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region of nearby background was used for the background
correction.

Results

Times were corrected for the time it takes the light to travel from
the asteroid to the earth, and were taken at the center times for the
image. Lightcurves were plotted for the four nights of usable data.
Relative magnitudes from night to night were uncertain as
different comparison stars were used. This was dealt with by
using additive constants for the third—fifth night magnitudes to
bring them into agreement with the second. A single lightcurve
for the four nights was then least squares fit with a Fourier series
including ten harmonics. The additive constants and the period
were adjusted so the fit minimized the square of the residual. The
resulting values were a period of 6.972 + 0.007 hours. The
additive constant for the third night was 0.38, for the fourth night
was —0.35, and for the fifth night was 0.12. The standard
deviation of the residuals was 0.023 magnitudes, which should be
good measure of the uncertainty in the relative magnitudes. The
last two points for the night August 15 (phase 0.45 and 0.47) look
low. They were taken when the sky background level was
increasing with the approach of dawn (3:50 and 4:00 AM CDT)
and may have larger uncertainties than the other points. The high
points around the same phase (about 0.5) were the first four
observations on August 10. We have checked and not found any
error. It is conceivable that the lightcurve may actually have been
changing with time in that region.

A period of 6.972 = 0.007 hours was found, and the third-fifth
night was translated to fall on the second night of data to give the
composite lightcurve shown in Figure 1. The time scale is given
phase. There are two maxima per period. The amplitude of the
light curve is 0.176 = 0.011 magnitude. The uncertainty in the
amplitude was determined from the least squares fit to the Fourier
series using the standard deviation of the mean for nine points
each in the vicinities of the maximum and the minimum.

The standard magnitudes given on the graph must be considered to
be uncertain by + 0.40 magnitudes, while relative magnitudes are
uncertain by about = 0.023 magnitudes. The phase angles during
observations varied between 9.5 degrees and 10.6 degrees.

374 Burgundia
Period =6.972 Hours
13.7 . ‘ :
13.8 |
]
S 13.9 -
.‘g’
z 14
14.1 1
14.2 | | ‘ | '
0 0.2 0.4 0.6 0.8 1 1.2
Phase (Zero = 0 hrs UT, Aug 10, 1999)
v Aug 10 & Aug 11 = Aug 14 « Aug 15|

Figure 1. Lightcurve for 374 Burgundia assuming a synodic period
of 6.972 hours. The V magnitude scale is approximate owing to
the typical 0.4 mag. uncertainty of the Hubble Guide Star Catalog.
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LIGHTCURVE ANALYSIS FOR NUMBERED ASTEROIDS
301, 380, 2867, 8373, 25143, AND 31368

Brian D. Warner
Palmer Divide Observatory
17995 Bakers Farm Rd.
Colorado Springs, CO 80908
brian@MinorPlanetObserver.com

(Received: 21 March)

Lightcurves results from Palmer Divide Observatory are
presented for six numbered asteroids observed in early
2004. The following synodic periods and lightcurve
amplitudes were determined: 301 Bavaria 12.24+0.01h
and 0.25+0.02m; 380 Fiducia 13.69+0.01h and
0.20+0.02m; 2867 Steins 6.05+0.01h and 0.30+0.03m;
8373 Stephengould 4.435+0.005h and 0.24+0.03m; 25143
Itokawa 12.09+0.01h and 0.70+0.03m; (31368) 1998
WW,; 14.860+0.005h and 0.21+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 was a 0.3m /9.3 Schmidt-
Cassegrain using an SBIG ST-9E camera. For this set of
asteroids, only the 0.5m scope was used.

Initial targets are determined by referring to the list of lightcurves
maintained by Dr. Alan Harris (Harris 2003), 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. It uses
aperture photometry with derived magnitudes determined by
calibrating images against field or, preferably, standard stars. Raw
instrumental magnitudes are used for period analysis, which is
included in the program. The routine is a conversion of an
original FORTRAN code developed by Alan Harris (Harris et al,
1989).

Note: in the following, the orbital elements are taken from the
IAU MPCORB data file available at the Minor Planet Center web
site (ftp://cfa-ftp.harvard.edu/pub/MPCORB/). The date of
osculation for the elements was 2453200.5. The Phase Angle
Bisector (PAB) was previously described (Warner 2004).

Results
301 Bavaria

J. Palisa discovered Bavaria, also known as 1928 DH,, 1951 FD,
and 1952 OF, from Vienna on 1890 November 16. Named in
commemoration of the 1891 August meeting of the
Astronomische Gesellschanft in Munich (the capital of Bavaria),
the asteroid is a member of the Liberatrix family. Kosai (1979)
puts Bavaria in his group 30, which includes more than 100
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members such as 26 Proserpina, 34 Circe, 88 Thisbe, in addition
to the family namesake, 125 Liberatrix. Bavaria’s primary orbital
elements are: semi-major axis, 2.724AU; inclination, 4.895°; and
eccentricity, 0.0662. The IRAS survey (Tedesco 1989) gives a
diameter of 54.32+3.3km and albedo of 0.0546+0.007.

