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The 124-page ICQ 2009/2010 Comet Handbook is being mailed to paying subscribers with this issue of the /CQ.
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Corrigendum

e In the July 1982 issue (ICQ No. 43), pages 71-72, the instrument used by observer SEA for comet 26P/Grigg-
Skjellerup (O.S. 1982a = 1982 IV) was 15x80 B (not 15x280 B).
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Recurrence of Super-Massive Explosions
and Orbital Evolution of Comet 17P/Holmes:
I. Missed 1913-1957 Returns to the Sun

Zdenek Sekanina

Jet Propulsion Laboratory; California Institute of Technology; Pasadena, CA 91109; U.S.A.

Abstract. This paper is the first part of an investigation whose goal is to find out whether the enormous explosions
experienced by comet 17P/Holmes in 1892-1893 and 2007 were accidental events or diagnostic of a systematic and possibly
periodic or quasi-periodic pattern that extends over much longer time spans. In search of a recurrence rate, the specific
objective of this paper is to establish the degree of likelihood that additional explosions — potentially missed on account
of the comet’s very incomplete observing record — may have occurred during the 115 years that separate the two known
events. This effort consists of: (i) a determination of the comet’s motion between the end of the 19th century and now,
resulting in the best possible sets of orbital elements for the missed returns; (ii) an examination of observing conditions
at each missed return for detecting a major explosion; (iii) a compilation of reported instances of unsuccessful search for
the comet under favorable circumstances; and (iv) an investigation of potential causes of failure (inaccurate ephemeris,
comet too faint) and identification of the most probable cause in each case. Indicative of a true recurrence period (if
there is one) and vitally important to the second part of this investigation addressing the comet’s history prior to the late
19th century, the scrutinized evidence shows that there is virtually no chance of an additional major explosion having
occurred between 1892-1893 and 2007, at a well-observed apparition or a missed return alike. Recurring of super-massive
explosions of comet 17P on a time scale much shorter than 115 years is practically ruled out.

1. Introduction

In a recent study (Sekanina 2008a), I defined a super-massive ezplosion (also referred to in this paper as a major
erplosion) of a comet as a violent event during which the mass of dust suddenly (over several days, as a rule) injected
into the comet’s atmosphere amounts to at least 10'® gram. Observationally, a major explosion is recognized (i) by a
prominent, sharply-bounded dust halo, which for days and possibly weeks expands nearly uniformly at a subkilometer-
per-second velocity; and (ii) by a peak intrinsic brightness (i.e., normalized to unit geocentric and heliocentric distances
by an inverse square power law), which is not fainter than magnitude (Ho)peak = 2. A major explosion may consist
of more episodes, each of a similarly short duration, separated by up to a number of weeks. The brightness increase
is detected as an outburst, whose amplitude depends on the comet’s level of general activity at the time of the event’s
onset. If the brightness increases by a factor of more than ~10*, the event (or its episode) may be called a megaburst.

At present, super-massive explosions are known to have been experienced by only two comets, 17P/Holmes and
1P/Halley (Sekanina 2008a, 2008b = Paper 1); in either case the comet survived, becoming a naked-eye object for a
limited period of time. While events of these proportions occur infrequently, they may be a subcategory of a more
commonly observed phenomenon — nuclear fragmentation, which is usually accompanied by a less prominent outburst,
with (Hg)peak >> 2 (Sekanina 2007, 2008c; Paper 1).

Comet 17P/Holmes, ordinarily an intrinsically faint member of the Jupiter family of comets that currently orbits
the sun with a period of nearly 7 years, remains to this day the only comet known to have undergone more than one
super-massive explosion, even though the history of observation of 17P is relatively short and includes only 10 apparitions
(see below; also, e.g., Marsden and Williams 2008; Paper 1; Sekanina 2009 = Paper 2).

2. Recurrence of Super-Massive Explosions

Comet 17P/Holmes was discovered in 1892 while flaring up during the first of two major discrete episodes, ~10
weeks apart, that made up the comet’s first observed super-massive explosion. A minor outburst during the next (1899)
apparition (cf. Paper 2) may also have been part of the same global event, a scenario that is consistent with the proposed
mechanism (cf. Paper 1). The second super-massive explosion of 17P/Holmes was the spectacular megaburst of 2007,
which occurred almost exactly 115 years after the first event. Questions that immediately come to one’s mind are: Is this
recurrence of major explosions acctdental or is it diagnostic of a long-term, systematic pattern? If these events do not
happen by chance, do they make up a sequence with an inherent periodicity or quasi-periodicity? And if they do, is their
characteristic period equal, at least approzimately, to 115 years or to a shorter interval that is a submultiple thereof ?

Any major effort aimed at answering these questions requires that two formidable tasks be addressed. The first task,
examined in this paper, is presenting convincing arguments in favor of, or against, the existence of additional explosions
of such enormous proportions between 1892-1893 and 2007. The second task, the subject of a follow-up paper, involves
a time consuming search for similar major explosive events in historic records of naked-eye comets. Both tasks demand,
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as a prerequisite, that the comet’s orbital motion be quite well understood over the relevant periods of time. The history
of orbit determination of comet 17P/Holmes, the first topic to be dealt with below, is illuminating — as it explains
the peculiar history of observation of this object: after having been safely recovered in 1899 and 1906, the comet was
subsequently lost for nearly 60 years. The reason was nothing short of a blunder, whose implications could — unless
shown otherwise — adversely affect conclusions on additional super-massive explosions between 1892-1893 and 2007.

3. History of Post-1892 Search for Comet 17P /Holmes, and Orbit Predictions

Besides a number of preliminary sets of orbital elements, calculated by several computers (including A. Berberich,
H. Kreutz, L. Schulhof, and E. Weiss) in the course of the discovery apparition, the major task of determining a
definitive orbit for the 1892-1893 apparition was undertaken independently by Zwiers (1895a) and by Kohlschiitter
(1896a, 1896b). As was common practice in those days, they both used normal places — Kohlschiitter averaging 670
astrometric observations into 13 normal places, and Zwiers 510 into 10 normal places. Kohlschiitter accounted for the
perturbations by all planets except Mercury, while Zwiers included only those by Jupiter, Earth, and Mars. A polemic
evolved between the two computers (Zwiers 1897, Kohlschiitter 1897) that concerned the differences between their results,
focusing (i) on the corrections applied by Kohlschiitter in his work to account for systematic errors made by observers
when bisecting diffuse images of the comet and (ii) on a large number of observations eliminated by Kohlschiitter in his
final solution. Zwiers (1897) used this opportunity to further refine his set of definitive elements.

Unfortunately, Kohlschiitter (1896a, 1896b) did not extend his account of the planetary perturbations beyond 1892-
1893 and provided no prediction for the comet’s next return to the sun in 1899.! On the other hand, Zwiers (1895a,
1895b) accounted for the gravitational effects by Jupiter, Earth, and Mars until December 1893, by Jupiter, Saturn, and
Earth from then on until July 1896, and by Jupiter and Saturn afterwards. He went on to publish an ephemeris for 1899
(Zwiers 1899a), which, after Perrine’s (1899) recovery of the comet in June of that year, was improved by applying a
perihelion-time correction AT of about +0.4 day to fit the observed motion (Kreutz 1899; Zwiers 1899b, 1899c, 1900).

After Zwiers (1902) published his first orbit linking the 1892 and 1899 apparitions, he began to work on a prediction
for the comet’s next return in 1906. He first recalculated the perturbations, between 1892 and 1900, by “all the planets of
which the disturbing effect could not a priori be neglected” (Zwiers 1905). This work remained incomplete because of time
constraints and only the Jovian perturbations between 1900 and 1906 were included in the predicted orbital elements and
ephemeris for 1906-1907 (Zwiers 1905, 1906a, 1906b, 1907). In spite of the approximations in the calculation of planetary
perturbations, Wolf’s (1906a) recovery of the comet at the Konigstuhl Observatory near Heidelberg in late August 1906
indicated that the predicted orbit required a correction AT of only —0.09 day in the perihelion time (Zwiers 1906c).
The photographic recovery and subsequent observations at the Kénigstuhl Observatory (see Paper 2 for details) were a
masterful achievement at the time, considering that the comet was searched unsuccessfully both by Aitken (1907) with
the 91-cm refractor of the Lick Observatory several times in August and September 1906 (comet fainter than magnitude
15) and by Wirtz (1907) with the 49-cm refractor of the Strasbourg Observatory on October 22, always under favorable
observing conditions.

It is unfortunate that in his last three papers on comet 17P/Holmes, Zwiers (1912a, 1912b, 1912c) committed a
fatal fauz pas by using his orbital set for 1892-1906 with no planetary perturbations applied throughout 1906-1913 to
predict the comet’s next return to the sun. As demonstrated fourteen years later by Polak (1926), the consequence of
this inexcusable omission (time constraints notwithstanding) was disastrous. Polak showed that, because of the comet’s
approach to Jupiter to 0.54 AU in December 1908, the orbit underwent dramatic changes, and in 1913 the passage
through perihelion occurred nearly 6 months later than predicted by Zwiers (1912a, 1912b). Not surprisingly, Phillips
(1914) complained that “nothing appears to have been seen” of the comet.

As if this were not troublesome enough, an ephemeris for the comet’s 1920 return, published by Ebell (1919, 1920),
was based on the same set of orbital elements as the 1913 ephemeris by Zwiers. Professing that there was no close
approach to Jupiter since 1906, Ebell ignored the planetary perturbations accumulated over two revolutions about the
sun. The perihelion time was now off by almost a whole year! Schorr (1919) reported that W. Baade found, in the
comet’s orbit, a nebular object on two plates exposed on 1919 December 10 with the 100-cm reflector of the Hamburg
Observatory in Bergedorf, but that the offset from Ebell’s ephemeris was more than 2° in declination. Although the
suggestion that Baade’s exposures might have shown comet 17P/Holmes was soon retracted (Schorr 1920), the object
was officially designated as comet 1919f (e.g., Crommelin 1920). The nature of Baade’s object remained unknown for
more than 50 years (1), until Marsden (2009, personal communication) identified it with the minor planet (137) Meliboea
in the 1970s. it was apparently not possible for Baade to distinguish between a faint comet and a minor planet, because
the 100-cm f/3 reflector in Bergedorf — like any large-aperture, high fratio reflecting telescope of the early 20th century
— showed bloated, coma-distorted images of all objects except those very near the center of the photographic field (e.g.,
Mulherin 2007).

Competent scientific practices returned with Polak’s (1926) investigation, who accounted for the Jovian perturbations
in the period of 1906-1913 and corrected the perihelion times for the 1913 return and, approximately, for 1920. In a
follow-up paper, Polak (1928) derived a set of orbital elements and an ephemeris for the comet’s 1928 return after having
recomputed the perturbations by Jupiter and Saturn from 1899 to 1906 and having extended the Jovian perturbations
from 1906 to 1928. An independent orbit determination for this return was presented by Cripps (1927), who started his
calculations with Polak’s (1926) orbit for the 1913 return and calculated the 1913-1928 perturbations by Jupiter. Polak’s

! Both Zwiers (1895a) and Kohlschiitter (1896a, 1896b) listed an 1899 perihelion time with their definitive elements for 1892-1893,
but from the context it is obvious that this time refers to the 1892 osculation epoch used — which serves only for general information and
comparison, and is not meant to predict the comet’s actual passage through perihelion in 1899.
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and Cripps’ predicted perihelion times differed by only a few days, yet the comet was searched for unsuccessfully, as
reported by Crommelin (1929) in general and by Van Biesbroeck (1928a) in particular. Van Biesbroeck remarked that
the field of Polak’s prediction “was examined photographically in September . . . but no clear evidence of the presence
of the comet has been found”. Inspection of Van Biesbroeck’s 60-cm Yerkes reflector? observing records (whose copy
for the whole period of 1922-1963 is in the possession of this author) shows that the observer’s 1928 search for comet
17P/Holmes consisted of two 36-minute exposures on 1928 September 16 and two 35-minute exposures on September 25
(see Sec. 6 below).

An extension of the orbital prediction for the return of 1935 was published by Foxell and McNeile (1934), who applied
the perturbations by Jupiter and Saturn between 1928 and 1935. However, 17P/Holmes is not listed by Crommelin (1936)
among the periodic comets, for which search ephemerides were published and were unsuccessfully sought for in 1935.
Van Biesbroeck (1935) pointed out that “the chances of recovery are very small” and his Yerkes observing book shows
that he made no attempt to locate the comet at this return.

No search ephemeris was available in time for the 1942 return. Although Porter (1941) expressed his skepticism
about chances of the comet’s recovery, he reported that an ephemeris was being prepared by J. T. Foxell and K. Pollock,
which apparently was never published. However, Polak (1949, 1950),2 who resumed his work on comet 17P/Holmes in
1943, calculated the Jovian perturbations from 1935 on and belatedly determined a set of 1942 elements and ephemeris
as part of his effort to predict the comet’s orbit and provide an ephemeris for the 1950 return. Polak’s (1950) ephemeris
for 1950 was used by D. J. Martynov (Editors 1950, Merton 1951) to search for the comet photographically in September
and October 1950 with the 38-cm f/2.4 Schmidt camera of the Engelhardt Observatory in Kazan, U.S.S.R., with no
success for a limiting magnitude of 15. From the camera’s description (Martynov 1951), it appears that photographs
have a scale of 221" per mm and a covered field of up to 7°1 in diameter; that the diameter of a vignetting-free field is
about 4°, with only a minor effect farther from the optical axis; and that on blue-sensitive Agfa Astro plates, 13 cm by
13 cm in size, a limiting magnitude 15 is reached with an exposure of about 2 minutes.

In the meantime, Koebcke (1948) published the first part of his orbital investigations of comet 17P/Holmes, which
deals with the 1892-1906 apparitions. Koebcke used Zwiers’ original normal places in 1892-1893 and 1899-1900, and the
four individual positions in 1906. He also used some of Zwiers’ perturbation calculations, which he combined with his
own, including a derivation of the perturbations by Uranus and Neptune and a mean effect of the four inner planets
throughout 1892-1906. Koebcke obtained an improved set of orbital elements, but the work was planned to continue,
with the definitive orbit and another round of perturbation computations scheduled for a second part of the investigation.
I have been unable to find this paper’s continuation, and it may never have been published.

After the failure of the 1950 search, it appears that a consensus was reached that comet 17P/Holmes had been lost,
as it is not on Porter’s (1958) list of comets searched for unsuccessfully during 1957. Yet, this sad saga of frustrated
efforts concluded happily. Marsden’s (1963) reexamination of the motion of 17P as one of seven long-lost comets, one of
the earliest instances of fully automated use of a high-speed electronic computer in comet search and orbit determination
led to a successful recovery of 17P. Only the perturbations by Jupiter and Saturn were accounted for rigorously, while
the perturbations by Venus, Earth, and Mars were determined using approximations, and those by Mercury, Uranus,
and Neptune were neglected. After seven missed returns, the predicted 1964 and 1972 perihelion times were expected by
Marsden not to be in error by more than two or three days. And although this comet was considered a case of greater-
than-average difficulty among the seven long-lost comets, it was actually the first to be recovered: using Marsden’s
ephemeris, Roemer (1964) found it with the 102-cm reflector of the U.S. Naval Observatory at Flagstaff, Arizona, as an
object of magnitude ~19 on two plates exposed on 1964 July 16, with confirming images from July 17 and September
11. The initial correction to Marsden’s predicted time of perihelion passage was only +0.7 day, apparently still an
overestimate (Sec. 4). Since 1964 the comet has been recovered at every single return to perihelion and is now secure.

4. Motion of Comet 17P /Holmes Between 1892 and 2009

The orbital sets referred to in Sec. 3, whether predicting the comet’s motion successfully or not, have all been
gravitational solutions. The fact that Marsden’s (1963) prediction — spanning 11 revolutions about the sun between
1892 and 1972 — required a positive correction AT suggests that the comet’s orbital motion has probably been affected by
a nongravitational deceleration. As astrometric observations from an ever-growing number of returns became available,
the magnitude of this nongravitational deceleration has for some time now been well determined. I am aware of three
sets of nongravitational solutions for comet 17P that link six or more apparitions: one by Marsden (2005), based on 139
observations from 1964-2001; a second by Kinoshita (2009), based on 3311 observations from 1964-2009; and a third,
posted on the JPL Solar System Dynamics website that is at present maintained and updated by Mastrodemos (2009);
at the time of writing, this set is based on 3581 observations from 1964-2009 (Orbit K077/21).4

Since no successful attempt to incorporate the apparitions 1892-1906 into an overarching solution linking all ap-
paritions of comet 17P is available, I adopt the JPL orbit K077/21 as a “working” set of elements, integrate it back
and forward in time, and refer to it as the JPL orbit. The osculating elements for the returns 1892-2014 are listed in

2 Even though this telescope is usually referred to as a 24-inch (or 61-cm) reflector, its actual full aperture has a diameter of 597 mm, or
23.5 inches; with the focal length of 2360 mm, or 92.9 inches, this is an f/3.95 Newtonian system that has a plate scale of 87''4 per mm (e.g.,
Farnsworth 1928). ’

3 J. Polak and 1. F. Polak are the same person, a Russian scientist Josif Fedorovich Polak.

1 A new solution, K077/22, links all 10 apparitions, from 1892 to 2009, but leaves unacceptably large residuals, up to 6/, from all

observations in 1906.
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Table 1. Predicted osculating orbital elements for comet 17P/Holmes
at 18 returns to the Sun between 1892 and 2014 (eq. J2000.0).%:5:

Epoch (ET)
Epoch JD
T (ET;
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e
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Epoch JD
T (ET;

w (deg

Q (deg)

i (deg)

q (AU)

e
P (yr)

Epoch (ET)
Epoch JD
T (ET;

w Edeg
Q (deg)
i (deg)
q (AU)

e
P (yr)
Epoch (ET)
Epoch JD

T (ET)
w %deg)
Q (deg)

i (deg)

q (AU)

e

P (yr)
Epoch (ET)
Epoch JD
T (ET;

w (deg

Q (deg)

i (deg)
q (AU)

P (57)
Epoch (ET)
Epoch JD
T (ET)

w (deg)

Q (deg)

i (deg)

q (AU)

e
P (yr)

1892 July 1.0
2412280.5

1892 June 13.9948
14.2728
333.2205
20.9057
2.140488
0.409534
6.90

1913 July 12.0
2419960.5

1913 July 13.9628
21.7837
330.8087
19.5854
2.342314
0.379521
7.33

1935 July 17.0
2428000.5

1935 July 16.1153
21.5769
330.5854
19.5924
2.317942
0.383781
7.30

1957 July 21.0
2436040.5

1957 July 5.9377
21.6816
330.2948
19.5021
2.360418
0.377085
7.38

1979 Feb. 16.0
2443920.5

1979 Feb. 22.6597
23.5904
328.0874
19.2103
2.159998
0.413117
7.06

2000 May 16.0
2451680.5

2000 May 11.8181
23.3471
328.0100
19.1878
2.165489
0.412021
7.07

1899 Apr. 16.0
2414760.5

1899 Apr. 28.5882
14.0581
333.1429
20.8159
2.127756
0.411348
6.87

1920 Nov. 12.0
2422640.5

1920 Nov. 20.1709
21.8886
330.7528
19.5633
2.353267
0.378359
7.37

1942 Nov. 17.0
2430680.5

1942 Nov. 5.0176
21.8264
330.4978
19.5890
2.316843
0.383827
7.29

1964 Nov. 21.0
2438720.5

1964 Nov. 15.9280
21.7928
330.2607
19.5237
2.346950
0.378896
7.35

1986 Mar. 31.0
2446520.5

1986 Mar. 14.1313
23.3295
328.0496
19.1908
2.168456
0.411815
7.08

2007 May 20.0
2454240.5

2007 May 4.4967
24.2577
326.8674
19.1132
2.053162
0.432431
6.88

1906 Mar. 11.0
2417280.5

1906 Mar. 14.6448
14.2572
333.0808
20.8277
2.120915
0.412345
6.86

1928 Mar. 15.0
2425320.5

1928 Mar. 26.2398
21.7796
330.7454
19.5739
2.344148
0.379835
7.35

1950 Feb. 8.0
2433320.5

1950 Feb. 26.0815
21.7159
330.3196
19.5334
2.346922
0.379202
7.35

1972 Feb. 13.0
2441360.5

1972 Jan. 30.8192
23.4267
328.1684
19.2238
2.155165
0.413638
7.05

1993 Apr. 3.0
2449080.5

1993 Apr. 10.7413
23.2218
328.0460
19.1703
2.176755
0.410414
7.09

2014 Apr. 13.0
2456760.5

2014 Mar. 27.4738
24.5135
326.7649
19.0916
2.056575
0.431860
6.89

2 Baged on the JPL elements K077/21, calculated by N. Mastrodemos and fitting 3581 astrometric
observations between 1964 July 16 and 2008 March 25 with an RMS residual of +0.68" .

b The golution accounts for the perturbations by all nine planets, the relativistic effect, and the

nongravitational effects whose par.
Ag = (+40.03124 + 0.00025) x 10~
¢ The individual rows list: the date of oaculating epo
T, the time of perihelion passage (in ephemeris time);

eters ar
days/AU“.

