LUBOR KRESAK

ON THE DISTRIBUTION OF COMETARY ORBITS
OF EXTREMELY SHORT PERIHELION DISTANCES

Abstract: The space distribution of perihelia and orbital planes of 105 long-pericdic comets with perihelion distances
q < 0.5 A. U. is investigated. The adequateness of the ellipsoidal analysis for this purpose is briefly discussed.

The perihelia show a marked concentration in a narrow zone near 1 = 270—280° on both sides of the ecliptic, not
far from the galactic centre and the vertex. There is neither a concentration of the aphelia near the apex, as postu-
lated by von Niessl for an interstellar origin of comets, nor any crowding of the lines of apses along the hypothetical
accretion axes, as required by the Lyttleton’s theory. The unequal number of observers on the northern and southern
hemisphere introcduces a slight prevalence of comets with positive latitudes of perihelia. There is good agreement
with the results obtained previously by Oppenheim and Witkowski but it is questionable whether this may be inter-
preted as direct evidence of an association with the galactic structure.

The most interesting feature of the distribution of orbital planes is a relative abundance of lower inclinations. The
discussion of the discovery conditions leads to the conclusion that the probable reason of this phenomenon consists
in the relation between the heliocentric latitude and brightness of comets rather than in the perturbation effects of

the major planets or in another effect of selection.
1. Introduction

The space distribution of the orbits of long-pe-
riodic comets has hitherto been investigated by
a number of authors, owing to its significance for
the theories of cometary origin and evolution.
However, there is no definitive agreement as to
the interpretation of the results. The indicated
departures from the randomness, as far as they
are admitted at all, are attributed by one group
of the authors to the interstellar origin of comets
or at least to the influence of the gravitational
field of the Galaxy, or to the preferential motions
of the stars encountered by the solar system. The
other group tries to find the source of the non-uni-
formity in the effects of selection, such as the sea-
sonal effects bringing about the variability of the
discovery conditions with the orbital elements.

As early as in the second half of the preceding
century Hoek [1] and Schiaparelli [2] drew atten-
tion to the fact that the lines of apses of known
cometary orbits are not distributed in the space
in a completely random fashion. Hoek found seve-

ral groups of comets showing approximative co-
incidence in the direction of the aphelia and inferred
the possibility of a common origin of the members
of these groups; further, he found a zone of avoid-
ancs (,,Hoek’s zone*) situated just north of the
ecliptic between the longitudes 95° and 243° where
practically no aphelia occurred. Schiaparelli de-
monstrated a crowding of the aphelia of comets
with extremely short perihelion distances in the
region about & = 72°, § = +48°. Similarly, Mohn
[3] examined the orientation of the orbital planes
and found a preferential direction of the poles
towards A = 2° B = +10° and 1= 182°, f =
= —10°. :

More recently, the problem was mostly treated
by the ellipsoidal method of analysis, and in the
orientation of the main axes of the distribution
elipsoids the reflections of the fundamental planes
or directions, such as the ecliptic, galactic plane,
apex, or vertices, were sought. Svedstrup [4],
Oppenheim [5], and Witkowski and Hurnik [6],
using successively more and more extensive data,
found a relative abundance of the lines of apses in
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the direction of the vertices, which favours the
opinion of a direct association of cometary orbits
with the star streaming. On the basis of this result
Witkowski attempts to find a suitable process of
the capture of comets (or of particles from which
they are additionally built by aggregation) by the
solar system from the interstellar space, and to
remove the two chief arguments of Strémgren and
Schiaparelli against the interstellar origin of- co-
mets: the absence of hyperbolic orbits and the
condition of zero relative velocity. Merton [7]
suggests another explanation of the phenomenon,
consisting in the perturbing action of the neighbour-
ing stars on the swarm of comets situated at the
boundary of the solar system, in conformity with
Oort’s hypothesis [8]. In this conception the pre-
ferential motion of the stars encountered by the
solar system may have impressed some features of
the star streaming on the orbits of comets without
the necessity of their interstellar origin.

On the contrary, Bourgeois and Cox [9] have
obtained a distribution of perihelion points appa-
rently associated not with the galactic plane but
with the plane of the ecliptic. This is sometimes
quoted in the literature as a direct contradiction
of tke views of the above-mentioned authors. How-
ever, it must be emphasized that the problem
treated by Bourgeois and Cox essentially differs
from that investigated by Svedstrup, Oppenheim,
and Witkowski: instead of dealing with the distri-
bution of the perihelia over the sphere they investi-
gate the correlation between the orientation of the
lines of apses and the perihelion distances. Con-
sequently, there is no disagreement in the numer-
ical results or in the methods of elaboration but
merely in putting the problem. To Bourgeois and
Cox the merit is due of pointing out the importance
of the discovery conditions which exercise in-
fluence on the resulting statistical distribution.
This effect of selection in its different forms must
not be overlooked or underestimated.

The significance of the problem of orientation
of cometary orbits has newly arisen in connexion
with the two new theories of the origin of comets
proposed during the last decade by Oort [8] and
Lyttleton [10]. Accordirg to Lyttleton’s theory,
the orbits of , new‘* comets ought to be asscciated
in some way with the accretion axes along which
they have been generated. The absence of such
arrangement, which fits well to the evolutionary
process suggested by Oort, represents at the same
time a serious argument against the accretion
theory of Lyttleton. However, the validity of this
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argument is disputable under certain conditions,
as was shown by McCrea [11].

The present paper deals with the space distribu-
tion of the orbits of long-periodic comets with
extremely short perihelion distances, ¢ < 0.5 A. U.
This restriction of the data has been introduced
for the following reasons:

(1) In a given heliocentric distance the aphelion
velocity is the lower the shorter the perihelion
distance. If we assume, in agreement with Qort,
that the comets move primarily in less eccentric
orbits in the outer part of the solar system and
enter the region of the planets only after the tan-
gential component of their velocity has been sub-
stantially reduced by the perturbations, then the
limitation of ¢ introduces a selection of just those
comets which have been mostly affected by such
perturbations. On the other hand, from the stand-
point of the accretion theory (considered by the
writer as much less probable) the comets of shortest
perihelion distances are those which have acquired
least angular momentum by the action of the
major planets and have consequently remained
closest to the accretion axes. In each case, the
selection concerns the extreme orbits.

(2) The limitation of the perihelion distances
may also partially remove the effects of selection
entering the statistics of orbits as a consequence of
the dependence of the discovery conditions upon
their shape and orientation. For instance it may
help to separate the phenomenon found by Bour-
geois and Cox from that one associated by Sveds-
trup, Oppenheim and Witkowski with the star
streaming. The results of this separation may
appear just in comparison with the results of
Witkowski which are based on the statistics of all
long-periodic orbits, complete almost up to date,
irrespective of gq.

It must be pointed out that the numerical value
of the upper limit, g = 0.5, is entirely convetional.
It has been endeavoured to keep the limit as low
as possible without seriously restraining the statist-
ical importance of the available data. For the very
same reason no discrimination according to the
periods of revolution was attempted except the
omission of the short-periodic comets with 7' < 200
years. As a matter of fact, for a great proportion
of the comets in question only parabolical orbits
are available and the actual periods are indetermi-
nate. Although it would be desirable to distinguish
atleast between the ,,0ld*‘ and ,,new‘* comets, it is
generally possible neither on the basis of the orbital
elements nor of the photometric characteristics.
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2. The Principal Data

The general catalogue of cometary orbits by
Baldet and Obaldia[12]includesthe elementsof 111
different comets with ¢ < 0.5; one comet more
(1954 IT) was discovered since the publication of
the catalogue. Leaving out five short-periodic co-
mets (Encke, Brorsen—Metcalf, 1766 II, 1833 II,
and 1917 I) and two ancient comets for which the
elements are known with limited accuracy or
ambiguously (those of A. D. 240 and 539) a collec-
tion of 105 orbits was obtained as a basis for the
statistical investigation. There are 21 comets with
0.0 <gqg <0.1, 15 comets with 0.1 <¢q < 0.2,
17 comets with 0.2 < g < 0.3, 26 comets with
0.3 < g < 0.4, and 26 comets with 0.4 < g < 0.5.
Five or six bodies of the first named group are
members of the Kreutz group of sun-grazing comets.

As the ordinary orbital elements are not suitable
enough for a direct statistical treatment they have
been converted into the heliocentric ecliptical co-
ordinates and direction cosines of the perihelia and
poles. These are mutually connected by the follow-
ing relations:

cos Acos B = [ = cos wcos 2 — sin wsin 2 cos s
sin A cos B = m = cos w sin 2 + sin w cos 2 cos ¢

sin f == n = sin wsin¢ (1)
cosA'cosf’ = I’ = sin QPsing
sin A'cosp’ =m' = — cos 2sin s (2)

sinf’'= n' = cos ¢

where the letters without suffices relate to the
perihelia and those with suffices to the poles from
which the comets are seen to revolve in the positive
direction!. Obviously, the elements have to be
referred to a common equinox and ecliptic; in our
case 1950.0 was chosen. The results of the reduc-
tions are summarized in Table I (elements-and
ecliptical co-ordinates) and Table II (direction
cosines). A great deal of the necessary computa-
tions was carried out by Mr. A. Aldor whose kind
assistance is gratefully acknowledged.

3. The Method of Analysis

There are several different methods which may
be applied to express numerically the irregularities
of a distribution of directions like that of the lines
of apses or orbital planes. In our case-the number
of orbits concerned is too low to favour a group
method, such as the statistics in the Charlier’s

1 The signs of I’ and m’ are reversed in the quoted
paper by Oppenheim [5].

areas which was applied to a similar problem
(however, with the use of more extensive data) by
Bourgeois and Cox [9]. Of the individual methods
the construction of the distribution ellipsoid is
mostly common. Howaver, it happens that this
treatment is sometimes used without desirable
precautions, i. e. without considering whether the
ellipsoidal distribution represents a satisfactory
approximation to the actual state at all. For
instance if the comets were associated into groups
with roughly coinciding lines of apses, as pointed
out by Hoek [1] and pestulated by McCrea [11], the
results obtained by means of the ellipsoidal analysis
would be quite illusory. Still another feature of the
distribution seems to have been frequently over-
looked or underestimated. In the method usually
adopted the position of the plane of extreme con-
centration is investigated irrespective of the distri-
bution to both sides of the plane, thus making the
linear terms in the ellipsoid equation vanish. This
leads to the omission of the assymetry of the
distribution with respect to the sun and the results,
although mathematically correct, need not repre-
sent the actual state truly enough.

