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Broad-band BVR photometry of asteroid 1591 Baize 
was obtained over four nights in 2017 February and 
March. We determined a rotation period of 7.788 ± 
0.003 hours and typical colors of B-V = 0.9 and  
V-R = 0.5. The amplitude of color variations is small, 
~0.02 mag. These characteristics support the 
classification of 1591 Baize as an S-type asteroid.  

The main-belt asteroid (a = 2.39 AU) 1591 Baize was discovered 
by the Belgian astronomer Sylvain Arend on 1951 May 31. It has 
an eccentric (e = 0.176) and inclined (i = 24.8°) orbit that places it 
among the Phocaea group of asteroids (JPL, 2018). Based on a 
single night of observations, Barucci et al. (1994) estimated a 
rotation period of ~10 hours. Over a period of two nights, Garlitz 
(2013) refined the period estimate to 7.78 ±	0.04 hours. Mas et al. 
(2018) monitored the asteroid on four nights in 2017 Jan-Feb and 
determined a rotation period of 7.794 ±	0.001 hours. 

Photometric monitoring of 1591 Baize was carried out at Georgia 
State University’s Hard Labor Creek Observatory in Rutledge, 
GA, as part of the course work for ASTR 4100 and ASTR 6100, 
Observing Methods and Instrumentation. Observations were 
conducted with the 0.6-m Miller telescope, an f/6.5 Planewave 
Corrected Dall-Kirkham Astrograph, equipped with an Apogee 
Alta camera with 15-micron pixels in a 2048x2048 array. The 
resultant field of view is 26.3x26.3 arcmin and a scale of 0.77 
arcsec/pixel. Broad-band photometry through Johnson B, V, and R 

filters was obtained on the calendar nights of 2017 Feb 25, Mar 3, 
and Mar 4. Photometry in V and R was also obtained on 2017 Feb 
10, but observations in B were omitted because of the full Moon. 
Exposure times were generally 2-4 mins, and the observing 
sequence cycled through each of the filters, performed a small 
dither, and then cycled through the filters again. The process was 
repeated for as long as possible and achieved a total of 5-8 hours 
of coverage each night. 

Data were reduced with IRAF following standard procedures. 
Aperture photometry of 1591 Baize and several field stars was 
carried out in IRAF with a circular aperture of radius 8 pixels. 
Absolute calibrations were determined using photometry of field 
stars from the APASS catalog (Henden et al., 2009) for the B and 
V filters. The transformation equations of Jordi et al. (2006) for 
Population I stars were used to determine the effective R 
magnitudes for field stars using the Sloan r´ magnitudes and the 
g´-r´ colors from APASS. 

MPO Canopus, which implements the Fourier Analysis of Light 
Curves (FALC) algorithm of Harris (Harris et al., 1989), was used 
to determine the rotation period of the asteroid. The best-fit 
periods and the amplitudes of variation are listed below for each 
filter. In the summary table, we report the weighted average of 
these individual fits and the standard deviation as the uncertainty, 
which are in agreement with the periods determined by Garlitz 
(2013) and Mas et al. (2018). Below, we show the phased R-band 
light curve with a 6th order polynomial overlaid.  

Filter Pts    Period (hr) Amp. (mag) 
B 79    7.791 ± 0.006   0.20 
V 127    7.788 ± 0.002   0.18 
R 98    7.786 ± 0.003   0.20 

The photometric colors were found to be B-V = 0.9 and  
V-R = 0.5. These colors are usual for S-type, or silicaceous, 
asteroids (Dandy et al., 2003) and agree with the reported 
membership of 1591 Baize in the Phocaea family. The amplitude 
of color variations is quite small, only ~0.02 mag, which is typical 
of most asteroids (e.g., Szabo et al., 2004). 
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Number Name 2017 mm/dd Pts Phase LPAB BPAB Period(h) P.E. Amp A.E. Grp 
 1591 Baize 02/10-03/04 304 12.15,16.46 140 26 7.788 0.003 0.19 0.02 PHO 

Table I. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first and last date. LPAB and 
BPAB are the approximate phase angle bisector longitude and latitude at mid-date range (see Harris et al., 1984). Grp is the asteroid 
family/group (Warner et al., 2009). 
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Photometric observations of the Amor class asteroid 
(138847) 2000 VE62 were performed by the author over 
five nights from 2018 April 22 to May 10. The rotation 
period was found to be 7.601 ± 0.001 h with an 
amplitude of 0.30 ± 0.03 mag. 

(138847) 2000 VE62 is an Amor class Near-Earth Object (NEO) 
discovered at Socorro on 2000 November 3 by LINEAR. 
Photometric observations were performed by the author over five 
nights between 2018 April 22 and May 10. More than 21.6 hours 
of observations produced 1677 data points for analysis. The 
rotation period was found to be 7.601 ± 0.001 h with an amplitude 
of 0.30 ± 0.03 mag. 

A search of the asteroid lightcurve database (LCDB, Warner et al., 
2009) indicated one previously reported lightcurve: Monteiro et al. 
(2017; P = 6.469 h, A = 0.36 mag). Their observations included 
about 200 data points obtained in 12 hours of observation spread 
over 5 nights during a 3-month period in 2016 (March into May). 
The observations and data analysis reported here resulted in a 
longer rotation period and a less-regular sinusoidal lightcurve 
shape. The new phased plot reveals a plateau in the lightcurve that 
was not evident in the previous research. The data were checked 
against the period of 6.469 h found by Monteiro et al. (2017); this 
produced an unconvincing fit. One possible solution at 6.563 ± 
0.001 h did present itself. However, it was less convincing than 
the 7.601 h fit. 

All observations were performed at The Studios Observatory 
(Z52) using a Meade 0.36-m LX200 ACF OTA operating at f/7. 
The OTA was mounted on a Paramount MEII robotic mount and 
equipped with Moonlite CSL motorized focuser, Astro Physics AP 
CCDT67 focal reducer, and a QSI 683 cooled CCD camera 
(binned 2x2). An Astrodon Clear (UV blocking only) filter was 
used for all observations. The CCD is based on an 8.3 Mp 
(3326x2504) Kodak KAF-8300 sensor with 5.4 µm square pixels. 
The image scale after 2x2 binning was 0.86 arcsecs/pixel. 

TheSkyX Professional software by Software Bisque (2018) was 
used for all telescope, focuser, and camera control. This software 
was also later used to calibrate all science images using dark, 
dark-for-flat, and flat field frames. All flat field images were taken 
at the end of the observing sessions using a wall-mounted 
whiteboard illuminated by an A4-size electroluminescent (EL) 
panel. A library of dark and dark-for-flat frames was used in the 
calibration process, no scaling of dark frames was necessary. 

All data processing of the calibrated images and subsequent period 
analysis was performed using MPO Canopus (Warner, 2018a). 

Differential photometry measurements were performed using the 
Comp Star Selector (CSS) and Star-B-Gone procedures of MPO 
Canopus. The asteroid and four or five solar-like stars were used 
for all photometric comparisons. 

On three (possibly four) nights of observation, the raw data plots 
showed a plateau in the lightcurve. This plateau was not evident in 
the Monteiro et al. (2017) data, which may explain why a different 
rotational period was determined. 

Table I provides an overview of the observed results. The 
observing schedule and calibrated data are summarized below. 

 
2018 April 22 (Phase 24.3, LPAB 196.3, BPAB 2.0). A total of 207 data 
points (30 s exposures) was acquired over a 3 h 4 min period. 

 
2018 May 2 (Phase 37.6, LPAB 201.0, BPAB 14.5). A total of 400 data 
points (30 s exposures) was acquired over a 4 h 29 min period. 

Number Name 2018 mm/dd Pts Phase LPAB BPAB Period(h) P.E. Amp A.E. Grp 
138847 2000 VE62 04/22-05/10 1677 24.3,45.9 201.2 12.2 7.601 0.001 0.30 0.03 NEA 

Table I. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first and last date. LPAB and 
BPAB are the approximate phase angle bisector longitude and latitude at mid-date range (see Harris et al., 1984). Grp is the asteroid 
family/group (Warner et al., 2009). 
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2018 May 6 (Phase 42.1, LPAB 203.4, BPAB 18.6). A total of 285 data 
points (45 s exposures) was acquired over a 4 h 20 min period. 

 
2018 May 7 (Phase 43.2, LPAB 204.1, BPAB 19.6). A total of 312 data 
points (45 s exposures) was acquired over a 4 h 39 min period. 

 
2018 May 10 (Phase 46.0, LPAB 206.2, BPAB 22.3). A total of 473 
data points (60 s exposures) was acquired over a 5 h 10 min period. 

Two example period spectrums for (138847) 2000 VE62 are 
shown below. A range of periods was checked, first ranging from 
4 to 10 hours, and then from 6 to 8 hours. In all cases, a period of 
7.601 h proved to be the optimum rotation period. 

 
Period Spectrum for (138847) 2000 VE62, Period 4 to 10 Hours 

 
Period Spectrum for (138847) 2000 VE62, Period 6 to 8 Hours 

 
The final phased plot for (138847) 2000 VE62 showing the matched 
7.601 h rotation period. 

All new data were uploaded to the ALCDEF database (Warner, 
2018b).  
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On 2018 April 14, we observed as a target of 
opportunity the near-Earth asteroid (NEA) 2018 GE3 
from the Astronomical Institute of the Romanian 
Academy (IAU code 073). Analysis of our data found a 
synodic period of 0.304 ± 0.001 h based on data 
obtained over one hour prior to the asteroid’s closest 
approach to Earth.  

The near-Earth asteroid (NEA) 2018 GE3 was discovered 2018 
April 11 (JPL, 2018). It made its closest approach to Earth 
(193.000 km) on Apr 15 at 06:41 UT (Tichy et al., 2018). 
Unfiltered CCD images were taken at the Astronomical Institute 
of the Romanian Academy, Bucharest, Romania, on the night of 
2018 April 14 between 22:44–23:43 UT. The observations were 
made with a 0.38-m f/8 Ritchey-Chretien telescope and SBIG 
STL-11000M CCD camera (Sonka et al., 2017).  

The asteroid was observed when it was at 0.005 AU from Earth. In 
order to keep a point-like source for 2018 GE3, we tracked it at 
half of its differential sky motion. Exposures were 10 sec. The raw 
science images were calibrated with bias, flats, and darks using the 
standard procedures of Maxim DL (2016) software. Data 
processing and period analysis were made using MPO Canopus 
software (Warner, 2015). Differential photometric measurements 
were performed using the Comp Star Selector (CSS) procedure in 
MPO Canopus, which allows selecting up to five comparison stars 
with a near-solar color. The comp star magnitudes were taken 
from the CMC-15 catalog (Munos, 2017). 

Our data fit a period of 0.304 ± 0.001 h. The lightcurve amplitude 
is 0.93 ± 0.05 mag. A fourth-order fit showed an asymmetric 
bimodal lightcurve. A period spectrum between 0.1 h and 1.2 h 
indicated that the most probable solution was 0.3 h. The folded 
lightcurve points are slightly shifted; this could be due to a slightly 

Number Name 2018 mm/dd Pts Phase LPAB BPAB Period(h) P.E. Amp A.E. Grp 
  2018 GE3 04/14 138 28.4,30.1 216 8 0.304 0.001 0.93 0.05 NEA 

Table I. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first and last date. LPAB and 
BPAB are the approximate phase angle bisector longitude and latitude at mid-date range (see Harris et al., 1984). Grp is the asteroid 
family/group (Warner et al., 2009).  
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different calibration in absolute magnitude or to a small change in 
the viewing aspect.  
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We used the 0.36-m telescope of the Virtual Telescope 
Project to obtain three hours of photometry of the main-
belt asteroid 1090 Sumida. The robotic telescope 
provided 120 sixty-second exposures.  

Asteroid 1090 Sumida was discovered by Oikawa on 1928 Feb 20 
and independently by Reinmouth four days earlier. Lightcurves 
were obtained by Behrend et al. (2004, 2015). Wisniewski (1991) 
determined a period of 2.70 h with amplitude of 0.22 magnitudes 
for Sumida. Behrend et al. (2004) obtained a rotation period of 
2.7194 h and amplitude of 0.28 magnitudes. Warner and Megna 
(2012) obtained observations of Sumida from the Palmer Divide 
Observatory and the Center for Solar System Studies. The rapid 
spin period and 8 km size suggested Sumida could be a binary 
asteroid, but no secondary period was reported. The work of 
Warner and Megna (2012) suggested the possibility of 
discontinuities in the smoothly changing lightcurve of Sumida that 
could indicate a transit of a companion object and encouraged 
further observations of the object.  

We selected Sumida for study because it was listed by Warner et 
al. (2015) as a good candidate for photometry in between January 
to March, 2015. Our major objective was to attempt a shape 
modeling of the object, and to obtain a very tightly spaced dataset 
with no observational gaps over the entire rotation period of the 
asteroid.  

Our data were obtained on the night of 2015 Feb 18 with the 
Virtual Telescope operated by Gianluca Masi. The data consisted 
of 60-second exposures obtained over about 3 hours. The data 
were pre-processed using IRAF and the IRAF Phot package was 
used to measure instrumental magnitudes of Sumida and five 
comparison stars. We then took the average value of the 
magnitude difference between the asteroid and the comparison 
stars. The lightcurve of Sumida contributed for future modeling 
efforts for this object. 