§ A1 = (+0.2475 £ 0.0049) x 10~% days/AU? and

ch (in ephemeria time); its Julian date JD;
w, the argument of perihelion (in degrees);

Q, the longitude of the ascending node (in degrees); i, the orbital inclination (in degrees); g,

the perihelion distance (in astronomical units); e,
period (in years). The originally chos
the elements were +0.00011 day in T
+0.00000095 AU in q, and +0.00000026 in e.

en epoch was 2008 De

the orbital eccentricity; and P, the orbital
c. 1.0 ET and the formal errors of
, £0.000047° in w, 40.000037° in 2, £0.0000047° in i,

April

2009
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Table 2. List of the perihelion times of comet 17P/Holmes from fitted and predicted sets of
orbital elements for the period of time 1892-2014.

No. of  Time of perihelion (UT or ET) Epoch of - Observations
return osculationbs® in orbital Reference to author
to Sun Author’s result® JPL—Auth. (UT or ET) solution of orbital solution
1 1892 June 13.821 -+0.099 1892 Nov. 4.5 1892-1893 Zwiers (1895a)
13.979 -0.091 Dec. 11.46 1892-1893 Kohlschiitter (1896a, 1896b)
13.856 +0.064 Nov. 4.5 1892-1893 Zwiers (1897)
13.891 +0.032 1.0 1892-1906 Koebcke (1948)
13.951 +0.044 July 1.0 1892~1906 Williams (1999)
13.931p +0.064 1.0* 1964-2009 Kinoshita (2009)
2 1899 Apr. 27.973p +0.628 1899 Jan. 12.5 1892-1893 Zwiers (1895b)
28.165p +0.424 Sept. 9.5 1892-1893 Zwiers (1899a)
28.555 +0.034 9.5 1892-1899 Zwiers (1899c)
28.599 —0.010 9.5 1892-1900 Zwiers (1902, 1905)
28.599 —0.010 6.0 1892-1906 Koebcke (1948)
28.594 —0.006 Apr. 16.0 1892-1906 Williams (1999)
28.565p +0.024 16.0* 19642009 Kinoshita (2009)
3 1906 Mar. 14.680p —0.044 1906 Jan. 16.5 18921900 Zwiers (1905)
14.594 +0.042 16.5 1892-1906 Zwiers (1906¢)
14.746 ~0.060 Aug. 21.0 1892-1906 Koebcke (1948)
14.696 -0.051 Mar. 11.0 1892-1906 Williams (1999)
14.663p -0.018 11.0* 1964-2009 Kinoshita (2009)
4 1913 Jan. 21.2p (+173.4) 1912 June 15.5 1892-1906 Zwiers (1912a, 1912b)
July 13.169p +0.795 1913 July 15.5 1892-1906 Polak (1926)
13.424p  +0.540 15.5 1892-1906  Polak (1928)
13.965p —0.002 12.0* 19642009 Kinoshita (2009)
5 1919 Nov. 30.8p (+355.4) ...l 1892-1906 Zwiers (1912b), Ebell (1919)
1920 Nov. 11.43p +8.74 (1906 Jan. 16.5) 1892-1906 Polak (1926)
20.182p —0.011 1920 Nov. 12.0* 1964-2009 Kinoshita (2009)
6 1928 Mar. 22.63p +3.62 1928 Feb. 27.0 1892-1906 Cripps (1927)
25.807p4  40.453 8.0 1892-1906  Polak (1928)
26.259p —0.019 Mar. 15.0* 19642009 Kinoshita (2009)
7 1935 July 11.20p +4.92 ... 1892-1906 Foxell and McNeile (1934)
16.137p —0.022 1935 July 17.0* 1964-2009 Kinoshita (2009)
8 1942 Oct. 25.53p +10.59 1943 Dec. 17.0 1892-1906 Polak (1950)
Nov. 5.036p —0.019 1942 Nov. 17.0* 19642009 Kinoshita (2009)
9 1950 Feb. 15.97p +10.09 1950 Apr. 24.0 1892-1906 Polak (1950)
26.087p —0.006 Feb. 8.0" 1964-2009 Kinoshita (2009)
10 1957 July 5.924p +0.014 1957 July 21.0* 1964-2009 Kinoshita (2009)
11 1964 Nov. 15.4p 4053 e, 1892-1906  Marsden (1963)
15.9283 —0.0003 1964 Nov. 21.0* 1964-2001 Marsden (2005)
15.9283 ~0.0003 21.0° 1964-2009 Kinoshita (2009)
12 1972 Jan. 30.4p +042 L 1892-1906 Marsden (1963)
30.8203 —0.0011 1972 Feb. 13.0* 1964-2001 Marsden (2005)
30.8198 —0.0006 13.0* 19642009 Kinoshita (2009)
13 1979 Feb. 22.6618 —0.0021 1979 Feb. 16.0* 1964-2001 Marsden (2005)
22.6607 -0.0010 16.0* 1964-2009 Kinoshita (2009)
14 1986 Mar. 14.1341 —0.0028 1986 Mar. 31.0” 1964-2001 Marsden (2005)
14.1325 —0.0012 31.0* 1964-2009 Kinoshita (2009)
15 1993 Apr. 10.7442 —0.0034 1993 Apr. 3.0* 1964-2001 Marsden (2005)
10.7424 —0.0011 3.0" 1964-2009 Kinoshita (2009)
16 2000 May 11.8205 -0.0024 2000 May 16.0" 1964-2001 Marsden (2005)
11.8188 -0.0007 16.0" 1964-2009 Kinoshita (2009)
17 2007 May 4.4995p —0.0028 2007 May 20.0* 1964-2001 Marsden (2004)
4.4975 —0.0008 20.0° 1964-2009 Kinoshita (2009)

18 2014 Apr. 27.4751p  —0.0013 2014 Apr. 13.0" 1964-2009 Kinoshita (2009)

® Time predicted from observations at other returns is designated by p. From 1957 on, all times are ET. The adopted ET-UT
does not exceed ~0.0003 day between 1882 and 1957.

® When no osculating epoch is published (dotted line), it is assumed to coincide with the perihelion time.

€ Asterisk indicates an orbital solution with nongravitational terms included.

4 Polak’s (1928) published time of perihelion passage, 1928 Mar. 24.56 UT, differs by 1.247 days from the value, calculated from
Polak’s results for the mean anomaly of the osculation epoch and the daily mean motion. Reconstruction of Polak's ephemeris
with each of the two perihelion times shows that the ephemeris agrees with the latter, tabulated time.
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(text continued from page 47)

Table 1, with information on the orbital solution in the footnotes. The ultimate purpose of this exercise — to examine
unsuccessful searches after 1906 and before 1964 (Secs. 5-7, 8.2-8.3) — requires that the comet’s motion between 1892
and 2009 — the perihelion times in particular — be approximated as closely as possible. Comparison with sets of orbital
elements based on actual astrometric observations from 1892-1906 offers tests of, and clues to, the extrapolation qualities
of the JPL orbit. Also of much interest is comparison with numerous predicted orbits for the returns at which the comet
was missed, since these predictions were used in the searches and should offer an insight into the causes of the search
failures.

These comparisons are incorporated into Table 2, which also provides information on the merits of the three solutions
with the nongravitational terms. The columns are self-explanatory; accepting the JPL orbit as a reference set, column
3 lists the correction AT to the perihelion time required by the listed orbital solution. The 1892-1893 definitive orbital
sets are, together with the best available two-apparition orbit (Zwiers 1902, 1905), the most critical for assessing the
quality of the JPL orbit, considering the fact that fitting astrometric observations of short-period comets from one (two)
return(s) to the sun never (only seldom) requires nongravitational terms.

A scatter of nearly 0.2 day among the perihelion times of the three 1892 definitive orbits (first three entries in Table
2) needs a few words of explanation. The formal errors from Kohlschiitter’s (1896a, 1896b) and Zwiers’ (1895a, 1897)
definitive orbits for 1892-1893 are both about +0.1 day, which, as Table 2 shows, are also their deviations from the JPL
orbit. The reason for these discrepancies is the comet’s discovery nearly 5 months after perihelion, thus involving an
extrapolation. When I integrated the planetary perturbations for Kohlschiitter’s (1896a, 1896b) orbit from 1892 to 1899,
I found that it predicted the comet to pass perihelion on 1899 April 28.752 UT at the standard epoch of April 16.0 and
on April 28.754 UT at Zwiers’ epoch of September 9.5. With Zwiers’ (1902, 1905) improved two-apparition solution
(1892-1900) as the reference, the perihelion-time prediction based on Kohlschiitter’s orbit requires AT of —0.154 day and
is therefore more accurate than Zwiers’ (1899a) upgraded prediction, requiring AT of +0.434 day.

Comparison with the 1892-1893 orbital sets is favorable to the JPL orbit, as the predicted perihelion time comes
out approximately midway between Zwiers’ (1895a, 1897) and Kohlschiitter’s (1896a, 1896b) definitive orbits. The
perihelion-time prediction for 1899, based on the JPL orbit, is off by only 0.01 day from the perihelion time indicated
by Zwiers’ (1902, 1905) two-apparition solution (Table 2). Integrating this orbit by Zwiers back to 1892 offers for the
perihelion time June 14.023 UT at the standard epoch of 1892 July 1.0, June 13.948 UT at Zwiers’ epoch of November
4.5, and June 13.909 UT at Kohlschiitter’s epoch in December. Comparison shows that the JPL orbit agrees by far the
best, to 0.028 day, with this 1892 perihelion time, while all 1892 entries in Table 2 differ from it by more than 0.05 day.
Thus, in terms of the perihelion time, the JPL orbit fits very well the available one- and two-apparition solutions based
on the astrometric observations from 1892-1900.

These considerations lead one to a peculiar effect that is apparent from Table 2 between the JPL orbit on the one
hand and the three-apparition, 1892-1906, gravitational runs by Koebcke (1948) and by Williams (1999) on the other
hand. The latter solutions yield a perihelion time systematically earlier in 1892, are in agreement with the JPL orbit in
1899, and show the comet to be at perihelion later in 1906. By contrast, Zwiers’ (1906c) three-apparition gravitational
solution places the comet at perihelion in 1906 earlier than the JPL orbit. This may, at least in part, be due to the fact
that Zwiers (1912a) felt that Wolf’s (1907) last observation in 1906 — badly off especially in right ascension — “cannot
be said to have improved matters” and preferred to use only the first three observations from 1906 (Zwiers 1906¢c). On
the other hand, Koebcke (1948) retained the last 1906 observation in his equations, despite a residual of nearly 10" in
right ascension.

This analysis shows that the gravitational orbital solutions linking the three apparitions between 1892 and 1906 are
less crucial than the one-apparition and two-apparition solutions and carry less weight in testing the JPL orbit, as their
perihelion times at the apparitions at both ends of the linked arc may be affected by systematic errors due to neglect of
nongravitational effects. However, the accuracy of these three-apparition solutions is much better at the middle, 1899
apparition. Table 2 illustrates that the JPL orbit is in very good agreement with both Williams’ (1999) and Koebcke’s
(1948) perihelion times in 1899. Zwiers’ (1906c) three-apparition solution is inferior, leaving large discrepancies in the
perihelion times.

In summary, comparison with the various gravitational solutions from the period 1892-1906 leads to a conclusion
that the accuracy of the perihelion-time prediction offered by the JPL orbit is always quite satisfactory, well within
the uncertainties of observation. Also, the agreement of the JPL orbit with the nongravitational solutions by Marsden
(2004, 2005) and by Kinoshita (2009) between 1964 and 2007 is excellent, the three sets always agreeing to better than
0.004 day. The JPL and Kinoshita’s sets differ by a maximum of 0.064 day in 1892. Using the 1892 and 1899 perihelion
times from Zwiers’ (1902, 1905) improved two-apparition solution as primary criteria, acknowledging in particular that
for near-perihelion epochs the 1892 perihelion time was apparently very close to June 14.00 UT, and also noting that
Kohlschiitter’s (1896a, 1896b) one-apparition orbit is better than either of the two by Zwiers (1895a, 1897), I suggest
that the JPL orbit should be preferred to Kinoshita’s.

This conclusion justifies taking the JPL orbit as a reference standard to grade the sets of predicted elements available
to search for 17P at the returns following 1906. After the 1913-1920 debacle (Sec. 3), the quality of orbital predictions
improved, as seen from Table 2. For the 1928 return, Polak’s (1928) ephemeris was fairly good, but the prediction for the
1935 return by Foxell and McNeile (1934) was less satisfactory. Although Foxell and McNeile applied the perturbations
by Jupiter and Saturn from 1928 on, their work was based on the results for the 1928 return by Cripps (1927), who
applied only Jupiter’s perturbations from 1913 on and whose prediction was inferior to Polak’s (1928). Polak’s (1949,
1950) subsequent predictions, a belated one for 1942 and a timely one for 1950, in turn used Foxell and McNeile’s (1934)
elements to compute the perturbations by Jupiter from 1935 on. The quality of Polak’s (1949) orbital set for 1942 was
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worse than the 1928 and 1935 predictions, but his prediction for 1950 was slightly better than for 1942 (Table 2). This
was apparently the last effort to provide a search ephemeris before Marsden (1963) took over.

5. Likelihood of Major Explosions During Missed Returns of Comet 17P/Holmes

Because seven consecutive returns of comet 17P to the sun went unnoticed, it would be rather difficult to answer
the question of whether an additional super-massive explosion was missed between 1892-1893 and 2007, without first
contemplating three important pieces of evidence of observational nature that affect the degree of likelihood of detecting
such an event. First, the circumstances at discovery in 1892 suggest that it is practically impossible to miss a comet of
apparent visual magnitude 5 that is far enough from the Sun in the sky. Indeed, comet 17P had at least three independent
discoverers — E. Holmes, T. D. Anderson, and J. E. Davidson. Although it is possible that the comet’s relative proximity
to the M31 nebula in the sky helped the discovery to some extent, there are many stationary objects all over the sky that
are equally popular with amateur astronomers. Significantly, Holmes and Anderson never discovered any other comet,
while Davidson found C/1889 O1 as a naked-eye object. None of the three was a comet hunter. Thus, the discovery of
17P was clearly fortuitous and motivated by the comet’s naked-eye visibility.

Second, analysis in Paper 1 of the 1892-1893 and 2007 events provides information on the comet’s naked-eye or
easy-binocular detection. During its first apparition, the comet was observed as a naked-eye object from the time of
discovery on 1892 November 6 (146 days after perihelion; Holmes 1892) until December 11 (181 days a.p.; Backhouse
1902), with binoculars until 1893 January 10 (211 days a.p.; Backhouse 1902); and then again with the naked eye from
January 16 (217 days a.p.; Kobold 1893) until at least January 20 (221 days a.p.; Lovett 1893), with binoculars until
February 10 (242 days a.p.; Backhouse 1902). In 2007, the comet was a naked-eye object from October 24 (173 days a.p.;
e.g., Hale and Yoshida 2007) for several months. Naked-eye magnitudes were still reported by as many as 10 observers
after 2008 February 4 (276 days a.p.; e.g., Green 2008a, 2009); the last naked-eye sighting was from March 10 (311 days
a.p.; Green 2008a), the last binocular sighting from April 30 (362 days a.p.; Green 2008a), when the comet was only 43°
from the sun.

And, third, an overview of the light curve of comet 17P in Paper 2 shows a major, persistent lingering effect of a
super-massive explosion over two revolutions about the sun (Sec. 8.1). Intrinsically, the comet was much brighter (at
least after perihelion, when under observation) in 1899 and 1906, the two apparitions following the 1892-1893 explosion,
than in 1986,% 1993, and 2000, each of which followed an uneventful apparition (Sec. 8.1). Likewise, compared with the
1986-2000 apparitions, the comet was fully four magnitudes brighter in late 2008 and early 2009, when receding from the
sun following the megaburst.