This asteroid was picked partly for being one of those few
asteroids numbered less than 1,000 that had either no or a poorly
established set of lightcurve parameters. Observations were made
over five sessions from 2004, January 15 through January 25. 468
data points were used in the lightcurve analysis, which gave a
synodic period of 12.24+0.01h and an amplitude of 0.25+0.02m.
Figure 1 shows the data phased against this period.

DATE Phase PAB

2004 Angle Long Lat
01/15 7.7 95.1 -4.2
01/18 8.8 95.1 -4.1
01/19 9.2 95.1 -4.1
01/22 10.2 95.2 -4.1
01/25 11.2 95.2 -4.0
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Figure 1. The lightcurve for 301 Bavaria. The synodic period is
12.24+0.01h and the amplitude 0.25+0.02m.

380 Fiducia

Fiducia was discovered by A. Chrolis at Nice on 1894 January 8.
It has carried the designations 1933 CA, 1945 VH, and 1975 LX
in addition to its Latin name for “confidence.” The IRAS survey
(Tedesco 1989) states a diameter of 73.2+2.8km and albedo of
0.0563. Just as with 301 Bavaria, Kosai (1979) places Fiducia in
his group 30. The principal elements are: semi-major axis:
2.681AU; inclination, 6.154°; and eccentricity, 0.1130.

The asteroid was observed 2004 March 8§ through March 13, with
only March 11 excluded. Some 820 data points were used in the
period analysis, which showed a lightcurve period of 13.69+0.01h
and amplitude of 0.20+0.02m. Figure 2 shows the data phased to
that period.

DATE Phase PAB
2004 Angle Long Lat
03/08 8.8 145.4

03/09 9.2 145.4

03/10 9.5 145.4

03/12 10.2 145.4
03/13 10.5 145.4
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Figure 2. The lightcurve for 380 Fiducia phased against a synodic
period of 13.69+0.01h. The amplitude is 0.20+0.02m.

2867 Steins

Discovered by N.S. Chernykh at Nauchnyj on 1969 November 4,
Steins is named after Karlis Augustovich Steins, the former
director of the Latvian University Astronomical Observatory who
was well known for his work on cometary cosmogony. The
asteroid was selected after the announcement that it would be one
of two targets for the Rosetta mission in 2008. Planning for such
mission flybys often requires having at least some information
about the target’s spin rate and, if possible, pole orientation.
Unfortunately, 2004 was the “worst” apparition in the current
decade, based on maximum brightness. A much better
opportunity awaits Southern Hemisphere observers in 2005.

Other information on Steins is wanting. Using its H value of
12.90, the estimated diameter based on Harris (2003) indicates a
diameter of 8km, if one assumes an albedo of 0.18. The principal
elements are: semi-major axis, 2.364AU; inclination, 9.944°; and
eccentricity, 0.1455. The asteroid has also carried the
designations 1954 QL, 1969 VC, 1979 FJ,, 1980 VV,, and 1980
WB.

Steins was observed on four successive nights, starting on 2004
March 17. The magnitude was approximately 16.5 at the time and
so the resulting data was noisier (low SNR) than usually preferred.
Figure 3 shows the plot of data, binned 3x3, meaning three
consecutive data points were averaged to find a single value,
providing that the maximum time span between any two
observations was less than three minutes. The time-interval test
assures that a value isn’t found by combining points that may be
well separated in phase location. The binning provided some
“smoothing” of the data so that period analysis could be more
readily performed. The synodic period is 6.05+0.01h and the
amplitude of the curve is 0.30+0.03m.

DATE Phase PAB

2004 Angle Long Lat
03/17 7.4 166.0 11.9
03/18 7.7 166.0 11.9
03/19 8.0 166.0 11.9
03/20 8.4 166.0 11.8
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Figure 3. The lightcurve for 2867 Steins. The data is phased
against a synodic period of 6.05+0.01h. The amplitude is
0.30+0.03m.

8373 Stephengould

This asteroid is named after Stephen Jay Gould (1941-2003) who
is probably best known for his series of articles in Natural History
in which he expressed his views on evolution. Along with Niles
Eldredge, he developed the idea of “punctuated equilibrium”. C.
S. Shoemaker found the asteroid on New Year’s Day 1992. Being
the second asteroid found in the new year, it was given the
designation 1992 AB.

Using the H value of 13.8 from the MPCORB database, a formula
provided by Harris (2003), gives a diameter of 10km — assuming
the albedo is approximately 0.18. The primary elements are:
semi-major axis, 3.282AU; inclination, 40.782°; and eccentricity,
0.5541. These elements put Stephengould in a small group of
asteroids headed by 1362 Griqua that appear to be in a stable 2:1
libration with Jupiter. There are about ten members in this group.

