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CCD photometric observations of 24 main-belt asteroids
were obtained at the Center for Solar System Studies
(CS3) from 2021 January to March. In addition, 15
datasets dating back to 2013, thought to have been lost to
a crashed hard drive, were recovered when a USB drive
containing the reduced measurements was found. Finally,
8 pole/shape models are presented.

The Center for Solar System Studies (CS3) has nine telescopes
which are normally used in program asteroid family studies. The
focus is on near-Earth asteroids, but when suitable targets are not
available, Jovian Trojans and Hildas are observed. When a nearly
full moon is too close to the family targets being studied, targets of
opportunity amongst the main-belt families were selected.

Table I lists the telescopes and CCD cameras that were used to make
the observations. Images were unbinned with no filter and had
master flats and darks applied. The exposures depended upon
various factors including magnitude of the target, sky motion, and
Moon illumination.

Telescope Camera
0.30-m £/6.3 Schmidt- SBIG 1001E
Cass
0.35-m £/9.1 Schmidt- FLI Microline
Cass 1001E
0.35-m £/9.1 Schmidt- FLI Microline
Cass 1001E
0.35-m £/9.1 Schmidt- FLI Microline
Cass 1001E
0.35-m £/10 Schmidt-Cass SBIG 1001E
0.35-m £/10 Schmidt-Cass FLI Proline 1001E
0.40-m £/10 Schmidt-Cass FLI Proline 1001E
0.40-m £/10 Schmidt-Cass FLI Proline 1001E
0.50-m F8.1 R-C FLI Proline 1001E

Table I: List of CS3 telescope/CCD camera combinations.

Image processing, measurement, and period analysis were done
using MPO Canopus (Bdw Publishing), which incorporates the
Fourier analysis algorithm (FALC) developed by Harris (Harris
et al.,, 1989). For the images reduced in 2021, the Comp Star
Selector feature in MPO Canopus was used to limit the comparison
stars to near solar color. Night-to-night calibration was done using
field stars from the ATLAS catalog (Tonry et al., 2018), which has
Sloan griz magnitudes that were derived from the GAIA and Pan-

STARR catalogs and are “native” magnitudes of the catalog. Those
adjustments are usually < +0.03 mag. The rare greater corrections
may have been related in part to using unfiltered observations, poor
centroiding of the reference stars, and not correcting for second-
order extinction. For the recovered measurements dating back to
2013, most used field stars from the MPOSC3 catalog, which is
based on the 2MASS catalog (http://www.ipac.caltech.edu/2mass)
but with magnitudes converted from J-K to BVRI using formulae
developed by Warner (2007). The nightly zero points using this
catalog have been found to be consisted to about + 0.05 magnitude,
but are occasionally higher.

The Y-axis values are ATLAS SR “sky” or Johnson V (catalog)
magnitudes. The two values in the parentheses are the phase angle
(a) and the value of G used to normalize the data to the comparison
stars used in the earliest session. This, in effect, made all the
observations seem to be made at a single fixed date/time and phase
angle, leaving any variations due only to the asteroid’s rotation
and/or albedo changes. The X-axis shows rotational phase from
—0.05 to 1.05. If the plot includes the amplitude, e.g., “Amp: 0.65”,
this is the amplitude of the Fourier model curve and not necessarily
the adopted amplitude for the lightcurve.

For brevity, only some of the previously reported rotational periods
may be referenced. A complete list is available at the asteroid
lightcurve database (LCDB; Warner et al., 2009).

279 Thule. This is the first of several asteroids we were able to
recover from an old crashed computer hard drive. A number of
results prior to 2010 for this outer main-belt asteroid can be found
in the LCDB. There is some uncertainty as to the period (Behrend,
2008web; Pravec et al., 2008web; Satd, 2015) and the suspicion of
a satellite (Hamanowa and Hamanowa, 2010). We observed in 2010
(Warner et al., 2010), finding a period of 15.96 h. However, we
noted due to the low amplitude the possibility of a 7.979 h period.

Subsequent to our 2010 observations, observations of Thule from
2008 by Pilcher (2014) were reported again with ambiguous periods
of 7.970 h or 15.960 h. Then Marciniak et al. (2016) reported a
period of 23.896 h, a 3:1 alias of the previously reported 7.9 h
periods and 3:2 alias of the reported 15.9 h periods.

