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The definitive orbit od Comet Arend-Roland is derived from about 500 observations. The distribution of

residuals of the late 1957 and 1958 observations reveals a wavy character. Therefore a number of “cut-off”’

orbits are computed from shorter arcs: they show a systematic non-gravitational increase in the comet’s

orbital energy, as well as changes in the other elements. If, in spite of this, the existence of non-gravitational

forces acting upon the comet’s nucleus were regarded as not proved, the interstellar origin of Comet Arend-
Roland would have to be accepted.

Hunamuueckoe uccaedoearnue komemst Apenoa-Ponana 1957 I1I. OnpenensieTcs OKOHYATE/IbHAS OPOMTA KOMETHI

ApeHapa-Posiana mo 6ostee yem 500 nabmomeausM. OTM24yaeTCsi BOMHUCTBIA XapaKTep pacHpe/ie/ie Husl HEBSI30K

HaOIO>HAMN, TIPOBSHSHHBIX BO BTOpO# mosioBHHE 1957 r. u B 1958 r. IloToMy omp2meissTCcs Pl CHCTEM

3IEM2HTOB [0 HaGMoAeHHSIM C 00/ee KODOTKHX OTP23KOB OPOMTHI; OHH OTKDBIBAIOT CHCTEMATHYSCKUM HeE-

IPABUTALMOHHBIA POCT KOM3THOM OpOUTANbYOM JHEPIHH M TOXKS U3M HEHHS B OCTaJIbHBIX dIeMeHTax. Ecnm,

TEM HE M2HEE, CYI[2CTBOBAHME HETPABUTAILMOHHBIX CHII B JBMKCHHH KOMSTBI CYIATATIOCH 6B COMHHTEBHBIM,
TO HAZO AOIYCTHTH, YTO KOM2Ta ApzHEa-Posana mo cBOSMy IIPOMCXOXISHHUIO MEXK3B23HEE TENIO.

1. Introduction

Curious enough, the motion of Comet Arend-Roland
1957 111, one of several big comets of this century, has
not yet been studied in detail, though the last obser-
vation of the comet was made just ten years ago.

Having been discovered by Arend and Roland at
Uccle on November 8:9, 1956, the comet’s path was
measured till April 11,-1958, when exposed by Roemer
at Flagstaff. A total of 563 positions have been collected
by the writer, including two pre-discovery positions by
Kaho at Konko, Japan, from November 7-6 and 8:6
UT, 1956. The observations were made by more than
50 observers at 34 observing stations all over the
world. Most of the 563 observations cover the interval
of November 1956 to June 1957, with the exception of
March 6 to April 21, a period about the comet’s
conjunction with the Sun. Only 26 observations were
made within July 1957 to April 1958, being, however,
fairly well distributed and mostly of high quality.

The observations were taken from nearly 30 IAU
Circulars (Nos. 1570 to 1643) and from separate
observational reports (Abell, Marcus 1957, van Bies-
broeck 1958, Chang et al. 1957a,b, Gutiérrez 1958,

*) Present address: Institut d’Astrophysique, Université de
Liege, Cointe-Sclessin.

Jeffers 1957, Jeffers, Klemola 1958. Jergensen et al.
1957, Habibulin, Sarikov 1957, Kuzmenko et al. 1959,
Latypov, Rahimov 1958, Malsch 1958, Pauscher,
Hintze 1958, Raudsaar 1958, Roemer 1966, Rubasev-
skij, Vsehsvjatskij 1958, Salukwadze 1958, Vander-
vort 1957). The observations are too numerous to be
reproduced here; Table 1 gives only the list of obser-
vers, the observing stations and the respective periods
of observation, and also the total number of obser-
vations made by each observer and the number of them
accepted for the calculation of the orbit (separately
for R. A. and Decl.). A total of 480 observations have
been applied at least at one co-ordinate.