The determination of the anisotropy of the
distribution is based on Lagrange’s method of un-
determined multipliers for finding the constrained
extremals. The spherical distance ¢ of a point
having the direction cosines &, 5, { from the peri-
helion of a given orbit is defined by the relation

cos & = I& + mny + nl (3)

The general task is to find the extremal of the sum
of a certain function F(9), extending over all orbits
concerned, under the constraint

Etpte=1 @
The condition that the sum of the squares of the

distances from a plane passing through the origin
should be maximum,

F(9) = cos® ¥, (5)
leads to the distribution ellipsoid having the
equation

@ + AyplY® + A552* + 20557 + 204522 + 20,2y = 1
(6)

where
anzjlv—Z‘l’, ags;%Zmn,
1.,
%z—WZWM alaz—ﬁZln, (7)
a33=-2172n’~’, au:%zzm,
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Table I

No. {B.—O Comet ) Q i q A |7 v B
o o o - o o o o
1 360 1880 I 86.2 7.1 144.7 0.005 281.7 +35.2 277.1 —54.7
2 218 1843 I 82.6 2.8 144.3 0.006 281.9 +35.3 272.8 —54.4
3 702 1945 VII 50.9 321.7 137.0 0.006 279.7 +32.0 231.7 —47.0
4 375 1882 11 69.6 347.0 142.0 0.008 282.2 +35.2 257.0 —52.0
5 396 1887 I 58.3 325.5 128.5 0.010 280.2 +41.8 235.5 —38.5
6 84 1680 350.6 275.9 60.7 0.006 271.3 —8.2 186.0 +29.3
7 308 1865 1 111.7 253.4 92.5 0.026 79.7 +68.1 163.4 —2.5
8 196 1826 V 279.6 236.9 90.6 0.027 240.6 —80.4 146.9 —0.6
9 90 1695 59.1 285.3 93.6 0.042 279.4 +58.9 195.3 —3.6
10 236 1847 I 254.4 23.1 48.7 0.043 270.2 .—46.3 293.1 +41.4
11 338 1874 1 269.5 31.4 58.9 0.045 300.4 —58.9 301.4 +31.1
12 172 1816 304.3 325.1 43.1 0.048 278.2 —34.4 235.1 +46.9
13 374 1882 I 209.0 205.9 73.8 0.061 34.7 —27.7 115.9 +16.2
14 330 1872 63.4 48.1 148.4 0.064 348.5 +27.9 318.0 —58.5
15 89 1689 78.1 283.1 63.2 0.064 348.1 +60.9 193.1 +26.8
16 80 1668 109.8 2.5 144.4 0.067 248.6 +4-33.2 272.5 —54.4
17 — 1954 11 94.1 114.6 13.6 0.072 208.8 +13.5 24.7 +176.4
18 620 1931 IV 168.2 101,8 169.3 0.074 293.3 +2.2 11.7 —179.3
19 70 1593 12.1 169.2 87.9 0.089 169.7 +11.8 79.2 +2.2
20 180 1821 169.2 50.5 106.5 0.092 233.6 +10.4 320.5 —16.5
21 129 1780 I 237.1 126.1 125.6 0.096 264.1 —43.1 36.1 —35.6
22 79 1665 156.1 232.0 103.9 0.106 58.1 +23.1 142.0 —13.9
23 720 1947 XII 196.2 336.6 138.5 0.110 144.4 —10.6 246.7 —48.5
24 121 1769 329.1 177.6 40.8 0.123 153.2 —19.6 87.6 +49.2
25 202 1830 II 26.9 339.6 135.3 0.126 319.7 +18.6 249.6 —45.3
26 508 1910 I 320.9 89.3 138.8 0.129 120.8 —24.6 359.3 —48.8
27 732 1948 XI 107.3 210.4 23.1 0.135 319.0 +22.0 120.4 +66.9
28 199 1827 II1 258.7 151.4 125.9 0.138 260.2 —52.6 61.4 —35.9
29 252 1851 IV 294.4 45.7 74.0 0.142 14.5 —61.1 315.7 +16.0
30 67 1582 57.0 18.3 34.6 0.169 70.0 +28.4 288.3 +55.4
31 260 1853 IV 277.8 221.4 119.0 0.173 295.6 —60.1 131.6 —29.0
32 601 1927 IX 47.2 77.5 85.1 0.176 82.8 +46.9 347.5 +4.9
33 65 1577 255.7 30.5 104.9 0.178 165.4 —69.5 300.6 —14.9
34 194 1826 II1 4.8 42.3 174.7 0.188 37.6 +0.4 312.3 —84.8
35 441 1895 IV 272.7 321.3 141.6 0.192 47.9 —38.3 231.3 —51.6
36 701 1945 VI 216.7 325.5 49.5 0.194 171.3 —27.0 235.5 +40.5
37 285 1859 282.0 358.6 95.5 0.201 22.8 —176.8 268.6 —5.5
38 725 1948 IV 317.1 203.2 23.2 0.208 162.6 —15.6 113.2 +66.8
39 112 1758 36.8 233.5 68.3 0.215 248.9 +33.8 143.5 +21.7
40 489 1906 I 199.3 92.7 43.7 0.215 286.9 —13.1 2.7 +46.4
41 106 1744 151.5 48.6 47.1 0.222 208.3 +20.5 318.6 +42.9
42 100 1737 I 99.5 229.4 18.3 0.223 329.4 +18.1 139.4 +71.7
43 185 1823 28.5 304.8 103.8 0.227 297.4 +27.6 214.8 —13.8
44 470 1901 I 203.0 110.3 131.1 0.245 274.7 —17.2 20.3 —41.1
45 223 1844 IIL 177.7 119.8 45.6 0.252 298.2 +1.6 29.8 +44.4
46 156 1801 219.8 44.6 159.3 0.256 186.6 —13.1 314.6 —69.3
47 412 1890 I 199.9 9.3 56.7 0.270 200.5 —16.5 279.3 +33.3
48 391 1886 V 201.3 193.5 87.7 0.270 14.4 —21.3 103.5 +2.3
49 262 1854 II 101.6 316.8 97.5 0.277 169.1 +176.2 226.8 —17.5
50 82 1677 99.2 240.6 100.9 "0.281 110.2 +175.7 150.6 —10.9
51 64 1558 119.6 340.5 110.9 0.281 192.7 +54.3 250.5 —20.9
52 288 1860 III 76.9 85.9 79.3 0.293 124.4 +73.1 355.9 -+10.7
53 558 1920 I 276.6 316.0 123.2 0.298 34.1 —56.3 226.0 —33.2
54 516 1911 IV 71.7 89.2 96.5 0.303 70.4 +70.6 359.2 —6.5
55 259 1853 III 170.4 141.9 61.5 0.307 317.3 +8.4 51.9 +28.5
56 40 1299 103.9 116.2 111.0 0.318 351.6 +65.0 26.2 —21.0
57 242 1848 I 261.0 213.0 95.6 0.320 1.5 —179.4 123.0 —5.6
58 588 1926 III 354.8 282.8 123.0 0.323 285.6 —4.3 192.8 —33.0
59 462 1899 I 8.7 25.7 146.3 0.327 18.4 +4.8 295.7 —56.3
60 62 1533 278.3 305.2 28.3 0.327 224.6 —28.0 215.2 +61.7
61 50 1449 356.7 268.1 155.7 0.327 271.1 —1.4 178.1 —65.7
62 241 1847 VI 276.6 192.3 108.1 0.329 261.8 —170.7 102.3 —18.1
" 63 478 1903 IV 127.3 294.2 85.0 0.330 107.7 +52.4 204.2 +5.0
64 314 - 1867 IIL 148.6 66.1 96.6 0.330 250.1 +31.1 336.2 —6.6
65 88 1686 81.9 357.7 35.0 0.336 77.9 +34.6 267.7 +55.0
66 111 1757 268.7 217.0 12.8 0.337 125.6 —12.8 127.0 +177.2
67 177 1819 II 13.4 275.5 80.8 0.342 277.7 +13.3 185.5 +9.2
68 139 1787 99.2 109.1 131.7 0.349 5.5 +47.5 19.1 —41.7
69 362 1880 IIX 323.1 46.3 141.9 0.355 76.8 —21.8 316.3 —51.9
70 272 1857 III 134.1 25.0 121.0 0.368 233.0 +38.0 295.0 —31.0
71 670 1641 I 199.6 295.9 49.9 0.368 128.8 —14.9 205.9 +40.1
72 48 1402 91.1 124.6 55.0 0.380 216.5 +54.9 34.6 +35.0
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Continuation of Table I