Our recovered 2013 data did not solve the enigmatic period. The
period spectrum again shows possible periods near 8 h, 16 h, and
24 h, of near equal weighting. Because the 24 h period is
commensurate with an Earth’s day, a complete lightcurve cannot be
obtained from a single longitude. Because the 2010 campaign
involved observers from widely separated longitudes and excluded
a 24 h period as a possibility, we still favor the 15.94 h period as
being the most likely.
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341 California. This member of the Flora family/group was another
of the recovered datasets. Prior to the recovery of our data, two
groups published results showing California to be a long period
asteroid which was tumbling. Using observations from 2014 to
2016, Polakis and Skiff. (2017) found a primary period of 317 h
with obvious signs of tumbling. Pilcher et al. (2017), using 117
sessions between 2016 June and December found a primary period
of 318 h and a candidate for a secondary period of 250 h.

Our six-week run starting in 2016 January also showed signs of
tumbling. Using the rules of thumb for tumbling damping time
(Pravec et al., 2014; 2005), the diameter and periods make this a
good candidate for tumbling. The best single period fit was 310 h.
MPO Canopus cannot properly handle the data from a tumbling
asteroid since it does not do a simultaneous search for two periods.
We attempted a dual period search using the 318/250 h periods
found by Pilcher et al., but the result was not an improvement over
our single period search.
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1164 Kobolda. This member of the Phocaca family/group was
observed several times in the past. Higgins and Oey (2007), Sauppe
et al. (2007), Higgins (2011), and Warner (2014a) each found a
period near 4.14 h. Our result this year is in good agreement.
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Because of the availability of the dense data from Higgins et al. and
Warner in the Asteroid Lightcurve Data Exchange Format database
(ALCDEF, 2020) and sparse data at the Asteroids - Dynamic web
site (AstDyS-2, 2020), we attempted to solve for the sidereal period
and pole position and create a shape model. These data were
combined using MPO LCInvert (Bdw Publishing). This Windows-
based program incorporates the algorithms developed by
Kaasalainen and Torppa (2001) and Kaasalainen et al (2001) and
converted by Josef Durech from the original FORTRAN to C. A
period search was made over a sufficiently wide range to assure
finding a global minimum in 2 values. We found one possible pole
solution; (A, B, P) = (270°, -61°, 4.141699 h). The full set of
inversion graphics are at the end of this paper.

1331 Solvejg. This outer main-bet asteroid was observed by
Garceran et al. (2016) who reported a period of 19.30 h. Using data
from the Palomar Transient Factory Survey, Waszczak et al. (2015)
found a period of 19.288 h. Using data from WISE and the Lowell
Photometric Database, Durech et al. (2018a) found two possible
pole solutions 180° apart: (A, B, P) = (69°, -46°, 19.2892 h) and
(248°, -41°, 19.2892 h). Their preferred solution is (69°, -46°). We
recovered this dataset from 2014, finding a period of 19.33 h,
consistent with those prior results.
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1413 Roucarie. We originally observed this member of the EOS
family/group in 2011 April finding a period of 6.357 h (Coley,
2012). We observed it again in 2021 February finding a period of
6.532 h. We also recovered more data from 2013 which are
consistent with the 2021 result. This caused us to revisit the 2011
period. In 2011, we only obtained two sessions, 20 days apart.
Therefore, there were a many possible aliases, all of equal weight.
A period of 6.530 h fits the 2011 data as well as any of the other
aliases. In light of the more recent results, we are adopting that as
our preferred period for the 2011 data.
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Using sparse data from the Lowell Photometric Database and WISE
data, Durech et al. (2018a) reported a spin axis model with
(A, B) = (124°, 5°) or (310°, 5°) and a sidereal period of 6.53058 h.
In addition to our dense data from the three apparitions, we used
sparse data from the AstDyS-2 (2020) site to solve for the sidereal
period and pole position and create a shape model.

We found two possible pols solutions 180° apart: (A, B, P) =
(122°,10°, 6.530557 h) and (311°, 37°, 6.530558 h). Our preferred
solution is (122°, 10°). This is in very good agreement with the
Durech et al. model. The full set of inversion graphics are elsewhere
this paper.

