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CHAPTER XI.
CLASSIFICATION OF ORBITS.

NEARLY 500 comets and reappearances of comets have been recorded in
the last 2000 years with sufficient accuracy to enable us to determine the
elements of their orbits. It has been thought that a statistical study of this
mass of material might lead to the discovery of some new facts, and also
that certain unexplained facts already known might be presented in such a
manner as to admit of a plausible explanation.

A general classification of these orbits was first undertaken. In Table
XXXIV the first column gives the catalogue number of the comet. Up to
411 this number is taken from the list published by Galle in his Verzeichniss
der Elemente Cometenbahnen. The numbers beyond that have been applied
to successive comets taken from the lists which have appeared in the Vier-
teljahrschrift der Astronomischen Gesellschaft. In the second column is given
the year and numerical designation of the comet. In 1899 the small letters
now universally employed as a temporary designation came into more general
use than before, and from this date the letter is also given. It did not
seem necessary to make this designation complete by adding the year of dis-
covery, except in a few cases where it could not be readily determined by
inspection.

If the comet is periodic and has appeared twice, its name is given in the
third column, which also contains the date of discovery when given. When
a comet has a compound name, such as Pons-Brooks or De Vico-E. Swift,
the first part of the name only is retained. The comet of 1366 is clearly an
early appearance of 1866 I discovered by Tempel, as was first pointed out
by Hind, M.N. 1873, 33, 48. It is therefore designated in the table under the
name Tempel,.

John G. Wolbach Library, Harvard-Smithsonian Center for Astrophysics ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1911AnHar..61..163P

PO IAGHar ~.61- “163P!

168 ANNALS OF HARVARD COLLEGE OBSERVATORY.

The fourth and fifth columns give the longitude and latitude of the
comet’s aphelion to tenths of a degree. The same quantities will be found
in the following chapters expressed to minutes of arc. The first catalogue of
the location upon the celestial sphere of the cometary aphelia was published
by W. H. S. Monck in the Journ. Liverpool Astron. Soc. 1889, 7, 252. It
~ was based on the manuscript of Chambers’ catalogue of comets which was
at that time unpublished, and was reduced to the equinox of 1890.- Quite
independently, and without any knowledge of this work, a similar catalogue of
perihelia was prepared a few years later at this observatory by the Director,
based on Galle’s publication. The Harvard catalogue was never published.
Neither Monck’s nor the Harvard catalogue were complete. The former
extended through comet number 384, the last given by Chambers, but gen-
erally gave the location for only one appearance of each of the periodic
comets. The Harvard catalogue began with comet number 136, the first to
appear in the last century, and gave the aphelia of eirery appearance of every
comet through number 411, the last one in Galle’s catalogue.

The present catalogue combines the results given in the other two, re-
ducing all longitudes to the equinox of 1900, corrects all errors that have
been found, and completes the computation through the year 1909. The ele-
ments of orbits 1, 8, and 25 are so indefinite that the longitudes and lati-
tudes of their aphelia have been omitted. In a number of the earlier orbits
Galle gives later elements differing by several degrees from those of Chambers,
catalogue. In these cases the aphelia have ‘been recomputed. In all cases
between orbits 136 and 384 inclusive, which are the only ones common to
the two original catalogues, if the two results differed by as much as one
degree they were recomputed. Deviations of less than this amount are for
our present purposes of little consequence, and the Harvard results have been
used directly. These results were preferred because when they differed from -
those of Monck’s catalogue by minutes only, it was usually found to be due
to the fact that elements by different computers had been employed, and the
later results were given the preference.

Orbits previous to and following numbers 136 to 384 could not be as
readily checked as those lying between these numbers, but fortunately a new
catalogue of aphelia by Dr. F. Nolke has recently appeared, entitled ‘ Neue
Erklirung des Ursprungs der Kometen ”’ published in the Sonder-Abdruck Abh.
Nat. Ver. Bremen 20, 57. This catalogue gives the position for only one
appearance of each of the periodic comets, and does not give the position of
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comet number 444, nor of any comet following 462. The positions are given
to degrees only, and no correction is made for precession. The catalogue is
sufficiently accurate for our purpose, however, and the correction for preces-
sion is easily applied. This catalogue enabled us to check nearly all the
comets whose aphelia had previously depended on the work of a single com-
puter. In several cases errors in the published elements of the orbits were

.detected. In some cases errors had been made in the computations. The

periodic comets rarely needed checking, since the aphelia for successive
appearances usually nearly coincided. Since many of the aphelia were com-
puted, new elements have been published, but it is thought that in very few
cases would the deviation introduced by a fresh computation amount to more
than a few minutes of are.

In the sixth column of the table the comets have been divided into five
groups according to the assumed certainty with which their orbits are known.
Group 1 includes all those whose aphelion distances do not exceed sixty units,
or twice that of the planet Neptyme. These distances are consequently as a
general thing known with considerable accuracy. When the comet has
appeared twice the second place of decimals may generally be trusted, other-
wise an error of a unit is quite possible even among the comets of short
period. Comets which have appeared but once, or whose elements are a
little doubtful, are entered in the subgroup la. The fact that the comet,
since it was last' observed, may have faded out, or even changed its orbit is
not considered material, since thls is an investigation primarily not of comets,
but of orbits.

Groups 2 and 3 include only those orbits that are based on observations
made during an interval exceeding thirty days. No orbits are admitted into
group 2 unless corrected for the perturbations that they may have suffered
from any planets likely to affect them, or unless their reduction is sufficiently
complete to permit of their being classed as  definitive.” New star places
have been determined in many of these cases, or the older ones have been
especially corrected and brought up to modern standards of accuracy. In
this group, although not strictly definitive, are also included Bessel’s reduc-
tion of the comet of 1807, Frischauf’s reduction of 1863 II, and Berberich’s
reduction of 1889 I. It will be noted that because an orbit is recorded as
definitive, that that is not sufficient to permit it to be entered in group 2.
To enter that group the computatlons upon which it is based must be
founded on observations extending over a period exceeding thirty days, and
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moreover these observations must be modern, that is to say made since
1800.

Group 3 includes within the time limit above mentioned those orbits that
have been less completely reduced. All orbits prior to the year 1650 have
been omitted, and before 1750 only those comets are included which were
observed for an interval exceeding three months. An exception to this rule
was made in the case of the comet of 1742, of which numerous observations
were taken extending over a period of two months. A careful reduction of
them has recently been made by Cohn. The .earliest orbit included in group
3 is that of the great comet of 1664 reduced by Lindeléf. The earliest orbit
in group 2 is that of the comet of 1771 by Kreutz.

Groups 4 and 5 include all orbits not previously classified, Group 4
includes those which are based on observations covering an interval of rather
less han thirty days. It is not thought that the aphelion distances of any of
these orbits are sufficiently well known to permit us to draw valuable con-
clusions from them. Neither is it known in most cases whether the orbits
themselves are elliptical, parabolic, or hyperbolic. On the other hand their
elements are generally sufficiently well known to enable us to locate both the
orbits and aphelia with considerable accuracy upon the celestial sphere
When the comet has only been observed through a range of a few dayé
under unfavorable circumstances, or when it appeared before the days of ac-
curate observation, and its elements are accordingly somewhat uncertain, it
is entered in group 5, and errors of even 30° or more in the location of its
aphelion may occur. Most of the comets appearing before 1550 will be found
in this group. Besides the comets included in Table XXXIV numerous
others are known to have appeared, and others still are only suspected, from
the vague descriptions of them. Of these orbits we know little or nothing,
save the date of appearance of the comet.

In the seventh column of the table the orbits are divided into nine classes
and two subclasses designated by letters. This classification is based, when
possible, simply on their aphelion distances. These distances are always com-
puted from the last elements given in Galle’s catalogue or in the Vierteljahr-
schrift. These elements were selected as being in general those based on the
most complete information, and therefore considered to be the most reliable.
The reason for deciding on the exact limits of certain of these classes will be
described later, but it may be stated here that class A includes the orbits of
the periodic comets of short period, whose aphelia range from 4 to 8 units,
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class B those of long period, whose aphelia range from 8 to 60 units, class C
includes those orbits with aphelia extending from 60 to 220 units, class D
includes those orbits whose aphelia range from 220 to 4,000 units, and class
E those whose computed aphelia exceed 4,000 units. When the orbit is
given as parabolic, and is sufficiently well known to be ranked in groups 2
or 3 of the previous column, it is entered in class F. Class G contains the
hyperbolic orbits, and class H those whose orbits are not well known, but
which have appeared since 1700. These comets are therefore generally faint
objects. Class I contains those comets whose orbits are not well known and
which appeared prior to 1700. They are generally therefore brilliant objects.
It also contains four bright comets which have appeared since that date.
Twenty comets are recorded in our list as having appeared between 1600 and
1700. In the nineteenth century 81 naked eye comets appeared, 14 of them
being brilliant, so it is safe to assume that the 20 seen in the seventeenth
century were all fairly bright objects. With the advent of the large tele-
scope, and the multiplication of observatories during the eighteenth century,
few bright comets could have escaped careful observation. The sub-classes
a and b contain the earlier appearances of the comets belonging. to the first
two classes.

In the eighth column the orbits are classified in five types and three sub-
types. In orbits of the same type the aphelia will all be found lying near
some particular circle on the celestial sphere. While the “classes depend
therefore on the aphelion distances, the types depend on the longitudes and
latitudes of the aphelia. In many cases the aphelion distances of comets of
the same type are found to be of the same order of size. Thus all the
comets of classes 4 and a belong to type N, and all those of classes B and
b to type O. It is of interest to note, that in the majority of cases a simi-
lar identity holds for the other classes and types. In a certain number of
cases, as we shall see later, a comet may be classed under either type @ or
type R. The subtypes contain those orbits which cannot be properly classi-
fied in the five main types. :

A special group of comets, insignificant in numbers, must yet theoretically
exist. It consists of those that are driven into hyperbolic orbits by some
planet, and which then pass out of its influence. If no other planet inter-
feres, the comet will leave the Sun never to return to it. To this theoretical
group of interstellar objects must be added those comets that come to us
from the stars. The hyperbolic excess of their perihelion velocities would in
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general be enormous, so that they could be readily distinguished, if seen,
from the true solar comets. The chance that one should pass at perihelion
within two or three units of the Sun, however, is extremely small, and in
point of fact no high hyperbolic velocities have hitherto been detected.
Nevertheless such bodies must theoretically exist, and it has been suggested
that certain meteors which have passed through our atmosphere at high
speed possessed hyperbolic velocities with regard to the Sun. A fireball
which fell August 19, 1847 is mentioned by Monck, Journ. Liverpool Astron.
Soc. 1889, 7, 221, the eccentricity of whose orbit fell little short of 4. Three
meteors are mentioned by Chambers, Handbook of Astronomy 1889, I, 604,
whose velocities with regard to the Earth equalled or exceeded 44.7 miles per
second, the maximum parabolic velocity. Two meteors are mentioned by
Denning, M.N. 1885, 45, 408 whose apparent velocities were so high' that
they may have had hyperbolic orbits.

The last column of the table refers directly to the comet itself, rather
than to its orbit. The comets are here divided into five grades of brillancy.
A T indicates that the comet is known to have been an unusually fine one,
and a II that it was notable, but inferior to those in the first rank. A III
indicates that the comet was visible to the naked eye, and possessed a tail
which could be traced visually in the telescope or without it for a distance
of over one degree. A IV indicates that the comet was visible to the naked
eye, but that its tail, if it had one, did not visually exceed one degree in
length. A blank after the year 1700 indicates that the comet was telescopic.
The numbers II, III, and IV are applied only to comets appearing since
that date. It is almost certain that all of those comets following number
411, or the year 1893, which are not marked with a Roman numeral, were
invisible to the naked eye. This is generally true also of the others seen in
the last century, but in the earlier portion of this period the brilliancy of the
fainter comets was not so carefully recorded, and an occasional comet un-
marked with a Roman numeral may yet have been fairly conspicuous.

In the first half of the nineteenth century 93 comets were recorded, of
which we find that 31, or 33 per cent, were visible to the naked eye. In
the latter half of the century 219 comets were recorded, of which 50, or 23
per cent, were naked eye comets. There were thus 19 more naked eye
comets visible in the last half of the century than in the first half. This
difference occurred chiefly in comets of brilliancy III, those furnished with
tails over 1° in length. Twelve more comets of this brilliancy were found
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in the last- half century than in the first half. These could hardly have been
‘overlooked had they existed, nor would the fact of their having tails have been
likely to have been omitted in the description of them in so many cases. It
is probable that the difference is due, at least in part, to the more careful
study that is now made of the southern skies.

The classification in this column is necessarily not only somewhat uncer-
tain, but also obviously depends largely on the proximity of the comet, on
the phase of the Moon, and whether the comet was well situated in its orbit
for observation. Bearing well in mind its limitations, however, we shall yet
find that interesting conclusions may be derived from the results recorded in
this column.

As far as the very brightest comets are concerned, if impartially recorded,
doubtless nearly all of the earlier comets on the list would be marked with
either a I or a II. But the object of this marking for the earlier centuries is
rather to call attention to the more celebrated comets, details of whose
appearance have descended to the present time. For information regarding
the conspicuousness of these bodies Herschel’s Outlines, Chambers’ table of
comets, and the Markree Catalogue by Cooper have been consulted.

Although ranked in Subclass a the identification of De Vieo’s comet
number 64, and Winnecke’s number 100 are not absolutely assured, but of
the two, De Vico’s is probably the more certain. The last appearance of
Faye’s comet for which elements have been computed was number 382. It
has accordingly been marked A, although the comet appeared again later,—
number 421. This latter is marked a. The comets of —12, 466, 141, 837,
989, 1066, and 1301, together with several others not recorded by Galle
because of insufficient elements, and therefore not included in this list, have
been recently identified by Messrs. Cowell and Crommelin as undoubted
appearances of Halley’s comet. They have therefore been marked in the
table with certainty la, because their aphelion distances are well known,
although the elements given by Galle undoubtedly exhibit large errors. The
later elements for number 17 will be found in the M.N. 1908, 68, 378. Orbit
number 107 is hyperbolic, and not parabolic as erroneously given by Galle.
Burckhardt, its computer, gives its eccentricity as 1.0282955, the largest value
of any orbit in this list.
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TABLE XXXIV.

CLASSIFICATION OF ORBITS.

No. Year. Name. If§3§ Lat. Cért. Cl. | Ty. | Br. | No. Year. Name. Il‘ggg Lat. FCert.v Cl. | Ty. | Br.

1 |—-372 - - 5 | I| — | I |47 1577 344.8|4+69.4| 4 | I | —

2 —137 501+ 34,5 | I | — 48 | 1580 202.3|—64.5| 4 | I | —

3 |— 69 154.5|—28.0| 5 |I | — 49 | 1582 67.7\+233| 5 | I | —

4 — 12 Halley [126.4|— 95| 1la |b | O | I |50 |1585 193.7|+ 29| 4 | I | —

5 |+ 66 Halley [176.6|—36.9| la | b | O 51 |1590 38.4|+229| 4 | I | —

6 | 141 Halley 95.3|—14.5| 1la | b | O 52 | 1593 349.0|—12.0| 4 | I | —

7 240 111.1|—43515 | I | — 53 | 1596 108.4|—42.7, 4 | I | —

8 | 539 — — 5 |I]| — 54 11607 Halley (124.1|—163| 1 {b | O

9| 565 2879|—574|5 | I | — 55 | 16181 140.7|— 89| 5 | I | —

10 | 568 157.1|— 1.7/ 4 | I| — 56 | «“ II 191.0(+4352| 4 |I| — | I
11 | 574 337.5|—11.1|5 | I | — 57 | 1652 : 254.1|+582| 5 | I | —

12 | 770 188.6|—61.6| 5 | I | — 58 |1661 29421174 4 | I | — | I
13 | 837 Halley [123.7|+109| 1la | b | O 59 | 1664 311.8|4+160| 3 |F| R | I
14 | 961 129.5(—77.2|5 | I | — 60 | 1665 2374|—23.11 4 |I | —

15 | 989 Halley 96.7 00| la |{b | O 61 | 1668 102.5|—354 4 | I | —

16 | 1006 136.3|—17.4|5 | I | — 62 | 1672 282.6|—69.4| 4 | I | —

17 | 1066 Halley 954|—14.5|1a | b | O | I | 63 |1677 289.5|—75.7, 4 | I | —

18 {1092 3444|—143|4 | I | — 64 | 1678 De Vico (145.9|— 10| la|a | N

19 | 1097 196.6|—51.8|5 | I | — 65 .| 1680 . |906|+ 81| 3 (D| @ | I
20 (1231 324.2|— 52|5 | I | — 66 | 1682 Halley |124.1|—16.7| 1 |b | O

21 | 1264 130.1|— 5.7|4 | I | — | I |67 1683 284.3|—-829| 4 | I | —

22 | 1299 171.2|—65.0{ 5 |1 | — 68 | 1684 ' 78214266 4 | I | —

23 | 1301 Halley [140.5|+ 14| 1la |b | O 69 | 1686 259.4\—313| 4 |I | —
24 | 1337 190.0{—40.5(5 | I | — | I |70 1689 167.4|—609| 5 | I | —
25 | 1351 - - 5 | I | — 71 11695 2413|4 88| 5 | I | —
26 | 1362 56.0|— 53|5 | I | — 72 1698 ' 97.1|— 52 5 | I'| —
27 | 1366 Tempel, [234.3|— 4.9|1a | b | O 73 | 1699 99|—-621| 4 | I | —
28 {1378 Halley [126.0/—17.0| 1 b| O 74 1701 3128|— 99| 4 (H| —
29 11385 - 1283.9|—104|5 | I | — 75 | 1702 321.6|+ 34| 5 | H| — |IV
30 | 1402 35.7|—55.0{5 |[I|— | I |76 1706 239.7|—449| 4 |H| —
31 [1433 100.6|+ 904 |4 | — 77 11707 236.2|—27.1| 4 | I | — | II
32 | 1449 90.4\+ 13156 | I | — 78 | 1718 306.0|— 3.2\ 4 | I | — |II
33 (1456 |Halley |[124.4|—17.0|1 |b 1 |79 (1723 1216.0(+21.5| 4 |H| — |1IT
34 | 14571 2704+ 345 | I | — 80 | 1729 135.2|— 96| 3 |F | R |IV
35| “ 11 1956|4+ 09|5 | I | — 81 |17371 148.7|—18.1| 4 |H| = |III
36 | 1468 1922|—353|5 | I | — 82| “ II ' 0 91.9|-246| 5 (H| —
37 | 1472 2260+ 84| 4 | I | — | I |8 (1739 274.6|—-53.0| 4 |H| —
38 1490 2579|—370|5 | I | — 84 |1742 21.5|4+29.2| 3 |F | R | II
39 | 1499 1838|—114|5 | I | — 85 | 17431 275.5|— 02| la|A | N
40 | 1500 130.2|—193|5 | I | — 86 | “ II 59.8|4+38.7( 5 |H| — |IV
41 | 1506 85.0|+38.7|5 |I| — 87 | 1744 Te 276(—-205| 3 |F | r | I
42 | 1531 Halley [125.7|—16.4]| 1 b| O 88 | 1747 136.6|+49.0| 3 |F | P
43 [1532 293.4|—129/5 | I | — I |89 [17481 53.6|—174| 4 |H| — |III
44 1533 43942795 |1 | — 90 | “ II 76.0|+570| 4 \H| — | IV
45 |1556. 100.4|—29814 | I | — | I |91 |1757 304.9+128| 4 (H| — IV
46 ' 1558 11.9|-543|5 | I | — 92 | 1758 68.3|—33.8| 3 |F | Q
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W 3
No. Year. ‘ Name. Ii‘&')‘g Lat. |Cert.| Cl.| Ty. | Br. ‘No. Year. Name. 11'835‘ Lat. |Cert.| Cl.| Ty. | Br.
93117591 |Halley [124.2|—164| 1 | b | O | II |143|18081 1266.9|+434| 4 |H| —
94| « II 250.6 |+784| 3 |F| Q |IITj144| “ 1II 66.6|—283| 5 |H| —
95| ¢« III 320.3|+ 41| 4 | H| — |IIT§145|1810 265.7\—53.8| 4 (H| — |-
96| 1762 3414|—642| 4 |H| — |IV 14618111 289.2|—604| 2 (D| Q@ | I
9711763 ) 263.5|—724| 3 |D| Q 147« 11 233.2(+218| 3 {C| R |IV
9811764 188.2|—50.4| 4 |H| — |IIT}148|1812 Pons 259.3|+185| 1 | b | O |III
9911766 1 321.7{—400| 4 |\H| — 149118131 250.6|— 34| 3 |F | R
100| “ II |Winnecke| 73.1|+ 0.4| la|a | N |IIT]150| “ II 39.8\4+247| 4 (H| — |IV
1011769 332.5|+196| 3 |D| R | I {151|1815 Olbers 322.2(—396| 1 |(b| O :
10217701 178.1|4+ 1.1| la| A | N | IT }152|1816 97.5|4+34.3| 5 | H| —
103 «“ 1II 31.8|4+309| 4 (| H| — 153 | 18181 2574+ 02| 5 |H| —
1041771 285.6|—10.9| 2 |F| Q | IT j154| “ 1I 70.9|—-67.7| 3 |F | @
1051772 Biela 290.6 |+10.7| 1 al N 155 ¢ III 276.6|+105| 3 |G| Q
106 (1773 276.4|+39.0| 3 |F |QR|IV |156(18191 |Encke 3380|4+ 06| 1 {a | N
1071774 176.2|—429| 3 |G| R 157 ¢ 11 97.0|—132| 2 |F QR | II
1081779 264.7|—2841 3 |F | Q 158| ¢ III|Winnecke| 96.1|— 3.4| 1 |a | N
109 {17801 ) 83.4|4+43.1| 3 |D| @ 159| ¢« IV 2488 |+ 16| la| A | N
110 ¢« 1II. 95.3|4+662| 4 |H| — | 160 | 1821 529(—-104| 3 |F | R |III
111117811 81.0(—23.6| 4 |H| — |IIT}161)|18221 7.7_ 4122 4 |H| — |IV
112 «“ II 200.6|—23.6| 4 |H| — |II1{162] “ 1II |Encke 33824+ 06| 1 |a | N
1131783 233.0|+ 42| la|A| N 163| « 1III 469|+4+300| 4 | H| —
114 (1784 254.0|+18.4| 3 |F |QR |IIT{164| “ IV 93.2|+ 08| 2 |D| Q |III
115]17851 275.014+24.0| 4 |H| — 165 | 1823 116.8|—276| 2 |F | R |III
116 ¢« 1I 69.4|—528| 3 |D| @ | II §166|18241 71.2\4+209| 4 | H| —
117117861 | Encke 33824+ 06| 1 |a | N 167 « 1I 182.2|—543| 3 |F | r
118 ¢ 1II . 1352.214+26.4| 3 |F | R 168 | 18251 833|—53.4| 2 |D| @
1191787 . 184.9|—474| 3 |F | r 1169 “ 1II 194.0(— 2.7 4 |H| —
12017881 281.3|—10.5| 4 | H| — |IIT{170| * III|Encke 3382+ 06 1 |a| N
121 “ II 188.1|—27.2| 4 {H| — 1711 “ IV 142.3|4-32.6| 2 D| P | II
122117901 237.8|—-284| 4 |H| — 172118261 |Biela 2900+ 84| 1 la | N
123 ¢ II |Tuttle 282.6|+204| 1 |{b| O 173 “ 11 300.8(4+394| 3 |F| R
124 ¢« III 72.6|—-514| 3 |F | Q |III|174 “ III 216.8|— 04| 56 |H| — |-
125117921 212.6|—~16.1| 4 |H| — 175 “ IV 237.5|— 60| 3 |D| R
126 “« II 3076|—24.1| 4 (| H| — 176 “ V 5991|4804} 2 |F | Q |IV
12711793 1 69.6|4+48.7| 4 | H| — | 177118271 192.3|—283 2 |F| R
128| « II 243.0(—473| 3 |C | P |- 178 «“ 1II 123.9|—14.1{ 4 (H| —
12911795 Encke 338.1|4+ 05| 1 |a | N |IV]179} « 1III 79.5|+52.6| 3 |D| @
1301796 16.6|+ 39| 4-| H| — 180 | 1829 Encke [3382|+ 06| 1 |a| N |IV
1311797 225.414+49.7| 4 |H| — |IV}181|18301 328|— 21| 2 |F| R |III
13211798 1 - 1291.0|+118| 4 | H| — 182 “ II 139.0|—18.6 3 |F | R |III
133 “. 11 223.6|+228| 4 | H| — 183118321 |Encke 3382|+ 06| 1 |a| N
134117991 181.6|—506| 3 |F | r |IIT}184| “ 1I 55.0i+166( 3 |F| R
135 «“ II : 340.3|—42.1| 4 |H| — |IIT}§185| “ 1II Biela 200.2|+ 88| 1 |a | N
136 | 1801 6.0{+13.1| 4 |H| — 186 | 1833 45214+ 72| 4 |H|—
1371802 144.0|—-182| 4 |H| — 187 | 1834 97.4|— 46| 3 |F QR
138 ] 1804 341.7|4+23.1| 4 |H| — 18818351 289+ 46| 2 |F| R
139 | 1805 Encke |338.0|+ 06| 1 |« | N |IIT]|189| ¢ II |Encke |3382|+ 06| 1 |a| N
14018061 |Biela 12900.0|+ 84| 1 |a| N |IV]190| ¢ III|Halley [124.5|-166| 1 |B| O |II
141 “ II 284.1|4+24.11 3 |G| Q 191 {1838 Encke 1(3382|+ 06| 1 |(a|{ N |IV
142 | 1807 809|— 37| 2 |D| Q | II §192|18401 27\—496| 3 |E| ¢ |IV
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No. Year. Name. ]l-‘ggg Lat. |Cert.| Cl.| Ty. | Br. § No. Year. Name. ngg(g) Lat. |Cert.’| Cl. | Ty. | Br.
193 [ 1840 11 250.2|—20.0| 2 |D| P 243 | 1854 111 119.1{—66.0| 3 |F | Q |III
194 « III 177.9|—41.2) 4 |H| — |1II|244| “ IV 283.11—-302| 2 |C | P

195 ¢« IV 220.6 —379| 2 (C| P 245 “ V 346.3 |+13.5| 3 |C | P
19618421 | Encke 3382|4+ 06| 1 |a | N 246118551 355|+280| 3 |C| P

197 ¢ 1II 182.0|4+56.6| 2 | F | ¢ 247 «“ 1II 60.0|— 87| 4 |H| —
19818431 101.2|—353| 2 (C | @ | I {248| “ III|Encke 3384+ 04| 1 {a | N

199 «“ II 1164|—41.2| 3 |G| @ 249 IV 266.2 |+ 58| 3 |F |QR | IV
200 “ III|Faye 2300+ 39| 1 (a| N 250 1857 1 3104|—584| 2 |F | @
201|18441 |De Vico [163.3{4+ 29| 1 |a | N |IV]251| “ II |Brorsen |294.6|— 69| 1 |a | N

202 «“ II 106|4+229| 2 |E| R |IV])252| “ III 52.4|—38.0| 4 | H| —

203 “ III 117.5|— 1.6 2 |D| r |IIT}253| “ IV 2022+ 05| 2 |C| P
20418451 281.3/—-416| 2 |G| @ 254 ¢V 543|—429)| 3 |D| ¢q |III
205 “ 1II ,26|+210| 2 |E| R 2556| “ VI 223.5|—376| 3 |D| P

206 ¢ III 89.6|—46.7| 4 |H| — |III|256| “ VII|d’Arrest |143.8|— 13| 1 |a | N

207 “ IV |Encke 3384|+ 08| 1 |a | N 257 118581 | Tuttle 286.0|4+21.5| 1 | b | O
20811846 1 276.6|+16.0| 3 | F |QR 258 | “ II |Winnecke|l 96.6|— 33| 1 |a | N

209| “ II |Biela 289.1|4+ 86| 1 |a | N 259 “ III 200/— 83| 1la|A| N

210| “ 1III|Brorsen [295.3|— 70| 1 |a | N 260 “ IV 13.56|—76.7| 4 |H| —

2111 “ IV 259.4|—12.8| la|B| O 261) “ V |Faye 23004+ 39| 1 |a | N

212 “ V 2724|—-559| 3 |F | Q 262 “ VI 195.0|—438| 2 |D| p | I
213 “ VI 63.4|4+10.2| 1la|B| O 263 “ VII 1833|— 86| 3 |D| R

214 “ VIO 341.4|—28.8] 3 |C | P |IV|264| “ VIII|Encke (3384|+ 04| 1 |a| N |IV
215 “ VIII 281.6|—49.5| 3 |F | Q 265 | 1859 202.0|+76.8| 4 |H| —
21618471 89.4|446.3| 3 |D| Q | IT §266|18601 330.5|+29.2| 4 |\ H| —