No. |B.—O. Comet ) Q i q A B A B
73 335 1873 V 233.7 177.8 121.5 0.385 322.3 —43.4 87.8 —31.5
74 59 1506 242.3 139.1 134.9 0.386 265.7 —38.8 49.1 —44.9
75 364 1880 V 73.5 258.6 129.2 0.387 193.7 +48.2 168.6 < —39.0
76 324 1870 IV 90.6 95.9 147.3 0.389 5.2. +32.7 | 5.9 —57.3
71 74 1618 II 287.4 80.3 37.2 0.390 11.8 —35.2 - | - 350.3 +52.8-
78 163 1808 I 253.7 324.9 134.3 0.390 77.6 —43.4 © 235.0 © —44.3
79 419 1891 I 178.8 194.8 120.4 0.398 15.4 +1.1 104.8 - —30.4
80 474 1902 IIL 153.0 50.0 156.4 0.401 255.1 +10.5 - 320.1 —66.3:..
81 226 1845 II1 75.8 339.3 131.1 0.401 270.3 +46.9 249.3 —41.1
82 147 1793 1 239.8 110.7 119.6 0.403 250.3 —48.7 20.7 —29.7-
83 572 1924 11 66.6 80.4 120.1 0.406 31.2 +52.5 350.4 —30.1
84 525 1913 I 279.3 303.4 80.4 0.407 257.9 —176.6 213.4 +9.6.
85 615 1930 VII 62.8 229.6 4.2 0.408 292.3 +3.7 139.6 +85.8
86 475 1903 I 133.7 3.0 30.9 0.411 141.1 +21.8 273.0 +59.1
87" 138 1786 II 325.0 196.7 50.9 0.411 172.9 —26.5 - 106.8 +39.1
88 460 1898 IX 162.4 35.6 28.9 0.420 200.0 +8.4 305.6 +61.2
89 95 1706 59.4 16.6 55.3 0.427 -60.6 +45.0 |- 286.6 +34.7
90 136 1785 II 127.2 67.0 92.6 0.427 250.4 —+52.7 - 336.8 . —2.6
91 77 1661 33.4 85.9 33.0 0.443 114.9 +17.5 355.9 +57.0
92 540 1915 IV 118.8 78.2 53.5 0.443 211.0 +44.8 348.2 - 436.5
93 371 1881 VI 6.3 275.1 112.8 0.449 272.7 +5.8 185.1 - —22.8
94 472 1902 I 228.4 52.9 66.5 0.451 257.1 —43.3 - 322.9, +23.5
95 206 1833 260.8 325.2 7.3 0.464 225.9 —17.2 +235.2 +82.7
96 44 1362 9.9 245.1 148.0 0.470 236.7 +5.2 -155.1 —5.8
97 388 1886 II 119.6 69.2 84.4 0.479 239.5 +59.9 +.339.2 +5.6
98 611 1930 IIT 47.0 90.5 67.1 0.482 113.1 +42.3 0.5 +22.9
99 152 1798 1 343.0 124.2 43.8 0.485 111.8 —11.7 34.2 +46.2
100 55 1472 245.8 292.2 170.9 0.486 46.7 —8.3 - 202.2 —80.9
101 517 1911 V 153.0 293.5 33.8 0.489 90.6 +14.6 203.5 +56.2
102 63 1556 100.9 180.7 32.4 0.491 283.6 +31.7 90.7 +57.6
103 49 1433 189.4 103.6 104.0 0.493 281.3 —9.1. 13.6 —14.0
104 117 1763 88.6 359.0 72.6 0.498 84.3 +172.5 269.0 +17.5
105 477 1903 III 184.9 213.8 66.5 0.499 35.8 —4.5 123.8 +23.5
Table II
No. |B.—O. Comet, l m n 14 m’ n’
1 | 360 1880 I +0.1653 —0.7998 +0.5771 +0.0713 —0.5739 —0.8158
2 | 218 1843 I +0.1679 —0.7986 +0.5780 +0.0288 —0.5821 —0.8126
3 | 702 1945 VII 10.1423 —0.8364 +0.5293 —0.4227 —0.5349 —0.7316
4 | 375 1882 II +0.1730 —0.7982 +0.5770 —0.1390 —0.5998 ~0.7680
5 | 396 1887 1 40.1324 —0.7336 +0.6666 —0.4435 —0.6453 —0.6521
6 | 84 1680 0.0229 —0.9895 —0.1421 —0.8672 —0.0904 +0.4896
7| 308 1865 1 +0.0667 +0.3662 +0.9281 —0.9575 +0.2848 —0.0436
8 | 196 1826 V —0.0819 —0.1454 —0.9859 —0.8371 +0.5467 —0.0111
9 90 1695 +0.0839 —0.5092 +0.8565 "0.9626 —0.2637 —0.0625
10 | 236 1847 1 +0.0018 —0.6910 —0.7228 +0.2949 —0.6903 +0.6607
11 | 338 1874 I +0.2616 —0.4458 —0.8561 +0.4456 —0.7310 40.5168
12 | 172 1816 +0.1180 —0.8172 —0.5643 —0.3906 —0.5606 +0.7302"
13 | 374 1882 I 40.7279 +0.5037 0.4654 —0.4195 +0:8639 +0.2790
14 | 330 1872 +0.8659 —0.1767 +0.4679 +0.3891 —0.3498 —0.8522
15 89 1689 +0.4763 —0.1005 +0.8735 —0.8695 —0.2018 +0.4509
16 80 1668 —0.3051 —0.7788 +0.5481 +0.0256 —0.5820 —0.8128
17 - 1954 11 —0.8516 —0.4691 +0.2340 +0.2132 +0.0979 40.9721
18 | 620 1931 IV +0.3952 —0.9177 +0.0378 +0.1818 +0.0378 —0.9826
19 70 1593 —0.9621 +0.1749 +0.2091 +0.1867 +0.9817 “4-0.0378
20 | 180 1821 —0.5841 —0.7915 +0.1797 +0.7398 —0.6103 —0.2832
21 | 129 1780 I —0.0755 —0.7266 —0.6828 +0.6572 +0.4787 —0.5821
22 79 1665 +0.4860 +0.7807 +0.3930 ' —0.7650 40.5973 —0.2405
23 | 720 1947 XII —0.7988 +0.5724 —0.1848 —0.2625 —0.6081 —0.7491
24 | 121 1769 —0.8413 +0.4242 —0.3350 +0.0274 +0.6524 +0.7574
25 | 202 1830 II +0.7235 —0.6125 +0.3183 —0.2460 —0.6596 —0.7102
26 | 508 1910 I —0.4654 +0.7814 ~0.4156 30.6588 ~0.0076 £0.7522
27 | 732 1948 XTI +0.6999 —0.6079 +0.3749 " —0.1984 +6.3283 +0.9197
28 199 1827 III —0.1038 —0.5988 —0.7941 +0.3881 +0.7108 —0.5867
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Continuation of Table II

No. [(B.—O. Comet l m n U m’ n’
29 252 1851 IV +0.4686 +0.1209 —0.8751 +0.6883 —0.6709 +0.2759
30 67 1582 +0.3002 +0.8264 +0.4763 +0.1787 —0.5392 +0.8230
31 260 1853 IV +0.2158 —0.4502 —0.8665 —0.5790 +0.6555 —0.4848
32 601 1927 IX +0.0854 +0.6772 +0.7308 +0.9729 —0.2148 +0.0854
33 65 1577 —0.3397 -+0.0885 —0.9364 +0.4913 —0.8323 —0.2569
34 194 1826 III +0.7928 +0.6095 +0.0077 +0.0618 —0.0678 —0.9958
35 441 1895 IV +0.5261 +0.5818 —0.6202 —0.3884 —0.4844 —0.7839
36 701 1945 VI —0.8806 +0.1344 —0.4545 —0.4310 —0.6262 +0.6497
37 285 1859 +0.2101 +0.0885 —0.9736 —0.0240 —0.9951 —0.0956
38 725 1948 IV —0.9194 +0.2881 —0.2681 —0.1548 +0.3617 +0.9194
39 112 1758 —0.2982 —0.7755 +0.5563 —0.7470 +0.5524 . +0.3697
40 489 1906 I +0.2827 —0.9318 —0.2278 +0.6895 +0.0323 +0.7236
41 106 1744 —0.8247 —0.4443 +0.3499 +0.5497 —0.4847 +0.6803
42 100 1737 I +0.8181 —0.4841 +0.3102 —0.2388 +0.2047 +0.9492
43 185 1823 +0.4082 —0.7866 +0.4634 - —0.7973 —0.5545 —0.2388
44 470 1901 I +0.0784 —0.9523 —0.2950 +0.7069 +0.2617 —0.6572
45 223 1844 III +0.4723 —0.8810 +0.0283 +0.6205 +0.3551 +0.6992
46 156 1801 —0.9675 —0.1126 —0.2268 +0.2486 —0.2520 —0.9353
47 412 1890 I —0.8979 —0.3361 —0.2842 +0.1354 —0.8253 +0.5483
48 391 1886 V +0.9024 +0.2321 —0.3630 —0.2335 +0.9715 +0.0407
49 262 1854 II —0.2343 +0.0450 +0.9712 —0.6787 —0.7228 —0.1302
50 82 1677 —0.0850 +0.2307 +0.9692 —0.8555 +0.4818 —0.1897
51 64 1558 —0.5692 —0.1281 +0.8121 —0.3115 —0.8805 —0.3573
52 288 1860 III —0.1640 +0.2394 +-0.9570 +0.9802 —0.0697 +0.1854
53 558 1920 I +0.4598 +0.3115 —0.8316 —0.5813 —0.6023 —0.5471
54 516 1911 IV +0.1113 +0.3125 +0.9433 +0.9935 —0.0139 —0.1126
55 259 1853 IIL +0.7267 —0.6713 1-0.1461 +0.5427 +0.6913 +0.4772
56 40 1299 +0.4182 —0.0617 +0.9062 +0.8377 +0.4119 —0.3586
57 242 1848 1 +0.1844 +0.0047 —0.9829 —0.5413 +0.8351 —0.0976
58 588 1926 III +0.2681 —0.9605 —0.0753 —0.8177 —0.1856 —0.5449
59 462 1899 I +0.9453 +0.3153 +0.0840 +0.2408 —0.5004 —0.8316
60 62 1533 —0.6292 —0.6201 —0.4687 —0.3869 —0.2731 +0.8808
61 50 1449 +0.0199 —0.9995 —0.0237 —0.4118 +0.0134 —0.9112
62 241 1847 VI —0.0469 —0.3265 —0.9439 —0.2019 +0.9286 —0.3112
63 478 1903 IV —0.1852 +0.5813 +0.7923 —0.9086 —0.4083 +0.0872
64 314 1867 III —0.2908 —0.8051 +0.5171 +0.9086 —0.4016 —0.1144
65 88 1686 +0.1724 +0.8052 +0.5674 —0.0225 —0.5726 +0.8195
66 111 1757 —0.5680 +0.7924 —0.2220 —0.1335 +0.1775 +0.9750
67 177 1819 II +0.1309 —0.¢646 +0.2290 —0.9824 —0.0951 +0.1607
68 139 1787 +0.6731 +0.0650 +0.7368 +0.7052 +0.2444 —0.6657
69 362 1880 III +0.2114 +.0.9044 —0.3707 +0.4466 —0.4268 —0.7864
70 272 1857 IIT —0.4738 —0.6296 +0.6157 +0.3621 —0.7766 —0.5155
71 670 1941 I —0.6057 +0.7534 —0.2563 —0.6878 —0.3337 +0.6446
72 48 1402 —0.4619 —0.3412 +0.8186 +0.6739 +0.4649 +0.5741
73 335 1873 V +0.5747 —0.4436 —0.6877 +0.0327 +0.8522 —0.5223
74 | 59 1506 —0.0580 —0.7772 —0.6266 +0.4638 +0.5348 —0.7063
75 364 1880 V —0.6482 —0.1579 +0.7450 —0.7614 +0.1540 —0.6298
76 324 1870 IV +0.8378 +0.0755 +0.5406 +0.5378 +0.0354 —0.8412
717 74 1618 II +0.7996 +0.1672 —0.5769 +0.5960 —0.1017 +0.7965
78 163 1808 I +0.1560 +0.7096 —0.6871 —0.4110 —0.5859 —0.6984
79 419 1891 I +0.9640 +0.2652 +0.0188 —0.2197 +0.8345 —0.5053
80 474 1902 IIT —0.2530 —0.9500 +0.1823 +0.3074 —0.2576 —0.9160
81 226 1845 III +0.0040 —0.6828 +0.7305 —0.2665 —0.7048 —0.6574
82 147 1793 I —0.2221 —0.6217 —0.7512 +0.8130 +0.3072 —0.4947
83 572 1924 II +0.5204 +0.3151 +0.7936 +0.8528 —0.1440 —0.5020
84 525 1913 I —0.0486 —0.2261 —0.9729 —0.8229 —0.5429 +0.1673
85 615 1930 VII +0.3793 —0.9231 +0.0646 —0.0554 +0.0471 +0.9974
86 475 1903 I —0.7221 +0.5836 +0.3715 +0.0265 —0.5133 +0.8578
87 138 1786 II —0.8884 +0.1109 —0.4457 —0.2236 +0.7431 +0.6307
88 460 1898 IX —0.9293 —0.3390 +0.1461 +0.2809 —0.3923 +0.8759
89 95 1706 +0.3474 +0.6154 +0.7075 +0.2348 —0.7875 +0.5698
90 136 1785 II —0.2027 —0.5708 +0.7956 +0.9194 —0.3906 —0.0459
91 77 1661 —0,4009 +0.8655 +0.3002 +0.5435 —0.0391 +0.8385
92 540 1915 IV —0.6081 —0.3657 +0.7046 +0,7874 —0.1645 +0.5941
93 371 1881 VI +0.0463 —0.9938 +0.1011 —0.9181 —0.0822 —0.3878
94 472 1902 1 —0.1625 —0.7094 —0.6857 +0.7318 —0.5528 +0.3985
95 206 1833 —0.6903 —0.7126 —0.1258 —0.0728 —0.1046 +0.9919
96 44 1362 —0.5468 —0.8323 +0.0909 —0,4810 +0.2235 —0.8477
97 388 1886 II —0.2342 —0.4321 +0.8653 +0.9305 —0.3531 +0.0970
98 611 1930 III —0.2901 +0.6800 +0.6734 +0.9215 +0.0086 +0.3883
99 152 1798 1 —0.3637 +0.9094 —0.2021 +0.5721 +0.3893 +0.7220
100 55 1472 +0.6783 +0.7204 —0.1447 —0.1469 —0.0600 —0.9873
24
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Continuation of Table II