2. Planetary perturbations

The orbit by Hasegawa (1957) has been compared
with the 563 observations to be corrected. A prelimi-
nary set of elements, computed in this way, has been
accepted as the initial orbit for the calculation of the
planetary perturbations. Except for Pluto all the
planets have been taken into account, and May 2-0,
1957 has been selected as the date of osculation. Prior
to May 2 the step of integration has been kept equal
to 2 days, afterwards 3 days. During the whole period
of observation the position corrections due to the
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Table 1
Survey of the positional observations of Comet Arend-Roland
Number of observations
- Observer Observing station i Period of observation made applied | ‘applied
' in R. A. | in Decl.

Abell Mt Palomar Feb. 22, 1957—Feb.. 24, 1957 2 2 2
Adamopoulos Athens Dec. 5,1956—Apr. 28, 1957 13 8 6
Allen London Jan. 10, 1957—Jan. 17,1957 2 2 2
Antal Skalnaté Pleso Nov. 20, 1956—Dec. 19, 1956 15 15 13
Arend Uccle Nov. 20, 1956—June 13, 1957 46 46 46
Arend, Roland Uccle Nov. 8, 1956 2 0 2
Balz Lick Nov. 30, 1956—Dec. 14, 1956 4 4 4
van Biesbroeck Mc Donald Apr. 24, 1957—Jan. 25, 1958 11 9 8
van Biesbroeck Yerkes Dec. 27, 1956—July 24, 1957 18 16 15
Bottger Potsdam Apr. 22, 1957—Apr. 26, 1957 8 4 4
Chang et al. Purple Mountain Nov. 18, 1956—June 2, 1957 19 13 16
Critescu Bucharest . Jan. 22, 1957—Feb. 5, 1957 8 8 7
Dick Berlin-Babelsberg Dec. 18, 1956—Jan. 28, 1957 11 11 11
Falze Potsdam Apr. 23, 1957—Apr. 24, 1957 4 0 2
Giinther Potsdam May 11, 1957 2 2 2
Giintzel-Lingner Potsdam Apr. 26, 1957—June 28, 1957 73 62 63
Gutiérrez Santiago Dec. 30, 1956—Jan. 23, 1957 10 7 5
Herczeg Vienna Jan. 29, 1957 1 1 1
Hintze Berlin-Babelsberg Jan. 27, 1957 1 0 1
Jeffers Lick May 22, 1957—Dec. 3, 1957 6 6 6
Habibulin Kazan May 6, 1957—May 12, 1957 8 1 3
Kaho Konko Nov. 7, 1956—Nov. 12, 1956 3 0 2
Kamel Helwan Apr. 28, 1957—June 2, 1957 4 0 0
Kuzmenko, Pluz- | Harkov Apr. 28,1957—May 9, 1957 6 0 0
nikov, Petrenko
Kuzmin Tartu May 4, 1957—May 21, 1957 5 3 3
Latypov, Rahimov | Taskent Apr. 26, 1957—May 25, 1957 10 8 9
Laustsen Copenhagen Jan. 17, 1957 1 1 1
Malisch Karlsruhe - Jan. 18, 1957—May 29, 1957 14 3 3
Mrkos Lomnicky Stit Dec. 16, 1956—Jan. 24, 1957 16 12 13
Narasimhan ‘Hyderabad Feb. 1, 1957—Mar. 5, 1957 13 6 11
Oterma Turku Dec. 7, 1956 1 1 1
Pauscher Berlin-Babelsberg Dec. 17, 1956—Jan. 29, 1957 7 5 5
Petersen Copenhagen Apr. 30, 1957 2 2 2
Polit Barcelona Feb. 1, 1957—Feb. 16,1957 2 2 2
Purgathofer Vienna Nov. 21, 1956—Feb. 7, 1957 24 23 23
Raudsaar Tartu Dec. 1, 1956—May 16, 1957 21 15 12
Rigaux Uccle Nov. 21, 1956—May 31, 1957 27 27 27
Roemer Flagstaff May 1,1957—Apr. 11,1958 19 18 19
Rutllant Santiago Dec. 4, 1956—Jan. 3, 1957 3 3 3
Salukwadze Abastuman Apr. 27,1957—May 29, 1957 8 1 1
Salukwadze, Abastuman Apr. 26, 1957 2 0 0
Dzapiagvili,
Havtasi
*) San Fernando Jan., 25, 1957—Feb. 1, 1957 4 4 4
Tomita, Kosai Tokyo-Mitaka Nov. 20, 1956—May 16, 1957 36 29 33
Torroja Madrid Dec. 4,1956—Dec. 7, 1956 6 3 3
Vandervort . Leander McCormick May 26, 1957—June 2, 1957 6 6 6
Vlaicu Bucharest Jan. 19, 1957—June 3, 1957 25 24 21
Vsehsvjatskij Crimea Apr. 30, 1957—May 11, 1957 29 21 19
Waterfield Ascot Nov. 25, 1956-—Feb. 3, 1957 M) 3 4