This was a very fortuitous catch of the asteroid. Almost all the
apparitions through 2050 have it in the range of magnitude 19 to
21. About every six years, usually late one year and early the
next, it comes within 1.0 AU of Earth and then 14" to 15"
magnitude. The 2004 apparition happened to be the closest
approach the asteroid makes through 2050 (at 0.650 AU).

Observations were made in five sessions from 2004 January 9
through 13, with two of the sessions being on the same date,
January 10. The definition of a session at the Palmer Divide
Observatory is a set of observations that use the same set of
comparison stars on the same night through the same filter. In the
case of January 10, the asteroid was moving fast enough that the
original set of comparison stars could not be used throughout the
night. A method developed by the author and Robert D. Stephens
of Santana Observatory, CA, allows clear filter observations to be
converted reasonably close to the Johnson V band. The data were
transformed using this technique with the result that overlapping
observations matched to an internal precision of 0.02m or better.

A total of 268 data points used in the analysis gave a synodic
period of 4.435+0.005h with an amplitude of 0.24+0.03m (see
Figure 4). For comparison, since spin axis rate and orientation
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among family members may be a sign of the YORP effect, the
period of 1362 Griqua is 6.907h with an amplitude of 0.25m
(Bembrick 2002).

DATE Phase PAB
2004 Angle Long Lat

01/09 19.3 98.5 20.4
01/10 20.1 98.5 21.0
01/11 20.9 98.5 21.6
01/12 21.8 98.5 22.3
01/13 22.6 98.6 22.9
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Figure 4. The lightcurve for 8373 Stephengould. The synodic
period is 4.435+0.005h with an amplitude of 0.24+0.03m.

25143 Itokawa

This asteroid was selected for as a result of a call for observations
from D. Vokrouhlicky, M. Kaasalinen, and others (Vokrouhlicky
2004). The authors stated their belief that careful observations of
the asteroid could help prove the YORP effect by the fact that the
spin rate of Itokawa was gradually slowing down. This could be
demonstrated by plotting the curve obtained in 2004 against a
predicted curve based on the accurate sidereal period found in
2001. If the prediction was correct, coincident maxima would be
out of phase by about 8%, or one hour. Itokawa is also the
planned destination for the Japanese MUSES-C sample return
mission, now enroute.

Despite being near the observational limit for PDO (about 18"
magnitude using the Clear filter), data of reasonable quality (about
0.05m scatter) was obtained on the nights of 2004 January 23 and
24. Using the Clear to Visual method mentioned previously, the
asteroid was found to be about 17.8 on the two nights. Figure 5
shows the phased data of 178 points against a period of
12.09+£0.01h. The curve has an amplitude of 0.70+0.03m. The
period agrees well with the sidereal period found in 2001 of
12.132h (Kaasalainen 2003).

The initial indication after the two nights as analyzed by
Kaasalainen (2004), was that the data supported the prediction of a
slowing spin axis rate. However, Petr Pravec (2004) pointed out
that other factors may have contributed to the phase shift and that
additional study was needed. A call for additional observations
was issued to the amateur community, which will be accompanied
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by radar observations planned by Steve Ostro et al at Arecibo,
Puerto Rico, in mid-2004.

The primary orbital elements for the asteroid are: semi-major axis,
1.323AU; inclination, 1.728°; and eccentricity, 0.2795.

DATE Phase PAB

2004 Angle Long Lat
01/23 5.0 125.0 3.3
01/24 4.4 125.1 3.3
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Figure 5. A phased lightcurve for 25143 Itokawa using a synodic
period of 12.09+0.01h. The amplitude is 0.70+0.03m.

(31368) 1998 WW,,

Discovered on 1998 November 25 by the LINEAR survey, this
asteroid has an estimated diameter of 22km (Harris 2003). The
primary elements are: semi-major axis, 2.914AU; inclination,
15.219; and eccentricity, 0.2587. These make 1998 WW,, a
member of the main belt with no apparent attachment to a special
group or family. The 2004 apparition was one of the best through
2050 for this asteroid. Most years the asteroid stays well below
15™ magnitude but in March every five years (at least through
2050), it almost brightens into the 14s and so becomes an easier
target for amateur equipment.

Observations were made in four sessions in the period between
2004 January 18 and February 14. The first two sessions in
January seemed to favor a period near 24 hours, so it was decided
to wait a week or two before re-observing the asteroid. This
would allow the data to migrate along the curve enough to get a
significantly different portion of the curve. Weather and travel
prevented additional observations until mid-February. The Clear
to Visual technique previously mentioned was used to calibrate the
data for period analysis, which involved 389 data points and found
a period of 14.860+0.005h with an amplitude of 0.21+0.02m.
Figure 6 shows the data phased against this period.

DATE Phase PAB

2004 Angle Long Lat
01/18 19.3 156.1 15.9
01/25 17.6 157.2 16.6
02/13 12.7 159.3 18.5
02/14 12.5 159.3 18.5
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Figure 6. A phased lightcurve for (31368) 1998 WW,, using a
synodic period of 14.860+0.005. The amplitude is 0.21+0.02.
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