LUBOR KRESAK

THE MOTION OF THE PERIODIC COMET
TUTTLE -GIACOBINI-KRESAK, 1951-1956

Abstract: The paper contains the derivation of the definitive orbit of the periodic comet Tuttle—Giacobini—Kresdk
from 92 observations during the 1951 apparition, the computation of planetary perturbations for the period April 24,
1951 — August 5, 1956, and a search ephemeris for the coming return into perihelion.

1. Introduction

Comet Tuttle— Giacobini—Kresak is one of the
typical members of the Jupiter family of short-
periodic comets. So far, it has been observed in
three widely separated apparitions only (1858 III,
1907 I11, and 1951 IV). In both former cases the
observed arc of the orbit (30 and 13 days, respec-
tively) was too short to allow a recovery of the
comet on the basis of the derived elements; con-
sequently, the comet has not been systematically
followed as yet. The periodic character of the
orbit of 1858 III was distinguished in 1884 by
Schulhof [1]. The identity of 1858 IIT and 1907 ITI
was pointed out in 1914 by Pickering [2] and the
identification thoroughly examined by Cromme-
lin [3], to whom is due the first reliable estimate
of the period of revolution. Comet 1951 IV has
been identified with the periodic comet Tuttle—
Giacobini independently by Cunningham [4],
Dubjago [5] and the writer [6]. The comet revolves
around the Sun in a rather slightly eccentric orbit
of a relatively short period of 5.5 years. At most,
it may approach the Earth to 0.1 and Jupiter to
0.3 astronomical units; the main perturbing body
is almost continually Jupiter. Heavy perturba-
tions by Jupiter repeat after an interval of 71
years (for the last time in 1904) and the returns,
favourable for observation after an interval of 11
years (for the last time in 1951) at present.

2. The Orbit for the 1951 Apparition

In his earlier paper [7], the writer published
elliptical elements of the comet, based on 35 ob-
servations secured in April—July 1951 at the Skal-
naté Pleso Observatory*. For a further improve-
ment of the orbit, all available observations pub-
lished by other authors have been applied. These
observations, in a total number of 92, are summa-
rized in Table I. In all cases the positions were
obtained photcgraphically with the aid of reference
stars from the respective zones of Carte du Ciel,
Yale Zone Catalogues, or A. G. Catalogues. The
plates obtained at the Tokyo Observatory were
kindly remeasured and the results communicated
to the writr by Dr. Hirose [9]. ,

The following above-mentioned elliptical ele-
ments were used as a starting point for the diffe-
rential improvement of the orbit:

Elements E 1:

T = 1951 May 9.37335 U. T.

o = 37°94545 37°94553
02 = 165°62722 11950.0 165°64110 $1951.0
1= 13°79701 13°79688
e = 0.6413427 ’
a = 3.1132762
n = 0°1794228
P = 5.49321v

* In this paper also some additional particulars concerning the comet’s history, its brightness at individual appa-

ritions etc. may be found.
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Table I

Number of Period
Observatory positions of observation Reference
Astronomické observatérium SAV, Skalnaté Pleso 35 Apr. 25—July 29 Kresék (7)
McDonald Observatory, Fort Davis 16 Apr. 26 —June 29 Van Biesbroeck (8)
Yerkes Observatory, Williams Bay 14 Apr. 27—Aug. 4 Van Biesbroeck (8)
Tokyo Astronomical Observatory, Mitaka —Tokyo 8 Apr. 26 —June 24 Tomita (9)
Lick Observatory, Mount Hamilton 7 May 26 —June 28 Jeffers (10)
Astronomigeskaja observatorija im. Engelgardta, Kazan 6 Apr. 27—May 5 Martinov (11)
Astronomiéeskaja observatoiija, Gora Kanobili 6 May 8—May 29 Kodlagvili (12)
Table IL
Date o e he | E | By hy By | om | e e g | & [2X) s
1951 Apr. 24 + 8 _ 7 + 1 |+ 8 4 + 4 —17 |— 6 — 17 116 —16 | — 18| —0701| —0704
May 4 0 0 + 714+ 1 0 0~ 5 0] — 1 0 —16 | — 2 0.00[ 0.00
May 14 0 412 +12 |+ 1 0 + 8 + 8 0 — 1 _15 —15 | — 2 0.00| 0.00
May 24 + 12 128 +16 | + 14| + 8 + 32 +24 |4+ 10| — 16 _98 —13 | — 16| —0.04| —0.03
June 3 + 40 44 +16 | 4+ 42| + 40 + 73 +41 |4+ 44| — 44 37— 9 | — 45| —0.18) —0.06
Junel3 + 84 156 +12 | 4 85| + 113 T o0 457 |+ 118 — 81 i — 3 | — 82| —0.39 —0.07
June 23 +140 63 + 7 | +141| + 243 +201 +71 |+ 249 —121 36 + 3 | —121| —0.61| —0.07
July 3 +204 +64 0 | +204| 4 444 700 481 |4+ 450| —157 "o 4+ 9 | —157| —0.82 —0.07
July 13 1267 +56 — 8 | +267| + 726 +370 +88 [+ 733 —18¢ 31 +15 | —183| —1.01/ —0.09
July 23 | 4328 O 16 | 4322 +1096 T3 4o1 |41103| —197 T'Z 419 | —195| —1.14 —0.16
1951 Aug. 2 | +363 T4 _o4 | 1361 +1557 T401 o1 |11s64) —100 7 22 | —188| —1.16| —0.28

The inspection of the O—C residuals for the
newly added 57 positions showed a satisfactory
course till the middle of July, but too great devi-
ations for the last two observations of August 4
made by van Biesbroeck (dxcosé = +9"9, 45 =
—1"4 and Axcosd = +12"4, A6 = —5"9,

respectively). In forming the normal places for.

the computation of the elements £ 1, the writer
has omitted as unreliable the last Skalnaté Pleso
position of July 29, as the comet was very faint
and difficult for a precise measurement at that
time. The residuals of this position in the system
of elements F 1 were Axcosd = + 8”2, 46 =
= —5"9. However, the latest observations by van
Biesbroeck confirm the correctness of this position,
and simultaneously make it possible to extend
the orbital arc by 21 days, i. e. by about one
fourth of its original length.

Before starting the variation of elements, accu-
rate planetary perturbations for the observed or-
bital arc were computed by Encke’s integration
in rectangular co-ordinates with an interval of
10 days (cf. 8™ paragraph). For the osculation
date the day of the perihelion passage was chosen;
the perturbations by Venus, the Earth, Jupiter,
and Saturn were taken into account. Table II
shows the computed perturbations in rectangular
equatorial co-ordinates in the units of the 8%
decimal and the resulting deviations in right as-
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cension and declination in seconds of arc; the per-
turbations are given in the sense perturbed minus
unperturbed orbit. It is seen from the Table that
on the whole observed arc the perurbations were
moderate, amounting to 1”2 in right ascension and
to 0”3 in declination. During the period considered
the main perturbing body was the Earth to which
the comet approached to a distance of 0.5 astro-
nomical unit in the middle of May; the influence
of Venus and Jupiter was weaker and that of
Saturn negligible. ‘ :
After applying the perturbations to the resi-
duals of the observations with respect to the
elements F 1, the variation of elements could be
carried out. For this purpose Stracke’s modifica-
tion cf the classical Gaussian method was chosen.
All observations were distributed into six normal
places separated by 20-day intervals. A half-weight
has been given to the last normal place consisting
of three observations only. The remaining normal
places, taken with a unit weight, contain at least
10 individual, approximately weighted observa-
tions each. Using the geocentric distances derived
from the elements E 1, the due parallax correc-
tions were applied to the observations, as well as
the perturbation corrections found by interpola-
tion of the last two columns of Table II. From the
corrected differences dxcosé and 46 a system
of twelve conditional equation was formed which,
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Table I1I

