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Lightcurves and synodic rotation periods for 25 asteroids
determined from CCD photometric data acquired at
Sopot Astronomical Observatory (SAO) over the time
span 2020 July - 2021 April are summarized in this paper.

Photometric observations of 25 asteroids were conducted at Sopot
Astronomical Observatory (SAO) from 2020 July through 2021
April in order to determine the asteroids’ synodic rotation periods.
For this purpose, two 0.35-m /6.3 Meade LX200GPS Schmidt-
Cassegrain telescopes were employed. The telescopes are equipped
with a SBIG ST-8 XME and a SBIG ST-10 XME CCD cameras.
The exposures were unfiltered and unguided for all targets. Both
cameras were operated in 2x2 binning mode, which produces image
scales of 1.66 arcsec/pixel and 1.25 arcsec/pixel for ST-8 XME and
ST-10 XME cameras, respectively. Prior to measurements, all
images were corrected using dark and flat field frames.

Photometric reduction was conducted using MPO Canopus
(Warner, 2018). Differential photometry with up to five comparison
stars of near solar color (0.5 < B-V <0.9) was performed using the
Comparison Star Selector (CSS) utility. This helped ensure a
satisfactory quality level of night-to-night zero-point calibrations
and correlation of the measurements within the standard magnitude
framework. Field comparison stars were calibrated using standard
Cousins R magnitudes derived from the Carlsberg Meridian
Catalog 15 (VizieR, 2021) Sloan r' magnitudes using the formula:
R =1'-0.22 in all cases presented in this paper. In some instances,
small zero-point adjustments were necessary in order to achieve the
best match between individual data sets in terms of achieving the
most favorable statistical indicators of Fourier fit goodness.

Lightcurve construction and period analysis was performed using
Perfindia custom-made software developed in the R statistical
programming language (R Core Team, 2020) by the author. The
essence of its algorithm is reflected in finding the most favorable
solution for rotational period by minimizing the residual standard
error of the lightcurve Fourier fit.

The lightcurve plots presented in this paper show so-called 2% error
for rotational periods, i.e., an error that would cause the last data
point in a combined data set by date order to be shifted by 2%
(Warner, 2012) and represented by 4P = (0.02 - P?) / T, where P
and 7 are the rotational period and the total time span of
observations, respectively. Both of these quantities must be
expressed in the same units.

Some of the targets presented in this paper were observed within
the Photometric Survey for Asynchronous Binary Asteroids
(BinAstPhot Survey) under the leadership of Dr. Petr Pravec from
Ondfejov Observatory, Czech Republic.

Table I gives the observing circumstances and results.
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440 Theodora was a fairly bright target, favorable for observing
during a waxing Moon approaching full at the end of 2021
February. A secure rotation period value has been established for it
over several apparitions throughout previous decades. A search of
the LCDB database (Warner et al., 2009) yielded the following
previously found periods: 4.828 h (Florczak et al., 1997), a sidereal
period of 4.83658 h by Hanus et al. (2011) and two determinations
by Behrend (4.82821 h, 2010; 4.83612 h, 2018). A synodic rotation
period of P =4.835 + 0.007 h, derived from the SAO data obtained
over three nights is in good agreement with the previously found
results.

Phased Lightcurve Plot: 440 Theodora
Period: 4.835 +/-0.007 h JDo (LTC): 2459269.22977 Amp: 0.65 mag. Fourier Order: 12
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1117 Reginita. As in the preceding case, there are several fairly
consistent rotation periods found over previous decades. Among
some of them are 2.9463 h (Wisniewski et al., 1997), 2.9458 h
(Behrend, 2007), 2.9464 h (Kryszczynska et al., 2012), 2.928 h
(Waszczak et al., 2015), and 2.9467 h (Franco et al., 2018). Again,
the SAO result (P = 2.949 + 0.007 h) obtained from the 2021
February observations conducted on two consecutive nights is
consistent with the previous ones.