1
No. |B.—0 Comet | l m n l m n’
101 517 1911 V ' —0.0095 +0.9675 +0.2524 —0.5102 —0.2218 +0.8310
102 63 1556 o 4+0.1994 —0.8268 -+ 0.5260 —0.0069 +0.5355 +0.8445
103 49 1433 i 40.1932 —0.9683 —0.1582 +0.9433 +0.2277 —0.2416
104 117 1763 [ 40.0299 +0.2994 +0.9537 —0.0164 —0.9539 +0.2999
105 477 1903 IIT I +40.8089 +4-0.5827 —0.0791 —0.5099 +0.7620 +0.3990
1

and NN denotes the number of orbits over which the
summation extends. This is the treatment applied
to the distribution of cometary perihelia by Oppen-
heim and Witkowski. Introducing the linear terms,

1

aM:WZ'l,
1

Apy = FZ'm, (8)
1

a34:'ﬁ2n>

a similar ellipsoid in a displaced position but the
same orientation may be obtained by changing
the function F(¢). Putting
F(9) = (1 4 cos 9)? (9)
we have:
ap®® + Gol? + Ags?® + 2052 + 20,527 + 2050y +
+ 204% + 20y + 20342 = 1 (10)
In this form the shift of the centre of the ellipsoid
to a point outside the sun permits the assymetry
of the distribution to be expressed. Evaluating the
determinants associated with the quadratic equa-
tions (6) and (10), respectively, the three semi-
axes g;, their direction cosines &;, %,, {;, and the
heliocentric ecliptical co-ordinates 4;, 8; (¢ = 1, 2,
3) are obtained in the usual manner. If making use
of the formula (10), the polar co-ordinates of the
centre of the ellipsoid g,, 4,, 8, may be determined
in addition to the above quantities which remain
unaltered.
However, there is another, far simpler method
which in the present case does ot seem inferior to
those just mentioned. Putting

F(9) = cos ¢ (11)
or
Zeosd=2(1é+ my+ nl) =Max. (12)
we have with regard to (4) and (8):
EW — a14
) I Va%, + a3, + a3,
N
Ny = T (13)
o l Va3, + a3, + ‘1%4‘
oy = 34

l ;/a'ﬁ + aZ, + ‘1341

Now &y, 7y, Gy are the direction cosines of the
point towards which the crowding of the perihelia
takes place. For a uniform distribution

N (9) cosec & = const. (14)

so that the departures from the randomness must
appear in a non-uniform distribution of the quan-
tity cos 9.

It is recommendable to check the results ob-
tained by the above mentioned methods by means
of a graphical representation of the actual distri-
bution in an equivalent drawing. Only such repre-
sentation makes it possible to distinguish the local
irregularities (like that produced by the Kreutz
group of sun-grazing comets) from a general ten-
dency, and to verify the adequateness of an ellipso-
idal distributicn.

Formulae for investigating the distribution of
the orbital planes are quite analogous to (3)—(14),
except that the co-ordinates of the perihelion points
are replaced by those of the poles. In the adjoined
tables all quantities relating to the poles are
denoted by suffices.

4. The Numerical Results

The results of the analysis are summarized in
Tables III—XIV.The comets have been distribut-
ed into two groups according to the perihelion
distances (0.00 < ¢ < 0.25; 0.25 < ¢ < 0.50), the
former consisting of 44 members, the latter of
61 members. As the Kreutz group of sun-grazing
comets hasvery likely originated from a single body,
two separate solutions have been worked out, the
five comets 18431, 18801, 188211, 18871, and 1945
VII being omitted in the 2°¢ solution.

Tables IIT and IV include the coefficients of the
ellipsoid equation for the distribution of perihelia
and poles respectively, computed according to (7)
and (8). From these coefficients the principal semi-
axes g; of the ellipsoid and their directions in the
ecliptical system 1;, f; may be calculated which,
again, may be transformed into equatorial and
galactic co-ordinates «;, 6;, L;,, B; (i=1, 2, 3).

25
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Figure 1. The distribution ellipsoid of the perihelia cut by the principal planes of the orthogonal ecliptical system.
N, S denote the poles of the ecliptic, the ciphers the ecliptical longitudes. The dashed circle represents a uniform
distribution.

270

Figure 2. The distribution ellipsoid of the poles cut by the principal planes of the orthogonal ecliptical system. Plotted
analogously to Figure 1.

In (6) the centre of the ellipsoid coincides with the
Sun, in (10) it is displaced by an amount g, in the
direction 4,, By = &y, 0, = L,, B, (see Table V
and VI). The points of intersection of the ellipsoid’s
surface with the orthogonal axes of the ecliptical
system X, Y, Z according to (10) are given in
Tables VII and VIII. For the total of 105 comets
(solution I, 0.00 < ¢ < 0.50) the bisections of the
principal planes with the ellipsoid are indicated in
Figures 1 and 2.

The definition of the point of the highest con-
centration according to (11)—(13) yields the di-
rection cosines &,;, 7,,, {5 which are transformed
into spherical co-ordinates A, B4r, %ar> Oar» Ly » By in
Tables IX and X. The observed numbers of the
perihelia and poles in six equidistant zones around
the point of the highest concentration (taken from
solution I, 0.00 < ¢ < 0.50 throughout) are given
in Tables XTI and XII compared with the expected
numbers for a random distribution; an analogous
distribution with respect to the poles of the ecliptic
is demonstrated in Tables XIII and XIV. In
Tables XI—XTIV the difference between solution I

26

and II is indicated by denoting with asterisks the
zones in which the comets of the Kreutz group are
present. )

Figures 3 and 4 show the distribution of the
individual perihelia and poles, respectively. They
are constructed in the ecliptical system of co-ordi-
nates but also the equator, galactic equator, and
their poles are indicated.

§. The Distribution of the Perihelia

The discussion of the results shows the follow-
ing characteristic features of the orientation of the
perihelia:

(A) A pronounced maximum not far from the
ecliptic in the longitude 270°—280°. For the
comets with the shortest perihelion distances
(¢ < 0.25) the maximum is situated farther
southwards, for those with perihelion distances
g > 0.25 northwards (Figure 1, Table IX).

A predominance of the northern hemisphere
over the southern one. For the comets with the
shortest perihelion distances the numerical

(B)
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Table IT1X

1 i
q 0.00—0.25 | 0.25—0.50 | 0.00—0.50 0.00—0.25 | 0.25—0.50 | 0.00—0.50
a1y +0.2623 +0.2628 +0.2626 +0.2928 +0.2628 +0.2745
as +0.3973 40.3813 +0.3880 +0.3674 +0.3813 +0.3759
dgs +0.3404 +0.3559 +0.3494 +0.3398 +0.3559 +0.3496
gy = gy —0.0383 +0.0131 —0.0084 +0.0162 +0.0131 40.0143
ayg = ag, +0.0361 —0.0212 +0.0028 40.0291 —0.0212 —0.0016
ayp = g —0.0336 +0.0342 +0.0058 —0.0220 +0.0342 +0.0123
Ay +0.0256 —0.0204 +0.0031 +0.0201 —0.0204 —0.0046
g4 —0.2534 —0.0969 —0.1625 —0.1842 —0.0969 —0.1310
Gag —0.0096 +0.1388 +0.0766 —0.0859 +0.1388 +0.0511
Table IV
\ I I
q | 000-025 | 025-050 | 0.00—0.50 0.00—0.25 | 0.25—0.50 0.00—0.50
| |
ay +0.2858 +0.3572 +0.3272 +0.3121 +0.3572 +0.3396
ang +0.2992 40.2543 +0.2732 +0.2932 +0.2543 +0.2695
agy +0.4150 +0.3885 +0.3996 +0.3947 +0.3885 +0.3909
gy = gy 40.0630 —0.0032 +0.0245 +0.0145 —0.0032 +0.0037
ayg = g —0,0185 +0.0247 +0.0066 —0.0366 +0.0247 +0.0008
Ay = a5 —0.0355 +0.0049 —0.0120 —0.0538 +0.0049 —0.0180
a1 —0.0567 +0.0822 +0.0240 —0.0407 +0.0822 +0.0342
ang —0.1387 —0.0499 —0.0871 —0.0812 —0.0499 —0.0621
gy —0.0605 +0.0164 —0.0158 +0.0284 +0.0164 +0.0211
Table V
i 0 1 2 3
0i 0.46 1.60 1.70 1.95
i 93° 268° 88° 77° 257° 177° 357°
Bi —27° +12° —12° +178° —178° +2° —2°
o 92° 268° 88° 282° 102° 178° 358°
S —3° —12° +12° +77° —71° +3° —3°
L; 179° 344° 164° 76° 256° 244° 64°
B —8° +5° —5° +27° —27° +63° —63°
Table VI
i 0 1 2 3
0! 0.32 1.57 1.74 1.94
X 101° 72° 252° 168° 348° 258° 78°
’ +4° +179° —179° +1° . —1° +11 —11°
o 103° 284° 104° 169° 349° 258° 78°
Y +27° +76° —176° +6° —6° —12° +12°
L 157° 75° 255° 224° 44° - 338° 158°
B, +14° +26° —26° +60° —60° +13° —18°
Table VII
i 1I . )
Co-ordinates
q 0.00—0.25 | 0.25—0.50 | 0.00—0.50 | 0.00—0.25 | 0.25—0.50 | 0.00—0.50
z, 1.74 1.33 1.49 - 1.99 1.33 1.55 B = +90°
X, 1.82 2.03 1.94 1.78 2.03 1.93 A= 0° p=0°
Y, 2,35 1.89 2.08 2.23 1.89 2.02 A= 90° B =0°
X_ 2.09 1.87 1.96 1.92 1.87 1.89 A =180° B = 0°
Y_ 1.07 1.39 1.24 1.22 1.39 1.32 A =270° B = 0°
zZ. 1.69 2.11 1.93 1.48 2.11 1.84 B = —90°
! e = =
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Table VIII