No formal period analysis was done. However, if assuming a 
bimodal lightcurve, the estimated period is 3.0 ± 0.3 h and the 
lightcurve amplitude 0.28 ± 0.03 mag. 
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Number Name 2015 mm/dd Pts Phase LPAB BPAB Period (h) P.E. Amp A.E. Grp 
 1090 Sumida 02/18-02/18 120 7.4 158 4 3.0 0.3 0.28 0.03 PHO 

Table I. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first and last date. LPAB and 
BPAB are the average phase angle bisector longitude and latitude (see Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 
2009). PHO: Phocaea. 
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CCD photometric observations of asteroid 1856 Růžena 
were taken over a span of 10 nights in April 2018, 
yielding a lightcurve with a rotation period of 
5.960 ± 0.003h and an amplitude of 0.65 mag. 

The main-belt asteroid 1856 Růžena was discovered on 1969 Oct 
8 by the Russian astronomer Lyudmila Chernykh at the Crimean 
Astrophysical Observatory in Nauchnyj on the Crimean Peninsula. 
The asteroid was named in honor of Růžena Petrovičová who was 
a staff member of the Klet Observatory who observed comets and 
minor planets. The name was proposed by the discoverer of 
Růžena, Lyudmila Chernykh. Růžena has an orbital period of 3.35 
years and an absolute magnitude of 12.8 (The International 
Astronomical Union Minor Planet Center. 2018). The geometric 
albedo of Růžena is 0.335 and SMASSII spectral classification is 
S-type (JPL, 2018). 

One set of observations was obtained from iTelescope’s New 
Mexico observatory (MPC code H06), located in Mayhill, New 
Mexico (32° 54’N, 105° 31’W). These observations took place on 
2018 Apr 5, Apr 8, and Apr 11. We utilized the T21 telescope, a 
0.43-m f/6.8 Corrected Dall-Kirkham (CDK) telescope with a 
FLI-PL6303E CCD (iTelescope, 2018). The CCD has an array of 
3062 x 2048 pixels. Images were obtained with a clear filter and 
an exposure time of 300 seconds. All images were mid-exposure 
time light-time corrected using MPO Canopus 10.7.11.3 (Warner, 
2017).  

We took 175 images and discarded 36 images. A total of 139 
images were used in the analysis, while the remaining images 
were discarded due to bad weather and the presence of a cloud 
cover. We performed differential photometry using MPO 
Canopus. We selected five comparison stars and used the 
lightcurve analysis feature to calculate the period. In addition, we 
also used the “Lightcurve Analysis” tool that uses the Fourier 
analysis calculation developed by Harris (Harris et al. 1989). 

Following registration of preliminary periodic information of 
Růžena asteroid on MPO’s CALL website by the US team, 
additional support came from the Malta team by means of 
additional observations of this asteroid.  This resulted in a set of 
observations obtained from Flarestar Observatory - MPC Code: 
171 (14° 28m 12.4s E, 35° 54’ 37.2” N) through a 0.25-m f/6.3 
Schmidt-Cassegrain (SCT) equipped with a Moravian G2-1600 
CCD camera, and from Antares Observatory (14° 30m 46.7s E, 
35° 52’ 13.0” N) through a 0.28- m SCT coupled to a SBIG ST-
11000 CCD Camera. All images were taken through a clear filter 
and auto-guided for the duration of the exposure. Flarestar 
Observatory used the camera in 1x1 binning mode with a resultant 
pixel scale of 0.99 arcsec per pixel while Antares Observatory 
used its camera in 2x2 binning mode with a resultant pixel scale of 
1.32 arcsec per pixel. Both cameras were operated at sensor 
temperature of –15°C and images were calibrated with dark and 
flat-field frames. Both telescopes and cameras were controlled 
remotely from a nearby location via Sequence Generator Pro 
(Main Sequence Software). Photometric reduction, lightcurve 
construction, and period analyses were done using MPO Canopus 
software (Warner, 2017). Differential aperture photometry was 
used, and photometric measurements were based on the use of 
comparison stars of near solar color that were selected by the 
Comparison Star Selector (CSS) utility available through MPO 
Canopus. Asteroid magnitudes were based on MPOSC3 catalog 
supplied with MPO Canopus. 

We consolidated all of our nights of data to get a single phased 
lightcurve with period 5.960 ± 0.003h. The lightcurve has typical 
peaks and troughs with a magnitude spanning 0.65 mag. We 
adjusted the order and the number of steps to ensure the data were 
fitted correctly. 

 

 

Number Name 2018 mm/dd Pts Phase LPAB BPAB Period(h) P.E. Amp A.E. Grp 
 1856 Ruzena 04/02-04/24 445 3.0,14.5 187  0.3   5.960  0.003 0.65  MBA 

Table I. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first and last date. LPAB and 
BPAB are the approximate phase angle bisector longitude and latitude at mid-date range (see Harris et al., 1984). Grp is the asteroid 
family/group (Warner et al., 2009). 
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Fourier analysis of data taken of asteroid 418 Alemannia 
determined a rotational period of 4.670 ± 0.006 h with 
an amplitude of 0.16 ± 0.02 mag. 4911 Rosenzweig’s 
analysis shows a period of 9.75 ± 0.01 h with an 
amplitude of 0.08 ± 0.02 mag. 

418 Alemannia was observed over 6 nights between 2017 Sep 11 
and Sep 20. 4911 Rosenzweig was observed over 6 nights between 
2017 Sep 25 and Oct 20. All data were taken at Purdue University 
Northwest’s Northwestern Indiana Robotic Observatory (NIRo, 
MPC W11) in Lowell, Indiana. The two asteroids were selected 
from the MPC quarterly bulletin as good observation candidates. 
Data were collected using a 0.5-m f/8.1 Ritchey-Chretien 
telescope equipped with an FLI ProLine PLO9000 camera 
housing a KAF-09000 CCD image sensor. Images were corrected 
for bias, dark current, and flat-field artifacts using accepted data 
reduction practices. Rotation periods for both asteroids were 
determined via Fourier analysis using MPO Canopus (Warner, 
2017).  

418 Alemannia is an M-class main-belt asteroid discovered on 
1896 Sep 7 by Max Wolf at the Heidelberg Observatory. 
Originally designated as 1896 CV, the German astronomer Adolf 
Berberich named this asteroid after the fraternity Alemannia in 
Heidelberg, Germany. The JPL Small-Bodies Database lists the 
orbital period as 4.18 yrs along with an albedo of 0.201, a 
diameter of 40.330 km, and an absolute magnitude of H = 9.77 
mag (JPL, 2017). 

 

The first published period for 418 Alemannia was 5.82 h 
(Lagerkvist et al., 1987). Wetterer et al. (1999) published a period 

Number Name 2016 mm/dd Pts Phase LPAB BPAB Period(h) P.E. Amp A.E. Grp 
 418 Alemannia 09/11-09/20 153 7.5,17.0 332 9 4.760 0.006 0.16 0.02 MB-I 
 4911 Rosenzweig 09/25-10/20 162 7.5,8.8 355 10 9.75 0.01 0.08 0.03 EUN  

Table I. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first and last date. LPAB and 
BPAB are the approximate phase angle bisector longitude and latitude at mid-date range (see Harris et al., 1984). Grp is the asteroid 
family/group (Warner et al., 2009). 
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of 4.680 h. Most recently, Klinglesmith and Hendrickx (2018a) 
and Pilcher (2018) report a period of 4.67 h. Our analysis found a 
period of 4.670 ± 0.006 h with an amplitude of 0.16 ± 0.02 mag, 
which agrees with the most recent data to within our uncertainty. 

4911 Rosenzweig is in the Eunomia family of S-type asteroids in 
the intermediate asteroid belt. Discovered on 1953 Oct 16, 4911 
Rosenzweig is one of the 119 asteroids discovered by the Indiana 
Asteroid Program between 1949 and 1966. This asteroid is named 
for Jack and Marcelle Rosenzweig. The JPL Small-Bodies 
Database lists the orbital period as 4.28 yrs; along with an albedo 
of 0.309, a diameter of 9.97 km, and an absolute magnitude of H = 
12.1 mag (JPL, 2017). 

 

Recently, Klinglesmith and Hendrickx (2018b) reported a period 
of 12.71 ± 0.02 h, while Rowe (2018) reported a period of 28.6 ± 
0.1 h. Our analysis found a period of 9.75 ± 0.01 h with an 
amplitude of 0.08 ± 0.02 mag. All three rotation periods differ at a 
statistically significant level. Attempts to fit our data to the other 
rotation periods resulted in unconvincing fits. Further observations 
of 4911 Rosenzweig are necessary. 
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Number Name        2018 mm/dd       Pts Phase      LPAB     BPAB Period(h) P.E. Amp A.E. Grp 

9899 1996 EH    04/07, 04/09, 4/11   115 7.9-6.3   206.5  -7.8 N/A N/A N/A N/A MB 
Table I. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first and last date. LPAB and 
BPAB are the approximate phase angle bisector longitude and latitude at mid-date range (see Harris et al., 1984). Grp is the asteroid 
family/group (Warner et al., 2009). 
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We obtained multiple sessions of observations of the 
main belt asteroid (9899) 1996 EH, using the iTelescope 
Observatory in Siding Spring, Australia. After analysis, 
we were unable to determine a conclusive period. 

Our observations of  (9899) 1996 EH were performed using 
iTelescope T27, a 700-mm telescope in Siding Spring, Australia 
with a FLI PL09000 CCD, and a ‘clear’ glass filter, using 300-s 
exposures. The CCD has an array of 3056 x 3056 pixels, where 
each pixel has an angular resolution of 0.53 arc-seconds. Data 
were collected from four observing sessions over three days, for a 
total of 16 hours of observations. Lightcurve analysis was done 
using MPO Canopus. 

Our phased lightcurve shows no well-defined peaks or troughs and 
remains mostly flat throughout the plotted data. The change in 
magnitude over time is small enough (with a differential 
magnitude ranging from 14.5 to 14.4) that these variations could 
be due to noise sources.  This lack of variation in magnitudes leads 
us to believe that 1996 EH fits one or more of the following 
criteria.  

1. It has a nearly spherical shape and a uniform albedo. 
This would greatly reduce the change in brightness over 
time, preventing us from discerning a pattern in the 
lightcurve. 

2. The rotation period may be abnormally long, causing a 
lack of detectable change of brightness throughout four 
days of observation. 

3. 1996 EH may have an axis of rotation orthogonal to 
Earth, meaning no changes in brightness due to rotation 
would be visible until its position relative to Earth has 
changed.  

In a search of the Asteroid Lightcurve Database, there is no 
currently published period of 1996 EH. 

 

The displayed lightcurve has a period of 5.27 ± 0.03h, with an 
amplitude of only 0.05 magnitudes. This amplitude is not 
significantly larger than the variations in brightness due to the 
noise; therefore, this is not a definitive period, but it satisfactorily 
displays the data we collected. 
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The minor planet (86401) 2000 AF143 was observed 
remotely using the T27 telescope located in Siding 
Spring, Australia. Two aliasing periods are potential 
rotation periods: 15.0 ± 0.3 h and 30 ± 2 h. 

The asteroid was observed from 2018 Apr 6 to 2018 Apr 10. 
Observations were made using iTelescope’s T27 telescope located 
in Siding Spring, Australia. The telescope is a 0.70-m f/6.6 
reflector with a FLI PL09000 CCD. All images were taken with a 
luminance filter with a 300-second exposure time. The camera 
operated at a temperature of -35°C with a focal length of 4531 mm 
and a resolution of 0.53” per pixel. 

Photometric reduction and rotation period analyses were 
performed using the MPO Canopus software, yielding the 
differential magnitudes shown in the figures. The rotation period 
was fitted by MPO Canopus using the Fourier analysis algorithm 
developed by Harris (Harris et al. 1989). 

 

 

(86401) 2000 AF143 was discovered by the LINEAR project at 
Socorro, New Mexico on 2000 Jan 5 (JPL, 2018). A search for the 
asteroid in the Asteroid Lightcurve Database (Warner et al., 2009) 
yielded no results. Due to observational constraints, there are 
several gaps in the data, contributing to the lack of a conclusive 
result. Two aliasing rotation periods for the asteroid are presented: 
15.0 ± 0.3 h and 30 ± 2 h. While a 2-peak lightcurve is more 
common in the literature, thus the 30 h period is preferred, we 
cannot rule out the 15 h scenario. 
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Number Name 2018 mm/dd Pts Phase LPAB BPAB Period(h) P.E. Amp Grp 
 86401 2000 AF143 04/06-04/10 103 10.9,9.1 206.3 -8.5  15.0  0.3 0.45  MC
 86401 2000 AF143          04/06-04/10 93 10.9,9.1 206.3 -8.5  30  2 0.65  MC 

Table I. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first and last date. LPAB and 
BPAB are the average phase angle bisector longitude and latitude (see Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 
2009). MC = Mars-crossing asteroid. For a more conservative estimate, reported period error is three times that calculated by MPO 
Canopus. 
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Over the course of five nights of observations, we 
observed asteroid 3394 Banno using iTelescope 
facilities in New Mexico and Australia. Using the 
software MPO Canopus, we analyzed and plotted our 
data to find a rotation period of 7.321 ± 0.025 hours. 
Additionally, we present raw data for the asteroid 
(48697) 1996 HX14 found in one night of our 
observations. 