*) Observer not reported.
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planetary perturbations remained less than 3" in
right ascension and less than 4” in declination. The
comet approached Mercury at a distance of 0-34 AU
on March 23 and at 0-25 AU on April 23, 1957;
Venus at 0-46 AU on March 22, 1957; the Earth at
0-57 AU on April 21, 1957; Mars at 0-78 AU on Ja-

345

of the comet were obtained by means of large telescopes

(Flagstaff, Lick, McDonald), giving precise images.

Indeed, the observations by different observers show
Table 2

Rectangular equatorial planetary perturbations

nuary 3, 1957; Jupiter at 4-83 AU on May 22, 1957; (in 10”7 AU)
and Saturn at 9-7 AU on April 18, 1957. During the -
period of observation the comet did not approach Date (UT) P . ¢
Uranus closer than to 16-5 AU and Neptune to 29-8
AU. The rectangular equatorial components of the
perturbations for selected dates are listed in Table 2. 1956 Nov. 3 41847 | —1949 | — 792
Dec. 3 + 872 | —127-8 | — 489
e . 1957 Jan. 2 + 268 | — 817 | — 34-8
3. The definitive orbit Feb. 1 14 | — 497 | — 319
After correcting for the perturbations the 563 rar- ; - li'f - 22'; - ﬁg
collected positions have been compared with the initial Ml; ry 5 - 00 - 00 - 0:0
orbit to derive the definitive orbit. The definitive set June 1 _ 84 00 | — 122
of elements is given as Orbit I in Table 3. July 1 — 278 | + 14 | — 562
The representation of the late 1957 and 1958 X‘ly ;(1) - :‘;'§ 1‘ 1;":13 - ;‘;;'2
. . . . ug. — 46- . — .
observations is not qulte satisfactory. There are several Sept. 29 _ 341 1438 | — 4450
reasons for concluding a rather poor agreement be- Oct. 29 — 64 |+ 793 | — 6621
tween the orbit and the observations: Nov. 28 4 417 | 41189 | — 9244
(i) A wave-like run is apparent in the plot of the 1058 }Dec- ig 1;411(7)‘; i;gg‘f “g;i;
. . . . an. - - — :
J}lly 1957 to April 195? re-51duals (Fig. 1) in both Eeb 26 14275 | 12062 | —19912
right ascension and declination. Mar. 28 16869 | 42465 | —2425-2
(ii) In the above period of observation, the positions
Table 3
Definitive orbit of Comet Arend-Roland
Equinox 1950.0
Epoch of osculation: 1957 May 2-0 ET
Orbit I Orbit II Orbit III
T (ET) 1957 Apr. 8-03232 4 0-00004 1957 Apr. 8-03245 4+ 0-00021 1957 Apr. 803267 + 0-00012
] 307-:78084° &~ 0-00004° 308-78069° 4 0-00005° 308-78049° -+ 0-00011°
Q 215-15900° 4 0-00006° 215-15899 -+ 0-00006° 215-15884° + 0-00016°
i 119-94936° + 0-00005° 119-94947° + 0-00008° 119-94918° 4= 0-00009°
q 0-3160540 + 0-0000008 0-3160570 4+ 0-0000012 0-3160565 + 0-0000021
e 1-:0002492 4 0-0000014 1-:0002478 4 0-0000017 1-0002531 + 0-0000029
I/a —0-0007886 + 0-0000045 —0-0007840 + 0-0000054 —0-0008008 -+ 0-0000092
Mean error of unit + 2-04” +1-88” +1-39”
weight
Period of 1956 Nov. 7—1958 Apr. 11 1956 Nov. 7—1957 Mar. 5 1956 Nov. 30— 1958 Apr. 11
observation 1957 May 23—1958 Apr. 11
Arc of orbit covered 520 days 520 days 497 days
Number of
observations 563 349 31
Omitted in R. A. 126 62 1
Omitted in Decl. 117 52 0
Note from all collected observations from observations made at from observations made at
geocentric distances greater Flagstaff, Lick and MtPalomar
than 1-4 AU only
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no systematic differences from one another (e.g.
Roemer and Jeffers at the end of November and
beginning of December, 1957; Roemer and van Bies-
broeck in the third decade of January, 1958).
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Fig. 1. July 1957 to April 1958 residuals (in seconds of arc)
from Orbit I in right ascension (upper) and declination (lower).
The open circle stands for an omitted position.

