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The lightcurves of eight asteroids were obtained in early
to mid-2004 and analyzed. The following synodic periods
and amplitudes were determined. 863 Benkoela:
7.03+0.02h, 0.05+0.01m; 903 Nealley: 21.60+0.05h,
0.13+0.02m; 907 Rhoda: 22.44+0.02h, 0.16+0.02m;
928 Hildrun: 14.12+0.03h, 0.34+0.02m; 977 Philippa:
15.405+0.005h, 0.16+0.02m; 1386 Storeria: 8.67+0.02h,
1.40£0.03.m; 2841 Puijo, 3.545+0.005h, 0.03+0.01m;
and (75747) 2000 AX,s;: 6.38+0.02h, 0.30+0.02m. There
is a possibility that 2841 Puijo is a binary.

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 either a Kodak KAF-
1001E or SITe TK-1024 chip. For the accompanying curves, none
of the other instruments, a 0.25 and 0.35m {/10 SCT, 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 the
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
863 Benkoela

This main-belt IIIb asteroid was discovered by M. Wolf at
Heidelberg on 1917 Feb. 9. The naming is uncertain but it may be
for the city of Benkoelen on the island of Sumatra. It was
originally designated 1927 WD. Benkoela was classified by
Tholen (1989) as being taxonomic type A. The IRAS study
(Tedesco 1989) gives a diameter of 27.06+1.5 km with an albedo
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0.5952+0.07. The principal orbital elements are: semi-major axis,
3.1995AU; inclination, 25.397°; and eccentricity, 0.0366.

Benkoela has been reported at least twice before. The first time
was in 1989 by Harris et al. (1989). That study had only a few
data points obtained on a single night. The second study was by
Jean-Gabriel Bosch (Behrend 2003). That study also consisted of
data from a single night. Both studies stated the possibility of a
long period, i.e., probably 24 hours or more. Benkoela was also
one of the targets of interest in a study of olivine rich asteroids for
their iron content (Sunshine 1997). Observations of Benkoela
were obtained at the Palmer Divide Observatory on three nights,
2004 May 5-7, using the 0.5m telescope. A total of 418 data
points was used in the final analysis, which found a synodic period
of 7.03+0.02h and an amplitude of 0.05+0.01m. Figure 1 shows
the data phased against this period.

903 Nealle

This asteroid has carried 13 designations over time, among them
being 1927 DB and 1960 WU. It was discovered by J. Palisa at
Vienna on 1918 Sept. 13 and named for a New York amateur who
supported the edition of the Wolf-Palisa photographic star charts.
Nealley is a member of the main-belt group IIIb. Tedesco (1989)
reported a diameter of 63.43+2.0 km and albedo of 0.0528+0.004
and orbital elements: semi-major axis, 3.2391AU; inclination,
11.7517°; and eccentricity, 0.0379.

Nealley was observed with the 0.5m telescope at PDO on the
nights of 2004 June 3-7 and 11-14. 280 data points were used in
the final analysis that gave a synodic period of 21.60+0.05h and
amplitude of 0.13+0.02m. Figure 2 shows the data phased against
this period. While inspection of the period “spectrum” revealed
no other likely periods, the lack of overlap and gap in coverage
makes the period less certain than would be preferred.

907 Rhoda

Formerly carrying the designations of A901 BA and A913 SC,
907 Rhoda was discovered by M. Wolf at Heidelberg on 1918
Nov. 12. It’s a type IIb main belt asteroid. Tholen (1989) puts it
in his C taxonomic class. The IRAS study (Tedesco 1989) gives a
diameter of 62.73+1.7 km and albedo of 0.056+0.003. The 2004
apparition was the fourth brightest between 1995 and 2050. The
next time it reaches brighter than 14™ magnitude is not until 2007.
The principal orbital elements are: semi-major axis, 2.7992AU;
inclination, 19.568°; eccentricity, 0.1640.