217 ¢ II 348.0|—31.8| 2 |F | p 267 | “ 1II 219.7|—294| 3 |F | P

218| ¢ III 55.8/—83.2| 2 |D| @ 268 “ III| 303.7|—73.1| 2 |F | Q |IIT
219 “ IV 206.8|—26.4| 2 |F | R 269| “ IV 1822|4234 5 |H| —

220 ‘“ V . 261.5|—14.7| la|B| O 27018611 3722|4328 2 |C | P |IIT
221 ¢ VI 81.2|1470.7 2 |G| Q [IV]271| “ II 96.9/+298| 2 |(C| P | I
22218481 180.6 |+79.4) 4 (| H| — 272 ¢ III 347.6 |+18.6| 4 H| —

223| ¢“ II |Encke 3385+ 05| 1 |a | N |IIT}1273{18621 |Encke 3385+ 05] 1 |a | N
22418491 218.6|4+279| 3 |F | r 274 “ 11 120.1|— 36} 4 \H| — |1V
225 “ 1II 37.5|1—-303| 2 |G| r 275| “ III 149.6|—24.8| la|B| O | IT
226| ¢ TII 62.0|+4+50.2| 3 |D| P 276 “ IV 3144|4314 4 |H| —
227118501 938+ 05| 2 |D| Q |III{277|18631 313.6|—738| 2 |G| @

228 “ 1II 263.3|4+35.1| 2 | F QR 278 “ 1II 702\— 3.7\ 2 |F | R |III
229118511 |Faye 230.0|4+ 39| 1 |a | N 279 “ III 772\—554| 2 |\D| Q |III
230 “ II |d’Arrest |143.7|— 13| 1 |a | N 280 «“ IV 27744 27| 2 |D| Q |III
231 ¢ III 130.9|—-38.1| 2 |E | R 281 “ V 263.4|—544| 3 |F | Q |IV
232 “ IV 193.8{+61.1| 4 |H| — 282 ¢“ VI| - 3144|-764| 2 |G| Q
23318521 | Encke 338.4|+ 041 |a | N 283 | 1864 1 54|+ 98| 4 (H| —

234 “ 1II 111.4)—-271) 4 |H| — 284 “ II 124.7|— 09| 2 |D| » |IIT
235| “ III|Biela 280.1+ 86| 1 |A| N 285 ¢« III 86|+483| 2 |D| r

236 “ IV 216.4|—33.4| la|B| O |[IV)286] “ IV 153.2|—415) 3 |F | R
23718531 334.0|+20.1| 2 |F | R 287 “ V 3428 — 04| 3 |F | P

238 “ 1II 31.1|+16.2| 2 |C | P |II1]288[18651 269.7|—68.1| 3 |F | Q |III
239 “ III 136.6|— 84| 3 |G| R |IIT1289| “ II |Encke 338.5|4+ 05| 1 |a| N

240 « IV 114.914600| 3 |G| @ [IV}290|18661 |Tempel, [240.5|— 2.7| la|B| O
24118541 2314|— 83| 3 |F| R 201| “ 1II |Faye 2300|+ 39| 1 |a | N

242 “ II . 348.4|—-76.2| 4 | H| — [IIT§292(18671 256.6 |+ 0.8 la|B| O
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No. Year. Name. %88(% Lat, Cert. | Cl. | Ty. | Br. § No. Year. Name. ]i‘ggg: Lat. |Cert.| Cl.| Ty. | Br,
I A I A

293186711 |Tempel; | 56.8 |— 45| 1 |a| N 3431880V 75.4|—102| 3 | F |QR |1V
204| ¢« III 69.4|—312! 3 | F |QR 344118811 |Faye 230.7|+ 41| 1 |a | N
2095|1868 1 |Brorsen [294.6|— 72| 1 |a | N 345 “ 1II 1254|— 60| 4 |H| —

206 ¢« II 044|-369| 2 |F |QR 346| “ III 88.6|+ 5.1 2 |D| Q \III
997| ¢« III|Encke |338.6 |+ 06| 1 |a | N 347 “ IV 148.1|—328| 2 |F | R |III
208|18691 |Winnecke| 96.6|— 32/ 1 |a| N 348 “ V 1989|+ 50| la|A| N

200| “ 1II 3089|+ 76| 3 |F| R 349| “ VI 920|— 58| 3 | F |QR

300| “ III|Tempel, [223.5|— 5.2 1 |lal N 350| ¢ VII|Encke [338.6|+ 06| 1 |a| N |IV
301|18701 132.3|+154| 2 |F | P 351 “ VIII 238.6|—306| 3 |C| P

302 « II 1942|+ 50| 2 |F | R 352118821 214.0|+278| 2 | E| » |III
303| ¢ III|d’Arrest [139.4 — 2111 |a | N 353 ¢« II 101.6|—352| 2 |D| Q | I
304| « IV 184.4|—327| 4 |H| — 354 ¢« III 228.5|+732| 2 |G| @
30518711 281.9|4+425| 3 |D| @ 35518831 2499|—66.1| 2 |G| @

306| “ II 274.2|—-76.5| 2 |F | Q 356 ¢« II 285.0|—368| 4 |H| — |IV
307! « III|Tuttle [286.1 +215/ 1 (b | O 35718841 |Pons 2598 +184( 1 | B| O |III
308| “ IV 131.7|+61.7| 2 |D| @ 358 “ II 126.5|+ 47| la|A| N

309| ¢ V |Encke |338.5|+ 05/ 1 |a| N |IV]3859| « III Wolf 1999|— 31| 1 e | N
310/18731 |Tempel, | 58.7|— 3.4 1 |a| N 360|18851 |Encke [338.7|+ 0.7| 1 |a N

311| «“ II |Tempel, [126.4|+ 1.1 1 |a| N 361 ¢ II 922|— 15| 2 |G| @

312| ¢ III|Faye 230.6|+ 39| 1 |a | N 362 “ III 50.5|—36.2| 2 |C| ¢

313| “ IV 2295|4+13.7| 2 |D| B 363| ¢ IV |Tuttle [286.3|+21.5| 1 b| O

314 “ V 141.6|4+43.4| 3 |D | P |III|364) “ v 110.3|—23.2| 2 | F |QR

315| “ VI |Brorsen [294.6|— 7.2 1 |a| N 365(18861 | 26.8|—528| 3 |F | ¢ |III
316| “ VII 2645+ 7.7 4 | H| — 366| “ II 58.81—59.9| 2 |G| Q |III
31718741 119.7|+589| 4 |H| — 367| « III 909|—-378| 3 |G| Q

318 “ II 119.1|+144| 3 |F | P 368| “ IV 506|— 07| la|A | N

319| ¢« III 107.2|—25.1| 2 {D| Q | IT {369 “ V 193814212 3 |C | p

320 “ IV 190.3|—16.5| 2 |C | P 370| “ VI |Winnecke| 96.6|— 2.0} 1 |a N

321 “ V 165.4|-41.8| 3 |D| R 371| ¢« VII|Finlay 1878+ 2.1} 1 |a N

322 “ VI 90.6|—16.1| 3 | F |QRE 372| ¢ VIII 81.2|—-31.8| 2 | F |QR
3923118751 | Winnecke| 97.3 |— 2.9 1 |a| N 373 ¢ IX 2452|—-778! 2 |G| Q |III
324| « II |Encke [338.5|+ 0.5 1 |a| N 374118871 101.6|—378| 4 | I | — | IT
32518771 190!+ 58| 2 |F| R [IV|375] “ 1I 285.4|—199| 2 |C| P

326 “ II 91.3|—498| 2 |D| Q |IV|376| “ 111 286.1|—22.6| 2 |F| Q

327 «“ III| - 322.7|—605| 2 |D| @Q 3771 ¢ IV 799|— 45| 2 |D| Q

398| ¢ IV |d’Arrest (139.7|— 1.9 1 |a| N 378! « V |Olbers [321.9|—39.6| 1 B O

320 “ V 246.2|—61.2| 4 | H| — 37918881 65.5 00| 3 |D| R |1I1
330 “ VI 260.3|—358| 3 | F | @ 380| “ II |Encke [338.7|\4+ 07| 1 |a N
33118781 102.1|— 24| 4 | H| — 3g1| “ III 306.2|—55.7| 3 |E| Q

332| “ II |Encke [338.5|+ 0.5 1 |a| N 382| “ IV |Faye 23064 41/ 1 |A| N

333| ¢ III|Tempel; [126.3 |+ 1.1 1 |a| N 383 “ V 262.1|4+51.1| 2 |D| @
334|18791 |Brorsen |[294.7|— 7.2 1 |4\ N 384 | 1889 1 196.6|+ 45| 2 |G| R |IV
335 ¢ 1II 225.0|— 36| 2 |F | R 385 “ II 2559|+13.4| 3 |E| R

336| ¢ III|Tempel, | 58.8|— 3.4| 1 A\ N 386 «“ III 147.2|—26.7| la| B | O

337 “ IV 141.0|—71.4| 4 | H| — 387 “ IV 100.5|4+129| 2 |D| @ |IV
338 “ V 62.4|—61.7) 2 |F| @ 388! “ V |Brooks |181.8|+ 1.7\ 1 |a N
33918801 101.0|—35.2| 4 | I| — | IT |389| “ VI 220.1|— 96| la|A| N

340 “ II 278.31—28.6| 3 |F | @ 3901|1890 1 19.8|+166| 2 |F | R

341| ¢« III 256.2|+21.7| 2 | F |QR |III}391| “ 1I 87.6|—53.5| 2 |G| @

342| “ IV |Tempel; [223.4|— 5.2 1 |a| N 392| ¢« III 2748|—63.0| 4 |H| —
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No. Year. Name. {-’ggg Lat. |Cert.| Cl.| Ty. | Br. | No. Year. \ Name. Ifggg . Lat. |[Cert.| CL | Ty. | Br
393 (1890 IV 291.7|+12.0| 3 |D| @ 440 |1899 Ia 197.8|— 48| 2 |G| R | IV
304| “ V |d’Arrest [139.6|— 1.9/ 1 |a | N 441| ¢ IId |Holmes [1649|— 50| 1 |a | N

305| “ VI 103.0/—16.8| 2 |D| @ 442| « IIIb|Tuttle [286.1|+21.4| 1 | B| O
396| « VII 238.0|— 29| 1a |A| N 443| “ IVe|Tempel, 1264+ 1.2\ 1 ja | N
39718911 1946|— 09| 2 |F | R 444| “ Ve 046|—102| 4 |H| —

308| «“ II |Wolf 2000|— 31| 1 |a | N 1445|1900 1a 190.7|—13.2| 4 |H| —

309| “ III |Encke [338.7|+ 07| 1 |a | N 446| «“ IIb 153.8|—11.0| 2 |G| R |IV
400| “ IV 301.0|4+776| 2 |D| Q 447| « Ille 189.0|— 43| la|A| N

401| “ V |Tempels 2233|— 52| 1 |a | N 4481901 Ia 94.0|+172| 2 |D| Q | IT
402 (18921 20.6/—150| 3 |D| @ |117]|449| « IIb|Encke [338.7|4+ 07| 1 }a N

403| «“ 1II 2532|507 2 |G| Q 450(19021a | 176.4|+433| 4 |H| —

404| “ III |Holmes {165.1|— 50| 1 |a N | IV |451| “ Ilc 340.4|+14.2| 4 |H| —

405| “ IV |Winnecke 96.6|— 2.0/ 1 |a | N 452| “ IIIb 74.4|—105| 3 |F |QR|IV
406| « V 1985|— 50| la|A| N 453 (1903 1a © |3203|-21.8) 2 \D| P IV
407| “ VI 335.7|+236| 3 |F | R 454| “ TId |(1902) [301.6|- 40| 3 |F | p

408 1893 1 281.6|—360| 3 |F| Q 455| « IIIb 2158|+ 61| 2 |F | R

409| “ II 112.1|—146| 2 |D | Q |IIT|456| “ IVe 287.0|—52.4| 4 |H| — |IIT
410| “ III |Finlay |188.1|+ 21| 1 |a| N 457! “ Vd |Brooks [181.7\+ 1.7\ 1 A N

411| “ IV 30|+ 94| 2 |D| R 458 1904 Ia 57.8|—41.1| 3 |F | ¢
4121894 1 310.6|— 40| la|A| N 459| « IId 30.2|—40.0| 4 |H| —

413| “ 1I 243|+357| 3 | ¢ | P |IV]460| « IIic|Tempel, (126.6/+ 1.2/ 1 A| N
414| « III |Tempel, (126.2|+ 11| 1 |a | N 461/1905Ib |Encke [338.9|+ 10| 1 |a | N

415| ¢ IV |DeVico (1654|+ 26| 1 |4 | N 462| « Tle |(1904) |249.9|+ 39| la| 4| N
416[18951 |Encke [338.7|+ 07| 1 |a | N 463| ¢ IIIal(1905) [336.0|+ 12| 3 |C| P

417 « 1I 158.0|— 0.6 la|A| N 464| ¢ IVb|(1906) [320.9|— 1.6| 3 |F | P

418 « III 239.7|+58.4| 4 |H| — 465| « Vb |(1905) [262.8|-27.8| 3 |G| Q |IV
419 « IV 22724383 3 |F | r 466| “ VIa|(1906) 16.7|—53.5| 4 | H| —
420 (1896 I 304|+ 07| 4 |H| — 4671906 Tc |(1905) [106.2|+13.2| 3 | F | Q \IV
421| “ II |Faye - — |1 |a|N 468| « TIIc |(1906) |206.8|+80.8| 4 \H| — |.
422| « III 3590.3|— 14| 2 |G| P 469! ¢ TIIf|Holmes |165.1|— 50| 1 |A| N
423| « IV 332.4|—41.0| 4 |H| — 470| “ IVe . |103.1|— 29| la|A| N
424 “ V 154.2|— 72| la|A| N 471 “ Vd |Finlay [1881(+ 21| 1 |A| N
425| “ VI |Brooks [1820|+ 1.7| 1 |a | N 472| “ VIh 211.2|+ 4.2| la|4A| N
496| “ VII|Perrine [231.0|— 38| 1 | a| N 473| “ ViIg 269.7|— 73| 3 | F | Q

427 (18971 93.0|— 43| 2 |G| Q 4741907 1a 313.2|+25.0| 3 |F | R

498| « II |d’Arrest [139.7|— 19| 1 | A} N 475| « IIb 205|4+29.2| 3 |F | R
429| « III  |2504|—59.1| 2 |F | @Q 476 | « Illc 194|— 94| 4 |H| —
430 (1898 1 100.5|—445| 2 | C | @ 477| ¢ Ivd 257.6|+ 82| 3 | F |QR |III
431| « II |Winnecke| 94.6(— 1.9/ 1 |a | N 478 “ Ve 282.0|+52.4| 3 | F | Q
432| ¢ III |Encke (338.7|4+ 07| 1 |a| N 479| “ VIal(1908) [176.0|— 6.6\ 4 |H| —
433| « IV |Wolf 200.1|]— 3.0/ 1 |A| N 480(1908Ib |Encke [338.8|+ 10| 1 |A| N
434 “« V 76.4|— 50| 2 | F |QR 481| ¢ TIId |Tempels [223.8|— 50| 1 |A| N
435| “ VI 268.4|+24.0/ 2 | F |QR 482| « IIlc| 109.5|— 54| 3 |F | R |III
436| «“ VII 08.7(+488| 2 |G| Q 4831909 Ia 128.6|— 4.0 4 |H| —
437| « VIl 280.2|— 1.8| 3 |F | Q 484| « TIId|Winnecke| 91.8|— 24| 1 |4} N
438| « IX 194|— 84| 4 |H| — |IV]485| « IIIb| Perrine [229.5|— 3.5| 1 A| N
439 ¢ X 1456|—321| 2 |E| R 486| «“ IVe 254.2|— 1.2| la|A| N
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In Table XXXV is given a reference list of the later elements of the
various orbits that have been published in the Vierteljahrschrift. The eccen-
tricity of number 375, 1887 II, is incorrectly stated there. It should be
0.9836922. Aditional elements for Holmes’ comet 1892 III by Corrigan are
given in a note by Galle on p. 311 of his work. The orbits published in

the Vierteljahrschrift 1910, 45, 334, appeared too late to be discussed in this
volume.

TABLE XXXV.

LIST OF ELEMENTS NOT INCLUDED IN GALLE’S TABLE.

No. Year. Name. . V.J.S8. Computer.
14 961 1898 33 326 Ravené

84 1742 1 : 1906 41 298 Cohn

130 1796 1908 43 394 Peck

147 1811 II 1910 45 334 Nekrassow
149 1813 1 © 1908 43 394 Peck

157 1819 II © 1906 41 298 “

“ o« 1908 43 394 “

159 1819 IV . ) ¢ “ “ Lagarde
163 1822 III “ “ “ Peck

164 “ IV 1898 33 326 Stichtenoth
165 1823 1908 43 394 Hnatek
166 1824 1 1896 31 310 Doberck
168 1825 I « “ “ Martin

‘“ “o o« 1908 43 394 Boegehold
173 1826 II « “ “ Cowley, Whiteside
175 13 I"‘f . (13 111 13 Klug

176 “ Vv 1906 41 298 Hnatek

“ oo« 1908 43 394 “

177 1827 1 1904 39 229 Stromgren
188 1835 1 1806 31 310 Rechenberg
197 1842 11 “ “ “ Schwarzschild
198 1843 I “ “ “ Kreutz

“ “oo« 1902 37 275 ¢

202 1844 11 - 1906 41 298 Ross

203 “ III “ “ “ Fayet

205 1845 11 1900 35 357 Scheller

“ “oo« 1902 37 275 “

206 “ I _ 1904 39 229 Peck

214 1846 VII 1910 45 334 Krause
220 1847 V 1896 31 310 Hind

“ o« 1898 33 326 Schobloch
226 1849 III 1910 46 334 Respondek
228 1850 11 1896 31 310 Rechenberg
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No. Year. Name. V.J.S. Computer.
231 1851 II1 1896 31 310 Spitaler
236 1852 1V 1910 45 334 Hnatek
237 1853 1 1900 35 357 Cohn
243 1854 II1 1904 39 229 v. Hillmayer
244 “ IV 1900 35 357 Buschbaum, Steiner
277 1863 I 1904 39 229 v. Flotow
285 1864 III 1906 41 298 Schroeter
287 1864 V 1910 45 334 Wesely
302 1870 I1 1806 381 310 Schobloch
308 1871 1V 18908 33 326 Lagarde
314 1873 V 1896 31 310 Kreutz
318 1874 11 1906 41 298 Burggraf
338 1879 V 18906 31 310 Laves
339 1880 I 1902 387 275 Kreutz
345 1881 II 1900 356 357 Parizek, Sulc
“ oo 1902 37 275 Kreutz
346 “  III 1896 31 310 Riem
354 1882 III “ “ “ de Ball
355 1883 I 1906 41 298 Hellebrand
356 1883 11 1910 45 334 Moravi
362 1885 III 1896 31 310 Klumpke
363 “ IV Tuttle “ “ “ Rahts
364 (13 'V (13 (43 43 Cohn
365 1886 1 1910 45 334 Redlich
367 1886 III 1908 43 394 Furness, Waterman
11 I « 11 113 u- . KObOld
« “oow 1910 456 334 Kobold
369 “ Vv 18908 33 326 Klumpke
“ “o o« 1908 43 3% Bucht
372 “  VIII 1906 41 298 Fagerholm
374 1887 1 19062 387 275 Kreutz
375 “ II 1904 39 229 Stechert
383 1888 V “ “ “ Dinter
387 . 1889 IV “ “ “ Horn
389 “ VI 1806 31 310 Coniel
390 1890 I “ “ “ Seydler
(13 (13 13 113 (13 (13 Radelﬁnger‘“
391 “ II « “ “ Stromgren
392 “ III 1904 39 229 Rheden
393 “ IV 1896 31 310 Venturi
396 ¢ VII 1898 33 326 Spitaler
397 1891 I 1896 31 310 Lamp
400 “ IV 1904 39 229 Peck
403 1892 11 1898 33 326 Steiner
404 “  IIX Holmes 18906 31 310 Kohlschiitter
13 111 (13 13 113 (13 (13 Zwiers
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No. Year. Name. V.J.S. Computer.
406 1892 V . 1896 31 310 Coniel
409 1893 II “ “ “ Kromm
411 113 IV 113 143 [13 Peyra
412 1894 I 1904 39 229 Gast
413 “ II 1902 37 275 Peck
414 “ 11X Tempel, 1895 30 127 Schulhof
415 “ IV De Vico 18906 31 310 Chandler

« “oou “ 1900 35 357 Seares

416 1895 1 Encke 18905 30 129 Backlund
417 “o 11 1900 385 357 Morgan
418 “ II1 1898 33 326 Wassilief
419 “ IV 18907 32 58 Aitken
420 1896 1 “ “ 59 Buchholz
421 “ II Faye “ “ 60 —

422 “ IIX 1900 35 357 Aitken
423 “ IV 1902 387 275 Peck
424 “ v : 1897 32 62 Giacobini
425 “ VI Brooks “ “ 63 Bauschinger
426 “  VII 1899 34 82 Osten
427 1897 1 1902 37 275 Maoller
428 “ 11 d’Arrest 1808 33 90 . Leveau
429 “  III 1900 386 357 Wessell
430 1898 1 1902 387 275 Curtis
431 “ O II Winnecke 1899 34 74 Haerdtl
432 “ III Encke “ “ 75 Iwanow
433 “ IV Wolf “ “ 76 Thraen
434 “ v 1902 87 275 Hnatek
435 “ VI 1809 34 77 Perrine

“ “oee 1910 45 334 Curtis
436 “  VII 1902 37 275 Merfield
437 “  VIII 1900 35 71 Sprague
438 “ IX 1904 39 229 Peck
439 “ X “ “ “ Scharbe
440 1899 1 1902 37 275 Merfield

“ o« 1904 39 229 Wedemeyer
441 “ 11 Holmes 1900 36 74 Zwiers
442 “  TII Tuttle “ “ “ Rahts
443 “ IV Tempel, “ “ 76 Schulhof
444 “ v “ “ “ Giacobini
445 1900 Ia 1901 36 62 Berberich
446 “ TIIb . 1904 39 229 de Mello

13 ¢ 113 113 [ 13 Poor
447 “ TIle | 1902 37 61 Giacobini

“ “oow 1908 43 394 Abold, Scharbe
448 1901 Ia 1904 39 229 Merfield
449 “ IIb Encke 1902 37 64 Thonberg
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No. Year. Name. V.J. 8. Computer.
450 1902 Ia 1903 38 65 Kreutz, Stromgren
451 “ Ile « “ « Grigg
452 “ IIIb 1904 39 43 Aitken
453 1903 Ia “ “ 44 Ebell
“ “ou 1908 43 394 Bruck
454 “ IId (1902) 1904 39 45 Aitken T
455 “  IIIb 1906 41 298 Peck
456 “ IVe 1904 39 48 Aitken
457 “ vd Brooks s« “ 49 Bauschinger
458 1904 Ia 1905 40 83 Nijland-
459 “ TId S L 84 Aitken
“ “ “ 1910 456 334 Sedlacek
460 “  IIle Tempel, 1905 40 84 Coniel
461 1905 Ib Encke 4 “ “ 86 Kamensky, Okulitsch
462 [13 IIe (1904) 13 . 113 13 Fayet
463 “ IIla (1905) 1906 41 75 Banachiewicz
“ ’ “ou ¢ 1907 42 103 Giacobini
“ “ o« “ 1908 43 394 “ o
464 “ TIVb (1906) 1907 42 97 Weiss
“ : oo« “ 1909 44 157 “
465 “ Vp (1905) 1906 41 77 Wedemeyer
“ o« « 1908 43 394 Zappa
466 “ Via (1906) 1907 42 96 Ebell
467 1906 Ic (1905) 1906 41 77 Wedemeyer
“ oo« “ 1907 42 95 Schonberg, Biiss
“ “o o« “ 1908 43 394 | Terkdn, Czuczy
468 “ Ile (1906) 1907 42 98 Lamson
469 “ TIIIf | Holmes “ “ 100 Zwiers
470 43 I"‘7e . (43 113 (13 Ebell
471 “ vd Finlay “ « 98 Schulhof
472 1906 VIh ' “ “ 102 Crawford
473 “  Vilig “ “ 101 Dybeck
474 1907 Ia 1909 44 159 Tringali
475 “ JIb . “ “ 160 Weiss
476 “ Ille “ “ 161 Stromgren
477 “ Ivd “ “ 164 Kritzinger
478 “ Ve “ “ 165 Kobold
479 “ Via (1908) “ “ 167 Ebell
“ “ o« “« 1910 45 334 | Matkiewitch
480 1908 Ib Encke 1909 44" 167 Kamensky
481 “ JId |Tempels “ “oarT Maubant
482 “ IIle “ “ “ Kobold
483 1909 Ia 1910 45 108 Kobold
484 “ 1Id Winnecke ’ ¢ “o 11 Hillebrand
485 “ IIIb | Perrine “ “ 109 Kobold
486 . “ IVe “ “ 112 Ebell
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Table XXXVI gives a summary of the more important facts, according
to Galle and the Vierteljahrschrift, relating to the computation of the various
orbits in class 2, that is of what appear to be all the best known orbits out-
side of the periodic comets. The first two columns give the catalogue num-
ber and the year and designation of the comet, the third gives the computer’s
name, the fourth the duration in months of the observations used in com-
puting the orbit, the fifth the number of observations that were employed
when this is stated, and the sixth the number of normal places selected. In
the seventh column a -+ indicates that the perturbations produced by the
more important planets have been determined, in the eighth it indicates that
the orbit has been described as ‘ definitive,” and in the ninth that the
places of the comparison stars have been recomputed and generally re-
observed. The tenth column indicates the class to which the comet belongs.

3
When the orbit is elliptical the period U = (T—E—; * is given in the last column

to three significant figures. Even for the best determined orbits a period in
excess of 500,000 years must be considered simply as a result of computa-
tion, and as indicating merely that the period is surely very long.

TABLE XXXVI.-

DATA PERTAINING TO ORBITS OF CERTAINTY 2.