Phased Lightcurve Plot: 1117 Reginita
Period: 2.949 +/-0.007 h JDo (LTC): 2459270.46776 Amp: 0.15 mag. Fourier Order: 10
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1158 Luda. Several previous rotation period results are quite
uniform: 6.863 h (Behrend, 2005), 6.90 h (Warner, 2005), 6.870 h
(Warner, 2011a), and 6.86 h (Kim et al., 2014). The exception is
that of Alvarez-Candal et al. (7.44 h, 2004). The 2021 February
SAO data collected on four consecutive nights confirm the
consistent previously determined values, yielding a result of
P=6.89+0.02h.

Phased Lightcurve Plot: 1158 Luda
Period: 6.89 +/-0.02 h JDo (LTC): 2459269.21497 Amp: 0.25 mag. Fourier Order: 9
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1610 Mirnaya. This was a BindstPhot Survey target with no
previously known rotation period. The SAO observations carried
out on five nights in 2021 January-February show an unequivocal
bimodal period result of P =4.745 + 0.002 h.
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Phased Lightcurve Plot: 1610 Mirnaya
Period: 4.745 +/-0.002 h JDo (LTC): 2459235.24452 Amp: 0.33 mag. Fourier Order: 10
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1675 Simonida. This is another minor planet with a well-established
rotation period. These include 5.3 h (Wisniewski et al., 1997), 5.29
h (Behrend, 2008), 5.2885 h (Kryszczynska et al., 2012), and
528779 h (Pal et al., 2020). A bimodal lightcurve with a
fairly large amplitude (0.46 mag.) phased to a period of
P =5.283 + 0.008 h was the result of period analysis using SAO
photometric data collected on three nights in late 2021 March.

Phased Lightcurve Plot: 1675 Simonida
Period: 5.283 +/-0.008 h JDo (LTC): 2459299.24858 Amp: 0.46 mag. Fourier Order: 10

&
o
X

15.50

1575

Magnitude (R ) alpha (28.8 deg.)

050
Rotational Phase

2273 Yarilo. No prior period results were known for this
BinAstPhot Survey inner main-belt target. Period analysis upon four
photometric data sets obtained at SAO in 2021 February-March led
to a synodic rotational period of P = 2.8200 + 0.0006 h.

Phased Lightcurve Plot: 2273 Yarilo
Period: 2.8200 +/- 0.0006 h JDo (LTC): 2459268.60232 Amp: 0.1 mag. Fourier Order: 9
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2438 Oleshko. The only previously found rotation periond by
Behrend (2011) of 3.227 h is corroborated by the SAO rotation
period determination (P = 3.2253 £+ 0.0008 h) based on five datasets
obtained in 2021 February-March.

Phased Lightcurve Plot: 2438 Oleshko
Period: 3.2253 +/-0.0008 h JDo (LTC): 2459272.46867 Amp: 0.29 mag. Fourier Order: 8
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2712 Keaton. The only previously found rotation period by Chang
etal. (5.87 h, 2019) significantly differs from the new result derived
from dense SAO photometry that indicates an unambiguous period
of P = 6.720 = 0.005 h. As a program target within BindstPhot
Survey, this inner main-belt asteroid was observed on five nights in
early 2021 April.
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Phased Lightcurve Plot: 2712 Keaton
Period: 6.720 +/-0.005 h JDo (LTC): 2459306.2716 Amp: 0.25 mag. Fourier Order: 11
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2961 Katsurahama. Several consistent previously found rotation
periods such as those by Warner (2.936 h, 2011b) and
Kryszczynska et al. (2.937 h, 2012) are in excellent agreement with
a bimodal solution of P = 2.939 + 0.004 h found from the SAO
2021 February-March data.

Phased Lightcurve Plot: 2961 Katsurahama
Period: 2.939 +/-0.004 h JDo (LTC): 2459274.23939 Amp: 0.33 mag. Fourier Order: 9
3
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3760 Poutanen. A newly found period of P =2.957 +0.007 h from
the 2021 March SAO data is fully consistent with three previous
results: 2.956 h (Salvaggio et al., 2017), 2.9554 h (Benishek, 2018),
and 2.95588 h (Pal et al., 2020).