(iii) In spite of this, the residuals are systematic
in character and large relative to the reported dia-
meter of the comet’s image on the plates. Here are
several examples: on September 19, 1957 Roemer
reported a nearly stellar nucleus, but the residual
is almost 5”; on November 30, 1957 she mentioned
a strongly condensed nucleus, but the residual is
nearly 4”; according to Jeffers, a nearly stellar image
of the comet was exposed on December 3, 1957, but
the residual comes out nearly 6” for this time; between
January 21 and 25, 1958 van Biesbroeck measured
the diffuse coma as only 4” in semi-diameter, while
the residuals are some 2” to 3”; the two last measured
plates of the comet, obtained by Roemer on April
11, 1958, indicate its fairly well condensed though
weak images but the systematic residuals result as
4-3” and 8-8", respectively.
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The above examples show that the residuals are
not dug to a difference between the photometric
nucleus and the comet’s centre of gravity; the latter
should be located at the boundary of the visible coma
or even completely outside the comet’s image on the
plates. The ‘“photometric” explanation is hardly
worth serious consideration even from the physical
point of view: between September 1957 and April
1958 the comet moved at the solar distances of 3-0 to
5-4 AU, displaying no traces of an enhanced activity,
which could impair the location on plates of the solid
nucleus. Observations of this kind are used by Roemer
for photometry of the nuclear condensations and for
computing the radii of comet nuclei.

To check the distribution of position residuals
from Orbit I the writer has calculated two more
orbits. Firstly, he has eliminated all the observations
made when the comet was within 14 AU from the
Earth. The resultant set of elements is given as Orbit
II in Table 3. However, this solution has not removed
the systematic character of the residual distribution,
though the mean error has somewhat dropped.
Secondly, elements have been calculated from only
31 observations made at Flagstaff, Lick and Mt Palo-
mar to homogeneize the material. Again, a progressive
run in the R. A. residuals is apparent from Fig. 2.
These observations are, unfortunately, too rare to
show more effects. ’

4. Orbital elements from separate arcs of the comet’s
observed path

The writer has decided to cut the observed arc of
the orbit into separate intervals to study possible
systematic changes in the elements, primarily in the
semi-major axis. Thanks to the short perihelion di-
stance, the eccentricity is fairly well derived even
from intervals as short as several months.