No. Year. Comput_er. Dur. Obs. Nor. | Per. | Def. | Star. | Cl. Period.
104 | 1771 Kreutz 3.5 — - |+ |=-|=1F —
142 | 1807 Bessel 6 - - | =1=1—-1D 1720
146 | 1811 1 Herz 17 |1000=| — | 4+ | — |+ | D 3090
157 | 1819 II | Peck 3.5 - 0| -+ |~—-|F -
164 | 1822 IV | Stichtenoth 4.5 - 6| —|+|~—-|D 5450
165 | 1823 Hnatek 3(?), 800+ 8| + | — | — | F -
168 | 1825 1 Boegehold 2 97 6|+ |+ |—1|D 3860
171 “ IV | Hubbard 12 - 2|+|—-|—-1|D 4470
176 | 1826 V Hnatek 27 32 7TV =-14+|=-|F -
177 | 1827 1 Stromgren 1.0 13 5| — |4+ |- | F -
181 | 1830 I Schulze 4.5 -~ 8 ' +|—-|—-| F -
188 | 1835 1 Rechenberg 1.2 - 5|— |+ |~ | F -
193 | 1840 IT | Kowalezyk 2 - 0|+ —-|—-1|D 3790
195 “ IV |Schultz, Steinheil 3.5 — 5!+ | —14+]|C 367=4
197 | 1842 IT | Schwarzschild 1.0 —e 4| - |+ |- | F -
198 | 1843 1 Kreutz 1.5 - 9|+ |+ |—-1|C 512=71
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No. Year. Computer. Dur Obs. Nor. Def. Period.
202 | 1844 II | Ross 8 — 9|+ | + E | 98200==300
203 “ TII |Fayet 2.5 - - =+ E | 28300

204 | 18451 Doberck 3 244 5+ | —|— |G -

205 “ JI |Scheller 2 - 8| — |+ 1| — | E | 115000

217 | 1847 II | Engstrom 8 - 9|+ | — | — | F —

218 | “ III |Gautier 9 - 8!+ | —| — 1| E| 44300

219 “ IV |Schur 3 - 8| — |+ |+ | F -

221 “ VI |Palmer 2.5 - 6|+ | — |+ |G —

225 | 1849 II | Weyer 5.5 - 0wl +|—-|-1G —

227 | 1850 I Carrington 2.5 - 9| — |+ |+ | E| 28800

228 | “ II |Rechenberg 2.5 - 9| — |+ |+ | F -

231 | 1851 III | Spitaler 2 — 4| - |4+ |—| E (1250000

237 | 1853 1 Cohn 1.2 - 6| —|+|— | F -

238 “ II |Rimker 1.2 - 9|+ | —|—=|C 782

244 | 1854 IV | Buschbaum, Steiner 2 — |-+ —-1C 1090=65
250 | 1857 1 Loewy 2.5 222 12| - |+ |+ | F -

253 “ IV | Moller 3 — — | 4+|-=-1-1C 235

262 | 1858 VI | Hill 9 - 6|+|—|—1|D 1950=6
268 | 1860 III | Auwers 4 - -4+ =+ | F -

270 | 1861 1 Oppolzer 5 - 71—+ +1C 417

271 “ II |Kreutz 11 1156 31|+ —-1—-1|C 409=04
277 | 1863 1 v. Flotow 3.5 — 5l — |+ |—-1@ -

278 “ II | Frischauf 7(?) - 8| —|—-|—1|F —

279 “ TJII | Ericsson 2 - 6|+ +|— | E 17800

280 “ IV |Svedstrup 3(D) — 12|—-|+|+ | E 18200

282 “ VI |Rosén 6 — -+ | -]|-16G -

284 | 1864 II | Kowalczyk 3 — 71 -1+ D 3930

285 ¢« III |Schroeter 7 57 714+ | + E | 55200
206 | 1868 II | Karlinski 1.1 201 71— 1+ F -

301 | 1870 I Seydler 1.4 74 71—+ —-|F -

302 “ II |Schobloch 4 — 10| — | + F —

306 | 1871 II | Cramer 3 185 0|4+ |+|—|F -

308 “ IV |Lagarde 3.5 — 6| -1+ |—|D 2060 =150
313 | 1873 IV | Gautier 1.0 — 5|+| -+ 1|D 3380
319 | 1874 III |v. Hepperger 6 638 17|+ |+ |+ | E| 13700
320 “ IV | Holetschek 3 — 71+ |+ =1C 306=+=14
325 | 1877 1 Thraen 1.1(7) 94 5| |+ |- | F -

326 “ II |Plath 3 274 7 M+ !+ |- | E 19800
327 “ III |Poenisch 1.5 173 6| —|+|—|D 10700
335 | 1879 II | Kremser 2 86 6| —-|4+|— F -

338 “ v Laves 2 — 6| — | + F -

341 | 1880 III | Molien 2 — 71 -1+ |—-|F -

346 | 1881 III | Riem 9 — 18— |+ |—1|D 2430
347 « TV |Stechert 3 - 12 + | = | F -

352 | 1882 1 v. Rebeur, Paschwitz | 5 1070 23| + | — | + | E (1170000
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No. Year. Computer. Dur. Obs. Nor. | Per. | Def. | Star.| Cl. Period.
-353 | 1882 II | Kreutz 9 - 9|+ |+ |+ |D 1240
354 “ TII |de Ball 3 — 9 — |+ |-G -
355 | 1883 I Hellebrand 1.7 - 6| - |+ |-G -
361 | 1885 II | Berberich 1.5(7)| - 6| —|+|+1G -
362 “ TJII | Klumpke 1.0 77 6| +|+|—1|C 274
364 “ YV |Cobn 2 - 5| —{+|—-|F -
366 | 1886 I1 | Thraen 7.5 760 "4+ 4+1a -
372 “  VIII} Fagerholm 4 86 6| — |+ |- F -
373 “ IX | Buschbaum 8 323 MWl +|1+|+| G -
375 | 1887 II | Stechert 3 - m|-y+|-1¢ 999
376 ‘“ TIII |Heinricius 2 - 9|+ |+ |+ | F -
377 “ IV | Muller 3(7 - 7\+ |+ |+ | D 6730
383 | 1888 V | Dinter 7 250 6| —-|+4+|—-|D 2367
384 | 1889 I Berberich 13 - 12| - |- —-1|@ —
387 “ IV |Horn 4 - 7/ -1+ | -1 D 9740
390 | 1890 I Radelfinger 1.1 - 6| —|4+|—-I|F —
391 “ TII |Stréomgren 10.5 - 6|+ 4+| -G -
395 “ VI | Bobrinskoy 2 — -\ +|-|-1E 57500
397 | 1891 1 Lamp 3.5 — 6 +|+ -G —
400 “ IV |Peck 2 - 4| - |+ |- | E 54400
403 | 1892 IT | Steiner 9.5 - 2|{— |4+ |-G —
409 | 1893 II | Kromm 5.5 — 9| - |+ |- E 44400
411 | “ IV |Peyra 3 - 4| —-|+|—-1|D 3520
422 | 1896 III | Aitken 2 — V- + |-G -
427 | 1897 1 Moller 6 - B -|4+|-1G -
429 “ JII | Wessell 1.2 - 5| —1|+| =1 F -
430 | 1898 1 Curtis ' 8 - 9| - +|—-1]C 417
434 “ Vv Hnatek 2 - 6| — |+ |- | F -
435 “ VI |Curtis, Richardson 2 122 71+ +|-|F -
436 “  VII | Merfield 18 - 6| -4+ |-G —
439 “ X |Scharbe 1.2 266 6| — |+ | — | E| 159000
440 | 1899 I Wedemeyer 5.5. 680 4| —-14+|-1G -
446 | 1900 IT | Poor 3 - 8| — |+ |-G —
448 | 1901 I Merfield 1.5 - 6| — | +|—- | E 39000
453 | 1903 I Bruck 1.5 507 8| -1 +|—-| E 43100
455 ¢« TIII | Peck 1.0 - 4| - | — | - | F -

In Table XXXVII is given an enumeration of the orbits contained in
Table XXXIV. In the first two columns they are tabulated according to
the certainty with which we know them, the second column giving the num-
ber of orbits of the certainty described in the first. In the third, fourth,
fifth, and sixth columns the orbits are tabulated by classes, and the number
of orbits in each class is given. The seventh, eighth, and ninth columns
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refer similarly to the accurately known orbits of certainty 2, and the last
three columns to_the less accurately known orbits of certainty 3.

TABLE XXXVII,

SUMMARY OF TABLE XXXIV.

Cert. No. Class. No. Class. No. 2 No. Per cenj;. 3 No. Per cent.
1 106 A 34 G 26 C 11 11 C 9 9
la 40 B 12 H 87 D 29 30 D 19 20
2 96 C 20 I 61 E 5 5 E 3 3
3 96 D 48 a 79 F 33 35 F 58 60
4 105 E 8 b 20 G 18 19 G 8 8
5 48 Fooa 486 9% 100 07 100

A large proportion of the comets of this certainty, a little short of two-
thirds in fact, belong to class F, and therefore have parabolic orbits. Of the
more accurately known orbits of certainty 2, only one-third were indistin-
guishable from parabolas. A longer observation of their paths would diminish
this fraction still further. It is evident therefore that many comets classed
as parabolic under certainty 3 would really be placed in the other classes if
their orbits were better known. If accurately known the path of every .
comet must obviously be either an ellipse or a hyperbola. There is strictly
speaking no such thing as a parabolic orbit, except as a mathematical con-
ception.

It is probable, judging from the ninth column, if all the orbits now as-
signed to class F were accurately known that we should find that two-thirds
of them were elliptical, and the rest hyperbolic. Excluding the orbits of the
known periodic comets in classes A, B, a, and b, and the comparatively un-
known orbits in classes H and I, there remain in classes C, D, E, F, and G
193 orbits. Of these we conclude that about 10 per cent belong in class C,
40 in D, 20 in E, and 30 in G. )

Table XXXVIII refers solely to the comets of the nineteenth century.
The first two columns give the different classes, and the number of comets
of each class that appeared in that century. The next three columns refer
to the five great comets of brilliancy I. Three of these, or 60 per cent were
in class D, as is shown by columns three and four. Since by the second
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column we find that there were 41 comets in this class, it appears that 7
per cent of them were comets of the first quality, as is shown by the fifth
column. The next nine columns are similarly arranged for comets of brilliancy
II, ITI, and IV. The last three columns give the same results for all of the
naked eye comets taken together. Of the 14 comets of the two highest
grades 7 belong to class D, and 51 per cent of all the comets of this class were
visible to the naked eye. On the other hand class F of the parabolic orbits
stands, as shown by the last column, rather low on the scale, while class H
of the poorly known orbits, stands lower still. This is clearly due to the fact
that faint comets could not be followed for long, and would therefore naturally
fall into this class. The comets of short period that were visible to the
naked eye are represented as we see by their early appearances only. Not a
single last appearance, which would be entered under class A, was bright
enough to be included in the table. The last figure of the last line shows
that one-quarter of all the comets observed were visible to the naked eye.
We notice also that one comet out of every sixty is of the very first class.

TABLE XXXVIII.

CLASSIFICATION OF COMETS ACCORDING TO THEIR BRILLIANCY.

Cl No I Pe Pe II Pe Pe. III Pe. Pe v Pc Pc Total. Pe. Pe.
A 19
B 12 2 22 17 1 3 8 1 3 8 4 5 33
C 18 40 11 2 6 11 3 9 17 7 9 39
D 41 60 7 4 45 10 |12 33 29 2 7 5 |21 26 51
E 8 1 3 12 2 7 25 3 4 37
F 64 1 11 2 {11 30 17 5 16 8 17 21 27
G 24 3 8 12 5 16 21 8 10 33
H 47 3 8 6 5 16 11 8 10 17
I 2 2 22 100 2 2 100
a 72 2 6 3 8 26 11 10 12 14
b 5 1 3 2 ) 1 1 20
312 5 100 2 9 100 3 |36 100 11 31 100 10 |81 100 26

Table XXXIX refers only to the comets and .returns of comets observed
in the last half of the nineteenth century. The first three columns indicate
the certainty with which we know their orbits, the number of comets for
each grade of certainty, and the corresponding percentage. Certainty 1 and
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la are combined in these columns. The mnext three columns give similar
results for the classes of orbits, and the last three for the different brilliancies
of the comets. '

TABLE XXXIX.

ENUMERATION AND PERCENTAGES.

Cert. No. Per cent. Classes. No. Per cent. Brilliancy. No. Per cent.
1 82 37 AB 26 12 I 3 1
2 67 31 CD 42 19 11 4 2
3 40 18 EFG 65 30 III - 24 11
4 29 13 HI 30 13 v 19 9
5 1 1 ab 56 26 14 169 77
219 100 219 100 219 100

The most interesting features exhibited by this table are first, that for
only one-seventh of the orbits, as indicated by the third column, are we so
uncertain regarding the aphelion distances that we are unable to classify them.
Second, as shown by the sixth column, that over one-third of the comets were
in classes A, B, a, and b, 7. e. periodic comets, one-fifth in classes C and D,
moved in “determinable ellipses, and about one-third in classes E, F, and
G moved in extremely long ellipses and hyperbolas. Third, as shown by the
last column, about one-quarter of all the comets observed were visible to the
naked eye. ‘

During the earlier centuries since the Christian era numerous comets were
recorded, but with no mention made of their position in the heavens. Many
such instances are collected in Chambers’ Handbook of Astronomy, and his
later work ‘ The Story of the Comets’ from which latter publication, the
following enumeration has been taken. The figures indicate the total number
of comets recorded, whether accurately observed or not, in each century up to
the year 1700:—22, 22, 39, 22, 19, 26, 33, 17, 41, 30, 38, 31, 30, 34, 45, 40,
35. In all 524 comets were mentioned in 17 centuries, or 31 comets per cen-
tury. At this rate judging by the totals in Table XXXVIII we should find
that all the comets of brilliancy I and II, and about half those of brilliancy
I1I were sufficiently conspicuous to secure a record from the Chinese astronomers
and our own predecessors. Every return of Halley’s comet was recorded.
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CHAPTER XII.
APHELION DisTaNcEs. HYPERBOLIC ORBITS.

In Table XL the comets of classes A and B are given in the order of their
aphelion distances. This order it will be noted differs materially from that
of their mean distances, or periods, in which comets are more usually classi-
fied. The reason for this change is that the relation between the aphelion
distances of these comets and the four major planets with which they are
associated seems to be clearly marked, as was first pointed out by Laplace,
while the relation between the planets and the mean distances, or periods of
the comets, seems to be only secondary in its nature.

TABLE XL. ‘
APHELION DISTANCES OF CLASSES 4 AND B.
No No. n. N‘ame. " Computer. Cert,. Per. Dist. Log. dist.
Crass A.
*

480|117 31 Encke . Kamensky 1°|3.30 | 4.09 | 0.6117
460|311| 5| Tempel, Schulhof 1 | 5.28 | 467 | 0.6693
336|293| 3 Tempel, ’ Gautier 1 5.98 | 4.83 | 0.6839
358|358 | 1 Barnard Berberich la | 540 | 4.87 | 0.6875
368 (368 | 1 Brooks Oppenheim la | 560 | 4.97 | 0.6964
1591159 1 Blanpain Lagarde la | 5.10 | 5.02 | 0.7007
113|113 1 Pigott Peters la | 5.88 | 5.06 | 0.7042
396|396 1 Spitaler - Tennant la | 6.40 | 5.08 | 0.7059
469|404 3 Holmes Zwiers 1 | 6.86 | 5.10 | 0.7076
415 64| 3 De Vico Chandler 1 | 5.86 | 5.11 | 0.7084
481300 4 Tempel; Maubant 1 | 5.68 | 5.22 | 0.7177
85| 85| 1| Grischow Clausen la | 5.44 | 5.32 | 0.7259
4701470 1 Kopff Ebell - la | 6.62 | 5.36 | 0.7292
457|388| 3 Brooks , Neugebauer 1 | 7.10 |.5.43 | 0.7348

* Computed from the elements of M. Thonberg founded on the appearance number 449. Astr. Nach.
166, 27.
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No. | No. | 'n. Name. Computer. Cert. | Per. Dist. Log. dist.
Crass A (continued).
4861486 1 Daniel Ebeil la | 6.40 | 5.52 | 0.7419
406|406| 1 Barnard . Coniel ‘ la | 6.52 | 5.55 | 0.7443
484|100, 9 Winnecke Hillebrand 1 | 5.89 | 5.56 | 0.7451
334|210| 5 Brorsen Lamp 1 | 546 | 5.61 | 0.7490
433(359| 3 Wolf Thraen 1 |6.84 | 561 | 0.7490
102|102 1 Lexell Le Verrier la | 5.60 | 5.63 | 0.7497
4241424 1 Giacobini Giacobini la | 6.86 | 5.76 | 0.7604
485|426 2 Perrine Kobold . 1 | 645 | 576 | 0.7604
259|259| 1 Tuttle Schulhof la | 6.61 | 5.89 | 0.7701
4281230 6 d’Arrest Leveau 1 6.68 | 5.90 | 0.7709
4621462| 1 Borrelly Fayet la | 7.04 | 5.94 | 0.7738
382|200 8 Faye Moller 1 | 7.56 | 5.96 | 0.7752
4711371 3 Finlay Schulhof 1 | 6.54 | 6.02 | 0.7796
447 1447 1 Giacobini Abold, Scharbe la | 6.52 | 6.05 | 0.7818
417|417 1 Swift ' Morgan la | 7.22 | 6.17 | 0.7903
235105 6 Biela (B) Hubbard 1 |662 |6.19 | 0.7924
4121412 1 Denning Gast la | 7.42 | 6.48 | 0.8116
4721472 1 Metcalf Crawford la | 8.24 | 6.54 | 0.8156
389|389 1 Swift Coniel la | 891 | 7.24 | 0.8597
3481348 1 Denning Matthiessen la | 8.69 | 7.73 | 0.8882
Crass B.
213|213 1 Peters Berberich . la | 13.4 | 9.7 | 0.9886
4421123 5 Tuttle Rahts 11 13.7 | 10.4 | 1.0170
200 27| 2 Tempel, Oppolzer la | 33.2 | 19.6 | 1.2923
2021292| 1 Stephan - Becker la | 40.1 | 21.8 | 1.3385
236(236( 1 Westphal Westphal la | 60.6 | 29.6 | 1.4713
378|151 2 Olbers Ginzel 1 72.6 | 33.6 | 1.5263
357148 | 2 Pons , Schulhof, Bossert 1 71.6 | 33.7 | 1.5276
211|211 1 De Vico v. Hepperger la | 75.7 | 35.1 | 1.5453
190 4| 14 Halley Westphalen 1 76.3 | 35.4 | 1.5490
220(220| 1 Brorsen Gould la | 81.0 | 36.9 | 1.5670
275(275| 1 Tuttle Hayn la [119.9 | 47.6 | 1.6776
386|386 1 Barnard Berberich 1la |128.4 | 49.8 | 1.6972

In the table the first column gives the number of the last appearance of
the comet, the second that of its first appearance, and the third the total
number of its appearances as recorded in Table XXXIV. The fourth column
gives its generally accepted name, and the fifth that of the computer whose
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orbit has been adopted in this investigation. The sixth column gives the
assumed certainty of our knowledge of the orbit, taken from the sixth
column of Table XXXIV. The seventh gives the period, the eighth the

aphelion distance R = ¢ (11 +:), and the last the logarithm of this distance.

Table XLI is arranged like Table XL except that the second, third, and
fourth columns are omitted.

TABLE XLI.

APHELION DISTANCES OF CLASSES (¢, D AND E.

No. Computer. Cert. Per. Dist. |Log.dist.] No. Computer. Cert. Per. Dist. |Log. dist.
Crass C. Crass D (continued).

253 | Moller 2 235 75.5|1.8779] 346 | Riem 2 2430 361 [2.5575
362 | Klumpke 2 274 83.7 11.9227 1254 | Linsser 3 2450 364 |2.5611
463 | Giacobini 3 297 88.11.9450} 179 | Cluver 3 2600 379 12.5786
320 | Holetschek 2 306 89.0|1.9494 | 146 | Herz 2 3090 423 (2.6263
195 | Schultz, Steinheil 2 367 | 101.0|2.0043]313 | Gautier 2 3380 449 [2.6522
128 | Peters 3 390 | 105.3(2.0224]411 | Peyra 2| 3520 | 462 |2.6646
271 | Kreutz 2 410 | 109.612.0398]193 | Kowalezyk 2 3790 485 12.6857
430 | Curtis 2 417 110.5 [2.0434 ] 168 | Boegehold 2 3864 492 12.6917
270 | v. Oppolzer 2 417 | 110.7|2.0441] 284 | Kowalezyk 2 | 3930 497 12.6964
246 | Tiele 3 500 | 123.9/2.0931]171 | Hubbard 2 4470 542 |2.7340
214 | Oudemans 3 497 | 124.9{2.0966]305 | Holetschek 3 5130 597 12.7760
198 | Kreutz 2 515 | 128.5|2.1089] 164 | Encke 3 5440 618 |2.7910
351 | Olsson 3 611 | 142.212.1529]263 | Weiss 3 6040 659 [2.8189
147 | Nekrassow 3 755 | 164.2|2.2154]255 | Auwers 3 6140 669 |2.8254
369 | Bucht 3 771 | 167.8(2.2248]175 | Klug 3 6263 679 |2.8317
238 | Riimker 2 782 | 168.9|2.2276|377 | Muller 2 6730 712 |2.8525
375 | Stechert 2 999 | 198.2(2.2971| 97| Burckhardt 3 | 7510 | 754 (2.8774
245 | Elkin 3 997 | 198.312.2973]226 | d’Arrest 3 8200 823 [2.9154
244 | Buschbaum, Steiner 2 1090 | 210.82.3239} 65| Encke 3 8450 852 [2.9304
413 | Peck 3 1140 | 217.62.3377]387 | Horn 2 9740 | 911 |2.9595
216 | Hornstein 3 | 10300 942 |2.9741

327 | Poenisch 2 | 10700 969 [2.9863

Crass D. 393 | Venturi 3 | 11000 | 990 |2.9956

319 | v. Hepperger 2 | 13700 |1140 [3.0569

353 | Kreutz 2 1240 231 |2.3636]279 | Ericsson 2 | 17800 |1360 (3.1335
116 | Krueger 3 1350 241 |2.3820] 280 | Svedstrup 2 | 18200 | 1380 [3.1399
142 | Bessel. 2 1720 286 (2.4564 326 | Plath 2 | 19800 |1460 |(3.1644
262 | Hill 2 1960 311 |2.49281402 | Berberich 3 | 19900 |1480 |3.1703
308 | Lagarde 2 | 2060 323 |2.5092]321 | Gruss 3 | 23400 | 1680 (3.2253
101 | Bessel 3 2090 327 |2.51451203 | Fayet 2 | 28300 |1860 |3.2695
379 | Tennant 3 2150 336 |2.5263 | 227 | Carrington 2 | 28800 |1880 [3.2742
383 | Dinter 2 2370 354 |2.5490|448 | Merfield 2 | 39000 |2300 |3.3617

John G. Wolbach Library, Harvard-Smithsonian Center for Astrophysics ¢ Provided by the NASA Astrophysics Data System



http://adsabs.harvard.edu/abs/1911AnHar..61..163P

i 7761 _T63P)

mI

192 ANNALS OF HARVARD COLLEGE OBSERVATORY.
No. Computer. Cert. Per. Dist. |Log. dist. .No. Computer. - Cert. Per. Dist. |Log.dist.
Crass D (continued). Crass E.

453 | Bruck 2 43100 | 2460 (3.3905] 202 | Ross 2 98200| 4260 (3.6294
218 | Gautier 2 44300 | 2500 (3.39791 205 | Scheller 2 | 116000| 4750|3.6767
409 | Kromm 2 44400| 2510 (3.3997§439 | Scharbe 2 159000 | 5860 |3.7679
314 | Kreutz 3 53800 | 2850 (3.45481 385 | Millosewick 3 | 322000| 9400 3.9731
400 | Peck 2 54400 | 2870 (3.4579]192| Rechenberg 3 | 486000/ 14200 [4.1523
285 | Schroeter 2 55200 | 2900 (3.4624 | 381 | Millosewick 13 | 971000 | 19600 |4.2923
395 | Bobrinskoy 2 57500 2980 |3.4742}352| v. Rebeur, Paschwitz | 2 | 1170000 | 22300 [4.3483
109 | Clizver 3 75300 | 3570(3.5527 231 | Spitaler 2 | 1250000 | 23200 4.3655

An enumeration of the comets contained in Tables XL and XLI is made
in Table XLII. = The first column gives the logarithms of aphelion distances
taken at regular intervals. A count was made of all the comets the loga-
rithms of whose aphelia lay between 0.5 and 0.7 and the result was entered
in the second column of the table against the number 0.6. The number of
~comets lying between 0.6 and 0.8 was similarly entered against 0.7 and SO on.

TABLE XLII.

ENUMERATION OF ORBITS.

Log. |Orbit.§ Log. |Orbit.] Log. |Orbit.j] Log. |[Orbit.§ Log. ([Orbit.}] Log. |[Orbit.] Log. |Orbit.J] Log: [Orbit.

0.5 0] 11 1] 1.6 71 21 91 26 [ 13} 3.1 51 3.6 3] 41 1
0.6 51 1.2 1} 17 21 22 7y 27 9] 3.2 71 3.7 3] 42 | 2
07 |30} 13 21 1.8 11 23 91 28 8| 33 7] 38 1] 43 3
08 |29; 14 21 19 41 24 6§ 29 |11 ] 34 8] 3.9 1] 44 2
0.9 51 15 6] 20 |10} 25 91 30 74 3.5 51 4.0 1) 45 0
1.0 2

These results are recorded in Figure 32 where the abscissas are taken from
the first column of the table, and the ordinates from the second.

Beneath the heavy horizontal line are marked the intervals equal to t}le
logarithms of the mean distances of the planets Earth, Jupiter, Saturn,
Uranus, and Neptune, each being indicated by its initial. The distance of
the hypothetical planet O is also indicated. The Jupiter family of comets is
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very clearly marked. The ordinates of the curve do not directly indicate
the number in the different planet families, which for Jupiter is 34. Saturn
has only 2 comets in its family, and these are absorbed in the curve of the
Jupiter group. Uranus also has 2, while Neptune has 6. Why Neptune
should be so well provided as compared with Saturn is not at first apparent,
since its mass is less than one-fifth as great. The size of its family is prob-
ably due in part to its more isolated position and larger orbit, and in part

40 - 40

TN A )

C
14
(

0 . [} 2 3 4 5 6

Fic. 32.

to the slow orbital motion that both it and the comets approaching it possess
at that distance from the Sun. Neglecting any perturbations, a comet would
remain nearly twice as long in its vicinity as it would in that of Saturn.

The four short vertical lines above the horizontal one indicate the divi-
sions between the first five classes of cometary orbits described in Chapter
XI. Beyond Neptune it will be seen that numerous cometary maxima oceur.
It was pointed out by Flammarion, L’Astronomie Populaire, 1879 that ' the
existence of a planet beyond Neptune might be indicated by some of these
maxima. The hypothetical planet O, described in Part II of this volume,
agrees pretty closely in distance with the value which he suggested, 48 units.

At about the same time Professor G. Forbes, Proc. Roy. Soc. Edinburgh
1878-80, 10, 426, suggested that these maxima might indicate the existence
of a planet at a distance of 100 units, with a period of 1,000 years, and of
another at a distance of 300 units with a period of 5,000 years. These dis-
tances would correspond in the figure to abscissas of 2.00 and 2.48. In the
light of the data now collected, and exhibited in Figure 32, the first of these
positions appears at first sight quite plausible, but later we shall find reason
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to modify this value considerably, and to change the other one entirely. Too
much stress must not be laid on the smaller maxima and minima shown
in Figure 32, and it must be remembered that since the curve is logarithmic,
the more remote aphelia are very much more concentrated than those lying
nearer to the Sun. The abscissa provisionally adopted for the second planet
Q, at 2.60, corresponds to a distance of 400 units, and a period of 8,000 years.

As the years go by, these maxima will all rise, but not all with equal
speed. Thus from 1881.0 to 1901.0 there were discovered 15 new comets in
class 4, 1 in class B, 6 in C, 12 in D, and 4 in E. Except in class B the
rise was roughly proportional to the areas bounded by the four short vertical
lines. This will not remain true, however. After a few decades, all the comets
in class A readily visible in our modern telescopes will have been found, and
we shall merely watch their returns. Not so with the other classes, for new
comets belonging to C, D, and E will be constantly appearing, and these classes
will then furnish the maxima of the curve. This will be especially true of
D and E, the eccentricity of whose orbits are so nearly equal to unity that
many astronomers do not now consider the difference worth the trouble of
computing.

Besides the 122 orbits represented by the curve, there are 91 parabolic
orbits, and 26 hyperbolic ones, 117 in all. Among the 91 orbits classed as
parabolic, doubtless there are many which should be entered somewhere upon
the curve, if their aphelia were better known. As it now stands, it is clear
that there is a well marked diminution in numbers shortly after passing
abscissa 3.70. This diminution becomes more striking when we recollect that
owing to the concentration of the aphelia already mentioned there is a tendency
to increase the height of the ordinates as we advance towards the right.

The larger aphelion distances of class E have little individual numerical
significance. That is to say the orbits are usually almost as well represented
by a parabola as by the given ellipse, and the eccentricity is published
chiefly for the purpose of indicating the close agreement of the observations
with the parabola. It may be remarked in this place, however, that it is very
desirable that the computers of cometary orbits should always give the eccen-
tricity when the orbit has been well observed, indicating also its maximum and
minimum probable values. See also a paper by Leuschner, Pub. Astr. Soc. Proc.
1907, 19, 67.

The distance’ of the nearest known star, o Centauri, 275,000 units, is
indicated on the curve at a by the abscissa 5.44. The two lines marked 8
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indicate the limiting distances of the nine stars next nearest to the Sun,
whose parallaxes range from 0.4 to 0”.3.

While the parabolic orbits of class F cannot be advantageously classified
in this chapter, the hyperbolic ones of class G may be compared with one
another, and with the elliptic orbits, by taking advantage of a modification
of Kepler's third law, namely:— The areal velocities of bodies revolving
around the Sun are proportional to the square roots of the parameters of
their orbits. The semi-parameter of a conic section expressed in terms of the

2

perihelion distance ¢ and the semi-major axis a is for an ellipse p = 209-¢ ,

for a parabola P = 2¢, and for a hyperbola p = 200 + ¢ The ratio of
. a

the areal velocities at perihelion of the ellipse or hyperbola to the parabola

is therefore r = \’% = Jl + -2%, and where ¢ is very small as compared to a,

we have r =14 L.
4a
At the distance ¢ we have in the case of the Sun the parabolic velocity

42.10 » . » o g
= in kilometres per second. The difference between the elliptic

or hyperbolic and the parabolic perihelion velocities in kilometres per second
is therefore _
4a a

k=4

For an ellipse a = I _q_ - and for a hyperbola a = p z & Hence for an ellipse
we have
_10525(1 —¢) _ 10.525 (¢ — 1)
Vg Vg
and for a hyperbola we have the same equation. ) .

In Table XLIII the first column gives the catalogue number of the
comet, the second its name if periodic, otherwise its date and designation,
the third the name of the computer, the fourth the certainty of its elements,
and the fifth the type under which it is classified. The sixth column gives
the logarithm of the perihelion distance g, the seventh the eccentricity minus
1, the eighth the resulting deviation from the parabolic velocity at perihelion
'expressed in kilometres per second, and the ninth the same quantity ex-
pressed in kilometres per day. In the computation the value of e—1 was
always taken to three significant figures, but in the table it was thought

k=
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that the differences between the various orbits would be better shown if all
were carried to the same number of decimal places.