1568 Aisleen. This member of the Phocaea family/group was
observed by Malcolm (2001) who found a period of 6.68 h. We
observed it (Warner, 2014a) finding a period of 6.683 h. Finally,
Behrend (2020web) reported a period of 6.6746 h. Our period this
year is in good agreement with those prior results. Hanus§ et al.
(2011) reported a spin axis model with (A, B) = (109°, -68°) or
(310°, 5°) and a sidereal period of 6.67597 h.
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1920 Sarmiento. We have observed this member of the Hungaria
family/group three times in the past (Warner, 2007; 2015; Stephens
et al., 2014), each time finding a period near 4.05 h. The period we
found this year is in good agreement with our prior results.
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1998 Titius. We observed this Vestoid twice before (Stephens,
2016; 2017), finding periods near 6.13 h. Using data from TESS,
McNeil et al. (2019) and Pal et al. (2020) found periods near
6.13 h. Our results this year are in good agreement.
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In addition to our dense data from the three apparitions, we used
sparse data from the AstDyS-2 (2020) site to solve for the sidereal
period and pole position and create a shape model. Our pole model
showed two solutions 180° apart: (A, B, P) = (236°,2°, 6.126051 h)
and (54°, 16°, 6.126052 h). Our preferred solution is (236°, 2°). The
full set of inversion graphics are given elsewhere this paper.

2233 Kuznetsov. This member of the Flora family/group was
observed by Ditteon and West (2011) who found a period of
5.030 h and by Stephens (2017) finding a period of 5.031 h. This
year’s result is in good agreement.
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In addition to our dense data from the two apparitions, we used
sparse data from the AstDyS-2 (2020) site to solve for the sidereal
period and pole position and create a shape/pole model, using MPO
LClInvert (Bdw Publishing).

Our pole model showed two possible solutions 180° apart;
(A, B, P) = (13°, 8°, 5.029548 h) and (192°, 1°, 5.029547 h). Our
preferred solution is (13°, 8°), where the a/c ratio is 1.3 and the b/c
ratio 1.2. The other solution has similar ratios.

2253 Espinette. This Mars-crosser was observed several times in
the past. Behrend (2005web) reported a period of 7.440 h, Stephens
(2016) reported 7.442 h, and Skiff et al. (2019) reported a period of
7.4409 h. Our result this year confirms those prior results.
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2468 Repin. This member of the Flora family/group has been
observed twice in the past. We observed it (Stephens, 2016) finding
a period of 4.122 h. Oey et al. (2017) did an extensive observing
campaign due to its asymmetrical lightcurve, finding periods of
5.1196 h, 5.1191 h, 5.11920 h, and 5.1200 h over a four-month
campaign. Our results this year is in good agreement with those
prior results. In all these cases, the secondary minimum is
substantially less than the primary minimum.
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2511 Patterson. There are numerous results posted in the LCDB for
this this 6 km sized member of the Vestoid family/group. Juarez et
al. (2005) seems to be the first to have determined its rotational
period as 4.141 h. Hasegawa et al. (2012) found a period of
4.141 h. With substantially sparser data, Waszczak et al. (2015)
found a similar period. Durech et al. (2018b) report a sidereal period
of 4.14065 h using spare and dense data. Finally, we (Stephens and
Warner, 2020a) found a period of 4.139 h. The results we found this
year are in good agreement.
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The Durech et al. sideral period results from a spin axis model with
(A, B) = (194°, 50°) or (10°, 31°). That model used sparse data in
publicly available databases and dense data from a single night in
2016 December from the BlueEye600 robotic observatory.

In addition to our dense data from the two apparitions, we used
sparse data from the AstDyS-2 (2020) site to solve for the sidereal
period and pole position and to create a shape model, using MPO
LClInvert (Bdw Publishing). We narrowed the period search based
on the Durech et al. sideral period.

Our pole model showed two possible solutions 180° apart:
(A, B, P) = (215°, -80°, 4.140798 h) and (64°, -81°, 4.140797 h).
Our preferred solution is (215°, -80°), where the a/c ratio is 2.75
and the b/c ratio 1.65. The other solution is similar with an a/c ratio
of 2.0.