The period of observation has been split into two

parts rather arbitrarily, May 23, 1957

g T 1. 17 17 1. 1T ¢+ 1T T T 1T T T 7T 1
RIGHT ASCENSION

+4°

1T T 1]

0"

having been selected as the date of inter-
ruption (corresponding with the geocentric
* {4 distance of 14 AU ~ see Section 3).

>

-4

A number of orbits have also been cal-
culated from shorter intervals of time.

Some of them, giving the mean error in

+4' DECLINATION

the inverse semi-major axis smaller than
. +0-000050 AU, are listed in Table 4.

R TR SO SN SRR SN SN ISR NN (RN O

-4

a)

They are arranged chronologically. They

A i 1 |
NOV. JAN. MAR. MAY JLy SEPL. NOV. JAN.

1956 1957

Fig. 2. Residuals (in seconds of arc) from Orbit III in right ascension (upper)
and declination (lower). The open circle stands for an omitted position.

1958

show a strongly defined systematic increase
in the comet’s orbital energy. The pre-
perihelion set of elements (Orbit IV) has 1/a
about 1 to 2.107* AU™! less hyperbolic
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than do the post-perihelion sets. November 1957 to
April 1958 observations yield even 1/a = —0-00108 +
+ 0-00008 AU™! (not included in Table 4). The same
effect is perceptible also from the comparison of
Orbit III with Orbits I and II of Table 3. The
relatively stronger influence of the late 1957 and
1958 observations changed the resultant 1/a of
Orbit III to a stronger hyperbolic valug with respect
to Orbit I or II.

Systematic runs are apparent also in the other
elements (mainly in the node). The fits of the ob-
servations by the ‘“‘cut-off” orbits of Table 4 have
improved considerably compared with that of the
fundamental Orbit I. As an example the residuals
from Orbit X are represented in Fig. 3 (cf. Fig. 1).
The mean error of unit weight from the July 16, 1957

347

to April 11, 1958 observations have dropped from
+2:6” to +1-2”, i. e. more than twice.

- 1 1 T 1 L 1 1 1§ 1 o
+4"L RIGHT ASCENSION
L . : d [ ] N
ol . : R -
. [4 . % . ]
4" .
'L DECLINATION .
i -
oy I, S { o+ s J
v [ ) B J
B . s i
4" .
il SRS RN T SN NN NN N SR S
JuLY SEPT. NOV. JAN. HAR.
1957 1958

Fig. 3. Residuals (in seconds of arc) from Orbit X in right
ascension (upper) and declination (lower). The open circle
stands for an omitted position.

Table 4

List of nine ‘“‘cut-off”” osculating orbits of Comet Arend-Roland

Equinox 1950.0

Epoch of osculation: 1957 May 2-:0 ET

T (UT) [} Q i q (AU) e
Orbit 1957 April 308-780° + 1075 | 215-160° + 1075 | 119-949° 4+ 10™%| 0-316 + 10”7 | 1-0002 + 10~ 7
8-030 + 10~ 3 times times times times times times
v 453 4+ 485 197 + 485 —118 + 108 347 4+ 376 623 + 605 186 + 105
v 184 4 121 6 —87 6 42 7 538 9 423 18
VI 446 88 —176 123 —117 97 —1 14 314 67 460 108
VII 575 81 97 99 92 74 11 11 474 59 500 68
VIII 583 80 111 97 95 67 12 10 478 58 517 60
X 1478 240 448 118 717 141 —51 16 315 57 609 63
X 1467 504 410 133 866 226 —161 24 192 185 552 84
XI 2262 808 391 149 1001 290 —176 29 —132 376 617 102
XI1 2732 1079 594 256 808 308 —160 30 158 592 775 128
Number of observations
Mean error Arc of
Orbit | ! Ja (AU™?) of unit Period of Interval orbit omitted
10~ times weight investigation in true anomaly covered col-
(days) lected in in
| R. A. | Decl.
IV [—691-8 + 33-2 +1-82 1956 Nov. 7—1957 Mar. 5| —141-4 to — 1089 118 240 47 38
V |[—766-8 55 1-99 1956 Nov. 7—1957 May 22 | —141-4 +1163 176 454 111 103
VI [—7785 341 1-56 1957 May 23—1957 Dec. 3| +1169 +147-1 194 98 13 11
VII |—791-1 216 1-58 1957 May 23—1958 Jan. 25 | +1169 +1494 247 106 14 14
VIII |—796:3 18:8 1-58 1957 May 23—1958 Apr. 11 | +1169 +151-8 323 109 15 14
IX |—8257 201 1-13 1957 June 20—1958 Apr. 11 | +128-3 41518 295 38 3 6
X |—807-4 266 1-18 1957 July 16—1958 Apr. 11 | +134-1 41518 269 24 3 3
X1 [—8283 322 1-22 1957 Aug. 22— 1958 Apr. 11 | 41394  +151-8 232 21 3 3
XII [—8781 40-6 1-23 1957 Sept. 19—1958 Apr. 11 | +142-2  +151-8 204 17 2 3
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S. Two possible solutions. Problems of the origin of
the comet and of the action of non-gravitational
forces. Physical aspects