I I
Co-ordinates
q 0.00—0.25 | 0.25—0.50 | 0.00—0.50 | 0.00—0.25 | 0.25—0.50 | 0.00—0.50
z 1.70 1.56 1.62 1.52 1.56 1.55 B = +90°
X' 2.08 1.46 1.68 1.93 1.46 1.62 N=0° B =0°
Y. 2.35 2.19 2.26 2.14 2.19 2.17 A= 90° p =0°
X/ 1.68 1.92 1.82 1.66 1.92 1.82 ¥ =180° B =0°
Y. 1.42 1.80 1.62 1.59 1.80 1.71 A =270°, B =0°
z' 1.41 1.65 1.54 1.67 1.65 1.65 B = —90°
Table IX
I 1I
q 0.00—0.25 | 0.25—0.50 | 0.00—0.50 0.00—0.25 | 0.25—0.50 | 0.00—0.50
|
Iy 278° 258° ‘ 271° 276° 258° 268°
Bar —2° +54° +25° —25° +54° +21°
xa1 279° 262° | 271° 278° 262° 268°
Oy —25° -31° | +2° —48° +31° —2°
Ly 338° 22° [ 357° 315° 22° 352°
By —11° +-29° | +9° —20° +29° +9°
Table X
I I
q 0.00—0.25 | 0.25—0.50 | 0.00—0.50 0.25—0.50 | 0.00—0.25 0.00—0.50
My 248° 329° 285° 243° 329° 299°
B —22° +10° ‘ —10° +17 +10° +17°
L3578 241° 328° | 288° 245° 328° 298°
O —13° —3° ; —32° —4° —3° —4°
Ly 305° 24° | 333° 338° ’ 24° 5°
By +5° —42° : —21° +29° | —42° —17°
|
Table X1I Table XII
0.00< ¢<0.25|0.25< g<<0.50 0.00< ¢ <0.50 0.00< ¢<0.25 |0.£5 <¢<0.50 [0.00< ¢ <0.50
o ¢ o ¢ o ¢ o ¢ o ¢ o ¢
0°<d < 30°| 8 3 8 4 | 16% 7 0°<d§’ < 30°| 2 3 1 4 3 7
30° <9 < 60°| 12 8 | 11 11 | 23 19 30°<d < 60°| 13* 8 | 14 11 | 27% 19
60° <@ < 90°| 8 11 18 15 | 26 26 60°<d’ < 90°| 13 11 | 21 15 | 3¢ 26
90° <@ <120°| 8 11 14 15 | 22 26 90° <9’ < 120°( 6 11 15 15 | 21 26
120° <9 < 150°| 7 8 711 14 19 120° <9’ < 150°| 8 8 5 11 13 19
150° <9 < 180°| 1 3 3 4 4 7 150° <9’ < 180°| 2 3 5 4 7 7
Table XIII Table XIV
0.00 < 0.25 < 0.00 < 0.00 < 0.25 < 0.00 <
<g<025 < g<0.50| < g<0.50 < ¢<025|<g<050] <gq<0.50
0o ¢ o ¢ 0 ¢ 0o ¢ 0 ¢ o ¢
+60°<f < 490°| 2 3 6 4 8 7 +60° <B’ < +90°| 4 3 5 4 9 7
+30°<f < 460°] 9x 8 | 17 11 26% 19 +30°<p < +60°] 8 8 | 14 11 22 19
0°<f<4+30° 13 11 13 15 26 26 0°<p < +30°| 7 11 | 11 15 18 26
—30°<f< 0| 9 11 15 15 24 26 —30°<p'< 0°f 9 11 13 15 22 26
—60°<f< —30°| 6 8 7 11 1319 —60°<f'< —30°| 14* 8 | 14 11 28* 19
—90°<f< —60°| 5 3 3 4 8 7 —90° < f' < —60°| 2 3 4 4 6 7
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superiority of the ,northern® perihelia is
moderate and may be wholly attributed to the
Kreutz group of sun-grazing comets (8 near
+35°). However, among the comets with ¢ >
> 0.25 the northern hemisphere is distinctly
_preferred, the ratio being 36 : 25 (Figure 1,
Table XIIT).

northwards of the ecliptic. The conditions depend
partly on the instantaneous configuration Sun-
Earth-Comet, partly on the brightness of the comet
itself which is maximum near the perihelion pas-
sage. It follows that there are better suited condi-
ions for the discovery of comets with positive lati-
tudes of the perihelia. However, with decreasing

Figure 3. The distribution of individual perihelia in the ecliptical system. Open circles — Kreutz’s group, filled circles —
other comets with ¢ < 0.25, black dots — comets with ¢ > 0.25, dotted line — celestial equator, dashed line — galactic
equator, E — celestial poles, G@ — -galactic poles, C — galactic centre, 4 — solar apex, H — centre of the Hoek zone
of avoidance, S — point of maximum concentration according to Schiaparelli, O — direction of the shortest axis of
the distribution ellipsoid of Oppenheim, W— direction of the shortest axis of the distribution ellipsoid of Witkowski.

(C) A non-uniformity of the distribution. Apart
from the comets of the Kreutz group the peri-
helia of which obviously lie close together,
there seem to exist some irregularities beyond
the random fluctuation. The Hoek zone [1] is
not outstanding at all: there are other similar
zones of avoidance, e. g. that in the region
about 4 = 160°, 8 = —50°. On the other hand
the perihelia do not appear to be associated
into dense groups, as it might be expected on
the basis of Lyttleton’s theory; rather they
show a tendency to crowding in long chains,
such as the arc between the South pole of the
ecliptic and 1 = 330°, f = +30° (Figure 3).
In general, the representation of the distribu-
tion by means of an ellipsoid does not seem
to be quite adequate.

It is not difficult to separate the effects of
selection connected with the observing conditions
from the features of the actual distribution of the
orbits. First of all, the prevalence of the observa-
tories on the northern hemisphere prefers the
discoveries of those comets which, attaining the
most favourable gbserving conditions, are situated

perihelion distance the ratio of geocentric latitude:
heliocentric latitude at perihelion becomes smaller
and at the same time the orbital arc between the
nodes, including the perihelion, becomes shorter.
Thus a prevalence of perihelia on the northern
hemisphere is expected to occur down to certain
limiting size of the perihelion distance (low com-
pared with the distance Sun-Earth) and to change
in favour of the southern hemisphere afterwards.
This is just what is found in the statement (B). The
discrepancy between the comets of greater and
smaller perihelion distances contained in the sta-
tement (A) may be interpreted in the very same
way.

The other substantial feature of the distribu-
tion — the crowding of perihelia near 1 = 270° to
280° —is much more difficult to explain. The
concetration takes place within a relatively narrow
zone which does not agree with the presumption of
a seasonal effect. A seasonal effect would appear
most pronouncedly in the distribution of the times
of perihelion passages and would have rather
a smoothed progress. On the other hand, the gen-
eral conditions of visibility should be correlated
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to the angular distance A — E, where A is the
heliocentric longitude of the perihelion and E the
heliocentric longitude of the earth in the moment
of the comet’s perihelion passage. This is not the
actual case as is evident from Table XV—XVII
showing a comparison of the distribution of co-
mets according to A, £, and 4 — E.

Table XV
N 0.00—0.25 | 0.25—0.50 | 0.00—0.50
0—30° 2 7 9
30—60° 4 4 8
60—90° 3 6 9
90—120° 0 6 6
120—150° 2 4 6
150—180° 5 2 7
180—210° 2 5 7
210—240° 1 7 8
240-—-270° 4 8 12
270—300° 14+ 9 23*
300—330°. 4 2 6
330—360° 2 1 3
Table XVI
N 0.00—0.25 | 0.25—0.50 | 0.00—0.50
0—30° 5 5 10
30—60° 3 8 11
60—90° 8 4 12
90—120° 5 2 7
120—150° 4 5 9
150—180° 5 4 9
180—210° 2 6 8
210—240° 5 7 12
240—270° 3 5 8
270—300° 1 3 4
300—330° 0 1 1
330—360° 3 11 14
Table XVII
i_ & ? 1 0.00-025 | 0.25—0.50 | 0.00—0.50
0—30° 2 5 7
30—60° 2 7 9
60—90° 7 4 11
90—120° 1 3 4
120—150° 6 5 11
150—180° 4 4 8
180—210° 6 8 14
210 —240° 3 7 10
240—270° 3 3 6
270—300° 5 7 12
300—330° 3 5 8
330—360° 2 3 5

The times of the perihelion passages exhibit
a more conspicuous departure from a random
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distribution, the winter months being distinctly
preferred among the sun-grazing comets. It is strik-
ing that of the eight comets with ¢ < 0.03 six
passed the perihelion during the winter months
(December till February), two during the autumn
months (September till November), and none in
the remaining half of the year! The reason of this
irregularity is obscure, as we can hardly assume
that such bright comets as those of the Kreutz
group may have escaped observation only on
account of the shortness of the summer nights at
the northern hemisphere. Possibly it is a matter
of chance only.

From all that was said above we are driven to
conclude that there exist some preferred directions
of the lines of apses which nearly coincide with the
direction to the galactic centre or with the direc-
tion of the vertices. This conclusion reached pre-
viously by Schiaparelli [2] agrees well with the
results of Svedstrup, Oppenheim, and Witkowski
although the data on which it is founded are
different due to the selection according to the
perihelion distances. The distribution of perihelia
is distinetly assymetrical and cannot be satisfactor-
illy approximated by an ellipsoidal distribution.
It rather looks as if there were two groups of
comets: one with the lines of apses orientated in
a completely random fashion and the other, less
numerous, whose members approach the Sun pre-
dominantly from an elongated region situated not
far from the galactic anticentre.