Phased Lightcurve Plot: 3760 Poutanen
Period: 2.957 +/-0.007 h JDo (LTC): 2459274.56719 Amp: 0.31 mag. Fourier Order: 7
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4170 Semmelweis. Data taken on three consecutive nights in late
2021 March yielded a bimodal lightcurve of fairly high amplitude
(0.53 mag) and a corresponding period of P =5.30 + 0.02 h, which
affirms previous results by Waszczak etal. (2015, 5.302 h and 5.305
h), Aznar Macias (2016, 5.31 h), and Pal et al. (2020, 5.3054 h).

Phased Lightcurve Plot: 4170 Semmelweis
Period: 5.30 +/-0.02h JDo (LTC): 2459298.49396 Amp: 0.53 mag. Fourier Order: 10
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Phased Lightcurve Plot: 4612 Greenstein
Period: 3.0080 +/-0.0007 h JDo (LTC): 2459267.21814 Amp: 0.3 mag. Fourier Order: 9
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4774 Hobetsu. A bimodal period solution found from the 2021
apparition SAO data (P = 3.5770 + 0.0004 h) slightly differs from
the value determined from the 2019 SAO observations of 3.564 h
(Benishek, 2020) and matches exactly the period obtained during
the 2004 apparition by Pray (2005, 3.577 h).

Phased Lightcurve Plot: 4774 Hobetsu
Period: 3.5770 +/-0.0004 h JDo (LTC): 2459277.24933 Amp: 0.29 mag. Fourier Order: 11
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4794 Bogard. An insight into the LCDB showed this to be the very
first period determination for this BinAstPhot Survey target. The
SAO observations taken on six nights in 2021 February-March led
to a period of P = 2.7350 + 0.0004 h as the statistically most
favorable one.

Phased Lightcurve Plot: 4794 Bogard
Period: 2.7350 +/-0.0004 h JDo (LTC): 2459268.6042 Amp: 0.14 mag. Fourier Order: 10
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5431 Maxinehelin. The new result for synodic rotation period
(P =5.195 % 0.003 h) obtained from the SAO observations carried
out over five nights in the second half of 2020 July is identical to
the previous values reported by Pravec (2013, 5.1951 h) and
Stephens (2014, 5.195 h) but differs quite noticeably from the
period found by Klinglesmith III et al. (2014, 4.888 h).

Phased Lightcurve Plot: 5431 Maxinehelin
Period: 5.195 +/-0.003 h JDo (LTC): 2459053.48828 Amp: 0.17 mag. Fourier Order: 7
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4612 Greenstein. No period results prior to this determination were
found in the LCDB. Photometric observations over four nights
at SAO in 2021 February-March resulted in a bimodal
lightcurve phased to an unambiguous solution period of
P =3.0080 £ 0.0007 h.
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6524 Baalke. As it turned out, the rotational cycle of this inner
main-belt asteroid is quite short, photometric observations at SAO
on two consecutive nights in early 2021 February at low solar phase
angles were sufficient to establish a lightcurve and to find a
plausible rotation period. A bimodal lightcurve with an amplitude
of 0.31 mag and phased to a period of P = 2.682 + 0.005 h was
constructed from the acquired data. According to the LCDB, this is
the first reported rotation period this asteroid.
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Phased Lightcurve Plot: 6524 Baalke
Period: 2.682 +/-0.005 h JDo (LTC): 2459250.25117 Amp: 0.31 mag. Fourier Order: 10
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6526 Matogawa. There were no reports on rotation periods for this
BinAstPhot Survey target prior to this work. Period analysis points
to a value of P =3.297 + 0.003 h as a reliable solution. The relevant
photometric data were collected at SAO on four nights in early 2021
April.

Phased Lightcurve Plot: 6526 Matogawa
Period: 3.297 +/-0.003 h JDo (LTC): 2459312.50024 Amp: 0.22 mag. Fourier Order: 8
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8425 Zirankexuejijin. No previous reports on rotation period
determinations for this asteroid are known. Photometric data were
obtained at SAO on four nights in the second half of 2021
February yielding a bimodal lightcurve phased to a period of
P =4.011+0.003 h and an amplitude of 0.26 mag.

Phased Lightcurve Plot: 8425 Zirankexuejijin
Period: 4.011 +/-0.003 h JDo (LTC): 2459264.53644 Amp: 0.26 mag. Fourier Order: 11

© 1-2021-2-19.1

* 2-2021-2-22

* 3-2021-2-23
4-2021-2-24

Magnitude (R ) alpha (6.6 deg.)