The 0.5m telescope was used to acquire the 609 data points used
in the final analysis. Observations were made on 2004 April 1,
13-16, 21, and 25. The derived synodic period of the lightcurve
was found to be 22.44+0.02h and the amplitude to be 0.16+0.02m.
Figure 3 shows the data phased against the period.

928 Hildurn

Hildrun is a main belt IIIb asteroid that was discovered on 1920
Feb. 23 by K. Reinmuth at Heidelberg. Kozai (1979) puts the
asteroid in his group 54, which has 25 asteroids including 137
Meliboea as its lowest numbered member. Tedesco (1989) gives a
diameter of 66.83+1.7 km and albedo of 0.0687+0.004. The
principal orbital elements are: semi-major axis, 3.1316AU;
inclination, 17.6495°; and eccentricity, 0.1524. These would
apparently make the asteroid a member of the main belt IlIb
group. The 2004 apparition was above average, being 14.4m at
brightest. That’s about 0.5m fainter than the best possible but
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almost two magnitudes better than the worst case. The next

apparition that’s brighter is in 2009.

The 0.5m telescope and SITe chip camera were used for runs on
2004 April 28 and May 2-4. 407 data points were merged into the
final analysis of the lightcurve, which found a synodic period of
14.12+0.03h and an amplitude of 0.34+0.02m. Figure 4 shows the
data phased against this period.

977 Philippa

Discovered on 1922 Apr. 6 at Algiers by B. Jekhovsky, Philippa
has carried the designations A914 YA and A919 XA. It is named
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Figure 1. Phased lightcurve of 863 Benkoela against a synodic
period of 7.03+0.02h. The amplitude is 0.05+0.01m
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in honor of financier Philipp von Rothschild. This is a main belt
IIIb asteroid, of taxonomic class C (Tholen 1989). Kozai (1979)
puts the asteroid in his group 57, which has 22 members,
including 250 Bettina as the lowest numbered asteroid. The IRAS
study (Tedesco 1989) gives a diameter of 65.67+5.3 km and
albedo of 0.0555+0.010. The principal orbital elements are: semi-
major axis, 3.1187; inclination, 15.1891°; and eccentricity, 0.0301.

Using the 0.5m telescope and SITe chip camera, 502 data points
were obtained for analysis on 2004 Apr. 17-19 and 26-27. The
phased plot in Figure 5 is against a synodic period of
15.405+0.005h and has an amplitude of 0.49+0.02m.
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Figure 2. Phased lightcurve of 903 Nealley against a synodic
period of 21.60+0.05h. The amplitude is 0.13+0.02m.
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Figure 3. The data for 907 Rhoda is shown in this lightcurve that
is phased against a synodic period of 22.44+0.02h. The amplitude
is 0.16+0.02m.
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Figure 4. Phased lightcurve for 928 Hildrun. The data were
phased against a synodic period of 14.12+0.03h. The maximum
amplitude is 0.34+0.02m.
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1386 Storeria

Official discovery of Storeria is given to G. Neujmin at Simeis
(1935 Jul. 28). However, an independent discovery by E.
Delporte at Uccle on 1935 Aug. 2 was reported first. The name is
after Dr. N. Wyman Storer, who was the professor of the student
at the University of Kansas who first computed the orbit. Its
previous designations were 1935 PA and 1975 RF. Using the
method explained by Harris (2003), a diameter of about 9 km can
be assumed. The principal orbital elements are: semi-major axis,
2.3655AU; inclination, 11.8104°; and eccentricity, 0.2852. The
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Figure 5. Phased lightcurve for 977 Philippa. The data were
phased against a synodic period of 15.405+0.005h. The amplitude

is 0.49+0.02m.
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2004 apparition was one of the few that put the asteroid in range
of amateur equipment. From 2005-2007 it will be in the 16s at its
brightest and the next time it reaches at least 14.5 is not until 2015.