Although our sidereal period is close to the Durech et al. result, their
latitude is substantially different, being closer to the equator. The
discrepancy might result from our denser datasets, which cover
seven nights over two apparitions, whereas the BlueEye600 robotic
observatory was obtained on a single night. We encourage
reanalysis in the future with more dense data and sparse data from
ongoing surveys. The full set of inversion graphics are given at the
end of this paper.

3029 Sanders. There are two periods reported in the LCDB for his
member of the Flora family/group. Erasmus et al. (2020) reported a
period of 3.068 h and Benishek (2020a) reported a period of
3.064 h. The period we found this year is in good agreement with
those prior results.
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3084 Kondratyuk. This was another case of recovered data. We
observed it in 2011 obtaining a partial lightcurve, by itself not
sufficient to determine the period.
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However, we were able to plot a half period of 2.610 h and therefore
determine the period for the 2011 data to be 5.221 h. We reobserved
it in 2015 and 2016, finding periods near 5.22 h. We plotted the
2011 data to the periods found in 2015 and 2016.

3198 Wallonia. This Mars-crosser has periods reported in the
LCDB three times in the past (Behrend, 2005web, 7.58 h; Warner,
2008, 7.54 h; Stephens, 2018, 7.569 h). Our result this year is in
good agreement with the previous results.

Using our prior dense datasets from 2008 and 2018 and sparse data
at the Asteroids - Dynamic web site (AstDyS-2, 2020), we
attempted to solve for the sidereal period and pole position and to
create a shape model. A period search was made over a sufficiently
wide range to assure finding a global minimum in y? values.

Our pole model showed two possible solutions 180° apart:
(A, B, P) = (115°, -47°, 7.565854 h) and (253°, -45°, 7.565858 h).
Our preferred solution is (115°, -47°). The full set of inversion
graphics are given at the end of this paper.
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3248 Farinella. This outer main-belt asteroid has been observed
many times. Ditteon et al. (2012) originally found a period of
6.676 h. However, upon reobservation, Ditteon et al. (2019)
concluded a half period of 3.339 h was a better fit. Using data
from TESS, Pal et al. (2020) found a period of 6.6749 h. Our
result this year is a good match to the original Ditteon et al. period
and the Pal et al. result.
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3339 Treshnikov. This outer main-belt asteroid was last observed
in 2012 June (Owings, 2013), who found a period of 18.2947 h. We
were able to recover this data from 2017, which is consistent with
the Owings result.
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3506 French. This member of the EOS family/group was another
‘dusty file cabinet’ find, having been observed in 2013 October.
Later, Waszczak et al. (2015) reported a period of 16.756 h using
sparse data from the Palomar Transient Factory Survey. The
Waszczak et al. data was coincidently obtained two weeks after our
data. Our denser data and 14% order lightcurve resulted in an
amplitude 0.3 magnitude higher than the Waszczak et al. result,
which only used two orders in their analysis.
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5040 Rabinowitz. This member of the Phocaea family/group was
observed three times in the past. Pravec (2013web) reported a
period of 4.6901 h. We observed it in 2013 (Stephens and Coley,
2013) finding a period of 4.691 h.

Finally, Clark (2014) observed it in 2013 finding a period of 4.472
h. The Clark observations were obtained over a six-week span and
showed substantial changes in the amplitude of the lightcurve,
perhaps explaining the difference in the rotational period from the
other results. These data from 2016 were part of the recovered
dataset. The period we found for 2016 agrees with Pravec’s and our
previous result.

Because of our dense data, and the availability of some dense data
from Klinglesmith in the Asteroid Lightcurve Data Exchange
Format database (ALCDEF, 2020) and sparse data at the Asteroids
- Dynamic web site (AstDyS-2, 2020), we attempted to solve for
the sidereal period and pole position and to create a shape model.
We found one possible pole: (A, B, P) = (101°, 48°, 4.690155 h).
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5096 Luzin. This Vestoid has been observed three times in the past;
Klinglesmith et al. (2013), Benishek (2020b), and Stephens and
Warner (2020b), each time finding a rotational period near 3.05 h.
The result we found this year is in good agreement.
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Because of the availability of the Klinglesmith et al. and Benishek
data in the Asteroid Lightcurve Data Exchange Format database
(ALCDETF, 2020), sparse data at the Asteroids - Dynamic web site
(AstDyS-2, 2020), and our dense data from two apparitions, we
attempted to solve for the sidereal period and pole position and to
create a shape model.

