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half the true period and a phase stack produces a lightcurve with
only one maximum.

On this basis the observations cover 29 rotational cycles. Using
the above epoch and refined period, the data were phase folded
(Fig. 1), with the magnitudes of the primary mimima from other
nights being adjusted to the magnitude of the zero phase
mimimum on the night of epoch. Results were posted on the
CALL website on December 11, 2002.

The average amplitudes of the extrema were estimated from the
composite curve. The overall peak-to-peak amplitude of this
lightcurve is 0.29 magnitudes. To a first approximation, the
maximum amplitude of 0.29 magnitudes implies a ratio a/b of
1.30, where a, b and c are the semi-axes of a tri-axial ellipsoid and
the rotation is about the shortest axis, c.

Conclusions

Minor planet 817 Annika was observed over 29 rotational cycles
and the synodic period determined as 10.560 + 0.004 hours. This
is a secure result as all rotational phases of the lightcurve were
observed with a high density of points (Fig 1).

The maximum amplitude of the lightcurve at this opposition was
0.29 + 0.02 magnitudes. The difference between the two maxima
was only 0.02 magnitudes, implying a very small difference in
albedo between the opposite hemispheres.

The revolution rate of 2.272/day indicates that Annika is fairly
typical among the asteroids of less than 50 km diameter. This
group of asteroids may have a bi-modal distribution of rotation
rates peaking at approximately one rev/day and at approx 3
rev/day (Binzel et al. 1989).

The relatively large amplitude and “clean” lightcurve suggest that
this asteroid is a good target for future additional lightcurves
aimed at pole orientation studies.
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Lightcurve measurement and analysis of six asteroids
was performed at the Palmer Divide Observatory at
various times in 2002 and early 2003. The results, all
synodic periods, were: 436 Patricia, 16.133h +0.005h,
amplitude 0.30 +0.02m; 3155 Lee, 8.312h +0.002h,
amplitude 0.22m +0.02m; 4254 Kamel, 2.73%h +0.002h,
amplitude 0.17m +0.02m; 5940 Feliksobolev, 6.578h
+0.002h, amplitude 0.23m +0.02m; (16558) 1991 VQ2,
37.37h £0.02h, amplitude 0.22m +0.02m; and (45656)
2000 EE45, 6.4h +0.5h, amplitude 0.4m +0.05m. Of
particular interest is the Vesta family member 3155 Lee,
which proved to have four minima and maxima per
rotation suggesting a highly irregular shape.

Asteroid lightcurve work has been the main focus at the Palmer
Divide Observatory since 1999 April. Since that time the period
and amplitudes of more than 50 asteroids have been measured.
The current instrumentation consists of two telescope/camera
combinations. First (Scope A) is a 0.5m Ritchey-Chretien
working at /8.1 using a Finger Lakes Instrumentation camera
using the Kodak KAF-1001E non-antiblooming CCD chip
working at —30°C and 2x2 binning (0.48um pixels). This yields a
scale of about 2.4 arcseconds per pixel. Given that the average
seeing at the Palmer Divide Observatory is on the order of 4-5
arcseconds, this is usually a satisfactory match. The second
combination (Scope C) is a 0.3m /9.3 Schmidt-Cassegrain using
an SBIG ST-9E working at 1x1 binning. This yields a scale of
about 1.45 arcseconds per pixel. All observations for this paper
were unfiltered. All images were dark subtracted and flat-fielded
before measuring.

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.htm) 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 (instrumental and derived) magnitudes of the
comparison stars and targets. It uses aperture photometry with
derived magnitudes determined by calibrating images against field
or, preferably, standard stars. A utility program can be used to
convert the instrumental magnitudes to a standard system. The
package includes a Fourier analysis routine, the original
FORTRAN code for which was supplied by Alan Harris (Harris et
al, 1989) and converted to Delphi Pascal. If the data from a single
night appears to cover at least half a period or more, then an
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estimate based on a plot of the raw data is used to help narrow the
possibilities when using data from two or more nights.

436 Patricia

Patricia was discovered 1898 September 13 by M. Wolf and A.
Schwassmann at Heidelberg. Schwassmann suggested the name
but there is no citation known that gives the origin, i.e., “who was
Patricia?” The asteroid is unclassified with a size of about 59km.
This was a fairly easy target since the asteroid was at or near 14.5
during all the runs, making it an average apparition for the
asteroid. The primary orbital elements are: semi-major axis 3.20
AU, inclination 18.5°, and eccentricity is 0.058. Kosai (1979)
puts this asteroid in his group 64, along with others such as 154
Bertha, 491 Carina, and 1005 Arago. A total of 340 data points
was used from those obtained on 2002 December 27 and 31 and
2003 January 3 and 7. Scope C (0.30m) was used for all
observations with an exposure of 60s. The resulting lightcurve is
plotted in Figure 1. The synodic period was found to be 16.133
+0.005h and the amplitude 0.30m +0.02m.
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Figure 1 - The lightcurve for 436 Patricia. The data is plotted

against a period of 16.133h +£0.005h and has an amplitude of 0.22
+0.02m.