3394 Banno was observed via photometric systems from both 
Siding Spring, Australia and Mayhill, New Mexico. Images were 
taken by the T30 and T21 telescopes from iTelescope.net, 
respectively, over a nine-day period between 2018 April 11 and 
2018 April 18 with a clear filter and 300-s exposures. The T30 
telescope is a 0.50-m f/6.8 reflector + CCD + f/4.5 focal reducer 
telescope, and the T21 is a 0.43-m f/6.8 reflector + CCD + f/4.5 
focal reducer. The 160-plus images taken were processed via 
MPO Canopus to yield a lightcurve. Within MPO Canopus, the 
magnitude of 3394 Banno was compared to comparison stars, 
which were selected based on their lack of proximity to the edges 
of the images and signal-to-noise ratio. The generated lightcurves 
were then phased using Fourier analysis to identify the period of 
7.321 ± 0.025 h.  

Consulting the Asteroid Lightcurve Database, it was found that no 
prior rotation period for 3394 Banno has been recorded, so we are 
unable to compare the period found against prior analysis.  

(48697) 1996 HX14 was found while performing data analysis on 
images for 3394 Banno. (48697) 1996 HX14 is markedly dimmer 
than 3394 Banno, with apparent magnitudes of 18.15 and 14.6, 
respectively on 2018 April 11, and (48697) 1996 HX14 only 
appeared in one set of images taken. Because of this, no phased 
lightcurve for (48697) 1996 HX14 was generated, but raw data 
have been provided for future analysis.  
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Number Name 2018 mm/dd Pts Phase LPAB BPAB Period(h) P.E. Amp A.E. Grp 
 3394 Banno 04/11-04/20 160 13.5 207.2  3.8  7.321     0.025  0.21  0.016 MB 
 48697 1996 HX14 04/11      27 9.8 205.4  1.7   ---       ---     ---   ---  MB 

Table I. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first and last date. LPAB and 
BPAB are the approximate phase angle bisector longitude and latitude at mid-date range (see Harris et al., 1984). Grp is the asteroid 
family/group (Warner et al., 2009). 
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Number Name 2018 05/04 Pts Phase LPAB BPAB Period(h) P.E. Amp A.E. Grp 
4767 Sutoku 04/12-04/19 67    8.6,9.6 350.3  -22.2            MB  
Table I. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first and last date. LPAB and 
BPAB are the approximate phase angle bisector longitude and latitude at mid-date range (see Harris et al., 1984). Grp is the asteroid 
family/group (Warner et al., 2009). 
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Images from three nights of observing 4767 Sutoku 
were analyzed using aperture photometry. The asteroid’s 
raw data did not yield a definitive periodic trend. 

Named in honor of the 75th emperor of Japan, 4767 Sutoku is a 
main-belt asteroid discovered in 1953. It has a diameter of 8.36 
km and a semi-major axis of 2.69 AU. 

Two different telescopes were used for our observations, both 
provided and maintained by iTelescope.net. The first telescope 
was T30, in the Siding Spring Observatory in Australia. The T30 
telescope uses an FLI Proline PL6303 CCD, with a 3072 x 2048 
array of 9-µm pix. The telescope has a field of view of 27.8 x 41.6 
arcminutes and an angular resolution of 0.81 arcsec/pix. The 
second telescope used was iTelescope’s T21, in Mayhill, New 
Mexico.  This telescope is also fitted with an FLI Proline 
PL6303E CCD.  It has a resolution of 0.96 arcsec/pix and a field 
of view of 32.8 x 49.2 arcminutes. These telescopes were both 
used to take images with an exposure of 300 seconds and a 
luminance filter. 

4767 Sutoku was successfully observed on 2018 April 12, 15, and 
19. Over the nights of observation, Sutoku’s brightness varied 
very little. As such, Sutoku’s rotation period could not be 
determined. This could be a result of Sutoku having one or more 
of the following properties:  nearly spherical shape, extremely 
long rotation period, or rotation pole pointed towards the observer. 

The three figures display the raw data plots for the three nights of 
observation. 

 

 

 

It was difficult to identify any periodic trends in the raw plots. The 
highest fluctuation measured was a mere 0.1 magnitude.  
Additionally, some of the changes that did occur in the data are 
difficult to explain. Particularly, on April 15th there is an 
anomalous peak around a date of 0.8. The data for this night have 
been reanalyzed several times and this feature has appeared each 
time.  

Overall, we did not acquire sufficient data to propose a reasonable 
phased lightcurve and rotation period for 4767 Sutoku.  Due to the 
lack of prior research and low quantity of images analyzed, 
additional research will be necessary in order to determine a 
model for the rotation period of Sutoku. These three proposed 
scenarios regarding Sutoku can serve as a basis to guide future 
observations and analyses. 
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Using MPO Canopus, we analyzed the lightcurve of 
asteroid 19911 Rigaux. The rotation period was 
previously unknown, and we determined it to be 4.65 ± 
0.02 hours. 

19911 Rigaux was discovered on 1933 March 26 by astronomer 
Fernand Rigaux (JPL, 2018). It has an orbital period of 5.32 years. 
It is a main belt asteroid with an absolute magnitude of 12.4 and a 
diameter of 18.341 km (JPL, 2018). 

The observations took place on 2018 April 5, 8, and 11 remotely 
from iTelescope.net. The telescope used was T21 in Mayhill, New 
Mexico. It has a diameter of 0.43 m and focal length of 1940 mm, 
with the FLI-PL6303E CCD which has a 3072 x 2048 pixel array 
and a pixel size of 9 microns (Telescope, 2018). With CCD and 
telescope resolution combined, final images have a resolution of 
0.96 arcsec/pixel (Telescope, 2018). The coordinates of the 
telescope are 32.9° North, and 105.5° West (Telescope, 2018).  
We used a luminance filter with an exposure time of 300 seconds. 

The Asteroid Lightcurve Database did not contain any previously 
recorded data on the rotation period of the asteroid, however the 
data from the three observing sessions overlapped well in the 
phased lightcurve, yielding a convincing result. The rotation 
period of the asteroid was determined to be 4.65  ± 0.02 hours. 
The phased lightcurve also suggests that the asteroid has an 
irregular shape, evidenced by an unusual rise in the trough as well 
as after the second peak. 
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Number Name               2018 mm/dd Pts Phase         LPAB BPAB   Period(h) P.E. Amp     Grp 
19911  Rigaux     04/5-04/11    143     11.1,12.8   181    13     4.65         0.02     0.15    MB 

Table I. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first and last date. LPAB and 
BPAB are the average phase angle bisector longitude and latitude (see Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 
2009). MC = Mars-crossing asteroid. For a more conservative estimate, reported period error is three times that calculated by MPO 
Canopus. 



326 

 Minor Planet Bulletin 45 (2018) 

ROTATION PERIOD FOR 4221 PICASSO 

Stephen C. Percy 
The Studios Observatory (Z52) 

31 Ipswich Gardens, Grantham, NG31 8SE, U.K.  
mail@opussoftware.co.uk 

(Received: 2018 June 11) 

CCD photometric observations of the main-belt asteroid 
4221 Picasso ware made at the Studios Observatory over 
five nights from 2018. The rotation period was found to 
be 3.111 ± 0.001 h with a lightcurve amplitude of 0.31 ± 
0.05 mag. 

The main-belt asteroid 4221 Picasso (previous designations:   
1954 GD, 1984 JH1, and 1988 EJ) was discovered at Palomar on 
1988 March 13 by J. Alu. CCD photometric observations were 
made from The Studios Observatory, Grantham, U.K. (Z52) over 
five nights between 2018 May 26 and June 10.  

The observations were made using a Meade 0.36-m LX200 ACF 
OTA operating at f/7. The OTA was mounted on a Paramount 
MEII robotic mount and equipped with a Moonlite CSL motorized 
focuser, Astro Physics AP CCDT67 focal reducer, and a QSI 683 
cooled CCD camera (binned 2x2). All measurements were 
unfiltered due to the faint magnitude of the target, V = 15.7-15.9. 
The CCD is based on an 8.3 Mpix (3326x2504) Kodak KAF-8300 
sensor with square 5.4 µm pixels. The image scale after 2x2 
binning was 0.86 arcsec/pixel. 

TheSkyX Professional software (Software Bisque, 2018) was used 
for all telescope, focuser, and camera control. This software was 
also used to calibrate all science images using dark, dark-for-flat, 
and flat field frames. All flat field images were taken at the end of 
the observing sessions using a wall-mounted whiteboard 
illuminated by an A4-size electroluminescent (EL) panel. A recent 
library of dark and dark-for-flat frames was used in the calibration 
process; no scaling of dark frames was necessary. 

All data processing of the calibrated images and subsequent period 
analysis was performed using MPO Canopus (Warner, 2018). 
Differential photometry measurements were performed using the 
Comp Star Selector (CSS) and Star-B-Gone procedures of MPO 
Canopus. The asteroid and five solar-like stars were used for all 
photometric comparisons. Period analysis was performed using 
the Fourier analysis algorithm (FALC) of MPO Canopus 
developed by Alan Harris (Harris et al., 1989).  

More than 11 hours of observations produced 393 data points for 
analysis. All likely periods between 2 and 10 hours were 
examined. The rotation period was found to be 3.111 ± 0.001 h 
with a lightcurve amplitude of 0.31 ± 0.05 mag. A search of the 
asteroid lightcurve database (LCDB; Warner et al., 2009) 
indicated no previously reported lightcurve data for this asteroid. 

The first two observing sessions on May 26 and 27 were plagued 
by poor seeing and terminated early due to clouds. The final three 
observing sessions benefited from improved seeing, although the 
June 8 session was still hampered by occasional cloud cover. 

Table I provides an overview of the observed results. The 
observing schedule and calibrated data are summarized below. 

 
2018 May 26 (Phase 10.92, LPAB 240, BPAB 19). A total of 50 data 
points (90 s exposures) was acquired over a 1 h 25 min period. 

 
2018 May 27 (Phase 11.08, LPAB 240, BPAB 19.3). A total of 42 data 
points (90 s exposures) was acquired over a 1 h 19 min period. 

 
2018 June 5 (Phase 13.08, LPAB 240, BPAB 20). A total of 138 data 
points (60 s exposures) was acquired over a 2 h 47 min period. 
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2018 June 8 (Phase 13.89, LPAB 241, BPAB 20). A total of 42 data 
points (90 s exposures) was acquired over a 1 h 33 min period. 

 
2018 June 10 (Phase 14.47, LPAB 241, BPAB 20). A total of 121 data 
points (90 s exposures) was acquired over a 4 h 14 min period. 

 

 

The period spectrum for 4221 Picasso covered all likely solutions 
between 2 and 10 hours. The Fourier analysis consistently 
indicated an optimum period of 3.111 h. The lightcurve shows the 
data phased to the solution of 3.111 h. Its amplitude is 0.31 mag. 

All new data were uploaded to the ALCDEF database 
(http://alcdef.org). 
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Number Name 2018 mm/dd Pts Phase LPAB BPAB Period (h) P.E. Amp A.E. Grp 
 4221 Picasso 05/26-06/10 393 10.9,14.5 240 20 3.111 0.001 0.31 0.05 MB-M 

Table I. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first and last date. LPAB and 
BPAB are the approximate phase angle bisector longitude and latitude at mid-date range (see Harris et al., 1984). Grp is the asteroid 
family/group (Warner et al., 2009). 
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From 2017 June 20 to July 25, images of nine minor 
planets were collected to investigate their rotational 
lightcurve periods. The minor planets observed were 
1049 Gotho, 1184 Gaea, 1737 Severny, 1887 Virton, 
2672 Pisek, 3995 Sakaino, 6358 Chertok, (13538)  
1991 ST, and 14339 Knorre. 

We used an STX-16803 camera with 3x3 binning and a luminance 
filter attached to a 0.5-m Planewave telescope operating at f/6.7 
(plate scale 1.63 arcseconds) to collect images on the nights of 
2017 June 20–23, 25, 26, 29, 30, July 11–18, 20–25. The targeted 
minor planets were 1049 Gotho, 1184 Gaea, 1737 Severny,  
1887 Virton, 2672 Pisek, 3995 Sakaino, 6358 Chertok,  
(13538) 1991 ST, and 14339 Knorre. The images were processed 
using standard techniques with MaxIm DL. The images were 
measured and lightcurves generated with MPO Canopus. 

Table I lists the targets, range of dates, phase angle, phase angle 
bisector longitude, and latitude as well as the period if we were 
able to determine one. Unfortunately, we were not able to 
determine periods for 1887 Virton, 2672 Pisek, or 6358 Chertok, 
so only an estimate of the amplitude is given. 

1049 Gotho. Our period of 8.468 ± 0.002 h is in close agreement 
with the Albers et al. (2010) period of 8.470 ± 0.007 h. 

1184 Gaea. The period of 2.8735 ± 0.0005 h we found is just 
outside the uncertainty range of the period of 2.94 ± 0.06 h found 
by Behrend (2011). We tried the 2.94 h period on our data and it 
does not fit. 