o
<>

No Observatory Date 1951 U. T. *1951.0 O1951.0 ‘ Apa Apy we | wy | Ax cos § | 1
1 | Skalnaté Pleso Apr. 25.83368 8h43m59516 | 4-30°4874876 | +0:302 | 43”51 1 1 + 376 + 170
2 | Skalnaté Pleso 25.84062 8 44 00.46 | +-30 48 53.8| +0.316 | +3.62 1 1 — 04 | — 1.2
3 | Skalnaté Pleso 25.87€47 8 44 08.94 | +30 49 33.8| 40.382 | +4.17 1 1 — 33 — 2.5
4 | Fort Davis 26.12(83 8 45 06.53 | 430 5413.2| +0.216 | +0.21 1 1 + 1.0 + 0.3
5 | Fort Davis 26.15347 8 45 13.87 | +30 5448.2| 4+0.332 | +0.57 1 1 + 4.8 + 0.8
6 | Tokyo 26.53889 8 46 44.55 | +31 0151.3| +0.460| 42.29 1 1 — 2.4 + 2.8
7 | Williams Bay 27.09948 8 48 59.14 | +31 1154.0| +0.247| +2.14 1 1 + 1.2 + 2.1
8 | Kazail 27.83442 8 51 54.42 | +31 2504.8| +0.396 | +5.38 0 0 —19.2 +14.2
9 | Fort Davis 28.12674 8 53 08.39 | +31 3006.9| +0.237 | +0.19 1 1 — 1.3 + 0.8
10 | Fort Davis 28.13437 8 53 10.29 | 431 3014.5| +0.262 | +0.27 1 1 — 0.2 + 0.6
11 | Fort Davis 28.15312 8 53 14.64 | +31 3034.0| +0.324| +0.50 1 1 — 1.9 + 1.1
12 | Fort Davis 28.16007 8 53 16.36 | +31 3040.3 | +0.344 | +0.59 1 1 1.3 + 0.3
13 | Kazan 28.80795 8 55 56.45. +31 41 36.2| +0.340 | +4.96 1 1 — 1.8 — 0.8
14 | Kazai 29.81992 9 00 10.66 | +31 58 27.7| +0.354| +5.10 1 1 — 24 + 2.5
15 | Kazan 29.82648 9 00 11.96 | +31 5834.3| +0.360 | +5.20 Y 1 - 7.7 + 2.9
16 | Skalnaté Pleso 29.84340 9 00 16.32 | 431 58 50.2 | +0.324 | +3.49 Ve 1 — 7.9 — 1.2
17 | Skalnaté Pleso 29.86979 9 00 23.73 | +31 5917.6| +0.372 | +3.89 1 1 + 3.1 + 1.2
18 | Williams Bay 30.17793 9 01 42.01 | 432 0415.6| +0.430 | +3.17 1 1 + 1.7 — 1.2
19 | Tokyo 30.50694 9 03 05.69 | +32 0932.8| +0.391 | +1.57 2 1 — 7.8 2.3
20 | Skalnaté Pleso 30.90417 9 04 48.87 | +32 1544.4| +0.420 | 44.43 1 1 + 1.1 0.0
21 | -Skalnaté Pleso 30.52014 9 04 52.68 | +32 1558.8| +0.435 | +4.72 1 1 — 2.5 + 0.1
22 | Skalnaté Pleso Apr. 30.92361 9 04 53.71 | +32 1601.7| +0.438 | +4.79 1 1 — 1.0 — 0.3
23 | Williams Bay May  1.13958 9 05 49.98 | +32 1925.2| +0.352| +2.49 1 1 — 0.8 — 2.4
24 | Skalnaté Pleso 1.92240 909 15.02 [ +32 3114.6| +0.438 | +4.74 1 1 — 1.3 — 1.4
25 | Skalnaté Pleso 1.94132 9 09 20.33 |32 3134.8| +0.450 | +5.10 1 1 + 3.1 + 2.7
26 | Fort Davis 2.12534 9 10 09.30 | +32 34 25.8| +0.232 | 40.01 1 1 + 1.0 — 0.2
27 | Fort Davis 2.13229 910 11.28 | +32 3432.4| +0.256| +0.08 1 1 + 3.4 + 0.5
28 | Fort Davis 2.15104 9 10 15.79 | +32 3448.5| +0.318 | 40.31 1 1 — 0.9 + 0.3
29 | Fort Davis 2.15799 910 17.83 | +32 34 54.4| +0.340 | +0.41 1 1 + 2.0 + 0.4
30 | Tokyo 2.51806 9 11 52.68 | +32 40 09.7| +0.420| +1.69 Y 1 — 8.0 + 2.3
31 | Williams Bay 3.15162 9 14 43.33 | +32 4908.2: +0.380 | +2.61 1 1 — 1.8 + 0.3
32 | Kazan 4.81443 9 22 19.28 | +33 1124.2| +0.351 | +4.88 1 1 + 3.7 + 2.4
33 | Williams Bay 5.14302 9 23 50.55 | +33 1535.9| +0.361 | +2.40 1 1 + 0.7 — 0.4
34 | Kazan 5.83385 9 27 04.73 | 433 2357.0| +0.374 | +5.16 1 1 + 2.8 — 1.6
35 | Williams Bay 7.09950 9 33 05.58 | 4+33 3835.5| +0.245 | +1.77 1 1 — 2.8 + 0.3
36 | Williams Bay 8.11171 9 37 59.67 | +33 4912.9| 4+0.278 | +1.87 1 1 + 1.3 + 0.4
37 | Fort Davis 8.13750 9 38 06.95 | +33 5110.2| +0.268| —0.08 1 1 — 2.5 0.0
38 | Fort Davis 8.16528 9 38 14.96 | +33 5121.3| +0.358 | +0.29 1 1 — 1.8 — 1.1
39 | Gora Kanobili 8.87922 9 41 44.98 | +33 5637.4| +0.519 | +4.21 1 1 + 2.6 + 2.1
40 | Gora Kanobili 9.80392 9 46 19.26 | 34 04 48.2| +0.419| +2.61 0 0 —10.6 — 7.5
41 | Gora Kanobili 10.78316 9 51 14.60 | +34 1251.4| +0.372 ) +2.22 Y 1 -— 8.5 0.0
42 | Skalnaté Pleso 12.88750 | 10 02 01.66 | 34 26 41.1| +0.400 | +3.79 1 1 + 1.1 — 1.2
43 | Skalnaté Pleso 22.85556 | 10 55 53.64 | 434 29 00.3 | +0.323 | +3.14 0 173 —13.9 0.1
44 | Tokyo 23.50591 | 10 59 32.06 | +34 2517.5 +0.349 | +1.00 1 1 + 2.1 — 1.9
45 | Tokyo 24.50452 | 11 05 06.08 | 34 18 33.7| +0.341 | +1.00 1 1 + 0.5 — 2.1
46 | Gora Kanobili 24.77824 | 11 06 37.18 | 34 16 33.2| +0.325| +1.92 Y, 1 — 7.3 — 1.8
47 | Williams Bay 25.16273 | 11 08 46.68 | +34 13 28.8| +0.369 | +2.31 1 1 + 1.9 0.0
48 | Mount Hamilton 26.29490 | 11 15 06.17 | +34 03 30.1 | +0.482 | +2.36 1 1 + 2.4 — 3.1
49 | Mount Hamilton 26.32684 | 11 15 16.85 | 434 03 10.9 | +0.531 | +3.07 1 A + 3.2 — 6.1
50 | Gora Kanobili 26.76225 | 11 17 42.53 | 433 5926.2 | +0.274 | +1.72 0 0 — 7.9 +24.0
51 | Gora Kanobili May 29.75873 | 11 34 26.67 | +33 2348.3| +0.252 | +-1.72 1 1 — 3.7 — 3.0
52 | Skalnaté Pleso June 1.91007 | 11 51 53.90 | +32 3538.5| +0.393 | +4.03 1 1 — 2.4 + 0.2
53 | Skalnaté Pleso 1.95399 | 11 52 08.39 | +32 3453.0| +0.441 | +4.82 1 1 — 1.3 + 1.2
54 | Fort Davis 2.16597 | 11 53 18.77 | +32 3120.1| +0.274 | +0.15 1 1 — 0.1 — 2.0
55 | Tokyo 2.50799 | 11 55 11.62 | +32 2519.2| 4-0.315| +41.13 1 1 + 2.6 - 1.7
56 | Williams Bay 5.14382 | 12 09 32.44 | +31 3458.4| 40.281 | +2.22 1 1 — 2.7 — 0.1
57 | Fort Davis 6.17222 | 12 15 04.49 | 431 1242.9| 40.457 | +0.35 1% 0 + 3.6 —44.3
58 | Williams Bay 7.13076 | 12 20 12.02 | +30 5219.5| +0.114 | +1.84 1 1 + 1.5 — 1.6
59 | Mount Hamilton 7.22140 | 12 20 40.67 | +30 50 16.9| +0.253 | +1.38 1 1 + 1.8 — 2.9
60 | Mount Hamilton 7.23940 | 12 20 46.14 | 430 49 54.1 | +0.306 | +1.59 1 1 — 0.4 — 1.0
61 | Skalnaté Pleso 15.87500 | 13 04 44.75 | +27 03 57.9| +0.291 | +4.00 1 1 — 3.9 4+ 1.9
62 | Skalnaté Pleso 15.93958 | 13 05 04.16 | +27 0206.0| +0.393 | +4.85 | % | % | + 6.9 | + 5.1
63 | Skalnaté Pleso 17.86667 | 13 14 17.99 | 426 04 23.5| +0.269 | +-4.01 A 1 + 8.3 — 2.8
64 | Skalnaté Pleso 17.90833 | 13 14 29.65 | +26 03 11.4| 40.346 | +4.50 o 1 + 8.2 + 2.0
65 | Skalnaté Pleso 17.93542 | 13 14 37.39 | 426 0219.2 | 40.384 | 1-4.86 0 Yy + 9.8 0.0
66 | Skalnaté Pleso 18.89583 | 13 19 06.41 | 25 32 51.4| 40.323 | +4.39 0 v —11.3 + 0.5
67 | Skalnaté Pleso 18.91319 | 13 19 11.92 | 425 3216.3| +0.351 | 4-4.60 1 1 — 1.7 — 2.0
68 | Skalnaté Pleso 22.88727 | 13 37 14.22 | +23 2558.4| +0.299 | +4.51 1 1 + 0.4 + 1.3
69 | Skalnaté Pleso 22.91111 | 13 37 20.46 | +23 2512.2| +0.339 | +4.77 1 1 + 0.3 4+ 1.0
70 | Tokyo 24.51597 | 13 44 22.34 | +22 3235.9| +0.268 | 1-2.36 0 7 +23.9 — 0.9
71 | Skalnaté Pleso 25.87500 | 13 50 08.75 | +21 4727.0| +0.271 | +4.57 1 1 + 0.1 0.0
72 | Skalnaté Pleso 25.89722 | 13 50 14.02 | +21 4646.3 | +0.312 | +4.78 1 1 — 4.0 + 4.2
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Continuation of Table III

