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Abstract. The formulae developed by Bielicki for the objective weighting of observations are
combined with an orbital improvement method in which the effects of perturbations are included
in the differential coefficients. The procedure is applied to the orbit of comet 1953 I.

Production of a new catalogue of the orbits of one-apparition comets requires the
recomputation of all the cometary orbits in order to make the material homogeneous.
Recomputation of the orbits can be realized if the following problems are elaborated
mathematically:

(1) weighting of the observations and rejection of doubtful ones (the method should
be purely mathematical and quite objective);

(2) improvement of the orbital elements with allowance for all perturbations in
the comet’s motion and even in the differential coefficients;

(3) taking into account the nongravitational effects in the comet’s motion after
such effects have been detected by some mathematical process.

The first two of these problems have been solved mathematically and programmed
for a digital computer. Formulae and a method for the computation of weights of
individual observations, as well as a criterion for rejecting the ‘erroneous’ observa-
tions, have been developed by Bielicki (1972). The formulae were derived on the basis
of statistics and probability theory.

Formulae for the correction of the orbital elements, including the perturbations
in the differential coefficients, have been derived by the present author (Sitarski,
1971). The differential coefficients are obtained by numerical integration of the
differential equation for the correction 4r to the comet’s position vector:

ddgr kzg ~ 3k % =5 (r-4r) = grad (grad Q-4r),

where k is the Gaussian constant and 2 the disturbing function. Substituting
6
ar = > CG,
i=1

where the C; are arbitrary constants, we transform the differential equation for 4r
into six differential equations for the G;. The numerical integration of these equations
gives the values of the differential coefficients in the observational equations, from
which the constants C; are obtained by the method of least squares. The appropriate

Chebotarer el al. (eds.), The Motion, Evolution of Orbits, and Origin of Comets, 107-111. All Rights Reserved.
Copyright € 1972 by the 14U.

https://doi.org/10.1017/50074180900006355 Published online by Cambridge University Press


https://doi.org/10.1017/S0074180900006355

108

Residuals for Comet Harrington 1953 I (Epoch 1953 Jan. 23.0 ET, Equinox 1950.0)

G. SITARSKI

TABLE I

No. t — t; Initial Without weights After weighting Vw
dacos 8 438 Adacos & 4% dacos 8 48
1 0.318 — 33762 +126778* — 34700* +126773* — 33727* +126751*  3.17
2 2.400 + 032 — 048 - 005 — 0.52 + 069 — 075 3.17
3 3.472 + 071 + 0.38 + 034 + 034 + 108 + 0.11 3.17
4 3.487 + 145 + 0.06 + 1.09 + 0.02 + 1.83 — 021 3.17
5 4.949 — 3391 — 240 — 3427 — 244 — 33.52* — 267 3.17
6  6.837 - 142 - 521 - 176 — 524 - 101 — 548 3.17
7 7.826 + 042 + 1.09 + 008 + 1.06 + 084 + 0382 3.17
8 8.793 + 384 + 1.10 + 351 + 1.07 + 427 + 083 3.17
9 10.348 - 0.18 — 0.56 - 051 — 0.59 + 026 — 0.83 3.17
10 10.374 - 030 + 1.51 - 062 + 1.49 + 015 + 1.24 3.17
11 21.152 + 046 + 1.00 + 020 + 098 + 1.03 + 074 3.17
12 21.185 + 060 + 1.11 + 033 + 1.09 + 1.16 + 0.84 3.17
13 21.720 — 146 + 248 - 1.72 4+ 2.46 - 089 + 221 3.17
14 23.746 - 029 + 0.56 - 054 + 0.54 + 031 + 0.30 3.17
15 24.770 — 354 — 0.67 - 378 — 0.69 - 292 - 093 3.17
16 32.864 - 371 - 252 - 38 — 254 - 298 — 276 3.30
17  35.735 — 1.63 — 4.66 - 179 — 4.69 — 0.86 — 4.89* 3.72
18 53.903 + 146 + 3296 + 150 + 32.89* + 251 + 32.79* 0.96
19 58.901 + 236 — 020 + 247 - 0.30 + 349 - 036 0.93
20 59.829 — 148 + 541 - 136 + 5.31 - 033 + 525 0.94
21 63.794 — 0.8 + 647 - 069 + 6.34 + 034 + 6.31 1.00
22 72.648 + 110 — 1.54 + 145 — 1.76 + 246 — 172 0.98
23  81.494 — 040 — 325 + 013 — 3.58 + 1.08 — 348 0.93
24 82.477 + 20.00 + 0.84 + 20.56* + 0.51 + 21.50* + 0.62 0.93
25 84.441 + 226 + 8.53 + 286 + 8.17 + 378 + 8.29 0.90
26 85.648 - 003 - 5.17 + 060 — 5.55 + 1.50 — 542 0.88
27 86.639 — 8.08 + 3.26 - 743 + 287 - 654 + 3.01 0.87
28 87.694 + 024 — 0.18 + 090 - 0.59 + 1.78 — 045 0.86
29 88.724 + 119 — 0.36 + 187 - 0.78 + 274 - 0.63 0.86
30  89.660 + 1.88 + 0.20 + 258 - 022 + 344 - 007 0.86
31 90.693 + 390 + 0.60 + 462 + 0.16 + 546 + 0.32 0.86
32 91.527 — 066 + 5381 + 0.08 + 5.36 + 091 + 5.52 0.86
33 91.756 + 348 + 29.14 + 422 + 28.69* + 505 + 28.85* 0.87
34 92.524 + 722 + 045 + 798 — 0.01 + 879 + 0.16 0.87
35  95.527 + 271 — 1.25 + 352 - 174 + 430 - 1.56 0.82
36 98.655 — 6.54 — 340 - 567 — 391 - 495 - 373 0.78
37 108.755 —207.04* — 21.09 —206.03* — 21.63* —205.48* — 21.45* 1.50
38 109.405 - 115 + 098 - 013 + 044 + 041 + 0.62 1.40
39 109.713 - 059 - 0.25 + 043 — 0.80 + 097 — 0.62 1.36
40 113.722 — 1.67 — 13.54 — 060 — 14.08* — 0.13 — 13.90* 1.07
41 118.619 - 193 + 215 - 082 + 1.63 - 043 + 179 0.99
42 118.706 + 094 + 0.05 + 205 - 047 + 243 - 031 0.99
43 120.587 —13391* —121.22* —132.79* —121.74* —132.43* —121.58* 0.95
44 121.742 - 11.14 — 0.53 - 1001 - 1.03 - 967 - 0.89 0.95
45 122.478 - 239 - 153 - 125 - 203 - 093 - 188 0.95
46 123.587 -~ 15,07 -272.03* - 13.93* -272.52* — 13.62* —272.38* 0.98