The last column of Remarks contains the aphelion distances in the case
of the elliptic orbits. These were taken merely as representative examples,
two being selected from class A, two from class B, one from C, four from
D, and one from E. A comparison of the first two illustrates the effect
on K of a diminished eccentricity, the negative value of K being consider-
ably larger in the second case, although the aphelion distance is greater.
The sixth and eighth orbits illustrate the effect of a difference in the peri-
helion distance, K being nearly identical in the two cases, although their
aphelion distances are very unlike.

TABLE XLIII.

DEVIATIONS FROM PARABOLIC VELOCITY OF ELLIPTIC AND HYPERBOLIC COMETS.

No. Name. Computer. Cert. |[Type. | logaq. e— 1. k. K. Rem.

Evvipric ORBITS.

480 | Encke | Kamensky 1 | N [9.5291 |—.152605 | —2.76 —239000 4.09
382 | Faye Moller 1 | N |0.2401 |—.450983 | —3.60 —311000 5.96
442 | Tuttle | Rahts 1 | O |0.0085|—.178290 | —1.86 —161000 10.4
190 | Halley | Westphalen 1 | O 9.7683 |—.032609 | —0.448 —38700 35.4
2711|1861 I1 | Kreutz 2 | P 9.9151|—.014923 | —0.173 —15000| 109.6
353 | 1882 II | Kreutz 2 | @ [7.8890|—.000067 | —0.0080 —692| 231.
2621858 VI | Hill 2 | p 19.7623 |—.003707 | —0.0513 —4430| 311.
395 | 1890 VI | Bobrinskoy 2 | Q |0.1004 |—.000846 | —0.00793 —685 | 2980.
109| 17801 | Cliiver 3 | @ |8.9836|—.000054 | —0.00183 —158| 3570.
352118821 |v. Rebeur, Paschwitz| 2 | r |8.7836 |—.000005 | —0.00023 —20 {22300.

HyperBOLIC ORBITS.

354 | 1882 III| de Ball
277118631 |v. Flotow
199 | 1843 I1 | Goetze
465| 1905V | Zappa
403 | 1892 IT | Steiner
204 | 18451 | Doberck
3911|1890 II | Stromgren
221 | 1847 VI | Palmer
4461900 IT | Poor

9.9803 |--.000074 | -0.00080 -+69 )
9.9002 |+-.000071 | -4-0.00084 +72 .
0.2085 |+.000180 | +0.00149 +129
0.0221 |4-.000189 | +0.00194 +168
0.2946 |4-.000345 | 4-0.00259 +223
9.9567 |+-.000247 | 4-0.00273 +236| =
0.2805 |--.000410 | +0.00312 +270| p
9.5172 |4-.000173 | +-0.00317 +274
0.0064 |-4-.000329 | +0.00344 -+297 n

NNNNNWWNDN
OO0
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No. Name. Computer. Cert. |Type.| logaq. e—1. k. K. Rem.

Hypersonic ORBITS (continued).

366 | 1886 II | Thraen
355| 18831 | Hellebrand
373 | 1886 IX | Buschbaum
239 | 1853 III| Krahl

282 | 1863 VI | Rosén
44018991 | Wedemeyer
42211896 I1I| Aitken
2251849 IT | Weyer

436 | 1898 VII| Merfield
38418891 | Berberich
427118971 | Moller
361 1885 II | Berberich
240| 1853 IV | d’Arrest
1411806 IT | Hensel
155| 1818 ITI| Rosenberger, Scherk
367 | 1886 I1I| Kobold
107 {1774 Burckhardt

9.6806 | 4-.000229 | 4-0.00348 +301 s
9.8809 | 4-.000344 | 4-0.00415 +359
9.8217 | 4-.000382 |4-0.00494 .| +426
9.4869 | 4-.000261 | 4-0.00496 +428
0.1183 | 4-.000650 | 4-0.00597 +516
9.5140 | 4-.000350 | 4-0.00645 +-557 s
9.7530 | +.000476 | 4-0.00666 +575
0.0642 | 4-.000708 | 4-0.00692 4598
0.2309 | +.001034 | 4-0.00831 +718
0.2589 | +-.001086 | 4-0.00852 +736
0.0264 | +-.000927 | 4-0.00946 -+818
0.3993 | 4+-.002852 | +0.0189 41640
9.2372| +.001229 | +0.0312 42690
0.0342 | 4-.010182 | 4-0.1032 48920
9.9320 | +-.011617 | +4-0.1320 | +11400
9.9257 | 4-.012893 | 4-0.1478 | +12770
0.1562 | +.028296 | +4-0.2488 | 421500

(%]
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HOOLOLLO O I HOHODD

Under the hyperbolic orbits an 7 in the last column indicates that the
deviation from the parabola is so insignificant that practically both orbits fit
the observations- equally well. An 7 indicates that the deviation from the
parabola is not proved. A p shows that it is due to perturbations of known
planets, and an s that the evidence for it appears to be satisfactory. These
conclusions are in most cases taken from the Vierteljahrschrift.

The fact that many so-called parabolic, and some hyperbolic orbits exist,
has been used as an argument by some astronomers in favor of the belief
that these comets come from interstellar space, and will visit the Sun but
once. It is proposed now to show, not only that comets arriving from finite
distances may, owing to the action of a remote and unknown planet, possess
hyperbolic orbits, but also that owing to the continued action of the planet,
as the comet recedes from the Sun, the orbit may be reconverted into an
ellipse. The effect is therefore not the same as that of an ordinary pertur-
bation due to a close approach to a planet, which simply changes the velo-
city of the comet in one direction. Although the two effects are practically
quite dissimilar, there is really no distinction of kind, the difference being
merely quantitative. It is convenient however to treat the present case
from a different standpoint from that usually taken.
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Assume a comet whose aphelion coincides with the orbit of an unknown
planet, to be on its way to the Sun. Assume the planet in the diametri-
cally opposite portion of its orbit. The velocity v of the comet at any point
may be decomposed into three portions, its parabolic velocity U, the differ-
ence between its parabolic and elliptic velocities E, and the velocity P occa-
sioned by the accelerating force of the planet. Hence we have v = U — K + P..
When the comet recedes from the Sun the three signs are reversed, and if
the planet be assumed stationary, its final effect on the aphelion distance
will be zero. The presence of the planet nevertheless obviously affects the
speed of the comet at perihelion, which is the only place where we can
observe it, and our observations lead us to attribute a greater aphelion dis-
tance to it than is really the case, since no correction for this perturbation
can be made. : .

An inspection of the equation shows that whether our observations lead
us to believe the orbit to be elliptic or hyperbolic, depends merely on
whether E or P is numerically the larger. If they are equal the orbit
appears to us to be parabolic. The fact that a comet possesses a hyper-
bolic orbit is consequently not conclusive evidence that it may not in the
future again return many times to the vicinity of the Sun.

If the planet is on the side of its orbit near the aphelion of the comet, it
may under certain circumstances give the latter a greater hyperbolic velocity
than if it is on the further side, but the effect in general will be to diminish
the speed of approach to the Sun, and give the impression that the aphelion
distance of the comet is less than is really the case. The known planets act
on the parabolic comets for most of the time of their approach as if the
former were themselves a part of the Sun. Unless very near to the comets
the perturbations caused by them are therefore comparatively slight.

Let us now see what mass an unknown planet must have that would be
capable of producing the hyperbolic excesses k that we find in the eighth
column of Table XLIII. For reasons which will appear later in Chapter
XIX it is thought that the higher excesses are not due to this cause. In
the present computation therefore we shall adopt for the maximum value
of k the very moderate value of 0.006. This velocity we shall assume to be
due to the presence of an unknown planet situated nearly opposite to the
aphelion of the comet, and we will further assume that its distance from the
Sun is 400 units, that is to say the distance-of the assumed planet @. The
calculation involves a solution of Kepler’s problem, and therefore a general
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equation for it cannot be given, but an approximate value is readily ob-
tained which will be quite accurate enough for our present purposes.

I.

E: Let us assume a comet whose aphelion distance is 399 units, and its
a5
- perihelion unity. Its eccentricity therefore = ;—g—g = 0.995. Its velocity v in any

portion of its orbit is given by the formula for elliptic motion v* = U2 u (% - %)

where U is the parabolic velocity, and is therefore a constant for all ellipses
having the same perihelion distance. When this distance is unity and the mass
equal to that of the Sun, U = 42.10 km. per sec. In the above formula u
is the mass of the Sun, 7 the radius vector of the comet, and s its aphelion
distance. - A comet moving in an orbit whose semi-major axis is 200 units has
a period of 2,828 years.

In the first column of Table XLIV the semi-period is divided into ten
equal parts starting from the aphelion, and the year given at which it
reaches each of the eleven dividing points of its orbit. The second and third
columns give the corresponding mean and eccentric anomalies, the latter
being taken directly from Astrand’s tables. The fourth column gives the
natural cosines of the eccentric anomalies, and the fifth, obtained by multi-
plying by 200 and adding 200 to the product gives the distances of the
dividing points from the perihelion. We shall assume that the comet moves

TABLE XLIV.

QUANTITIES REQUIRED IN ORDER TO DETERMINE THE MASS OF Q.

Years. M. E. Cosine. Dist. z Reciprocals. —3 2 A. =+ 399, a
-0.0 | 180 | 180.0 | +1.0000 | 400.0 10.0025063 | 0.0000000 | 0.000 :
1414 | 162 | 1710 | +0.9877 | 397.5 2349: 0.0025221 | 0.0000158 | 0.167 | 0-167 | 798 1 0.0415

282.8 | 144 | 161.8 | 4+0.9500 | 390.0 0.0025707 | 0.0000644 | 0.338 | O-171 | 793 1 0.0420

4242 | 126 | 1524 | +0.8862 | 377.2 gg‘; 0.0026582 | 0.0001519 | 0.519 g‘igé ,7,23 ,3'312},
565.6 | 108 | 1426 | +0.7944 | 3589 | T3 | 00027941 | 0.0002878 | 0714 | 0,00 | T8 | 00449
7070 | 90 | 1322 | 406717 | 3343 27 | 0.003000 | 0.000494 | 0936 | (2> | 710 | 0.0475
8484 | 72 | 1209 | +05135 | 3027 | 518 | 0.003314 | 0000808 | Lio7 | 20| 1T 0001
980.8 | 54 | 1082 | +03123 | 2625 | 20 | 0.003824 | 0001318 | 1528 | (00| 052 | 00968
11512 | 36 | 929 | +0.0506 | 2101 | 20 | 0004782 | 0.002276 | 2008 | geo | 2 | 00850
1272.6 | 18 | 723 | —03040 | 1392 | ' | 0.007236 | 0.004730 | 2.896 | o0 | o7 | 00802
14140 o | 00| —1.0000 | 0.0 1.000000 | 0.997494 | 42.047 | > :
42.047 0.5930
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with a uniform velocity in traversing each of these ten sections of its orbit.
The distances of the middle points of these sections from the perihelion is
given in the sixth column. The distances in the fifth column are each equal
to r+1. Subtracting 1 and taking the reciprocals gives us the numbers in

the seventh column. The first of these equals T]; , the others %' . The eighth

column is obtained by’ subtracting _18. from. the figures in the seventh. Mul-

tiplying these numbers by U?u and extracting the square root gives us the
values of v given in the ninth. These are the velocities attained by the
comet at each of the dividing points. Their differences given in the tenth
column are the accelerations acquired by the comet in km. per second per
141.4 years, and the sum of these ten accelerations is the total velocity
acquired by the comet, by the time it reaches perihelion, owing exclusively
to the action of the Sun.

Let us now imagine another large body, a planet, whose mass we will
assume at first also equals unity, and we will locate it at a distance of 400
units from the Sun, in the opposite direction to the aphelion of the comet.
Its mean distance from the comet during each of the ten periods is given in
the eleventh column. Since the acceleration varies inversely as the square
A (x-1)?
(z + 399)?
4 is the acceleration due to the Sun. A (xz —1)? is a constant when these
quantities are accurately determined. From the first eight rows of the table
we derive log A(x —1)? = 4;4218. The next row shows a small systematic
error, owing to these results being only approximate, and the last row a
large one. These two values are therefore rejected, and the above value of
the constant used in all cases. This equation gives us the accelerations due
to the planet which are given in the last column of the table. The sum of
these ten accelerations, 0.5930, is the velocity acquired by the comet at peri-
helion owing to the attraction of this body. For it let us now substitute the
planet @ with a mass u’ capable of giving at perihelion a velocity »’. Then
the elliptical velocity 42.047 4 v = U + k = 42.10040.006, whence v’ =0.059 km.
per second. But the velocity varies as the acceleration, which varies as the

- 059
.5930
If then we are to adopt the theory that the hyperbolic comets owe their

excess of velocity to the attraction of an unknown planet, located at a dis-

of the distance, the acceleration a due to the planet = where

mass, hence u’

= 0.0995 u or practically just one-tenth that of the Sun.
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tance of 400 units, we must admit that this body is of extraordinary size.
In fact its mass would be more than one hundred times that of Jupiter. If
the planet were located at a greater distance it would have a somewhat
smaller mass. The reason for selecting ¢ rather than P for this computa-
tion will appear later. We notice that whether we deny or affirm the exist-
ence of hyperbolic orbits, it will make no great difference in the resulting
mass of @, our assumption as to the value of &k entering only as a correction
into the formula. Had we assumed k£ = 0.031 instead of 0.006, or about five
time as great, the mass of @ would only have been increased to 0.142 u. We
shall find later that these hyperbolic orbits seem to be more closely related
to the elliptical orbits of high eccentricity, than they do to those orbits that
are parabolic. '
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CHAPTER XIII
Crasses A anp B. Tue Prriobic Comers. PERTURBING FoORCES.

In the two following tables the comets are arranged in the order of their
aphelion distances. Table XLV contains all the known comets of short
period, that is all those that are associated with the planet Jupiter. The
first five columns give the number of the orbit, its certainty, the grade of
brilliancy of the comet, and the longitude and latitude of its aphelion, for
the equinox of 1900. The sixth column gives the difference in longitude
between the comet’s aphelion and the nearer node of Jupiter’s orbit. The
seventh the latitude of the planet’s orbit in minutes, in the longitude of the
comet’s aphelion. The eighth gives the deviation of the aphelion from the
planet’s orbit expressed in minutes of latitude, and the ninth the same re-
sult expressed in degrees and tenths. The last column gives the letter. in-
dicating the type. It will be noticed that only one comet of class A, Lex-
ell’s, number 102, was visible to the naked eye. Earlier appearances of these
comets however, notably of Encke’s, number 480, were brighter, and will be
found recorded in Table L under subclass a. '

TABLE XLV.

LOCATION OF THE APHELIA OF CLASS 4.

No. Cert. Br. Long. Lat. Al. Planet. Dev. Dev. Type
480 1 338 51 +1 00 60 —68 +128 + 21 N
460 1 126 34 +1 15 28 +37 + 38 + 0.6 N
336 1 58 50 -3 24 40 —-51 —153 — 2.6 N
358 la 126 31 +4 40 28 +37 +243 + 4.0 N
368 la 50 34 -0 42 48 —-59 + 17 | 4+ 03 N
159 la 248 49 +1 33 30 +40 + 53 + 0.9 N
113 la 233 00 +4 12 46 +57 +195 + 3.2 N
396 la 238 03 -2 b4 41 +52 —226 — 3.8 N
469 1 165 04 -5 02 66 +72 —374 — 6.2 N
415 1 165 26 | +2 39 66 +72 + 87 + 1.4 N
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No. Cert. Br. Long. . Lat. Al Planet. Dev. Dev. Type.
481 1 . 223 51 —4 59 56 +65 —364 - 6.1 N
85 la 275 30 -0 13 3 + 4 - 17 - 0.3 N

470 la 103 06 -2 54 4 + 5 —179 - 3.0 N
457 1 181 44 +1 42 83 +78 + 24 + 0.4 N
486 la 254 14 -1 12 25 +33 —105 — 1.8 N
406 la 198 31 -5 00 80 +78 —378 - 6.3 N
484 1 91 51 -2 25 7 -9 —136 - 23 N
334 1 294 41 -7 15 16 -22 —413 — 6.9 N
433 1 - 200 04 -3 of 79 +78 —259 — 4.3 N
102 | .1a 17 178 05 +1 06 79 +78 - 12 — 0.2 N
424 | 1a 154 15 -7 14 55 +65 —499 — 83 N
485 1 229 29 -3 31 50 +61 —286 — 4.8 N
259 la 20 03 -8 19 | 79 —78 —421 - 70 N
428 1 139 44 -1 52 41 +52 —164 - 27 N
462 la 249 56 1| +3 56 |.29 +38 +198 + 3.3 N
382 1 : 230 35 +4 05 48 +59 +186 + 3.1 N
471 1 188 08 +2 08 89 +79 + 49 + 0.8 N
447 la 189 02 -4 19 90 +79 —338 — 5.6 N
417 la 158 01 -0 38 59 +67 —105 - 1.8 N
235 1 289 07 +8 34 10 —14 4528 + 8.8 N
412 la 310 35 -4 00 32 —42 —198 - 3.3 N
472 la 211 15 +4 11 68 +73 +178 + 3.0 N
389 la 220. 06 -9 36 59 +67 —643 —-10.7 N
348 la 198 56 +5 02 80 | +78 +224 + 3.7 N

Figure 33 represents the portion of the celestial sphere near the ecliptic
in rectangular coordinates. The scale of latitudes is four times that of the
scale of longitudes. An examination of this figure shows that while the

360 330 300 270 240 20 . 180 150 120 .- 90 60 30 oo
10 : 1
o : _
351 462 |3 an 3% 358
480 o anz 471, lasy 6‘ 1S 4600
ol_o g 19 B S ——o0 368 0
5 433 417 Y C
o] 480 306P0%5 | © 0O |- 48 | ;Q apa P36
412 334 (e] Q24 Q9
Mg 481|406 463 o ez
ot : %% | 44 10
360 330 3000 270 240 20 160 150 120 90 60 30 0
Fic. 33. ‘

aphelia are more crowded together near longitude 200° than elsewhere, there
is no marked tendency for them to lie north of the ecliptic in one longitude
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rather than in another. The curved line represents the orbit of Jupiter.
Fourteen aphelia lie north of it and twenty south. Their mean deviation
from it taken from the: ninth column of Table XLV is 3°.64. Fourteen
aphelia lie north of the ecliptic and twenty south. Their mean deviation
from it is 3°.66, or practically the same as their deviation from the orbit of
Jupiter. The mean excess of the southern over the northern deviations from
the ecliptic is 0°.95, and their mean deviation from this latitude 4-3°.49. While
this quantity 0°.95 seems so small that it might readily be due to accidental
errors, yet such is probably not the case. The sum of the fourteen positive
deviations is 46°.0. The sum of the nineteen negative ones is 78°.3, giving
an excess of —32°.3, and a ratio of 1 to 1.70. The highest individual deviation
is but 9°.6, and the four highest negative deviations out of the nineteen
would have to be eliminated in order to obtain a positive result. A possible
explanation of this southern deflection of the aphelia will be given presently.
The heavy line drawn parallel to the ecliptic and 0°.95 to the south of it
best represents the positions of these various aphelia, and will be designated
in what follows as their “ reference circle.”

Class B consists of only twelve orbits. Of these the first two are asso-
ciated with Saturn, the next two with Uranus, the next six with Neptune,
and the two remaining ones with the hypothetical planet 0. In Table XLVI,
the six ‘columns give the number of the orbit, its certainty, the grade of
brightness of the associated comet, the longitude and latitude of its aphelion,
- and the type to which it belongs. Four of these comets it will be seen are
visible to the naked eye. The larger proportion of bright comets belonging
to this type than to type N is doubtless due to their less frequent visits to
the vicinity of the Sun. Halley’s comet when favorably situated is much

TABLE XLVI.
LOCATION OF THE APHELIA OF CLASS B.

No. Cert. | Br. Long. Lat. Type. No. Cert. | Br. Long. Lat. Type.
213 la 63 26 | +10 13 0 357 1 IIT| 259 47 |+18 26| O
442 1 286 06 | +21 25| O 211 la 259 24 |—-12 50| O
290 la 240 32| — 2 41 0 190 1 | IT|124 30 |—16 35 0
292 la 256 35| + 0 47 0 220 la 261 28 | —14 42 0
236 la |IV | 216 24| —33 21 0 275 la | IT | 149 37 | —24 49 0
378 1 ' 321 55| —39 37 0 386 la 147 14 | —26 42 0
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the finest member of this type, although for a considerable period during its
appearance, in 1835 it was without a tail. :

The positions of these twelve aphelia are plotted in Figure 34, the first
four as crosses, the remainder as circles. This figure is on square projection.
That is to say the ordinates and abscissas are on the same scale. To com-
pare it with Figure 33 we must conceive the ordinates of the latter reduced
four times. The difference between the two figures then at once becomes
apparent. None of the thirty-four aphelia of Class A deviates as much as
10° from the ecliptic. In the case of the aphelia of class B, but two deviate
as little as 10°, the maximum deviation being nearly 40°.

360 30 300 270 240 210 180 150 120 90 60 30 0
90, — - . 90
60 , — 60
30 - 2| 351 } — 30
‘ 213
: . 292 : . X
-0 355 . 0
BISHD ’

: 220 275} 385
30, . o) , 30
' o} 236

378

60 60
%0 : 920

360 330 300 270 240 210 180 150 120 90 60 30 0

Fia. 34.

The aphelia of these comets lie still farther to the south of the ecliptic
than do those of class A. The sum of the four positive latitudes is +50°.8.
The sum of the eight negative latitudes is —171°.3, giving a ratio of 1 to
3.37. The mean latitude therefore is —10°.0, which on the assumption that
the aphelia are distributed about a circle parallel to the ecliptic would be
the latitude of their reference circle.- Their mean deviation from it is-4-16°4.

In class A especially, new comets are constantly being discovered, while
others frequently disappear. It is of interest in this connection to determine
whether these comets are really changing their orbits, whether they are tem-
porarily changing their brilliancy, or whether the observed facts depend
merely upon more or less favorable conditions of observation. In some cases .
the new comet is so faint that at earlier perihelion passages it might readily

-
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have been overlooked. In other instances, such for example as Holmes’
comet in 1892, it is impossible that so bright an object could have previously
escaped observation. Here either a change of orbit or a change of brilliancy
seems certain. At its last two appearances Holmes’ comet has been -extremely
faint, so that a sudden accession of brilliancy in 1892 seems the most plaus-
able explanation to account for its discovery in that year. Indeed, a second
considerable accession of brilliancy occurred in 1893 just before the comet
disappeared. It is well established that the discovery and subsequent loss of
comet 102, otherwise known as Lexell’s comet, was due to changes in its
orbit by the planet Jupiter. All three of these causes are therefore influential
in causing the appearance and disappearance of comets. The second cause,
that of change of brilliancy, is probably responsible for more changes than
either of the others at the present time, and the first, the change of orbit,
the least of all. '

In order to study this question in more detail with regard to type N we
apparently need some sort of census of Jupiter’s family. "The longest period
of any one of Jupiter’s comets that has been known to return, that of Faye,
is 7.56 years. Any comet that has not been recognized for an. interval of
twenty years will in what follows be considered as having permanently dis-
appeared. There is one comet, however, where this rule has notably broken
down, that of De Vico, which appeared in 1678, in 1844, and not again until
1894. Similarly Winnecke’s comet probably first appeared in 1766, and was
not found again till 1819. Such an interval would not be likely to elapse at
the present day, unless the comet were very faint. Galle however does not
consider the identity of the early appearances of these two comets as sufﬁciently
assured to mark them as such in his table.

In Table XLVII each of the eight columns is headed by the first and
last of the series of years to which it refers. So many comets were observed
in the period 1881 to 1900 that it was found necessary to enter them in
two columns. The comets in each period are divided into three groups,
those under OBs. were observed for the first time, those under RET. are
returns of previously observed comets, and those under Dis. are the comets
which have failed to appear for twenty or more years. The number of
times that the comet returned during the period is indicated by the number
following its name. The second and third appearances of De Vico’s, and the
second appearance of Winnecke’s comet entered under OBS., also their three
disappearances are entered in Italics. Including these appearances as returns,

»
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there were with the others 79 in all. If a comet has appeared but once, it
is indicated merely by its number. The total number of comets appearing
under each heading is indicated at the bottom of the columns.

TABLE XLVIIL.

" JUPITER’S FAMILY OF COMETS.

1678 % 1801 l 1821 1841 1861 1881 1901
1800 1820 1840 1860 1880 1900 1909
OBs. Oss. Oss. OBs. Oss. OBs. ReET. . Oss.
De Vico | Winnecke Faye - Tempel, 348 Encke 6 462
85 159 REeT. | De Vico Tempels 358 Faye 3 470
Winnecke |———| Encke 6| Brorsen Tempely Wolf Winnecke 3 472
102 ReT. Biela 2 | d’Arrest 368 Wolf 2 486
Biela Encke 2 259 RET. Finlay | d’Arrest 2
113 Biela 1 Dis. Encke 6 Brooks | Tempels 2 RET.
Encke 159 RET. Winnecke 3| 389 Finlay 1 | Encke 3
Das. ———| Encke 6 Faye 2 396 Brooks 1 | Brooks 1
RET. 113 Faye 2 Tempel, 2 | Holmes | Tempels 1 | Tempel: 1
Encke 1 Biela 2 Brorsen 2 406 Holmes 1 | Holmes 1
Brorsen 1 | d’Arrest 2 412 Finlay 1
Drs. d’Arrest 1 | Tempels 1 | De Vico Das. Tempel; 1
De Vico o Winnecke 1| Tempels 1 417 Tempel, | Winnecke 1
85 ' : 424 Brorsen Perrine 1
Winnecke Dis. Drs. Perrine
102 ——— | De Vico 447 Dis.
: Biela f— 348
259 : 358
368
. 389
OsBs. 7 2 0 5 3 16 — 4
Rer. 1 3 8 13 19 - 22° 10
Dis. 4 1 1 0 3 — 2 4

Of the 34 different comets observed, 15 are named and 19 are numbered.
Of the 12 that have disappeared, admitting the identity of Winnecke’s and
of De Vico’s comets, 3 are named and 9 are numbered. Of the 22 comets
still existing as far as known, 12 are named and 10 numbered. There has
been at least one opportunity for 6 of these last to reappear, but so far they
have not been detected. The fact that three times as many unnamed as
named comets have disappeared, leads us to believe that they must appear
in about the same proportion.  This view is partially confirmed by the sta-
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tistics for the period of 1881 to 1900. During the whole of this period the
sky was carefully searched for new arrivals, yet only 5 new comets to which
names have been assigned were discovered. It is possible that some of the
remaining 10 unnamed ones may yet prove to belong to this class before the
present period is over, although 4 of them have already been rejected. In
general we may say that the chance that a new comet of short period will
return is about one in three. _

A statistical investigation has been made te learn if the comets which
have returned had any orbital characteristics in common. The following
quantities were investigated, aphelion distance, period, longitude of the
aphelion, longitude of the node, deviation of the aphelion from the orbit of
Jupiter, inclination of the orbit to the plane of the ecliptic, perihelion dis-
tance, and eccentricity. The only results obtained worthy of record were
as follows:— No comet whose aphelion distance exceeds that of Biela, 6.19,
has been known to return. Four such comets, or 12 per cent of the whole,
are recognized. There are four comets whose inclination exceeds that of
Brorsen, 29°4. None of these has been known to return. The highest
inclination, that of 113, is 45°.1. A

But four comets of this type have been visible to the naked eye since
1800. Encke’s comet was visible in 1805, 1828, 1838, 1848, 1858, 1871, and
1881. Astr. Nach. 1888, 119, 64. It was also visible in 1795. At its twenty-
three other appearances no record is made that it was other than telescopiec.
Biela’s comet was last seen with the naked eye in 1806. At its four subse-
quent returns it was telescopic. It has not been observed since 1852. De
Vico’s was visible to the naked eye in 1844. At only one return since then
has it been detected, in 1894, and it was then extremely faint. Holmes’
comet was a bright naked eye object in the year of its discovery, 1892. .It
was indeed the brightest naked eye comet of type N which had appeared
since 1850, perhaps since 1800.

With a few possible exceptions comets are visible to us only by the in-
candescence, presumably electric, of the gases emitted by their nuclei. This
incandescence occurs only in the immediate vicinity of the Sun, when the
gases from the nucleus are escaping into outer space. It is clear from the
facts above cited that this process of dispersion, in the case of a small comet
such as those which seem to compose type N, is a rapid one, lasting com-
paratively but a few years. The comets of De Vico, Winnecke, and Encke are
the only ones known of this type, whose existence has outlasted one hundred
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years, and since 1678 De Vico’s has been detected but twice. In addition,
Le Verrier has shown that Faye’s comet must have adopted its present orbit
at least as far back as 1747, although it was not discovered until 1843.