1737 Severny. Behrend (2005) gives a period of 14.11 ± 0.07 h 
while Waszczak et al. (2015) lists 9.25 ± 0.06 h. We tried to fit our 
data with both periods, and derived a good fit with a period of 
9.223 ± 0.004 h. 
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Number Name 2017 mm/dd Pts Phase LPAB BPAB Period (h) P.E. Amp A.E. 
 1049 Gotho 07/12-07/25 227 6.1, 5.5, 6.0 296 -14 8.468 0.002 0.35 0.05  
 1184 Gaea 07/11-07/25  250 7.4, 6.7, 7.3 295 -13 2.8735 0.0005 0.15 0.05 
 1737 Severny 07/12-07/25 154 4.4, 2.2, 2.4 299 -6 9.223 0.004 0.10 0.05 
 1887 Virton 07/12-07/25 190 4.7, 4.0, 4.7 296 -10   0.5 0.1 
 2672 Pisek 06/20-06/30 81 13.2, 16.3 251 15   0.04 0.04 
 3995 Sakaino 07/12-07/25 201 5.6, 2.1, 2.3 300 -4 4.5529 0.0002 0.75 0.05 
 6358 Chertok 07/11-07/25 175 5.7, 5.1, 6.9 294 -9   0.06 0.04 
 13538 1991 ST 07/12-07/25 211 9.6, 6.4, 6.6 300 -7 12.3206 0.0014 0.82 0.03 
 14339 Knorre 06/20-06/30 166 13.2, 16.3 251 15 3.7963 0.0003 0.20 0.06 

Table I. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first and last date. LPAB and 
BPAB are the approximate phase angle bisector longitude and latitude at mid-date range (see Harris et al, 1984). 
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Photometric data for asteroid 3394 Banno were collected 
from 2018 April 19-25. The analysis obtained led to a 
good multiple coverage lightcurve that fit to a period of 
7.324 ± 0.002 hours and amplitude of 0.24 mag. 

The main-belt asteroid 3394 Banno (1986 DB) was discovered by 
S. Inoda and T. Urata, at Karasuyama in 1986. It orbit has a semi-
major axis of 2.317 AU, period of 3.53 years, eccentricity of 
0.197, and inclination of 7.093 deg. The SMASS catalog (Bus and 
Binzel, 2002) classifies the asteroid as type S. With H = 13.1 and  
pV = 0.271 (JPL, 2018) the estimated diameter is 6 km. Marchini 
et al. (2018) previously reported the rotation period to be 7.324 h. 

Observations were conducted from Elianto observatory (MPC 
K68) using an f/4 0.30-m Newtonian telescope. The CCD camera 
had a KAF-1603 chip with 9-micron pixels in a 1536x1024 array. 
No filter was used. Exposures were 240 seconds. Master dark and 
flat fields were obtained using CCD Stack. MPO Canopus 
(Warner, 2016) was used to measure the magnitudes with  
MPOSC3, a hybrid catalog based on the 2MASS catalog 
(http://www.ipac.caltech.edu/2mass) with magnitudes converted 
from J-K to BVRI (Warner, 2007). The Rc derived magnitudes 
were reduced to unity Sun-asteroid and Earth-asteroid distances 
and normalized to a phase angle of 3.5° and using G = 0.15. 

Night-to-night zero-point calibration was accomplished by 
selecting up to five comparison stars with near-solar colors, using 
the Comp Star Selector feature. The StarBGone routine within 
MPO Canopus was used as well in order to subtract stars that 
occasionally merged with the asteroid during the observations. 

A total of 294 lightcurve data points were collected in five 
observing sessions from 2018 April 19-25. MPO Canopus was 
used to find the rotation period from the data using the FALC 
method by Harris (Harris et al., 1989). The individual sessions 
were divided into two parts (except on April 23), one before and 
one after the asteroid crossed the meridian. We found a period of 

7.324 ± 0.002 hours. The bimodal lightcurve amplitude is 0.24 
mag. Table I gives the observing circumstances and results.  

It is clear that the phased curve covers the adopted period multiple 
times. The whole process was quite straightforward, providing a 
result without any particular ambiguity. The period spectrum 
shows that the best solution (with the lowest RMS) is the one 
adopted here.  
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Number Name 2018 mm/dd Pts Phase LPAB  BPAB Period(h) P.E. Amp A.E. U Exp  
 3394 Banno 04/19-04/25 294 3.5,6.9 206 3 7.324 0.002 0.24 0.01 2 240 

Table II. Observing circumstances and results. The phase angle is given for the first  and   last date. LPAB and BPAB are the approximate 
phase angle bisector longitude and latitude at mid-date range (see Harris et al., 1984). The U rating is our estimate and not necessarily the 
one assigned in the asteroid lightcurve database (Warner et al., 2009). Exp is average exposure, seconds. 
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FIVE LIGHTCURVES FROM THE SHED OF SCIENCE: 
2017 NOVEMBER - 2018 APRIL 
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CCD observations of five asteroids were made between 
2017 November and 2018 April. Analysis of the data 
found the period and lightcurve amplitudes for 965 
Agnelica (P = 26.63 ± 0.03 h, A = 0.12 mag), 1266 Tone  
(P = 15.55 ± 0.03 h, A = 0.19 ± 0.05 mag), 3210 
Lupishko (P = 14.255 ± 0.03 h, A = 0.74 ± 0.05 mag), 
4435 Holt (P = 2.867 ± 0.002 h, A = 0.18 ± 0.05 mag), 
and 5133 Phillipadams (P = 6.665 ± 0.005 h, A = 0.43 
mag). 

CCD Photometry observations of five asteroids took place from 
the Shed of Science Observatory between 2017 November and 
2018 April in partnership with Minnetonka High School in 
Minnetonka, Minnesota. 

The observations used a 0.5-m Planewave corrected Dall-Kirkham 
telescope using a focal reducer, which resulted in a focal ratio of 
f/5.3 and a plate scale of 1.24 arcsec/pixel. An SBIG ST-10XME 
CCD camera was used and all exposures were made through a 
Celestron UHC LPR filter.  

All images were dark and flat-field corrected. Images were 
measured using MPO Canopus (Bdw Publishing) with a 
differential photometry technique. The MPO Canopus Comp Star 
Selector was used to link sessions. The data were light-time 
corrected. Period analysis was also done with MPO Canopus, 
which incorporates the Fourier analysis algorithm developed by 
Harris (Harris et al., 1989).  

965 Angelica. Observations were made over nine nights between 
2017 Dec 12 and 2018 Feb 6. Data analysis indicates a synodic 
period of P = 26.63 ± 0.03 h, A = 0.12 mag. This is in agreement 
with earlier observations by Polakis (2018). 
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1266 Tone. Analysis of observations over five nights between 
2017 Nov 18 and Dec 29 indicates a synodic period of P = 15.55 ± 
0.03 h, A = 0.19 ± 0.05 mag. Earlier observations indicated a 
period of P = 11.38 ± 0.05 h based on data over two nights 
(Warner, 2003). 

 
3210 Lupishko. Observations were made over six nights between 
2018 Mar 7 and April 8. Our analysis indicates a synodic period of 
P = 14.25 ± 0.03 h, A = 0.74 ± 0.05 mag.  

 
4435 Holt. Observations made over four nights between 2017 Nov 
19-27 led to a synodic period of P = 2.867 ± 0.002 h, A = 0.18 ± 
0.05 mag. Earlier work by J. Ruthroff indicated a period of 2.71 h 
± 0.002 h based on data over two nights (Ruthroff, 2017). 
Additional work on this object was completed in 2018 January by 
the Ondrojev Asteroid Photometry Project, which identified it to 
be a binary and possibly ternary system (Stephens, et. al., 2018). 
Our data supports the primary period found. However, our data set 

was not sufficient to confirm their findings of a binary or ternary 
system. 

 
5133 Phillipadams. Analysis of observations over two nights 
between 2017 Dec 12-27 indicates a period of P = 6.665 ±  
0.005 h, A = 0.40 mag. Our results do not have sufficient coverage 
for a unique solution. However, our result does agree with earlier 
work (Carbo et. al, 2009; Behrend, 2009). 

 

Number Name 20yy/mm/dd Phase LPAB BPAB Period(h) P.E. Amp A.E. Grp 
 965 Angelica 17/12/12-18/02/06 15.3,13.1,19.0 100 24 26.63 0.03 0.12 0.02 MB-O 
 1266 Tone 17/11/19-17/12/12 13.5,16.3 12 16 15.55 0.03 0.19 0.05 MB-O  
 3210 Lupishko 18/03/07-18/04/08 4.1,12.8 164 10 14.255 0.004 0.74 0.05 MB-O  
 4435 Holt 17/11/19-17/11/29 30.3,32.9 29 31 2.867 0.002 0.18 0.05 MC  
 5133 Phillipadams 17/12/12-17/12/27 4.7,11.4 72 -3 6.665 0.005 0.43 0.05 MB-O  

Table II. Observing circumstances and results. The phase angle (α) is given at the start and end of each date range. LPAB and BPAB are, 
respectively, the average phase angle bisector longitude and latitude (see Harris et al., 1984). The Group column gives the orbital group to 
which the asteroid belongs. The definitions are those used in the LCDB (Warner et al., 2009). MB-O: Main-belt outer, MC: Mars-crosser. 
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CCD observations of five asteroids made between 2016 
July and November led to finding synodic periods and 
lightcurve amplitudes for 1555 Dejan (P = 22.25 ±  
0.01 h, A = 0.52 ± 0.05 mag), 4488 Tokitada (P = 34.25 
± 2.25 h, A = 0.58 ± 0.07 mag), 5996 Julioangel  
(P = 9.74 ± 0.01 h, A = 0.34 ± 0.07 mag), 8083 Mayeda 
(P = 11.75 ± 0.05 h, A = 0.76 ± 0.05 mag), and (20447) 
1999 JR85 (P = 4.925 ± 0.015 h, A = 0.24 ± 0.05 mag). 

CCD photometry observations of five asteroids were made at the 
Shed of Science Observatory between 2016 July and November. 
The observations used a 0.5-m Planewave corrected Dall-Kirkham 
telescope with a focal reducer, which gave a focal ratio of f/5.3 
and plate scale of 1.24 arcsec/pixel. An SBIG ST-10XME CCD 
camera and Celestron UHC LPR filter were used for all exposures.  

All images were dark and flat-field corrected and then measured 
using MPO Canopus (Bdw Publishing) with a differential 
photometry technique and its Comp Star Selector to link sessions. 
The data were light-time corrected. Period analysis was also done 
with MPO Canopus, which incorporates the Fourier analysis 
algorithm (FALC) developed by Harris (Harris et al., 1989).  

1555 Dejan. Analysis of observations over five nights between 
2016 Sep 2 and Oct 10 indicates P = 22.25 ± 0.01 h, A = 0.52 ± 
0.05 mag. Earlier observations indicated a period of 16.960 ± 
0.002 h (Brines et al., 2017). However, our data do not support 
their period near 17 hours but instead the longer period near 22 h.  
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4488 Tokitada. Observations were made over four nights between 
2016 Nov 5-10. Data analysis found a synodic period of P = 34.25 
± 2.25 h, A = 0.58 ± 0.07 mag.  

 
5996 Julioangel. Data obtained over five nights between 2016 Sep 
2 and Oct 10, led to a synodic period of P = 9.74 ± 0.01 h, A = 
0.34 ± 0.07 mag. 

 
8083 Mayeda. Analysis of our data, obtained over three nights 
between 2016 Nov 6-10 indicates a synodic period of  
P = 11.75 ± 0.05 h, A = 0.76 ± 0.05 mag. 

 
(20447) 1999 JR85. Observations over three nights between 2016 
Jul 31 and Aug 4 led to a synodic period of P = 4.925 ± 0.015 h,  
A = 0.24 ± 0.05 mag. 

 

Number Name 2016/mm/dd Phase LPAB BPAB Period(h) P.E. Amp A.E. Grp 
 1555 Dejan 09/02-10/10 8.1,3.5,14.7 352 5 22.25 0.01 0.52 0.05 MB-M 
 4488 Tokitada 11/05-11/10 1.0,4.3 41 -1 24.25 2.25 0.58 0.07 FLOR  
  5996 Julioangel 09/02-10/10 11.1,7.9,13.0 356 15 9.74 0.01 0.34 0.07 EUN  
 8083 Mayeda 11/06-11/10 0.9,3.6 41 0 11.75 0.05 0.76 0.05 MB-O   
 20447 1999 JR85 07/31-08/04 13.6,14.3 303 17 4.925 0.015 0.24 0.05 MB-M 

Table II. Observing circumstances and results. The phase angle (α) is given at the start and end of each date range. If three values are 
given, the phase angle reached a minimum. LPAB and BPAB are, respectively, the average phase angle bisector longitude and latitude (see 
Harris et al., 1984). The Group column gives the orbital group to which the asteroid belongs. The definitions are those used in the LCDB 
(Warner et al., 2009). MB-M/O: Main-belt middle/outer; FLOR: Flora; EUN: Eunomia. 
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Minor planet 1144 Oda is a tumbling asteroid with 
periods probably near 648 hours and 553 hours, 
maximum amplitude 0.55 ± 0.05 magnitudes 

Minor planet 1144 Oda, a = 3.754 AU, e = 0.096, i = 9.74°, is the 
only large diameter asteroid (D ~ 55 km) with an orbit lying 
between the outer edge of the Cybele zone near 3.65 AU and the 
inner edge of the Hilda 3:2 Jupiter resonators near 3.88 AU. 

Previously published rotation periods for 1144 Oda are 14.4 hours 
from a very sparse lightcurve (Behrend, 2006) and by Waszczak et 
al. (2015) who made 1 to 4 measurements on each of 11 nights 
from 2011 May 11 through June 20 for a total of 26 data points to 
derive a period of 44.023 hours and amplitude 0.41 magnitudes. 

A more comprehensive survey was made at the Organ Mesa 
Observatory with a 0.35-meter Meade LX200 GPS Schmidt-
Cassegrain (SCT) and SBIG STL-1001E CCD. Exposures were 
120 seconds, unguided, with a clear filter. All measurements were 
calibrated from CMC15 Sloan r´ values converted to Cousins R 
magnitudes using R = r´–0.22 for solar-colored field stars. 
Photometric measurement was with MPO Canopus software. 