31551 ee

Lee is a 10km asteroid discovered by B.A. Skiff on 1984
September 28. The name is that of C.S.A. general Robert E. Lee.
In keeping with the U.S. Civil War theme, Skiff named two other
asteroids after significant principals of that war, 3153 Lincoln and
3154 Grant. The asteroid is a member of the Vesta family
(Zappala, 1995). The primary elements are: semi-major axis 2.34
AU, inclination 7.2°, and eccentricity 0.100. Binzel and Xu
(1993) found the spectrum to be indicative of an igneous origin,
just as the surface of Vesta is believed to be igneous in nature
(McCord et al. 1970). Binzel and Xu gave the classification “J” to
indicate the spectrum of Lee is most similar to deeply excavated
igneous material, and proposed that Lee is composed of ejected
material coming from a giant impact on Vesta. Subsequent
Hubble Space Telescope imaging of Vesta (Thomas et al. 1997)

supports this hypothesis by revealing a giant impact basin on
Vesta.

Initial lightcurve analysis of Lee began after obtaining data on the
nights of 2002 November 22 and 26. Several periods were tried
on the assumption of a typical bimodal curve with two minimum
and maximum per rotation. Using that assumption, a period of
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Figure 2 — The lightcurve for 3155 Lee. The derived period is
8.312h £0.002h and the amplitude is 0.22 £0.02m.

approximately 4.15h was found and used for additional analysis
from data gathered on the nights of 2002 November 28, 29, and
30. The results were then placed on the CALL web site stating a
period of 4.15h. This caught the attention of Dr. William Ryan of
New Mexico Highlands University, Las Vegas, NM, who
communicated with me via private email (Ryan 2002) that the
asteroid was part of a study he had been conducting. In addition,
his results, presented at the 2000 Division of Planetary Sciences
meeting (Ryan et al. 2000), indicated a different period, one based
on four minima and maxima per revolution and so doubling the
period found by my analysis. As a result of this, I obtained
additional data on the nights of 2002 December 10 and 11 and
reanalyzed the data. The new analysis found a much better fit of
the data was possible when using a period of 8.3h, and eventually
provided a period of 8.312h +0.002h with an amplitude of 0.22
+0.02m and four minima and maxima per rotation. That new
period is in close agreement with that obtained by Ryan and the
unusual characteristics of the lightcurve suggest an unusual shape
perhaps correlated with the proposed unusual origin for this
object. A plot of the data, phased to 8.312h is shown in Figure 2.
The first two nights of data were obtained using instrument A
(0.5m) while subsequent nights used instrument C (0.3m). Images
from those additional nights in December happened to include the
16th magnitude 5940 Feliksobolev, data about which is reported
below.

This episode points out the need to be open to solutions that are
outside the norm. Sometimes, as I did in this case, one tries to fit
a square peg in a round hole by forcing a solution to fit
expectations, e.g., a bimodal curve, instead of letting the data
dictate the solution. In my college days, we called this “curving a
fit” and it is easy to let happen if one is not careful.

4254 Kamel

Discovered by C.I. Lagerkvist on 1985 October 24, Kamel is
named after planetary and cometary astronomer, Lars Kamel, on
the occasion of the defense of his doctoral thesis. According to
Zappala (1995), Kamel belongs to the Eunomia family. The semi-
major axis of the asteroid’s orbit is 2.616 AU, the inclination
13.0°, and the eccentricity is 0.157. The diameter, based on the
absolute magnitude of 11.70 is approximately 20km (MPC). This
was the second brightest opposition for Kamel through 2050.
Opposition magnitudes can range from 14.2 to 16.1. The next
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Figure 3 — The lightcurve for 4254 Kamel. The period for the
phased plot is 2.739h +0.002h and the amplitude of the curve is
0.17m £0.02m.

time it reaches into the 14s is not until 2006, when it peaks at 14.7,
so catching the asteroid this time around was fortunate — at least
given the current equipment available. Scope C (0.3m) was used
for observations obtained on 2002 November 13, 16, 20, and 21.
Exposures were 120s. A total of 136 data points obtained over
those four nights was used to determine a synodic period of
2.73%h +£0.002h and an amplitude of 0.17m +0.02m. A plot of the
data phased to that period is shown in Figure 3.