In an effort to spell out a simple condition for detecting a super-massive explosion of comet 17P based on the two
known events, I apply three guiding rules to define the search period: (i) making it as short as possible; (ii) extending
it to cover both episodes of the 19th century event and the megaburst of 2007; and (iii) minimizing effects of inferior
observing conditions near the time of full moon. From information on the first dates of the comet’s naked-eye visibility,
the search period is a union of three post-perihelion intervals, each extending over a lunar month: 146-176 days, 173-203
days, and 216-246 days. Truncating to the least multiple of 10-day post-perihelion windows, the search period used below
becomes a 90-day long interval from 150 to 240 days after perihelion. Favorable observing conditions are then denied
only when the comet is in this critical time near conjunction with the sun.

When comet 17P undergoes a major explosion, its apparent magnitude reaches a peak a few days after the event’s
onset and then remains essentially constant for a limited period of time. The peak brightness of the 2007 megaburst was
reached on October 25.9 UT (174.4 days after perihelion.; Paper 2) and there was no measurable drop in the comet’s
light curve for some 10 days, until November 4.8 UT (184.3 days a.p.; Paper 2). In the next eight weeks (until the end of
December 2007, or ~240 days a.p.), the apparent brightness dropped by slightly more than 1 magnitude, at a very slow
rate, averaging some 0.02 magnitude per day. In the subsequent 14 weeks (until early April 2008, or ~340 days a.p.),
the apparent brightness dropped another 2 magnitudes, at about the same average rate. For the 1892-1893 explosion the
rate of fading after each episode was apparently more rapid, but the published data are too inaccurate to say by how
much.

The apparent magnitude Hqpp(t) at time t after the peak has been reached is given by

Happ(t) = (Ho)peak + AH(t) + AHo(t), (1)

where (Hg)peak is the peak intrinsic magnitude (Sec. 1),
AH(t) = 5log[A(t) r(t)], . (2)

with A(t) and r(t) being, respectively, the geocentric and heliocentric distances (in AU) of the comet at time ¢, and
AHp(t) > 0 is a change (decrease) in the intrinsic brightness between the peak and time ¢. The total rate of brightness
decrease is given by the rate of change in the sum of AH 4+ AHj. In addition, there is a small phase effect, which can be
incorporated into AHy. The ephemeris shows that between the peak and 240 days after perihelion, the rate of change
in AH was about 0.01 magnitude per day, or 50 percent of the total, so that in this time span AH ~ AHy. In the
subsequent 14 weeks (until 340 days after perihelion), the change in AH predicted from the ephemeris is 1.6 magnitudes,

5 There are only two magnitude estimates available from the apparition of 1986 (Paper 1), about 90 and 290 days after perihelion, but
nothing unusual in the comet's appearance was reported on the images taken by the Spacewatch project for astrometry over a period from
197 to 230 days after perihelion (Gehrels and Scotti 1986; Scotti 1987).
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giving an average rate of 0.016 magnitude per day. Thus, between 240 and 340 days after perihelion, the total rate of
brightness decrease was dominated by AH, with the decrease in the intrinsic brightness, AHg, amounting to only 0.4
magnitude, or i of AH.

The peak intrinsic magnitude is a constant for each particular event: (Ho)peak = —0.53 for the megaburst of 2007
(Paper 2), while (Ho)peak = +1.9 and +1.2 for the two episodes in 1892-1893 (Paper 1) or +0.74 for their summed
up (composite) intrinsic magnitude. Unlike temporal variations in AH, changes in AHp cannot be predicted. They
depend on a number of dust particles leaving the comet’s halo as a function of time and on possible large-scale particle
fragmentation, which should affect the distribution of cross-sectional areas of fragment grains relative to their parent
grains and the particle scattering efficiency.

A naked-eye (or binocular) detection is characterized by a limiting apparent magnitude Hjim, which, when inserted
into Eq. (1) indicates that

AH(t) < Him — (Ho)peak — AHy(t). (3)

Under favorable observing conditions, a deliberate naked-eye search is described by Hiim ~ 6. With AHo & 0, this
constraint gives

AH < 6.5 mag (4)
in the case of the megaburst of 2007, and

AH < 4.1 mag (5)

for the worst-case scenario — the first episode of the 19th-century explosion — when searching not too long after the
peak. For a deliberate binocular search, the constant on the right-hand side of (3) is greater by, say, 3 magnitudes (Hym
~ 9). Thus, a binocular detection requires AH < 7; if AHy is increased by as much as 2 magnitudes, then in the worst
case AH < 5.

This discussion can be summmarized into four points:

(1*) A major ezplosion makes comet 17P a naked-eye object for some — and an easy binocular object for most or
all — of the time between 150 and 240 days after perihelion.

(2*) Once comet 17P becomes a naked-eye (easy-binocular) object it cannot (can hardly) remain undetected unless
under persistently inferior observing conditions.

(3%) It is argued that, for the missed returns, the naked-eye detections should be contingent upon conforming to a
rule-of-thumb condition AH < 4 mag; the binocular detections, to a condition AH £ 7 mag.

(4*) A major ezplosion has a lingering effect over apparently two succeeding revolutions about the sun, during which
comet 17P remains intrinsically much brighter than in the course of ordinary, “quiescent” returns.
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Figure 1. A plot of AH vs. elongation of 17P from the sun. The seven missed returns, 1913-1957, are
compared with the apparitions during which the comet was observed to explode, 1892 and 2007. For each
return, the bullet, identified by the computed perihelion date, refers to a time 150 days after perihelion. The
other end of each orbital arc depicts the comet’s location at a time 240 days after perihelion. In terms of
observing conditions, the best returns are 2007, 1928, and 1892, while the worst are 1920 and 1942.
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Having the sets of high-quality orbital elements available from Table 1, it is now straightforward to generate a tool
needed to investigate a degree of likelihood of a super-massive explosion of 17P being overlooked during the missed
returns. This tool is a plot, for each missed return, of AH from Eq. (2) as a function of the sun’s elongation during the
time span between 150 and 240 days after perihelion. The results of this exercise are presented in Figure 1, where the
missed returns are compared with the apparitions of 1892 and 2007.

The figure provides important information. While until 1906 the comet’s orbital period was slightly less than 7 years,
a close approach to Jupiter in December 1908 caused it to increase to almost exactly 7% years, so that the comet-sun-earth
geometry at the returns between 1913 and 1964 was repeated every 22 years or 3 revolutions about the sun. As a result
of another approach to Jupiter in April 1968, this pattern was broken as the period decreased to slightly more than 7
years. The 22-year cycle divides the missed returns between 1913 and 1957 into three categories: in 1913, 1935, and
1957 the best observing conditions were at the beginning of the 90-day-long arc, or 150 days after perihelion; in 1928
and 1950 the conditions were gradually improving with time and were the best at the end of the arc, or 240 days after
perihelion; and in 1920 and 1942 they were about equally unfavorable, the comet always less than ~45° from the sun
along the entire critical arc of the orbit. The 1928 return competes with the 1892 and 2007 apparitions in terms of the
most favorable observing conditions.

Figure 1 shows that the returns of 1913, 1928, 1935, 1950, and 1957 were favorable in that a major explosion between
150 and 240 days after perihelion would always have occurred at a large enough elongation from the sun, between ~60°
and ~150°, with the whole critical arc of the orbit in Figure 1 above the line AH =5 and more than a half of it above
AH = 4.1, thus largely satisfying conditions 1*, 2*, and 3°* for naked-eye detection. In the light of the 1892 discovery
facts, it is extremely unlikely that a similar major explosion during any of these five returns would remain unreported.
Only at the returns of 1920 and 1942, when the comet was very close to the sun in the sky during the entire critical
period of time and with AH near 5 magnitudes, a major explosion of 17P may have remained undetected.

The differences between the missed returns 1920 and 1942 on the one hand and the rest on the other hand are
clearly apparent from a limited ephemeris of the comet presented in Table 3. It is noted that regardless of the month
the perihelion takes place, during the critical period of time the comet was always in the first quadrant and high in the
north. To obtain diagnostic data on the degree of likelihood of a super-massive explosion in 1920 or 1942, one has to
employ condition 4° and secure information on the succeeding returns. Since, fortunately, searches were conducted in
both 1928 and 1950 (Sec. 3), they are examined — and the reasons for their failure discussed — separately below.

o © O

Table 3. Limited ephemeris (eq. J2000.0) for comet 17P/Holmes at missed returns 1913-1957 and
predicted apparent magnitudes for an assumed major-explosion scenario.?

Time after perihelion

Date of

perihelion 150 days 180 days 210 days 240 days
passage

(ET) R.A. Dec. Hap R.A. Dec. Happ R.A. Dec. Hyp R.A. Dec. Happ

1913 July 13 0"180 +27°34' 5.5 0477 +27°41 6.0 1°29% +20°19' 65 2'19% +31°40° 6.8
1920 Nov. 20 1505 +2515 6.8 2485 +3038 69 3472 +3500 7.0 4443 +3816 7.0
1928 Mar. 26 337.2 +3933 59 358.0 +4457 57 3498 +4845 56 3180 +4850 5.7
1035 July 16 0174 +2723 55 0483 +2740 6.0 1316 +2023 6.5 2223 +3148 6.8
1042Nov. 5 1342 +2405 6.7 2325 +2029 69 3322 +3354 7.0 4313 43710 7.0
1050 Feb. 26 3 27.5 +3543 6.3 4100 +4058 6.1 4364 +4538 6.0 4352 +4917 59
1057 July 5 0200 +2857 54 0429 +2815 59 1211 +2916 6.4 2084 +3117 6.8

& Calculated with (Ho)peak +AHo = +2.0 mag. In a major explosion comparable to the megaburst of 2007, the comet
would be brighter than tabulated by up to 2.5 magnitudes; on the other hand, weeks after a major explosion comparable
to the January 1893 outburst, the comet could easily be fainter by 2 magnitudes or more.

o O ©

6. Astrometric Assessment of Search for Comet 17P in 1928

Interested in recovering comet 17P in 1928, Van Biesbroeck copied, in his short reports on comets, a part of Cripps’
(1927) ephemeris that he had obtained from A. C. D. Crommelin for a pre-perihelion period of time (Van Biesbroeck
1927a) and a part of Polak’s (1928) ephemeris for a post-perihelion period (Van Biesbroeck 1928b). Because of its
southern declinations in late 1927, Van Biesbroeck (1928a) did not search for the comet until September 1928, some 6
months after perihelion (Sec. 3). Details on the four photographic observations that he secured are, based on information
from his observing book, presented in Table 4. The most important piece of astrometric data is in column 9, which
indicates that Polak’s ephemeris was in error by no more than 0°3; the distance from the line of variation was only about
4'. Since the plates used by Van Biesbroeck with the 60-cm Yerkes reflector were 75 mm by 100 mm in size, covering a
field of 1°8 by 2°4, the comet’s position was undoubtedly exposed fairly close to the middle point on all four exposures
centered on Polak’s ephemeris places.
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Table 4. Van Biesbroeck’s 1928 search exposures of comet 17P/Holmes and an ephemeris (eq. J2000.0).

Time of Plate Time after Exp. Ephemeris position® Difference JPL—Polak Distance (AU)
observation No. perihelion time
(1928 UT) (days) (min) R.A. Dec. inR.A. inDec. total Earth Sun

Sept. 16.30602 2925 174.06624 36 35586 +43°%57'8 —1744 4211 157 21529 2.6216
16.33310 2926 174.09332 36 355.88 +43581 —1.43 422 156 21527 2.6217
25.13813 2932 182.92543 35 35858 +4525.1 —1.62 +1.3 17.1 2.0855 2.6473
25.16521 2933 182.95251 35 35858 +45253 -—1.62 +1.3 171 2.0853 2.6474

2 From the JPL orbit.

o O 0

Since one cannot expect that an observer as experienced as Van Biesbroeck could possibly overlook the comet’s
images on four different plates, the only possible conclusion is that the comet was too faint to show up even on the long
exposures. This problem is addressed in connection with the comet’s light curve in Sec. 8.2.

7. Astrometric Assessment of Search for Comet 17P in 1950

Van Biesbroeck gave up on comet 17P after 1928, as his observing book shows no record of exposures for this object
in 1935, when the conditions were only slightly less favorable than in 1928 (Figure 1). However, Martynov’s unsuccessful
search based on Polak’s (1950) new ephemeris provides useful constraints. While I am unaware of any report by Martynov
himself about his negative results, the two references mentioned in Sec. 3 complement each other. A limiting magnitude
15 (with no information on the dates, exposure times, type of emulsion, etc.) was published by Editors (1950) in a short
report issued on September 28, 1950, whereas Merton (1951) noted that Martynov’s search took place in September and
October 1950 and that the Engelhardt Observatory’s 38-cm f/2.4 Schmidt camera was used to sweep an area of the sky
several degrees in extent and covering Polak’s (1950) prediction.

Since the reports are incomplete and inaccurate, additional information was obtained from Martynov’s (1951; see
Sec. 3) paper on the Engelhardt’s Observatory’s 38-cm Schmidt telescope, but the dates and emulsion must be guessed.
One can expect that the search was made near the dates of the new moon in September and October 1950, which are used
as approximations in Table 5. And since Martynov (1951) indicated that the Agfa Astro plates were heavily employed
at the time, it is assumed that, unfiltered, they were used to search for 17P and that therefore the limiting magnitude
15 refers to a “blue sensitive” photometric systern. Polak’s (1950) prediction was off by a little more than 2°, which
places the comet well inside the photographed field centered on the ephemeris position and near the boundary of the
vignetting-free field, with practically no downgrading of the comet’s image; the search was also assisted by acceptably
small distances from the line of variation, 2’ in September and 11’ in October.

© ¢ ©

Table 5. Martynov’s 1950 search for comet 17P/Holmes and an ephemeris (eq. J2000.0).

Date of Time after Ephemeris position® Difference JPL—Polak Distance (AU)
new moon? perihelion
(0" ET) (days) R.A. Dec. inR.A. inDec. total Earth Sun
1950 Sept. 12 197.9 428 +43°%50 -7 -8 211 2.388  2.694
Oct. 11 226.9 4 39.7 +47 54 -14.0 +9 2.35 2.160 2.786

2 Martynov’s unknown search times assumed to be near the date of new moon.
b From the JPL orbit.

o O ¢

Thus, as in the case of the 1928 search, it is concluded that comet 17P was not detected by Martynov on the 1950
Schmidt plates because of its intrinsic faintness, an issue that is deferred to Sec. 8.3.

* 8. Light Curve of Comet 17P and Its Brightness at Search Times

The goal is now to determine how the limiting magnitudes of the 1928 and 1950 searches fare relative to the comet’s
light curve at the quiescent-phase apparitions, like 1986-2000, on the one hand, and at the apparitions with a strongly
elevated brightness, like 1899-1906, on the other hand. To address this objective, one needs to uniformly calibrate and
streamline the photometric systems of the apparitions investigated in Papers 1 and 2 and to examine the remaining
apparitions 1964-1979, for which only “nuclear” magnitudes are available. Since only the 1920 and 1942 missed returns
are in question as far as a potential occurrence of super-massive explosions is concerned, and since the searches were
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made during the immmediately succeeding returns of, respectively, 1928 and 1950, the potential excess brightness is best
simulated by the 1899 light curve, after its proper calibration. The “nuclear” magnitudes from the 1972 and 1979
apparitions are helpful for assessing the degree of likelihood of a major explosion at the apparition of 1964, during which
the comet was not favorably located in the sky when between 150 and 240 days after perihelion.

8.1. Calibration of the Light Curves of Comet 17P at Individual Apparitions

Starting with the 2007 apparition of comet 17P/Holmes, I describe the light curve as a plot of time ¢, reckoned
from the comet’s perihelion passage, against the total visual magnitude Ha (t), estimated with an average naked eye and
normalized to a distance A = 1 AU from the earth by a A~% law; this scale was extended to faint magnitudes by linking
post-megaburst naked-eye observations with CCD observations made by an observer with the same instrumentation both
before and after the event. An observer with an average eye was defined by sampling 52 participants, who reported their
naked-eye magnitude estimates to the International Comet Quarterly and whose data were incorporated into the final
2007 light curve of comet 17P presented in Paper 2; for 17 of these 52 observers — including R. J. Bouma, E. van Dijk,
D. W. E. Green, A. Hale, K. Hornoch, M. Meyer, A. Pereira, and S. Yoshida — the applied correction was less than £0.1
magnitude (i.e., each of them overestimated or underestimated the brightness, on the average, by less than 10 percent
relative to the mean of the whole sample), while the extreme corrections of —0.65 and +0.35 magnitude were derived to
apply to the naked-eye estimates by, respectively, K. Sarneczky, who underestimated the brightness, on the average, by
45 percent, and T. Scarmato, who overestimated it by 38 percent, relative to the mean of the 52 observers.

Since the light curves for the apparitions 1986-2000 were linked in Papers 1 and 2 to the photometric scale established
for the apparition 2007, they have already been calibrated as accurately as they could be. The light curve for 1892-1893,
reduced in Paper 2 to the photometric scale of Barnard’s naked-eye magnitudes summarized by Bobrovnikoff (1943), is
not used in this paper. It should suffice to say that the photometric systems of 1892-1893 and 1986-2007 probably agree
with each other to about % magnitude.

The mean light curve for the apparition of 1899 was in Paper 2 referred to a magnitude scale of Perrine (1899, 1900a),
who made his visual observations with the 91-cm refractor of the Lick Observatory and reported the comet to be, in an
overlapping period of time, about 1 magnitude brighter than estimated by Barnard, who used the 102-cm refractor of
the Yerkes Observatory.® An objective of Paper 2 — to show that comet 17P was intrinsically brighter in 1899 than in
1986-2000 — has been met even if Perrine did not underestimate the comet’s total brightness. With Perrine’s magnitudes
uncorrected, the comet was found to be 1.7 magnitudes intrinsically brighter in 1899 than in 1986-2000 when more than
150 days after perihelion. In late 2008 and early 2009, long after the megaburst, the comet was intrinsically about 4
magnitudes brighter, as indicated by an extrapolated 1986-2000 light curve in Figure 1 of Paper 2.