No Observatory Date 1951 U. T. *1951.0 J1g51.0 Apa Ape wy | ws | Adx cos 46

73 | Fort Davis 26.15347 | 13251m19s59 | +21°38°10”8 | 408157 | 41747 1 +1”9 —3"8
74 | Tokyo 26.54132.| 13 52 57.41 |+21 2519.1| +0.330 | +2.76 1% 1 +6.3 +4.7
75 | Mount Hamilton 28.31944 | 14 00 17.88 |20 25 24.0| +0.427 | +3.71 1 1 0.0 —1.3
76 | Mount Hamilton 28.84375 | 14 00 23.77 | +20 24 34.7| +0.461 | +4.04 1 1 —0.3 —0.8
77 | Mount Hamilton 28.36111 | 14 00 27.96 | +20 23 58.8 | +0.479 | +4.30 1 1 —0.7- —1.2
78 | Fort Davis 29.17222 | 14 03 45.78 |4+19 56 39.7| +-0.214 | +1.83 1 1 —1.1 +1.0
79 | Skalnaté Pleso June 30.93611 | 14 10 46.99 |+ 18 56 42.3 | 1+0.361 | +-5.44 1 1 —0.2 —0.5
80 | Skalnaté Pleso July 4.89375 | 14 25 54.76 |+16 42 18.1| +0.296 | +5.25 1 1 —1.4 +2.5
81 | Williams Bay 5.16208 | 14 26 54.69 | 416 33 09.2| +0.262 | +4.18 1 1 +0.6 —2.4
82 | Williams Bay - 5.16598 | 14 26 55.55 |+16 33 04.5| +0.270 | 4-4.20 1 1 +0.8 +0.8
83 | Skalnaté Pleso 5.90278 | 14 29 38.27 |+16 08 05.5| +0.310 | +5.38 1 1 —0.6 —0.1
84 | Skalnaté Pleso 6.92012 | 14 33 20.43 |+4-15 3344.1| +0.335 | +5.57 1 1 +0.5 —0.7
85 | Skalnaté Pleso 7.90972 | 14 36 53.45 |+15 00 28.7| +0.320 | +5.54 1 1 —1.8 +0.6
86 | Skalnaté Pleso 8.92500 | 14 40 29.13 |+ 14 26 28.9 | +0.340 | +5.71 1 1 —1.9 +0.5
87 | Skalnaté Pleso 10.91389 | 14 47 23.40 |+13 2024.5| +0.325 | +5.72 1 1 +0.1 —1.1
88 | Skalnaté Pleso 11.90347 | 14 50 45.19 |+12 4751.3| +0.390| +5.70 1 1 —3.7 —0.9
89 | Skalnaté Pleso 14.92986 | 15 00 47.42 (411 0947.7| +0.336 | +5.96 1 1 —0.1 0.0
90 | Skalnaté Pleso July 29.88542 | 15 45 25.29 |4 3 47 54.3| +0.292 | +6.39 1 1 +1.1 —0.7
91 | Williams Bay Aug. 4.12024 | 15 59 30.62 |+ 1 3246.4| +0.195| +5.77 1 1 +1.1 +4.9
92 | Williams Bay Aug. 4.13726 | 15 59 33.37 |+ 1 3214.1| 4+0.235| +5.78 1 1 +3.6 —-2.0

solved by the Method of Least Squares, leads to
the following corrections to be applied to the
elements B 1:

d7 = —0.00199¢

do = —0°00290

dR = 40°00857 { 1950.0
di = —0°00404

de = —0.0004542

dn = +0.0003595

and to the following improved elements:

Elements K 2:

Osculation 1951 May 9.0 U. T.
T = 1951 May 9.37136 U. T.
37°94255 l
165°63579 1950.0
13°79297 l
0.6408885
3.1091245
0°1797823
5.48223v
The unperturbed equatorial co-ordinates for the
equinox of 1950.0 are:
o = —2.8358801 (cos B — ¢) + 0.9681389 sin &
y = —1.2733291 (cos B — e) — 2.1371244 sin E
z = —0.0554311 (cos £ — e) — 0.4377191 sin E
To provide an independent check on the com-
puted orbit, the observations were directly com-
pared with the ephemeris resulting from the orbital
elements F 2. The results of the comparison are
given in Table III which contains from left to the
right: the current number of the position, the

NI o .08

60 .

observatory, the date of the observation, the mea-
sured right ascension and declination for the
equinox of 1951.0, the parallax factors in right
ascension and declination, the adopted weights of
the right ascension and declination, and the resi-
duals O—C, with regard to the planetary perturba-
tions. It is seen that a great majority of the residuals
lies within the range of expected errors of measu-
rements, uncertainties of the reference stars’ posi-
tions, and their proper motions. It must be em-
phasized that the comet was relatively faint and
diffuse, without a distinet nucleus, so that the
measurements were generally difficult. In this
connection, two groups of positions showing syste-
matic residuals in right ascension are interesting.

The firmer group has just been pointed out by the

writer in the preceding paper [7] (about June 17—

observations No. 62—65). The latter one (mostly

observations from the end of April and the first half
of May—No. 15, 16, 19, 30, 41, 46 and 50) shows
systematic residuals of about —8” in right as-
cension. It is difficult to decide whether these re-
siduals are due to an irregular distribution of the
central condensation or to a fortuitous coincidence
of errors only. "

The residuals were distributed anew into normal
places in two different ways:

(A) By forming 11 groups each of which contains
the observations carried out between two neigh-
bouring standard ephemeris dates.

(B) By forming 10 groups of approximately equal
weight. The resulting normal place residuals
are given in the last two columns of Table IV

© Astronomical Institute of the Slovak Academy of Sciences * Provided by the NASA Astrophysics Data System



and V and are graphically represented in Fig-
ure 1. It is shown that the agreement of the
computed orbit with the observations is quite
satisfactory and that the elements E 2 need
not be further improved. The differential cor-
rection of the orbit made the period of revo-
lution four days shorter, and now it seems to be
guaranteed with an accuracy ofabout +1 day.
A still higher accuracy cannot be attempted
by considering the 1951 observations alone.

3. The Perturbations during the Revolution
1951—1956

At this stage, two different ways could be chosen
for further investigations. The derived value of the
mean daily motion could be further still improved
by linking up all three observed apparitions
(1858—1907—1951) and the computations for the
future could be continued with this modified
value. On the other hand, further work could be

Aacosé a6
+3m e
o] o ) [ o
] o o o L,

oo Oo © 6o I
O— O v
] O o o o L — qu
] o [
-3 Ay JUNE JULY HAY JUNE JULY -3
) T T T T ) ) T T I I 1 I L 1 1 1 T I I 1 1 i 1 1
#3324 4 14 24 3 13 23 3 13 23 2 12 24 4 14 2 3 13 23 3 13 23 2 12 a3
Vo] o
+17— (o] F+1"
ol OO0 ~ o) 30 o o) o
o [ o v o © 9) <
-4 ] O o - —1
- v —
5 [ 5

Figure 1. The deviations of the normal places from the ephemeris according to E2. At the top: normal places for each
10 days, the areas of the circles being proportional to the weighted numbers of positions included (A). At the bottom:
normal places of equal weight (B).