0.00 025 050 075 1.00
Rotational Phase

8441 Lapponica. The two previously determined periods by
Behrend (2008, 3.27 h) and Clark (2008, 3.275 h) are consistent
with the result of P = 3.2856 + 0.0003 h found from the SAO data
collected on six nights in 2021 March-April.

Phased Lightcurve Plot: 8441 Lapponica
Period: 3.2856 +/-0.0003 h JDo (LTC): 2459278.22859 Amp: 0.38 mag. Fourier Order: 11
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9044 Kaoru. This was a BinAstPhot Survey target with no
previously known rotation period. Period analysis conducted
over data collected on three consecutive nights in late 2021
March indicates an unambiguous rotation period solution of
P=4.706+0.009 h.
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Phased Lightcurve Plot: 9044 Kaoru
Period: 4.706 +/- 0.009 h JDo (LTC): 2459298.49943 Amp: 0.39 mag. Fourier Order: 9
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(10037) 1984 BQ. This Vesta family asteroid was also a BinAstPhot
Survey target with no rotation period determination results
in the LCDB. An unambiguous bimodal period solution of
P = 6.749 + 0.005 h was found from the data collected on five
nights in the first half of 2021 February.

Phased Lightcurve Plot: 10037 1984 BQ
Period: 6.749 +/-0.005 h JDo (LTC): 245925058409 Amp: 0.3 mag. Fourier Order: 11
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(18640) 1998 EF9. No previous rotation periods were found in this
case as well. Data taken on two nights in 2021 December led to a
bimodal period solution of P =3.7010 + 0.0008 h.

Phased Lightcurve Plot: 18640 1998 EF9
Period: 3.7010 +/-0.0008 h JDo (LTC): 2459184.4542 Amp: 0.54 mag. Fourier Order: 11
5

>

>
o
3

&
5
>

>
3
3

Magnitude (R ) alpha (19.7 deg.)

0.00 025 050
Rotational Phase

(27064) 1998 SY63. A check of the LCDB records points this to
being the first rotation period determination for 1998 SY63. A

unique period solution of P =2.971 + 0.003 h was found analyzing
the data collected on three nights in 2021 February.

