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Figure 3. Composite Lightcurve of 759 Vinifera based upon a
period of 14.2341+0.002 hours. Zero phase corresponds to JD
2452495.6562 (corrected for light-time).
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Figure 4. Composite Lightcurve of 963 Iduberga based upon a
period of 3.020+0.006 hours. Zero phase corresponds to JD
2452597.6122 (corrected for light-time).
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LIGHTCURVE ANALYSIS OF ASTEROIDS
331, 795, 886, 1266, 2023, 3285, AND 3431
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The lightcurves of seven asteroids obtained from 1999
through 2003 are analyzed. In some cases, the analysis
is a revision of previously published values. The
following synodic periods and amplitudes were
determined. 331 Etheridgea, 6.82+0.01h, 0.05+0.02m;
795 Fini, 8.641+0.002h, 0.05+0.02m; 886
Washingtonia, 9.002+0.005h, 0.12+0.02m; 1266 Tone,
11.82+0.05h, 0.13£0.02m; 2023 Asaph, 4.74+0.01h,

0.06+0.02m; 3285 Ruth Wolfe, 6.72+0.03h,
0.21+0.03m; and 3431 Nakano, 8.90+0.03h,
0.25+0.02m.

Equipment and Procedures

The asteroid lightcurve program at the Palmer Divide Observatory
has been previously described in detail (Warner 2003) so only a
summary is provided now. The main instrument at the
Observatory is a 0.5m f/8.1 Ritchey-Chretien telescope using a
Finger Lakes Instruments IMG camera with Kodak KAF-1001E
chip. A second instrument also in use is a 0.3m /9.3 Schmidt-
Cassegrain using an SBIG ST-9E camera. Other combinations
were used to obtain some of the lightcurves. The specifics are
given in the discussion for each asteroid.

Initial targets are determined by referring to the list of lightcurves
maintained by Dr. Alan Harris (Harris 2001), with additions made
by the author to include findings posted in subsequent issues of
the Minor Planet Bulletin. In addition, reference is made to the
Collaborative Asteroid Lightcurve Link (CALL) web site
maintained by the author (http://www.MinorPlanetObserver
.com/astlc/default.ntm) where researchers can post their findings
pending publication. MPO Canopus, a custom software package
written by the author, is used to measure the images since it allows
automatic storage of the measured magnitudes (instrumental and
derived) of the comparison stars and targets and provides a ready
means of merging data from multiple sessions. It uses aperture
photometry with derived magnitudes determined by calibrating
images against field or, preferably, standard stars. Period analysis
is included in the program, the routine being based on the original
FORTRAN version of the Fourier analysis algorithm developed
by Alan Harris (Harris et al. 1989).

The “Dusty File Cabinet”

In emails to the author, Dr. Alan Harris has often used the term
“dusty file cabinet” to refer to data that lies tucked away in one
form another and is never released. It could be because there
really is insufficient data and so no usable results could be
reported. In other cases, the reasons may be a lack of time or
difficulty extracting something meaningful from the data. Most of
the lightcurves reported below were obtained quite some time ago
and never published or, as a result of revising the PDO lightcurves
page, were re-examined and a period found that was thought to be
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an improvement on one previously reported. The latter leads to
the thought that one should be more careful in the first place. That
is true, but also true is that as one learns more about analysis and
gains more experience, it is sometimes wise to review earlier work
so that it can benefit from knowledge/insight gained over time.

Results

331 Etheridgea

Etheridgea was discovered by A. Charlois on 1892 April 1 at Nice.
There is no record of the origin of the name. Tholen (Tholen
1989) gives the asteroid a CX classification while Kozai places it
in his group 48, which contains twenty asteroids including —
among others — 150 Nuwa, 241 Germania, and 271 Penthesilea.
The IRAS survey (Tedesco 1989) gives the asteroid an effective
diameter of 74.92km +2.7km, a mean albedo of 0.0447 +0.003,
and H of 9.62. The principal orbital elements for Etheridgea are:
semi-major axis, 3.022AU; inclination 6.052°; and eccentricity,
0.103. This asteroid was observed on 1999 October 15 and 28
(phase angles 2.3° and 7.7° respectively). A 0.25m SCT was
combined with an SBIG ST-7E working at —20°C to take 90s
images over the two nights. The initial analysis was inconclusive
and so results were never published. The data was recently re-
examined with the resulting lightcurve shown in Figure 1. The
synodic period is 6.8240.01h with an amplitude of 0.05+0.02m.