Nevertheless, it would be premature to take
this coincidence for an evidence of the interstellar
origin of comets. There are other principal direc-
tions (such as the direction apex—antapex or the
direction of the spiral arms) to which relation of
aphelia is possible. As far as there is no reliable
theoretical foundation as to why the aphelia are
associated just with the direction to the anticentre,
one must be very cautious in interpreting the
phenomenon. In fact, an entirely different distribu-
tion—say, a crowding of aphelia to the apex menti-
oned by von Niessl[13]—might be attributed to the
interstellar origin with the very same justice. Ac-
cording to the writer’s opinion the phenomenon may
be explained more probably in the way suggested
by Merton [7], in which case the zone of concentra-
tion could perhaps be considered as related the
path of a star’s approach to the vicinity of the
Sun. This interpretation, however, is entirely ten-
tative and a thorough dynamical discussion of the
consequences of such an approach are necessary
for judging of its acceptability.
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6. The Distribution of the Orbital Planes

To avoid an ambiguity in discussing the data
concerning the distribution of orbital planes, only
those poles were considered from which the comets
are seen to revolve directly. The following characte-
ristic features were found:

(A) A moderate concentration of the poles towards
the poles of the ecliptic, both among the
comets with ¢ < 0.25 and with ¢> 0.25
(Table XIV). This is in accord with the results
of Oppenheim [5]. '

rather improbable since the periods of a grea,t.
majority of the comets in question are too long.
Nevertheless, this interpretation cannot be absolu-
tely rejected.

(2) The concentration may be only fictitious,
produced by the effect of selection which has been
investigated by Bourgeois and Cox [9]. Comets in
highly inclined orbits rarely happen to pass close
to the Earth and the approach cannot endure long;
hence they may generally more easily escape
observation than the comets moving in orbits of
low inclination.

-90

Figure 4. The distribution of individual poles in the ecliptical system. M — the points od maximum concentration
according to Mohn; for other symbol consult the explanation under Figure 3.

(B) A crowding of the poles in the region around
A = 260° B = —55° not far from the south
celestial pole. The comets of the Kreutz group
participate in this crowding ; nevertheless, also
poles of other comets appear here in an en-
hanced number.

(C) A minimum of occurrence near A = 100°, not
far from the ecliptic. This minimum, although
appearing pronounced in the ellipsoidal analy-
sis (Figure 2), is much less striking in the
direct representation (Figure 4) and is prob-
ably due to the combination of the primary
effects (A) and (B). Also here the ellipsoidal
method appears inadequate.

The prevalence of high ecliptical latitudes of the
poles—both northern and southern—may be
accounted to three entirely different reasons, viz.:

(1) The orbits may actually be slightly concent-
rated to the plane of the ecliptic due to the perturb-
ing action of the major planets. In spite of the fact
that the effect is much less conspicuous than for
short-periodic comets, this interpretation appears

(3) A fictitious enhancement may be also due
to the dependence of the comets’ brightness on
their heliocentric latitude. Beyer [14] demonstra-
ted on several examples that this dependence is
a pronounced one especially when the comet rea-
ches the latitude of more than 4 70%. As a conse-
quence, the brightness of the comets in highly
inclined orbits may be on average lower (except in
the vicinity of the nodes)and a greater proportion
of them may remain undiscovered.

In order to discriminate between the two latter
possibilities the following procedure was employed.
The comets were distributed into two groups
according to the heliocentric latitude of the peri-
helion point (8 < 30° and g > 30°, respectively)
and their positions in the orbits for the moments
of discovery were computed from the discovery
dates quoted in Baldet’s list [15]. These positions
are plotted in Figure 5 where all orbits are trans-
poned into a common plane so as to make their
lines of apses coincide. The figure affords an
instructive insight into the discovery conditions
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with regard to the eventual effects of selection.
First it is shown that a great majority of comets
with ¢ < 0.5 was discovered before the perihelion
passage: about !/; before having approached the
Sun winthin 1 A. U, 1/; between 1 A. U. and the
perihelion passage, and !/, afterwards. Only five
comets out of 105 have been discovered after hav-
ing receded again beyond the distance of the Earth.

0.5 0.3 0.1

(16 < 30°; open circles) are, on the contrary,
much more frequently discovered shortly after
the perihelion passage than shortly before it; also
the discoveries at considerable heliocentric distan-
ces are here less scarce. This substantial difference
between the two groups of comets is irreconcilable
with the conception (1) or (2) but readily explain-
able on the basis of the conception (3):

0.1 0.3 0.5

Figure 5. Heliocentric positions of all comets with ¢ < 0.5 at the moments of their discovery. Open circles — comets

with the latitudes of the perihelia < 30°,filled circles — those with § > 30°, dashed line — the common line of apses,

v — the time interval between the discovery and perihelion passage in days. The sphere centred at the Sun which
cuts the plane in the dashed circle represents the loci of the Earth’s orbit, i. e. of the observer’s position.

It is interesting that as many as !/, of the comets
with ¢ < 0.25 were discovered during the single
next week after the perihelion passage.

At the first glance we see a difference between the
comets the perihelia of which lie in higher and
lower ecliptical latitudes, respectively. The comets
which pass the perihelion at high latitudes (|f] >
> 30°; black dots) are mostly discovered about
one month before reaching the perihelion, at the
time when they approach the Sun to a distance
=~ 1 A. U. Only seldom the discovery is made
earlier or till in the other half of the orbit. The
comets passing the perihelion close to the ecliptic
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The main distinction between the two effects
of selection appearing in (2) and (3) is that the
former is associated with the geocentric position
and the latter with the heliocentric position of the
comet. If the heliocentric distance of the comet is
small compared with that of the Earth as in all
cases which we consider (comets of ¢ < 0.5 at
perihelion) then the geocentric latitude is always
lower than the heliocentric latitude, and the comet
remains anyway in the vicinity of the Sun. Hence
the geometrical conditions of visibility are rela-
tively unsensitive to the variation of the latitude
of the perihelion point.
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The circumstances become altered if we assume
a variability of the comet’s brightness with the
heliocentric latitude. A comet passing the peri-
helion near to the ecliptic may exhibit more vio-
lent changes of brightness which increase the prob-
ability of the discovery about the perihelion
passage. It must be emphasized that the heliocen-
tric latitude generally varies much more rapidly

near the perihelia of comets with extremely short

perihelion distances than-in other cases and that,
as a consequence, this sort of comets is.especially
suitable for an investigation like that of Beyer [14].
The peculiar phase effect pointed out by Richter
[16] on the basis of his laboratory experiments,
may also introduce an effect of selection, being in
relation to the orientation of the orbit with respect
to the Earth; however, the correlation between
the heliocentric latitude of the perihelion point
and the discovery conditions is hardly explainable
in this way.

The evidence that the comets of low latitudes
of the perihelia are unexpectedly often discovered
only several days after the perihelion passage
favours the opinion that the changes of the comets’
brightness are connected with some anisotropical
Source in the solar radiation, and somewhat de-
layed against it. This is in contradiction to the
results of Beyer who on-the basis of the direct

measurements of bringhtness concludes that there
is no perceptible delay at all and that therefore
the due radiation cannot be corpuscular. It is
curious that the delay should be appreciable just
in the comets of low heliocentric distances where
the path to be travelled by the corpuscles is
short. Although it is seen from Figure 5 that the
effect appears mainly at ¢ > 0.25, the disagree-
ment with Beyer’s results and the too low velocity
of the corpuscular radiation required (about 100
to 200 km/s) casts doubts on the interpretation
of the delay on account of the radiation velocity.
Perhaps there simultaneously operate two dif-
ferent factors: the solar radiation, more effective
near the plane of the Sun’s equator, and the time
lag in the heat transfer by the cometary nucleus.
As the time lag may be expected to appear more
pronouncedly in the comets of short perihelion
distances, this interpretation is reconcilable with
Beyer’s results. In each case the data on the dis-
covery of comets with short perihelion distances
strongly support the view that their course of
brightness is assymetric, the maximum being attai-
ned until after the perihelion passage. Nevertheless
this conclusion must also be taken for tentative
only, since the available data on thls subject are
not extensive enough. :

REFERENCES

[1] M. Hoek, Monthly Notices 26, 147 (1866).

[2] J.V. Schiaparelli, Entwurf einer astronomischen Theorie der Sternschnuppen, 3. Note, 239, Stettin (1871).

[3] H. Mohn, Om Kometbanernes indbyrdes Belhggenhed Christiania (1861)—

according to [2].

[4] A. Sved strup, Astronomische Nachrichten 107, 113 (1883).
[6] S. Oppenheim, Astronomische Nachrichten 216, 47 (1922); Probleme der Astronomie— Festschrift fiir H. v.

Seeliger, Berlin (1924).

[6] J. Witkowski, Bulletin de la Société des amis des sciences et des lettres de Poznan B 12, 205 (1953).

[7] G. Merton, Journal of the British Astronomical Association 62, 6 (1951). '

[8] J. H. Oort, Bulletin of the Astronomical Institutes of the Netherlands, 11, 408 (1950).

[9] P. Bourgeois—J. F. Cox, Bulletin Astronomique 8, 271 (1932).
[10] R. A. Lyttleton, Monthly Notices 108, 463 (1948); The Comets and Their Origin, Cambridge (1953
(11] W. H. Mc Crea, La Physique des Comstes, 337, Lidge (1953).
[12] F. Baldet—G. de Obaldia, Catalogue général des orbites de cometes de I'an —466 a 1952, Paris (1952)
[13] G. von Niessl, Denkschrift der Akademie der Wissenschaften, 62, Wien (1895): according to C. Hoffmeister,

Die Sterne 229 (1952).

[14] M. Beyer, La physique des Comsdtes, 236, Lidge (1953).
[15] F. Baldet, L’ Annuaire du Bureau des Longitudes (1950).
[16] N. B. Richter,. Statistik und Physik der Kometen, 34, Leipzig (1954).