The various appearances of De Vico’s comet seem to be best explained
on the supposition that there were three outbursts of gas from the nucleus,
which have at these times rendered it temporarily visible. Usually this in-
candescence seems to last through but one perihelion passage, which accounts
for the large proportion of numbered to named comets. This accession of
brilliancy is sometimes quite sudden, as in the case of Holmes’ comet already
mentioned, where after its perihelion passage in June 1892 it had nearly
faded from sight in the most powerful telescopes by the following December.
Yet on January 16 it suddenly appeared again with the brightness of a star
of the seventh magnitude. Similarly Pons comet on September 22, 1883,
while still distant from the Sun by over two units, increased its brightness
eight-fold within twenty-four hours. Such an accession of brilliancy is always
accompanied by a decrease of volume. ]

We need not suppose however that the comet itself really contracts, but
what is perhaps more likely is that the source of light appears somewhere in
its interior, somewhat as the nova did in the nebula of Andromeda. The
bulk of a comet is therefore not necessarily measured by what we can see.
The solid matter accompanying it may extend in all directions, but especially
in the direction of its orbit, far beyond the illuminated gaseous region that
is visible to our eyes. The duplication of Biela’s comet may thus have been
simply the formation of two nuclei in one cometary mass of meteors. The
head of a comet may therefore be defined simply as that portion of a meteoric
swarm which is at the time self luminous. In the case of the brighter
comets, however, there is obviously a concentration of matter and energy at
this point. |

It thus appears that our heavens are perhaps full of invisible comets,
which are only made visible to us occasionally, either when through some
internal disturbance, they temporarily give out a greatly increased amount of
light, or when we suddenly dash through one of them, as we have so fre-
quently done in November through an invisible companion of the comet of
1866 I. This latter comet itself, it may be noted failed of detection at its
last predicted return in 1899.

All the known comets excepting those connected with the planet Jupiter
' move in orbits of high eccentricity. In but three other cases is the minor
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axis as much as one half that of the major, and it is uSuaHy much less.
Doubtless many of Jupiter’s comets possess high eccentricity also, but this
would bring them so near the Sun at perihelion that they would long ago
have lost their gaseous envelope, and thus have become invisible. Very few
even of the brightest comets, as is shown by the spectroscope, owe their
visibility to reflected light. The highest known eccentricity of an orbit in
class A is that of number 480, Encke, 0.8474, its minor axis being therefore
but little over half its major. ) ' |

On the other hand it is higlily probable that a large number, perhaps the
majority of the elliptical orbits belonging to the other classes are of com-
paratively small eccentricity. The reason that we do not see them being
that their perihelion distances are too large. The greatest perihelion distance
known, that of orbit number 80 is 4.05 units. It is on the whole probable
that not more than a few per cent of all the comets that have passed peri-
hefion within the last century have been detected.

In the Astr. Nach. 1888, 119, 64, Berberich suggests that the varying
brilliancy of Encke’s comet during the last century may be connected with
the solar activity, as indicated by the sunspot period. As we have just seen
it was visible to the naked eye on seven returns during that interval. Each
of these returns occurred in the immediate vicinity of a sunspot maximum.
At several similarly situated later returns, however, it was only telescopic.

It is sometimes convenient to divide an interval of several years equally
between periods of minimum and maximum solar activity. This result may
be accomplished approximately by means of Table XLVIII, where the dates
of minimum and maximum activity are given in the first two columns, and
the dates intermediate between the successive minima and maxima in the
third. The two dates given on each line in this eolumn may then be said to
mark the beginning and end of the periods of maximum activity, and the
intermediate intervals between the lines the minimum periods. While for an
interval of a few years the sum of the periods of maximum and of minimum
activity may not be quite equal, for longer intervals of time the agreement
becomes more exact, and a correction to the result can always be readily applied
if necessary. The date of the last maximum given in the table was com-
puted by Dr. Wolfer, and is taken from Nature 1910, 82, 378. The other
dates are from Clerke’s History of Astronomy. Appendix.

If the unnamed comets of Jupbiter’s family owe their temporary brilliancy
largely to unusual electrical activity on the part of the Sun, we should ex- -
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TABLE XLVIII.
PERIODS OF MAXIMUM SOLAR DISTURBANCE.

Min. Max. Maximum activity. Min. Max. Maximum activity.
1610.8 1615.5 - 1613.2  1617.2 1766.5 1769.7 1768.1 1772.6
1619.0 1626.0 1622.5 1630.0 1775.5 1778.4 1770.0 1781.6
1634.0 1639.5 1636.8 1642.2 1784.7 1788.1 1786.4 1793.2
1645.0 1649.0 1647.0 1652.0 1798.3 1804.2 - 1801.2 18074
1655.0 1660.0 1657.5 1663.0 1810.6 1816.4 1813.5 1819.8
1666.0 1675.0 1670.5 1677.2 1823.3 1829.9 1826.6 1831.9
1679.5 1685.0 1682.2 1687.2 1833.9 1837.2 " 1835.6 1840.4
1689.5 - 1693.0 1691.2 1696.0 1843.5 1848.1 1845.8 1852.0
1698.9 1705.5 1702.2 1708.8 1856.0- 1860.1 1858.0 1863.6
1712.0 1718.2 17151  1720.8 1867.2 1870.6 1868.9 1874.8
1723.5 1727.5 1725.5 1730.8 1878.9 1884.0 1881.4 1887.1
1734.0 1738.7 1736.4 1741.8 1890.2 1894.0 1892.1 1898.0
1745.0 1750.3 17476 1752.8 1901.9 1906.4 | 1904.2
1755.2 1761.5 1758.4 1764.0 '

pect to find them coming in increasing numbers during the periods of in-
creased solar activity. In the first column of Table XLIX are given the
numbers of the nineteen unnamed comets of class 4, and in the second the
dates of their perihelion passages. In the third column a < indicates that
this passage occurred during a period of maximum solar activity, and a —
that it occurred during a minimum period. It will be seen that thirteen
passages occurred during intervals of sunspot maxima and only six during
intervals of minima. After 1910 we may expect to find a decided diminution
in the number of comets discovered belonging to this class. The influence of
solar activity on bright comets seems to be less important.

TABLE XLIX.
UNNAMED COMETS OF SHORT PERIOD.

No. - Year. Per. No. Year. Pet.l No. Year. Per. No. Year. Per.
85 1743.0 | — 348 1881.7 + 406 1892.9 + | 462 1905.0 +
102 1770.6 | 4+ |- 358 1884.6 + 412 1894.1 + | 470 1906.3 +
113 | 17839 | — 368 1886.4 + | 417 1895.6 + | 472 1906.8 +
159 1819.9 | — 389 1889.9 - 424 1896.8 + | 486 1909.9 +
259 1858.3 | + | 396 1890.8 - 447 1900.9 - ’
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With regard to the comets of class B little can be said in this connection,
Number 213 discovered by Peters in 1846 has a period of 13 years. It has
not been seen since the year of its discovery, and may be definitely classed
with those that have disappeared. Number 442, Tuttle’s, has appeared
hitherto five times. It has a period of 14 years, and is next due in 1913.
Number 290 Tempel,, discovered in 1866, with a period of 33 years failed
to be seen in 1899. This was however a year of minimum solar activity,
so that it is possible that at some future return, when favorable circum-
stances conspire, it may yet be visible. In 1366 when first observed, it was
obviously a brilliant naked eye object. Numbers 292 and 236 discovered by
Stephan and Westphal have periods of 40 and 60 years respectively. Ste-
phan’s failed to appear when due in 1907. Westphal’s should appear in
1914.5 Vierteljahrschrift 1910, 45, 332. Numbers 378 and 357 known as the
comets of Olbers and Pons have each appeared twice. Their periods are 73
and 72 years, and they are not due again until 1960 and 1956. Numbers 211
and 220 discovered by de Vico and Brorsen have periods of 76 and 81 years,
and are not due until 1922 and 1928. Halley’s comet with a period of 76
years came to perihelion in 1910, April 19. It has appeared according to
Cowell and Crommelin twenty-eight times in the past, and perhaps many more.
Its various perihelion passages taken from Galle and from the Monthly Notices
1907-08, 68, are as follows: — ‘

—240 May 15, (—163 June), —87 Aug.—Sept., —12 Oct. 8, 466 Jan. 14,
141 Mar. 29, 218 Apr. 6, 295 Apr., 378 Nov., 451 July 3, 5630 Nov. 16 414,
607 Mar. 26 =14, 684 Nov. 6 414, 760 June 11, 837 Mar. 1, 912 July 19,
989 Sept. 12, 1066 Mar. 27, 1145 Apr. 19, 1222 Sept. 10, 1301 Oct. 22, 1378
Nov. 8, 1456 June 8, 1531 Aug. 25, 1607 Oct. 26, 1682 Sept. 14, 1759 Mar.
12, 1835 Nov. 15. The Italics indicate that the elements of these orbits are
not known. Those for 1066, 1145, and 1222 are given by Cowell and Crom-
melin, the others including 1066 by Galle. The parenthesis indicates that
this date is purely hypothetical, no comet having been recorded during that
year. The mean period since —240 is 76.7 years, the longest individual
period, that from 451 to 530, 79 yrs. 4 mos., and the shortest period, the
last one, from 1835 to 1910, 74 yrs. 5 mos. Although there were one or
more comets visible in 912, the identification is not satisfactory, and the
date is given merely by computation. Some of the earlier dates may be in
error by a couple of months. At some of the earlier appearances, notably
those of 1066 and 1456 the comet was a very remarkable object.
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The two comets of 1862 III, number 275, and 1889 III, number 386, as
previously noted seem to -be related to one another. Their periods are 142
and 128 years respectively, and they will be due next in the years 2004 and
2017. The former was moderately brilliant and is of interest as being con-
nected with the well-known meteor shower of August 10.

On account of perturbations, due chiefly to the planet Jupiter, the nodes
and apsides of all these orbits are constantly shifting, and consequently the
aphelia are continually changing both in longitude and latitude. The comets
of class A being associated with a very massive planet, the inclinations of
their orbits are in consequence much less than those of the comets of class
B. Hence a change of the apsides produces much less effect on the latitude
of the aphelia of the former class than it does in the case of the latter,
which accounts for the wider deviations of these latter aphelia from their
reference circle.

There is no question but that when these comets were originally captured,
and their orbits reduced to their present dimensions, the ccmets and their
controlling planets must have passed very near one another. Since all the
comets of class B have very eccentric orbits, this conjunction must have oc-
curred near the comet’s aphelion which must consequently at that time have
been located near the plane of the ecliptic. It is therefore proper to locate
their reference circle parallel to this plane, even if other reference circles can
be found with which the aphelia more closely coincide. For instance, omitting
number 378, the remaining eleven aphelia lie very near a reference circle whose
inclination is 35° and its ascending node 260°. The maximum deviation in
this case is about 15°.

Considering only the five comets associated with Neptune whose aphelia
lie to the south of the ecliptic, we find from Table XLVI that their mean
latitude is —23°4. The sine of this angle at a distance from the Sun equal
to that of Neptune, 30 units, gives their mean distance from the plane of
the ecliptic as 11.9, or a distance somewhat greater than that of Saturn
from the Sun. Crommelin has pointed out in the case of Halley’s comet,
number 190, that Neptune could never have retained it in the solar system
had its orbit formerly occupied its present position. Journ. Brit. Astron.,
Assoc. 1907, 17, 215. This same remark clearly applies also to the other
members of this group.

The shifting of the cometary aphelia in a north and south direction owing
to planetary perturbations is a very slow process, amounting on the average
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for the comets of class B to only a few minutes per centur)'r. We there-
fore see that these comets must have been connected with our system for
very long intervals of time, amounting to many thousands of years. The
aphelia of the comets of class A are subject to a somewhat more rapid
movement, amounting on the average to about half a degree per century.

Table L gives a list of all the returns of all the periodic comets of classes
A and B which have appeared more than once, and have therefore been
entered in the subtypes a and b. The first and second columns give the
number of the comet, and the number of its return, the third its year and
designation, the fourth its brilliancy, the fifth its name, and the sixth and
seventh the longitude and latitude of its aphelion.

TABLE L.

APHELIA OF THE COMETS WHICH HAVE RETURNED AT LEAST ONCE.

No. n. Year. Br. Name. Long. Lat. No. n. Year. Br. Name. Long.

117 1| 17861 Encke 338 09|+ 0 35| 416 | 27 | 18951 Encke 338 41| 4+ 0 41
120 | 2| 1795 Iv| « 338 06|+ 0 29| 432 | 28 | 1898 I1T « 1338 42| + 0 42
139 | 3 | 1805 II1 “ 338 03|+ 0 34] 449 | 29 | 190111 “ 338 41| + 0 41
156 | 4 | 18191 « 338 03|+ 0 34| 461 | 30 | 10051 | “ 338 53| + 0 53
162 | 5| 182211 “ 338 12|+ 0 38] 480 | 31 | 19081 ' “ 338 51| + 1 00
170 | 6 | 1825111 « 338+14 |+ 0 39} 311 1| 187311 Tempel, | 126 21| + 1 08
180 | 7 | 1829 Iv “ 338 14| 4 0 39§ 333 2 | 1878111 “ 126 19|+ 1 08
183 | 8 | 18321 “ 338 13|+ 0 39 414 | 3 | 1894111 “ 126 13| + 1 07
189 | 9| 183511 « 338 14|+ 039] 443 | 4 | 18991V « 126 27|+ 1 13
191 | 10 | 1838 | « 338 15|+ 0 39] 460 | 5 | 1904 III g 126 34| + 1 15
196 | 11 | 18421 . “ 338 144 0 39] 293 1| 186711 Tempel, 56 49| — 4 32
207 | 12 | 18451V « 338 26|+ 0471310 | 21873 I L 58 42| — 3 26
223 | 13 | 184811 |IIT| © 338 30|+ 030|336 | 3| 18791II 58 50| — 3 24
233 | 14 | 18521 « 338 25|+ 0 25| 404 | 1| 1892111 |IV |Holmes |165 07| — 5 00
248 | 15 | 1855111 « 338 26|+ 0 26| 441 | 2| 189911 2 164 56| — 4 57
264 | 16 | 1858 VIII | IV | « 338 27|+ 0 27| 460 | 3 | 1906 III « 165 04| — 5 02
273 | 17 | 18621 “ 338 28|4 0 28] 64| 1| 1678 De Vico |145 53| — 1 00
289 | 18 | 18651I. “ 338 284 0 28] 201 2| 18441 IV “ 163 19| + 2 53
297 | 19 | 1868 III “ 338 33| 4 0 33| 415 3| 18941V ¢ 165 26| 4+ 2 39
309 | 20 | 1871V v ¢ 338 32|+ 0 32] 300 1] 1869111 Tempel; |223 29| — 5 11
324 | 21 | 187511 “ 338 32|+ 0 32] 342 | 2| 18801V « 223 25| — 5 11
332 | 22 | 187811 “ 338 32|+ 0 32] 401 3| 1891V “ 01223 16| - 5 09
350 | 23 | 1881 VII | IV “ 338 39|+ 0 39} 481 4 | 1908 I1 “ 223 51| — 4 59
360 | 24 | 18851 “ 338 40|+ 0 40} 388 11889V Brooks 181 49| 4+ 1 43
380 | 25 | 188811 “ 338 40|+ 0 40 425 2| 1896 VI “ - 1181 57| 4 1 41
399 | 26 | 1891111 “ 338 40|+ 0 40| 457 3| 1903V “ 181 44| + 1 42
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No. n. Year. Br. Name. Long. Lat. No. n. Year. Br. Name. Long. Lat.

100 1| 176611 IIT | Winnecke| 73 07|+ 0 25] 410 | 2 | 1893111 Finlay 188 08|+ 2 07
158 | 2| 1819111 “ 96 07— 3 231471 | 3 | 1906V “ 188 08|+ 2 08
258 | 3 | 185811 “ 96 33| — 3 18§ 105 1| 1772 Biela 290 37| +10 41
208 | 4| 18691 ¢ 96 39| — 3 15|/ 140 | 2 | 18061 v “ 290 00|+ 8 22
323 5| 18751 “ 97 20| — 253|172 | 3| 18261 “ 200 03|+ 8 22
370 | 6| 1886 VI “ 96 37| — 200§ 185 | 4 | 1832111 “ 290 11|+ 8 46
405 | 7 | 18921V “ 96 33| — 1 59)209 | 5| 184611 “ 289 06|+ 8 34
431 | 8| 189811 ¢ 94 33| — 156]235 | 6 | 1852111 “ 289 07| 4 8 34
484 | 9 | 190911 “o 91 51| — 2 25} 123 1| 179011 Tuttle 282 33| +20 26
210 | 1| 1846111 Brorsen |295 20| — 7 02} 257 | 2| 18581 “ - 1286 01| +21 31
251 2 | 185711 “ 204 34| — 6 54] 307 | 3 | 1871111 “ 286 07| 421 28
295 | 3| 18681 “ 204 39| — 7 121363 | 4 | 18851V « 286 19| 421 28
315 | 4| 1873 VI “ 294 36| — 7 13| 442 | 5 | 1899111 « 286 06| 421 25
334 | 5| 18791 “ 204 41— 7 15) 27| 1 | 1366 Tempel, |234 20| — 4 55
359 | 1| 1884111 Wolf 199 56| — 3 06] 290 | 2 | 18661 “ 240 32| — 2 41
398 | 2| 189111 “ 199 59— 3 04 151 | 1 | 1815 Olbers 322 09| —39 39
433 | 3| 18981V “ 200 04| — 3 01378 | 2| 1887V “ 321 55| —39 37
426 | 1| 1896 VII Perrine 231 00| — 3 45] 148 | 1 | 1812 III | Pons 259 17| 418 32
485 | 2 | 1909 III “ 229 29| — 3 3131357 | 2| 18841 117 “ 259 47| 418 26
230 | 1| 185111 d’Arrest | 143 44| — 1 19 4| 1|— 12 I | Halley 126 24| — 9 30
256 | 2| 1857 VII “ 143 48| — 1 18 5| 2|+ 66 “ 1176 38| —36 55
303 | 3| 1870111 “ 139 23| — 2 05 6| 3 141 “ 95 19| —14 32
328 | 4| 18771V “ 139 44| — 1 54| 13| 4| 837 “ 123 44| 410 54
394 | 5| 1890V “ 139 39| — 1 54 15| 5| 989 “ 96 42| 4 0 00
428 | 6 | 189711 “ 139 44| — 152} 17| 6 | 1066 I ¢ 95 25| —14 32
200 1| 1843111 Faye 229 59|+ 3 531 23| 7| 1301 “ 140 30|+ 1 21
229 | 218511 “ 230 01 |4 3 54| 28| 8| 1378 “ 125 57| —17 03
261 | 3| 1858V “ 230 03|+ 3 53] 33| 9 | 1456 I ¢ 124 27| —17 01
291 | 4 | 186611 “ 230 02|+ 3 55| 42 | 10 | 1531 “ 125 44| —16 27
312 | 5 | 1873111 “ 230 36|+ 3 56] 54 | 11 | 1607 “ 124 07| —16 17
344 | 6| 18811 “ o 230 41|+ 4 05] 66 | 12 | 1682 “ 124 04| —16 44
382 7 | 18881V “ 230 35|+ 4 05| 93 | 13 | 17591 7 “ 124 12| —16 27
421 8 | 1896 I1 “ — — 190 | 14 | 1835111 II “ 124 30| —16 35
371 | 1| 1886 VIL Finlay 187 49 |4 2 08 :

In order to determine the change in latitude per century that the var-
ious comets entered in the table have undergone, curves were plotted for each
comet with the years as abscissas and the latitudes as ordinates. Generally
the aphelia lay along a nearly straight line. In one case, that of d’Arrest’s
comet, the earlier and later locations were separated by an interval where a
marked change of inclination had occurred. This was due to a close ap-
proach to Jupiter, and was ignored as being due to what we may call, in a
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sense, an accidental event, the line being drawn only through the later
series of observations. Similarly, Winnecke’s comet has been constantly dis-
turbed by approaches to Jupiter, its period being very nearly half that of the
planet. Perrine’s comet during the short interval of thirteen years which

elapsed between the two observed returns also approached very mnear to
Jupiter and was considerably perturbed. Both of these comets have there-
fore been rejected in the discussion. Aphelia of Halley’s comet prior to 1378
were rejected as obviously erroneous. The longitudes were treated in the same
manner. -

In Table LI are given the longitudes of the aphelia, and their changes
per century in longitude and latitude as determined from these curves.
Of the thirteen accepted periodic comets of class A it will be noticed that
the aphelia of seven were moving north with a total motion of 196/, five
were moving south with a total motion of 186’, and one was stationary.
The mean motion of the group in a north and south direction was therefore
about 1’ north per century, or practically zero. Of the five comets of class
B which have returned at least once, the total northerly motion is 3’, and
the total southerly 58’. The mean motion of the aphelia of class B is there-
fore just 11’ south per century. In Figure 34, we have just seen that
all of the aphelia save 378 lie along a great circle whose ascending node is
in longitude 260° and its inclination 35°. It is a curious coincidence that
378, which lies far to the south of this circle, is the only aphelion in this
class which is at present known to be moving northerly.

TABLE LI.
CHANGES IN THE APHELIA OF THE PERIODIC COMETS.

Name. ClL Long. A Long. A Lat. Name. Cl. Long. A Long. A Lat.
Encke A 339 + 46 + 22 | Perrine A 229 (—=1700) | (4105)
Tempel; A 127 +100 + 20 | d’ Arrest A 140 4+ 80 + 36
Tempel, A 59 +140 + 34 | Faye A 231 0 + 28
Holmes A 165 — 20 — 16 | Finlay A 188 + 90 0
De Vico A 165 | 4250 — 26 | Biela A 289 —112 — 96
Tempel, A 223 — 60 + 20 | Tuttle B | 286 + 45 — 15
Brooks A 182 - 35 — 8 | Tempel, B 240 + 75 - 27
Winnecke A 95 | (—320) | (4+ 73) | Olbers B | 322 - 20 + 3
Brorsen A 295 + 32 — 40 | Pons B 260 + 42 - 8
Wolf A 200 + 58 + 36 | Halley B 124 + 17 - 8
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Summarizing the conclusions at which we have arrived hitherto in this
chapter, we find that the- constant tendency of the planet Jupiter is to bfing
the orbits of class A to coincide with a great circle, practically identical
with the planet’s orbit. We find that this result has been nearly attained,
but that in spite of it, the average aphelion still deviates 0°.95 to the south
of the ecliptic. We find that this deviation cannot be satisfactorily explained
by chance, and we find further that the orbits seem to have reached a state
of equilibrium, where the mean yearly southerly motion of the aphelia is
about equal to the mean motion in a northerly direction.

We have obtained similar results for the comets associated with the other
major planets, save that in their case, the planets being of much less mass,
the associated comets deviate much more widely from the ecliptic, and the
position of the mean aphelion deviates as much as 10° to the south of it,
instead of only 0°.95. Lastly we find, although this result has less value than
the others, being based upon only five comets, that the mean aphelion of
class B has not yet reached a position of equilibrium, but is still deviating
farther and farther to the south, at the rate of 11’ per century.

Although the data from which these. various conclusions are drawn are
obviously quite inadequate to support any important generalizations that
might be built upon them, yet in the light of what is to appear in the fol-
lowing chapters, it will be well now to assume that these results are not due
to accident, and to see if we can find a satisfactory explanation for them.
Any force tending to draw the comets, when remote from the Sun, towards
the south may safely be assumed to be gravitational. It must be due to a
remote body, and therefore a massive one, and one located far out of the
plane of the ecliptic. v ’

For our present purposes an elementary discussion of the perturbing
forces acting between four bodies is needed, and it will be conducted entirely
by graphical methods. In either Figure 35 or 36 let A represent the Sun,
and B and C two planets revolving about it. Let the center of gravity of
A and ‘B be at M, and let D be a relatively insignificant mass of matter
such as a comet, passing near the planet B in its course about the Sun.
Let it be required to find what effect will be produced upon D by the
two planets B and C. From C draw the arc AW passing through M. Let
A and B be combined at M, and let MC represent the force of attraction
between their unit of mass and the planet C. On CD, prolonged if necessary,
lay off the distance UC so that UC: MC = MC’: DC’. Then UC will equal
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the attractive force between a unit- of mass of the comet D and the same
planet, and the line UM will indicate the direction and amount of the per-
turbing force due to C acting on the comet D relatively
to M. This force may be decomposed into two, one act-
ing at right angles, and the other, UV, parallel to the
line MC. The lines of both figures representing the forces
are drawn accurately to the same scale. "

We shall notice first, on examining these drawings,
that for two comets situated at equal distances relatively
to A and B, but on opposite sides of B, the portion of
the -perturbing force UV, acts in opposite directions, and
is also very unequal. In these directions the remote
comet is much more perturbed by C than is the nearer
one. The general effect of C upon such comets therefore
is not an attraction but a repulsion, relatively to its
effect upon A. 1In the first figure, as D approaches the
arc MW, UV soon becomes zero, and is then converted
into a repulsion before the arc is
reached. As D recedes from the line
MC, and as it recedes from C, the attraction UV in the
first figure diminishes, and the repulsion UV in the second
figure increases. As C recedes from A and B the at-
tractive and repulsive forces in the two cases approach
one another in magnitude, but do not become equal until
the distance of C' becomes infinite. As D recedes from .
C in the second figure the repulsive force UV at first
rapidly increases in intensity, then more slowly, until
when D is at an infinite distance the force is equal and
opposite to MC. ‘

The same graphical method may be applied to deter-
mine the perturbing forces produced by planet B. On
account of its proximity, these are in general much
greater than those produced by C, and they are in both
figures directed nearly towards the centre of B. . The
component parallel to MC in this case becomes zero when
the line AB is reached. In the first figure the force UV is generally neutral-
ized by the attraction of B, and as a result most of the comets associated

FiG. 85.

Fie. 36.
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with B tend to recede from C beyond the line AB, until the attraction
of B equals the repulsion.of C. :

While the direction of the motion of these bodies has no effect on the

" forces developed, yet it does have an important influence on the results pro-

duced by them. The ordinary case considered is that where all of the bodies
are moving in the plane of the paper, but let us now assume that the axis
of revolution of planet B lies in this plane and coincides with the line MC.
The most important effect that will be produced, as long as C revolves in
the plane of the paper, is that while it is in its present position it will tend
to repel the aphelia of all of the comets associated with B out of the plane
of that planet’s orbit.

If the planet C is large and very remote, so that the attractive and re-
pulsive forces in the two cases are not very unequal, a ring will develop
about A parallel to the orbit of B, and lying not far from it, towards C.
Within this ring, which we may describe as a gap, very few .cometary
aphelia will be found, since the tendency will be for the comets to be either
attracted or repelled from it by C. If this repulsive force becomes very large,
so as to exceed the attraction due to B, the comets may pass entirely out of
that planet’s control.. If the angle BMC is less than 90°, UV in the first
figure will be increased, and may equal or exceed the attractive force of B.
In the second figure UV will be diminished. If BMC exceeds 90° the reverse
effect will be produced.

Let us assume now that the Sun has a large remote companion planet
located. at some time in the past not far from the north pole of the ecliptic.
In class B we found the aphelia coincided more or less with a circle whose

_inclination was 35°, and whose ascending node was in longitude 260°. On

Figure 34 such a circle would be represented by a sinusoidal curve with
nodes at 80° and 260°, dipping farthest to the south in longitude 170°. As
measured from the orbit of Jupiter repi'esented by the curve on Figure 33
it is noticeable that the southerly deviation of the aphelia is most marked
near the same longitude. We found .in both drawings that as D receded from
the line MC the repelling influence of C' would become more marked. We have
already noted that the remote aphelia of class B were pushed much farther to
the south than the nearer aphelia of class A, but since this difference might
be attributed wholly to the smaller mass of the controlling planets of class B,
let us divide both classes in halves. The number of aphelia in the resulting
divisions will then be 17, 17, 6, and 6. The mean deviations towards the
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south as deduced from the fifth columns of Tables XLV and XLVI will be
—0°.7, —1°2, —7°2, and —12°9. The deviation increases very rapidly at
the end, that of the last two comets in the last set being —25°.8. ‘

This repulsive force is also greater in the case of the comets of type O
than in those of type N owing to the fact that the orbits of the former are
more eccentric. Consequently the counteracting repulsion on the portion of
the orbit near perihelion is less effective. There is a slight tendency also, as
indicated by the theory, to form a gap or ring containing comparatively few -
aphelia among the eight outer cometary orbits of class B, none being found
between latitudes +18° 26’ and -—-12° 50’.
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CHAPTER XIV.
Crass C. ComeETS OF MODERATE ECCENTRICITY.