A more challenging goal, converting the 1899 light curve to the photometric system of the 1986-2007 light curves,
requires that an aperture correction be determined to Perrine’s estimates with the 91-cm refractor. The only plausible
approach is to combine the difference between Perrine’s’ and Barnard’s estimates with the finding by Marcus (1983)
that Barnard’s magnitudes of comets obtained with the large refractor at Yerkes referred almost always to the nuclear
condensation and required at least a —2% magnitude correction to be reduced to Bobrovnikoff’s (1941) standard telescopic

aperture of 6.8 cm.® Since Bobrovnikoff’s formula implies a correction of —0.066 magnitude per 1 cm of aperture for

6 Barnard never published any details on his visual brightness estimates of comets beyond occasional vague references to a nuclear
condensation. A very helpful paper was published by Marcus (1983), who compares Barnard's 28 brightness estimates of 16 comets with 37
magnitudes, reported for times that were within three days of Barnard’s times, by other observers using much smaller telescopes. Marcus
emphasizes that Barnard’s estimates were “not made in reference to stars of known magnitude”, as no photometric catalogues of such faint
stars were then available, but points out that this is not a serious drawback if one tries to establish only an approximate empirical correction.
Bobrovnikoff (1948) — also quoted by Marcus — perceived Barnard’s magnitudes as “simple impressions of the total brightness” and suggested
that one may assume a degree of internal consistency of Barnard’'s magnitudes on the strength of the observer’s reputation. One could toy
with an idea that Barnard (and possibly other visual comet observers working with large refractors in the late 19th and early 20th centuries)
may have devised and used unpublished photometric scales based on their experience with observing faint nebulae, to have at least some
photometric tools, but this is a mere speculation, as no references (except by J. Holetschek for brighter nebulae and star clusters) to any
such data are found in the literature. Obviously, the old visual magnitudes of comets, especially those obtained with large refractors, cannot
be judged in terms of modern brightness estimates and the only, however approximate, way to handle these old data is by applying a large
magnitude-scale correction, usually referred to as an “aperture” correction. Marcus (1983) pointedly remarks that old-style observation
methods are primarily to blame for such large corrections. For Barnard’s magnitudes obtained with the 102-cm refractor at Yerkes, Marcus
derives from his collected data a correction of at least —2.5 magnitudes, while Bobrovnikoff (1948) finds from Barnard’s estimates of comet
14P/Wolf on 28 nights in 1918-1919 a correction of —3.2 magnitudes, both referred to Bobrovnikoff’s (1941) standard telescopic aperture of
6.8 cm.

7 Like with Barnard, the methodology of Perrine's magnitude estimating is unknown. Published, as a rule, to a precision to 0.5 magnitude,
major systematic differences between the brightness estimates by the two observers can largely be removed by applying a relative correction
based on the data from overlapping time intervals. This relative correction is then combined with a correction for a selected “standard” observer
(in this case Barnard) that relates his magnitude scale to the adopted photometric system of an average “naked eye” (see the beginning of
this subsection), acquired or estimated from independent evidence (provided by Marcus 1983 in this case), to obtain a final correction for each
observer. Because details of the observing techniques are unavailable, no more sophisticated approach can be applied.

8 A magnitude-scale correction depends not only on the aparture of the telescope but also on its f-ratio, magnification used, etc. The
apparent over-emphasis on the aperture has to do with the fact that the methodology for finding an appropriate correction, proposed by
Bobrovnikoff (1941), uses only the aperture diameter as a parameter, neglecting the other factors.
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smaller refracting instruments, the reduction of Barnard’s magnitudes to the photometric system used in this paper
requires an additional aperture correction of —0.4 magnitude, from 6.8 cm to the naked eye. This exercise suggests
that a conservative aperture correction for Barnard’s extimates made with the large Yerkes refractor in reference to our
photometric system is —3 magnitudes, implying a correction of —2 magnitudes for Perrine with the large Lick refractor.

My effort to derive Perrine’s aperture correction for the 91-cm refractor more directly met with very little success.
Perrine’s career as a comet observer at Lick was relatively short-lived and his observations with the large refractor were
limited to very faint comets and not always accompanied by magnitude estimates. Although Perrine became a Lick
staff member in 1893, he used the large refractor more extensively only after Barnard’s 1895 departure, and even then
brighter comets, for which magnitude data obtained with much smaller instruments elsewhere (e.g., by J. Holetschek in
Vienna) are available for comparison, were observed by Perrine mostly with a 30-cm refractor. By 1903 his scientific
interests changed and none of his later Lick-based papers dealt with comets. By the time Halley’s comet appeared,
Perrine left Lick for Argentina, where he became director of the National Observatory at Cérdoba. The only comet
for which Perrine’s (1900b) observations with the 91-cm refractor and Holetschek’s (1900) magnitudes obtained with a
16-cm refractor overlap is 10P/Tempel in July 1899, and even then it is possible that Perrine’s total-brightness estimate
(magnitude 9) was made with the refractor’s finder. It seems that Perrine may have underestimated the total and/or
“nuclear” magnitude of 10P by a fraction of a magnitude relative to Holetschek, whose estimates require an aperture
correction of —1 magnitude in the least.

Adopting Perrine’s aperture correction as —2 magnitudes, I find that the 1899 calibrated light curve of 17P/Holmes,
when more than 150 days after perihelion, becomes 3.7 magnitudes brighter than in 1986-2000 and can quite satisfactorily
be linked with the comet’s light curve based on the data reported in late 2008 and early 2009, a year and more following
the megaburst.

The magnitude estimates of comet 17P from the four plates taken in 1906 at the Konigstuhl Observatory near
Heidelberg are the only brightness data available from this apparition, and they are very difficult to calibrate. Although
all reported by Wolf (1906a, 1906b, 1906c, 1906d, 1906e, 1907) in identical format, the first three observations were made
with the 41-cm f/5 Bruce twin refractor, one of them by A. Kopff, while the last observation was made by Wolf with the
72-cm f/4 Waltz reflector.’ I have shown in Paper 2 that in the relevant period of time, between 150 and 300 days after
perihelion, the uncorrected 1906 light curve practically coincides with Perrine’s (1899, 1900a) uncorrected magnitudes
from 1899. Direct comparison of Wolf’s and Perrine’s magnitude systems is not possible, because the instrument used
by Wolf before 1900, when Perrine made most of his comet observations, was a 16-cm f/5.1 Voigtlander camera. The

9 Inspection of Wolf’s early publications shows that he expended considerable effort on providing as accurate magnitudes of asteroids and
comets from his plates as he could. His method focused on three tasks: (i) a determination of photographic magnitudes for stars by measuring
and calibrating the apparent diameters of their photographic images and including effects of exposure time (Wolf 1890} [he also applied this
technique to find a limiting magnitude on plates as a function of exposure time (Wolf 1892a)]; (ii) a relationship between magnitudes of stars
derived photographically and by means of visual photometry (Wolf 1891); and (iii) a determination of magnitudes for comparison stars from
plates with sidereal tracking and an estimation of magnitudes of minor planets and comets from plates with tracking on these moving objects
(Wolf 1892b, 1892c). A detailed review of Wolf’s method would require a study of its own. In this brief evaluation, it should be emphasized
that he was both familiar with, and contributed to, the state-of-the-art investigations in the field of photometry of celestial objects in general
and their photographic photometry in particular. In one of his key papers (Wolf 1891), he described in detail the employed method, using
stars in a cluster GC 4410 as an example, by comparing meticulously measured diameters of photographed stars in the Pleiades with the
previous results of Charlier (1889) and Scheiner (1889, 1890, 1891), who in turn investigated the correlation between the photographically
determined magnitudes of stars in this cluster and their magnitudes derived by visual photometry (Pickering 1882; Lindemann 1887; see also
Pritchard 1882), with the effects of color, atmospheric extinction, and exposure time incorporated in the discussion of the findings. Wolf's
(1891) comparison table shows that his magnitudes for 28 stars in the Pleiades cluster, brighter than magnitude 11, are in excellent agreement
with the photographic magnitudes by Charlier (1889) and the visual magnitudes by Pickering (1882). The mean difference Wolf minus Charlier
is +0.01 £ 0.17, while the mean difference Wolf minus Pickering is +0.17 4 0.22, possibly showing a color effect. Wolf (1891) also found that
the magnitude scale of the Bonner Durchmusterung was inferior, making the stars of magnitude 9.5 and fainter much too bright, by up to 1
magnitude or even more. Wolf (1891) detected the same problem when comparing his magnitudes for the stars in GC 4410 with those from
the Bonner Durchmusterung, rejecting the latter and concluding that with appropriate telescopes it was possible to determine magnitudes
with fair accuracy, except that atmospheric extinction affected the quality of the determination at low elevations. The error also increased for
fainter objects, but this problem could be mitigated by taking plates of various exposure times and deriving the magnitudes from overlapping
diameter-magnitude plots. Because this method was instrument dependent, Wolf obviously had to repeat these procedures with every newly
acquired telescope. Although he did not always report the results, the fact that he attended to this task in the same consistent manner (using
the Pleiades) is apparent from his publication of the dependence of the limiting magnitudes on the exposure time for the Voigtlinder camera
and the Bruce refractor (Wolf 1910a), the instruments that had been unavailable in 1891. Also, as more reliable photometry became gradually
available for stars fainter than magnitude 11, Wolf was apparently extending his photometric scale. This is evident from this same paper
on the limiting magnitudes, in which he said that an 80-minute exposure with the Bruce telescope reached magnitude 16, based on a “very
large number of observations”. However, I was unable to find any comment by Wolf on his method of accounting for extended dimensions
of comets, although he is known to have focused on observing very faint (and small) comets for which a point-like approximation was not
entirely unreasonable and whose brightness he never estimated to a precision higher than 0.5 magnitude. Yet, it is certain that Wolf’s comet
magnitude determinations did not refer to the truly total brightness and that their quality was inferior to the quality of brightness estimates
obtained by modern methods. These differences — as well as the effects of color, zero point of the photometric system used, etc. — are hoped
in this paper to be approximately accounted for by applying a constant magnitude-scale correction.
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first of the two Bruce twin telescopes was not completed until 1899 and the Waltz reflector not until 1906.19

Wolf’s (1900c) conclusion that faint comets are very rarely detected photographically (see the footnote) seems to have
been at the root of his apparent reluctance to observe comets in general. The most prolific discoverer of minor planets
in his time, Wolf often titled his reports as “photographic observations of minor planets and comets” but hardly ever
did he list more than a single comet with dozens of minor planets. This explains why my thorough search for Barnard’s
(1932a, 1932b, 1932¢c, 1932d) near-simultaneous observations of comets between 1898 and 1922 produced only two positive
correlations with Wolf. One was 33P/Daniel (1909 IV = 1909¢), photographed by Wolf (1910b) on 1910 December 15
at magnitude 11.0 and observed visually by Barnard (1932a) with the 102-cm refractor on December 7 at magnitude 11
and 12 days later at magnitude 12. The other was 4P/Faye (1910 V = 1910e), photographed by Wolf (1911a, 1911b)
on 1911 March 19 and 23 at magnitude 15 and 14.5, respectively, and observed visually by Barnard (1932b) on March
20 at magnitude 14.5. Wolf did not specify the telescopes used, but Voigtlander exposure times would have had to be
near or more than two hours in the case of 4P. Apparently striving for a uniform, instrument-independent magnitude
system, Wolf’s tendency was to rely increasingly on the 72-cm reflector. The comparisons show that, on the average,
Wolf’s magnitudes were slightly, perhaps by up to 0.5 magnitude, brighter than Barnard’s visual magnitudes with the
102-cm refractor. From this information, Wolf’s aperture correction to the naked-eye photometric system becomes —2.5
magnitudes or slightly higher and the near-coincidence of the 1899 and 1906 light curves, suggested in Paper 2, remains
vald.

My search for nearly simultaneous observations also revealed two instances suitable for comparing the magnitudes
reported by Wolf and by Van Biesbroeck.!! While insufficient for establishing a correction, this is of interest in connection
with Van Biesbroeck’s (1928a) search for comet 17P in 1928 (Sec. 8.2). The first instance was 22P /Kopff (1926 II = 1926c¢),
recovered photographically by Wolf (Strémgren 1926) on 1926 July 13 at magnitude 16 and observed photographically
by Van Biesbroeck (1927b) with the 60-cm Yerkes reflector on July 16 at magnitude 17. The second was C/1930 El
(Beyer; O.S. 1930 IV = 1930b), which was photographed by Wolf (1931) with the 72-cm Waltz reflector on 1931 June
15 and 16 at magnitude 16.5 and by Van Biesbroeck (1933) with the 60-cm Yerkes reflector on June 15 at magnitude
16. These comparisons show that Wolf’s and Van Biesbroeck’s photometric scales were similar, at least in the range of
magnitudes 16-17.

The next step in investigating the light curve of comet 17P involves the three apparitions during which only “nuclear”
magnitudes were reported — 1964, 1972, and 1979. At the first two returns, the comet was observed only by Roemer,
at Flagstaff in 1964 and 1965 (Roemer and Lloyd 1966) and at Catalina and Kitt Peak in 1971-1973 (Roemer 1971a,

10 Before comparing Wolf’s magnitudes from plates taken with the Bruce telescope with Barnard’s visual magnitudes estimated with
the 102-cm refractor at Yerkes, I mention a peculiar case of comet 17P photographed by Wolf in 1899 (sic). This is generally unknown and,
to my knowledge, has never been mentioned in any review papers or other documents describing a chronology of discoveries, recoveries, and
observations of comets in 1899, not even in comprehensive summaries, such as those by Kreutz (1900a, 1900b, 1902). Yet, acknowledging that
at its 1899 apparition comet 17P was allegedly observed with only the world’s most powerful telescopes, at Yerkes and at Lick, Wolf (1900a)
revealed in his observatory report for 1899 that the object was photographed at Kénigstuhl with the Voigtlinder camera on August 14 and
again on 1899 October 8-9, and that its positions were measured. This announcement is corroborated by two additional remarks. In a report
on a photographic observation of comet C/1900 B1 (Giacobini; O.S. 1900 I = 1900a) from 1900 February 21, Wolf (1900b) stated explicitly
that this comet’s brightness, which he estimated at magnitude 12, was between the brightness of comet 17P, observed “here in August and
October”, and that of comet 8P/Tuttle “at the time of its discovery”, which in an earlier telegraphic note was estimated at magnitude 11.5
{Wolf 1899). One can therefore guess that comet 17P was magnitude ~12.5, presumably in August 1899, when, according to Barnard (1932a),
it was about 2 magnitudes brighter than in October. Since Barnard estimated, with the 102-cm refractor, comet 17P to be magnitude 13
on August 15, and 13% on August 16, the reconstructed estimate by Wolf on the Voigtlinder August plate is 0.5 to 1 magnitude brighter
than Barnard’s. The second remark on the detection of 17P at Kénigstuhl in 1899 comes from Wolf’s (1900c) short paper on his unsuccessful
search for comet D/1892 T1 (Barnard; 1892 V = 1892e), expected to return during 1899 but lost until very recently (the comet has now
been designated 206P /Barnard-Boattini; cf. Boattini 2008, and Green 2008b, 2008c). Wolf listed 26 searched fields photographed with the
Voigtlander camera, covering a total projected area between 1200 and 1500 square degrees. He emphasized that except for 17P no other
comet-like object was detected, which he felt showed how infrequently faint comets are found photographically. With the exposure times
ranging mostly between 1.5 and 4 hours, the limiting magnitude (Wolf 1910a) must have been ~14.4 or fainter. The fields reportedly showing
comet 17P had exposure times of 118 to 120 minutes, implying a limiting magnitude near 14.8. Thus, the guessed August magnitude of
12.5 was easily within the range, and the October brightness, if 2 magnitudes fainter, would still be slightly above the detection threshold.
In addition, 16 Persei, the loadstar of Wolf’s August 14 exposure was only 2°4 from the ephemeris position of 17P on that date, while the
field covered by the plate had an effective diameter of ~8°. All these findings appear to point to Wolf’s detection of comet 17P in 1899 (on
August 14, in the least) and to a magnitude correction of ~2 to —2.5 magnitudes for Voigtlander plates, slightly higher than the correction
to Perrine’s visual magnitudes with the large Lick refractor. Yet, no astrometric results have ever been published, in spite of Wolf’s (1900a)
claim that the images were measured, and the detection of comet 17P/Holmes at the Konigstuhl Observatory in 1899 remains problematic.

11 After his arrival at the Yerkes Observatory in 1915, Van Biesbroeck observed comets mostly with the 30-cm refractor, but by 1917
the shares of his observations with the 30-cm and the 102-cm refractors were already about equal. In a report of his measurements of comet
2P/Encke in 1924 (Van Biesbroeck 1925), he provided limited information on his method of estimating the brightness. The presented set
consists of visual magnitude estimates with the 102-cm refractor (2 data points) and the refractor’s 10-cm finder (7 points), and of photographic
magnitude estimates (2 points) with then the relatively new 60-cm reflector (see footnote 2). Van Biesbroeck stated that all his brightness
estimates of comets were obtained extrafocally, with an out-of-focus eye-piece, so that the comet and the comparison stars were nearly equal in
size, and that the brightness of the comparison stars was on the Harvard scale. Unfortunately, he did not describe the method of determination
of the magnitudes obtained photographically, nor did he address the question of correcting the photometric scale of the visual estimates taken
with the large refractor. Luckily, a formula for Van Biesbroeck's aperture correction has been derived from another evidence (Sec. 8.2).



INTERNATIONAL COMET QUARTERLY 58 April 2009

1971b, 1972a, 1972b, 1973a, 1973b); at the third return, “nuclear” magnitudes were reported by Shao and Schwartz
(1979) at Oak Ridge and by Seki (1979) at Geisei. All these observations were photographic, and blue-sensitive plates
were probably always employed.'? It is assumed that these magnitudes H 4 are on the International System (Hpg = Py,
and the task is to convert them to visual magnitudes, H,. This is done by equating

H, = Hpg+ (H, - V)= (P -V), (6)

where V is a standard Johnson-system V magnitude that corresponds to a visual magnitude H,. Various conversion
formulas from (P — V) to (B — V) of the Johnson system were given by a number of authors. Kron and Mayall (1960
concluded that their color index (P — V), closely approximating the International System, satisfies a relation (P - V;
= (B — V) — 0.10 with a precision to +0.03 at —0.4 < (P — V) < +1.0. Discussing the difference between H, and V,
Green (1997) refers to Howarth and Bailey’s (1980) simple conversion formula

H,=V +0.16(B-V), (7)

in which case the difference H, — Hpg is a function of the color index (B — V) alone. Inspection of Snodgrass et al.’s
(2008) large set of graphically presented B, V, R, and I photometry of 17P, obtained a few days after the megaburst,
shows that (B — V) averaged between +0.7 and +0.8. Comparison of this V, R, and I photometry with that before the
megaburst (Snodgrass et al. 2006) suggests that the indices (V — R) and (R — I) did not change after the megaburst in
any significant way. Thus, assuming (B — V) >~ +0.75, one finds H, = V + 0.12 and, finally,

H, = Hyy — 0.53. (8)

The “nuclear” magnitudes from the 1964, 1972, and 1979 apparitions, converted this way to the visual magnitudes and
normalized not only to a unit geocentric distance but also to a zero phase angle § by applying a correction —0.0353 (about
—0.6 magnitude on the average), are presented in Figure 2. Its inspection shows that only the earliest pre-perihelion
“nuclear” magnitudes at the apparitions of 1964 (~120 days before perihelion) and 1972 (~220 days) are fairly close to
the nucleus’ predicted true (pre-megaburst) magnitudes (see the caption for the references). Along the post-perihelion
orbital branch, the “nuclear” magnitudes from 1964-1979 are consistently between the light curves of the nucleus and of
the whole comet in 1986-2000, but they are much closer to the latter. No such conclusion is possible for the pre-perihelion
branch because of the lack of data on the total brightness. No significant increase in the “nuclear” brightness is apparent
from 1964 to 1972 and 1979 to support a hypothesis of a major explosion of 17P between 150 and 240 days after the 1964
perihelion. If such a major explosion had occurred, the comet could have become a binocular object from mid-September
1965 on, 300+ days after perihelion, when more than 80° from the sun.