Table IV
Date 1951 U. T. No Yw, | Sug |Adxcosd| A6
Apr. 29.0 1-31 28 30 —075 | 4073
May 9.0 32—42 9.5 10 +0.1 +0.1
May 19.0 43 —44 1 1.5 +2.1 —1.3
May 29.0 45—55 9.5 9.5 —0.1 —1.6
June 8.0 56—60 4.5 4 +0.4 —1.4
June 18.0 61—69 5.5 7.5 +1.2 +0.6
June 28.0 70—"79 8.5 9.5 0.0 +0.2
July 8.0 80—88 | 9 9 —0.8 —0.1
July 18.0 89 -1 1 —0.1 0.0
July 28.0 90 1 1 +1.1 —0.7
Aug. 7.0 91 —92 2 2 +2.4 +1.4
Table V
Date 1951 U. T. No Swe | Tws |dxcosd| A0
Apr. 26.4 1—-9 8 8 +074 | 4075
Apr. 29.2 10—18 8 9 —1.3 +0.6
May 1.3 19—26 7.5 8 —0.6 —0.5
May 3.9 27—-35 8.5 9 +0.4 +0.5
May 13.1 36—45 7.5 8.5 —0.1 —0.4
May 29.4 46—55 8.5 8.5 —0.1 —1.6
June 12.6 56—67 8 9.5 +1.0 —0.4
June 25.9 68—176 7.5 8.5 +0.2 +0.6
July 3.3 77—84 8 8 —0.3 —0.1
July 19.3 85—92 8 8 —0.2 +0.2

based upon the elements B 2 exclusively. We have
selected the latter way for the following reasons:

(1) The accuracy of the elements E 2 seems to
be quite satisfactory for the purpose of locating
the comet during the next apparition. When favour-
ablysituated for the observation, the comet remains
in a distance of 2 to 3 astronomical units from the
Earth and it may be shown that a variation of the
date of perihelion passage by one day induces the
change of positions by about 10" only. Even for
telescopes with a fairly small field of view such
displacement cannot cause serious difficulties for
the recovery. .

(2) As the perturbations during the period 1951
to 1956 were moderate, an additional improvement
of the mean daily motion cannot sensibly influence
the correctness of the computed perturbations,
perhaps except a few last months when the comet
again enters the region of inner planets.

(3) The accuracy of the elements E 2, sufficient
for overarching the single revolution 1951—1956,
would be scarcely enough for a simple connection
with the last observed return spaced by eight
revolutions. An improvement of the mean daily
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motion from two independent returns could be
secured only by successive, rather lengthy appro-
ximations or by a less rigorous method with
a reduced accuracy. As is evident directly from the
Crommelin’s work on the very same comet and
the period 1858—1907, the reliability of the ap-
proximative methods may not be overestimated,
and numerical integration of perturbations or the
variation-of-elements method (which in Merton’s
medification seems to be most adequate for our
purpose) would, owing to the long time-interval in
question, present a disproportionate prolongation
of the work.

(4) The recovery of the comet in 1956 — 1957
would permit thelinking-up to be made not only con-
siderably shorter and more precise, but it could also
form a basis for a deeper insight into the problem
of the secular variations of the motion. It may be
emphasized that there are available observations
from individual returns within a total period of
about 18 revolutions (with the breaks of about
8 unobserved returns from 1858 till 1907 and
7 unobserved returns from 1907 till 1951). From
this point of view, more ample data are available
only for the periodic comets Encke, Pons— Win-
necke, and Halley at present.

For the above reasons it has been decided to con-
tinue the computation of perturbations on the
basis of the elements F 2, and to choose the further
procedure according to whether the recovery of
the comet during the next return will succeed or
not.

The perturbations for the period 1951 —1956
were computed by the process of numerical in-
tegration. Since the perihelion distance of the
comet is 1.12, it seemed to be most advantageous
to use a combination of two different fundamental
methods: Encke’s integration of perturbations in
rectangular co-ordinates and Cowell’s integration
of perturbed rectangular co-ordinates. Karlier
discussions [13] proved this combination to be
most practical. Cowell’s method would be, even
with an integration interval of 10 days, inconve-

nient in the vicinity of the perihelion, bringing
serious difficulties in the extrapolation. In our
special case Encke’s method alone would not be
disadvantageous, as there were no heavy pertur-
bations during the concerned revolution and, con-
sequently, frequent rectifications would be un-
necessary. However, with regard to the relative
simplicity of changing from one method to the
other, it was decided to change over to Cowell’s
method at » = 1.5 and to use it till the next ap-
proach to the same distance from the Sun.

The method of computation was roughly iden-
tical with that recommended in ‘““Planetary Co-
ordinates’’. The particulars of the methods of
integration and the lengths of the intervals are
given in Table VI. The covering of individual steps,
necessary for commencing the integration schemes
when changing from Encke’s to Cowell’s method
and doubling or halving the interval, was omitted
in the Table. Not taking these necessary parallel
calculations intoaccount, the interval from April 24,
1951, till August 5,1956 (1930 days) was overarched
by 100 steps, therefrom 49 of 10 days, 30 of
20 days, and 21 of 40 days. The scheme for the
dependence of the interval upon the heliocentric
distance, as given in the Table, seems to be most
convenient for the accurate computations of the
perturbations of short-periodic comets, except the
rare close approaches to the major planets.

As has been mentioned above, the perturba-
tions were moderate during the period in question.
The distance of the comet from Jupiter varied
within the range from 3.63 astronomical units at
the beginning of June, 1952, to 5.94 astronomical
units at the beginning of February, 1955. Saturn
moved in a section of its orbit opposite to the co-
met’s aphelion and its distance did not sink under
the value of 8.37 at the beginning of the compu-
tation. The comet approached the Earth to 0.495
in the middle of May, 1951, and Venus to 0.67 at

“the end of June, 1951. During the next return no

significant approach to any inner planet is expected.
The perturbations by Jupiter and Saturn were

Table VI

Period Region Method Interval

1951 Apr. 24—1951 July 23 r < 1.5 Encke w = 10
1951 Aug. 3—1952 Feb. 8 1.6 <r <30 w = 10
1952 Feb. 18—1952 Dec. 14 3.0 <r <45 w = 20
1953 Jan. 23—1955 Feb. 22 pre  |r> 4.5 Cowell w = 40
1955 Apr. 3—1956 Jan. 8 45> r> 3.0 w = 20

] 1956 Jan. 28—1956 Aug. 5 30>7r> 1.5 w = 10
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computed throughout the whole revolution. The
perturbations by the inner-planets were determined
for the orbital arc around the perihelion only
(from April 24, 1951, till March 19, 1952, for Venus
and the Earth, from March 18, 1956, till August 5,
1956, for Venus, the Earth, and Mars); in the
remaining section of the orbit, where the sum of
perturbations by inner planets did not exceed one
unit of the seventh decimal in any co-ordinate, the
masses of these planets were added to that of the
Sun, and the computations were carried out with
a-duly medified Gaussian constant.

* During the integration it turned out that a reli-
able extrapolation of the perturbed coordinates
generally demanded a shorter interval than the
extrapolation of the perturbations by individual
planets, especially by Saturn. This case is rather
common provided the distance of the comet from
the planet is considerable, so that the amount and
direction of the acceleration varies only slowly.
The omitting of the perturbations would lead to an
undesirable accumulation of errors;on the contrary,
the derivation of the accelerations by each planet
for each step would unnecessarily make the process
of integration slower. Therefore it was decided to
retain the interval as short as convenient, and to
compute the planetary perturbations directly and
accurately for several initial steps only. Then the
attractions in rectangular coordinates by indivi-
dual planets were arranged into an auxiliary table
and their values for several (2—5) succeeding
steps were extrapolated in accordance with the
preceding course of first to third differences. The
following step was again carried out accurately
and on its basis corrections to the extrapolated
values were applied; when needed, small adjust-
ments were made in the main integration tables
as well. As the additional corrections were kept
within the range of a unit of the last decimal (in
each case less then 51077 astronomical units in
the .second summation), the computation was re-
duced without lowering the accuracy and one more
numerical check has been gained.

Individual sections of the computation were
carried out with an accuracy of 10~7to 10-®astro-
nomical units. In order to reach a reliable extrapo-
lation in the auxiliary tables just mentioned, the
planetary attractions were computed to nine deci-
mals throughout. The attractions by the Sun and
their sums with the planetary perturbations were
rounded off to eight decimals; with the same
accuracy the whole integration by Encke’s method
and each doubling or halving the interval in Co-

well’s method were executed. For the arrangement
of the definitive integration tables, all data were
rounded off to seven decimals; hence the differences
in Table VII are in some cases discordant by one
unit of the last decimal. Where the eighth decimal
was 4, 5 or 6, the values have been rounded off
with regard to the eighth decimals of a few preced-
ing steps, so as to eliminate the progressive accumu-
lation of errors in the summations.

The early change from Encke’s to Cowell’s
method allowed a simplification of the indirect
term, the step-by-step computation of which
mostly retards the process of integration. To the
last of the integration by Encke’s method the per-
turbations of rectangular co-ordinates did not
exceed 2Xx 1075 astronomical units, as may be
readily seen from Table II where all quantities
are expressed in the units of the eighth decimal.

Table VII presents a continuation of Table II,
containing the essential data of the Cowell’s in-
tegration schemes. The rectangular equatorial co-
ordinates, if wanted, may be found by means of
the following formulae:

(A) From Table II:
x=A,(cos B —e¢)+ B,sinE + ¢
y=A,(cosE —e)+ B,sinE 4 7
z2=A,(cos B —e)+ B,sinE + ¢
E—esinE=n(t—1T)
where ¢ denotes the time (corrected for the Light
Time), T, e, n, A;, B; the elements and equatorial
constants in the system E 2.
(B) From Table VII:
v ="F, +YuFy — Yo Fz + ...
y="Fy,+YulFy, —uFy+ ...
2="F, + " F, —hF; + ...