Our pole model showed two possible solutions 180° apart:
(A, B, P)=(75°, 54°,3.054594 h) and (249°, 35°, 3.054594 h). Our
preferred solution is (75°, 54°).

(5747) 1991 CO3. Our recovered data files included this member of
the Phocaea family. We observed it once before (Warner, 2009)
reporting a period of 38.6 h with an amplitude of 0.30 mag. That
lightcurve had only partial coverage from six sessions over 14
nights. This much more complete dataset has 23 sessions spanning
amonth. Several of those sessions have an amplitude exceeding the
amplitude of our original lightcurve. Although the magnitudes at
the time were determined using field stars converted to approximate
Johnson V magnitudes based on 2MASS J-K colors (Warner,
2007), very few zero-point adjustments were needed to determine
the period to be 196.45 h. With this in mind, we reanalyzed our
2008 dataset. We found many zero-point adjustments were applied
to the nightly sessions. Upon removing those, we found a large
amplitude, slowly rotating asteroid. The 2008 run was not long
enough complete the lightcurve, but we were able to determine the
half period, which gives us a period of 197.9 h.
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Although this asteroid is a good candidate for tumbling according
to the rules of thumb for tumbling damping time (Pravec et al.,
2014; 2005), there are no obvious signs of tumbling in either the
2008 or 2016 lightcurves.

6859 Datemasamune. It has always been a problem determining the
rotational period of this member of the Hungaria family/group
because its amplitude never exceeds 0.12 mag. We observed
Datemasamune in 2006, 2009, 2011, 2016, and 2019 (Stephens and
Warner, 2019 and references therein), resulting in an ambiguous
lightcurve with possible periods between 5.90 h and 9.95 h, with
5.944 h being our preferred period. We recovered additional data
from 2014, which did not solve the discrepancy. With only three
nights of data from 2014, the period error spans most of these
possible periods.
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6901 Roybishop. We observed this member of the Hungaria
family/group in 2008, 2011, 2015, and 2019 (Stephens and Warner,
2020a and references therein), finding ambiguous solutions as a
result of its low amplitude (0.04-0.09 mag.) lightcurves. We
subsequently recovered more data from 2016, which did not solve
the ambiguity. Although our preferred period of 4.766 h agrees with
our 2019 results, it is only a partial lightcurve. Our alternative 2019
result of 9.533 h still cannot be ruled out.
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7660 Alexanderwilson. We observed this member of the Hungaria
family/group four times in the past (Stephens et al., 2014; Warner,
2012a; 2014b; 2016), each time finding a period near 5.92 h. We
recovered data from 2016, which led to a period that is in good
agreement with the previous results. Hanus et al. (2018) reported a
spin axis model with (A, B, P) = (321°, 15°) and a sidereal period of
591818 h.
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(15123) 2000 EP36. We could not find any periods posted in the
LCDB for this member of the Themis family/group. This was
another recovered dataset from 2017.
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17823 Bartels. This inner main-belt asteroid was observed by the
Palomar Transient Factory Survey (Waszczak et al., 2015) who
found a period of 3.800 h. Pal el al. (2020), using data from TESS,
found a period pf 11.3946 h. We were able to recover much denser
datasets from 2013 which shows the period to be 3.784 h, close to
the sparser Palomar data.
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(19979) 1989 VI. Han et al. (2013) reported a period of 7.568 h for
this Vestoid. Our result this year is in good agreement.
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(26895) 1995 MC. We could not find any periods posted in the
LCDB for this outer main-belt asteroid. This dataset was recovered
from 2012. This target was followed for a month due to its low
amplitude and period being commensurate with one half an Earth’s
day.