Sixty sessions were obtained from 2018 Feb 8 through May 21. A 
raw lightcurve prepared by MPO Canopus including data from all 
sessions features a quasi-periodic variation with the usual two 
maxima and minima per cycle in a period near 615 hours, but with 
an amplitude varying from near zero to a maximum of about 0.55 
magnitudes. To reduce the number of points on this lightcurve and 
make it easier to read, data points have been binned in sets of 3 
with a maximum time difference of 6 minutes between points in 
each bin. 

The author thanks Petr Pravec (personal communication) for the 
application of simultaneous dual-period software to the complete 
data set. Tumbling behavior is confirmed. However, a period 
solution is not very clear. The most likely periods may be about 
648 and 553 hours, but other values are also possible. It is not 
determined which period is rotation and which is precession. 
There are also signals for periods around 51.8 and 44.1 h, but they 
appear to be aliases with Earth rotation: Note that 1/51.8 =  
1/48 – 1/648 and 1/44.1 = 1/48 + 1/553. A lightcurve phased to 
648 hours with the dual period software illustrates very different 
successive cycles.  

The raw lightcurve is analogous to beat phenomena of two 
acoustic signals of slightly unequal frequency or period, in which 
the tumbling periods of 553 hours and 648 hours combine for an 

Number Name 2018/mm/dd Pts Phase LPAB BPAB Period(h) P.E Amp A.E. 
 1144 Oda 02/08-05/21 3979 9.9,1.2,13.2 179 5 648 10 0.55 0.05 
  P2      553    

Table I. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first date, minimum value, 
and last date. LPAB and BPAB are the approximate phase angle bisector longitude and latitude at mid-date range (see Harris et al., 1984). 
P2 is the second period of tumbling. 
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intermediate period of 615 hours with the amplitude varying as the 
signals arise alternately in phase and out of phase. The 44.023 
hour period published by Waszczak et al. (2015) is the 
identification with the Earth alias period of 44.1 hours described 
above.  
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A photometric observing campaign conducted in 2018 
April and May by Aznar et al. revealed the near-Earth 
asteroid 15745 Yuliya as a binary system with an orbital 
period of 15.63 h. Later analysis by Pravec using the 
dense photometric data obtained in 2018 June by 
Benishek yielded a different orbital period of  
11.735 h, or nearly commensurate with an Earth day.  

15745 Yuliya is a relatively large, D ~ 1 km, Amor-type near-
Earth asteroid discovered at La Silla in 1991 by E.W. Elst. On 
2018 June 9, it was announced as being a binary system (Aznar et 
al., 2018) for which Pravec established a primary period of 3.2486 
± 0.0003 h and an orbital period of 15.63 ± 0.02 h.  

Having no information about the possible binary nature of this 
target, Benishek launched independent photometric observations 
at Sopot Astronomical Observatory (SAO) on 2018 June 3 using a 
0.35-m Schmidt-Cassegrain telescope operating at f/6.3 and an 
SBIG ST-8 XME CCD camera with no filters. A total of eight 
densely-sampled independent data sets (sessions) was obtained by 
2018 June 22.  

Photometric reduction was performed in MPO Canopus software 
(Warner, 2018) applying differential photometry with up to five 
field comparison stars of near solar color (0.5 ≤ B-V ≤ 0.9). To 
ensure satisfactory quality of night-to-night magnitude zero-point 
calibration, all comparison stars were calibrated using the Cousins 
R magnitudes derived from the CMC15 Sloan r´ magnitudes 
(VizieR, 2018) by the formula: R = r´ - 0.22.  

Certain deviations closely resembling attenuations typical of 
binary asteroids were seen in early data sets. A rough preliminary 
analysis by Benishek found a period of about 11.74 h but it was 
not possible to distinguish whether it was a rotational period or an 
orbital period of a possible binary system.  

Suspecting that 15745 Yuliya could be a binary system, Benishek 
sent his data to Pravec for a detailed analysis on 2018 June 23. At 
that point, the report on 15745 Yuliya as a binary asteroid (Aznar 
et al., 2018) had already been published. The announced system 
parameters had been found from the period analysis done by 
Pravec as part of the discovery team. Nevertheless, he agreed to 

Number Name 2018/mm/dd Pts Phase LPAB BPAB Period  (h)  P.E. Amp A.E. Grp            
 15745 Yuliya 06/03-06/21 258 35.6,35.1 255 29 3.2495 0.0002 0.08 0.02 NEA 
  PORB      11.735 0.003 0.21-0.26   

Table I. Observing circumstances and results. Pts is the number of data points. Phase is the solar phase angle given at the start and end of the 
date range. LPAB and BPAB are the average phase angle bisector longitude and latitude (see Harris et al., 1984). Grp is the asteroid family/group 
(Warner et al., 2009): NEA = near-Earth asteroid 
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analyze Benishek’s data independently by using his custom period 
analysis software that is capable of solving for multiple periods 
simultaneously.  

The new analysis led to a period for the primary of 3.2495 ± 
0.0002 h, nearly identical to the Aznar et al. (2018) result. On the 
other hand, the orbital period was revised to 11.735 ± 0.003 h. 
Pravec strongly suggests that the new orbital period is correct after 
taking into account the longer observing runs by Benishek. This is 
important for finding a unique solution, especially when the period 
is nearly commensurate with an Earth day. The Aznar et al. (2018) 
orbital period is 4/3 of the revised period.  

A lower limit of the satellite mean diameter (Ds) to primary body 
mean diameter (Dp) is estimated to be Ds / Dp ≥ 0.46 on the basis 
of the SAO data.  

 

 

It should be noted that one of the attenuation events showed an 
obvious depth and shape change over just one day (see 2018-06-
19.9 and 2018-06-20.9 data sets on the orbital lightcurve plot). 
With the data set limited to a very small solar phase angle range, it 
was not possible to find a valid explanation of the observed effect. 
Repeated quality checks of the relevant images and photometric 
reduction discard the possibility of a systematic origin of this 
change. Due to the asteroid’s fast fading and frequent bad weather, 
further follow-up of the possible attenuation events changes was 
not possible.  
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From 2017 July 26 to September 28, images of 19 minor 
planets were collected: 820 Adriana, 1326 Losaka,  
1594 Danjon, 2021 Poincare, 2164 Lyalya, 2353 Alva, 
2558 Viv, 2623 Zech, 3341 Hartmann, 4522 Britastra, 
(10113) 1992 PX2, 11434 Lohnert, (11889) 1991 AH2, 
(14892) 1991 VE5, (15549) 2000 FN, (21893)  
1999 VL4, (23621) 1996 PA, (30769) 1984 ST2, and 
(42284) 2001 TV8. 

The Oakley Southern Sky Observatory is equipped with an STX-
16803 camera attached to a 0.5-m Planewave telescope operating 
at f/6.7. For minor planet photometry we use a luminance filter 
and bin the camera 3x3 to get a plate scale of 1.63 arcseconds.  

From 2017 July 26 to August 5, we targeted six minor planets: 
820 Adriana, 2558 Viv, 2623 Zech, 4522 Britastra, (10113) 1992 
PX2, and (42284) 2001 TV8. Beginning on August 23, we 
targeted an additional six minor planets: 2164 Lyalya, 11434 
Lohnert, (15549) 2000 FN, (21893) 1999 VL4, (23621) 1996 PA, 
and (30769) 1984 ST2. Finally, from September 19-30, we 
observed another seven minor planets: 1326 Losaka, 1594 Danjon, 
2021 Poincare, 2353 Alva, 3341 Hartmann, (11889) 1991 AH2, 
and (14892) 1991 VE5. All images were processed using standard 
techniques with MaxIm DL. The processed images were then 
measured and lightcurves generated with MPO Canopus. 

Table I lists the targets, range of dates, phase angle, phase angle 
bisector longitude and latitude as well as the period if we were 
able to determine one. We were unable to find periods for 1326 
Losaka, 1594 Danjon, 2353 Alva, (23621) 1996 PA, and (30769) 
1984 ST2. 

2164 Lyalya. Our period of 7.705 ± 0.003 h does not agree with 
the period of 11.566 h (no uncertainty given) found by Chang et 
al. (2016). However, note that 7.705 h is approximately two thirds 
of 11.566 h. 

2623 Zech. We found a period of 2.740 ± 0.002 h, which agrees 
within experimental uncertainty with the period of 2.7401 ± 
0.0002 h found by Pray et al. (2014). 

4522 Britastra. Chang et al. (2016) reported a period of 2.767 h 
(no uncertainty given). We could not fit our data to this period. 
Instead we found a period of 11.919 ± 0.011 h. 

(10113) 1992 PX2. Our period of 6.775 ± 0.003 h falls just outside 
the uncertainty range with the period of 6.768 ± 0.002 h found by 
Waszczak et al. (2015). 
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Number Name 2017 mm/dd Pts Phase LPAB BPAB Period (h) P.E. Amp A.E. 
 820 Adriana 07/26-08/02 71 2.0, 4.7 298 0 6.527 0.006 0.10 0.03  
 1326 Losaka 09/19-09/30 197 13.2, 14.9 354 -22   0.05 0.03 
 1594 Danjon 09/20-09/30 129 9.1, 11.9 352 -13   0.15 0.05 
 2021 Poincare 09/20-09/28 101 3.4, 8.0 354 -3 4.4056 0.0006 0.80 0.05 
 2164 Lyalya 08/23-08/30 125 1.6, 4.3 327 -2 7.705 0.003 0.20 0.03 
 2353 Alva 09/20-09/30 92 2.7, 6.9 353 -3    0.08 0.03 
 2558 Viv 07/26-08/02 76 5.7, 7.1 303 -8 4.784 0.002 0.58 0.03 
 2623 Zech 07/26-08/02 84 4.0, 7.4 300 -4 2.740 0.002 0.15 0.05 
 3341 Hartmann 09/20-09/28 122 4.4, 6.6 356 -8 16.63 0.01 0.40 0.05 
 4522 Britastra 07/26-08/02 69 3.0, 6.1 299 3 11.919 0.011 0.40 0.06 
 10113 1992 PX2 07/26-08/02 86 2.5, 5.4 300 4 6.775 0.003 0.22 0.03 
 11434 Lohnert 08/23-09/01 131 6.5, 9.8 322 -5 16.428 0.005 0.90 0.05 
 11889 1991 AH2 09/20-09/28 192 11.7, 13.1 352 -21 14.940 0.004 0.45 0.03 
 14892 1991 VE5 09/20-09/28 77 7.4, 11.8 350 -5 5.831 0.004 0.15 0.05 
 15549 2000 FN 08/23-09/01 168 4.8, 10.0 326 -4 55.09 0.04 1.00 0.05 
 21893 1999 VL4 08/23-09/01 172 6.6, 11.5 327 -5 3.0100 0.0005 0.14 0.04 
 23621 1996 PA 08/23-09/01 113 7.5, 15.6 325 -5    0.12 0.05 
 30769 1984 ST2 08/23-09/01 130 4.6, 10.1 325 -2   0.07 0.05 
 42284 2001 TV8 07/26-08/05 198 12.9, 14.2 302 -21 5.1053 0.0003 0.70 0.05 

Table I. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first and last date. LPAB and 
BPAB are the approximate phase angle bisector longitude and latitude at mid-date range. 
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Number Name 2018/mm/dd Pts. Phase LPAB BPAB Period P.E. Amp A.E. 
 2207 Antenor 01/23–05/22 3,041 10,1,11 179 2-3 7.96450 0.00007 0.19-0.24 0.02 

Table II. Observing circumstances and results. Pts is the number of data points. Phase is the solar phase angle for the first and last date. 
If there are three values, the middle value is the minimum phase angle. LPAB and BPAB are, respectively, the approximate phase angle 
bisector longitude and latitude at mid-date range (see Harris et al., 1984). 
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We report that asteroid 2207 Antenor is a very likely 
binary asteroid candidate. If confirmed, it would be the 
fifth known binary Jovian Trojan asteroid. The primary 
lightcurve has a period of 7.96436 ± 0.00006 h and an 
amplitude 0.22 to 0.23 mag. A secondary orbital period 
could not be determined.  

The Jovian Trojan 2207 Antenor was initially observed by 
Stephens on 2018 January 23 as part of an ongoing study of the 
Jovian Trojan family. Deviations from the lightcurve suggestive of 
mutual events from a binary system were quickly found. Help was 
sought from Aznar and Benishek who are at significantly different 
latitudes. Table I gives the telescopes and CCD cameras used for 
observations. Exposures were unfiltered and ranged from 240 to 
300 seconds.  

Observer Telescope Camera 
Stephens 0.40m SCT FLI Proline 1001E 
Aznar 0.35m SCT SBIG 10XME 

Benishek 0.35m SCT SBIG ST-8 XME 
Kučáková, 
Kusnirak 
Hornoch 

0.65m 
Reflector 

MI G2-3200 

Table I. Observers and equipment. SCT: Schmidt-Cassegrain. 

Antenor has been observed several times in recent years, each time 
with a reported rotational period near 7.9645 h (Mottola et al., 
2011; Stephens et al., 2016, 2017; Waszczak et al., 2015).  The 
raw images were flat-field and dark subtracted before being 
measured. For the Stephens, Aznar and Benishek observations, 
night-to-night linkage was aided by the Comp Star Selector utility 
which helps find near solar-color comparison stars. Stars were 
chosen from the APASS (Henden et al., 2009) or CMC-15 catalog 

(http://svo2.cab.inta-csic.es/vocats/cmc15/), or the MPOSC3 
catalog which is based on the 2MASS catalog 
(http://www.ipac.caltech.edu/2mass). Generally, needed zero 
points adjustments are within ±0.05 mag of one another, but larger 
adjustments can be required to minimize the RMS value from the 
Fourier analysis. The Kučáková, and Hornoch observations were 
calibrated in the Cousins R band. 