3 Préace astronomického observatéria

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



JIOBOP KPECAK

PACIHPEOEJEHVUE KOMETHBIX OPBUT C MAJIBIM
NEPUTEJUINHBIM PACC10AHUEM '

ITpocrpancTBeHHOE pacIpefeNeHre INIOCKOCTEH
OpOET H IepHrelnil OITONEPHOANIECKHX KOMET
H3-33 Y3K. H CBA3HE C BOMPOCOM O HPOMCXOKISHUN
KoMeT OHJIO MCCJIEHOBAHO YiKe IeNbM pPAIOM
aBropoB. (1—6,9). Ho B TpaxToBKe pe3yiIbTaToB
‘HeT epuHCTBA MHeHWA. OOHApYy/KeHHe OTKIOHEHHUA
OT PaBHOMEPHOIO pAacCIpefeeHHsA HEKOTODHE aB-
TOPH OPHEBOAAT B (OpMe NOKA3aTeIbCTBA MEIRAY-
3Be3[[HOr0 MPOMCXOIeHNA KOMeT, WM B KpailHeM
claydae KaK pe3yibTaT BHAUMOTO BIHUAHHA HOJA
TAroTeEdsi [aJaKTHKE HMIX COCeTHHX 3Be3x Ha
OpOMTH KOMET HA IPAaHMNAX COJTHEYHOH CHCTEMBEIL
Hdpyree o6BACHAIOT 3TH OTKIOHEHHA 3PPeKTOM
CeJIeKIAH NPH OTKPHTHE KOMET, IePeMeHHOCTHIO
HaOmOaTeIbHEX YCJIOBHH B TedeHHe rojga M HMX
3aBMCHMOCTBIO HA PACIOJIOIKEHUH op6utel. Bam-
HOCTB 9TOTO BOTIPOCA, O KOTOPOM YiKe HeCATHIICTHS
BefyTcs CIHOPH, CKasajach CHOBA NP NOABJIEHHU
OBYX HOBHIX TEOPHYU MPOUCXOIKIEHUS KOMET, Ipef-
maraemex  Ooprom (Cort) [8] m Jlmrmromom
(Liyttleton) [10].

B macroameil paGoTe IpUBOAATCA PACIOIIOKeHTE
HaNpaBJIeHNH NepUTesinil U HOJI0COB OPOHT HOJIro-
OepHOIuYeCKAX KOMeT ¢ abHOPMAJIbHO MAJIbiM
HepUreJMHEEIM paccrogEmeM. OrpanMdenue mepm-
TeIUHHBIX PAacCTOAHUE I0O3BoJAET ¢ OAHOH CTO-
pPOHE 06CYAUTHh MEHCTBHEe HEKOTOPHX 3fderToB
CeJIeKIUH, ¢ APYrodl cropoHH m3bumpaer KpaiHme
clydam ®W3 BceX Komer, Kak jaua Tteopum Oopra
(Oort) (camoe cmapHOe BO3MyIMalomee AeHcrBHe
OKOJIOCTOAIMUX 3Be3H), TaK A Teopuu JImTaToHa
(Liyttleton) (cambiii MajeHbKAT MOMEHT BPAIIEHHUH,
TPHJAHHHA IJIaHeTAME KoMeTe, ABIIKYIIeHcA Mo
OCH aKpemud K CoJHIY). B KawecTBe 0CHOBHOTO
CTATUCTAYECKOTO MaTepmajla OBIIM B3ATH  dile-
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meutsl 105-T KoMer ¢ mepmomoM OOJIBMIEM ueM
200 mer w mepwWreJIMAHEIM PacCTOSHHEM He IIPeBhI-
maroomam 0,5 acTpOHOMAYECKAX eJUHEI, IO KaTa-
aory DBanpune (Baldet) [12]. OxnmnrukxanbEbIe
KOOPJMHATH ¥ KOCHHYCH HAalpPaBJIeHHUA HepPHUreIdi
(n, B; 1, m, n) muomocos (X', B'; I, m’, n' ) Bcex
STHX KOMET OpHWBENeHHEE K CpPeJHeMY DPaBHOJEH-
crsmo 1950,0 pamer B rabnmmax I u 11 w mw3obpa-
JKEHEl Ha puc. 3 # 4.

Crartuctmdeckuit MaTepuan obpaborrBajica mpu
HOMOINH HECKOJIBKHEX He3aBHCHMEIX METO[OB, IpHU-
4eM KOMeTH ORIA cOOpaHH B 3aBHCAMOCTH OT
TmepUre/IMAHKX PaCCTOSHAE B Be IPYOIH: ¢ << 29
(44 cayqaes) m 0,25 < ¢ < 0,5 (61 cayuaes). Tax
KaK OYeHb IPABROHNOAOGHO, 9YTO KOMETH I'DYIIBI
Kpeiina BO3HMKIE pacmajeHmeM eIUHOTO Tela,
TPON3BOMMIHCH TIO BA BRMMCJICHHS, IPAYEM OJHO
M3 HEUX BHYMCISIOCH C MCKIIOYEHHEM H-TH OILpe-
MeJIeHHKX YJeHOB 3TOH rpynme. UmHCIeHHBE pe-
3yABTATH HOJydeHHEE IPH HOMOIIH OTHEIBHHIX
MetoyioB npEBefieEH B Tabmmmax ITI—XVIL

Pasfop pesyabTaToB MOKA3HBAeT, 9TO OOBIYHO
HpAMeHsIeMBIH SIUICOMIANBHNN METOR NIA 3TOH
Hesin He IPHUrofieH, TAK KaK He yesseT [0CTaTod-
HOrO BHWMAHHS AaCHMMETPHH ¥ JIOKAJIBHEIM He-
NpaBHIBHOCTAM pacupenenennsa. Taxe mpeoGpa-
soBanme meroga Jlarpamxa (Lagrange), mMeHHO
m3MeHeHme BHOOpA yCIOBHH MHHEMA He SIBJISETCS
BOBCE YNOBIETBOPHTENbHHIM. XOTh M CTATHCTH-
YeCKMH MaTepual [0 CHX HOp He MOCTAaTOYHO
IMUPOK, KasKkeTcd, 9T0 IIepeBec ONpeeseHHHIX
HAIPaBIeHNHA IEePUTeINA U IOJIOCOB IPOABIALT CA
CKOpee B BHJe TBOPEHHA OTHENbHHX IDYNI deM
B IUIABHOM pacIpejeleHAH, KOTOpoe OBl MOIJIO
OHTH 3aMEHEHO C JKeJIaeMO# TOYHOCTHIO BIIAOCOH-
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nampHBIM pacupepenenuem. HabGmonatenbune ye-
JIOBHsI, B HameM CIy9ae YCJIOBUA OTKPBITHA,
BIIeKyT 3a co0o#l pasnmunble 5PPeKTH cerexmuy,
KOTOpBle BIPOYEM MOKHO CPABHHTENIBHO JIETKO
OUpEeIeTUTh I y4ecTh.

Pacupepenenne Iepureimii COLEPIKAT CIEMLYIO-
e XapaKTepPHCTHIeCKNe SHAKMU:

1. KocMmEaecKoro mponcxXoKaeHuA KaKeTCsa TPy -
ma IepHUreldil pPacIoJIO/KeHHAHd OKOJIO SKIUITH-
raapHO# mosarorsr 270—280°, B y3Koil mosoce mmo
00enx CTOPOHAX BKIMNTHKE (puc. 3). 3xech pedb
uper 0 KoMerax IPUXONAMUX A3 00IaCTH rajlaKkTa-
YeCKOT0 AHTHIEHTPA U BEpPTEKCA; OJHAKO 3TO
CXOJICTBO TPYAHO CYHUTATH [OCTATOYHHIM JIOKA3a-
TEIBCTBOM 3aBHCHMOCTU CHCTEMBl KOMET CO CTpoe-
HyueM [aJlaKTUKM UM WX MeMKAy3Be3IHOTO0 HPOU-
cxoxpenns. LleHTp 30HE MAKCHMAJIBHON KOHIEH-
TPamUK IePUTelni XOPOIIo CXOMUTCA ¢ HAlpaBile-
HHeM caMmoil Majoi ocu saunconmoB Omenreiima
'(Oppenheim) [5] n Burkosckoro (Witkowski) [6],
BEIBEIEHBIX [INIi COBOKYIHOCTH BCeX O0JITOMePHO-
AMYeCKEX KOMeT, TaK 9TO BHAUMO IeJI0 He 3aKIIio-
vyaeTcsi B O0COOEHHOM CBOMCTBe OPOHT € MAayIbIMU
nepurendHENIME paccTosHEAME. CoBepIIeHHO He
NOpoABIsAETCA NOBHIIEHHe YUCIa KOMET NOSBIA-
IOIMEXCs U3 HATpaBienus anekca CoEma, KOTOpEe
tpebyer Humeas (Niessl) mas jmoxasarenbcrsa
Me’K/[y3Be3[HOTO IPOMCXOKIenns Komer [13], Hu
CyImecTBOBaHAe TIPYNI KOMeT ¢ oO0med IpAMoi
amenp, KoTopas OBl COOTBETCTBOBANA TEOPHE JIHTII-
tona (Lyttleton) o mpomcxopermm KoMeT akpe-
nueit [11]. Bonee moxpo6umii pasfop moxasbiBaer,
9TO TAKsKe IesIo i He B 3deKTe ceneKnun, KOTOPhil
CBSI3AH ¢ YCIOBHAME HAONIOMEHHA, XOTA Ha 3TOM
MecTe MHTePeCHO 3aMeTHTh, 9TO HECOOTBETCTBEHHO
GonpmoN DPONEHT HAGIIONAEMBIX KOMET ¢ CAMBIMU
MaJIBiME HepPUTeJIMHHBIMUA PACCTOSHUSAME HPOIILIO
depe3 MepUreani 3EMOIL.

2. 9pdeKT cemeknmm NPHBOAUT IepPeBeC IepPI-
reJiiii HAa CeBEPHOM IIOJNYIIApUU HPOTHB IOKHOMY
B OTHOMeEHMH 4 : 3. 9T0oT mmepeBec MOJYIaeTCA
B CIlefiCTBEe HEePaBHOMEDHOTO pa3MemeHHA Ha-
OmoaTesnell Ha 3eMile M CKAa3bIBAETCH, 4TO HAMO
OBLIO OJKMIATH, ACHEe B IPyNIe KOMET ¢ mepure-

nmitasiM paccrosrumeM 0,25 < ¢ < 0,50, rak Kar
B 3TOM cliy4ae gyra opOUTHI Me:KIy ysiaMHd, Ha
KOTOpOIl HAXOJUTCA HepHUreuil, ABIAercs Goiee
IImHEHON (rJIaBHHIM 00pa3oM B CMEICJIE BPEMEHH).

B pacnpepeneEnn HOI0COB OPOHT, XOTA MeHBIIe,
HO BCe-TAKH MOKHO HAOIIOZATH HEKOTOPYIO He-
pasHOMepHOCTH. 1A ycTpaHeHHA XBYXCMBICIIAS
B OIpe/eIeHN N JBIKeHIA PacCMaTPHBAJICA BCAKHAR
pas TONBKO TOT HOJIOC, U3 KOTOPOTO [BHKEHHE
KOMeTHl IIpeCTaBigercd B IPAMOM HAaIpPaBICHUH.

1. CpaBuurenbHo Opocaomuiica B I'Ia3a MaKCH-

_MyM TOJIIOCOB HaxomuTcs B 30He A = 260°, f =

= —55° (puc. 4). Ho rycrora pacmpenenernns mo-
JIOCOB B 9THX MeCTaX He HCKII0YaeT BOBMOMKHOCTH
UX CIyY9ailHOH TpPYUNAPOBKU, €CIAH B3ATh BO
BHEMAaHIe BIAAHAE, KOTOPOe OKassBaeT 5—O6-aieH-
Had rpynuma komer Hpeiima (Kreutz).