Below a brief account of the main formulae
used for the computation of perturbations is given
(for the sake of simplicity in the X-co-ordinate
only). The meaning of different symbols is as
follows:

%y, Yo, %p — the unperturbed equatorial co-ordina-
tes of the comet,

To — the unperturbed radius vector of the
comet,

Z,, Yn» 2, — the equatorial co-ordinates of the per-
turbing planet n,

T, — the radius vector of the perturbing
planet =,

&, n, ¢ — the perturbations of the comet,

%, Y,z — the perturbed equatorial co-ordinates
of the comet,

r — the perturbed radius vector of the

comet,
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Table VII

Date P, P, F, "F, 'Fy 7, "7, 'F, F,
1951 Aug. 2 | 4+0.1631838 . — 13442 —1.4983814 1123422 | —0.2758709 422724
41584182 3L 550182 — 188055
2 - — 2 _— —
e 5s | Toidnmaos +1501388 — B e aess — 4l2zss TIOW| —02MM0L  _1e7ies +I0000
Sep. 1 | -40.6309512 T1932109 o550, 16232970 — S14718 | geia0| _ol3262013 148084 | ji56s
Sep. 11 | +0.7808027 11498515 _ 3a531| 1641258 — 228288 | seiosl 03302729 130716 1 .oen
Sep. 21 | 109270211 T146218% T goo0l T Gatags0 — 181692 T gionl T ouiiress  — 114929 Tiiold
Oct. 1 | -+1.0604475 1424264  aeq05l 16606686 — 53736 L 6o3go| _o.3608238 100980 | ja00s
Oct. 11 | -+1.2080054 11389579 _ o066l _1.6720022 — 23336 | sa708| 03605766 — 57228 111sg)
Oct. 21 | +1.3426767 T1346713 _ ggesql 176680561 T 30461 | 45030 _ol3771404 — 72837 10853
Oct. 31 | +1.4734843 +1308076 _ goroel 16611070 T 78491 | 4o0s5| 03836188 — 94784 1 ggo7
Nov. 10 | +1.6004794 +1209950 574531 1l6ago50a T 121476 | ggien| ol3goroas — I4857 1 9099
Nov. 20 | +1.7237321 T1282528 _ 44597 16320555 T 160039 | s 677l 03036802 — #9798 L gs60
Nov. 30 | +1.8433252 1199930 55aq61 16134839 T+ 194716 | 51051 03974200 — 37398 | 6o
Dec. 10 | +1.9503486 1160285 5 9500 1 5008870 T 225968 | 59506| _o.4003001 — 29790 1 gy04
Dec. 20 | +2.0718969 T 1125482 ogug3l ) sgsaare T 254194 L Siis| _0la026a08 — 22997 1 esno
1951 Dec. 30 | +2.1810658 1091690 gocasl 15374038 T 279738 | oliGl _o.4042526 — 16028 1 goee
1952 Jan. 9 | 422869514 1000000 — 31888 —1.5072044 © 30300 21028| —04052464 9900 L 554
Ton 25 | Laasessss T 998002 T 0l a0y T d304a T 2 000+ 015 T %00
Feb. 8 | +25858418 1 D99935 . 99901 _1.40aa692 T 360456 | y5e50 og0a0806 T 9878 L 45ne
peb. -b858418 | g3g734 M-l + 376330 - 4 10456
eb. 18 | +2.6795153 — 28367| —1.3668293 1 14484 | —0.4039441 1 4281
Feb. 18 | +2.6802243 —113467| —1.3671909 4 57934| —0.4040510 +17123
Mar. 9 | 428501000 T ISSTIE 07198 —1Los7eae1 T 790448 1 4s3sa) _o.006s09 T 3L 115043
Mar. 29 | --3.0272509 T 1881579 _101461| —1.2032679 T 4 40380| —0.3958245 T +13285
Apr. 18 | 131859717 1980118  “geoorl 11148517 + 884162 L sag3;1 _o3gggz06 T 61939 4 177gg
May 8 | +3.3336608 TI483891  orieol 10230624 T 917893 L 9g190| _0.3822578 T 73728 0507
May 28 | 434720037 1392429 goi040 0.99g4611 Tt 946013 | 53343 3738343 T 84235 | Tg309
June 17 | +3.6034342 11308305  cqroyi 08315255 + 969356 L jg944| _o.3644710 T 93633 | giqg
July 7 | +3.7256473 T122213L 7 coaal 07396655 + 988600 L 56971 (3540644 T102066  iog
July 27 | +3.8399031 TIL1E2558  ooqil 0.6322358 1004297 L j9g0g| _0.3432901 109653 ga4
Aug. 16 | 139465305 11066274 o000l 05305453 T1016905 | Tggq7i (3316408 T116493 | 00
Sep. 5 | +4.0458302 T 992997 _ ooi00) _0.4278651 T1026802 L 75001 3193897 T122671 5546
Sep. 25 | +4.1380777 T 922475  gra05| 03244347 T1034304 L 5500)  03065570 1128257 L o5
Oct. 15 | +4.9235257 + 894480 poeool —0.2204671 1039676 L 3457\ 09930057 TI33313 L 40
Nov. 4 | 143024065 T 7188808 eoiasl —0.1161528 T1043143 L yg501 9794367 T1I37890 L 4h43
Nov. 24 | 43749338 T 725278 _ (rsl _0.0116633 T1044895 L Tiog| _(lags0334 T142033 L go.¢
1952 Dec. 14 | +4.4413047 T 063709 _ so045 £0.0028460 T1045093 _ yo17! 02506558 145781 L 3387
1952 Dec. 14 | +4.4427975 . —238982| +0.0928772 . — 4869 —0.2507398 e +13547
1953 Jan. 23 | +4.5577030 Tl;‘égg‘l’;’—zzeoss 40.3014630 +§g§‘i’gﬁ — 14844| —0.2205848 +g%gi‘l) 410991
Mar. & | +4.6500047 T D380 —21403y| +0.5085644 TI0N A% — 23419 —0.1803807 T3 7000 4 8794
Apr. 13| 47208125 T T0S0T8 905302| +0.7133239 T20MR95 _ 30ges| —0.1571972 TIAUSSS 4 6s7a
May 23 | +a77iosit T 202986 jo7ige| +0.0149870 TIOOBL 37757 —o1zaa7es TIISHE 1 5167
July 2 | +asoiezsl T S0RR0 190073 +11l287as TINESIE _ 4d013| —o.0910387 TIIE - 3623
Aug. 11| +asizi77s T T 3066 +1.3063605 1954500 — 49904| —0.0573388  T3R0I  920
Sep. 20 | +4.8063259 _ . 178722 +1.4948562 — 55571 —0.0234184 204, Tgrg
Oct. 30 | +47816018 — 237241 _174244| + 16777948 1529380 _ 61136] +0.0105808 TIU0UE — 383
1953 Dec. 9 | +4.7394533 421485 _ 170452| +1.8546198 T 99 _ 66706 +0.0445597 — 1604
1954 Jan. 18 | +4.6802596 _ 02930 167297| 42.0247742 ﬁgg;"l’g‘f — 72383 +0.0783692 igggggg — 2807
Feb. 27 | 146043380 — 129246 164673| +2.1876903 T 92010 — 78265 +o.111soso  TENER _ wonl
Apr. 8 | +aslioagl T 938988 16587 +2.3407790 TITONNE — sads2| to.ras0251 TISEIC 523
May 18 | +4.4033015 _ — 160987 +2.4894243 — 91051| +0.1776296 — 6508
June 27 | +4.2785552 1207208 _150841| +2.6269636 ﬂg;?gﬁ — 98182| +0.2095827 ig}?ggé — 17846
S 15 Tasrnase —looed2s T30 DRGNS T TG Todroness 203410 o500
- 158856 +2. 124244 +o. 4 -
1954 Doe. 4 | 1o osass —lssdos2 ~120000) TROTIAT0 1 esesse ity TO00iaes 2700k T1A30
1955 Jan. 13 | +3.4159180 2043335 150051| +3.1504335 T 197245 147582 to.3545142 1264594 4690
Feb. 22 | +3.1955804 2209286 _160800| +3.2153098 T 99093 _161952) +0.3793116 i;g;g;‘}, ~19117
Apr. 3 | +2.9591718 —161976| +3.2641709 —178736| +0.4021973 —22033
: 2.95815 - . — 44684 +0.4020598 -
ﬁﬁi 2 1223251;;33 — 1242704  J0000 iggggggig 177398 47057 10.4126862 +106264 ~ 2000
May 13 | +2.7055374 ~ 1283420 o765l 4 379938288 T 130340 49q46] 404227206 100343 _ g7y
June 2 | +2.5731182 324098 s0ss2| +3.3018083 T 0007 — s52478| +o.asanizs 9RO 6870
92 - — “ — . —
i | LIS o A THR ¢ mn - S LGdREL Lo - WD
EMET R R R Rl
Sep. 10 | 18495850 T 40735| +3.2567990 — S105SY — 71740| +0.4676085 * s —10301
1955 Sep. 30 | +1.6926082 17 — 40378 +3.2280010 — — 77018 +0.4719292 —11261
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Table VI1