5940 Feliksobolev

This asteroid was imaged by accident in that it happened to be in
the same field as 3155 Lee (see above) on several nights and, in
particular, the first night the latter asteroid was observed. I did not
perform a check before starting the run and so found 5940 only
after blinking the images to determine the position of Lee over
several hours. Even though 5940 was around 16th magnitude -
normally a fainter magnitude than I would try, I measured it on the
images, fully expecting useless data. It turns out the data, while
noisy, yielded a reasonable result. 5940 Feliksobolev is named in
honor of Ukrainian filmmaker, Feliks Mikhailovich Sobolev
(1931-1984), honored many times for his making of popular
science films. It was discovered by L.I. Chernykh on 1918
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Figure 4 — The lightcurve for 5940 Feliksobolev. The derived
synodic period is 6.578h +0.002h. The amplitude of the curve is
0.23m +0.02m.
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October 8. Zappala (1995) puts Feliksobolev in the Eos family.
Using the conversion chart on the MPC web site (MPC), the
diameter is estimated to be about 20km, based on an absolute
magnitude (H) of 11.70. The semi-major axis of the asteroid’s
orbit is 3.036 AU, the inclination 11.08°, and the eccentricity is
0.108. Unfortunately, observations did not begin until a month
after opposition, at which time the asteroid would have been about
0.5m brighter and at an opposition that was among the ten
brightest in the period 1995 through 2050. It will not be at least as
bright until 2007 with the years in between having oppositions
mostly in the mid-16s. Using data obtained on the nights of 2002
December 10, 11, 27, and 31, a total of 127 data points was used
to derive a synodic period of 6.578h +0.002h with an amplitude of
0.23m +0.02m. A phased plot for that period is shown in Figure 4.

16558) 1991 VQ2

This proved to be a difficult asteroid since the period was well
over 24 hours, though initial estimates could not indicate that
because of the lack of coverage. Thanks go to Dr. Petr Pravec of
Ondrejov Observatory, Czech Republic, for contributing both data
and his insight during the analysis of this curve. 1991 VQ2 also
carries the designation 2000 FR14. It was discovered by E.F.
Helin at Palomar on 1991 November 1. Based on its H value
(absolute magnitude) of 13.3, the asteroid is about 10km in size
(MPC). The semi-major axis is 2.342 AU, the inclination 23.94°,
and eccentricity 0.243, which would seem to make it a member of
the Phocaea group. Only on rare occasions does this asteroid
come within easy photometric reach of most amateur equipment.
The 2002 apparition was the fifth brightest between 1995 and
2050 and even so it reached only 15.0. The next time it is nearly
this bright is 2009 and then not again until 2027. Scope A (0.5m)
was used to take 70s exposures on the nights of 2002 November
20, 26, 28, and 29 as well as 2002 December 15 and 26. Dr. Petr
Pravec provided data from 2002 December 11. In all, more than
220 data points were used in the analysis, which yielded a synodic
period of 37.37h +0.02h and amplitude of 0.22m +0.02m. A
phased plot is shown in Figure 5. This solution is not as solid as I
would like, especially given the large gaps in coverage. Further
study is definitely warranted and any reader should not be
discouraged from pursuing this target if circumstances allow.
Though, as mentioned above, this will be a difficult object for
amateurs for many of the immediate coming years.
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Figure 5 — The lightcurve for (16558) 1991 VQ2. The plot is
phased against a period of 37.37h +0.02h and the amplitude is
0.22m +0.02m.
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Figure 6 — The lightcurve for (45646) 2000 EE45. The plot is

phased against a period of 6.4h +0.5h and the amplitude is 0.4m
+0.05m.