 
Figure 1. The raw lightcurve over the observing run between 2018 
Jan 23 to Feb 26. During this period, Antenor passed from phase 
angle 10° to 5°. The first attenuation event was seen on 24 Jan 
2018. 

 
Figure 2. The raw lightcurve over the observing run between 2018 
Mar 9 to 28. During this period, Antenor passed from phase angle 
2° to 6°. 
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Figure 3. The raw lightcurve over the observing run between 2018 
Apr 14 to May 22. During this period, Holt passed from phase angle 
6° to 11°. 

Period Analysis 

All data were sent to Petr Pravec, whose software solves for the 
primary and secondary period simultaneously. The dual period 
analysis found a primary lightcurve of 7.96436 ± 0.00006 h 
(Figures 1, 2, and 3). The amplitude changed from 0.19 to 0.24 
mag over the course of the observing run.  

The mean HR of the whole system (outside events) is 8.58 ± 0.04 
was determined from the Ondřejov Cousins R Data assuming G = 
0.12 ± 0.08, which is the mean G for CGBFPTD types (Warner et 
al., 2009). Since Antenor has been determined to be a D type, we 
get H = 9.04 ± 0.05 using the mean color index (V - R) = 0.455 ± 
0.033 for D types (Pravec et al. 2012). Using Antenor’s effective 
diameter of Deff = 91 km, which is the mean of the three diameter 
estimates obtained by AKARI, SIMPS and WISE, we obtain and 
albedo of pV = 0.052. The uncertainty is about ± 0.010, which is 
dominated by the uncertainty of Deff, not H. 

As many as five prominent events and a few shallower ones were 
observed. The orbital period is likely on the order of a few 
hundred hours, but we could not get all of the five events to line 
up with any secondary period. Either there are multiple satellites 
or some of the five prominent events might be spurious.  

Antenor is a very strong binary candidate, but without having 
derived its orbital period, it is not a complete detection of a binary 
asteroid. Its binary status will be confirmed only when its orbital 
period can be resolved in the future. 

Because of the unusual nature of this Trojan, and because there are 
only four other known Trojan binaries, Antenor should be a prime 
candidate for future observations. It will be well placed for 
observations from the Northern Hemisphere in 2019 and for the 
Southern Hemisphere in 2020 through 2022. With a relatively 
bright magnitude (V~16), it can be easily observed with small 
telescopes. 
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Lightcurves of four Jovian Trojan asteroids were 
obtained at the Center for Solar System Studies (CS3) 
from 2018 April to May. One of the Trojans observed 
was 617 Patroclus to time the start of mutual events in 
support of NASA’s Lucy mission. 

CCD Photometric observations of four Trojan asteroids from the 
L5 (Trojan) Lagrange point were obtained at the Center for Solar 
System Studies (CS3, MPC U81). For several years, CS3 has been 
conducting a study of Jovian Trojan asteroids. This is another in a 
series of papers reporting data being accumulated for family pole 
and shape model studies. It is anticipated that for most Jovian 
Trojans, two to five dense lightcurves per target at oppositions 
well distributed in ecliptic longitudes will be needed and can be 
supplemented with reliable sparse data for the brighter Trojan 
asteroids. For most of these targets, we were able to get 
preliminary pole positions and create shape models from sparse 
data and the dense lightcurves obtained to date. These preliminary 
models will be improved as more data are acquired at future 
oppositions and will be published at a later date. A special target 
selected this observing season was the Patroclus-Menoetius binary 
Trojan asteroid in support of NASA’s Lucy mission. 

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.  

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). Night-to-night calibration (generally < ±0.05 mag) was 
done using field stars from the CMC-15 or APASS (Henden et al., 
2009) catalogs. The Comp Star Selector feature in MPO Canopus 
was used to limit the comparison stars to near solar color. 

In the lightcurve plots, the “Reduced Magnitude” is Johnson V 
corrected to a unity distance by applying –5*log (r∆) to the 
measured sky magnitudes with r and ∆ being, respectively, the 
Sun-asteroid and the Earth-asteroid distances in AU. The 
magnitudes were normalized to the phase angle given in 
parentheses using G = 0.15. The X-axis rotational phase ranges 
from –0.05 to 1.05.  

The amplitude indicated in the plots (e.g. Amp: 0.23) is the 
amplitude of the Fourier model curve and not necessarily the 
adopted amplitude of the lightcurve. 

Targets were selected for this L5 observing campaign based upon 
the availability of dense lightcurves acquired in previous years. 
We obtained two to four lightcurves for most of these Trojans at 
previous oppositions, and some data were found from the Palomar 
Transient Factory (Waszczak et al., 2015).   

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

To evaluate the quality of the data obtained to determine how 
much more data might be needed, preliminary pole and shape 
models were created for some of these targets. These will be 
published at a later date. Sparse data observations were obtained 
from the Catalina Sky Survey and USNO-Flagstaff survey using 
the AstDyS-3 site (http://hamilton.dm.unipi.it/asdys2/). These 
sparse data were combined with our dense data as well as any 
other dense data found in the ALCDEF asteroid photometry 
database (http://www.alcdef.org/) using MPO LCInvert, (Bdw 
Publishing). This Windows-based program incorporates the 
algorithms developed by Kassalainen et al. (2001a, 2001b) 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 χ2 values.  

617 Patroclus. The Patroclus-Menoetius system is the first known 
Jovian Trojan binary. It has a mutual orbit of 4.283 ± 0.004 days 
(Marchis et al. 2005). NASA’s Lucy probe is planned for a visit to 
the Patroclus-Menoetius system in 2033, creating a desire to refine 
its orbital properties. The Lucy program put out a call for 
supporting observations (https://lucyebo.space.swri.edu/news/) 
and a prediction of mutual event times was published (Grudy et 
al., 2018). 

Observations were planned beyond the predicted mutual events to 
allow measurement of the primary lightcurve. With each mutual 
event lasting approximately 4 hours, it would be difficult for any 
single station to capture an entire mutual event given the 
unpredictable winter weather in the Northern Hemisphere. Indeed, 
from CS3, mutual events were only detected twice. 

 
Figure 1. All observations of the Patroclus-Menoetius system 
without mutual events. 

Telescope Camera 
0.40-m f/10 Schmidt-Cass FLI Proline 1001E 
0.35-m f/11 Schmidt-Cass FLI Microline 1001E 

Table I. List of telescopes and CCD cameras used at CS3. 
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Figure 2. All observations of the Patroclus-Menoetius system 
including mutual events. 

The purpose of the project was to measure the start and end of 
mutual events against their predicted times in order to reduce the 
orbital uncertainties. Precise predictions of the mutual events 
cannot be made due to the elapsed time from the original Marchis 
et al. (2005) predictions. In addition, the orbit could be changing 
over time due to perturbations. 

Because of the 300 second exposures, it is unlikely the start of any 
single mutual event could be measured with an accuracy 
exceeding 10 minutes. An additional complication for the April 9 
mutual event was that the German Equatorial mounted 0.35-meter 
SCT was crossing the meridian at the start of the mutual event, 
which caused further delay in the time sequence as the telescope 
reacquired the target field. This mutual event seemed to be about 
60 minutes after its predicted start time, but this could be off by as 
much as 30 minutes due to the meridian flip. The session did not 
last long enough to reliably measure the end of the mutual event. 

 
Figure 3. The mutual event on 2018 April 9. The actual start of the 
mutual event was about an hour after the predicted time. 

 
Figure 4. The mutual event on 2018 May 9. The actual start of the 
mutual event was about a half hour after the predicted time. 

For the May 9 mutual event, the first drop in magnitude for the 
start of the mutual event was 22 minutes after the predicted time. 
However, that first data point might be an outlier, and the actual 
start of the mutual event could be about 30 minutes after the 
predicted time. Again, the session was not quite long enough to 
measure the end of the mutual event. 

2895 Memnon. The synodic period we found this year agrees with 
previous synodic results (Binzel and Sauter, 1992; Mottola et al., 
2011; French 2011; Stephens et al., 2015; 2016a; 2017). These 
data were combined with available sparse data to find a 
preliminary shape model with a sidereal rotational period of 
7.519792 ± 0.00001 h. 

 
Figure 5. The lightcurve of 2895 Memnon for 2018. 

4348 Poulydamas. Rotational periods have been determined five 
times in the past (Mottola et al., 2011; Stephens et al., 2015; 
2016b; 2017; and Waszczak et al., 2015), each time finding a 
synodic period near 9.9 h. This year’s result is in good agreement. 
The new and previous data were combined with available sparse 
data to find a preliminary shape model with a sidereal rotational 
period of 9.92006 ± 0.00001 h. 
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Figure 6. The synodic lightcurve of 4348 Poulydamas in 2018 April. 

(16070) 1999 RB101. Due to its low amplitude and presumed 
spheroidal shape, this Trojan has always been a difficult case over 
the years. The tendency in evaluating rotational periods is to fit the 
Fourier curve to a bimodal solution. However, with an amplitude 
under 0.1 magnitudes, it is possible that a lightcurve could have 
only a single extremum, or three or more extrema (Harris et al., 
2014).  We observed it four times in the past, first in 2011 (French 
et al., 2012) finding a synodic period of 31.74 h. In 2015, we 
observed it again finding a synodic period of 20.27 h while 
creating a very low amplitude single-modal lightcurve (Stephens 
et al., 2016a). In 2017, (Stephens et al., 2017) we again found a 
low amplitude lightcurve with a best fit synodic period of  
20.205 h. However, the short runs each night and shape of the 
lightcurve did not by itself present a convincing case. In 2018, we 
were again presented with a low amplitude lightcurve, which, 
when phased to a period near 20 h, presented four extrema. 
However, the best fit in this range was just over 19 h. The data 
from the other years could not be phased to match this period. 

 
Figure 7. The lightcurve of (16070) 1999 RB101 in 2018 phased to 
9.667 h. 

The period spectrum for each year was reexamined to see if a 
common period presented itself. Each data set had several aliases 
present and minor zero point adjustments could make a difference. 
Like a Sherlock Holmes mystery, impossible solutions not present 
in all four datasets were eliminated leaving just one common 
solution near 9.7 h. Ultimately, this solution remains 
unsatisfactory since it is not a great fit to the 2011 dataset. It is 
possible some other physical process (e.g., tumbling) could be a 
factor contributing to the inability to find a repeatable rotation 
period. 

  
Figure 8. The period spectrum of (16070) 1999 RB101 in 2018 
shows that no single period differentiates itself, but periods near  
9.7 h, 19 h, and 24 h are possible. 

  
Figure 9. The dataset of (16070) 1999 RB101 in 2011 rephased to 
the 9.7 h period found in 2018. The dataset was originally fit to a 
period of 30,7 h, then to 19.06 h, both resulting in asymmetric 
bimodal lightcurves. 

Number Name 2018 mm/dd Pts Phase LPAB BPAB Period(h) P.E. Amp A.E. 
 617 Patroclus 01/28-05/11 920 7.0,4.0,9.3 166 21 102.8 0.1 0.05 0.01 
 2895 Memnon 04/13-04/15 123 7.0,7.2 171 20 7.516 0.005 0.48 0.02 
 4348 Poulydamas 04/04-04/11 101 5.1,6.2 167 -7 9.937 0.004 0.29 0.02 
 16070 1999 RB101 04/17-05/13 200 8.4,10.4 160 -12 9.6 0.002 0.13 0.02 
Table II. Observing circumstances and results. Pts is the number of data points. Phase is the solar phase angle for the first and last date. 
If there are three values, the middle value is the minimum phase angle. LPAB and BPAB are, respectively, the approximate phase angle 
bisector longitude and latitude at mid-date range (see Harris et al., 1984). 



346 

 Minor Planet Bulletin 45 (2018) 

 
Figure 10. The Period Spectrum for the 2011 dataset of (16070) 
1999 RB101 showing the 9.7 h, an 18 h, 19 h, and 34 h possible 
solutions. 

 
 Figure 11. The dataset of (16070) 1999 RB101 in 2014/15 which 
has a very small amplitude. Combined with the noise in the 
observations almost equal to the amplitude, this dataset could fit a 
number of solutions. 

  
Figure 12. The Period Spectrum for the 2014/15 dataset which 
shows that no single solution stands out. 

  
Figure 13. The dataset of (16070) 1999 RB101 in 2017 rephased to 
the 9.7 h period found in 2018. Originally the dataset was fitted to 
an asymmetric lightcurve with a 20.2 h period. 

  
Figure 14. The Period Spectrum for the 2017 dataset of (16070) 
1999 RB101 showing the 9.7 h, an 18 h, 20 h, and 30 h possible 
solutions. 
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Synodic rotation periods were determined for fourteen 
main-belt asteroids: 424 Gratia, 20.075 ± 0.008 h; 504 
Cora, 7.58 ± 0.01 h; 791 Ani, 11.174 ± 0.004 h; 821 
Fanny, 238.9 ± 0.8 h; 866 Fatme, 5.800 ± 0.002 h; 874 
Rotraut, 14.297 ± 0.009 h; 896 Sphinx, 21.038 ± 0.008 
h; 1097 Vicia, 100.5 ± 0.3 h; 1237 Genevieve, 16.48 ± 
0.03 h; 1315 Bronislawa, 9.578 ± 0.002 h; 1329 Eliane, 
137.8 ± 0.3 h; 1334 Lundmarka, 6.2497 ± 0.0008 h; 
1793 Zoya, 5.750 ± 0.002 h; and 4142 Dersu-Uzala, 
276.0 ± 1.0 h. All the data have been submitted to the 
ALCDEF database. 