In this chapter and the next we shall deal chiefly with the orbits belong-
ing to types P, @, and R. These types appear to be well defined, and it is
thought that the orbits associated with them are retained in that connection
by the attraction of three large planets at present unknown. The three types
therefore correspond to three different aphelion distances, and what these ap-
helion distances are we shall later endeavor to ascertain. As is well known,
while the location of a comet’s aphelion on the celestial sphere can be deter-
mined with great precision, its aphelion distance, if beyond the orbit of Nep-
tune, is always a matter of considerable uncertainty. Moreover, comets
occasionally change from one type to another by a succession of intermediate
steps, these steps occurring when the comet chances to pass near the con-
trolling planet of some other type. Owing chiefly to these two causes, the
types and classes of the comets considered in these two chapters are not
strictly identical. Doubtless at the present time a species of equilibrium has
been established, and the number of comets entering and leaving a given
type per century is about equal. In each class we must therefore expect to
find a certain large percentage of the controlling type of orbit. In addition
we shall also find certain other comets not belonging to this type, which have
been introduced into the class by an error in the determination of their ap-
helion distance. Still other comets are rightly entitled to belong to the class
on account of their aphelion distance, but do not.belong to the characteristic
type because their orbits have been perturbed either in direction, in velocity,
or in both, by other planets.

Among the comets of long period we find that class C forms a well marked
group of twenty orbits. In Table LII, the first column gives the number of
the orbit, the second its certainty, the third the grade of brightness of the
associated comet, and the fourth and fifth the longitude and latitude of its
aphelion. These aphelia were plotted on the chart Figure 37, and it was at
once seen, with the exception of numbers 362, 430, 198, and 147, which are
indicated by dots, that the others lay approximately along the course of a
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sinusoid. After a preliminary trial number 369 was also rejected, although it
lies so near the curve that it makes little difference in the final result
whether it is included or not. The remaining fifteen, or three-quarters of the
total number, appear to belong to one type which we shall designate as
type P. These aphelia are indicated by circles. A curve of sines was now
fitted to the observations, and after several different trials it was concluded
that for the longitude of its ascending node we could not do better than adopt

TABLE LII..
LOCATION OF THE APHELIA OF CLASS O, AND OF CERTAIN MEMBERS OF CLASSES D TO G.
No. |Cert.| Br. Long. Lat. S. Dist. Dev. Wt. [ Cos. Inc. Node. |Type.
Crass C.

253 | 2 202 14 |4+ 031| n |—.401|+.349| 1 |23.6 |+.916 | —.140 |4.320 | P
362 | 2 5020 |—3615| f | — | — | 0 | — | = I R

463 | 3 336 01 |+ 110 f |—.180|+.169] 1 104 | —.984 | —.030 | —.166 | P
320 | 2 190 19 | —16 30| n |—.443|—.009| 1 |26.3 |4.896 |+.004 | —.008 | P
195 | 2 220 39 | —37 52| n |—.869|—.079| 1 |60.3 |4.496 | +.069 | —.039 | P
128 | 3 - 1243 01 | —47 19| n |—.966|—.141| 1 |75.0 | +.259 |+4.136 | —.037 | P
271 2 |1 96 55 | +29 48| n |+.944|—.159| 1 |70.7 |4.330 | —.150 | —.052 | P
430 | 2 100 29 | —44 31| n - - 0 - - — - Q

270 | 2 |III| 37 10 | +32 50| f |+.815|4+.010| 1 |54.6 | —.579 | +4.008 | —.006 | P
246 | 3 35 28 | 427 59| f |+.780|—.048| 1 |51.3 | —.625 | —.037 |+.030 | P
214 | 3 |IV | 341 27 | —28 51| f |—.408|—.286| 1 |24.1 | —.913 |+4.117 |4-.261 | P
198 | 2 |I [ 101 09 | —35 20| n —_ - 0 - - - - Q

351 | 3 | 238 37 | —30 34| n |—.941|4.121| 1 |70.2 |+4.339 | —.114 | +.041 | P
147 | 3 |IV | 233 11 | 421 46| = - - 0 - - - - R
369 | 3 193 46 | +21 12| n |. — - 0 -— - - - P

238 | 2 |III| 3106 |-+16 10| f |+.658|—.192| 1 |41.1 |—.754 |—.126 |+.145 | P
375 | 2 285 24 | —19 55| f |—.863|+.282| 1 159.7 | —.504 | —.243 | —.142 | P
245 | 3 346 18 | +13 31| f |4+.096|4-.219| 1 551 —.995|+.021 | —.218 | P
244 | 2 283 04 | —30 09| f |—.929|4.118! 1 |683 | —.370 |—.110 | —.044 | P
413 | 3 |IV | 24 20 | +35 40| f |+.725|+.140| 1 |46.5 | —.688 |+.101 | —.096 | P

Crass D.

193 | 2 250 09 | —19 57| » |—.932|+.332| 0.5 |68.8 | +.362 | —.155 | +4.060 | P
171 | 2 |II | 142 19 | +32 34| n |+.645|+.151| 0.5 [40.2 | +.764 | +.048 | 4-.058 | P
255 | 3 223 30 | —37 39| n |—.879|—.059| 0.5 |61.5°|4+.477 | +.026 | —.014 | P
226 | 3 61 57 | +50 09| f |4+.959|{+.190| 0.5 |73.5 | —.284 | 4.091 | —.027 | P
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No. |Cert.| Br. Long. Lat. S. Dist. bev. Wt. ¢ Cos. Inc. Node. |Type.
Crass D (continued).

453 | 2 |IV | 320 19 | —21 49| f |—.590|+.009| 0.5 |36.2 | —.807 | —.003 | —.004 | P
314 | 3 |III| 141 38 | +43 27| n |+.700|+.302| 0.5 |{44.4 | +.714 | 4+.106 | +.108 | P
Crass F.

88 | 3 136 37 | +49 02| n |+.759|+.341[0.25 |49.4 | 4+.651 | +.065 | +.056 | P
267 | 3 219 42 | —29 26| n |—.820|4+.0450.25 |55.1 | 4.572 | —.009 | 4.006 | P
287 | 3 34249 | — 0 26| f |—.106|4.075/0.25 | 6.1 | —.994 | —.002 | —.019 | P
301 | 2 132 20 | +15 24| n |+.620|—.171(0.25 [38.3 |+4+.785 | —.027 | —.034 | P
318 | 3 119 05 | 414 21| n |+.728|—.295|0.25 | 46.7 | 4-.686 | —.054 | —.051 | P
464 | 3 320 56 | — 1 33| f |—.391|+.290|0.25 23.0 | —.920 | —.028 | —.067 | P
Crass G.

422 | 2 359 17 | — 1 26| f [+.100{—.12010.25 | 5.7 | —.995 | —.003 | +.030 | P

350°, and for its inclination 40°. Since the surface is a sphere and not a
cylinder, the curve of sines is only an approximate solution. Corrections at
30° and 60° from the node were computed, and .the curve drawn as repre-
sented in Figure 37.

360 330 300 270 240. 200 180 150 120 90 60 300
30 - 90
60 : S ’ ' {60
. . 270 48
30 ~ € o 30
s 1 147 369 / 20 246
: 238
263, I 253 / . : :
0 \ c v : 0
ar \ Oa 35| -
30 S —6 . S - 30
Qus 198 ‘362
28] 430
60 : , 60
90 - 2
360 . 33 --300- 270 240 20 180 - 150 ‘120 20 60 30 0
Fi1c. 37.
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Although this form of graphical solution was found to meet the require-
ments of the case fairly well, and was most convenient for a preliminary de-
termination, yet it was seen that much more accurate results might be ob-
tained by constructing an orthographic projection of a sphere, and projecting
the observations upon it. Such a construction is shown in Figure 38, the
point of view being located in the plame of the ecliptic, and the central
meridian passing through the adopted node. Under these circumstances the
reference circle of the aphelia should appear as a straight line. ‘As shown in

Fi1c. 88.

the drawing its ascending node is on the further side of the sphere. The
upper row of figures along the ecliptic refers to the nearer, and the lower to
the farther side. Six aphelia from eclass D, six from F, and one from G are
also shown in this figure. An aphelion on the nearer side, if in class C is
designated by a circle, if in class D by an X, and if in F by diamond. An
aphelion on the further side, if in class C is designated by a superposed cross
and circle, if in class D by a cross, and if in class F or G by a square.
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All these positions are now used to obtain a more accurate location of
the reference circle of the type, the aphelia from class C being given greater
weight than those from the other classes. Rejected observations of class C
numbers 362, 430, 198, 369, and 147 are indicated as before by dots, and
have no weight. They are all classified later under types @ and R, and sub-
types p and gq.

The weighting of the observations has beeh made to depend exclusively on
the uncertainty that we feel with regard to the value of the aphelion dis-
tances. If, for instance, in examining the aphelia of the other classes we
find some which are highly divergent from the reference circles that are
properly associated with them, and if, further, these same aphelia agree fairly
well with the reference circle proper to class C, it is a fair presumption that
there may have been an error made in determining the aphelion distances of
these orbits, and that they should perhaps really be associated with class C.
Nevertheless, to show that they are of doubtful standing, their positions are
indicated by marks other than circles, and less weight is given to them in
locating the reference circle of the class.

To determine their weight, let us first suppose that the aphelion distances
of all these comets are of no value whatever. In this case the assigned
weight for all the other classes should be unity, the same as that of the
regular members of class C. Let us now suppose that all the aphelion dis-
tances are known with absolute precision. In this case the weight assigned
to the members of the other classes should be zero. The more reliance we
place on the aphelion distances, the less should be the weight assigned to the
other classes. It is clear however that some weight should be assigned to
them, since our knowledge of these distances is admittedly inaccurate. It
has been decided therefore to weight the aphelia of class D one-half, and
those of classes F and G one-quarter.

It will be noted that the approximate values of the node and inclination
of the reference circle are determined from the sinusoid Figure 37, which is
based exclusively on the accepted aphelia of class C. Certain aphelia approxi-
mating to this circle are then selected from the other classes by the method
of choice above described. They are then combined with the aphelia of class
C with the expectation of improving the approximate results. Their effect is
necessarily slight, first because aphelia only are selected that lie near the
approximate reference circle, and second on account of their weighting. The
predominating effect of the accepted aphelia of class C is thereby assured.
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Finally, two reference circles are located, one using only the aphelia of class
C, and the other all the aphelia.
 With regard to the five rejected orbits, number 369 is 28° distant from
the finally adopted reference circle of type P. It lies nearer to that refer-
ence circle than to any other, save that of type N, with which it clearly is
not associated. Its connection with P is indicated therefore by its insertion
in subtype p. Very possibly it ‘originally belonged under P, but had its orbit
shifted by Jupiter, or on the other hand it may be approaching type P, but
has not as yet been acted upon by the controlling unknown planet for a
sufficient number of conjunctions to properly assimilate its orbit to that type.
Orbit number 198 belongs to the great comet of 1843, which is one of a
remarkable group of comets including also numbers 61, 339, 353, and 374.
Of these, number 353, the great comet of 1882, was very extensively observed,
and its orbit very carefully reduced by Kreutz. It is the innermost known
member of class D. The aphelion distances of the three other members of
the group are unknown. These comets all have extremely small perihelion
distances, and very eccentric orbits. These are the very -characteristics,
which render an aphelion distance uncertain, and also permit it to be readily
influenced by slight planetary perturbations. In Chapter XVII we shall
find reasons for believing that the period of 353 is steadily becoming shorter,
and without doubt the same causes are acting on 198, and have done so in

"the past. It has therefore come into class C from class D, with whose re-

ference circle it is appropriately allied.

Comet number 430 is known to have passed after perihelion within 1.3
units of the planet Jupiter. It is possible that.a similar -early encounter
changed its aphelion distance and threw it into its present orbit. It also is
associated with the comets of class D under type . Numbers 362 and 147
may have been similarly perturbed. Number 362 is unaffiliated with any of
the chief types unless it belongs under O, and is associated with that planet.
It lies nearer to @ than to either of the others. It has therefore been entered
in the sub-type ¢ rather than p, in spite of its well determined short
aphelion distance. :

Turning now to the appended comets, Table LII, of classes D, F, and
G, number 171 was observed for twelve months, and its aphelion distance
542, certainly cannot come within the 220 units which is the limit of class
C. It is probable that it, as well as the five other members of class D,
really belong in type P. It is possible that owing to planetary perturbations,
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perhaps due in part to planet P itself, their orbital speed near perihelion
has been increased, so that their apparent aphelion distances have been
lengthened. This same explanation can hardly apply to the appended
comets of class F, but as none of them was observed for over a month
and a half, and several of their orbits are consequently not well determined,
it is quite possible that some of them were really following elliptical paths
whose aphelion distances would bring them properly under class C. Under
class G, comet number 422 was observed for two months. Its coincidence
with type P is very likely accidental, the more so as it does not fall far
beyond the adopted limits of type R, with which it would be more naturally
affiliated.

Returning now to the explanation of Table LII, if the aphelion is on the
nearer side of the sphere, it is marked in the sixth column with an =, if on
the farther side with an f. A straight line passing through the center and
representing the assumed reference circle is now drawn by inspection upon
the projection of the sphere. Its angle in the present instance is 40° the
same as that of the first approximation, made in connection with the sinusoid.
A perpendicular to this line is dropped upon it from each aphelion, and the
distance in terms of the radius, from the foot of these perpendiculars to the
center is given in the seventh column of the table, distances to the left of
the center being reckoned as positive. The deviation from the assumed refer-
ence circle is given in the same unit in the eighth column, distances above
the circle being reckoned -positive. The assigned weight is given in the ninth.

The tenth column gives the angle ¢ whose sine is given in the seventh
column. The eleventh column gives the cosine of this angle. If the aphe-
lion is' on the nearer side of the sphere the cosine is reckoned as positive.
The twelfth column gives the continued product of the deviation and weight
into sine ¢. If the assumed inclination is correct, the algebraic sum of these
products should equal zero. If it is positive, the assumed angle should be
increased, if negative diminished. This sum may be considered as the mo-
ment of a couple tending to change the plane of the orbit about the pro-
longation of the line of sight passing through the node as an axis. The
thirteenth column gives the continued product of the deviation and weight
into cosine ¢. If the assumed node is properly selected the algebraic sum
of these products should equal zero. If it is positive the longitude of the
node should be increased, if negative diminished. This sum may be con-
sidered to be the moment of a couple tending to change the plane of the
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orbit about the line of its intersection with the plane of the paper. The
last column of the table indicates the type or subtype to which the vari-
ous orbits belong.

An examination of the third column of the table shows that about the
same proportion of the comets of this type are visible to the naked eye as
was the case with type O. By far the brightest comet of the type, and the
second brightest of the class, was number 271, the great comet of 1861,
described by Chambers as ‘‘ one of the most magnificent comets on record.”
Comparing the three great comets of 1858, 1861, and 1882, Professor A.
Searle has said that the first came nearest to the ideal form and appearance,
the second was the most startling, because unexpected, and had the longest
tail, while the third was by far the brightest of the three.

In Table LIII, Part I, the first column indicates whether the accepted
aphelia in class C alone were considered, or whether the aphelia of classes
D, F, and G were also included. The second column gives the weighted
number of aphelia included. The third gives the algebraic sum of the pro-
ducts of the deviations multiplied by their respective weights, taken from the
eighth and ninth columns of Table LII. If the aphelia were so distributed on
either side of the reference circle that this sum equalled zero, the reference
circle would be a great circle of the sphere. Since it is a positive quantity
in this instance, this indicates that the displacement is towards the north.
The quantities in the third column divided by those in the second give the
sine of the angle of the displacement. This angle is given in the fourth
column.

In Part II of the table the first two columns give as before the classes
considered and the number of aphelia. The third column gives the arithme-
tical sum of the products of the sine of ¢ multiplied by its weight taken
from the seventh and ninth columns of Table LII. This quantity divided
by the weighted number of observations gives the mean distance of the pro-
jections of the aphelia on the plane of the assumed reference circle from the
line of sight through the centre of the sphere. This quantity we will call
the mean sine. The fourth column gives the alegebraic sum of the quan-
tities given in the twelfth column of Table LII. This quantity divided by
the weighted number of observations gives what we may consider as the
mean moment tending to change the assumed inclination. This mean mo-
ment divided by the mean sine gives the mean force tending to change the
inclination. Dividing this again by the mean sine gives the tangent of the
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angle by which the inclination of the plane should be corrected. To express
this algebraically let us indicate the quantities in the second column of Part

II by n, those in the third column by w, and those in the fourth by d. Let
I indicate the correction to the inclination. Then tan I =%7Z- The angle

I is given in the fifth column and the corrected inclination in the sixth.

TABLE LIII.

DISPLACEMENT. INCLINATION. NODE.

Part 1.
Class. No. 3 Wt. Dev. Dis.
C. 15. +0.494 +1.9
C,D,F,QG. 19.75 +0.996 +2.8
Parr II.
Class. No. = Wt. sin ¢. = Dev. sin ¢. Corr. inc. Inc.
C. 15. 10.018 —0.494 —4.2 35.8
C,D,F,G. 19.75 13.253 ~0.439 ~28 37.2
Parr IIL
Class. No. 3 Wt. cos. ¢. 2 Dev. cos. ¢. Corr. node. Node.
C. 15. 9.648 —0.011 —-0.2 349.8
¢, D,F,G. 19.75 12.752 +0.001 +1.0 351.0

In Part III of the table the node is corrected in a similar manner by
means of the quantities given in the ninth, eleventh, and thirteenth columns
of Table LII. The first two columns are identical with those in Part II.
The third gives the sum of the products of cos ¢ multiplied by its weight.
The fourth column gives the sum of the quantities taken from the thirteenth
column of Table LII. To convert the change in the node into difference of
longitude we must divide by the sine of the angle of the inclination. Indi-
cating the correction to the node by N, the inclination by 7, and the quan-
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tities in the second, third, and fourth columns of Part III as before, we have

dn_
w?sin g ,
rected value of the node in the sixth. It will be noticed that whether we
use only the orbits of class C, or all the orbits combined, the results differ
but little. It should be pointed out in this connection that the word ‘‘node”’
as here used may be defined as the intersection of the great circle parallel
to the reference circle and the ecliptic.

The mean deviation from the assumed reference circle of the fifteen orbits of
type P, class C, obtained from the eighth column of Table LII is ==0.155, which
is the sine of =8.°9. The mean deviation for type N we found to be =3°6,
and for type O =16.°4. In what follows we shall accept as final the second
values given in Table LIII,—those which take account of all the aphelia.
A heavy line has been drawn in Figure 38 to coincide with the major axis
of the ellipse which would represent the reference circle as finally corrected.
For convenience of comparison with the types presently to be described, and
to serve as definite limits to the zone containing the accepted aphelia of type
P, two small circles are established on the sphere parallel to the adopted ref-
erence circle, and located 20° to the north and south of it. Dotted lines are
drawn in Figure 38 coinciding with the major axes of these two ellipses. If
the southern ellipse were drawn in full it would be found to pass to the south
of aphelion 214, which is therefore included with the other accepted aphelia
of type P. The zone included between these small circles contains approxi-
mately 0.34 of the total area of the sphere, and the two other zones each
0.33. Confining our attention exclusively to class C, and dividing the total
number of comets within these three zones, 15, 2, and 3, by these numbers,
we find that the density of the aphelia within the middle zone may be rep-
resented by the number 44, in the northern zone by the number 6, and in
the southern zone by the number 9.

As in the case of types N and O, we see by Table LIII that the ref-
erence circle of type P differs somewhat, 2°.8, from a great circle. The sum
of the weighted positive deviations is +2.087, the sum of the weighted
negative deviations —1.091, and their difference +0.996, as given in the
third column of Part I. The ratio is 1.91, and the difference is greater than
the sum of the three largest positive deviations, when properly weighted,
given in the eighth column of Table LII. TUnlike the two earlier types,
however, there is no evidence of a systematic increase in the deviation with

tan N =

The angle N is given in the fifth column and the cor-
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the increase in aphelion distance. This is shown by an examination of the
results given in the eighth column. The mean value of the first eight figures
is +.012, of the remaining seven forming class C is +.058, of the six forming
class D +.154, and of the seven forming classes ¥ and G +4-.026.  The
corresponding arcs are +0°.7, +3°3, +8°9, and +2°7. The variation is
not systematic, and during the very long intervals which must elapse between
the conjunctions of planet P with its various associated comets, the pull of
the outer planet, owing to its own revolution about the Sun, must be some-
times to the north and sometimes to the south. The writer is therefore
inclined to attribute this displacement largely to accident.

The effect of the known planets on the aphelia of the comets of type P
would be to pull the southern ones towards the north, and the northern
ones towards the south, thereby diminishing the inclination of their reference
circle, but these planets could not by any means shift the reference circle of
type P as a whole either north or south. Similarly the unknown northern
planet would tend to shift the northern aphelia of type P farther north, and
the southern ones farther south, thereby increasing the angle of their reference
circle. /

As far as producing a change in the plane of the reference circle is con-
cerned, it will be seen that the known planets work in direct opposition to
the assumed northern one, and which would produce the greater effect we
have no means of knowing. It is certain, however, that the result would be
a tendency to scatter the aphelia, and pull them away from their reference
circle. The fact that they remain as close to it as they do, itself implies a
concentrating force such as we have already seen would be furnished by a
rather massive planet. revolving in their plane, which would tend to draw
all the comets near which it passed into this circle, and thus replenish the
constant losses that its family must experiénce through the attractions of the
other planets near which the members occasionally pass.

There is indeed in the greater planetary world, much as there is on our
own terrestrial sphere, a constant struggle for accumulation, each planet
trying to collect as many dependants as it can, and at the same time en-
deavoring to protect itself against loss from the attractions of the other
~ planets. It certainly seems remarkable, when we consider the constant
changes of the cometary orbits during the countless ages of the past, that
of the twenty known comets of this aphelion distance, so large a proportion
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as 75 per cent should cling so closely to one circle in the heavens, and that
so nearly a great circle.

The likelihood that this distribution is due merely to chance is in fact
very remote. If we imagine the area of a sphere divided into three equal
parts by two small circles drawn parallel to the equator, then it is possible
to calculate the chance that fifteen out of twenty comets shall fall in the
middle zone. This computation is complicated by the fact, in the case under
consideration, that the parallel circles are not drawn parallel to the equator,
but were laid out after the comets had appeared, in such a manner as to
best fit the recorded results. Since two points are required to define a great
circle upon a sphere, two comets must be reserved for this purpose, leaving
only thirteen out of eighteen which were found to fall within the middle
zone. The required formula is a complicated one to derive, and the likeli-
hood of an error large. It was concluded therefore that the result could be
derived more quickly and with more certainty by means of tables.

The three zones were represented by the three letters o, b, and ¢, and a
table which we will call Table A constructed, consisting of 729 horizontal
rows, showing all the possible combinations of these three letters taken six
at a time, that is to say in six vertical columns. Let ¢ represent the num-
ber of trials, or in other words the number of vertical columns employed, and
n the number of possible combinations. Then we may construct a table for,
let us say, t—3, that is for three failures out of the total number of trials.
In Table LIV the first column gives the number of trials, the second the total
number of possible combinations, the third the number of times that any letter
such as a must occur in any of the combinations in order to have three
failures. Thus in the next to the last line, where there were five trials, in
order to have three failures a must occur twice in the combination. The fourth
column C gives the number of times that three failures occurred by actual
count in Table A. The remaining columns give the first, second, and third

- differences. For three failures the third differences will be constant and equal
to 8. The table may therefore be readily continued by computation for any
larger number of trials.

From the last numbers in the second and fourth columns we derive that
out of 729 possible combinations of the three letters in sets of six, that three
failures will be found 160 times. By similar tables we find that two failures
will occur 60 times, one failure 12 times, and a perfect score but once. A
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TABLE LIV.
CONSTRUCTION TABLE FOR #—3.
t n a C 1 2 3
1 3 -2 0 0
2 9 -1 0 8 8 3
3 27 0 8 24 16 8
4 81 1 32 48 24 3
5 243 2 80 80 32
6 729 3 160 }

similar table constructed for five failures, t—5, showed that the fifth differences
were constant and equalled 32.

By means of Table A, therefore, it was possible to compute tables for
eighteen trials from one up to five failures. In eighteen trials there are
387,420,489 possible combinations, with but one perfect score. One failure will
occur 36 times, two failures 612 times, three failures 6,492 times, four failures
48,960 times, and five failures 274,176 times. Adding these results, we find
the likelihood that as many as thirteen out of eighteen comets should fall by
chance within the middle zone is 330,277 out of 387,420,489 or only one chance
in-1173. We therefore conclude that this distribution of the aphelia cannot
be due to accident, but must have some real cause, and this cause we believe
to be the presence of a massive planet which we shall call planet P.

Comparing the number of aphelia in types N, O, and P, we find that
the latter must form a group of considerable importance. The longest known
period of a comet of type N, orbit 389, is 8.91 years. During the last ten
years of the nineteenth century practically all of the comets of type N
must therefore have passed perihelion. Not counting duplicate apparitions
of the same comet there were 17 comets recognized in all. Of these 12, or
71 per cent, came in the first five years. During the whole of the century
nearly all of the comets of type .0 must have passed perihelion. There
were 12 of these comets recognized, of which one half came in the first fifty
years. On account of their high eccentricity, the ellipticity of the orbits of
the comets of type P is much more difficult to recognize and determine than
the ellipticity of the orbits of the other two types. Prior to the last century
but one such comet was detected. During the last half of the last century
11 such comets were found in class C alone. In the course of a thousand
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years nearly all the comets of this type would have passed perihelion. At
the same rate of detection 220 comets belonging to this type would have
been recognized. Theoretically a lower rate should be found in the latter
part of the period, since the comets of shorter period would by that time
have been already discovered. If we divide this number by two, however,
the number of comets in the three types will still stand in the ratio of 17,
12, and 110.

Let us now turn for a moment to the early history of the idea of search-
ing for an invisible planet by means of cometary orbits. As we have al-
ready seen, p. 193, Professor G. Forbes was the pioneer in this work as far
as concerns planet P. Proc. Roy. Soc., Edinburgh, 1878-80, 10, 426, 188082
11, 89, also Observatory, 1880, 3, 439. He computed the positions and dis-
tances of the aphelia of comets numbers 214, 128, 195, 198, 271, 270, and
246. See Figure 37. He then plotted them on the surface of a globe, and
rejected numbers 214, 128, and 271, passing a reference circle through the
other four. Had he rejected 198 and retained the other six, a portion of
the present work would have been superfluous. From these orbits he con-
cluded that the ascending node of the reference circle was located in longitude
250°, and that the inclination was 53°. He also determined the eccentricity
and longitude of perihelion. Later he revised his views, and concluded that
the reference circle, which he considered to be the orbit of an unknown planet
lay nearly in the plane of the ecliptic. He located the planet in 1880 in
longitude 174°, latitude 0°.

Quite recently he has again revised his views, M. N., 1909, 59, 152, and
gone back practically to his original elements. Of the twenty comets of class
C he makes use only of numbers 195, 198, 246, and 270. He also includes in
his list number 353 of class D, 247 of class H, and 339 of class I.. The
last two were observed for but 27 and 15 days respectively, for which reason
the writer did not consider their aphelion distances sufficiently well known
to be included in any of the better known classes. It may be pointed out
that of the seven comets selected by Professor Forbes, numbers 198, 339, and
353 belong to the remarkable group of five orbits of extremely short perihelion
distance and high eccentricity whose aphelia lie close together upon the
celestial sphere. The aphelia of the three used by him are practically identi-
cal. The aphelia of numbers 246 and 270 differ by but 5°. See Figure 37.
These five aphelia may therefore be considered as furnishing two points on
the reference circle, and number 195 and the somewhat doubtful 247 as fur-
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nishing two more. From these four points the orbit of the assumed planet
was derived. The elements as given by him are as follows: — Q 247° 34/,
152° 00’ 30”7, ¢0.1665, = 114° 57/, mean distance 105.1, date of perihelion pas-
sage 1702. The period of revolution is 1076 years. By means of assumed
conjunctions with these various comets he locates the planet in 1908 in
longitude 215° 31’, latitude —33° 53’. It will be noticed that the node and
inclination differ materially from those shown in Figure 37.

Moneck, in the Journ. Liverpool Astr. Soc., 1889, 7, 210, by combining the
aphelia of numbers 195, 320, 271, 270, 136, and a comet which appeared in
1746, but which was rejected by Galle as uncertain, finds for the longitude
of the node 330°, and. 35° for the inclination. These last results do mnot
differ very greatly from those given in Table LIII, and shown approximately
on the figure. Monck also tried to locate in longitude the supposed planet
associated with these orbits, by means of assumed conj'unctions with the
various comets. He placed it in 1889 in longitude 35° to 40°, latitude -+30°
to +35°.

In conclusion we may remark, whether we accept or reject the theory
that the concentrating force above noticed is due to an unknown planet, the
interesting fact remains that comets whose aphelion distances lie within the
bounds of class C, that is between the limits of 60 and 220 units from the Sun,
tend to concentrate their orbits about the reference circle whose elements we
have just determined. This fact becomes the more striking when we recollect
that all of these orbits, unlike those of type N, are on account of their
high eccentricity, extremely narrow in proportion to their length. In the
next chapter we shall endeavor to show that other comets whose orbits have
still greater aphelion distances favor other reference circles.
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CHAPTER XV

Crasses D 1o I. Comers oF HicH, AND oF UNKNOWN ECCENTRICITY.
SUMMARY.