Marsden (1968) has recently computed the original
orbit of Comet Arend-Roland, based on the osculating
Orbit I (Table 3). He considered the gravitational
attraction of all the nine planets, integrated the co-
met’s motion back to May 1937, when its solar distance
was in excess of 40 AU, and reduced this “original”
semi-major axis to the barycentre. He found a value of

(1/@y)orig = —0-0001064 AU™1 .

Since the word length of the CDC 6400 computer,
used for the calculation, is more than 13 decimal
digits and because of a very short step of integration,
the round-off error cannot increase the uncertainty
in 1/a, resulting from the osculating value (to seven
decimals it amounts to: m. e. = +0-0000045 AU ).
The hyperbolic excess of (1/ap),, is thus about 24
times its mean error, much more than for any other
comet suspected of having hyperbolic original orbit.
The absolute value of (1/a,)y, is too high to be
explained by ordinary stellar perturbations in Oort’s
cloud of comets. Moreover, the direction of I =
= 140°, b" = +5°, from which Comet Arend-Roland
approached the Sun, is nearly exactly opposite to
that towards o Centauri (where stronger perturbations
might be expected within the last 10* or so years).
At present the sphere of action of the solar system is
extended to some 2-5 pc in the direction of I'' = 140°,
b"™ = +5° and we may be sure that the comet moved
at the same hyperbolic orbit some 10* years ago.
A possibility of an .exceptionally close encounter of
the comet with a star 10° or more years ago cannot
be a priori excluded, because the configuration of
the near-by stars at those times is undeducible from
-the present situation. However, the probability of an
encounter with the required miss distance less than
1000 AU (to explain the strong hyperbolic excess) is
0-006 in 10° years (Sekanina 1968a,b).

If the original orbit is computed from the pre-

perihelion osculating orbit (Orbit IV), the original
inverse semi-major axis results in:

(1/@y)orig = —0-0000096 + 0-0000332 (. e.)

which gives a larger chance for considering the comet
to be a member of Oort’s cloud.

As the result of the above considerations, we face
the following dilemma:

Comet Arend-Roland is either the first comet
with a well-defined hyperbolical original orbit, i. ¢.
the first interstellar comet known, or a subject for

BAC Vol. 19 (1968), No. 6

a strong action of non-gravitational forces (demon-
strated in Table 4), i. e. the first comet (or one of the
first comets) with the effects of non-gravitational
forces detected in the observations of a single appari-
tion [the other possible comets are Burnham 1960 II
investigated by van Biesbroeck and Marsden (1963)
and also by the writer (Sekanina 1968c), and perhaps
P/Halley, studied by Zadunaisky (1966); the observed
arc of orbit of the former comet, however, is only
6 months, and Zadunaisky’s conclusions about the
anomalous motion of the latter comet were objected
to by Brady (1967).]