While the discussion of one objective of this section, a calibration of the “nuclear” magnitudes from 1964-1979, offers
no surprising results, the findings relevant to the other objective, a calibration of the light curves from 1899 and 1906,
imply, in a plausible generalization, that during the two returns to the sun that immediately follow the return with a
super-massive explosion, the comet is intrinsically brighter, relative to the quiesceni-phase returns, by about 3.5 to 4
magnitudes along much of the post-perihelion branch of the orbit (except possibly shortly after perihelion), and may, in
addition, undergo relatively minor outbursts, like the one in 1899, detected and presented in Paper 2.

The relation between the light curves in 1899 and 1906 has not as yet been completely resolved, although it is
fair to say that they nearly coincide in the interval between about 150 and 300 days after perihelion, the calibration
uncertainties in Wolf’s magnitudes notwithstanding. A piece of evidence that at first sight appears to contradict this
tentative conclusion is based on Aitken’s (1900, 1907) reports on comet 17P, which he observed in 1899 but failed to detect
in 1906 with the same instrument, the 91-cm Lick refractor. In 1899, Aitken estimated the comet to be, in general, fainter
than magnitude 14 during his observing run, between 105 and 135 days after perihelion, along the subsiding branch of the
outburst. In 1906 he unsuccessfully searched for the comet several times between ~150 and ~190 days after perihelion,
concluding that it was fainter than magnitude 15 (Sec. 3). Aitken’s reports from the two apparitions thus suggest that in
1906 the comet was during his search at least ~1 magnitude fainter. From the 1899-1906 calibrated light curve in Figure
2 (and Paper 2), an apparent total visual brightness during Aitken’s 1899 observations never dropped below magnitude
~11.5, while in 1906 it stayed near magnitude 13, if the intrinsic brightness varied identically with time from perihelion.
This is consistent with Aitken’s reports, if his aperture correction with the 91-cm refractor is about —3 magnitudes or
more, which is significantly higher than Perrine’s correction. Thus, the 1899 and 1906 light curves could indeed have
been equally elevated relative to the light curve in a quiescent phase.

The apparent persistence of elevated brightness during the returns to the Sun that follow a super-massive explosion
of 17P (point 4* in Sec. 5) is of great importance for interpreting search results, because the time constraint inherent
to a major explosion does not apply to the light curve in the succeeding returns; thus: a significantly elevated intrinsic

12 Tg the best of my knowledge, with a possible exception of Martynov, the observers that photographed comet 17P between 1906
and 1979 (Wolf, Van Biesbroeck, Roemer, Shao and Schwartz, and Seki) were all tracking the comet properly, so that there was no loss of
brightness because of failure to account for the comet’s apparent motion. All these observers used the comet’s images to provide astrometric
positions of good to high quality, which they could not with sidereal tracking during long exposures. There is every indication that — with a
possible exception of Van Biesbroeck — they also took separate plates with sidereal tracking to obtain sharp images of comparison stars. For
Martynov's 1950 search the question of proper vs. sidereal tracking is unimportant, because the system used was a very fast Schmidt camera
(Martynov 1951), which allowed short exposures (on the order of 1 minute) to obtain deep images and had a small plate scale (> 200" per
mm), implying practically no loss in surface brightness, especially for a slowly moving comet like 17P.
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brightness along most of the post-perihelion branch of the orbit becomes diagnostic of a major ezplosion one or two
revolutions earlier.!® The searches in 1928 and 1950 were conducted at times between 150 and 240 days after perihelion
anyway, but the relaxed time constraint allows one to conclude that the comet’s 1972-1979 post-perihelion “nuclear”
brightness data, which stay consistently below the average 1986-2000 light curve in Figure 2, provide evidence against a
major explosion during the preceding returns 1957-1964. Since nothing is known about the comet’s total brightness on
approach to the Sun, the difference in the pre-perihelion “nuclear” magnitudes between 1964 and 1972 in Figure 2 is left
unexplained, except for a note that the perihelion distance then dropped from 2.347 to 2.155 AU (Table 1).
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Figure 2. Light curves of comet 17P/Holmes and the circumstances during the searches in 1928 and
1950. The time from perihelion is plotted against the total visual magnitude Ha normalized to 1 AU from
the Earth. Fitted by the thick curves are the variations in the total visual magnitude at the apparitions 1899
and 1906 (from 150 to 300 days after perihelion) and at the apparitions 1986, 1993, and 2000 (from 50 to 390
days after perihelion). Depicted by the thin curve is the predicted visual magnitude of the nucleus (from 250
days before perihelion to 390 days after perihelion) at a zero phase angle and an assumed geometric albedo
0.04, based on the results by Lamy et al. (2000) and by Snodgrass et al. (2006). The various symbols refer
to the normalized and phase-effect-corrected “nuclear” magnitudes obtained photographically by Roemer
with the 102-cm f/6.8 Ritchey-Chrétien reflector at the Flagstaff Station (F) of the U.S. Naval Observatory
during the 1964 apparition and with the 154-cm f/13.5 Cassegrain reflector at the Catalina Station (C) of
the Lunar and Planetary Laboratory, University of Arizona, and the 229-cm f/9 Ritchey-Chrétien reflector of
the Steward Observatory at Kitt Peak (K) during the 1972 apparition; and by Shao and Schwartz with the
155-cm Wyeth reflector of the Harvard-Smithsonian Center for Astrophysics at the Oak Ridge Observatory,
Harvard, Mass., and by Seki with a 60-cm f/3.5 reflector at the Geisei Observatory, Kochi, Japan, during the
1979 apparition. The elongated spots show the locations on the plot of the unsuccessful searches in 1928 and
1950, indicating that in either case the comet would have been detected if a super-massive explosion occurred
in, respectively, 1920 and 1942.
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I have no firm answer to the question of an activity level of 17P, relative to a quiescent phase, at the returns three (or
possibly more) revolutions after a major explosion. However, I pointed out in Paper 1 that following the 1995 outburst of
comet 73P/Schwassmann-Wachmann, coinciding with a series of fragmentation events, it took two revolutions about the
sun, or nearly 11 years, before the comet’s principal component “calmed down” to the activity level of the parent prior
to the outburst. The peak intrinsic magnitude of that outburst was (Ho)peak = 5.3 (Paper 1), indicating an amount of
dust in the atmosphere that is less than 5 percent of the minimum amount of dust following a super-massive explosion.

One can speculate about the chances of 17P having been discovered as a new comet during the ill-fated 1913 return
(with the predicted perihelion time off by 6 months), three revolutions after the 1892-1893 super-massive explosion, if
the light curve continued to be elevated by as much as 4 magnitudes above a quiescent phase. In this scenario, the comet
would have been an object of total visual magnitude 12 during November 1913 at an elongation of ~130° from the sun
and near magnitude 11 in early October, near the opposition.

13 Minor outbursts have a relatively short duration (several weeks at the most), so that the occurrence of such an event at a given return
cannot be confused with the long-term effects of a super-massive explosion during a previous return.
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To examine the chances of accidental detection, I compiled, from Kronk’s (2007) cometography, a list of comets
discovered, independently of an ephemeris, in the years 1910-1916. They are arranged in Table 6 in the order of
increasing brightness at the time of discovery. Unfortunately, no magnitude at discovery was reported for nine comets,
and these had to be excluded from the table. However, they were mostly brighter objects, some detected with the naked
eye, but a few were reported, days after discovery, to be as faint as magnitude 9-10. None of them would end up near
the top of Table 6.

o o ¢

Table 6. Discovery magnitudes of comets from the years 1910-1916.

Discovery time Magni-
Comet? (UT) tude Mode Discoverer and observing site
C/1916 G1 1916 Apr. 4.01 13.0 phot. M. Wolf (K6nigstuhl, Germany)
24P /1911 X1 1911 Dec. 1.20 12.0 vis. A. Schaumasse (Nice, France)
C/1914 M1 1914 June 24.90 12.0 phot. G. N. Neujmin (Simeis, Crimea, Russia)
8P 1912 Oct. 19.19 11.5 vis. A. Schaumasse (Nice, France)
C/1913 Y1 1913 Dec. 18.04 11 vis. P. T. Delavan (La Plata, Argentina)
25D /1916 D1 1916 Feb. 24.78 11 phot. G. N. Neujmin (Simeis, Crimea, Russia)
C/1912 V1 1912 Nov. 2.80 10.0 vis. A. Borrelly (Marseilles, France)
28P /1913 R2 1913 Sept. 3.98 10.0 phot. G. N. Neujmin (Simeis, Crimea, Russia)
21P /1913 U1 1913 Oct. 23.80 10 vis. E. Zinner (Bamberg, Germany)
4P 1910 Nov. 8.90 9.5 phot. V. Cerulli (Teramo, Italy)
C/1913 N1 1913 May 7.11 9.5 vis. A. Schaumasse (Nice, France)
C/1914 F1 1914 Mar. 30.07 9.5 vis. H. H. Kritzinger (Bothkamp, Germany)
C/1910 P1 1910 Aug. 9.14 8 vis. J. H. Metcalf (Taunton, Mass., U.S.A.)
C/1911 S2 1911 Sept. 23.84 7.5 vis. F. Quénisset (Juvisy, France)
20D /1913 S1 1913 Sept. 27.1 7 vis. P. T. Delavan (La Plata, Argentina)
C/1914 J1 1914 May 15.9 4 vis. V. Zlatinsky (Mitava, Latvia, Russia)
C/1911 S3 1911 Sept. 29.12 3 vis. S. I. Beljawsky (Simeis, Crimea, Russia)

a Not listed are periodic comets recovered with the help of an ephemeris, and comets for which no magnitude was reported
by the discoverer for the discovery date; the latter include: C/1911 N1 (Kiess), C/1911 O1 (Brooks), C/1912 R1 (Gale),
C/1913 R1 (Metcalf), C/1914 S1 (Campbell), C/1915 C1 (Mellish), C/1915 R1 (Mellish), and 10P and 69P in 1915.
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It appears from the table that, nominally, observers in the 1910s were capable of discovering, especially photograph-
ically, comets as faint as 17P would have been if it were intrinsically brighter by 4 magnitudes than in a quiescent
phase. However, there are two caveats: (i) the magnitudes listed in Table 6 are as reported by discoverers, with unknown
accuracy and no corrections to the total visual magnitude applied; and (ii) because of an increase in perihelion distance
between the returns of 1906 and 1913, the comet, even with its brightness elevated, may have been a few tenths of a
magnitude fainter compared to 1899-1906. Although no firm conclusion can be reached from the fact that 17P was not
re-discovered in 1913, the best guess — supported by analogy to comet 73P described above — is that, by the time comet
17P began its third revolution about the sun following the super-massive explosion, it was likely to have faded enough
not to exceed significantly its brightness in a quiescent phase.

8.2. Limiting Normalized Magnitude on the 1928 Yerkes Search Plates

Since Van Biesbroeck (1928a and observing book) did not provide a limiting magnitude in his unsuccessful search for
comet 17P in September 1928, it is necessary to estimate it as closely as possible from his photographic observations with
the 60-cm Yerkes reflector. With the exposure time always recorded by Van Biesbroeck, his observations of other comets
around 1928 can — on a plot of reported magnitudes against exposure times — be used to provide information on the
limiting magnitude Hyim. For this purpose I collected a total of 46 observations, whose exposure times Texp exceeded 15
minutes and which referred to 11 comets photographed in the years 1926-1930 (Van Biesbroeck 1927b, 1928c, 1930). The
comets included 8 periodic ones (2P, 7P, 15P, 21P, 22P, 26P, 29P, and 37P) and three in nearly-parabolic orbits (C/1925
F1,C/1925 F2, and C/1927 E1). The longest exposure time was 80 minutes. Van Biesbroeck’s observed magnitudes Hops
are expected to correlate with the exposure times, because fainter comets need longer exposures. Figure 3 confirms this
trend and shows that the correlation is consistent with the photographic reciprocity law between the intensity (brightness)
Iops and the exposure time, Jobs - Texp = const. The law in Figure 3 is conservative, based on a presumption that a comet
at magnitude 17.5 on a 30-minute exposure is just barely above the detection limit. The limiting magnitude is then

Hiim = 14.0 + 2.5 log Texp, (9)

where the exposure time is in minutes. For the 35- and 36-minute exposures of comet 17P (Table 4), the limiting
magnitudes in Van Biesbroeck’s photometric system are essentially the same, near 17.9.
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Figure 3. A plot of observed magnitude Hop, against exposure time T.zp, based on 46 photographic
observations of eleven comets by Van Biesbroeck (1927b, 1928c, 1930) made with the 60-cm Yerkes reflector
in 1926-1930. Not included are comets observed low above the horizon, since they do not contribute to the
determination of a limiting magnitude Hiim. The line for Hyim is a photographic reciprocity law approxima-
tion, corresponding, conservatively, to a limiting magnitude 14 reached with an exposure time of 1 minute.
The triangles pointing up and down are showing, respectively, the limiting magnitudes for the plates in Van
Biesbroeck’s search for comet 17P taken on 1928 Sept. 16 (36-minute exposure) and 1928 Sept. 25 (35-minute
exposure).
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Next, these magnitudes need to be converted to equivalent total visual magnitudes in the system used in this paper.
This is important because Van Biesbroeck’s magnitudes of faint comets refer to little more than a nuclear condensation,
so in terms of the total visual magnitude, Van Biesbroeck’s limiting magnitudes are not as faint as Eq. (9) indicates. The
conversion is achieved in a manner similar to that used to determine Barnard’s and Wolf’s magnitude scales in Sec. 8.1, by
comparing Van Biesbroeck’s magnitudes with brightness estimates by comet observers with known personal/instrumental
corrections to the total magnitude. I undertook a comprehensive study of this problem some years ago in connection
with my interest in the light curve of comet 2P/Encke. Van Biesbroeck’s (1939, 1944, 1949, 1953, 1955, 1958, 1962)
brightness estimates of this comet from the apparitions 1937-1961 in the range of magnitudes 6 to 15 were compared
with Beyer’s (1938, 1950, 1955, 1962) series of uniform visual brightness estimates in an equivalent range of magnitudes
6 to 13, and extrapolated to Van Biesbroeck’s magnitudes fainter than 15. Van Biesbroeck’s magnitudes of comets were
obtained with a variety of instruments: visually with the 102-cm Yerkes refractor and its finder (discontinued in 1943)
and with binoculars; photographically with the 60-cm reflector and, starting in 1940, with the 208-cm f/3.9 reflector at
the McDonald Observatory. Van Biesbroeck strived to make his magnitude system essentially instrument independent,
but it suffers from a “Delta” effect (for details on this subject see, e.g., Opik 1963). During the 1937-1961 apparitions,
Encke’s comet was observed by Van Biesbroeck with the large refractor only in 1937 and with the 208-cm reflector
only in 1951-1957, but with the 60-cm reflector at every apparition except 1954. Thus, the formula converting Van
Biesbroeck’s magnitude Hvp to the total visual magnitude H, (Sekanina, unpublished) is particularly appropriate for
the photographic observations with the 60-cm reflector:

Hy = Hyp — 0.05— 0.587 (Hvp — 8.0) + 0.0293 (Hvg — 8.0)% + 3.14 log A, (10)

where A is a geocentric distance in AU. Because the coefficient of the linear term Hvp — 8.0 is negative, it may seem that
Van Biesbroeck overestimated the brightness of naked-eye and easy-binocular comets. However, such comets (certainly
2P/Encke) are nearly always at geocentric distances smaller than 1 AU, so the log A term usually more than compensates
for the effect of the linear and quadratic terms. For example, on 1937 November 30, Van Biesbroeck estimated Encke’s
comet, which was 0.344 AU from the earth, at magnitude 6. The linear and quadratic terms add 1.17 and 0.12 magnitudes,
respectively, to the correction, but the log A term alone subtracts 1.45 magnitudes. The corrected magnitude is 5.79,
about 0.2 magnitude brighter than estimated by Van Biesbroeck.

For the limiting magnitudes in Van Biesbroeck’s unsuccessful 1928 search for comet 17P, Eq. (10) gives a correction
of almost exactly —2.0 magnitudes to obtain the equivalent total visual magnitudes (H,)iim =~ 15.9 on the exposures
from September 16 and 25. From Table 4, the normalized limiting total visual magnitudes (Ha)im are 14.3 on both
dates, with the geocentric distance normalization, the Delta effect, and the differential-exposure effect canceling out. This
result, plotted in Figure 2, shows that Van Biesbroeck’s exposures were much deeper than needed to easily detect comet
17P if its intrinsic brightness in 1928 was elevated as much, or nearly as much, as in 1899, following the super-massive
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explosion in 1892-1893. On the other hand, if the comet was essentially in a quiescent phase in 1928, just as it was at
the apparitions of 1986-2000, Van Biesbroeck’s exposures did not reach deep enough to detect the object. Condition 4°
from Sec. 5 implies with virtual certainty that there was no major explosion of comet 17P in 1920 — not even in 1913
(thereby confirming independent evidence from Sec. 5).