Phased Lightcurve Plot: 27064 1998 SY63
Period: 2.971 +/-0.003 h JDo (LTC): 2459261.21824 Amp: 0.15 mag. Fourier Order: 10
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(33808) 1999 XD114. A high-amplitude (0.72 mag.) lightcurve
associated with a period of P = 7.721 + 0.004 h arises as an
unequivocal solution in period analysis performed upon the
combined dataset made up of observations from 2021 February at
low solar phase angles, shedding light for the first time at hitherto
unknown spin rate of this inner main-belt asteroid.
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Number Name 20yy/mm/dd Phase Lpag Bpas Period (h) P.E. Amp A.E. Grp
440 Theodora 21/02/23-21/02/26 26.9,27.5 104 0 4.835 0.007 0.65 0.02 FLOR
1117 Reginita 21/02/24-21/02/26 11.9,11.4 181 3 2.949 0.007 0.15 0.02 FLOR
1158 Luda 21/02/23-21/02/26 24.0,24.2 89 15 6.89 0.02 0.25 0.03 EUN
1610 Mirnaya 21/01/20-21/02/03 3.2,10.4 116 3 4.745 0.002 0.33 0.03 FLOR
1675 Simonida 21/03/25-21/03/28 28.8,28.9 119 8 5.283 0.008 0.46 0.02 FLOR
2273 Yarilo 21/02/23-21/03/07 10.7,4.3 197 -1 2.8200 0.0006 0.10 0.02 MB-I
2438 Oleshko 21/02/26-21/03/11 20.7,16.0 196 5 3.2253 0.0008 0.29 0.03 FLOR
2712 Keaton 21/04/01-21/04/10 10.2,14.8 176 0 6.720 0.005 0.25 0.03 MB-I
2961 Katsurahama 21/02/28-21/03/03 11.1,12.1 141 -6 2.939 0.004 0.33 0.02 FLOR
3760 Poutanen 21/03/01-21/03/02 26.7,26.5 216 13 2.957 0.007 0.31 0.03 MB-I
4170 Semmelweis 21/03/24-21/03/27 10.6,9.9 211 7 5.30 0.02 0.53 0.02 EOS
4612 Greenstein 21/02/21-21/03/04 13.1,17.7 131 7 3.0080 0.0007 0.30 0.02 MB-I
4774 Hobetsu 21/03/03-21/03/30 5.2,18.8 157 -4 3.5770 0.0004 0.29 0.03 FLOR
4794 Bogard 21/02/23-21/03/11 14.8,6.0 179 0 2.7350 0.0004 0.14 0.02 FLOR
5431 Maxinehelin 20/07/22-20/07/30 11.9,10.5 314 14 5.195 0.003 0.17 0.02 PHO
6524 Baalke 21/02/04-21/02/06 4.1,4.9 128 2 2.682 0.005 0.31 0.02 MB-I
6526 Matogawa 21/04/08-21/04/12 9.7,7.8 213 7 3.297 0.003 0.22 0.03 FLOR
8425 Zirankexuejijin 21/02/19-21/02/24 6.6,3.7 161 0 4.011 0.003 0.26 0.03 FLOR
8441 Lapponica 21/03/04-21/04/10 10.5,26.7 152 6 3.2856 0.0003 0.38 0.02 FLOR
9044 Kaoru 21/03/24-21/03/27 15.4,14.5 209 7 4.706 0.009 0.39 0.02 FLOR
10037 1984 BQ 21/02/05-21/02/14 *8.0,6.0 146 11 6.749 0.005 0.30 0.02 Vv
18640 1998 EF9 20/11/30-20/12/16 19.7,13.1 102 6 3.7010 0.0008 0.54 0.02 PHO
27064 1998 SY63 21/02/15-21/02/18 7.8,9.1 137 10 2.971 0.003 0.15 0.02 FLOR
33808 1999 XD114 21/02/14-21/03/01 9.7,14.0 136 15 7.721 0.004 0.72 0.03 MB-I
42320 2001 XH17 21/03/03-21/03/08 7.8,9.2 156 14 4.218 0.003 0.19 0.06 MB-I
Table |. Observing circumstances and results. Phase is the solar phase angle given at the start and end of the date range. If preceded by an
asterisk, the phase angle reached an extrema during the period. Lpag and Bpag are the average phase angle bisector longitude and latitude.
Grp is the asteroid family/group (Warner et al., 2009): EUN = Eunomia, FLOR = Flora, MB-I = main-belt inner, PHO = Phocaea, EOS = Eos,
V = Vestoid.
Phased Lightcurve Plot: 33808 1999 XD114 Phased Lightcurve Plot: 42320 2001 XH17
Period: 7.721 +/-0.004 h JDo (LTC): 2459260.23275 Amp: 0.72 mag. Fourier Order: 11 Period: 4.218 +/-0.003 h JDo (LTC): 2459277.22874 Amp: 0.19 mag. Fourier Order: 5
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(42320) 2001 XHI17 was another inner main-belt minor planet Periog: 4218 +1-0003h Do (LTC): zasmmmnumnvsepn‘\‘::w:nsuz:atgrw ik
without a previously known rotation period. Despite its fairly low
brightness (fainter than 17th magnitude) at the time it was observed i
in early 2021 March, this asteroid was selected for photometry g
because it was in the same CCD field of view for several nights §
with another much brighter newly discovered binary asteroid, H
3523 Arina, and followed systematically within the BinAstPhot =
Survey.

Despite the larger data scatter, a bimodal period of P = 4.218 +
0.003 h stands out as a statistically dominant solution in period
analysis. A harmonically related half-period monomodal period
value (P/2), although somewhat less statistically favorable, could
not be ruled out as a possibility given the relatively small lightcurve
amplitude (0.19 mag.).

This alternative solution is supported by a considerable overlap of
the two lightcurve halves for the bimodal period within the data
scatter, which is significant compared to the lightcurve amplitude,
and so it is hard to reach a definitive conclusion based on the “split
halves” test. The longer period of 4.218 h is formally adopted as a
solution in this paper but further observations are highly
recommended in future apparitions to verify the result.

Rotatonal Phase:
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