Arter Chapter XV had been put in type a method was discovered of
estimating the eccentricity of the orbits of planets @ and E. This at once
led to the belief that the mean distance of these bodies was considerably
greater than had previously been supposed, when their orbits were assumed
to be circular. In accordance with this change of view some alteration of
the preceding tables was necessary. It was found, however, that the changes
in both the tables and figures of Chapter XV would be so great, while the
change in the resulting conclusions would be so small, that with the excep-
tion of Table LXII it would scarcely be worth while to alter them. Table
LXII and its description has accordingly been made conformable to the rest
of the volume. This statement will account- for some inconsistencies that
may be noted between the contents of this chapter and the rest of the work.
In this chapter the seventeen orbits numbers 109, 203, 218, 227, 279, 280,
285, 314, 319, 321, 326, 395, 400, 402, 409, 448, and 453, are included. under
class E, whereas in the rest of the volume they are entered under D. The six
orbits 227, 280, 319, 395, 402, and 409, are included in this chapter under
type QR, whereas in the rest of the volume they are entered under §. While
orbit 385 is here entered under QR, it is elsewhere included under type R.

Class D consists of 31 orbits. Their numbers, certainty, the brightness
of their associated comets, and the longitudes and latitudes of their aphelia
are given in the first five columns of Table LV. The brilliancy of these
comets, already noted, is brought out in the third column of the table, the
brighter members seeming to have the shorter aphelion distances. Five
comets of the very brightest grade belong to this class, three of them, as
shown by the last column of the table, belonging to type @. Mentioned in
the order of aphelion distance they appeared in the years 1882, 1858, 1769,
1811, and 1680. Of these, the first and the last were the most remarkable,
largely because their perihelion distances were both notably small. There
are 26 comets belonging to class G. While none of them were brilliant, over
one-third were visible to the naked eye.
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TABLE LV.

POSITIONS OF THE APHELIA OF CLASSES D AND G AND OF CERTAIN MEMBERS OF
. CLASSES ¢, E, AND F.

No. |Cert.| Br. Long. Lat. S. Dist. Dev. Wt. ¢ Cos. Inec. Node. |Type.
Crass D.
353 | 2 |1 101 33 | —35 14| § |—.576|—.161| 1 |35.2 |— .817|+4.093 |4.132 | Q
116+ 3 |I1 69 26 | —52 51| f |—.797|+.210| 1 |52.8 |- .605| —.167 | —.127 | Q
142 | 2 (I 8) 56 | — 3 40| f |—.064|4.004| 1 3.7 |— 998 .000 | —.004 | Q
262 | 2 |7 195 03 | —43 45| n - . 0 - - - P
308 | 2 131 42 | +61 43| f |+.881|—.313| 1 |61.7 [— .474|—.276 |+.148 | Q
101 | 3 (I 33230 | +19 34| n - - 0 - - - - R
379 | 3 |III| 6530 |+ 003 f - - 0 - - - - R
383 | 2 262 07 | 451 06| » (4.778|—.085( 1 |51.1 |+ .628| —.066 | —.053 | @
346 | 2 |III| 8839 |+ 508 f |+.089(4.028| 1 5.1 [— .996|4.002 | —.028 | @
254 | 3 |III| 5419 | —42 55| f - - 0 — - - - q
179 | 3 79 29 | +52 35| f |+.794|4.108| 1 |52.6 |— .607|-+.086 | —.066 | Q
146 | 2 | 289 10 | —60 26| n |—.870|4.165| 1 60.4 |+ .494| —.144 | +.082 | @
313 | 2 229 30 | 413 42| n - - 0 - - - - R
411 | 2 258 |+ 924 f - - 0 - - - - R
193 | 2 250 09 | —19 57| n - - 0 — - - - P
168 | 2 83 18 | —53 22| f |-.802{+.074| 1 |53.4 |— .596| —.059 | —.044 | @
284 | 2 |III| 12441 |— 0 54 f - - 0 - - - - T
171 | 2 |II | 142 19 | +32 34| f - - 0 - - — - P
305 | 3 281 55 | +42 28| n |4.675|4.155| 1 |42.5 |+ .737|4.105 | +.114 | Q
164 | 3 |III| 9311 |4+ 0 51| f |4+.015|—.051| 1 0.8 |—1.000| —.001 | 4+.051 | Q
263 | 3 183 18 | — 8 38| n - - 0 - - - - R
255 | 3 223 30| —37 39! n - - 0 - - - - P
175 | 3 23730 | — 557 n - - 0 —_ - - - R
377 | 2 79 52| — 431 f |—.079|4.180| 1 45 |— 997 —.014 | —-.179 | @
97 | 3 263 32 | —72 27| n |—.953|—.030| 1 |724 {4+ .302|4.028 | —.009 | Q@
226 | 3 61 57 | +50 09| f - - 0 - - - - P
65| 3 |I 90 36 | + 8 08| f |+.141{—.009| 1 81 |— .990| —.001 | 4+.009 | @
387 | 2 |IV | 100 28 | 412 53| f |+.223|—.179| 1 |129 |— 975 — 040 +.176 | @
216 | 3 |11 89 27 | 446 17| f (+.723|+4.010| 1 {46.3 |— .691|+4.007 | —.007 | Q
327 | 2 322 40 | —60 32| n |—.871|4.388| 1 |60.5 |+ .492|—.338 |+.191 | Q
393 | 3 201 43 | +11 59| - n |4.208|+.359| 1 |12.0 |4+ .978|+4.075 | +.203 | Q
Curass G.
354 | 2 228 20 | +73 11| n |+.957|—.186| 1 [73.2 |+ .289|—.178 | —.054 | Q
277 | 2 313 38 | —73 47| n |—.960|4+.200| 1 |73.8 |+ .279| —.198 | +.056 | Q@
199 | 3 116 24 | —41 09| F |—.658|—.331| 1 |41.2 |— .752|+.218 | +.249 | @
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No. |Cert.| Br. Long. Lat. S. Dist. Dev. Wt. ) Cos. Inc. Node. |Type.
Crass G (continued).
465 | 3 |IV | 262 47 | —27 48| n |—.460|—.119| 1 |274 |4 .888|4-.055 | —.106 | @
403 | 2 253 11 | —50 41| n |—.773|—.187| 1 |50.7 |+ .633| +.145 | —.118 | @
204 | 2 281 17 | —41 34| n |—.663 |+.150| 1 |41.6 |+ .748| —.099 | +.112 | @
391 | 2 87 38 | —53 29| f |—.804|+.021| 1 |59.5 |— .508| —.017 | —.011 | @
221 | 2 |[IV| 8109 |+470 43| f |+.944|4.050| 1.|70.7 |— .330| +.047 | —.002 | Q
446 | 2 |1V | 1563 49 | —11 01| f — — 0 — - - - R
366 | 2 |III| 58 50 | —59 56| f |—.865(+.264| 1 [59.9 — .502| —.228 | —.133 | @
355 | 2 249 56 | —66 05| n |—.914|—.128 1 [66.1 |-+ .405|+4.118 | —.052 | @
373 | 2 |IIT| 245 13 | =77 49| n |[—.977|—.094| 1 |778 |4+ .211|+4.092 | —.020 | @
239 | 3 |II1|136 34 |— 8 24| f — — 0 — — - - R
282 | 2 314 27 | —-76 22| n |—.972|4-.170| 1 |76.4 |+ .235|—.165 | 4.040 | Q
440 | 2 |IV | 19745 |— 4 49| n | — — 0 - - - - R
422 | 2 359 17 | — 1 26| f — — 0 — — — - P
225 | 2 3730 | —30 17| f - - 0 - - - - r
436 | 2 98 42 | 448 49| f |+.753|—.097| 1 |48.8 |— .659|—.073 |+.064 | @
384 | 2 (IV 19635 |+ 431 n - — 0 - | - - — R
427 | 2 92 57 | — 4 17| f |—.075|—.055| 1 4.3 |— .997|4.004 | +.055 | @
361 | 2 92 15| - 132 f |—.027|—.038] 1 1.5 {—1.000| 4.001 | 4.038 | @
240 | 3 |IV | 114 53 | 460 03| f |+.866|—.214| 1 |60.0 |— .500| —.185 | 4.107 | @
141 | 3 284 04 | +24 06| n |4.408|4.220| 1 |24.1 |+ .913|4.090 | +.201 | @
155 | 3 276 35 | +10 29| » |4+.182|4.109| 1 |10.5 |4+ .983|+4.020 | +.107 | @
367 | 3 99 56 | —37 51| f |—.618|—.144| 1 |38.2 |— .786|+.089 |+.113 | @
107 | 3 176 14 | —42 55| f - - 0 - - - - R
Crass C.

430 | 2 100 29 | —44 31| f |—.701|—.132| 0.5 |44.5 | —.713 | +.046 | 4-.047 | Q
198 | 2 I {10109 |—-3520| f |—.578|—.146| 0.5 |35.3 | —.816 |+.042 | +.060 Q
Curass E.

319 | 2 |IT | 107 14 | —25 08| f |—.424|—.272|0.25 |25.1 | — .906| +.029 | +.062 QR
279 | 2 |III| 77 13 | —55 22| f |—.823|+.120|0.5 |55.4 | — .568| —.050 | —.034 -Q
280 | 2 |IIT| 277 25 |+ 2 43| n |+.047|4.122|0.25 | 2.7 |+ .999| +.002 | +.030 QR
326 | 2 |[IV| 9120 |—49 46| f |—.763|—.017|0.5 |49.8 | — .646| +.006 | +.006 Q
402 | 3 |IIT| 80 37 | —15 02| f |—.259|4.160(0.25 |15.0 | — .966| —.010 | —.039 QR
227 | 2 |III| 93 47 |+ 030| f [+.009|—.066|0.25 | 0.5 | —1.000] .000 |-.016 QR
448 | 2 |IT 94 01 | +17 09| f |4.295|—.069|0.5 |17.2 | — .955| —.010 | +.033 Q
218 | 2 55 51 | —83 15| f |—.983|+.134|0.5 |83.2 | — .113| —.066 | —.008 Q
409 | 2 |IIT| 112 05 | —14 33| f |—.251|—.368|0.25 |14.6 | — .968| +.023 | +.089 QR
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No. |Cert.| Br. Long. Lat. S. Dist. Dev. Wt. ¢ Cos. \ Inc. Node. |Type.
Crass E (continued).
400 | 2 301°00 | +77 38| n |+.977|+.127(0.5 |77.6 |+ Q +.062 | +.014 | Q
395 | 2 102 58 | —16 45| f |—.288|—.218|0.25 |16.8 | — .957| +.016 | +.052 | QR
109 | 3 83 21 | +43 04| f |+.683|+.080|0.5 |43.1 | — 730/ +.027 | —.029 | Q
385 | 3 255 52 | +13 21| n |+.231|—.235|0.25 | 13.4 |+ .973| —.014 | —.057 |QR
381 | 3 306 13 | —55 44| n |—.826|+.330|0.5 |55.7 |+ .564| —.136 | +.093 | Q
Crass F.
92| 3 68 17 | —33 49 . . 0.5 |33.8 | —.831 | —.087 | —.130
94 | 3 |III| 250 33 | +78 22 . . 0.5 |78.4 | +.201 | —.038 | —.008
104 | 2 |IT | 285 34 | —10 55 . . 0.5 |10.9 | 4.982 | —.025 | 4.129
106 | 3 |IV | 276 26 | +39 02 . . 0.25 139.0 | +.777 | +.013 | +.016
108 | 3 264 42 | —28 23 . R 0.5 |28.4 |-.880 | +.018 | —.034
114 | 3 |III| 253 59 | +18 24 . . 0.25 |18.4 | +.949 | —.021 | —.063
124 | 3 \IIT| 7239 | —51 25 . . 0.5 |51.4 | —.624 | —.073 | —.058
154 | 3 70 56 | —67 41 0.5 |67.7 | —.380 | —.056 | —.023
157 | 2 |\II 97 02 | —13 15 . . 0.25 | 13.2 | —.973 | +.066 | +.028
176 | 2 59 52 | 480 21 0.5 |80.4 | —.167 | +.097 | —.016
187 | 3 97 27 | — 4 35 . . 0.25 | 4.6 | —.997 | +.002 | 4-.031
208 | 3 276 34 | +16 01 0.25 |16.0 | +.961 | 4+.007 | +.024
212 | 3 272 26 | —55 54 . . 0.5 |55.9 | +.561 | —.009 | +.006
215 | 3 281 33 | —49 0.5 |49.5 | 4.649 | —.050 | 4.043
228 | 2 263 +35 0.25 |35.1 | +.818 | —.014 | —.019
243 | 3 |III| 119 —65 0.5 |66.0 | —.407 | 4.089 | 4-.040
249 | 3 | IV | 266 + 5 025 | 5.8 |+4.995 | —.002 | —.017
250 | 2 310 —58 0.5 |58.4 |4.524 | —.146 | +.090
268 | 2 |III| 303 -73 , 0.5 |73.1 | 4+.291 | —.077 | +.023
281 | 3 | IV | 263 —54 —.06410.5 |54.4 | +.582 | 4-.026 | —.019
288 | 3 |III| 259 —68 . —.060/0.5 |68.1 | 4+.373 | +.027 | —.011
204 | 3 69 —31 . 4-.30810.25 |31.2 | —.855 | —.040 | —.066
296 | 2 94 —36 . —.055(0.25-136.9 | —.800 | 4.008 | +.011
306 | 2 274 —76 . +.02110.5 |76.5 | +.233 | —.010 | 4-.002
322 | 3 99 —16 2771—.16110.25 |16.1 | —.961 | 4.011 | +.039
330 | 3 .| 260 —35 . —.136|0.5 |35.8 +.811 | +.040 | —.055
338 | 2 62 —61 —.880|+.217{0.5 |61.7 —.474 | —.095 | —.051
340 | 3 278 19 | —28 —478|4.132|0.5 |28.7 | +.877 | —.032 | +.058
341 | 2 |IIT| 256 10 | +21 +4.370|—.225|0.25 |21.7 | +.929 | —.021 —.052
343 | 3 |IV| 75 —10 10 —.177|+.24910.25 |10.2 | —.984 | —.011 | —.061
349 | 3 91 — 5 48 —.1011—.033/0.25 | 5.8 | —.995 | 4.001 | +.008
364 | 2 110 19 | —23 10 —.393|—.31210.25 |23.2 | —.919 | 4-.031 | +.072
372 | 2 81 09 | —31 47 —.527|+4.131|0.25 |31.8 | —.850 | —.018 | —.028
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No. |Cert.| Br. Long. Lat. S. Dist. Dev. Wt. ¢ . Cos. Inec. Node. |Type.

Crass F (continued.)

376 | 2 286 08 | —22 36| n |—.384|4.259|0.5 |22.6 |+ .923| —.050 | +.120 Q
408 | 3 281 39 | —35 59| n |—.588|4.167(0.5 |36.0 |+ .809| —.049 | +.068 | Q
429 | 2 250 26 | —59 06| = |—.858|—.166|0.5 |59.1 |+ .514|+4.071 | —.043 Q
434 | 2 76 26 | — 4 59| f |—.087|+.240(0.25 | 5.0 |— .996| —.005 | —.060 QR
435 | 2 268 25 | +23 58| n |+.406|—.020|0.25 |24.0 |+ .914| —.002 | —.005 QE
437 | 3 280 09 | — 1 46| n |—.031|4.172/0.5 1.8 |+1.000| —.002 | +.086 | @
452 | 3 |IV| 74 22| —10 30| f |—.182|4+.269|0.25 |10.5 |— .983| —.012 | —.066 QR
467 | 3 |IV | 106 11 | +13 09| f |+.228(—.271/0.5 |(13.2 |— .974| —.031 +.132 | @
473 | 3 269 41 | — 7 16| n |—.122|—.005/0.5 7.0 |4+ .992 000 | —.002 | @
477 | 3 |III| 257 35 |+ 8 10| n |+.136|—.217/0.25 | 7.8 |+ .991| —.074 | —.054 QR
478 | 3 282 00 | 452 21| » |4.795(+.120|0.5 |52.7 |+ .606| +.048 | +.036 Q

The location of the aphelion of every member of these two classes is shown
~upon Figure 39. The reference circle is drawn by inspection. When belong-
ing to type @, the elliptic orbits of class D are indicated by circles, and the
hyperbolic orbits of class G by crosses. When belonging to types P, R, or
to subtypes p, g, or r they are indicated by dots. An inspection of the figure
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shows that these aphelia have a tendency to collect near the meridian of
longitude 90°, and a less marked tendency to collect near 270°. The numbers
at the bottom of the figure between the meridians indicate the number of
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aphelia found in each sector of the sphere. The assumed inclination of the
reference circle is 83°. _ .

The relation of this very singular reference circle to the various aphelia
can be seen to better advantage in ‘the orthographic projection of the sphere
in Figure 40, where the concentration of the aphelia near the extremities of
the reference circle clearly shows its true inclination, which is here changed

é
/,S'—'———g{%\’
/ ¢

1)
Xﬁf\ m/ A /4

373 282
Fic. 40.

to 86°. In neither of these figures are any aphelia included save those
belonging to classes D and G. As we shall see presently it is probable that
those dots shown in the latter figure that have a horizontal line drawn

_through them should be omitted, as belonging to another type.

This figure would be made still more striking had the node been chosen
at 95° instead of 90°. This would have shifted the circles marked with a
cross farther to the right, and those unmarked farther to the left. If this
reference circle really indicates the orbit of a remote unknown planet, we
see at once that it would permit that body to pass very near to the pole
of the ecliptic, gnd it would thus be capable of producing the southerly dis-
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placements of the reference circles of types N and O that we have already
noted. In Chapters XII and XIII we found that this body must be massive,
but in Chapter XIX we shall find that a close approach to the pole is
unnecessary. In Chapter XIII we saw that the maximum southern deviation
produced in classes A and B lay near longitude 170°. By Figure 40 it will
be seen that the deviation from the pole also lies in this same general direc-
tion. In point of fact it lies in longitude 183.°4.

In Chapter XII we found that the orbits of the hyperbolic comets could
be explained by the existence of a very massive planet. We now find that
three-quarters of the hyperbolic aphelia coincide with this reference circle.
The reason for making our computations in that chapter .relatively to planet
@ rather than to planet P is now apparent. Since the aphelia of the comets
of classes D and G lie along the same reference circle, it is evident now
why they are combined in this investigation, and it is because many of the
aphelia of classes £ and F do not lie along this circle that they are omitted.
We shall find presently that the majority of their aphelia tend to lie along
still another reference circle that we shall call R. The planet corresponding
to this circle, although more remote than planet @, produces few if any
hyperbolic or slow elliptical velocities among its associated comets. From
this we conclude that its mass is appreciably smaller than that of Q.

Since owing to the great mass of planet @ the orbits of its associated
comets may be either hyperbolic or strongly elliptical, it is clear that orbits
of all intermediate grades of eccentricity may be produced. The comets of
classes E and F are consequently divided between the two planets Q and R,
and there is no way of distinguishing their allegiance save by the positions of
their aphelia. Where the two reference circles intersect, this test also fails us,
and in appearance the comet may belong to either planet. This may be true
also in fact.

Of the 20 aphelia of classes D and G which do not belong to type @,
and are therefore represented on Figure 40 by dots, there are 11 which be-
long to type K. A short horizontal line has been drawn through these dots
to indicate that they probably do not properly belong in this figure at all,
since a very slight change in their perihelion velocity, due either to perturba-
tions, or to errors, would throw them into classes E or F, which are asso-
ciated with type R. Even if we include these aphelia the concentration
about the reference circle shown in Figure 40 is quite pronounced, but if we
omit them it becomes very marked.
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The latter portion of Table LV is devoted to the comets of type Q to
be found under classes C, E, and F. To the two comets belonging to class
C we have already referred in the- last chapter. Their orbits are treated
precisely like those of classes D and (, excepting that they are weighted
only one-half, for the reasons previously explained. Seven comets belonging

to type @ are found under class E. They are also weighted one-half. Seven

others are found which may belong either to @ or B. These last are weighted
therefore only one-quarter each. Under class F, the parabolic comets, 25
are found which belong to type @ and are weighted one-half, and 19 which
may belong to either  or R and are weighted one-quarter. The comets in
this class are arranged in chronological order.

Fie. 41.

The aphelia of all these comets are plotted in Figure 41, those weighted
one-half being indicated as before by crosses, and those weighted one-quarter
by squares. The difference in the amount of concentration at the north and
south poles is at once apparent. It was at first thought that this might be
due in part to the fact that comets with southern aphelia would have northern

John G. Wolbach Library, Harvard-Smithsonian Center for Astrophysics ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1911AnHar..61..163P

TAdHar ~. 617 “T63P!

rmol

244 ANNALS OF HARVARD COLLEGE OBSERVATORY.

perihelia, and would therefore be more readily visible than the others from
northern observatories.

To test this suggestion Table LVI was prepared. ThlS table refers exclu-
sively to the comets of type Q. The first column gives the class, the second
the total number of aphelia in each class, the ‘third and fourth their distri-
bution north and south of the ecliptic, and the fifth and sixth their percent-
age distribution. The last five columns are similarly arranged, but refer only
to those comets that were visible to the naked eye, and that have appeared
since 1850. In the first part of the table the last line shows that 67 per

TABLE LVI.
DISTRIBUTION IN LATITUDE OF THE APHELIA OF TYPE Q.
Class. No. North. South. N.p.c. S.p.c. No. North. South. N.p.c. S.p.c.
c 2 0 2 0 100 0 0 0 — -
D 18 10 8 56 44 3 2 1 67 33
E 7 3 4 43 57 3 1 2 33 67
F 25 4 21 16 84 5 1 4 20 80
G 18 6 12 33 67 4 1 3 25 75
Total 70 23 47 33 67 15 5 10 33 67

cent of the aphelia had southern latitudes. In the second part we find that
since 1850 the southern aphelia also formed 67 per cent of the total. Al-
though the southern heavens are not yet scanned for comets as carefully as
the northern ones, yet the difference since 1850 for naked eye comets must
be very slight. It would therefore appear that the suggestion that the pre-
ponderance of southern aphelia was due to terrestrial conditions must be
given little weight. -

Why two-thirds of the comets of this type should come from regions
south of the ecliptic is not at first evident, but will be explained later. It
will be noticed, however, from an examination of the third and fourth columns
of the table, that the excess from the south comes chiefly from classes F and
G. This excess then comes from those comets that might really belong in
class D, but that owing to the northern position of planet @ were made to
appear to have higher eccentricities than they really possessed.

An inspection of Figure 40 showed that the true inclination of the ref-
erence circle was very nearly 90°, It was therefore decided for the second
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approximation to adopt the central meridian. This is the line from which
the measurements were made that are used in the later columns of Table LV.
Tables LV and LVII are arranged precisely like Tables LII and LIII, and
therefore require no further explanation.

Owing to the correction to the node, the limiting circles 20° on either side
of the finally adopted reference circle would appear as rather wide ellipses.
It is for this reason that several of the accepted aphelia lie outside the
dotted lines which indicate the location of the major axes of these circles.
Of the 31 aphelia belonging to class D, 18, or 58 per cent, belong to type
Q. Of the 26 orbits belonging to class G, 19, or 73 per cent, belong to this
type. The average deviation from the assumed reference circle for classes D
and G, taken from the eighth column of Table LV, is %=0.143, which is the
sine of =8°.2. If the finally adopted reference circle were used instead of the
approximate one this value would be appreciably smaller.

TABLE LVII.
DISPLACEMENT. INCLINATION. NODE.
Part 1.
Classf No. > Wt. Dev. Dis.
D,G T 37 +0.444 +0.7
D,G,C,E,F 60.5 +1.198 +1.1
Parr II.
Class. No. = Wt. sin ¢. Z Dev. sin ¢. Corr. inc. . Ine.
D,@ 37 22.415 0974 —41 85.9
D,G,C,E,F 60.5 36.034 —1.502 —4.0 - 86.0
Part III.
Class. No. = Wt. cos ¢- Z Dev. cos ¢. Corr. node. Node.
D,G 37 24.995 +1.235 +4.2 94.2
D,G,C,E,F 60.5 41.590 +1.691 - 434 93.4

.
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By Table LVII we find that the displacement of the reference circle from a
great circle of the sphere is +1°.1. The %um of the weighted positive devia-
tions for the five classes taken from Table LV is +5.037, the sum of the
negative deviations is —3.839, and their difference 41.198. The ratio of
these deviations to one another is 1.31, and the elimination of the four most
positive deviations would be necessary in order to change the displacement of
the reference circle to a negative value. It is on the whole uncertain whether
this deviation from the great circle is or is not the result of accident.

The number ¢f comets belonging to classes D and G contained in the
middle one of the three zones, Figure 40, is 37. Omitting those of type R,
we have in the northern zone 4, and in the southern zone 5. Dividing these
numbers as before by the area of the zones, we have a comet density for the
middle zone that may be represented by the number 109, a ‘density for the
northern zone of 12, and for the southern zone of 15.

The aphelia of classes E and F are entered in Table LVIII. No comets
of the highest grade of brilliancy are found in the former class, but the
“unusual proportion of 14 out of 25 were visible to the naked eye. As in the
case of class D the brighter comets seemed to have the shofter aphelion dis-
tances. Two of the early comets of class F were of the highest grade of
brilliancy, and had they been more accurately observed might have fallen
into class E.

The aphelia of all these orbits are plotted in Figure 42. Those of class
E and types R and QR are indicated by crosses, those of class F and types
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" TABLE LVIIL

POSITIONS OF THE APHELIA OF. CLASSES F AND F, AND OF CERTAIN
MEMBERS OF CLASSES C, D, AND G.