CCD photometric observations of fourteen main-belt asteroids 
were performed at Command Module Observatory (MPC V02) in 
Tempe. Images at V02 were taken using a 0.32-m f/6.7 Modified 
Dall-Kirkham telescope, SBIG STXL-6303 CCD camera, and a 
‘clear’ glass filter. Exposure time for all the images was 2 minutes. 
The image scale after 2x2 binning was 1.76 arcsec/pixel. Table I 
shows the observing circumstances and results. All of the images 
for these fourteen asteroids were obtained during 2018 May and 
June, when southern Arizona enjoyed 35 photometric nights. 

Images were calibrated using a dozen bias, dark, and flat frames. 
Flat-field images were made using an electroluminescent panel. 
Image calibration and alignment was performed using MaxIm DL 
software.  

The data reduction and period analysis were done using MPO 
Canopus (Warner, 2017). The 45’x30’ field of the CCD typically 
enables the use of the same field center for three consecutive 
nights. In these fields, the asteroid and three to five comparison 
stars were measured. Comparison stars were selected with colors 
within the range of 0.5 < B-V < 0.95 to correspond with color 
ranges of asteroids. In order to reduce the internal scatter in the 
data, the brightest stars of appropriate color that had peak ADU 
counts below the range where chip response becomes nonlinear 
were selected. The MPO Canopus internal star catalogue was 
useful in selecting comp stars of suitable color and brightness.  

Comp star magnitudes were derived from a combination of 
CMC15 (Muiñoz et al. 2014), APASS DR9 (Munari et al. 2015), 
and GAIA2 G (Sloan r´ = G for stars of asteroidal color) 
catalogues to set the zero-points each night. In most regions the 
Sloan r´ data sources for brighter stars yielded very similar 
magnitudes (within about 0.05 mag total range), so mean values 
rounded to 0.01 mag precision were used. 

This careful adjustment of the comp star magnitudes and color-
indices allowed the separate nightly runs to be linked often with 
no zero-point offset required, or shifts of only a few hundredths of 
a magnitude in a series. 

A 9-pixel (16 arcsec) diameter measuring aperture was used for 
asteroids and comp stars. It was typically necessary to employ star 
subtraction to remove contamination by field stars. For the 
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asteroids described here, I note the RMS scatter on the phased 
lightcurves, which gives an indication of the overall data quality 
including errors from the calibration of the frames, measurement 
of the comp stars, the asteroid itself, and the period-fit. Period 
determination was done using the MPO Canopus Fourier-type 
FALC fitting method (cf. Harris et al., 1989). Phased lightcurves 
show the maximum at phase zero. Magnitudes in these plots are 
apparent, and scaled by MPO Canopus to the first night. 

In most cases, asteroids were selected from the CALL website 
(Warner, 2011) using the criteria of magnitude greater than 14.5 
and quality of results, U, less than 3-.  

The Asteroid Lightcurve Database (LCDB; Warner et al., 2009) 
was consulted to locate previously published results. All the new 
data for these fourteen asteroids may be found in the ALCDEF 
database. 

424 Gratia. This outer-belt asteroid was discovered by Auguste 
Charlois at Nice in 1896. Only one rotation period appears in the 
LCDB (Florczak et al., 1997), whose result is 19.47 ± 0.01 h.  

A total of 516 data points were obtained over the course of nine 
nights. The period spectrum showed a good solution of 20.075 ± 
0.008 h, roughly agreeing with Florczak’s result. The amplitude is 
0.19 ± 0.02 mag, and the RMS scatter on the fit shown in the 
phased plot is 0.015 mag. 

 

504 Cora is an outer-belt asteroid in a moderately eccentric orbit. 
It was discovered at Arequipa in 1902 by Solon Irving Bailey. 
Among the three published periods are those of Waszczak et al. 
(2015) and Higgins (2011), who both calculated 7.588 h. 

Only three nights and 127 images were sufficient to compute a 
period solution of 7.58 ± 0.01, agreeing with previously 
determined periods. The amplitude is 0.18 ± 0.03 mag. The RMS 
scatter on the fit is 0.025 mag. 

 

791 Ani. Gregory Neujmin discovered this asteroid in a high-
inclination orbit from Simeis in 1914. Sauppe et al. (2007) 
computed a synodic period of 16.72 ± 0.03 h, while Behrend 
(2004 and 2009) calculated 22.85 h in both cases.  

Due to its short period, this asteroid required only five nights and 
294 data points to ascertain an unambiguous solution of 11.174 ± 
0.004 h. This result is very close to half of Behrend’s, suggesting 
that theirs may be an alias. The full amplitude is 0.28 ± 0.02 mag; 
the RMS scatter of the fit is 0.019 mag. 

 

821 Fanny was discovered by Max Wolf at Heidelberg in 1916. 
The LCDB shows only one period solution: Behrend (2013) with 
5.44 ± 0.05 h and a quality rating, U = 1. 

It became apparent after several nights that the period would in 
fact be much longer than one day. During 13 nights, 669 images 
were secured, producing a period solution of 238.9 ± 0.8 h. Data 
points separated by 10 nights overlaid closely on the phased curve, 
showing no evidence of tumbling. The amplitude of the lightcurve 
is 0.24 ± 0.03 mag, with an RMS error on the fit of 0.027 mag. 
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866 Fatme is an outer-belt asteroid discovered at Heidelberg by 
Max Wolf in 1917. Several entries appear in the LCDB. Behrend 
(2004 and 2012) obtained a period of roughly 9.4 h in both 
instances. Stephens (2002) computed 20.03 ± 0.01 h, and Aznar et 
al. (2016) shows 20.7 ± 0.1 h. 

The asteroid was observed on five nights, during which 293 
images were obtained. The period solution of 5.800 ± 0.002 h 
differs from previously published values. The RMS scatter on the 
fit is 0.021 mag. The amplitude is 0.24 ± 0.02 mag. 

 

874 Rotraut. Another of Max Wolf’s 1917 discoveries, this 
asteroid has only one published period. Behrend (2004) computed 
a result of 14.586 ± 0.003 h.  

A total of 288 images were taken during four nights. The derived 
period of 14.297 ± 0.009 h is in good agreement with Behrend’s 
determination. The amplitude is 0.29 ± 0.03 mag, and the RMS 
error on the fit is 0.026 mag.  

 

896 Sphinx is again a Max Wolf discovery from 1917. Behrend 
(2001) provided the only published period: 26.27 ± 0.02 h. 

Due to its opposition location near the galactic center, this asteroid 
presented difficulties with unreliable comparison star magnitudes, 
and required extensive star subtraction. After ten nights, 651 
images had been obtained. The bi-modal curve fit produces a 
period of 21.038 ± 0.008 h, which disagrees with published 
results. While this is the preferred solution, the “Split Halves” 
feature in Canopus showed that the mono-modal solution of 
10.541 ± 0.003 h is possible. For the bi-modal solution, the 
amplitude is 0.16 ± 0.03 mag, with an RMS scatter of the fit of 
0.026 mag. For the mono-modal solution, these values are 0.17 ± 
0.02 mag, and 0.022 mag. Both lightcurves are presented. 

Number Name 2018/mm/dd Pts Phase LPAB BPAB Period (h) P.E. Amp A.E. Grp 
 424 Gratia 05/03-05/12 516 8.3,11.0 204 10 20.075 0.008 0.19 0.02 MB-O 
 504 Cora 05/13-05/15 127 8.2,8.7 216 14 7.58 0.01 0.18 0.03 MB-O 
 791 Ani 05/03-05/08 294 8.6,9.6 205 19 11.174 0.004 0.28 0.02 MB-O 
 821 Fanny 05/16-06/02 669 5.6,13.8 226 3 238.9 0.8 0.24 0.03 MB-O 
 866 Fatme 06/03-06/08 293 1.3,1.9 253 3 5.800 0.002 0.21 0.02 MB-O 
 874 Rotraut 05/09-05/12 288 9.4,8.5 249 11 14.297 0.009 0.29 0.03 MB-O 
 896 Sphinx 06/06-06/23 651 8.8,3.1 268 3 21.038 0.008 0.16 0.03 MB-I 
 1097 Vicia 06/09-06/25 758 11.6,2.9 276 2 100.5 0.3 0.14 0.03 MB-M 
 1237 Genevieve 05/19-05/24 310 6.3,8.3 224 2 16.48 0.03 0.11 0.03 MB-M 
 1315 Bronislawa 06/03-06/12 451 1.6,2.8 255 3 9.578 0.002 0.17 0.02 MB-O 
 1329 Eliane 05/03-05/18 859 11.3,15.7 208 19 137.8 0.3 0.43 0.04 MB-M 
 1334 Lundmarka 05/13-05/15 323 6.8,6.7 235 15 6.2497 0.0008 0.72 0.02 MB-O 
 1793 Zoya 05/31-06/02 201 9.8,10.8 234 1 5.750 0.002 0.44 0.03 FLOR 
 4142 Dersu-Uzala 05/20-06/10 731 12.7,21.5 223 7 276.0 1.0 0.52 0.08 H 

Table I. Observing circumstances and results. The phase angle (α) is given at the start and end of each date range, unless it reached a 
minimum or maximum, which is then the second of three values. LPAB and BPAB are each the average phase angle bisector longitude 
and latitude (see Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009). 
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1097 Vicia is a Main Belt asteroid with a high eccentricity of 0.29. 
It was identified by Karl Reinmuth at Heidelberg in 1928. The 
only period determination was made by Gartrelle (2012), who 
published 26.5 ± 0.1 h. 

Observations and reductions for 1097 Vicia were again 
complicated by its location near the Galactic center. After 
accumulating 758 data points in 12 nights, the synodic period 
remained ambiguous. The best result is 100.5 ± 0.3 h which 
disagrees with Gartrelle’s solution. The amplitude of the 
lightcurve is 0.14 ± 0.03 mag. with the curve fit having an RMS 
scatter of 0.030 mag. 

 

1237 Genevieve was discovered by Guy Reiss in 1931 at Algiers. 
Behrend (2005) found a period of 24.82 ± 0.07 h, while Binzel 
(1987) computed 16.37 ± 0.10 h. 

During six nights, 310 data points were acquired. The period is 
16.48 ± 0.03 h, agreeing with Binzel’s determination. The 
amplitude is 0.11 ± 0.03 mag, with an RMS scatter on the fit of 
0.030 mag. 

 

1315 Bronislawa. Sylvain Arrend discovered this outer-belt 
asteroid at Uccle in 1933. The two periods in the LCDB are those 
of Ditteon and West (2011), who found 9.565 ± 0.006 h, and 
Moravec et al. (2013), which is 10.01 ± 0.03. 

A total of 451 images were gathered during eight nights, resulting 
in a synodic period of 9.578 ± 0.002 h., which agrees closely with 
Ditteon. The lightcurve’s amplitude is 0.17 ± 0.02, and RMS 
scatter of the fit is 0.019 mag. 
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1329 Eliane. This asteroid was discovered in 1933 by Eugene 
Delporte at Uccle. Behrend (2005) shows a period of 72 ± 2 h. 
More recently, Warner (2010) published a period of 106 ± 25 h. 

After 15 nights during which 859 data points were taken, the 
period of 1329 Eliane remained ambiguous. The best match for a 
bi-modal lightcurve in the period spectrum appears at 137.8 ± 0.3 
h, differing from published values. The nature of the lightcurve 
suggests that the minor planet is tumbling, although inadequate 
data exists to determine the tumbling period. The amplitude of the 
lightcurve is 0.57 ± 0.04 mag. RMS scatter of the fit is 0.038 mag. 

 

1334 Lundmarka. Karl Reinmuth identified this outer-belt asteroid 
at Heidelberg in 1934. The two published periods are consistent 
with each other. Bohn et al. (2015) shows 6.250 ± 0.003 h, and 
Durech et al. (2016) computed 6.25033 ± 0.00001 h. 

On three consecutive nights, 323 images were sufficient to define 
the lightcurve, and compute a synodic period of 6.2497 ± 0.0008, 
in line with published solutions. The amplitude is 0.72 ± 0.02 mag, 
with an RMS error on the fit of 0.018 mag. 

 

1793 Zoya is a Flora-family asteroid, discovered in 1968 by 
Tamara Smirnova at Nauchnyj. Three recent period solutions in 
the literature are as follows: Brinsfield (2008) 5.753 ± 0.001 h, 
Durech et al. (2016) 5.75187 ± 0.00001, Hanus et al. (2016) 
5.751872 ± 0.000005 h. 

On three nights, 201 images were obtained, resulting in a period of 
5.750 ± 0.002 h, agreeing with previous solutions. The asteroid’s 
amplitude is 0.44 ± 0.03 mag, with an RMS scatter of 0.027 mag. 

 

4142 Dersu-Uzala. This Hungaria asteroid has an inclination of 
26°. Its discovery was made by Zdenka Vavrova at Klet in 1981. 
Warner (2009) showed a period of 140 ± 3 h, which he revised 
(Warner 2015) to 71 ± 3 h.  

Beginning at magnitude 15 and fading during the observing 
interval, signal-to-noise for this minor planet was low from my 
urban site. After obtaining 731 images in 18 nights, a rough 
solution of 276 ± 1.0 h was calculated, in disagreement with 
published periods. The large scatter and variations at similar 
phases in the lightcurve suggest that the asteroid is tumbling. 
Amplitude is high, at 0.52 ± 0.08 mag, with an RMS scatter on the 
fit of 0.082 mag. 
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ASTEROIDS OBSERVED FROM CS3:  
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CCD photometric observations of 8 main-belt asteroids 
were obtained from the Center for Solar System Studies 
from 2018 April to June.  