(45646) 2000 EE45

This was a case of “one good turn deserves another.” As
mentioned above, 5940 Feliksobolev was measured as the result of
being in the field with another asteroid, the latter being the
original target. As a result of follow up on 5940, this asteroid
appeared in the images, just a few arcminutes away. 2000 EE45
was an even more difficult target, as it was only 18th magnitude
and not much above the background noise. Still an attempt was
made to determine its lightcurve. 2000 EE45 was discovered on
2000 March 9 by the LINEAR survey. Its H magnitude of 13.5
gives a size of between 5 and 12km (MPC). The orbital elements
are: semi-major axis 2.943 AU, inclination 3.63°, and eccentricity
of 0.223, seemingly making it an “average” main belt object.
Observations were obtained with the 0.5m scope (A) on the nights
of 2002 December 31 and 2003 January 1. Exposures were 75s,
the longest I can go with unguided images and hope to have at
least 75% of the images usable. A total of 56 data points was used
to create the plot in Figure 6, which is phased against 6.4h. The
amplitude is 0.4m +0.05m. Given the lack of coverage and the
noise of the data, I do not make a strong claim as to this being the
correct period, though the data from the first night does give some
reasonable credence to the solution. Due to weather and
moonlight, additional observations were not possible until two
weeks later, by which time the asteroid had faded too much for
useful observations. The next best chance, based on my current
equipment, comes in 2007 October when the asteroid is again in
the mid-16s.

Acknowledgements

Thanks go to Dr. Alan Harris of the Jet Propulsion Laboratory for
making available the source code to his Fourier Analysis program
and his continuing support and advice. Thanks also go to Dr. Petr
Pravec of Ondrejov Observatory, Czech republic for contributing
data for (16558) 1991 VQ2 from 2002 December 11 as well as his
expert advice during analysis. '

References

Reference Note: References to diameters are from Tedesco et al.
(1982). See Tholen (1989) for references to taxonomic
classification — unless otherwise noted. Asteroid names and
discovery information are from Schmadel (1999). Data about

asteroid oppositions and date of brightest for the period 1995-2050
are from Warner (2002).

Harris, A. W., Young, J. W., Bowell, E., Martin, L .J., Millis, R.
L., Poutanen, M., Scaltriti, F., Zappala, V., Schober, H. J,
Debehogne, H., and Zeigler, K. W., (1989). “Photoelectric
Observations of Asteroids 3, 24, 60, 261, and 863.” Icarus 77,
171-186.

Binzel, R. P. and Xu, S. (1993). “Chips off of Asteroid 4 Vesta:
Evidence for the Parent Body of Basaltic Achondrite Meteorites.”
Science 260, 186-191.

Harris, Alan W. (2001). "Minor Planet Lightcurve Parameters",
On Minor Planet Center web site: http://cfa-www.Harvard.edu/
iau/lists/LightcurveDat.html

Kozai, Y., (1979). “The dynamical evolution of the Hirayama
family”. In Asteroids (T. Geherels, Ed.) pp. 334-358. Univ of
Arizona Press, Tucson.

McCord, T. B., Adams, J. B., and Johnson, T. V. (1970).
“Asteroid Vesta: Spectral Reflectivity and Compositional
Implications.” Science 168, 1445-1447.

MPC. Minor Planet Center web site, “Conversion of Absolute
Magnitude to Diameter”, http://cfa-www.harvard.edu/iau/lists/
Sizes.html.

Ryan, W. H., Ryan, E. V., Martinez, C. T. (2000), “A Photometric
Study of the Vesta Family of Asteroids”, Proceedings of the 32nd
Meeting of the DPS, Pasadena, CA, BAAS, Vol. 32, No. 3.

Ryan, B. (2002) Personal Communication.

Schmadel, L. (1999). Dictionary of Minor Planet Names, 4th
edition. Springer-Verlag, Heidelberg, Germany.

Tedesco, E. F., Tholen,, D. J. and Zellner, B. (1989). “UBV colors
and IRAS albedos and diameters”. In Asteroids II (R. P. Binzel, T.
Gehrels, and M. S. Matthews, Eds.) pp. 1090-1138. Univ. of
Arizona Press, Tucson.

Tholen, D. J. (1989). “Asteroid Taxonomic Classifications”, In
Asteroids 11 (R.P. Binzel, T. Gehrels, and M.S. Matthews, Eds.)
pp. 1139-1150. Univ. of Arizona Press, Tucson.

Thomas, P. H., Binzel, R. P., Gaffey, M. J., Storrs, A. D., Wells,
E. N., and Zellner, B. H. (1997). “Impact Excavation on Asteroid
4 Vesta: Hubble Space Telescope Results.” Science 277, 1492-
1495.

Warner, Brian D. (2002). “The Minor Planet Observer 2002”.
Bdw Publishing, Colorado Springs, CO.

Zappala, V., Bendjoyam, Ph., Cellino, AFarinella, A. P., and
Froeschle, C. (1995). “Asteroid Families: Search of a 12,487-
Asteroid Sample using Two Different Clustering Techniques”.
Icarus 116, 291-314.

Minor Planet Bulletin 30 (2003)

© Minor Planets Section of the ALPO ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/2003MPBu...30...21W