Fini

This object, also known as 1940 GY, 1946 UR, 1951 UR, and
1958 JC, was discovered by J. Palisa at Vienna on 1914
September 26. This is another case where the reason behind the
naming is unknown, though it might be noted that in Austria, Fini
is the nickname for Josefine. The principal elements for the
asteroid are: semi-major axis: 2.75AU; inclination: 19.02°; and
eccentricity: 0.10, which would apparently make the asteroid a
general member of the main belt. The IRAS survey (Tedesco
1989) gives the asteroid an effective diameter of 74.66km =
1.4km, a mean albedo of 0.0418 +0.002, and assumed absolute
magnitude (H) of 9.70.

This asteroid proved to be a difficult target as it was located at
northerly declinations from late 2002 into early 2003 and found its
way through the richer regions of the Milky Way near Perseus and
so field stars frequently affected measurements. Despite the
difficulties, three runs showing similar traits were obtained on the
nights of 2003 January 19 and 24 as well as March 9. The January
sessions used a 0.3m SCT and SBIG ST-9E camera working at
-10°C. Exposures were 60s. The March 9 session used a 0.5m
Ritchey-Chretien telescope with the same camera but working at
—-20°C. Exposures were 40s. During the span from first to last
session, the phase angle increased from 10.3° to 19.7°. A total of
174 observations from the three sessions was used in the final
lightcurve analysis (see Figure 2). The period was found to be
8.641+0.002h and the amplitude was 0.05+0.02m.

886 Washingtonia

Washingtonia was discovered on 1917 November 16 by G.H.
Peters in Washington and independently by M. Harwood at
Nantucket four days earlier. (Margaret) Harwood was the first
director of the Maria Mitchell Observatory on Nantucket Island
off the coast of Massachusetts and held that post for more than
forty years. She was known for her research on variable stars and
asteroid lightcurves. Harwood was given limited discovery rights
at the time since it was not deemed appropriate for a woman to

discover a minor planet. She had intended to name the asteroid,
“Nantucket”. That name was not applied to a minor planet until
nearly a century later (7041 Nantucket). According to Kozai
(Kozai 1979), the asteroid is a member of his group 59. This
group also includes the asteroids 1040 Klumpkea, 1400 Tirela,
1459 Magnya, 1477 Bonsdorffia, and 1625 The NORC. The
principal orbital elements for 886 Washingtonia are semi-major
axis: 3.19AU; inclination: 16.71°; and eccentricity: 0.262. The
IRAS survey (Tedesco 1989) gives an effective diameter of
90.56km + 12.6km, a mean albedo of 0.0713+0.025, and absolute
magnitude (H) of 8.70.

When searching for a new target to work, this asteroid was
included in the Harris lightcurve list (Harris 2001) but did not
include a period or indication that publication might be pending. 1
contacted Dr. Harris who, it turns out, had done the observations
that lead to the entry in the list. He indicated that his data from
1984 consisted of only four points obtained over approximately
two hours (Harris 2003). Given this information, it was decided to
work the asteroid. A total of 310 observations obtained on the
nights of 2003 January 8, 9, and 10 were used in the analysis of
the lightcurve (see Figure 3). Over that short period, the phase
angle held to a nearly constant 5°. The derived period of the
lightcurve (see Figure 3) was 9.002+0.005h with an amplitude of
0.32+0.02m.
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Figure 1. The lightcurve for 331 Etheridgea. The synodic period
is 6.82+0.01h and the amplitude 0.05+0.02m.
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Figure 2. The lightucurve for 795 Fini. The synodic period was
found to be 8.641+0.002h and the amplitude 0.05+0.02m.
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1266 Tone

This is a well-studied asteroid, at least in terms of taxonomic and
multi-color photometry observations. The Tholen classification is
P. IRAS (Tedesco 1989) gives an effective diameter of
73.3+3.8km, a mean albedo of 0.0566+0.006, and absolute
magnitude (H) of 9.41. The principal elements are: semi-major
axis, 3.358AU; inclination, 17.183°; and eccentricity, 0.047.
These may put the asteroid in the Cybele group, which has a 4:7
resonance with Jupiter. Tone was discovered on 1927 January 23
by O. Oikawa at Tokyo and independently by G. N. Neujmin at
Simeis on 1927 January 24. The name is for the largest river in
Japan. Observations were made during two sessions on 1999
October 23 and 24 (phase angle 7.4°). A 0.25m SCT with SBIG
ST-7E was used. The operating temperature was —-20°C and
exposures were 120s. The lightcurve is shown in Figure 4. The
derived synodic period is 11.82+0.05h with an amplitude of
0.13+0.02m.

