 2 14.23%706
6043 2 14246631
6083 2 14,2531857
6062 2 166241853
6062 2 164248870
6062 2 164255703
6101 2 20.263484
6101 2 20.27D409
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4,771
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Sl.428
51.624
36736
364508
J6.281

7398

Te206

T+063
364943
364627
364263
46,182
45.960
45.760
48.672
83,472
48.270

Te617

T3]

7280
23.610
23.436
23.282
29092
28.548
28.839
58.062
65T7+962
ET.814
254556
25.438
25.283
12.359
12.225

10.

DELTA 1950 RESIDUALS
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09
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03
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55
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17,81 -
18,71 -

20.03
€7.80
S58.74
00.27
41,00
41,62
42469
40.82
41.29
G2.37
52,02
5287
53.03
02.37
13.00
22.17
3I9.66
39,00
37.83
5675
S6e.02
55.28

5236

S4.18
56423
22443
22489
23.02
52,92
52.88
53 .24
25419
25,57
26.07
26,00
26464
26484
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33.77
33.17
53.92
52.68
52.02
4735
46,26
45.87
55.03
56411
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NO

101 2363, CEBRIONES
102 2380 HEILONGJIAN
103 2380 HEILONGJIAN

104
105

106

107
108

) 109

110
111
P 112
113
114
11%
116
117
118
119
120
121

122 .

123
124
125
126
127

OBJECT

1980
1980
1980
1980
1980
1980
1980
1980
1580
RHER
RHEA
RHEA
TITAN
TITAN
TITAN
HYPERION

KG
KG
KG
KG.
KG
KG
KG
KG
KG

 HYPERION
. HYPERION

JAPETUS
JAPETUS
JAPETUS
PHOEBE
PHOEBE
PHOEBE

DATE UT 1983

PLATE MON, DAY
6101 2 20.277334
6006 2 10.291u486
6006 2 10.302220
6012 2 11.167553
6012 2 11.174479
6012 2 11.181404
6031 2 13.137185
6031 2 13.144087
6031 2 13.151036
6049 2 15.119928
6049 2 15.,1726854
6049 2 15.133780
6092 2 19.267616 .
6092 2 19.274876
6092 2 19,281u455%
6092 2 19.267616
6092 2 19.274876
6092 2 19.281455
6092 2 19,267616
6092 2 19.27487s
6092 2 19,281455
6092 2 19.267616
6092 2 19.274876
6092 2 19.281455

6092 2 19.267616
6oee 2 19274876
6092 2 19,281458%

TABLE 1. POSITIONS.

11.

ALPHA 1950 DELTA 1950 RESIDUALS
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14
14
14
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3
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10
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10
10
10
10
10
1C
10
10
10
11
11
11

s .
12,133
49,567
49,059
31,693
31.360
31.036
50,209
49.850
49,492

3.960

3597

3.248
254152
250130
25.082
224617
224681
224513
17.911

17.973.

17.925
45.670
45,68%
“5&60“
53,253
53.344
534309

=21
+0S

+05

+02
+02
+02
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+02
+02
+03
+03
+03
-1
=10
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=10
-10
=10

-10
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-10
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-10
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55
23
23
48
48
48
57
57
57
07
07
a7
23
23
23
23
23
23
21
21
21
26
26
26
33
33
33

L

53.36
16.00
18.41
2751
29 45
31425
39456
41.83
83.59
16,32
38,51
40.62
04 .89
04 .69

05.17

54465
$3.67
53.58
S57.22
55.82
53.68
02.22
01.73
01.88
08.03
06416
05.7%
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