Of the two possible conclusions, the writer inclines
to the latter one. He believes that interstellar comets
should be detected among the observed comets,
though very rarely, but Comet Arend-Roland does
not seem to be a representative of interstellar bodies.
Its physical behaviour was in many respects typical
for the “new” comets from Oort’s cloud, namely:

(1) head and tail activity;
(2) strong continuum;
(3) high degree of polarization.

A report on the observed phenomena in Comet
Arend-Roland was given by Porter (1957). The most
remarkable feature was the brilliant sunward tail
observed between April 22 and 30, and studied by
several writers (Whipple 1957, Larsson-Leander 1957,
Armstrong 1957). Another effect, which has not yet
been mentioned, interfered with the position measure-
ments of the nucleus on the night from April 24 to
25. Van Biesbroeck’s April 24-1 observation was free
of any deviation from the calculated orbit, but five
independent positions, obtained by Bottger and Falze
at Potsdam and by Raudsaar at Tartu on April
24-8 UT within 72 minutes, give remarkable systematic
residuals of about 50" in p. a. 35°. The anomalous
tail was directed in p. a. 195°. On the following days
the residuals showed no longer any systematic run,
though their dispersion was rather large.

Because of the comet’s high activity, there are
grounds to assume that its nucleus was exposed to
the non-gravitational forces by several orders stronger
than those found for the short-period comets. Of
course, the nucleus of 1957 III was probably large:
photometric estimates by Roemer, van Biesbroeck and
Jeffers made when the comet was at remote solar
distances, suggest a photometric nuclear diameter of
10 km at a 0-1 albedo.

Figure 4 shows the variations in the comet’s oscu-
lating semi-major axis, discussed in Section 4. Eé:ch
value of 1/a of Table 4 is represented by an ellipse:
the length of its horizontal axis gives the interval of
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observations applied, that of its vertical axis the mean
error involved. The rate of change seems to be essen-
tially independent of time, hence, the effect was appa-
rently continuous in nature. To compare its strength
with the effects on the short-period comets (Sekanina
1968d), the mean orbital-velocity change, AV, due
to the non-gravitational forces, has been derived for
the observed arc of path. Orbits IV and IX have been
accepted for the calculation of the dynamic effect

349:

g) S(v1, v2) = S(vz) — S(vy) ,
where
4) S(v)=t1|:F<§,k)+iiZE(-2’f,k>-

_esinv (1 + € — 2ecos v)*
1 + ecosv] ’

1—e

T T T T T T T T

-

" g0
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1 1 1 1 ] l 1
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Fig. 4. The progressive change in the semi-major axis of the

| 1
SEPT. NOV. JAN. MAR.
1958

comet’s osculating orbit. Each value is represented by an

ellipse: its horizontal axis gives the interval of observations applied, its vertical axis the mean error involved.

between November 7, 1956 and April 11, 1958. The
problem has thus been reduced to the determination
of the length of the hyperbolic arcs, corresponding
to the two above orbits, within the period of investi-
gation. The length of arc of a Keplerian orbit be-
tween the true anomalies of v, and v,, S(v,v,), is
generally given by:

0212 (1 _ 12 cin2 1\F
(1) S(vy,v,) = 2q g_ﬂi)_
pyy2 (1 — m? sin? x)?

s

where
de
2 k= s
@ (1+e?
m? = 2e
1+e

F(v[2, k) and E(v[2, k) are Legendre’s elliptical in-
tegrals of the first and second kind, respectively:

v /2 dx
5 F(l k)= ——
) (2 > o (1 — Kk*sin®x)*

v v/2
E(—,k) =J (1 — k*sin? x)* dx
2 0

and g and e are the orbital elements. For nearly-
parabolic orbits expression (4) in formula (3) may be
simplified to give:

(6) S(v) =g [In tani(v + 7)) +

tan® - 1—e v /(3
+ 20— == %sin2 2 (2 4 tan? 2\
’ 1+e  2\2 2

sin -
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Accepting the data on.Orbits IV and IX, a non-
gravitational orbital-velocity increase of 1-8m/s re-
sults within the period of November 1956 to April
1958. This value is about one to two orders higher
than the impulses on the nuclei of the short-period
comets (Sekanina 1968d), and is comparable with the
velocities of separation at comet splits.