The solution produced a bimodal lightcurve, but the period
spectrum shows the possibility of a monomodal or quadrimodal
lightcurve. Given the relatively low and amplitude, a bimodal
solution is not assured (Harris et al., 2014).
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(27011) 1998 FU22. There are no entries in the LCDB for this
member of the Flora family/group. It was a target of opportunity in
the field of (7458) 1984 DEI for only three nights. The slope of the
individual nights suggests a long period asteroid. There were
insufficient data to definitely find a period, but a half period of
37 h points to a full period of 73.4 h.
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(30781) 1988 CR2. This member of the Flora family/group was
observed by Chang et al. (2015) and Waszczak et al. (2015) using
the Palomar Transient Factory Survey, each finding periods near
5.82 h. We recovered this dense data from 2015, finding a period
near those prior results.
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34817 Shiominemoto. We have observed this member of the
Hungaria family/group four times in the past (Warner, 2007; 2011;
2012b; Stephens, 2015), each time finding a period near 6.38 h. We
recovered this data from 2016, which produced a period that is in
good agreement with our prior results. Durech et al. (2018b)
reported a spin axis model with (A, B, P) = (201°, 36°, 6.37750 h).
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(35194) 1994 ET3. We observed this member of the Hungaria
family/group once in the past (Stephens et al., 2014) finding a
period of 8.912 h. Since then, we have recovered observations from
2016 and 2019. Along with our new 2021 results, all have a

rotational period in good agreement with the 2014 result.
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(45068) 1999 XA34. This member of the EOS family/group was