Date "Fg ‘Fy F, "Fy ‘Fy F, "F, 'F, F,
1955 Sept. 30 | -+1.6926082 —40378| +3.2280010 X — 77018 | +0.4719292 —11261
Oct. 20 | +15315934 — 191047 39815 131915012 — B — 82065| +0.4751238 Bi996 12352
Nov. 9 | +13665977 — 000 38053 +3.1467040  saroes — 89609| 40.4770832 T .00 —13600
Nov. 20 | +1L1977067 — 00000 —37703| 43.0929387 _ (o000 — 97367 +0.4776826 + o044 —15038
1955 Dec. 19 | +4-1.0250454 b0 o0 —35917| +3.0204358 L1177 —106148| +0.4767782 95749 — 16705
1956 Jan. 8 | +0.8487924 | /508, 33303 12.0553181 74l g7 —116260| +0.4742033 — Ji4 0o —18654
Jan. 28 | +0.6692001 —29850| +2.8695744 — 01T _127977| 10.4697630 —20949
1956 Jan. 28 | -+0.6690130 — 7462| 12.8687753 - — 31994| +0.4696322 — 5287
Feb. 7 | +0.5780844 "'g?gigg — 6894| +2.8211437 Jf(‘)ggég — 33635| --0.4666343 gggig — 5563
Fob. 17 | +0.4864664 — o 000 — 6220 +2.7701487 — io’0 — 35408| +0.4630801 T yien — 5918
Feb. 27 | +0.3942265 — (5000 — 5421 127156129 282686 — 37328| +0.4589340 _ oo — 6308
Mar. 8 | +40.3014445 — 932293 — 4473| +2.6573443 622094 — 39408 -+0.4541572 - 54503 — 6734
Mar. 18 | 4-0.2082152 — go0an — 3344) 425051850 — oo o — 41665 10.4487068 T o0, — 7204
Mar. 28 | +0.1146515 — 50000 — 2002 42.5287591 707833 — 44114| 40.4425362 — g0 00 — 7720
Apr. T | 40.0208876 T jooiaq — 399) 24579718  _ion — 46774 +0.4355034 T oon). — 8289
Apr. 17 | —0.0729162 — (Sl00 4 1518| 42.3825071 _ 834308 — 49661 | +0.4278218 — coras — 8917
Apr. 27 | —0.1665682 — o070 - 3818 +2.3020763 _ _.ol00 — 52794| +0.4191586 o624y — 9612
May 7 | —0.2598384 — co00 Tl 4 6584 12.2163662 9f3286 — 56184 +0.4095340 — ocod —10380
May 17 | —0.3524503 — (0000 -+ 9922 42.1250376 — oo5i0c — 59842\ +0.3988714 Ty nge, —11282
May 27 | —0.4440700 — Co0o00 4139611 +2.0277247 _1336896 — 63768| +0.3870858 5000 —12172
June 6 | —0.5342035 T gonon, 418862 11.9240351 T ool — 67942 4+0.3740828 T iiaoq, —13208
June 16 | —0.6226308 T . 0. 0 +24824] 11.8135518 T o-Te0 — 72322| 403507592 T |oni, —14345
June 26 | —0.7084858 T oo a0 32089 +1.6958352 o a0q, — 76824 | +0.3440000 T o7cy —15582
July 6 | —0.7911318 785514 T40946] £1.5704368 T oOt00C — 81205| +0.3266845 o0,y —16910
July 16 | —0.8696 833 — o000 51734 41.4360090 — ST 0 — 85488 | +0.3076772 T ,ocan, —18304
July 26 | —0.9430614 T LCoo) -64820) +1.2048322 T oo 0 — 89010| +0.2868394 T gocio, —19716
Aug. 5 | —1.0099574 T doacq 80573 411438546 o 0 — 91264| 40.2640301 T oiotic —21065
1956 Aug. 15 | —1.0687962 +99272| 40.9837504 — — 91380| +0.2391142 —22210
0. — the distance of the comet from the the indirect term could be simplified against its

perturbing planet n,

— the mass of the perturbing planet n,

— the integration interval,

— the Gaussian constant for the Sun or,
eventually, for the Sun 4 inner pla-
nets,

— the components of the acceleration of
the comet by the planetary perturba-
tions in equatorial co-ordinates,

% fus f2 — their n-th differences,

"fss"fy,"f,— their n-th summations,

F,F,F, — thecomponents of the acceleration of
the comet by the Sun and planets in
equatorial co-ordinates,

Fi Fp F*  — their n-th differences,

"F,"F,"F,— their n-th summations.

Basic formulae:
(A) Encke’s method (April 24, 1951 — August 2,
1951):

m,
w
k

for fys 1

_od¥ z, — %, z,
e L e Tt
22 [ 3
+ wra [ 7‘5:0 (%o + Yo + 208) — 5]
0 0

and similarly for f, and f,. Since the expression

Ve + 7n? + (2 did not exceed on the orbital arc in
question the value of 2x 1075 astronomieal units,

5 Préace astronomického observatoéria

general form by the approximatively valid relation :

=

2
7o

4%+§y+4%+§)+4%+§y

5(% + é) +"7(?/o + 2) + C(zo + £) B
2 2 2
1+2 ; =
To
=3
(B) Cowell’s method (August 2, 1951 —August 5,
1956): :

z . x, — &
— — wlk? 3+w2k224m,,(—“———

3 3
r On

and similarly for F,; F,.

4. The Orbit and Ephemeris for the Return
1956 —1957.

The integration of the perturbed rectangular

-co-ordinates was .closed by August 15, 1956, when

the distance of the comet from the Sun again drops
under 1.5 astronomical unit. The last values' of
the first and second summations were trans-
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formed into rectangular co-ordinates and velocity
components; from these quantities a new system
of osculating elements ¥ 3 has been derived, viz.:

Elements E 3:

Osculaﬁon 1956 August 5.0 U. T.
T = 1956 October 30.648 U. T.

w = 37°927 l

Q2 = 165°635 1950.0
i—13°783 |

e = 0.64045

a = 3.11036

n = 0°179675

P = 5.4857

The heliocentric equatorial co-ordinates for the
equinox 1950.0 are:

= — 2.83739 (cos £ — ¢) + 0.96834 sin £
— 1.27298 (cos E — ¢) — 2.13923 sin B
= — 0.05560 (cos E — ¢) — 0.43843 sin B

The variations of the elements due to the pertur-
bations since the last perihelion passage are mod-
erate:

I

x
Y

Aw = — 0°0160
AQ = — 0°0006
Ai = — 0°0096
de = — 0.000443
“Aa = + 0.001234
Ag = -+ 0.001822
An = — 0°000107

AP = + 0.0033¢

As indicated by the period, which differs but
little from 51!/, years, similar observing condi-
tions always repeat after two returns at present.
The heliocentric ecliptical co-ordinatés of the peri-
helion point are A = 203°9, 8 = -8°4; hence
the observing conditions are most favourable for
those returns, during which the comet passes the
perihelion in the middle of April (perihelion pas-
sage coincides with the opposition) and least fa-
vourable for those, during which the comet passes
the perihelion in the middle of October (perihelion
passage coincides with the conjuction). As the

inclination of the orbit is small (13°8) and the’
motion in the true anomaly around the perihelion

approximately equals the mean daily motion of
the Earth (at the perihelion passage it is only 89,
faster) the position of the comet referred to that
of the Sun varies during the closest approach only
slowly. During the perihelion passages in the spring
the comet remains in a favourable location on
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the night sky practically the whole apparition
long and—on the contrary —during the perihelion
passages in the autumn the comet before appro-
aching to the Sun disappears in its glow in the
evening sky and appears again in the morning sky
until several months after the perihelion passage.

All three apparitions which have been observed as
yet took place near the optimum conditions, the
comet passing the perihelion on May 3, 1858, May
28, 1907, and May 9, 1951. On the contrary, the
next return will be very unfavourable and it is
highly questionable whether the comet will be
recovered at all during it. The perihelion passage
falls at the end of October, and for five months

" before this time as well as for four months there-

after, the comet remains at a distance less than 30°
from the Sun. The observing conditions are
a little more suitable after the perihelion passage
than before it, and a lower geographical latitude
of the observatory is favoured. In any case we
must expect that a locating of the comet will be
possible on the border of the twilight and by means
of the largest existing telescopes only.