6. Conclusions

(1) The definitive orbit of Comet Arend-Roland is
derived from 480 positions, obtained between Novem-
ber 7, 1956 and April 11, 1958, It does not leave
quite a satisfactory distribution of residuals of the
late 1957 and 1958 observations.

(2) The calculation of a number of the ‘“‘cut-off”
orbits, derived from various arcs of the observed path
of the comet, shows the existence of a systematic run
in the orbital elements, namely in the semi-major
axis and in the ascending node.

(3) The original orbit, computed by Marsden
from the definitive orbit in Table 3 of this paper,
shows a distinct hyperbolical excess. If the original
orbit is derived from the pre-perihelion ‘“‘cut-off”
orbit only, the hyperbolic excess tends to disappear.

(4) Either of the two following conclusions should
be accepted: Comet Arend-Roland is an interstellar
comet;-or strong non-gravitational forces acted on
its motion, essentially continuous in nature.

(5) Suggestions are presented that the latter of the
two conclusions is more likely, and a progressive
orbital-velocity increase of 1-8 m/s has been derived,

BAC Vol. 19 (1968), No. 6

due to the non-gravitational forces acting between
November 1956 and April 1958.

REFERENCES

Abell G. O., Marcus S. R., 1957, PASP 69, 578.

Armstrong E. B., 1957, Obs. 77, 135.

van Biesbroeck G., 1958, AJ 63, 296.

van Briesbroeck G., Marsden B. G., 1963, AJ 68, 566.

Brady J. L., 1967, AJ 72, 1184.

Chang Y. C. et al., 1957a, Acta Astr. Sinica 5, 154.

—, 1957b, Acta Astr. Sinica 5, 301. .

Gutiérrez A., 1958, AJ 63, 251.

Habibulin S. T., Sarikov K. S., 1957, AC No. 184, 6.

Hasegawa I., 1957, IAU Circ. No. 1619.

Jeffers H. M., 1957, AJ 62, 185.

Jeffers H. M., Klemola A. R., 1958, AJ 63, 249.

Jorgensen H., Laustsen S., Petersen E. V., 1957, Publ. Kaben-
havns Obs. No. 172.

Kuzmenko K. N., Pluznikov V. H., Petrenko R. M., 1959,
Circ. Astr. Obs. Harkov No. 20, 3.

Larsson-Leander G., 1957, Obs. 77, 132.

Latypov A., Rahimov A., 1958, AC No. 193, 1.

Malsch W., 1958, AN 284, 96.

Marsden B. G., 1968, QIRAS 9, 304.

Pauscher H,. Hintze K.-H., 1958, AN 284, 182.

Porter J. G., 1957, Obs. 77, 128.

Raudsaar H., 1958, AC No. 190, 8.

Roemer E., 1966, AJ 71, 593.

Rubasevskij A. A., Vsehsvjatskij S. K., 1958, AC No. 191, 1,

Salukwadze G. N., 1958, AC No. 190, 6.

Sekanina Z., 1968a, BAC 19, 223.

—, 1968b, BAC 19, 291.

—, 1968¢c, BAC 19, 210.

—, 1968d, BAC 19, 351.

Vandervort G., 1957, AJ 62, 341.

Whipple F. L., 1957, Nature 179, 1240.

Zadunaisky P. E., 1966, AJ 71, 20.

Publishing House of the Czechoslovak Academy of Sciences * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1968BAICz..19..343S