observed by Waszczak et al. (2015) using the Palomar Transient
Factory Survey, finding a period of 5.043 h. Our result this year is
in agreement.
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169078 Chuckshaw. There are no entries in the LCDB for this
member of the Eunomia family/group. This was another set of
recovered data originally obtained in 2014 May.
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Number Name 21yy/mm/dd Phase Lpas Bpas, Period(h) P.E. Amp A.E. Grp
279 Thule 13/12/05-12/11 0.6,2.2 71 15.94 0.02 0.04 0.02 MB-O
7097 0.03 0.04 0.02
23.96 0.03
341 California 14/01/13-02/25 20.2,24.4 72 5 310 0 0.43 0.10 FLOR
1164 Kobolda 03/21-03/23 14.8,15.9 160 7 4.140 0.002 0.22 0.02 PHO
1331 Solvejg 05/16-05/20 10.5,11.8 208 4 19.33 0.04 0.37 0.02 MB-O
1413 Roucarie 11/04/10-04/30 73,137 182 2 6.530 0.001 0.48 0.02 MB-O
13/09/21-09/25 703,85 339 3 6.531 0.002 0.30 0.02
02/06-02/09 3.9,4.3 135 =9 6.532 0.002 0.15 0.01
1568 Aisleen 03/29-03/30 16.0,15.9 224 28 6.61 0.01 0.38 0.02 PHO
1920 Sarmiento 03/26-03/30 16.1,16.2 184 28 4.049 0.002 0.23 0.02 H
1998 Titius 03/24-04/04 *3.5,3.3 189 -3 6.128 0.001 0.11 0.02 Vv
2233 Kuznetsov 02/26-03/02 26.8,27.0 91 -2 5.027 0.002 0.38 0.02 FLOR
2253 Espinette 03/22-03/24 3.7,4.6 174 3 7.446 0.004 0.28 0.02 MC
2468 Repin 03/23-04/02 5.6,9.8 172 -5 5.120 0.001 0.59 0.02 FLOR
2511 Patterson 03/05-03/07 16.6,17.2 129 8 4.141 0.001 0.89 0.02 Vv
3029 Sanders 03/28-03/30 23.8,24.3 140 -1 3.065 0.001 0.69 0.02 FLOR
3084 Kondratyuk 11/07/03-07/04 #9.,1,8,6 293 6 5.221 0.003 0.23 0.02 MB-I
15/09/01-09/06 5.2,2.4 345 2 5.228 0.002 0.20 0.02 MB-I
16/12/20-12/29 13.6,10.7 125 -5 5.222 0.003 0.23 0.03
3198 Wallonia 02/26-03/01 28.7,28.0 205 23 7.561 0.003 0.57 0.03 MC
3248 Farinella 02/28-03/19 8.6,12.5 132 10 6.6749 0.0002 0.25 0.02 MB-O
3339 Treshnikov 17/03/07-03/19 8.8,11.1 157 21 18.297 0.003 0.24 0.03 MB-O
3506 French 13/10/03-10/18 19.9,17.2 69 10 16.721 0.001 0.91 0.02 EOS
5040 Rabinowitz 03/15-03/17 *0.6,0.4 176 0 4.695 0.002 0.29 0.02 PHO
5096 Luzin 02/23-02/25 12.8,11.9 180 -5 3.056 0.002 0.37 0.02 Vv
5747 1991 CO3 08/12/19-01/03 *22.6,26.8 59 20 197.,9 0.3 1.05 0.10 PHO
15/09/01-09/29 *12.8,18.0 337 28 196.45 0.06 0.71 0.02
6859 Datemasamune 14/12/31-12/31 *26.9,26.3 306 23 5.94 0.02 0.10 0.02 H
6901 Roybishop 16/06/11-06/20 19.5,15.5 294 0 4.766 0.005 0.06 0.02 H
9.45 0.01 0.06 0.02
7660 Alexanderwilson 16/06/04-06/08 17.8,17.8 258 32 5.919 0.001 0.89 0.02 H
15123 2000 EP36 17/04/14-04/24 4.0,8.1 195 1 3.409 0.001 0.20 0.02 MB-O
17823 Bartels 13/02/10-03/07 *9.8,5.5 158 5 3.784 0.001 0.18 0.02 MB-I
19979 1989 VvJ 01/01-01/04 14.4,15.6 74 0 7.571 0.002 0.45 0.02 Vv
26895 1995 MC 07/21-08/12 15.7,8.1 327 10 12.720 0.005 0.05 0.02 MB-M
27011 1998 FU22 02/20-02/22 *4.5,3.0 160 -1 73.4 0.6 0.54 0.10 FLOR
30781 1988 CR2 10/07-10/12 6.3,7.8 10 -9 5.823 0.001 0.56 0.02 FLOR
34817 Shiominemoto 06/23-07/04 34.4,33.0 328 14 6.380 0.001 0.90 0.02 MC
35194 1994 ET3 16/05/26-05/31 *19.8,20.4 241 34 8.914 0.002 0.62 0.02 H
19/06/26-07/13 24.4,23.1 304 26 8.914 0.001 0.81 0.02
03/07-03/21 “5.,9,6.8 174 8 8.911 0.001 0.51 0.02
45068 1999 XA34 02/06-02/18 2.3,7.0 132 1 5.043 0.001 0.56 0.02 EOS
46598 1993 FT2 01/01-01/04 31.4,32.0 62 29 4.857 0.002 0.23 0.02 MC
169078 Chuckshaw 05/26-06/06 *3.3,3.1 250 -2 40.7 0.2 0.41 0.05 MB-M
Table Ill. Observing circumstances and results. The phase angle is given for the first and last date. If preceded by an asterisk, the phase angle
reached an extrema during the period. Lpag and Bpag are the approximate phase angle bisector longitude/latitude at mid-date range
(see Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009): ERI, Erigone; EUN, Eunomia; FLOR, Flora; H, Hungaria;
KOR, Koronis; MC, Mars-crosser; PHO, Phocaea.
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Number Name A B Period A B Period a/b ratio a/c ratio
1164 Kobolda 270° -61° 4.141699 h 1.5 1.4
1413 Roucarie 122° 10° 6.530557 h 311° 37° 6.530558 h 1.5 1.7
1998 Titius 236° 2° 6.126051 h 54° 16° 6.126052 h 1.2 2.4
2233 Kuznetsov 13° 8° 5.029548 h 192° 1° 5.029547 h 1.2 1.3
2511 Patterson 215° -80° 4.140798 h 64° -81° 4.140797 h 1.7 2.8
3198 Wallonia 115° -47° 7.565854 h 253° -45° 7.565858 h 1.4 1.7
5040 Rabinowitz 101° 48° 4.690155 h 1.1 1.8
5096 Luzin 75° 54° 3.054594 h 249° 35° 3.054594 h 1.4 1.8
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SPIN/SHAPE MODEL FOR 1164 Kobolda
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Figure 1. The initial period search results. Figure 2. The pole search found two probable solutions.
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, Figure 3. The shape of the astezrgoid.
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Figure 4/5. The comparison plots are against the preferred pole solution. The red dots indicate the data used for
modeling while the black line is the smoothed lightcurve for generated by the shape at the time of the observations.
The match is very close on both occasions, which gives confidence in the shape/spin axis model
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SPIN/SHAPE MODEL FOR 1413 Roucarie
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Figure 1. The initial period search results.
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Figure 3. The shape of the asteroid based on the
preferrad solution.
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Figure 2. The pole search found two probable solutions.
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Figure 4. The shape of the asteroid based upon the
secondary solufion.