https://doi.org/10.1017/50074180900006355 Published online by Cambridge University Press


https://doi.org/10.1017/S0074180900006355

AN INTERPRETATION OF THE HOMOGENIZATION OF OBSERVATIONAL MATERIAL 109

TABLE I (continued)

No. i — 1, Initial Without weights After weighting Vw
dacos 8 48 dacos 8§ 48 dacos 8 48

47 123.700 — 0748 — 0786 + 0766 — 1735 + 0797 - 1721 0.98
48 124.587 +158.98*% —367.63* +160.13* —368.11* +160.43* —367.98* 1.02
49 125.700 - 135 - 175 - 020 - 223 + 0.08 - 210 1.06
50 126.597 - 375 - 074 - 259 - 121 - 232 - 1.08 1.06
51 136.636 + 252 - 0.02 ‘+ 370 — 0.35 + 384 - 027 0.70
52 138.685 - 1079 - 22.18 — 961 — 2253* — 949 - 2246* 0.79
53 140.684 - 967 + 1.08 - 848 + 0.75 - 839 + 0381 0.87
54 141.623 — 1592 + 8.63 — 14.73* + 831 — 14.66* + 8.36 0.89
55 143.496 — 457 + 0.13 — 338 — 0.16 - 332 - 0.12 0.90
56 144.682 - 053 - 1.56 + 066 — 1.84 + 070 - 1.80 0.85
57 146.609 - 115 — 3095 + 004 — 421 + 006 - 4.19 0.79
58 147.597 - 723 - 275 - 604 — 3.00 - 6.03 — 298 0.75
59 149.737 —294.35*% —266.95* —293.17* —267.17* —293.17* —-267.17* 0.72
60 150.634 +175.88* —153.86* +177.06% —154.07* +177.04* —154.07* 0.72
61 150.755 —-219.17* + 10.39 —217.99* + 10.18 —218.01* + 10.18 0.72
62 152.613 - 051 — 0.51 + 067 — 071 + 064 — 0.72 0.75
63 153.462 + 1937 - 7.79 + 20.55* — 1798 + 20.51* — 7.9 0.78
64 153.770 - 1.68 — 8.28 - 050 — 846 - 054 — 848 0.79
65 168.631 - 030 + 2.08 + 084 + 207 + 068 + 198 0.86
66 168.658 - 397 + 35.39 — 283 + 35.38* - 299 + 3529* 0.86
67 169.638 + 402 - 0.52 + 515 - 0.52 + 499 - 0.62 0.84
68 170.630 + 054 + 1.89 + 168 + 190 + 1.50 + 1.80 0.82
69 174.432 + 398 — 1.16 + 510 — 111 + 490 - 1.23 0.82
70 174.651 + L19 + 217 + 231 + 223 + 211 + 210 0.82
71 174.661 + 319 + 4.10 + 431 + 416 + 411 + 4.03 0.82
72 178.659 + 072 - 1.00.- + 18 - 090 + 1.59 - 1.05 0.74
73 180.671 + 028 + 1.28 + 1.37 + 140 + 113 + 1.25 0.70
74 181.437 + 1.8 + 348 + 293 + 3.60 + 269 + 345 0.70
75 181.669 + 643 — 1.54 + 751 — 141 + 727 - 1.57 0.70
76 184.674 — 368 + 6.55 - 261 + 6.71 - 287 + 6.53 0.70
77 199.758 + 1.89 - 1.13 + 285 — 0.82 + 252 - 107 0.70
78 202.682 — 881 — 35.48 - 7.87 — 35.15* — 822 - 3541* 0.70
79 203.678 — 2239 - 283 — 21.45* — 249 — 21.81* — 276 0.70
80 207.744 + 1.60 - 0.40 + 250 - 0.02 + 213 - 0.31 0.70
81 214.710 — 447 — 458 - 363 — 414 - 404 - 446 0.70
82 231.735 + 005 + 047 + 070 + 1.02 + 022 + 0.62 0.70
83 236.705 — 3.00 + 092 - 240 + 1.50 - 290 + 1.08 0.70