A search ephemeris is given in Table VIII. For
the first part of the ephemeris (1956 March —May)
the positions have been found directly from the per-
tubed rectangular co-ordinates of Cowell’s inte-
gration scheme. For the second part (1957 Feb-
ruary—June) the ephemeris was based on the
system of elements F 3. The perturbations since
1956 August are not so serious that they must be
taken into account in the search ephemeris.
Individual columns of the Table give the date
(0* U. T.), the right ascension and declination of
the comet for the equinox 1950.0, the heliocentric
and geocentric distance, the variation in right
ascension and declination for a change of the date
of perihelion passage by +1 day, and the expected
apparent magnitude of the comet. The variations
have been computed by Levin’s method [14] modi-
fied according to Porter [15]. The apparent bright-
ness of the comet has been derived from the
formula:

m =117 + 5log 4 + 15log r

The absolute brightness corresponds to that found
from the preceding return (7), however, there are
no considerable differences compared with the
brightness in 1858 and 1907. For the photometric
exponent the average value valid for the short-
periodic comets, i. e. n = 6 was assumed, although
it seemed to have been still higher to the end of
the preeeding apparition (7,16).
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Table VIII

Variation
Date U. T. *19050.0 O1950.0 r A Mag.
Ax I 46
1956 Mar. 8 4r10m7 + 7°347 2.712 2.790 _——0m46 —0’9 20.4
Mar. 18 419.1 + 840 2.641 2.853 —.0.47 —11 20.3
Mar. 28 429.2 4945 2.569 2.907 —0.48 —1.2 20.2
Apr. 7 441.1 410 48 2.496 2.949 —0.50 —14 20.0
Apr. 17 454.5 +11 47 2.421 2.980 —0.53 ~1.5 19.8
Apr. 27 509.3 +12 41 2.345 2.997 —0.57 —15 19.7
May 7 525.5 +13 29 2.268 3.001 —0.62 —~16 19.4
May 17 5 43.1 114 10 2.190 2.993 —0.67 —1.6 19.1
1956 May 27 6 02.0 114 42 2.111 2.971 —0.73 —1.5 18.6
1957 Feb. 21 20 23.5 11 24 1.761 2.577 —0.96 —1.2 17.4
Mar. 3 20 45.8 —10 08 1.842 2.610 —0.88 —~1.0 17.8
Mar. 13 21 06.3 — 850 1.923 2.632 —0.80 —0.9 18.1
Mar. 23 21 25.1 — 732 2.004 2.642 —0.73 —o0.7 18.3
Apr. 2 21 42.2 — 614 2.085 2.641 —0.68 —0.5 18.6
Apr. 12 21 57.7 — 5 00 2.164 2.627 —0.63 —0.3 18.8
Apr. 22 22 11.6 — 350 2.243 2.601 —0.59 —0.2 19.0
May 2 22 23.8 — 247 2.320 2.564 —0.57 0.0 19.2
May 12 22 34.3 — 152 2.396 2.516 —0.56 +0.1 19.4
May 22 22 43.0 — 105 2.471 2.460 —0.55 10.2 19.5
June 1 22 49.8 — 030 2.545 2.397 —0.56 103 19.7
1957 June 11 22 54.6 — 008 2.618 2.329 —0.57 +0.4 19.8
A8 46
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Figure 2. The apparent path of the comet during the 1956/57 apparition referred to the Sun. Ordinates:

« (Comet) ~« (Sun), abscissae: d (Comet)—d (Sun), bothi

The positions of the comet since 1956, March till
1957, June, referred to the Sun are shown in
Figure 2. It is demonstrated that at the perihelion
passage the comet is nearly stationary with re-
spect to the Sun at a distance of 9° north-west-

n degrees. The arrows ir.dicate the expected mangitudes.

wards. During the spring of 1956 the comet will
move in the evening sky through the constellation
of Aquarius, in the spring of 1957 in the morring
sky through the constellations of Taurus and
Orion.*

* Note added in proof: In consequence of a delay in printing this article appears until after the perihelion passage
of the comet for which the ephemeris has been prepared. The ephemeris given in Table VIII was promptly printed
in B. A, A, Handbook 1956 and 1957, and in I. A, U. Circulars Nos, 1536 and 1581. A recovery has not yet been

annouced,
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JIOBOP RPECAR

ABUEHUE NEPNOIUYECKO KOMETHI
TYTIA-IHAROBUHN - KPECARA
1951-1956

Iepnoguueckas romera Tyras— xako6unm —
Hpecaka nmpmHanieskuT K TUOWYHBIM YjIeHAM HOMH-
TePCKOH ceMbU KOPOTKOLepuopmiecKux romer. [lo
CHX TIOp HABIIOfamach TOMBKO TP TPEX B3ANMHO
CPAaBHHTEIBHO OTHAJNIEHHHX BOBBPAMEHUAX, KaK
romera 1858 ITI, 1907 III m 1952 IV. B c¢Boux

NepBEIX cIAydYasgx mamHa HaOIIomaeMoOd Ayru op-

bura Osuta ogeHh Koporka (30 mmum'13 nHed) maa
HANEKHOTO UpPefCKA3aHUs CAeIyIOIUX BO3Bpalie-
HEi, TaKgM o6pasoM KoMera [Ba pasa mcuesasa:
B TepBHIi pa3 Ha 9, BrOopoil pa3 Ha 8 060POTOB.
Cppme 90 nyGamroBaHHBIX HAGIIOIEHUI BO
BpeMsA IOCJIeHer0 BO3BpAIleHMs, NPHOOPeTeHHEIX
Ha cemu o6cepBaropuax (rabmumna I u I11), cpemamo
BOBMOKHBIM CPaBHHTEJIBHO HAJE}KHEIN pacder Ie-
¢urmTHBHON OpOuTH. [lePUHUTHBHBIC JITEMEHTHI
E2 6b1mm monmyyensr Bapuanueil npeiBapuTeIbHEX
BIIMNTHYECKUX 3JIeMeHTOB E 1, nmy6GnuroBaHHBIX

aBTopoM B ero pabore [7], a MMEHHO C y4eTOM

Bosmymenuit or Benepsr, 3emnu, Onurtepa u Ca-
TypHa Ha OPOTAKEHUM HAGIIONAeMOTr0 YydacTKa
opbure (rtabmuma II). OTxioHeHWs HOpPMATBHBIX
MecT OT a(eMepUAbl, KOTOPHIe MPUBENEHEl B TabIn-
max” IV u V m Ha puc. 1, moxassaor Xopomee
coryacue HaOIIOMeHUS U pacyera.

Pacuer gsuxenua xomers Haunnasa ¢ 24. IV. 1951
mo 5. VIII. 1956 mpopnumBajics 4YUCIeHHBIM WHTE-
rpupoBaHueM: B 00JACTH IEpPUTeIUsA HHTETPHpPO-
BaHWeM_BOBMYVINEHMH B NPAMOYTOJBHEIX KOOPH-
narax MetogoM Juke (Encke) ¢ mMHTErpamuoHHBIM
naTepnanom B 10 mueit, B o6actu, OTHANCHHOR OT
ConHna, mpu moMoIIM MHTErPanud BO3MYIIAEMBIX
OPAMOYTOABHEIX KoopauHat MeromoM Hoyamma
(Cowell) ¢ wHTerpauMOHHHIME  HMHTepPBaJIaMU
" B10—20 w 40 gmeii, mo cxeme B Tabmmme VI. 13

BOBMYNIAIOIUX IJIAaHCT OBLIM YCMOTpPEHEL BCe Te,
KOTOpHIe 0Ka3ajd CYIeCTBeHHOE BIMAHME HA JBH-
skerre KoMeTHl, T. e. I0mmrep, CatypHE B mpoTsxe-
HUE 1esI0T0 o6opora, Bernepa, Semmnsa, Mapc TonbKO
B obactu nepurenus. BooGmem, Bo3MymerRusa OH-
au yemorpessl. Ilpeo6magamo pmmanme IOmmre-
pa, OT KOTOPOro KoMeTa HAXONMIAch Ha Paccro-
gamm 3,63—5,94 actp. enmEumn (B miome 1952
n despane 1955). Ilocme mepexona mepuresnmem
1952 roma dYyBCTBHTENBHO CKAa3ajioch BIMAHHUE
3emmu (0,50 B mae 1951 1.) n Benepw (0,67 B mione
1951 r.). Bosmymenusa E3 n sxBaropuanbHEe Ho-
croaHEse mug O. VIII. 1956 npuBegers B TeKcTe.