A total of 262 data points was obtained for final analysis using the
0.5m telescope. Observations were made on three successive
nights, 2004 June 22-24. The derived lightcurve has a synodic
period of 8.67+0.02h and amplitude of 1.40+0.03m. This implies
a projected a/b ratio for an ellipsoid of 3:1, making for a very
elongated object. See Figure 6 for a phased plot.
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Figure 6. Phased lightcurve for 1386 Storeria.
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Figure 7. Phased lightcurve for 2841 Puijo. The main synodic
period of the curve is 3.545+0.005h and the amplitude is
0.03£0.01m. A satellite with a period of 24.6+0.1h might explain

the minimum near 0.4.
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Figure 8. The phased lightcurve for the Flora asteroid (75747)
2000 AX,s; shows the data against a period of 6.38+0.02h and
amplitude of 0.30+0.02m. The original data were binned by
averaging two consecutive data points. This reduced the noise
caused mostly by a very low S/N ratio.
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2841 Puijo

Named for a large hill on Lake Kallavesi in Finland, this member
of the Flora group was discovered on 1943 Feb. 26 at Turku by L.
Oterma. The estimated diameter (Harris 2003) is about 9 km. The
principal orbital elements are: semi-major axis, 2.2524AU;
inclination, 4.9155°; and eccentricity, 0.0844.

Most of the observations using the 0.5m telescope and FLI 1001E
camera showed a curve with a very small amplitude. However,
observations on 2004 March 21, 22, and 29 also show a 0.04m
decline that lasted approximately 0.75h (see Figure 7).
Subtracting this effect allowed finding a period of 3.545 +0.005h
for the main lightcurve and an amplitude of 0.03+0.01m. I
contacted Dr. Petr Pravec of the Ondrejov Observatory, Czech
Republic, for an independent analysis. After his examination, he
replied in part:

“If you rule out observational cause, it might be either a
rapidly evolving feature of the lightcurve (even though
this possibility doesn't look too plausible for me as there
are some points not supporting it) or an attenuation event
due to a satellite. If its orbital period were 24.6+0.1h, it
would fit all the data well.”

Attempts were made to observe the asteroid in 2004 May, but it
had faded too much to get observations with sufficient S/N.
Future observers should be aware of the possibility of short term
events in the lightcurve that may indicate a satellite. The next
time Puijo is brighter than 15" magnitude is not until 2011.

(75747) 2000 AX 5,

Discovered by LINEAR at Socorro on 2000 Jan. 2, this tiny
asteroid of 3 km (Harris 2003) is a member of the Flora group. Its
principal orbital elements are: semi-major axis, 2.1769AU;
inclination, 7.0602°; and eccentricity, 0.1302. The 2004
apparition was 17.8 at brightest, which made for a difficult target
even with the 0.5m telescope. It’s best appearance is in 2014
when it reaches 16.8. It is often no brighter during some years
than mid-19™ magnitude.

Observations were made on 2004 Mar. 26 and 29. The raw data
were binned 2x3, meaning two adjacent points separated by no
more than three minutes were averaged to create a single data
point. This resulted in 79 points used in the final analysis of the
lightcurve, which was found to have a synodic period of
6.38+0.02h and amplitude of 0.30+0.02m. Figure 8 shows the
binned data points phased against this period.
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PERIOD DETERMINATION OF ASTEROIDS
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Asteroids 1508 Kemi and 5036 Tuttle were observed
during February and March 2004. Their lightcurve
periods and amplitudes are: 7.510 + 0.004h, and 0.30
mag.; 9.19 £ 0.05h, and 0.25 mag.

Observing Procedures

We report observations of asteroid 1508 Kemi and 5036 Tuttle
observed at the Frank T. Etscorn New Mexico Tech Campus
Observatory in Socorro, NM with a 14” Celestron Schmidt-
Cassegrain using a SBIG ST-8E CCD. Exposures were taken
through a Bessel-R filter. During one month of observation, two
sets of master flat fields were prepared. A series of 11 one-half
second flat fields is imaged looking at an evenly illuminated view
screen in our observatory. A series of 11 one-half second dark
frames are also imaged. A median combine of these 11 one-half
second darks is then subtracted from each of our 11 one-half
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