2023 Asaph

Discovered by Indiana University at Brooklyn on 1952 September
16, Asaph is named after famed astronomer Asaph Hall, who
discovered the two moons of Mars, Phobos and Deimos (Jonathan
Swift’s predictions in “Gulliver’s Travels” notwithstanding). The
naming was announced at a special meeting at the U.S. Naval
Observatory on 1977 August 11, the 100" anniversary of the
discovery of Deimos. The original designation was 1952 SA.
Asaph belongs to Kozai’s Group 1 (Kozai 1979). This group is
very large, having 259 members, with the most prominent member
being 8 Flora. However, Kozai’s Group 1 is not a perfect match
for the well-known Flora group, which is characterized by
principal elements of a semi-major axis in the range of 2.1 to 2.3
AU and inclination of < 11°. The specific elements for Asaph are:
semi-major axis, 2.886 AU; inclination 22.300°; and eccentricity,
0.276. Other members of the Kozai Group | are 40 Harmonia, 72
Feronia, and 149 Medusa.

Data for lightcurve analysis on Asaph were obtained during two
sessions on 2001 November 2 and 4. The 0.5m Ritchey-Chretien
was combined with the FLI IMG-1001E camera operating at
-30°C. Exposures of 60s were used. The phase angle was 16.4°.
The resulting lightcurve, shown in Figure 6, was determined to
have a synodic period of 4.74+0.01h and amplitude of
0.06+0.02m.

3285 Ruth Wolfe

This asteroids is one of many discoveries (1983 November 5) by
C.S. Shoemaker at Palomar. Originally designated 1983 VW, the
asteroid was named after Ruth Fanton Wolfe, who was a
mathematician for the U.S. Geological Survey and honored with
the naming for her work on orbital evolution and collision of small
bodies in the solar system. The SMASS classification for 3285 is
S (Xu et al. 1995). The IRAS study gives an effective diameter of
8.62+0.4km, a mean albedo of 0.2857+0.031, and absolute
magnitude of 12.30. The principal elements are: semi-major axis,
2.528AU.: inclination 20.546°; and eccentricity 0.214, making the
asteroid a common main belt object.

Observations of 3285 were conducted over two sessions on 1999
November 3 and 4. A 0.2m SCT and SBIG ST-7E were used.
The camera was operated at -20°C and exposures were 150s. At
the time, the phase angle was approximately 8.8°. The period was
originally given on the PDO lightcurve site as 4.11h. The fit of
the same data is not as good as that when the data is phased
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Figure 3. The lightcurve for 886 Washingtonia. The data is

phased against a period of 9.002+0.005h. The amplitude is
0.12+0.02m.
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Figure 5. 2023 Asaph. The synodic period is 4.7420.01h. The
amplitude is 0.06+0.02m.
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against 6.722+0.03h (shown in Figure 7). The amplitude of the
curve was found to be 0.21+0.03m. This asteroid requires
additional observations to confirm the new results.

3431 Nakano

Nakano was discovered by T. Seki at Geisei on 1984 August 24.
Its original designation was 1984 QC. Its named after Syuichi
Nakano, a prolific orbit computer, computer software writer, and
author of astronomical books and catalogs. Xu et al. (1995) give
the asteroid a type C classification. Based on information given
by Harris (2001), the effective diameter of the asteroid is
approximately 48km, based on an assumed albedo of 0.058. The
absolute magnitude (H) is 10.3. The principal elements are: semi-
major axis, 3.101AU; inclination 12.263°; and eccentricity 0.038.
These appear to make the asteroid a common member of the main
belt.

Nakano was observed during two sessions, 2001 November 21
and 22. Weather prevented additional sessions until some time
later, when the asteroid had faded. The phase angle at the time
was approximately 8.2°. The 0.5m Ritchey-Chretien and FLI
IMG-1001E combination was used for imaging. The operating
temperature was —30°C and exposures were 70s. The resulting
lightcurve, shown in Figure 8, has a synodic period of 8.90+0.03h
and amplitude of 0.25+0.02m.
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