Rax BujgHO u3 mnpucoegwHeHHOH 3demepusl
(rabauua VIII, pme. 2), ycnoBusa HabmogeHus Opu
OinusKafileM CcIeRYOIMIEeM BO3BPAINEHAN - KOMETH
Oynyr Bechma HebmaroupudTHb.. B TedeHue mATH
MeCSNEeB Iepei HPOXOOM depe3 HepHrenmil u dc-
THIPEX MecANeB IOocie Hero Komera 0yjger Haxo-
nurcst Ha paccrosgHuu Merbme yeM 30° ot Commna.
Becnoit 1957 r. (xomera Ha yrpeHHeM Hele B’ CO-
ssespun Tenpua u Opuona) ycsaoBusa HaGIOIeHNUS
Oynyr HemHoro mydme uem BecHoit 1956 r. (Ho-
MeTa Ha BedepHeM HeGe B cosBe3guum Bopones);
BOOOMe COMHHTEIBHO, OYAeT-IM BO3MOKHO IIPH
ToM obopoTe UPOBOAUTH HAOIIONEHUA HKOMETHL
Cremyomee Bo3BpameHHe B NepUreimil BecHOM
1862 r. 6ymer ¢ Toykm 3peEusa HabuIOmeHHA OYeHb
frarompuATHO. '

Homera Tyras— xaxobnaum—HKpecaka sacmy-
KUBaeT 0c000e BHEMAHUE BBEAY BO3MOJKHBIX BEKO-
BHIX N3MEHEHWH MNBHIKeHHA, TAK KAK KpoMe Ko-
mern [ammes (Halley), 9rxe (Encke) u ITomca—
Bunnexe (Pons—Winnecke) Bz ofHa He coBepmnia
Gonbmee umcio o6oporos Bokpyr Coxsma co Bpe-
MeHH ¢BOero IIepBoro HabmoeHnA.
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LUBOR KRESAK

POHYB PERIODICKEJ KOMETY TUTTLE -GIACOBINI-KRESAK,
1951—1956

Kométa Tuttle—Giacobini—Kresdk patri medzi
typickych &lenov Jupiterovej rodiny kratkoperic-
dickych komét, s malym sklonom drdhy, porihé-
liom medzi drdhou Zeme a Marsa a afsliom ne-
daleko za drahou Jupitera. Dosial bola pozorovena
iba pri troch, dasove dost odlahlych néavratoch
k Slaku. Prvy raz ju objavil Tuttle v Cambridgi
(USA) 2. maja 1858 ako slaby teleskopicky objekt
v sthvezdi Raka, tesne pred prechodom perikéli > m.
Do Eurépy prisla zprdva o objave oneskorene
a aj na dvoch americkych hvezdariach (Cambridge
a Ann Arbor), na ktorych kométu sledovali, po
tridsiatich diioch zmizla z dohladu. Za ten &as
sa podarilo ziskat osem mikrometrickych merani
poldh, ktoré prijatelne vyhovovali predpokladu
o parabolickom pohybe. Po 25 rokoch zistil
Schulhof, Ze pravdepodobne islo o kratkoperio-
dickid kométu s obeznou dobou medzi 5,8 a 7,5
roka. Teleso sa potom znova hladalo podla Schul-
hofovych efenierid, ale okrem nepotvrdeného po-
zorovania Spitalera vo Viedni z jedinej noci
26. V. 1884 zostalo hladanie bez vysledku.

I nasledujtce pozorovanie tejto kométy bolo
identifikované iba dodatoéne. 1. jina 1907 objavil
Giacobini v Nizze novd, velmi slabt kométu
1907 ITI, ktora bola v nasledujdcich nociach po-
zorovand i na hvezdarniach vo Washingtone, na
Mt. Hamiltone, v Rime, Alzire, Lyone a Viedni.
Hoci podet poziénych merani bol v tomto pripade
vacsi, velmi nepriaznivo zapodsobila skutodnost
ze vietky boli vykonané v kratkom obdobi 13 dni,
po ktorom kométa znova zmizla z dosahu. Iba
zhoda elementov komét 1858 IIT a 1907 III viedla
roku 1914 Pickeringa k domnienke, Ze islo o opa-
kovany navrat toho istého telesa. Otdzku identity
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podrobne preskimal v rokoch 1929—1933 Crom-
melin, ktory sa pokiusil porovnanim portch za
obdobie 1858—1907 s rozdielom v elementoch
zistit obezni dobu a podet nepozorovanych né-
vratov. Vyldaéil vSetky moznosti okrem dvoch:
periédy 4,91 roka (10 obehov medzi rokmi 1858
a 1907) a 5,45 roka (9 obehov medzi rokmi 1858
a 1907), z ktorych prva pokladal za pravdepodob-
nejs$iu. Ani podla jeho efemerid sa vsak kométa
nenasla a tak sa i po druhy raz stratila. Rabeho
identifikdcia s periodickou kométou Reinmuth,
objavenou roku 1947, bola mylna. '

Treti neodvisly objav sa podaril 24. aprila 1951
na hvezdarni na Skalnatom Plese autorovi tohto
¢lanku. Tentoraz bola totoZznost telesa rozpoznani
uz tyzdenn po objave: upozornili na fiu sddasne
Cunningham a autor. Dalsie vypoéty dréhy vy-
jasnili i otdzku obeznej doby a podétu nepozorova-

‘nych navratov v prospech druhej Crommelinovej

domnienky : z oblika drdhy od objavu do 12. maja
odvodil autor periédu 5,60, do 16. jina Cunning-
ham 5,43 a do 14. jila znova autor 5,497, takze
je uz isté, Ze medzi roky 1858 a 1907 pripadlo
devit, medzi roky 1907 a 1951 osem obehov okolo
Slnka. Poslednd spomenutd draha, zaloZend na
34 pozorovaniach zo Skalnatého Plesa, slazila za
vychodisko k terajiej praci, ktorej hlavnym tide-
lom bolo uréit definitivnu drahu kométy zo vset-
kych pozorovani roku 1951 a vypodtom pordch
do budtcnosti zabezpedit jej dalSie sledovanie.

Pozorovaci material bol tentoraz ovela hodnot-
nejdi ako v oboch predchadzajicich pripadoch.
Jednak i8lo o prvé poziéné fotografické snimky
tejto kométy, ktoré i pri jej diftznom vzhlade
dovoluji dosiahnut vaésiu presnost ako starsie
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merania mikrometrické, jednak bol podet pozoro-
vani vadsi a najmé zachyteny oblik drédhy pod-
statne dlh§i (101 defl). Pre vypodet definitivnej
drahy boli pouZité vietky publikované pozoro-
vania hvezdarni vo Fort Davis, Tokiu, Williams
Bay, Kazani, na Gore Kanobili, Mount Hamiltone
a Skalnatom Plese, v celkovom podéte 92. Defini-
tivna draha bola vypoditans varidciou elementov
a pri zistovani diferencialnych korekcii sa bral
ohlad i na poruchy VenuSe, Zeme, Jupitera a
Saturna. Odchylky normélnych miest od efemeridy,
uvedené v tabulkach IV a V, pohybuji sa v tizkych
hraniciach a ukazuji dobry sthlas pozorovani
a vypodtu.

Pohyb kométy od 24. aprila 1951 do 5. augusta
1956 bol sledovany numerickou integraciou: vokoli
perihélia Enckeho metédou (integraciou poriuch
v pravouhlych saradniciach), dalej od Slnka Co-
wellovou metédou (integraciou rusSenych pravo-
uhlych sdradnic.) Integraény interval bol 10 dni
pri Enckeho metéde, 10 az 40 dni (podla schémy
v tabulke VI) pri Cowellovej metéde; cely obeh
bol preklenuty 100 krokmi, neratajae v to subezné
kroky pri zmenich metédy alebo dlzky intervalu.
Bral sa ohlad na vSetky planéty, ktoré znatelne
ovplyvnili pohyb kométy, t. j. na Jupitera a Sa-
turna podas celého obehu, na Venu$u, Zem a Mars
iba v okoli perihélia, inak boli vnutorné planéty
stiahnuté do Slnka. Prevazoval rusivy vplyv Ju-
pitera, od ktorého bola kométa vzdialend 3,63
a7 5,94 astr. jednotky (v jani 1952, resp. vo februari
1955); po prechode perihéliom 1951 sa nadas ci-
telne uplatnilo i posobenie Zeme (0,50 astr. jed-

notky v maji 1951) a Venuse (0,67 astr. jednotky
v jtni 1951). Veelku boli poruchy mierne. KedZze
je nateraz stredny denny pohyb kométy priblizne
komenzurabilny s pohybom Jupitera v pomere
13 : 6, opakuju sa silné poruchy vidy po 71 roku,
ked sa obe telesd mozu k sebe priblizit v helio-
centrickej dlzke 14° aZ na 0,3 astr. jednctky.
Posledny podobny pripad nastal roku 1904, na-
sledujici ofakdvame v zime 1975—1976.

Ako ukazuje pripojens efemerida (tabulka VIII,
obr. 2), pozorovacie podmienky pri najblizSom na-
vrate k Slnku budd velmi nepriaznivé. Po téat
mesiacov pred prechodom perikéliom a Styri
mesiace po fiom bude kométa vzdialer & na oblohe
menej ako 30° od Slnka. Na jar 1957 (kométa na
rannej oblohe v sihvezdi Byka a Oriona) budi
podmienky o poznanie lepsie ako na jar 1956 (ko-
méta na vedernej oblohe v sthvezdi Vednara); je
vSak dost pochybné, ¢i sa ju vébec podari pri
tomto obehu pozorovat. Dalsi navrat do perihélia
na jar 1962 bude velmi priazrivy, geometrickymi
podmienkami podobny na tri dcsial pozorované
nivraty. Obezna doba, velmi blizka 5 rcku, spd-
sobuje nateraz pravidelné striedanie priaznivych
podmienok s nepriaznivymi.

Na kométe si zaslizi osobitnd pozornost otazka
sekuldrnych zmien pohybu (ktord bude mozno
spolahlivo vyriesit az po nasledujicom pozorova-
nom névrate), pretoze okrem Halleyovej, Enckeho
a Pons— Winneckovej kométy nijakd ind nevyko-
nala dosial viac obehov okolo Slnka od svojho
prvého pozorovania.
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