8.3. Limiting Normalized Magnitude on the 1950 Kazan Search Photographs

Given the limited data (Editors 1950, Merton 1951) on Martynov’s search for 17P in 1950, I interpret the information
conveyed in Sec. 7 to mean that comet 17P would have been detected if its total blue-sensitive magnitude were 15 in
mid-September or mid-October. The limiting total visual magnitude then requires only a color-index correction (Sec.
8.1), (Hy)lim = 14.5, and the normalized limiting total visual magnitude (Ha)iim at the times of the new moon become
12.6 in mid-September and 12.8 in mid-October (Table 5).

The result, plotted in Figure 2, is based on a presumption that in either month the search was conducted during a
period of ten days centered on the date of the new moon. Similarly to the 1928 search (Sec. 8.2), Figure 2 shows that,
throughout the search period, the limiting brightness remained below the elevated light curve at the returns immediately
following the return with a major explosion — this time by more than 0.8 magnitude. Again invoking condition 4°*, one
concludes, with much confidence, that there was no super-massive explosion of comet 17P/Holmes in 1942 or 1935 (in
accord with evidence from Sec. 5), even if one allows for a minor effect due to the increased perihelion distance compared
with 1899-1906.

9. Conclusions

From the extensive investigation of the intrinsic brightness and orbital motion of comet 17P/Holmes in 1892-2009,
I find that — with a high degree of likelihood — the object experienced no additional super-massive explosion between
150 and 240 days after perihelion comparable to those in the discovery and most-recent apparitions.

The absence of any such major explosion during the observed apparitions is demonstrated conclusively by the comet’s
light curves in 1899, 1906, 1993, and 2000; by the “nuclear” magnitudes in 1972 and 1979; and by other evidence in 1964
and 1986. A major explosion during the 1964 apparition would have made the comet an easy-binocular object more then
300 days after perihelion at large elongations from the sun. In 1986, nothing unusual in the comet’s appearance was
reported by the observers of the Spacewatch Project on images taken for astrometry in the period between 197 and 230
days after perihelion. Thus, from 1964 to 2000 the comet was probably continuously in a quiescent phase.

The argument for all but two of the seven missed returns relies on an analogy with the circumstances at the comet’s
discovery in 1892 and on evidence that the comet becomes a naked-eye object during a fraction, and an easy-binocular
object during much or all, of the interval between 150 to 240 days after perihelion as a result of the super-massive event.
In the course of the missed returns of 1913, 1928, 1935, 1950, and 1957, the observing conditions during the critical
period of time were favorable enough that, if in major explosion, 17P would have been discovered as a new comet.

Evidence of lingering, strongly elevated activity of comet 17P throughout much of the post-perihelion branch of the
orbit during the two returns to the Sun (but doubtful in the third) that directly follow the return with a major explosion
is employed to practically eliminate chances of such explosions during the remaining two missed returns with unfavorable
conditions. Provided by the calibrated light curves from 1899, 1906, and late 2008 and early 2009, this information
signals — when compared with the unsuccessful photographic searches conducted in 1928 and 1950 — a high degree of
likelihood for no major explosions in 1920 and 1942: the exposures of both searches were deep enough and the limiting
magnitudes faint enough for detecting the comet with its lingering, elevated activity but not in a quiescent phase. In
summary, recurring of super-massive explosions of comet 17P between 1892 and 2009 on a time scale much shorter than
115 years is effectively ruled out.
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Tabulation of Comet Observations

Descriptive Information, to complement the Tabulated Data (all times UT):
See the July 2001 issue (page 98) for explanations of the abbreviations used in the descriptive information.

o Comet 22P/Kopff =—> 2009 Apr. 18.36 and 19.22: moonlight {[AMOO1]. Apr. 19.11: twilight; comet at alt. 9°
[BOUJ.
o Comet 26P/Grigg-Skjellerup => 2008 July 28.01: see comments for comet 77P on 2009 Mar. 21.95 [MAR02].
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o Comet 29P/Schwassmann-Wachmann = 2009 Feb. 13.85: “in evolution after the recent new outburst: starlike
central cond. of mag 13.5 (ref: HS)” [GONO5]. Feb. 14.60: fan-shaped inner coma extends in p.a. 230°, curving anti-
clockwise toward p.a. 10° [YOS02]. Feb. 14.60-14.61: LONEOS 1E 05144064 sequence used for comp.-star mags [YOS02].
Feb. 25.91: several stars in coma, the brightest being of mag 11.0 (ref: TK) [GONO05]. Apr. 20.96: “the observed 2’ coma
is a remnant of the old outburst” [GON05]. Apr. 25.92: alt. 16° [PARO3].

o Comet 33P/Daniel => 2009 Feb. 20.91: in outburst [GONO05]. Feb. 20.91, 22.87, and 25.85: comp.-star mags
taken from Henden photometry of J1131 field; nearby field stars checked via Digitized Sky Survey; mountain location,
very clear sky [GONO05]. Feb. 21.99: see comments for comet 77P on 2009 Mar. 21.95 [MAR02]. Feb. 22.87: coma in
evolution after the recent outburst [GONO5].

o Comet 47P/Ashbrook-Jackson => 2008 Aug. 9.02: see comments for comet 77P on 2009 Mar. 21.95 [MARO02].

o Comet 65P/Gunn => 2009 Mar. 3.19, 22.12, 26.99, and Apr. 20.98: nearby field stars checked via Digitized Sky
Survey; comp.-star mags taken from Henden photometry near GP Com [GON05]. Apr. 12.89: used ephemeris from
Minor Planet Center’s website; checked via Digitized Sky Survey; limiting stellar mag 15.5 [HAS02]. Apr. 14.91, 15.91,
19.93, 21.91, 24.90, and 25.90: limiting mag ~ 15.5 at 162x; nearby field stars checked via Digitized Sky Survey [LEH].

o Comet 67P/Churyumov-Gerasimenko = 2009 Feb. 13.82 and 22.83: elongated coma [GONO05). Feb. 13.82, 22.83,
25.83, Mar. 13.84, 15.86, 21.89, 26.88, and Apr. 20.89: zodiacal light [GONO05]. Feb. 25.83: elongated coma with faint
outer region [GON05]. Mar. 13.84, 15.86, 21.89, 26.88, Apr. 20.89: elongated wide coma with faint outer region [GONO5].
Mar. 15.86: star of mag 12.4 (ref: HS) inside the coma [GONO05].

o Comet 68P/Klemola =5 2008 July 27.91 and 29.92: see comments for comet 77P on 2009 Mar. 21.95 [MAR02].

o Comet 74P/Smirnova-Chernykh = 2009 Mar. 22.03: nearby field stars checked via Digitized Sky Survey; comp.-
star mags taken from Henden photometry near GP Com [GONO5].

o Comet 77P/Longmore = 2009 Mar. 3.21: mountain location, very clear sky [GONO05]. Mar. 3.21 and 22.04:
nearby field stars checked via Digitized Sky Survey; comp.-star mags taken from Henden photometry near GP Com
[GON05]. Mar. 21.95: “I always download the orbital elements from the MPC website® and load them into The Sky
Six software [to] update ... with the newest elements before starting any obs. session; once I find the comet’s position, I
turn all deep-sky objects ‘on’ in the program to be sure that what I’'m going to see is not a galaxy or any other deep-sky
object; then I check the limiting magnitude in the area, which normally is much fainter (mag 15.5-16.5) than the comet’s
expected brightness; if the comet is visually reachable then I estimate all the necessary data using ref. NP for the total
visual magnitude; only [when] the DC is 7 or higher (almost no cond.) do I link to the Real Sky (Digitized Sky Survey
plates program from the ASP) to check whether what I’'m seeing is a background star or not; I never provide a positive
est. when the comet is not clearly visible” [MAR02]. Apr. 13.84: used ephemeris from Minor Planet Center’s website;
checked via Digitized Sky Survey; limiting stellar mag 15.5 [HAS02].

o Comet 85P/Boethin = 2008 July 27.98, 29.93, Aug. 1.499, 4.95, and 8.99: see comments for comet 77P on 2009
Mar. 21.95 [MARO2].

o Comet 86P/Wild = 2008 July 27.93: see comments for comet 77P on 2009 Mar. 21.95 [MARO02].

o Comet 116P/Wild = 2009 Apr. 18.89: some interference from star of mag 13.7 (ref: TA) near edge of coma
[BOUJ. Apr. 25.88: obs. affected by nearby star of mag 11.9 [LEH]. Apr. 28.88: obs. affected by nearby star of mag 11.5
[LEH].

o Comet 144P/Kushida =—> 2008 Nov. 17.78: three 120-sec exposures; astrometry contributed to Minor Planet
Center [KUG]. 2009 Jan. 2.91: star of mag 10.5 affected obs. [LEH]. Feb. 12.82: comet close to star of mag 10.3 [DLJ].
Feb. 14.77: star of mag 9.0 (ref: TKZ near edge of coma [BOU]. Feb. 14.79: comet close to star of mag 9.0 [D1J]. Feb.
14.81: comet close to star of mag 9 [GIL01]. Feb. 19.00: interference from thin clouds [SOUO01]. Feb. 21.83: hazy sky;
very difficult object [COM]. Feb. 27.95: several stars in coma [KAR02]. Feb. 28.77: “seemed elongated N-S, but was
probably due to stars within its coma” [KAR02]. Mar. 15.89: several stars inside the coma, the brightest being of mag
10.5 (ref: Tycho-2) [GON05). Mar. 19.81: “w/ Lumicon Swan Band Filter, the comet appears as a large, ill-defined
glow” [MEY]. Mar. 19.85: several stars in coma; an ill-defined glow, like the ‘gegenschein’ or 17P{ Holmes one year ago
[KARO2]. Mar. 21.90: several stars inside the coma, the brightest being of mag 10.0 (ref; TK) [GONO05]. Apr. 18.92:
comet close to star of mag 10.5 (ref: TA) [BOU]J.

o Comet 205P /2008 R6 (Giacobini) => 2008 Oct. 4.94: see comments for comet 77P on 2009 Mar. 21.95 [MARO02).

o Comet 210P/2008 X4 (Christensen) = 2009 Mar. 22.14: nearby field stars checked via Digitized Sky Survey;
comp.-star mags taken from Henden photometry near NY Ser [GONO5).

o Comet C/2005 L3 (McNaught) == 2009 Mar. 11.08, 26.96, and Apr. 21.04: nearby field stars checked via Digitized
Sky Survey; comp.-star mags taken from Henden photometry near NY Ser [GONO05]. Apr. 24.96 and 25.96: limiting mag
~ 15.7 at 162x; nearby field stars checked via Digitized Sky Survey [LEH]. Apr. 28.94: limiting mag ~ 15.5 at 162x;
nearby field stars checked via Digitized Sky Survey [LEH].

* http://www.cfa.harvard.edu/iau/Ephemerides/Comets/SoftwareComets.html
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o Comet C/2006 OF, (Broughton) = 2009 Feb. 13.92: star of mag 12.2 (ref: HS) inside the coma [GONO05]. Apr.
11.83: nearby star of mag 3.6 affected obs. [LEH].

o Comet C/2006 Q1 (McNaught) =—> 2009 Mar. 22.11 and Apr. 21.07: nearby field stars checked via Digitized Sky
Survey; comp.-star mags taken from Henden photometry near NY Ser [GONO05]. Apr. 25.00 and 26.00: limiting mag
~ 15.7 at 162x; nearby field stars checked via Digitized Sky Survey [LEH]. Apr. 28.98: limiting mag ~ 15.5 at 162x;
nearby field stars checked via Digitized Sky Survey [LEH].

o Comet C/2006 U6 (Spacewatch) =—> 2009 Mar. 22.00: nearby field stars checked via Digitized Sky Survey; comp.-
star mags taken from Henden photometry near TT Crt [GONO05).

o Comet C/2006 W3 (Christensen) => 2008 Dec. 21.76: star of mag 14.5 placed 11” from the central cond.; dense
star field; poor conditions [BRE03]. 2009 Feb. 14.78: star of mag 10.5 (ref: TA) near edge of coma [BOU]. Mar. 3.23:
several stars in coma, the brightest being of mag 12.0 (ref: TK) [GONO05}.

o Comet C/2007 K3 (Siding Spring) —> 2008 Aug. 2.02 and 5.03: see comments for comet 77P on 2009 Mar. 21.95
[MARO2).

o Comet C/2007 N3 (Lulin) = 2009 Jan. 22.22: small, inconspicuous coma; w/ 9-cm T (39x), coma significantly

condensed towards center; at 81, a stellar false nucleus of mag 9.5 was discernible [KAMO01]. Jan. 27.85-27.86: LONEOS
PKS 1510-089 sequence used for comp.-star mags [YOS02]. Jan. 30.21: easy object; w/ 9-cm T (39x), bright medium-
condensed coma; at 81x, a false nucleus of mag 10.0 was visible within the central cond. [KAMO01]. Feb. 1.22, 16.04,
21.04, 23.01: mountain location, very clear sky [GONO05]. Feb. 3.70: “once the exact position was known, the comet
was not difficult to find via naked eye in the very clear and dark sky; in 25x100-B telescope, comet appeared elongated
(tail + anti-tail) in p.a. 238°/122°, and had the appearance of an edge-on spiral galaxy with large central bulge” [SEA].
Feb. 12.15, 15.15, Mar. 6.02, and 7.02: moonlight [AMOO01]. Feb. 14.23: comet 8° from moon but very well visible [D1J].
Feb. 14.98: anti-tail also visible; comet seen w/ naked eye, too [D1J]. Feb. 16.04: 1°5 ion tail in p.a. 290°, 027 dust tail
anti-tail) in p.a. 105° [GONO5]. Feb. 17.99: anti-tail 027 in p.a. 98° [D1J]. Feb. 20.16, 21.19, and 24.17: clouds interfering
AMOO1]. Feb. 20.77, Mar. 13.58, 14.56, and 15.57: Wuhan, China, light pollution [XU]. Feb. 21.04: 1°7 ion tail in p.a.
295°; brighter 122 dust tail (anti-tail) in p.a. 110° {GONO05]. Feb. 21.22: eyeglasses removed to defocus stars and comet
for the mag est.; w/ 12-cm R, refractor, 025 tail in p.a. 290° and 1°2 tail in p.a. 110° [CREOQ1]. Feb. 21.33: suburban light
pollution northeast of Boston, but comet very prominent at alt. ~ 65° [GRE]. Feb. 22.30: 0°3 dust tail in p.a. 110° ion
tail ~ 0°2 long in p.a. 290° seen w/ averted vision [SOUO1]. Feb. 22.30: dust tail in 20x80 B [AMOO01]. Feb. 23.01: 1°5
ion tail in p.a. 300°; brighter 1°5 dust tail (antitail) in p.a. 110° [GONO05]. Feb. 23.91: blue-greenish coma; w/ 4.0-cm B
(8x), 0°7 ion tail in p.a. 285-315° and 1°4 dust tail in p.a. 105° [RIE]. Feb. 23.91: 1°2 ion tail in p.a. 305°; brighter 172
dust tail in p.a. 110° [GONO05]. Feb. 25.89: 1°5 dust tail in p.a. 110° [GONO05]. Feb. 25.98: visible to the unaided eye;
w/ 9x63 B, strongly condensed coma with central cond.; no tail, but a very pronounced cone-shaped anti-tail, which
showed a high surface brightness to a length of 20’; w/ 30-cm' T (75x), bright coma w/ pronounced central cond. and
9.0-mag false nucleus; no tail visible, but cone-shaped anti-tail very bright and long [KAMO1]. Feb. 26.06: w/ 7x44 B,
dust tail of length > 1° [BUS01]. Feb. 26.50: tail visible to ~ 1°, becoming more narrow away from coma [SEA]. Feb.
26.91: CCD image is ~ 4° across; four comp. stars were all in the mag range ~ 8-11; unfiltered image and also images
with Bessel V, B, and R filters were taken [QVA]. Feb. 26.95: comet faintly visible to naked eye [GRA04]. Feb. 27.82:
LONEOS HD 134631 sequence used for comp.-star mags [YOS02]. Feb. 27.94: only 40’ south of Regulus; also seen with
naked eye [KAR02]. Feb. 27.97: “comet was just visible to naked eye and located quite close to Regulus; using 7x50 B,
the tail was fairly easily seen and appeared quite narrow; the coma was somewhat larger and brighter than M13, but
the latter object showed a similar cond. and surface brightness” [GRA04]. Feb. 28.80, Mar. 1.80, and 2.80: city lights
[RZE]. Feb. 28.93 and Mar. 14.80: city lights [PAR03]. Feb. 28.99: w/ 15x80 B, dust tail of length ~ 0°5 in p.a. 105°
w/ 20.0-cm L (42x), starlike central cond. of mag ~ 9 [SCH04].