T = 1953 Jan. 5.41783 Jan. 5.41874 + 0.00139 Jan. 5.41888 + 0.00101

q = 1.66498366 1.66498073 + 0.00001656 1.66499216 + 0.00001564

e = 0.99594159 0.99593281 + 0.00005744 0.99592389 + 0.00005168

w = 191°37"52753 191°37°53797 + 3”14 191°3754730 + 2733

N, = 220 41 25.32 220 41 25.04 + 1.12 220 41 25.22 + 1.17

i= 590711.86 5907 12.77 + 1.89 590711.80 + 2.14

1/a = +0.00243752 +0.00244280 + 0.00003452  +0.00244816 + 0.00003106

a (AU) = 410.25 409.36 + 5.81 408.46 + 5.23
P (yr) = 8309.6 8282.6 + 176.5 8255.2 + 158.8
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choice of the initial data for starting the integration of the equations for G; allows
us to obtain the coefficients in the observational equations for the corrections to the
conventional orbital elements: v, g, e, w, §,, i (v being the true anomaly). The for-
mulae derived for these elements appear to be independent of the kind of orbit
(elliptical, hyperbolic or parabolic).

The process of improvement of the orbit is realized by the GIER computer in the
following manner. At first the orbit of a comet is corrected by application of the
traditional method (rejecting the obviously erroneous observations only and regard-
ing all the observations as equivalent). Starting from these preliminary improved
orbital elements the (O — C) residuals are computed, all the perturbations in the comet’s
motion being included; and from the unperturbed Keplerian orbit of the comet an
ephemeris is computed for the moments of observation. The (O—C) residuals are
added to this unperturbed ephemeris and thus ‘artificial observations’ are obtained
to correct the Keplerian orbit of the comet.

The Keplerian orbit is corrected iteratively, the ‘erroneous’ observations being
rejected by means of Chauvenet’s criterion. The third differences of the (O—C)
residuals that result from this orbit improvement then serve as a basis for weighting
the observations as follows. The local mean error of one observation for the mean
moment of 20 successive observations is computed using Bielicki’s formulae. If the
number of observations is N, then the mean errors are obtained for N—20 mean
moments. Thus, we have a numerical representation of the mean error function with
respect to time. This function is smoothed by applying the Woolhouse parabolic
method, as modified by Bielicki. Then the mean error of each individual observation
is computed, and hence the weights of the observations are calculated by Bielicki’s
method. The process of weighting the observations is iterated three times.

The Keplerian orbit is improved once more by means of the weighted observations,
the ‘erroneous’ observations now being rejected according to Bielicki’s criterion.
Finally the orbit is corrected with the perturbations included in the differential
coefficients. In this single process the weighted observations are used and the doubt-
ful observations rejected previously are again omitted.

The method described has been applied to the improvement of the orbit of the long-
period comet 1953 I (Harrington). Table I contains the (O — C) residuals. The aster-
isked residuals indicate the observations rejected in the process of orbit improve-
ment. The initial residuals were obtained after a preliminary correction of the orbital
elements. It is obvious that some observations can be regarded as erroneous and
therefore they were rejected at once. Then the orbit was improved, first by giving all
the observations unit weight, then by assigning the ‘real’ weights. In both cases the
observations were subjected to selection by application of Bielicki’s criterion.

The last column in Table I contains the values of square roots of the weights as
computed by Bielicki’s method. The rapid change in the run of weights after the
seventeenth observation is due to the lack of observations during the next 20 days
or so (probably because of the Full Moon). We can see that the observations of the
comet were more exact before than after perihelion (perihelion time falling around
the middle of the table); the ratio of the weights of the observations at the beginning
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and at the end of the observation interval amounts to 20:1. Hence we can hardly
regard all the observations as equivalent when improving the orbit.

The orbital elements and their mean errors, as resulting from the improvement of
the orbit without and with weights, are given below the table. The differences of the
two improved sets are small and are contained within the limits of the mean errors
of the elements. The question arises as to whether the use of this rather complicated
process, described above, is reasonable in practical computations. However, the
mathematical selection of observations may be applied only to equivalent observa-
tions. Furthermore, the nongravitational effects in the comet’s motion can be detec-
ted by analysing the (O—C) residuals of the weighted observations. Therefore, it
seems that the weighting of the observations should not be neglected in the process of
orbit improvement if we really want to determine the ‘definitive’ orbit of the comet.
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