2. Becpma mHTEpeCHOU ABIAETCA KOHIOEHTPALHS
TOJIIOCOB OPOUT y IOJIOCOB SKIALTHKE, KOTOpas
MOjKeT OBITH CIe[ICTBHEM TPeX CJIeAYOMHUX IPUIHH :
a) MHCTHHHOE COOTHONIEHHE MJIOCKOCTeH OpGuUT
M OCHOBHOH INIOCKOCTH COJIHEYHOH CHCTEMH BEI-
3BAHHOe HANPABIAIOIIUM BO3MYIIAIOMAM  [IeM-
crBueM miaaHeT, 0) addeKT cemeKmuM, BHI3BAHHKIH
HEOJWHAKOBHIMA YCIIOBUAMH OTKPHITAS KOMETHI
0P Pa3HEX IOJIOMKEHHUSX OTHOCHTENBHO K 3eMie
u Conrny, B) adderr ceseknun BH3BAHHHA H3Me-
HEHHeM SADKOCTH KOMeT B B3aBHCHMOCTH OT HX
PACIIOJIOKEHNS OTHOCHTENBHO COJTHEYHOTO BKBa-
topa. Tperbe oO0BsicHeHMe NOKA3AIOCH CAMBIM
L PaBONONOOHKM U HoAjeps;xuBaeT MEeHHe Beliepa
(Beyer) o 3aBmCHMOCTH APKOCTH KOMETHI OT SKJIHII-
TUKaIbHOM mupotH [14]. Teopmio momrseprrmaer
Ipeskae BCero MHTEepeCHAas 3aBHCHMOCTH 3IOXHA
OTKPBITHA KOMETHl U TelIMONEeHTPHICCKON MUPOTH
nepurenusa. HecMoTpa K cpaBHHTeNsHO HemUpo-
KOMY HCIOJIb30BAHHOMY MaTepUay MOKA3hIBACTCH,
UTO XOJ APKOCTH MCCIIELOBAHHBIX KOMET [OJIKEeH
OBITH aCHMMETPUIHEIM ¢ MAKCHMYyMOM IOCJIe Tepe-
xoza nepuresmeM. He mCKII09aeTcAa BOSMOMKHOCTD,
YTO WM3MeHeHHsA SIPKOCTH BBI3BIBAEMBl KOPIYCKY-
nsApHEIM u3nryderueM; Beitep (Beyer) nanporus, Ha
OCHOBAHHUIM HEIIOCPe/ICTBeHHEIX H3MEPEHUIl IPKOCTH
3Ty BO3MOKHOCTH OTPHIAET. :
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TUBOR KRESAK

ROZDELENIE KOMETARNYCH DRAH S MALOU
VZDIALENOSTOU PERIHELIA

Priestorové rozloZenie rovin obehu a perihélii
dlhoperiodickych komét pre jeho tzku stvislost
s pévodom komét skimal uz cely rad autorov
(Hoek, Schiaparelli, Mohn, Svedstrup, Oppenheim,
Witkowski, Bourgeois, Cox). Vo vyklade vysledkov
sa vSak néazory rozchidzajd. Odchylky od rovno-
merného rozdelenia pokladajt niektori autori za
dokaz interstelarneho poévodu komét, pripadne
aspoil za prejav viditelného pdsobenia gravitad-
ného pola Galaxie alebo susednych hviezd na
drahy komét na hraniciach slneénej ststavy. Ini
ich pripisuji vyberovému efektu pri objavovani
komét, premenlivosti pozorovacich podmienok
v priebehu roku a ich zdvislosti od polohy drihy.
Délezitost tohto problému, o ktory sa vedd spory
uz niekolko desafrodi, znova sa ukézala v suvis-
losti s dvoma novymi tedriami vzniku komét, ktoré
v poslednom dase formulovali Oort. a Lyttleton.

Prica sa zaoberd smerovym rozloZenim peri-
hélii a pélov drah dlhoperiodickych komét s abnor-
milne malou perihéliovou vzdialenostou. Ob-
medzenie perihéliovych vzdialenosti dovoluje
jednak posudit pdsobenie niektorych vyberovych
efektov, jednak vyberd z celého systému komét
pripady extrémne, &i uZ pre teériu Qortovu (naj-
silnejsie poruchové poésobenie okolnych hviezd)
alebo Lyttletonovu (najmensi rotaény moment,
dodany planétami kométe pohybujicej sa po
akrednej osi k Slnku). Ako zdkladny Statisticky
material sldzili drahové elementy 105 komét s obez-
nou dobou dlhSou ako 200 rokov a perihéliovou
vzdialenostou mengou ako 0,5 astronomickej jed-
notky. Ekliptikdlne siradnice a smerové kosinusy
perihélii a pélov drah vietkych tychto komét,
prevedené na spolotné ekvinokecium 1950,0, std
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uvedené v tabulkdch I a IT a zakreslené na ob-
razkoch 3 a 4.

Material bol spracovany niekolkymi neodvis-
lymi sposobmi, pridom kométy sa podla perihé-
liovych vzdialenosti delili do dvoch skupin: 0,00 <
< g < 0,25 (44 pripadov) a 0,25 < ¢ < 0,50 (61
pripadov). Pretoze je velmi pravdepodobné, Ze
kométy Kreutzovej skupiny vznikli rozpadom
jediného telesa, boli vydislené vidy po dve rieSenia,
jedno z nich s vyladenim 5 istych é&lenov tejto
skupiny. '

Rozbor vysledkov ukazuje, Ze bezne pouzivana
elipsoiddlna metéda nie je pre nas§ problém naj-
vhodnej§ia pre nedostatodny ohlad na asymetriu
a miestne nepravidelnosti rozdelenia. Ani tprava
Lagrangeove] metédy pozmenenou volbou pod-
mienok minima nie je celkom uspokojiva. Hoci
Statisticky materidl nie je dosial dostatoéne bo-
haty, zda sa, Ze prevaha uréitych smerov pdlov
a najmé perihélii sa prejavuje skér v tvoreni sku-
pin ako v plynulom zhustovani, ktoré by sa s do-
statodnym priblizenim dalo nahradit elipsoiddl-
nym rozdelenim alebo vypodétom bodov maximal-
nej koncentricie. Pozorovacie podmienky, v nasom
pripade podmienky objavu, prindSaji so sebou
rézne vyberové efekty, ktoré sa viak pomerne
Iahko daja rozpoznat a oddelit.

Rozlozenie perihélii mé tieto hlavné znaky:

1. Kozmického podvodu sa zda byt zhustenie
perihélii okolo ekliptikilnej dizky 270—280°,
v tzkom obliku po oboch stranich ekliptiky
(obr. 3). Ide o kométy prichddzajice priblizne
z oblasti galaktického anticentra; tazko vSak
mozno pokladat tato zhodu za dostatoény dokaz
suvislosti systému komét so stavbou Galaxie alebo
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ich intersteldrneho pévodu. Stred oblasti naj-
viadSej koncentracie perihélii dobre sihlasi so sme-
rom najkratSej osi elipsoidov Oppenheima a Wit-
kowského, odvodenych pre sibor vsetkych dlho-

periodickych komét, takze zrejme nejde o osobitna -

vlastnost drah s malymi perihéliovymi vzdiale-
nostami. VObec sa neprejavuje zvySenie poétu
komét prichddzajicich zo smeru slneéného apexu,
ako to von Niessl pozaduje pre potvrdenie inter-
stelarneho pdvodu komét, ani existencia skupin
komét so spoloénou priamkou apsid, ktord by zod-
povedala Lyttletonovej tedrii vzniku komét akré-
ciou. Bliz§i rozbor ukazuje, Ze nemodze ist ani
o vyberovy efekt, zavisly od pozorovacich pod-
mienok, hoci tu je zaujimavéa okolnost, Ze z pozo-
rovanych komét s mnajkratimi perihéliovymi
vzdialenostami (rddove niekolko polomerov Slnka)
neldmerne vysoké percento preslo perihéliom
v zime.

2. Vyberovy efekt spdsobuje prevahu perihéli
na severnej pologuli proti juznej v pomere asi 4 : 3.
Prevahu zapriditiuje nerovnomerné rozmiestenie
pozorovatelov na Zemi a je, ako sa dalo odakavaft,
zretelnejsia v skupine komét s perihéliovou vzdia-
lenostou 0,25 < ¢ < 0,50, kde oblik drahy medzi
uzlami, na ktorom lezi perihélium, je v priemere
podstatne dlhii (najma dasove).

Rozdelenie rovin obehu je oniedo rovnomer-
nejsie, ale i tu sa prejavuji urdité nepravidelnosti.
Pre odstranenie dvojznaénosti v zmysle pohybu
sa bral do tvahy vidy iba ten pdl, pri pohlade

z ktorého kométa obieha okolo Slnka priamym
smerom.

1. Dost vyrazné maximum pélov lezi v oblasti
okolo A = 260°, B = — 55° (obr.4). Hustota
pélov v tychto miestach nevyluduje viak celkom
ani moznost ndhodného zoskupenia, najma ak
uvizime, Ze k nej prispieva i patélennd az Sest-
Glenng Kreutzova skupina komét.

2. Velmi zaujimavé je koncentracia pélov drah
k pélom ekliptiky, ktord moéze mat tri rézne pri-
¢iny: a) skutoény vztah rovin drah k zakladnej
rovine slneénej sistavy, vyvolany usmeriujicim
poruchovym pdsobenim planét, b) vyberovy efekt,
vyvolany odlisnymi podmienke mi objavu pri roz-
nych polohdch kométy vodi Zemi a Slnku, ¢) vybe-
rovy efekt, vyvolany zavislostou jasnosti kométy
od jej polohy voéi slneénému rovniku. Tretie
vysvetlenie sa ukdzalo ako najprijatelnejsie a pod-
poruje Bayerovu domnienku o vztahu medzi eklip-
tikdlnou $irkou a jasnostou komét, vyplyvajicom
z anizotropie slneéného Ziarenia. V prospech tohto
vysvetlenia hovori predovietkym S§tatistickd zé-
vislost medzi dobou objavu kométy a heliocentric-
kou sirkou jej perihélia (obr.5). Napriek pomerne
malému materidlu sa ukazuje, Ze priebeh jasnosti
skiimanych komét by mal byt asymetricky, s ma-
ximom aZ po prechode perihéliom; nie je teda vy-
li¢en4 ani moznost, Ze zmeny jasnosti by budilo
korpuskuldrne Ziarenie, 8o Beyer na ziklade pria-
mych merani jasnosti popiera.
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