Mar. 1.18: clouds interfering [SOUO1]. Mar. 2.45: “in 25x100-B telescope, comet was a very impressive object w/
~ 2° of tail visible; in 25.4-cm L (71x), tail very obvious and central cond. very prominent and almost stellar; a slightly
pink color of the cond. was suspected; through Swan Band filter, central cond. less stellar but remained prominent; coma
quite easy w/ naked eye, once position known” [SEA]. Mar. 2.86: w/ 4x30 B, dust tail of length ~ 028 in p.a. 110° [RIE].
Mar. 2.99: w/ 15x80 B, dust tail of length ~ 0°8 in p.a. 105° [SCH04]. Mar. 3.00: obs. in suburban sky; w/ 15x80 B,
faint tail visible, ~ 026 in p.a. 105° [BOU]. Mar. 3.15: 1°2 dust tail in p.a. 105° [GONO05]. Mar. 3.97: w/ 7x44 B, dust
tail of length > 095 in p.a. 105° [BUS01]. Mar. 9.59: comet barely seen due to extremely strong moonlight interference
and city light pollution in Wuhan, China [XU]. Mar. 11.80: moonlight and some cirrus clouds [SCH04]. Mar. 11.81: w/
10x56 B, dust tail of length > 0°2 in p.a. 100° [BUS01]. Mar. 13.58: moonlight [XU]. Mar. 13.90: 0°8 dust tail in p.a.
95° [GONO05]. Mar. 14.86 and 15.93: 0°5 dust tail in p.a. 95° [GONO5]. Mar. 17.82: elongated coma in p.a. 100° [BUSO01].
Mar. 18.80: strong light pollution [HOR03]. Mar. 18.84: w/ 30.0-cm L (60x), weak tail of length ~ 0°3 in p.a. 100°
[SCHO04]. Mar. 19.82: “comet was of low surface brightness but nevertheless fairly easy to see with 7x50 B; it appeared
somewhat fainter than M81 but brighter than M101” [GRA04]. Mar. 19.84: elongated coma in p.a. 100° [BUS01]. Mar.
19.86: fan-shaped material 8 in dia. towards p.a. 135° [KAR02}. Mar. 21.85: w/ 25x100 B, comet appeared like a
diffuse nebula with central cond. (coma dia. 10’, DC = 3); tail ~ 45’ long in p.a. 100° [LEH). Mar. 22.01: 0°3 dust tail
in p.a. 95° [GONO5]. Mar. 24.55-24.57: LONEOS VX Gem sequence used for comp.-star mags [YOS02]. Apr. 14.85: no
enhancement w/ a Lumicon Swan Band Filter [MEY]. Apr. 25.88: alt. 15° [PARO3].

o Comet C/2007 Q3 (Siding Spring ) =—> 2009 Mar. 13.83 and 20.85: alt. 10° [GONO05]. Mar. 21.87 and 26.87: alt.
6° [GONO5]. Apr. 16.47: mag somewhat uncertain due to close proximity of star [SEA].
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o Comet C/2008 A1 (McNaught) == 2009 Mar. 22.19: star of mag 11.9 (ref: TK) inside the coma [GONO05].
o Comet C/2008 J1 (Boattini) => 2008 Dec. 20.99: see comments for comet 77P on 2009 Mar. 21.95 [MARO2].

o Comet P/2008 J2 (Beshore) = 2008 July 27.92 and Aug. 4.92: see comments for comet 77P on 2009 Mar. 21.95
[MAR02).

o Comet P/2008 02 (McNaught) => 2008 Aug. 4.97: see comments for comet 77P on 2009 Mar. 21.95 [MARO2].
o Comet C/2008 Q3 (Garradd) = 2009 Apr. 26.56: enhanced through Swan Band filter [SEA).

o Comet C/2008 T2 (Cardinal) =—> 2008 Dec. 21.73: poor conditions [BRE03]. 2009 Feb. 13.87: comp.-star mags
taken from Henden photometry near CG Cam [GONO05]. Feb. 14.58: LONEOS 1E 05144064 sequence used for comp.-star
mags [YOS02]. Feb. 25.84: “comet significantly brighter than three days ago, showing the faint outer coma” [GONO5].
Mar. 15.90: “comet significantly brighter than two days ago” [GON05]. Mar. 19.87: star of mag 11.3 (ref: TA) near
edge of coma [BOU]. Mar. 21.91: several stars inside the coma, the brightest being mag 11.7 (ref: TK) [GON05]. Mar.
24.52-24.53: LONEOS BD +57°793, GSC 3727-0339, and GSC 3727-0317 sequences used for comp.-star mags [Y 0502].
Apr. 9.47: fan-shaped coma expands in p.a. 45° [YUS]. Apr. 10.91 moonlight [QVA]. Apr. 14.84: comet involved w/
outer parts of M38 and close to an 8th-mag star; enhancement using a Lumicon Swan Band Filter [MEY]. Apr. 18.91:
comet right over a star of mag 10.9 (ref: TK) [GIL01]. Apr. 18.94: some interference from star of mag 10.9 (ref: TA)
near edge of coma [BOU/DIJ].

o Comet C/2009 E1 (Itagaki) = 2009 Mar. 14.85, Apr. 2.85, and 5.84: mountain location; very clear sky [GONO3].
Mar. 14.85, 15.84, 21.86, and 26.85: zodiacal light [GONO05]. Mar. 14.85: alt. 21°; obs. from Aralla (elev. 1380 m), near
Leon, Spain [GON05]. Mar. 15.41: CCD images taken with a 25-cm f/5 L show a bright coma; astrometry publ. by
MPC [K. Kadota, Ageo, Saitama-ken, Japan]. Mar. 15.41: total mag 10.8 (ref: Tycho-2 cat.), coma dia. 38, no tail, w/
strong central cond. [K. Kadota, Ageo, Saitama-ken, Japan]. Mar. 15.84: elongated coma [GONO05]. Mar. 26.85: alt. 15°
[GONO5]. Mar. 29.85: suburban sky; alt. 12° [GON05]. Mar. 30.86, Apr. 2.85, and 5.84: some moonlight interference
[GONO5]. Mar. 30.86: alt. 11° [GON05]. Apr. 2.83: moonlight; alt. 10° [BOU]. Apr. 2.85 and 5.84: alt. 10° [GONOS5].
Apr. 10.86: “comet was faint but seen with certainty as a small, diffuse spot; comet appeared somewhat fainter than
the nearby solar-like (G8 V) star HD 10126; obs. before moonrise at low alt. (5°5; sun 15° below horizon)” [GRAO4].
Apr. 22.79: total mag 9.8 (ref: Tycho-2 cat.), coma dia. 3'6, no tail, w/ moderate central cond. [K. Kadota, Ageo,
Saitama-ken, Japan]. Apr. 26.77: total mag 9.9 (ref: Tycho-2 cat.), coma dia. 4'6, w/ strong central cond.; faint tail 10’
long in p.a. 317° [K. Kadota, Ageo, Saitama-ken, Japan].

o Comet C/2009 F6 (Yi-SWAN) = 2009 Apr. 6.15: first known visual obs.; mountain location (elev. 830 m), near
Burgos, Spain; very clear sky; alt. 28°; clear motion obs. over 60 min [GON05]. Apr. 7.06: “using 20.3-cm T (77x), the
comet showed a diffuse coma of quite-low surface brightness; also detected, albeit with difficulty, using 10.2-cm R (25%);
moonlight” [GRA04]. Apr. 10.83: comet close to a star of mag 7.9; comet is fast-moving [DLJ]. Apr. 10.86: “comet was
faint but seen with certainty as a small, diffuse spot; comet appeared somewhat fainter than the nearby solar-like (G8 V)
star HD 10126; obs. before moonrise at low alt. (525; sun 15° below horizon)” [GRA04]. Apr. 10.93: moonlight [QVA].
Apr. 11.88: sky somewhat hazy; comet fairly well visible despite its location only 0°4 from Cas [GRAO04]. Apr. 13.83:
comet close to 9th-mag star [MEY]. Apr. 14.82: “enhanced using a Lumicon Swan Band Filter” [MEY]. Apr. 17.89: star
of mag 9.8 (ref: TK) near edge of coma [BOU].

o Comet C/2009 G1 (STEREO) == 2009 Apr. 9.80: CCD images with a 25-cm f/5 L yield total mag 10.6 (ref:
Tycho-2 cat.), coma dia. 4'5, no tail, w/ strong central cond. and a bright coma; astrometry publ. by MPC [K. Kadota,
Ageo, Saitama-ken, Japan]. Apr. 11.33: moonlight interference [DESO1]. Apr. 18.36 and 19.33: moonlight [AMOO1].
Apr. 21.18: mountain location; very clear sky; alt. 7° [GONOQ5]. Apr. 26.56: enhanced through Swan Band filter [SEA].

o O O

Key to observers with observations published in this issue, with 2-digit numbers between Observer Code and
Observer’s Name indicating source [16 = Japanese observers (via Akimasa Nakamura, Kuma, Ehime); 32 = Hungarian
observers (via Krisztidn Sdrneczky, Budapest); etc.]:

AMOO1 35 Alexandre Amorim, Brazil DIEO2 Alfons Diepvens, Belgium

BOU Reinder J. Bouma, Netherlands DIJ Edwin van Dijk, The Netherlands
BREO3 23 Emil Bfezina, Czech Republic GIAO1 Antonio Giambersio, Italy

BUSO1 11 E. P. Bus, The Netherlands GILO1 11 Guus Gilein, The Netherlands
CERO1 23 Jakub dérni, Praha, Czech Rep. GONOS Juan Jose Gonzalez, Spain

CHE Geoff R. Chester, VA, U.S.A. *GONO7 Isbel Gonzalez G., Guayos, Cuba
CHEO3 33 Kazimieras T. Cernis, Lithuania GRAO4 24 Bjoern Haakon Granslo, Norway
CHUO6 49 Manfred Chudy, Calden, Germany GRE Daniel W. E. Green, U.S.A.

COM 11 Georg Comello, The Netherlands HAE 49 Bernhard Haeusler, Germany
CREO1 Phillip J. Creed, OH, U.S.A. HAR10 16 Ken Harikae, Chiba, Japan

DESO1 Jose G. de Souza Aguiar, Brazil HASO2 Werner Hasubick, Germany
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HEGO1 49 Robin Hegenbarth, Germany NOVO1 Artyom 0. Novichonok, Russia
HORO2 23 Kamil Hornmoch, Czech Republic PAPO4 Giuseppe Pappa, Sicily, Italy
HORO3 23 Petr Horalek, Czech Republic PARO3 18 Mieczyslaw L. Paradowski, Poland
KAMO1 Andreas Kammerer, Germany PILO1 Uwe Pilz, Leipzig, Germany
KANOG Ralf Kannenberg, Switzerland Qva 24 Jan Qvam, Borrevannet, Norway
KARO2 21 Timo Karhula, Virsbo, Sweden RES 18 Maciej Reszelski, Poland

*K0S056 Roman Kostenko, Poltava, Ukraine RIE 11 Hermanus Rietveld, Netherlands
KUG Francois Kugel, France RZE 18 Zbigniew Rzepka, Lublin, Poland
*KUOD 21 Antti Kuosmanen, Finland SCHO4 11 Alex H. Scholten, Netherlands
KUT 49 Walter Kutschera, Germany SEA 14 David A. J. Seargent, Australia
LABO2 Carlos Labordena, Spain SER 42 Ivan M. Sergey, Belarus

LEH Martin Lehky, Czech Republic SHU 42 Sergey E. Shurpakov, Belarus
*MAKO3 21 Veikko Makela, Helsinki, Finland sos Giovanni Sostero, Italy

MANO4 Luis Alberto Mansilla, Argentina S0U0t 36 W. C. de Souza, Brazil

MARO2 13 Jose Carvajal Martinez, Spain TSUO2 16 Mitsunori Tsumura, Japan

MAR21 36 Michele Martellini, Italy *VEIO1 21 Toni Veikkolainen, Finland

MEY 28 Maik Meyer, Germany WYA 14 C. Wyatt, Victoria, Australia
MIT 16 Shigeo Mitsuma, Honjo, Japan XU Wentao Xu, Guangzhou, China
MIY01 16 Osamu Miyazaki, Ishioka, Japan Y0S02 16 Katsumi Yoshimoto, Japan

NAGO4 16 Kazuro Nagashima, Ikoma, Japan YUS 16 Toru Yusa, Miyagi, Japan

NAGO8 16 Yoshimi Nagai, Gunma, Japan ZANO1 11 W. T. Zanstra, The Netherlands

NEV 42 Vitali S. Nevski, Belarus
o 0 ©

NOTE: The tabulated CCD data summary begins on page 77 of this issue.

o O ©

Tabulated Visual-Data Summary

As begun the July 2007 issue, we now publish summaries of contributed tabulated data instead of publishing each
line of observation that is contributed to the /CQ (with rare exceptions, as with comets C/2006 P1 and 17P in the
last couple of years); the following format serves the purpose of summarizing all the comets that had data reported
with their observational arcs for each observer. The full 80-character observation records are posted at the ICQ website
(http://www.cfa.harvard.edu/icq/icqobs.html), and are available upon request to the /CQ Editor.

The tabulation below lists, for each comet, the first and last observation (with associated total visual magnitude
estimate) for each observer, listed in alphabetical order of the observers within each comet’s listing (the usual 3-letter,
2-digit observer code coming under the column Obs., whose key is provided above). The final column (separated by a
slash, /, from the observer code) provides the number of individual 80-character observation records entered into the
ICQ archive from that observer for the particular comet for this issue; when only one observation was submitted by a
specific observer for a given comet, the last column is left blank (with no slash mark after the observer code).

Comet 6P/d’Arrest

First Date UT Mag. Last Date UT Mag. Obs. / No.
2008 07 26.88 12.7 2008 10 25.82 8.1 LABO2/ 3
2008 08 04.95 12.3 MARO2

Comet 7P/Pons—-Winnecke

First Date UT Mag. Last Date UT Mag. Obs. / No.
2008 08 28.84 12.3 LABO2

Comet 19P/Borrelly

First Date UT Mag. Last Date UT Mag. Obs. / No.
2009 03 22.16 12.8 GONOS
2008 10 07.01 [10.2 NOVO1
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Comet 22P/Kopff

First Date UT Mag.
2009 04 18.36 9.7
2009 03 21.16 10.5
2009 04 20.08 10.4
2009 03 21.16 10.4
2009 03 03.22 12.3
2009 04 22.78 12.2
2009 04 01.80 11.4:

Comet 26P/Grigg-Skjellerup

First Date UT Mag.
2008 07 28.01 [14.4

Last
2009
2009

2009

2009
2009

2009

Last

Comet 29P/Schwassmann-Wachmann

First Date UT

=
[}
(05}

2008 02 01.98 [12.0
2009 02 14.80 11.9
2009 01 21.98 10.4
2009 03 20.87 11.5
2009 02 13.85 10.8
2009 01 25.54 11.2
2009 01 25.81 10.9
2009 03 24.92 13.5
2008 10 26.05 12.5
2009 01 02.92 11.8
2009 02 21.96 10.6
2008 10 06.97 [10.6
2009 04 25.92 [12.7
Comet 33P/Daniel
First Date UT Mag.
2009 02 20.91 14.4
2009 02 21.99 13.9
Comet 46P/Wirtanen
First Date UT Mag.

2008 03 04.95 [ 9.5
Comet 47P/Ashbrook-Jackson
First Date UT Mag.

2008 07 29.98 [13.2

Comet 65P/Gunn

First Date UT Mag.
2009 03 26.97 13.6
2009 03 29.98 13.0
2009 03 03.19 13.4
2009 04 12.89 13.7
2009 04 14.91 13.8
2009 03 21.94 12.9

Last
2008
2009

2009
2009
2009

2009
2009
2009
2009

Last
2009
2009

Last

Last
2008

Last
2009
2009
2009

2009

Date UT
04 19.22
04 19.11
04 25.07
04 25.10
04 21.15

04 28.78

Date UT

Date UT
02 25.85
02 21.99

Date UT

Date UT
08 09.02

Date UT
04 24.93
04 18.95
04 20.98

04 25.90

70

WOWYWwWHP
=0T U -

12.

o

Mag.

Mag.
13.

12.
11.
12,

12,
12,
10.
10.

[@No NIV E

Mag.
13.7
13.9

Mag.

Mag.
14.9

Mag.
13.2
13.3
13.1

13.8

OO vi;

Obs. /
AMOO1/
BOU /
CERO1/
DIJ /
GONO5/
NAGO4
Y0502/

QObs. /
MARO2

Obs. /
AMOO1/
BOU /
BUSO1
DIJ /
GONO5/
HAR10/
HASO02
KUT
LABO2/
LEH /
MARO2/
NOVO1/
PARO3

Obs. /
GONO5/
MARO2/

Obs. /
AMOO1

Qbs. /
MARO2/

Obs. /
BOU /
DIJ /
GONOS/
HASO2
LEH /
MARO2

N

No.

No.

6

N P WNNO

April 2009
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Comet 67P/Churyumov-Gerasimenko

First Date UT Mag. Last Date UT Mag. Obs. / No.
2002 04 20.86 11.6 2009 04 24.87 11.5 BOU / 5
2009 04 11.82 9.9 2009 04 24.83 9.5 CERO1/ 4
2009 03 20.82 10.8 DIEO2

2009 03 20.84 10.3 2009 03 29.84 10.8 p1J / 2
2009 02 13.82 10.8 2009 04 20.89 9.6 GONO5/ 10
2009 01 18.76 11.8 2009 04 22.85 11.0 LABO2/ 4
2009 03 21.84 10.4 MARO2

2009 03 17.80 10.5 2009 04 19.84 11.3 PILO1/ 2
2009 02 17.43 11.5 2009 03 26.47 11.0 Y0s02/ 2

Comet 68P/Klemola
First Date UT Mag. Last Date UT Mag. Obs. / No.

2008 07 27.91 [14.9 2008 07 29.92 [13.8 MARO2/ 2
Comet 74P/Smirnova-Chernykh

First Date UT Mag. Last Date UT Mag. Obs. / No.