166 108
e 1413 Roucarie T 1413 Roucarie
1o (122°,10°) 2013 Sept o =7.2° i1 (1227, 10°) 2021 Feb « = 3.9°
150 1.50
140 140
150 130
120 120
Lin - Lio
Lot e M‘-‘-‘."“-‘m
(0] oae
[ 1) (2 1}
oro ore
oo L1
B&s Bag
040 oA
030 03
030 (-]
o.ho Rotational Phase ot Rotational Phase
nag L1 e
a (-8 a3 a3 ad £ [ 1] ar (1] an L ] a & 63 63 ad [.E (1] ar [ 1] an 1

Figure 5/G. The comparison plots are against the preferred pole solution. The red dots indicate the data used for
modeling while the black line is the smoothed lightcurve for generated by the shape at the time of the observations.
The match is very close on both occasions, which gives confidence in the shape/spin axis model.
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SPIN/SHAPE MODEL FOR 1998 Titius
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Figure 1. The initial period search results.
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Figure 3. The shape of the asteroid based on the
preferred solution.
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Figure 2. The pole search found two probable solutions
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Figure 4. The shape of the asteroid based upon the
secondary solution.
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Figure 5/6. The comparison plots are against the preferred pole solution. The red dots indicate the data used for
modeling while the black line is the smoothed lightcurve for generated by the shape at the time of the observations.
The match is very close on both occasions, which gives confidence in the shape/spin axis model
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SPIN/SHAPE MODEL FOR 2233 Kuznetsov
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Figure 1. The initial period search results. Figure 2. The pole search found two probable solutions.
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Figure 3. The shape of the asteroid based on the Figure 4. The shape of the astercid based upon the
preferred solution. secondary solufion.
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Figure 5/6. The comparison plots are against the preferred pole solution. The red dots indicate the data used for
maodeling while the black line is the smoothed lightcurve for generated by the shape at the time of the observations.

The match is very close on both occasions, which gives confidence in the shape/spin axis model
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SPIN/SHAPE MODEL FOR 2511 Patterson
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Figure 1. The initial period search results. . Figure 2. The pole search found two probabile solutions.
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Figure 3. The shape of the asteroid based on the Figure 4. The shape of the asteroid based upon the
preferrad solution. secondary solution.
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Figure 5/%. The comparison plots are against the preferred pole solution. The red dots indicate the data used for
madeling while the black line is the smoothed lightcurve for generated by the shape at the time of the observations.
The match is very close on both occasions, which gives confidence in the shape/spin axis model.
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SPIN/SHAPE MODEL FOR 3198 Wallonia
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Figure 1. The initial period search results. Figure 2. The pole search found two probable solutions.
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Figure 3. The shape of the asteroid based on the Figure 4. The shape of the asteroid based upon the
preferred solution. secondary solution.
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Figure 5/G. The comparison plots are against the preferred pole solution. The red dots indicate the data used for
madeling while the black line is the smoothed lightcurve for generated by the shape at the time of the observations.

The match is very close on both occasions, which gives confidence in the shape/spin axis model.
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SPIN/SHAPE MODEL FOR 5040 Rabinowitz

| 5040 Rabinowitz 5040 Rabinowitz

z? versus Period z? versus Ecliptic Long/Lat

g
5
- -
T T e m"_'_"'"_ ——————— Period 489015423 v ChiSq Range: 24755 . 5.9696
Figure 1. The initial period search results. Figure 2. The pole search found two probable solutions.
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Figure 3. The shape of the asteroid.
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Figure 4/5. The comparison plots are against the preferred pole solution. The red dots indicate the data used for
modeling while the black line is the smoothed lightcurve for generated by the shape at the time of the observations.
The match is very close on both occasions, which gives confidence in the shape/spin axis model.
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SPIN/SHAPE MODEL FOR 5096 Luzin
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Figure 2. The pole search found two probable solutions.
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Figure 3. The shape of the astercid basad on the Figure 4. The shape of the asteroid based upon the

preferred solution. secondary solution.
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Figure 5/6. The comparison plots are against the preferred pole solution. The red dots indicate the data used for
modeling while the black line is the smoothed lightcurve for generated by the shape at the time of the observations.
The match is very close on both occasions, which gives confidence in the shape/spin axis model
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