No. | Cert.| Br. Long. . Lat. S. Dist. Dev. Wt. @ Cos. Inc. Node. |Type.
Cuass E.
319 | 2 | IT | 107 14 | —25 08| n |—.870|4.009| .75 |60.5 | +.492 | —.006 | 4-.003 |QR
279 | 2 |III| 77 13 —5522| n - - 0 - - - - Q
280 | 2 |III| 277 25 |+ 2 43| f |+4.658|—.330| .75 |41.1 | —.754°| —.164 | +.188 |QR
326 | 2 |IV]| 9120 |—49 46| n - - 0 - - - - Q
402 | 3 |III| 80 37 |—15 02| n |—.555|4+.017| .75 |33.7 | +.832 | —.007 | +.011 |QR
321 | 3 165 24 | —41 47| f |—.918|—.237| 1 |66.6 | —.397 |4.218 | +.094 | R
203 | 2 |IIT| 11730 |— 138| n - — 0 - - - - T
227 | 2 |IIT| 9347 |+ 030| » |—.586|+.351| .75 [35.9 | +.810 | —.154 | +.213 |QR
448 | 2 |11 94 01 | 4+17 09| n - - 0 - - - - Q
453 | 2 |IV | 320 19 |—2149| n - — 0 - - - - P
218 | 2 55 51 | —83 15| n - - 0 - - - - Q
409 | 2 |IIT| 112 05| ~14 33| n |—.870|+.218| .75 |60.5 | 4.492 | —1.42 |4.080 |QR
314 | 3 |III| 141 38 | +43 27| f - - 0 - - - - P
400 | 2 301 00 | +77 38| f -~ - 0 —_ _ - - Q
285 | 2 834 | +48 17| n - - 0 - - - - r
395 | 2 102 58 | —16 45| n |—.810|4-.120| .75 |54.1 | +.586 | —.073 | +.052 |QR
109 | 3 8321 |[443 04| n - [ - 0 - - — -1 Q
202 2 (IV| 1033 |(4+22 54| n (4.706(+.047| 1 |44.9 |+.708 | +.033 |4.033 | R
205 | 2 2 38 |+20 58| n |+.773|—.035| 1 [50.6 |+4.635 | —.027 | —.022 | R
439 | 2 145 37 | —32 08| f |—.994|—.050{ 1 (83.7 | —.110 | +.050 | +.005 | R
385 | 3 255 52 | +13 21| f |+4.488|—.005| .75 |29.2 | —.873 | —.002 | 4-.003 | QR
1921 3 |IV| 243 |—49 36| n - - 0 - - - - q
381 | 3 306 13 | —55 44| f - - 0 —_ - - - Q
352 | 2 |III| 213 58 |+27 45| f - - 0 - - - - r
231 | 2 130 56 | —38 06| n |—.976|—.151| 1 |77.4 |+.218 |4.147 | —.033 | R
Crass F.
59| 3 (I 311 49 (+16 02| f |+.955|—.230( 1 |72.7 | —.297 | —.220 {+4-.068 | R
80| 3 |IV 138515 |— 938| n |—.933|4+.340| 1 [68.9 | +.360 | —.317 | +.122 | R
84| 3 |II 2132|429 09| n |4.601({4.210| 1 |36.9 | +.800 | +.126 | +.168 | R
871 3 |1 27 36 | —20 30| n - - 0 - - — - r
88| 3 136 37 | +49 02| n - - 0 - - - - P
921! 3 I 68 17 | —33 49! n - - 0 - - - - Q
94 | 3 |III| 250 33 |+78 22| f - - 0 - - - - Q
104 | 2 |IT | 285 34 |—10 55| f - - 0 - - - - Q
106 | 3 |IV | 276 26 | +39 02| f |+.805|+.268| .75 |53.6 | —.593 | +.162 | —.119 |QR
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No. | Cert. Br. Long. Lat. S. Dist. Dev. Wt. [ Cos Inec. Node. |[Type.
Crass F (continued).
108 | 3 264 42 | —28 23| f - - 0 - - — - Q
114 | 8 |IIT| 253 59 |+18 24| f |+.489|+.080| .75 |29.3 | —.872 | 4.030 | —.052 | QR
118 | 3 352 13 | +26 24| n |+.877|4+.009| 1 |61.3 |+4.480 |+.008 |+4.004 | R
119 | 3 184 52 | —47 27| f - - 0 - - - — r
124 | 3 |IIT| 7239 |—5125| n - - 0 - — - - Q
134 | 3 |III| 18139 |—5034| f - - 0 -] - - - r
149 | 3 250 33 | — 3 22| f |[4+.270|—.215| 1 |157 | —.963 | —.058 | +.207 | R
154 | 3 70 56 | —67 41| n - — 0 - — - - Q
167 | 2 |11 97 02 | —13 15| n |—.735|4.152| .75 |47.3 | +.678 | —.084 | +.077 |QR
160 | 3 |III| 5253 |—1021| n |—.131|—.132]| 1 7.5 | +4+.991 | 4.017 | —.131 | R
165 | 3 |IIT| 116 45 | —27 35| n |—.928| .000| 1 |68.1 | 4.373 .000 .000 | R
167 | 3 182 11 | —54 20| f - — 0 — — — — r
173 | 3 300 49 | +39 22| f |4+.941|4.190| 1 -70.2 | —.339 | +.179 | —.064 | R
176 | 3 |IV| 59 52 | 480 21| n - - 0 - - - - Q
177 | 2 192 17 | —28 18| f |—.700|—.134| 1 (444 |—.714 |+.094 |4.096 | R
181 | 2 |IIT| 3247 |— 207| n |+.241|—.176| 1 |139 [{4.971 | —.042 | —.171 | R
182 | 8 |III| 139 03 | —18 35| n» |—.980|+.190| 1 |78.5 |+4.199 | —.186 | +.038 | R
184 | 3 54 59 | +16 36| » |4+.070|+.290| 1 4.0 | 4.998 | +.020 |+.290 | R
187 | 3 97 27 | — 4 35| n |—.675|+.299| .75 |42.5 | +.737 | —.150 | 4-.165 |QR
188 | 2 28 56 |+ 4 38| n |+.352|—.110| 1 |20.6 |+.936 | —.039 | —.103 | R
197 | 2 182 02 | +56 38| f —_ L — 0 - - — - q
208 | 3 276 34 | 416 01| f |4+.742|—.108| .75 [47.9 | —.670 | —.060 | 4-.054 |QR
212 | 3 272 26 | —55 54| f - - 0 - - — — Q
215 | 3 281 33 | —49 32| f - - 0 - - - - Q
217 | 2 348 02 | —31 45! n - - 0 - - — - P
219 | 2 206 45 | —26 23| f |—.531|—.211| 1 (321 |—.847 |+.112 |4.179 | R
224 | 3 218 34 | 427 54| f - - 0 - - - — r
228 | 2 263 18 | 4+35 06| f |+.675|4.277| .75 |42.5 | —.737 | +.141 | —.153 |QR
237 | 2 333 59 | 420 08| = |4.955|—.155| 1 |72.7 |4.297 | —.148 | —.046 | R
241 | 3 231-24-|— 817| f |—.050|—.139| 1 | 2.9 | —.999 | +.007 |+.139 | R
243 | 3 |IIT| 119 04 | —65 57| n - - 0 - - - - Q
249 | 3 |IV | 266 11 |+ 5 45| f |+.552|—.200| .75 |33.5 | —.834 | —.082 | +.125 |QR
250 | 2 310 24 | =58 21| f _ - 0 - - — - Q
267 | 3 219 42 | —-29 26| f - — 0 — - — - P
268 | 2 (III| 303 42 | —73 08| f — - 0 - - - - Q
278 | 2 |III| 7015 |— 3 41| »n |—.332(+.120| 1 |19.4 |+.943 | —.040 |+.113 | R
281 | 3 |IV|26323 |—5425 f| — | — | 0 | — | - — )
286 | 3 153 13 | —41 29| f |—.970|—.206| 1 |75.9 | —.244 | +4.200 |+.050 | R
287 | 3 342 49 |— 026| n - - 0 - - - - P
288 | 3 |III| 259 40 | —68 08| f - - 0 - - - - Q
294 | 3 69 26 | —31 09| n (—.510/—.306| .75 [30.7 | 4.860 | +.117 | —.197 |QR
296 | 2 94 27 | —36 55| n |—.789|—.242| .75 |52.1 | +.614 | +.143 | —.112 |QR
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No. |Cert.| Br. Long. Lat. S. Dist. Dev. Wt. @ Cos. Inc. Node. |[Type.
Curass F (continued).
2091 3 308 53 |+ 7 38| f |+.899|—.370" 1 |64.0 | —.438 | —.333 | +.162 | R
301 | 2 132 20 | 4+15 24| n - - 0 - - . - P
302 | 2 194 10 |+ 4 59| f |—.462|+.362| 1 |27.5 | —.887 | —.167 | —.321 | R
306 | 2 274 10 | —76 28| f - - 0 - - —_ — Q
318 | 3 119 05 | +14 21| n -— - 0 - - - - P
322 | 3 99 39 | —16 04| n |—.769(4.123| .75 {50.3 | +.639 | —.071 | +.059 | QR
325 2 |IV| 1902 |+ 548| n |+.488|—.170| 1 |29.2 |4.873 | —.083 | —.148 | R
330 | 3 260 19 | —35 49| f - - 0 - - - - Q
335 | 2 224 58 | — 3 34| f |—.100|—.010| 1 57 | —.995 | +.001 | 4+.010 | R
338 | 2 62 24 | —61 41| n - - 0 - - - - Q
340 | 3 278 19 | —28 34| f - - 0 - - - - Q
341 | 2 |IIT| 256 10 | +21 44| f |+.540|+.112| .75 |32.7 | —.842 | 4.045 | —.070 |QR
343 | 3 |IV| 7527 |—10 10| n |—.449\4.051| .75 |26.7 | +.893 | —.017 | 4-.035 |QR
347 | 2 |III| 148 05 | —32 48| f |—.986|—.062| 1 |80.4 | —.167 |4.061 |+.010 | R
349 | 3 91 59 | — 5 48| n |—.623|4-.241| .75 |38.5 | +.783 | —.112 | +.141 | QR
364 | 2 110 19 | —23 10| n |—.885|+.056| .75 {62.2 | +.465 | —.038 | +.019 |QR
365 | 3 |III| 26 46 | —52 47| n - - 0 - - - - q
372 | 2 81 09 | —31 47| n |—.648|—.233| .75 |40.4 | 4+.762 | +.113 | —.134 |QR
376 | 2 286 08 | —22 36| f - - 0 - - - - Q
390 | 2 19 45 | +16 33| n |4+.561|+.004| 1 |34.1 |+.828 |4+.002 |+.003 | R
397 | 2 194 36 |— 0 55| f |—.509|+.268| 1 |30.6 |—.861 |—.136 | —.231 | R
407 | 3 335 44 | +23 37| n |+.955|—.095| 1 |72.7 |+.297 |—-.091 |—-.028 | R
408 | 3 281 39 | —35 59| f - - 0 - - - - Q
419 | 3 227 11 | 438 20| f - - 0 - - - — T
1429 | 2 250 26 | —59 06| f - = 0 - - - -~ Q
434 | 2 76 26 | — 4 59| n |—.426|4.149} .75 |25.2 | +.905 | —.047 | +.101 |QR
435 | 2 268 25 | +23 58| f |+.686|+.072| .75 |43.3 | —.728 | +4.037 | —.039 | QR
437 | 3 280 09 | — 146| f | - - 0 — - - - Q
452 | 3 |IV| 74 22|-1030| n |—.437|4.037| .75 |25.9 | 4.900 | —.012 | 4+.025 |QR
454 | 3 3013 |—35|7| — | — o ]| -1 - - - | p
455 | 2 21550 {4+ 6 08| f |—.166|4+.215| 1 9.0 | —.988 | —.034 | —.212 | R
458 | 3 5751 (|—4106| n | — - |0 |- - - - q
464 | 3 | 32056 | — 133 n -~ - 0 - - - - P
467 | 3 |IV | 106 11 |+13 09| = - - 0 - - - - Q
473 | 3 269 41 | — 7 16| f - - 0 - - - - Q
474 | 3 313 09 |+24 58| f |+.990|—.075| 1 |81.9 |—.141 |—.074 |+.011 | R
475 | 3 20 29 | +29 13| n |+.610|+.205| 1 |37.6 |+.792 | 4.125 | 4+.162 | R
477 | 3 |IIT| 257 35 |+ 8 10| f |+.462|—.094| .75 |27.5 | —.887 | —.032 | 4+.062 |QR
478 | 3 282 00 | 452 21 f - - 0 - - - - Q
482 | 8 |IIT| 10929 |— 521| n |—.787|4+.343] 1 |51.9 |4.617 | —.270 | 4-.212 | R
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No. |Cert.| Br. Long. Lat. s, Dist. Dev. Wt. [ Cos. Inec. Node. |[Type.
Crass C.
147 | 3 |IV| 233 11 | 421 46| f |+.236|4.205| .25 |13.7 | —.972 | 4-.017 | —.072 | R
Crass D.
101 | 3 ' 33230 |+19 34| n |+.965|—.169| .5 |74.8 | +.262 | —.082 .._.()22 R
379 | 3 |IIT| 6530 |+ 003| n |—.231|4.141| .5 13.4 | +.973 | —.016 | +.069 | R
313 | 2 229 30 | +13 42| f |+.106|4.209| .5 6.1 | —.994 |+.011 | —.104 | R
411 | 2 258 |4+ 924 n |+.705|—.220| .5 |44.8 |+.710 | —.077 | —-.078 | R
263 | 3 183 18 | — 8 34| f |—.700|+.226| .5 |44.4 | —.714 | —.079 | —.080 | R
175 | 3 237 30 | — 5 57| f |+.088|—.155| .5 3.3 | —.998 | —.004 | +.078 | R
Crass G.
446 | 2 |[IV | 153 49 |—11 01| f |—.926|+.302) .5 |67.8 | —.378 | —.140 | —.057 | R
239 | 3 |IIT| 136 34 | — 8 24| n |—.928+.360| .5 |68.1 | +.373 | —.167 | 4+.067 | R
440 | 2 |IV | 197 45 |— 4 49| f |—.503|+.190 5 1302 —.864 —.048 | —.082 | R
384 | 2 (IV| 196 35 |+ 4 31| f |—.437|4+.335| .5 [259 | —.900 | —.073 | —.151 | R
107 | 3 176 14 | —42 55| f |—.858|—.292| .5 |59.1 | —.513 | +.251 | 4.150 | R

R and QR ‘by circles, and those belonging to these two classes but of types
P and Q and subtypes p, q, and r by dots. The approximate reference circle is
located on the figure by inspection. In Figure 43 all the aphelia of types R
and QR are plotted, to whatever class they may belong, also all aphelia of
classes E and F of type P and of the subtypes p, ¢, and r. Aphelia of
type @ and of classes E and F however have been omitted, since as already
shown they probably depend on planet @, having eccentricities intermediate
between those of classes D and G. Moreover, they have been already plotted
where they belong in Figure 41. They would therefore serve no useful pur-
pose in Figure 43, but -would tend to confuse the results.

In this figure aphelia of classes E and F type R are weighted unity, and
are represented by circles. If of type QR they are weighted three-quarters,
and are represented by squares. If of type P or a subtype they have no
weight, and are represented by dots. The aphelia of the other classes, C, D,
and @, that belong to type R are weighted one-quarter for C, and one-half
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for the two others, and are represented by crosses. The provisional inclina-
tion of the reference circle, 30°, adopted in Figure 42 has been retained in

Figure 43. Tables LVIII and LIX are arranged exactly like their predecessors
and therefore need no further explanation. :
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Of the 25 aphelia belonging to class E, 20 per cent belong to type R, 28
_per cent to type @, and 28 per cent more to type QR. Of the 91 aphelia
belonging to class F, 33 per cent belong to type R, 27 per cent to type Q,
and 21 per cent to type QF. The two types @ and R may be said to have
an equal right to be included in the two classes E and F, and to be with
QR, the only types legitimately included in them. They form, as we see
from the above, 76 per cent of class E, and 81 per cent of class F. The
average deviation from the assumed reference circle of Figure 43, deduced
from the eighth column of Table LVIIL, for classes E and F is =0.163
which is the sine of =9°4.

By Table LIX we find that the deviation of the reference circle from a
great circle of the sphere is 1°.1. The sum of the weighted positive devia-
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E: tions is +5.724, and of the negative —4.521. The difference is 1.203 and
- G | the ratio 1.27. The elimination of four comets out of the seventy-three

L

whose deviations are computed, namely numbers 80, 184, 302, and 482, would
change the northern deviation to a southern ‘one. From this fact and the
small value of the ratio we conclude that the deviation of the reference
circle from a great circle is probably due merely to accidental causes.

TABLE LIX.

DISPLACEMENT. INCLINATION. NODE.

Part I.
. Class. No. Z Wt. Dev. Dis.
E,F 54.5 +0.666 +0.7
E,F,C,D,G 60.25 +1.203 +1.1
Part II.
Class. No. Z Wt. sin ¢. 2 Dev. sin ¢- Corr. ine. Inc.
EF 54.5 ' 35.458 ~1.330 ~33 26.7
E,F,C,D,G 60.25 38.725 —1.737 —4.0 26.0
Part III.
Class. No. . = Wt. cos ¢. = Dev. cos ¢- Cor. .node. Node.
E,F 54.5 36.133 +1.203 +6.4 236.4
E,F,C,D,G 60.25 40.212 +0.921 +4.5 234.5

The number of aphelia belonging to classes £ and F contained in the
middle zone of Figure 43 is 61, in the northern zone 10, and in the southern
13. Dividing by the areas of these zones we obtain for the density of the
middle zone the number 179, for the northern zone 30, and for the southern
zone 39. :

Turning now to the accurately observed comets which have not been classi-
fied under either of the five preceding types, we find they number 21 in all,
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and constitute a miscellaneous group, Table LX, with no clearly marked
affinities. If we applied the rule strictly, that a comet whose aphelion lay
within 20° of any reference circle should be classified under that type, num-
bers 284, 203, 87, and 454 would be omitted from the list, and be classified
under types N and O. Such a classification would be obviously erroneous,
but it suggests that a number of the supplementary orbits given at the end
of Tables LII, LV, and LVIII owe their inclusion in those tables merely to

chance, and that they should really appear in Table LX classified under the
subtypes.

TABLE LX.
" COMETS CLASSIFIED IN THE SUB-TYPES.

No._ Cert.| Br. | Long. | Lat. Cl. |Sub.| Dev. Angyp. | Perp. | 8. diam. | Corry. | Corr.p. Sin. Corr. Ang.
362| 2 50 29|—36 15/ C | ¢ |+.485|4-29.0| .81|4.058 |+4.046 |—.023 |+.023|+1.3 |430.3
369| 3 193 46|+21 12| “ | p |+.517|4-31.11.00 |—.005 | —.005 | —.048 | —.053| —3.0 |4+-28.1
262| 2 (I (195 03|—43 45| D | p |—.359|—21.0| .80|—.005 |—.004 |—.048 | —.052|—3.0 |—24.0
254| 3 \III} 54 19|—42 55| “ | q |+.389 +22.9 .73|4-.058 |4-0.41 | —.023 |+-.018|+1.0 |4+-23.9
284 | 2 |I11|124 41|— O 54| “ | r |+.428|425.3| .50 |+4.016 |4-.008 | —.013 |—.005|—0.3 |+25.0

1203 | 2 |[I771117 30|— 1 38| “ | r |+.394|+23.2| .55 +.016 |+.009 | —.013 | —.004|—0.2 | +23.0
285| 2 8 34/+48 17| “ | r |+.457|+27.2| .70|+.016 |+.011 |—.013 |—.002|—0.1|+27.1
192| 3 IV | 2 43|—49 36| E | ¢ |4+:.517|+81.1| .65|+.058 |+.037 |—.023 |+.014|+0.8 |+31.9
352| 2 |I11|213 58|+27 45| “ | r |+4.520|+31.3|1.00|—.016|—.016 |—.013|—.029|—1.7 |4-29.6
87| 3 |I | 27 36/—2030F|r |—.476|—28.4| .98|4+.016 |+.016 |—.013 |+4.003|+0.2|—28.2
119} 3 184 52|—47 27) ¢“ | r |—.434|—25.7| .63|—.016|—.010|—.013 |—.023|—1.3 |—27.0
134| 3 |II1|181 39|—50 34| “ | r —.471|-28.1| .62|—.016|—.010 |—.013 |—.023|—1.3|—29.4
167 3 182 11|—54 20| “ | r |—.518|—31.2| .65|—.016 |—.010 |—.013|—.023|—1.3|—32.5
1197 | 2 182 02|+56 38| “ | ¢ |—.510|—30.7| .55|—.058 | —.031 |—.023 | —.054|—3.1|—33.8
217 2 348 02|—31 45| “ | p |—.395|—23.3| .90 |+.005 |+.004 | —.048 | —.044|—2.5 |—25.8
224\ 3 218 34|+-27 54| ¢ | r |+.49814-29.9|1.00|—.016 |—.016|—.013 | —.029|—1.7 |+28.2
365| 3 |I11| 26 46|—52 47| “ | ¢ |4+.500|+30.0| .60 |4.058 |4.034 | —.023 |+4.011|4-0.6 |+30.6
419 3 227 11|4-38 20| “ | r |+.574(435.0| .78|—.016 |—.012|—.013 |—.025|—1.4|4-33.6
454| 3 301 34|— 3 59 “ | p |+.395|423.3| .80 |+.005 |+.004 | —.048 | —.044|—2.5 |4-20.8
458 3 57 51{—41 06| ““ | ¢ |+.360|4-21.1| .75 |4-.058 |4-.042 | —.023 |4.019|41.1 |-4-22.2
225| 2 37 30|—30 17/ G | r |—.480|—28.7|1.00|+.016 |+.016 |—.013 |+.003{40.2 | —28.5

The first five columns of the table give the number of the orbit, its
certainty, the brightness of the associated comet, and the longitude and lati-
tude of its aphelion. The sixth column gives the class to which it belongs,
and the seventh the sub-type under which it has been classified. @ The sub-
type is determined by the reference circle to which the aphelion lies nearest.

o
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The different aphelia are plotted on square projection in Figure 44. If be-
longing to class C, the aphelion is indicated by a vertical cross, if to classes
D or G by an X, and if to classes E or F by a circle. The three adopted
reference circles of types P, @, and R are also shown. They differ slightly
from the assumed reference circles given in Figures 37, 39, and 42, the devia-
tion in the case of type @ being most conspicuous.

To determine the distance of any aphelion from an adopted reference
circle, the former is plotted on the corresponding spherical projection of
Figures 38, 40, or 43. A diameter is then drawn parallel to the major axis
of the ellipse which represents the adopted circle, and the perpendicular dis-
tance of the aphelion from this line is measured and entered in the eighth
column of Table LX. The angle of which this deviation is the sine is
given in the ninth column. The height of the perpendicular passing through
the aphelion measured from the diameter to the circumference of the sphere
is given in the tenth, and the minimum semi-diameter of the ellipse repre-
senting the adopted reference circle in the eleventh column. This latter
quantity is found by the formula for the correction of the node, p. 230,
omitting sin 4. Its sign depends on whether the longitude of the aphelion is
given in the upper or lower row of figures along the ecliptic as shown in the
figure. - The correction of the deviation of the aphelion for the inclination
of the adopted reference circle to the line of sight is given in the twelfth
column, and is the product of the quantities in the tenth and eleventh. The
thirteenth column gives the correction for the displacement of the reference
circle. It is the natural sine of the displacement given in the preceding
tables. Since the displacement of all three reference circles is towards the
north, the sign of this correction is always negative. The sum of the quan-
tities given in the twelfth and thirteenth columns gives the sine of the cor-
recting angle, and is given in the fourteenth column. The angle itself is
given in the fifteenth column, and is added to the angle given in the ninth
to give the result in the last column, which is the angular distance of the
aphelion from the corrected reference circle.

The minimum deviation is 20°.8 for orbit 454 and the maximum is 33°.8
for orbit 197. The portion of the sky left uncovered by the middle zones of
types P, @, and R is about one-quarter of the total area of the sphere, so
that the mean density of aphelia in this region is about 84. The average
density in the remaining three-quarters, omitting all the orbits of types N
and O, is 219.

\
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Turning now to the comets whose orbits are less accurately known, either
because of their appearance before accurate observations were possible, or
because of the short duration of their visibility, we shall find them classified
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in Table LXI. Class H consists in general of faint éomets and those of
medium brightness, while class I consists chiefly of very bright ones. It is
thought that few, if any, of the former class could have reached the conspicu-
ousness of grade II, while most of the latter, save perhaps eight to ten of
medium brightness appearing after 1650, belonged to the first two grades. Few
of the comets of class H were observed through a period exceeding thirty days.
The aphelia. of this class are plotted in Figure 45. The chart shows a not-
ably uniform distribution, the most so that has yet been found. Dividing it
into four zones of equal area, according to the latitude, we find a slightly
less density towards the extreme north, the number of aphelia in each zone
beginning at the north being 17, 22, 27, and 21. Dividing it into twelve
equal sectors of 30° of longitude each, the number of aphelia in each sector
beginning at 0° are as follows:—9, 9, 7, 8, 6, 2, 11, 8, 5, 7, 7, and 8.
These numbers are entered at the bottom of the figure. While we cannot
definitely assign to their respective types the 87 orbits of class H, since
their aphelion distances are unknown, we may note that the large propor-
tional number of 20 of them necessarily fall into the subtypes, and that as
many as 32 might belong to type P, 29 to type @, and 39 to type R.
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TABLE LXI.

POSITIONS OF THE APHELIA OF CLASSES H AND I

No. Year. Cert. | Br. Long. Lat. No. Year. Cert. | Br. Long. Lat.
Crass H. . Cuass H (continued).
74 | 1701 4 312 46 |— 9 54| 152 | 1816 5 97 31 |+34
75 | 1702 5.1IV|321 36|+ 3 23]153 | 1818 1 5 257 24 |+ 0
76 | 1706 4 239 43 |—44 56| 161 | 1822 I 4 |[IV| 7 44 |+12
79 | 1723 4 |IIT| 216 02 |+21 32)163 | « III | 4 46 52 |+30
81| 1737 I 4 |IIT| 148 41 |—18 04| 166 | 1824 I 4 71 09 |+20
8| « II |5 91 56 |—24 39169 | 1825 II | 4 193 58 |— 2
83 | 1739 4 274 33 |—53 02 174 | 1826 III | 5 216 51 |— 0
86 | 1743 11 | 5 |IV| 59 47 |+38 40| 178 | 1827 II | 4 123 56 |—14
89 | 1748 1 4 |IIT| 53 36 |—17 24| 186 | 1833 4 45 13 |4+ 7
00| « II | 4 |IV| 76 00 |+57 02) 194 | 1840 III | 4 |\IIT| 177 53 |—41
91 | 1757 4 IV | 304 55[+12 50| 206 | 1845 IIT | 4 |III| 89 36 |—46
95 | 1759 IIT | 4 |III|320 18 |4+ 4 08| 222 | 1848 I 4 180 38 |+79
96 | 1762 4 |IV| 341 23 |—64 10232 | 1851 IV | 4 193 46 461
98 | 1764 4 |IIT| 188 15 |—50 26234 | 1852 II | 4 111 21 |-27
99 | 1766 1 4 321 44 |—39 571242 | 1854 II | 4 |IIT| 348 22 |-76
103177011 | 4| ™| 31 471430 55247 | 1855 II | 4 60 00 |— 8
110 | 1780 II | 4 95 20 |+66 14 | 252 | 1857 III | 4 52 21 |—38
111 | 1781 I 4 |IIT| 81 001—23 33]|260 | 1858 IV | 4 13 28 |—76
112 ¢« II | 4 [IIT| 200 38 |—23 39} 265 | 1859 4 202 03 |+76
115 | 1785 1 4 275 01 |[+24 03 | 266 | 1860 I 4 330 30 |+29
120 | 1788 I 4 |IIT| 281 18 |—10 311269 | «“ IV | 5 182 09 |+23
121 «“ II | 4 188 08 |—27 121|272 | 1861 III | 4 347 34 |+18
122 | 1790 I 4 237 46 |—28 22| 274 | 1862 1 | 4 |IV | 120 05 — 3
125 | 1792 I 4 212 35|-16 007|276 | “ IV | 4 314 . 24 |+31
126 “ II | 4 307 36 |—24 05| 283 | 1864 I 4 5 25 |4+ 9
127 | 1793 I 4 69 38 |+48 41304 | 1870 IV | 4 184 27 |—32
130 | 1796 4 16 36 |+ 3 54316 | 1873 VII| 4 264 29 |+ 7
131 | 1797 4 |IV| 225 27 |+49 40| 317 | 1874 1 4 119 42 |+58
132 | 1798 1 4 291 01 |4+11 48329 | 1877 V 4 246 09 |—61
133 «“ II | 4 223 33 |+22 481|331 | 1878 1 4 102 04 |— 2
135 | 1799 11 | 4 |IIT| 340 16 |—42 08337 | 1879 IV | 4 141 01 |-71
136 | 1801 4 5 58 |+13 06345 | 1881 II | 4 125 22 |— 6
137 | 1802 4 143 58 |—18 13356 | 1883 II | 4 |IV | 285 02 |—36
138 | 1804 4 341 44 |4+23 05| 392 | 1890 III | 4 274 51 |—63
143 | 1808 I 4 256 54 |+43 25| 418 | 1895 III | 4 239 44 |[+58
44| « II | 5 66 36 |—28 19| 420 | 1896 I 4 30 23|+ 0
145 | 1810 4 265 43 |—53 51423 | «“ IV | 4 332 27 |—41
150 | 1813 II | 4 |IV| 39 45 |+24 44438 | 1808 IX | 4 |IV| 19 21 |— 8
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No. Year. Cert. | Br. Long. \ Lat. No. Year. Cert. | Br. Long. ‘ Lat.

Crass H (continued). Crass I (continued).

444 | 1899 V | 4 94 38 |—10 14| 35| 1457 I1 | 5 195 38 |+ 0 53
445 | 1900 I 4 199 43 |—13 10| 36 | 1468 5 192 15 |—35 17
450 | 1902 I 4 76 23 |+43 17| 37 | 1472 4 |'T -| 226 00|+ 8 23
451 | “ II | 4 340 23 |[+14 09| 38| 1490 5 257 53 |—36 57
456 | 1903 IV | 4 |IIT| 286 59 |—52 24| 39 | 1499 5 183 48 |—11 25
459 | 1904 11 | 4 30 14 |—40 02| 40 | 1500 5 130 10 |—19 17
466 | 1905 VI | 4 16 44 |—53 32| 41 | 1506 5 85 01 |4+38 44
468 | 1906 II | 4 206 46 |+80 50| 43 | 1532 5 |1 | 203 27 |—12 52
483 | 1909 I 4 128 35 |— 3 57| 44| 1533 5 43 54 |+27 54
45 | 1556 4 |I |100 22 |—29 48
46 | 1558 5 11 54 |—54 19
Cuass I. . 47 | 1577 4 344 49 |+69 27
P 7| 48| 1580 4 202 17 |—64 32
1|—372 5 |1 - R 49 | 1582 5 67 40 |+23 18
2 |—137 5 50 06 |4+ 3 24| 50 | 1585 4 193 41 |+ 2 54
3 |— 69 5 154 32 |—28 o1| 51| 1590 4 38 22 |+22 56
7 |4+240 5 111 06 |—43 28| 52 | 1593 4 348 58 |—12 03
8| 539 5 - - 53 | 1596 4 108 21 |—42 42
9| 565 5 287 54 |—57 26| 55| 1618 I 5 140 44 |— 8 52
10 | 568 5 157 06 |— 1 42} 56| « II | 4 (I |190 57 |+35 14
11| 574 5 337 29 |—11 05| 57 | 1652 5 254 08 |+58 15
12| 770 5 188 35 |—61 34| 58 | 1661 4 |I | 294 15|<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>