2009 03 22.03 14.5 GONOS

Comet 77P/Longmore

First Date UT Mag. Last Date UT Mag. Obs. / No.
2009 03 20.96 13.5 2009 04 24.93 13.9 BOU / &
2009 03 20.96 13.5 2009 04 18.91 13.8 DIJ / 3
2009 03 03.21 13.7 2009 03 22.04 14.2 GONO5/ 2
2009 04 13.84 13.7 HAS02
2009 03 21.95 13.8 MARO2
2009 04 23.55 - 13.6 TSUO2

Comet 85P/Boethin

First Date UT Mag. Last Date UT Mag. Obs. / No.
2008 07 27.98 [14.7 2008 08 08.99 [15.0 MARO2/ &

Comet 86P/Wild
First Date UT Mag. Last Date UT Mag. Obs. / No.
2008 07 27.93 [13.8 MARO2

Comet 116P/Wild

First Date UT Mag. Last Date UT Mag. Obs. / No.
2009 03 17.91 12.2 2009 04 24.92 12.9 BoU / 8
2009 03 20.90 12.3 2009 04 18.90 13.3 DIJ / 3
2009 02 22.84 11.7 2009 04 20.95 11.2 GONO5/ 8
2009 04 12.91 12.7 HASO2
2009 03 19.86 12.1 2009 04 22.88 11.8 LABO2/ 2
2009 04 13.88 11.0 2009 04 28.88 11.3: LEH / 8
2009 02 21.98 12.3 2009 03 21.90 12.1 MARO2/ 3
2009 04 25.94 12.2 PARO3
2009 04 19.92 11.4 PILO1
2009 04 23.54 13.6 TSUO2
2009 03 28.43 13.6 2009 04 25.46 11.8 WYa / 2
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Comet 144P/Kushida

First Date UT Mag. Last Date UT Mag. Obs. / No.
2009 02 15.97 8.7 AMOO1
2009 02 14.77 8.9: 2009 04 24.88 12.0 BOU / 8
2009 01 30.83 8.6 BUSO1
2009 03 20.89 10.8 CHUO6
2009 02 14.81 9.0 2009 03 21.83 10.7: coM /2
2009 01 31.97 8.4 2009 03 06.91 9.4 DESO1/ 19
2009 02 18.82 8.6 2009 03 21.86 10.1 DIEO2/ 4
2009 02 11.83 8.8 2009 04 18.92 10.6 DIJ / 10
2009 02 14.81 9.1 GILO1
2009 02 13.93 8.6 2009 04 20.93 10.1 GONO5/ 11
2009 01 25.52 9 2009 02 21.47 9.8 HAR10/ 3
2009 04 12.90 10.7 HASO02
2009 02 17.74 9.1 2009 03 17.95 9.5 HORO2/ 2
2009 02 27.95 9.0: 2009 03 19.85 9.5: KARO2/ 3
2009 03 24.88 11.2 KUT
2008 11 26.79 11.0 2009 04 22.87 11.1 LAB0O2/ 7
2009 01 02.91 9.4 2009 04 28.87 12.0 LEH / 14
2008 08 05.10 [13.6 2009 03 21.89 9.3 MARO2/ 2
2009 02 18.84 8.7 2009 03 19.81 9.6 MEY / 2
2009 02 16.45 9.4 MIT
2009 02 18.52 9.5 2009 03 17.45 11.5 MIYO1/ 4
2009 03 17.56 11.9 NAGO4
2009 04 25.91 [12.2 PARO3
2009 03 17.82 8.0 2009 04 21.84 11.7 PILO1/ 2
2009 02 17.82 9.4 SCHO4
2009 03 16.95 9.5 SHU
2009 02 01.04 8.5 2009 02 26.04 9.1 souoi/ 7
2009 02 21.55 9.3 2009 04 23.53 11.2 TSUO2/ 2
2008 11 30.45 10.0 2009 03 28.41 10.4 WYA / 8
2009 01 31.64 9.0 2009 03 20.50 10.6 Y0s02/ 3
Comet 205P/Giacobini
First Date UT Mag. Last Date UT Mag. Obs. / No.
2008 09 26.83 12.3 2008 11 26.77 12.6 LABO2/ 4
2008 10 04.94 13.8 MARO2
Comet 210P/Christensen
First Date UT Mag. Last Date UT Mag. Obs. / No.
2009 03 22.14 13.7 GONO5
2009 01 24.21 11.6 HASO2
Comet C/2005 L3 (McNaught)
First Date UT Mag. Last Date UT Mag. Obs. / No.
2009 03 26.98 13.6 2009 04 18.98 13.8 BOU / 3
2009 04 25.11 11.7 DIEO2
2009 03 29.99 13.2 2009 04 18.98 13.4 DIJ / 2
2009 03 20.94 13.3 2009 04 21.04 13.7 GONO5/ 4
2009 04 13.035 12.8 2009 04 19.875 12.7 KUT / 2
2009 04 24.96 13.9 2009 04 28.94 14.0 LEH / 3
2008 08 04.99 13.2 2009 03 21.95 13.1 MARO2/ 2

Comet C/2006 OF_2 (Broughton)

First Date UT Mag. Last Date UT Mag. Obs. / No.
2009 02 14.79 11.2 2009 04 24.91 13.1 BOoU / 8
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Comet C/2006 OF_2 (Broughton) [cont.]

First Date UT Mag. Last Date UT Mag. Obs. / No.
2008 10 08.96 10.9 CERO1
2009 04 11.90 11.8 DESO1
2009 02 18.83 11.5 DIEO2
2009 03 19.87 11.9 2009 04 18.88 12.6 DIJ / 4
2009 02 13.92 10.9 2009 04 20.94 12.0 GONOS/ 8
2009 01 25.53 10.9 2009 02 21.49 11.8 HAR10/ 4
2009 02 27.98 11.5 KARO2
2009 03 24.84 12.5 KUT

2008 06 29.05 11.5 2009 04 22.86 12.0 LABO2/ 9
2009 01 02.90 10.7 2009 04 28.84 12.4 LEH / 14
2008 08 05.05 12.3 2009 03 21.89 12.8 MARO2/ 4
2009 02 18.53 11.5 2009 03 17.46 12.1 MIYO1/ 4
2009 03 17.52 12.3 NAGO4
2009 03 01.78 11.9 PILO1
2009 02 17.84 10.5: SCHO4
2009 04 11.90 11.5 S0uUo1
2008 08 09.79 10.7 2009 03 17.43 12.3 WYA / 4

Comet C/2006 Q1 (McNaught)

First Date UT Mag. Last Date UT Mag. Obs. / No.
2009 03 21.13 13.3 2009 04 18.96 13.8 BOU / 3
2009 03 21.13 13.6 2009 04 18.97 13.6 DIy / 3
2009 03 21.00 13.5 2009 04 21.07 13.5 GONO5/ 3
2009 04 13.007 13.6 ' KUT

2009 04 25.00 14.0 2009 04 28.98 14.0 LEH / 3

Comet C/2006 U6 (Spacewatch)

First Date UT Mag. Last Date UT Mag. Obs. / No.
2009 03 22.00 14.7 GONOB

Comet C/2006 W3 (Christensen)

First Date UT Mag. Last Date UT Mag. Obs. / No.
2009 02 14.78 10.5 2009 04 19.08 9.5 BOU / 4
2008 10 08.95 10.8 2009 04 25.07 8.4 CERO1/ 4
2009 04 25.11 8.8 DIEO2
2009 03 21.15 10.2 2009 04 25.08 8.6 DIJ / 5
2009 02 13.84 9.9 2009 04 21.09 8.9 GONO5/ 9
2009 02 28.76 9.6 KARO2
2008 09 26.89 10.5 2009 02 21.79 10.6 LABO2/ 8
2009 04 15.09 9.1 2009 04 29.08 8.8 LEH / 7
2008 08 05.06 11.7 MARO2
2009 04 02.79 10.1 2009 04 22.74 9.9 NAGO4/ 2
2009 02 17.81 10.8 SCHO4
2009 04 01.82 9.9 2009 04 28.79 9.3 Y0S02/ 2
Comet C/2007 G1 (LINEAR)
First Date UT Mag. Last Date UT Mag. Obs. / No.
2008 06 28.90 11.4 LABO2
Comet C/2007 K3 (Siding Spring)
First Date UT Mag. Last Date UT Mag. Obs. / No.

2008 07 29.97 [13.2 2008 08 05.03 [14.2 MARO2/ 3
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Comet C/2007

First Date

2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2008
2009
2009
2009
2008
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2008
2009
2009
2009

02
02
02
04
02
02
03
03
02
02
02
02
02
04
02
01
02
02
01
01
04
03
03
01
02
02
02
02
03
06
03
02
01
08
02
03
02
02
02
02
02
02
02
02
02
02
02
01
02
02
02
02
02
01
02
08
02
01
03

01.
21.
26.
.84

11

25,
28.
20.
.84
.22

21
21

25.
18.
14.
28.
18.
01.
29.
09.
21,
25,
23.
12,
16.
17.
22,
18.
27.
17.
21,
24,
29.
.79

13

25.
30.
04.
15.
02.
16.
06.
01.
07.
05.
28,
07.
18.
17.
23.
28.
.25

30

03.
28.
19.
24.
18.
29.
25.
02.
20.
27.
02.

N3 (Lulin)

UT
28
00
06

14
78
87

09
03
23
87
92
22
42
18
33
78
22

940

78
82
22
10
94
98
91
90
02

83
32
93
99
86
64
84
84
73
06
93
17
16
17
91
80

70
87
00
93
31
84
95
37
77
84
99

=
(04
o

[y
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2009
2009
2009
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2009
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2009
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2009
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2009
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2009
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2009
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2009
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2009
2009
2009
2009

2009
2009
2009
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2009
2009

2009
2009
2009
2009
2009
2009
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03
04

04
03
03

03
04
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Obs. /
AMDO1/
BOU /
BUSO1/
CERO1/
CHE
CHEO3/
CHUO6
COM
CREO1
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DIEO2/
DIY /
GIAO1
GILO1
GONO5/
GONOT7/
GRAO4/
GRE
HAR10/
HASO2/
HEGO1
HORO2/
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LEH /
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MAR21
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MIT /
MIYO1/
NAGO4/
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QVA /
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RIE /
RZE /
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SER /
SHU /
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v/
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Comet C/2007

First Date
2009 03
2009 04
2009 03
2009 03
2009 04
2009 04 11
2008 11

11
21

Comet C/2007

First Date

2008 10 08.
2008 07 06.
2008 08 05.

Comet C/2008

First Date

2009 03 21.
2008 10 25.

Comet C/2008

First Date

2008 10 08.
2008 06 29.
2008 08 05.

Comet P/2008

First Date

2008 07 27.

Comet P/2008

First Date

2008 08 04.

Comet C/2008

First Date

2009 04 27.
2009 04 26.
2009 04 23.

Comet C/2008

First Date
2009 02
2009 04
2009
2009
2009
2009
2009
2009
2009

02
03
04
02
04
03

29.
.93
13.
.83
16.
.93
30.

14.
11.
04 11.
18.
19.
i8.
13.
12.
19.

Q3

uT
95

83
47
48

Wi
uT
99
83
11
Al
uT

10
76

J1

97
04
04
J2
uT
92

0

V]

uT
97

Q3

36
56
77

(Siding Spring)

Mag.
11,
11.
10.
12,
11,
12,
13.

DOROOWW

(Boattini)
Mag.
12.1

5.5
6.7

(McNaught)
Mag.
11.0

7.5

(Boattini)
Mag.
12.3
11.1
10.8

(Beshore)
Mag.

[14.0

(McNaught)

Mag.
[14.8

(Garradd)

Mag.

W W P
O

(Cardinal)

Mag.
12.

9.
10.
10.
11.

9.
12.
11.
10.

TaLONOHUT®

Last
2009

2009
2009
2009

Last
2008

Last
2009
2008

Last

2008
2008

Last
2008

Last

Last
2009

2009

Last
2009
2009
2009

2009

Date UT
04 17.94

03 26.87
04 17.42
04 25.44

Date UT
10 25.90

Date UT
03 22.19
11 26.75

Date UT

10 25.87
12 20.99

Date UT
08 04.92

Date UT

Date UT
04 29.32

04 25.65

Date UT
04 24.88
04 24.84
04 24.89

04 20.90

75

Mag.
11.0

9.2
11.4
11.8

Mag.
12.8

Mag.
11.2
8.8

Mag.

12.5
14.8

Mag.
[14.9

Mag.

Mag.
9.3

9.0

Mag.
10.1

9.6
9.1
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Obs. /
AMOO1/
DESO1
GONO5/
MARO2
SEA /
Souo1
WYA /

Obs. /
CERO1
LABO2/
MARO2

Obs. /
GONO5/
LABO2/

Obs. /
CERO1
LABO2/
MARO2/

Obs. /
MARO2/

Obs. /
MARO2

DObs. /
AMOO1/
SEA

WYya /

Obs. /
BOU /
CERO1/
DESO1
DIEO2
DIJ /
GILO1
GONO5/
HASO2
KARO?2

No.
4

4
2
6

No.

No.

No.
11

12
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Comet C/2008 T2 (Cardinal)

First Date

2009
2009
2009
2009
2009
2009
2009
2009
2009
2009

03
02
03
02
04
04
03
03
04
03

19.
21.
21.
.91

21

13.
22.
17.
24.
.91
26.

11

Comet C/2009

First Date

2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009

03
04
03
03
03
03
04
03
03
03
03
03
03
03
03
03
03

17.
20.
15,
17.
17.
14.
10.
17.
19.
19.
20.
20.
17.
18.
18.
16.
20.

Comet C/2009

First Date

2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009

04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04

15,
.82

11

25.
10.
18.
06.
07.
.84

13

11.
10.
13.
07.
13.
17.
22.
11,
07.

Comet C/2009

First Date

2009 04 18.
.33

2009 04 10

2009 04 21.

uT
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91
79

84
86
83
84

56

E1l
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10
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77
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44
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83
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90
15
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844
84
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79
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47
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09

G1

uT
36
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Mag.
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10.
11.
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10.
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11.
10.
11.
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2009
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2009

2009
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2009
2009

Date UT

04
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03
04
04
04

04

22,
28.
.88

21

15.
.86

25

11.

21

87
82

84
81

.48

Date UT

04
04
03
03
04
04

03

03

04
04

04

02.
25,
25.
20.
03.
05.

21

26.

22,
28.
20,

25.

83
08
20
83
83
84

.84

45

84
81
84

83

Date UT
04 29.33
04 11.33
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BOU /
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MEY
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SHU
Y0S02/
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PILO1

RES

Obs. /
AM0OO1/
DESO1/
GONOS

-
NNWWWdh

=
WoONLHWR O

—

Nl N OO

April 2009



April 2009 79 INTERNATIONAL COMET QUARTERLY

Comet 210P/Christensen

First Date UT Mag. Last Date UT Mag. Obs. / No.
2008 03 15.78 - 16.3 ¢ TSUO2

2009 01 27.87 13.2C YO0S02
Comet 211P/Hill

First Date UT Mag. Last Date UT Mag. Obs. / No.

2009 03 15.52 18.2 C TSUO2

Comet C/2005 L3 (McNaught)

First Date UT Mag. Last Date UT Mag. Obs. / No.
2009 04 19.04 13.6 C 2009 04 19.04 15.1 C HAE / 6
2009 02:°02.14 - 14.2 C 2009 03 23.00 14.2 C NEV / 3
2009 04 05.91 13.9-C 2009 04 11.06 14.0 C Sl [ 2
Comet C/2006 OF_2 (Broughton)
First Date UT Mag. Last Date UT Mag. Obs. / No.
2009 03 17.87 14.5C 2009 03 19.88 14.6 C HAE / 2
2009 02 26.86 118V QVA
2009 02 03.86 11.0C 2009 04 10.87 12.5 C SHU / 11
2009 03 15.556 - 12.8 C TSUO2
2009 04 09.51 13.5 C YUS
Comet C/2006 Q1 (McNaught)
First Date UT Mag. Last Date UT Mag. Obs. / No.
2009 04 05.87 14.2 C SHU
2009 01 27.80 13.3 C Y0S02
Comet C/2006 W3 (Christensen)
First Date UT Mag. Last Date UT Mag. Obs. / No.
2008 12 2r.76 11.3°k 2008 12 21.76 - 13.3 k BREO3/ 4
2009 04 06.06 10.3.C SHU
2009 01 19.39 10.8 C TSUO2
Comet C/2007 N3 (Lulin)
First Date UT Ma%. Last Date UT Mag. Obs. / No.
2009 02 08.17 7.1 C KUG
2009 02 26.91 6.0V 2009 03 18.93 9.6 L QVA—/ 6
2009 03 16.84 9.6 C 2009 04 10.88 11.2°C SHU -f 7
2009 01 20.84 1 .96 TSUO2
2009 01 27.85 6.9V 2009 03 24.57 8.0 H Y0S02/ 9
Comet C/2008 A1 (McNaught)
First Date UT Mag. Last Date UT Mag. Obs. / No.
2009 03 23.07 16.5 C NEV
Comet C/2008 Q1 (Matitic)
First Date UT Mag. Last Date UT Mag. Obs. / No.
2009 03 23.03 16.2 € NEV

2009 04 05.94¢ 14.2 C SHU
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Comet C/2008 T2 (Cardinal)

First Date UT Mag. Last Date UT Mag. Obs. / No.
2008 12 21.73 1&.7 k 2008 12°21.73 16.2 k BREO3/ 3
2009 03 17.83 14.9 C 2009 03 21.80 14.9 C HAE / 4
2009 02 23.79 14.3:V 2009 04 10.91 11,8 ¥V QVN- / 3
2069 02 03.75 12.0 C 2009 04 10.83 11.3 C SHU / 11
2009 01 20.45 15.1 C 2009 04 02.46 12.0 C TSU02/ 3
2009 02 14.57 13.5C 2009 03 24.53 11.8V Y0S02/ 6
2009 04 09.47 13.3 C YUS

Comet P/2008 Y2 (Gibbs)
First Date UT Mag. Last Date UT Mag. Obs. / No.
2009 02 02.00 17.2 C 2009 02:18.96- _17.1 C NEV / 2

Comet C/2009 E1 (Itagaki)
First Date UT Mag. Last Date UT Mag. Obs. / No.
2009 03 15.80 10.0:V 2009 03 18.83 10.6 L Qva / 4
2009 03 16.72 10.3 C 2009 03 20.73 9.9 C sy / 2
2009 03 24.46 10.4 C 2009 04 22.81 10.6 C Y0S02/ 2
2009 03 21.43 11.5C YUS

Comet C/2009 F6 (Yi-SWAN)
First Date UT Mag. Last Date UT Mag. Obs. / No.
2009 04 09.84 11.0C 2009 04 22.83 13.4 C HAE [/ 12
2009 04 10.92 11.0 € 2009 04 10.93 10.6 V QVA / 2
2009 04 07.81 10.0 C 2009 04 10.82 10.4 C Smu- J 2
2009 04 22.79 11.6 G Y0S02
2009 04 09.43 11,66 YUS

® ¢ @

DESIGNATIONS OF RECENT COMETS

Listed below, for handy reference, are the last 15 comets (non-spacecraft) to have been given designations. A comet’s
name is preceded by a star (x) if the comet was a new discovery (compared to a recovery from predictions of a previously-
known short-period comet) or a # if a re-discovery of a ‘lost’ comet. Also tabulated below are such values as the orbital
period (in years) for periodic comets, date of perihelion, 7' (month/date/year), and the perihelion distance (g, in AU).
Four-digit numbers in the last column indicate the JAU Circular (4-digit number) containing the discovery/recovery or
permanent-number announcement. [Update of list in the January 2009 issue, p. 42].

New-Style Designation = i q IAUC
* C/2009 F1 ELarson) 6/25/09 1.83 9029
*  C/2009 F2 (McNaught) 11/14/09  5.88 9030
217P/2009 F3 (LINEAR) 7.83 9/8/09 1.22 9031
* C/2009 F4 éMcNaught; 12/31/11  5.45 9032
% C/2009 F5 (McNaught 11/4/08  2.25 9033
= C/2009 F6 (Yi-SWAN) 5/7/09 1:9% 9034
*  C/2009 G1 (STEREO) 4/16/09 1.13 9036
218P/2009 F7 (LINEAR) 6.10 6/22/09 1.70 9038
219P/2009 H1 (LINEAR) 6.99 3/5/10 2.36 9039
220P/2009 H2 §McNaught) 549 12/15/09  1.55 9040
«  P/2009 K1 (Gibbs) 7.04  6/25/09 1.32 9044
*  C/2009 K2 (Catalina) 2/7/10 3.25 9045
*  C/2009 K3 §Beshore) 1/9/11 3.90 9047
*x  C/2009 K4 (Gibbs) 6/19/09 1.55 9048
*x  C/2009 K5 (McNaught) 4/30/10 1.42 9050