The Center for Solar System Studies “Trojan Station” (CS3, MPC 
U81) has two telescopes which are normally used in program 
asteroid family studies such as MBAs, Jovian Trojans and Hildas. 
During the 2nd quarter of 2018 the targets which are normally 
studied were either out of season, or the Moon was too close. In 
these cases targets of opportunity amongst the main-belt families 
were selected. 

All images were made with a 0.4-m or a 0.35-m SCT using an FLI 
ML-Proline 1001E or FLI ML-Microline 1001E CCD camera. 
Images were unbinned with no filter and had master flats and 
darks applied. 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). Night-to-night calibration (generally < 
±0.05 mag) was done using field stars from the CMC-15 catalog. 
The Comp Star Selector feature in MPO Canopus was used to 
limit the comparison stars to near solar color. 

In the lightcurve plots, the “Reduced Magnitude” is Johnson V 
corrected to a unity distance by applying -5*log (r∆) to the 
measured sky magnitudes with r and ∆ being, respectively, the 
Sun-asteroid and the Earth-asteroid distances in AU. The 
magnitudes were normalized to the phase angle given in 
parentheses using G = 0.15. The X-axis rotational phase ranges 
from -0.05 to 1.05.  The amplitude indicated in the plots (e.g. 
Amp. 0.20) is the amplitude of the Fourier model curve and not 
necessarily the adopted amplitude of the lightcurve. 

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

1342 Brabantia. This Phocaea family member was studied several 
times in the past. Behrend (2018), Franco et al. (2011, 2018) and 
Owings (2011) each reported periods near 4.18 h. This result is in 
good agreement with those results. 

 

 
1382 Gerti. This member of the Flora family has been studied 
several times in the past and has a sidereal period of 3.081545 h 
and pole determination (Hanas et al. 2011). The result found this 
year is consistent with those findings.  

 
2204 Lyyli. Warner (2010, 2016) twice determine rotational 
periods near 11.06 h for this Mars Crosser.  This year’s result is in 
good agreement with those findings. 
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3198 Wallonia. Behrend (2018) and Warner (2008) reported 
periods near 7.6 h for this Mars Crosser. This year’s finding is in 
good agreement with those results. 

 
(11864) 1989 NH1. Waszczak et al. (2015) reported a period of 
7.597 h using data obtained from the Palomar Transient Factory 
Survey. This result agrees with that finding. 

 
12769 Kandakurenai. Using data obtained from the Palomar 
Transient Factory Survey, Waszczak et al. (2015) reported a 
period of 4.222 h. This result is in good agreement. 

 
15318 Innsbruck. No entry was found in the lightcurve database 
(LCDB; Warner et al., 2009) for this Phocaea family member. 

 
(29168) 1990 KJ. Pravec (2018) reported this member of the 
Phocaea family as a suspected binary asteroid with a primary 
rotation of 2.587247 h and an orbital period of 34.4 h from the 
Photometric Survey for Asynchronous Binary Asteroids.  
Observations this year spanned a month. The raw lightcurve (“No 
Sub.” Plot) showed what appeared to be a couple of attenuation 
events.  The dual period analysis found a primary lightcurve of  
P1 = 2.5827 ± 0.0001 h, A1 = 0.13 ± 0.01 mag (“P1” plot). As 
suspected, subtracting this lightcurve from the data set and doing a 
period search found a solution that showed what seems to be 
mutual events (occultations and/or eclipses) due to a satellite (“P2” 
plot). The lightcurve has a period of P2 = 35.66 ± 0.02 h, A2 = 0.20 
mag. The data for this possible satellite was sent to Petr Pravec for 
analysis and proved to be inconclusive, so it remains a suspected 
binary. A good opportunity for follow up is in 2019 November.  
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Number Name mm\dd Pts Phase LPAB BPAB Period P.E. Amp A.E. Grp 
 1342 Brabantia 04/26-04/30 61 33.1,33.3 147 -13 4.184 0.004 0.19 0.01 PHO 
 1382 Gerti 06/24-06/27 39 31.3,31.5 207 -1 3.098 0.002 0.38 0.05 FLOR 
 2204 Lyyli 05/27-06/05 135 25.8,25.3 171 9 11.056 0.003 0.04 0.03 MC 
 3198 Wallonia 04/28-05/13 204 15.5,8.8 245 10 7.569 0.001 0.39 0.02 MC 
 11864 1989 NH1 06/19-07/01 124 19.5,24.6 241 6 7.597 0.001 0.50 0.02 FLOR 
 12769 Kandakurenai 05/24-05/27 178 5.7,5.9 243 8 4.225 0.001 0.96 0.02 FLOR 
 15318 Innsbruck 06/17-06/28 655 24.8,27.4 228 20 30.29 0.02 0.4 0.03 PHO 
 29168 1990 KJ 04/26-04/30 189 17.9,17.4 225 28 2.5827 0.0001 0.13 0.03 PHO 

Table I. Observing circumstances and results. Pts is the number of data points. The phase angle values are for the first and last date. 
LPAB and BPAB are the approximate phase angle bisector longitude and latitude at mid-date range (see Harris et al., 1984). Grp is the 
asteroid family/group (Warner et al., 2009). 
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289 NENETTA, 504 CORA, AND 821 FANNY 
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Synodic rotation periods and amplitudes are found for 
33 Polyhymnia 18.610 ± 0.001 hours, 0.12 ± 0.01 
magnitudes; 49 Pales 20.709 ± 0.001 hours, 0.19 ± 0.01 
magnitudes with 4 maxima and minima per cycle; 289 
Nenetta 6.916 ± 0.001 hours, 0.20 ± 0.02 magnitudes; 
504 Cora 7.587 ± 0.001 hours, 0.18 ± 0.01 magnitudes; 
821 Fanny, 235 ± 1 hour, amplitude increasing from 
0.22 to 0.28 magnitudes.  For 821 Fanny the color index 
V-R=0.37, H=11.763± 0.018, G=0.079±0.018. 

Observations to obtain the data used in this paper were made at the 
Organ Mesa Observatory with a 0.35-meter Meade LX200 GPS 
Schmidt-Cassegrain (SCT) and SBIG STL-1001E CCD.   
Exposures were 60 seconds, unguided, with a clear filter except 
where otherwise stated.  Photometric measurement and lightcurve 
construction is with MPO Canopus software.  To reduce the 
number of points on the lightcurves and make them easier to read, 
data points have been binned in sets of 3 with a maximum time 
difference of 5 minutes. 

33 Polyhymnia.  Five previous studies all found highly consistent 
rotational periods for 33 Polyhymnia:  Zappala et al. (1982), 
18.601 hours; Pilcher (2009), 18.609 hours; Pilcher (2011), 18.608 
hours; Ferrero (2012), 18.604 hours; Behrend (2012), 18.604 
hours.  New observations on 9 nights 2018 Apr. 10 – May 17 
provide a good fit to a bimodal lightcurve (Figure 1) with period 
18.610 ± 0.001 hours, amplitude 0.12 ± 0.01 magnitudes, in 
complete agreement with earlier results. 

 
Figure 1. Phased lightcurve of 33 Polyhymnia. 

49 Pales.   Two early published rotation periods were by Schober 
(1979), 10.42 hours; and by Tedesco (1979), 10.3 hours, and for 
many years the period was believed to be near 10.4 hours.  
Behrend (2013) published a very sparse lightcurve which 
suggested a period <10 hours.  Pilcher et al. (2016) made a much 

more comprehensive investigation that found a period 20.704 
hours with an unsymmetric quadrimodal lightcurve.  Behrend 
(2016) complemented this study with a period 20.7057 hours.  
Pilcher (2017) at the next opposition found a period 20.705 hours.  
The new study published here confirms the recent results.  
Observations on 10 nights 2018 Apr. 4 – May 11 provide a good 
fit to a period 20.709 ± 0.001 hours, again with an irregular 
quadrimodal lightcurve, and amplitude 0.19 ± 0.01 magnitudes 
(Figure 2).  This is consistent with other recent values. 

 
Figure 2. Phased lightcurve of 49 Pales. 

289 Nenetta.  Previously published period determinations are by 
Barucci et al. (1992), 6.902 hours; Behrend (2006), 6.9 hours; 
Behrend (2007), >8 hours; Behrend (2008), 6.94 hours; and by 
Lucas et al. (2011), 6.914 hours.  New observations on 6 nights 
2018 May 18 – June 18 provide a good fit to a lightcurve with 
period 6.916 ± 0.001 hours, amplitude 0.20 ± 0.02 magnitudes 
(Figure 3).  This is consistent with most previous values. 

 
Figure 3. Phased lightcurve of 289 Nenetta. 

504 Cora.  Previously published period determinations are by 
Barucci et al. (1992), 24.06 hours; Behrend (2009), 7.591 hours; 
Higgins (2011), 7.588 hours; and by Waszczak et al. in the 
Palomar Transient Factory Survey, 7.592 hours in 2012 
observations and 7.588 hours in 2013 observations.  New 
observations on 6 nights 2018 April 16 – May 19 provide a good 
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fit to a lightcurve with period 7.587 ± 0.001 hours, amplitude 0.18 
± 0.01 magnitudes (Figure 4).  A split halves plot of the double 
period 15.174 hours (Figure 5) shows that the two halves are 
almost identical and rules out the double period.  This new result 
is in good agreement with most previous results. 

 
Figure 4. Phased lightcurve of 504 Cora. 

 
Figure 5. Split halves lightcurve of 504 Cora phased to the double 
period 15.174 hours. 

821 Fanny.  The only previously published lightcurve is for one 
night only and shows a period 5.44 hours, amplitude 0.01 
magnitude (Behrend, 2013).  New observations were obtained on 
46 nights 2018 Apr. 11 – June 27.  A raw lightcurve of all of these 
observations (Figure 6) features the usual two maxima and minima 
in an interval near 235 hours with amplitude near 0.22 magnitudes 

in April and May increasing to near 0.28 magnitudes in June at 
larger phase angle.  Such increase in amplitude with increasing 
phase angle is commonly encountered.  Petr Pravec (personal 
communication) has examined the complete data set with 
simultaneous dual period software and finds no evidence of 
tumbling behavior above an approximate 0.04 magnitude limit of 
consistency of the CMC15 catalog.   

 
Figure 6. Raw lightcurve of 821 Fanny including all 46 sessions 
2018/04/11 through 2018/06/27. 

It is useful to plot separate phased lightcurves for two separate 
intervals.  For the interval 2018 Apr. 11 – May 22, a good fit is 
obtained to a bimodal lightcurve (Figure 7) with synodic period 
236.6 ± 0.3 hours, amplitude 0.22 ± 0.03 magnitudes.   The period 
spectrum for this same interval is shown in Figure 8.  A split 
halves plot for the interval Apr. 11 – May 22 (Figure 9) shows that 
the two sides of the 236 hour bimodal lightcurve are quite 
different and rules out a period near 118 hours.  A split halves plot 
for the double period 470 hours in the same time interval (Figure 
10) shows that the two sides are nearly the same and makes a 
period near 470 hours extremely unlikely.  We may have 
confidence that the period is near 236 hours.  For the interval 2018 
June 5 – 27, a good fit is obtained to a bimodal lightcurve (Figure 
11) with synodic period 230.6 ± 0.3 hours, amplitude 0.28 ± 0.03 
magnitudes.  The change in synodic period between these two 
intervals is probably due to a change in the time rate of change of 
phase angle bisector, but is larger than is often encountered.  The 
night-to-night consistency of the lightcurves calibrated with 
CMC15 magnitudes is illustrated in raw plots of the sessions of 
May 9 and 10, about 6 hours each (Figure 12); and again of June 
21 and 22 (Figure 13), far after opposition, where sessions were 
limited to less than 4 hours each as the target sank low in the sky 
several hours before the start of twilight. 

On 2018 May 9 twenty images of exposure time 60 seconds each 
were obtained alternately in R and V filters and measured with the 
same comparison stars with their respective R and V magnitudes 
as derived from CMC15 catalog r’, J, Ks magnitudes.  The R 

Number Name                               yyyy/mm/dd                    Pts                    Phase            LPAB      BPAB        Period(h)       P.E           Amp        A.E. 
   33  Polyhymnia 2018/04/10-2018/05/17  2274   7.4, 1.3, 6.1   221  -1   18.610  0.001   0.12   0.01    
   49  Pales      2018/04/04-2018/05/11  2376   6.0, 1.2, 5.2   214  -3   20.709  0.001   0.19   0.01  
  289  Nenetta    2018/05/18-2018/06/18  1403       3.4, 12.6   230   6    6.916  0.001   0.20   0.02 
  504  Cora       2018/04/16-2018/05/19  1817   6.9, 5.8, 9.9   216  15    7.587  0.001   0.18   0.01 
  821  Fanny      2018/04/11-2018/05/22  2867  12.3, 1.2, 8.8   225   2  236.6    0.3     0.22   0.03 
  821  Fanny      2018/06/05-2018/06/27  1401      15.2, 22.5   229   3  230.6    0.3     0.28   0.03 

  Table I. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first and last date, unless a 
minimum (second value) was reached. LPAB and BPAB are the approximate phase angle bisector longitude and latitude at mid-date range 
(see Harris et al., 1984). 
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magnitude session in the raw lightcurve plot (Figure 14) of these 
two sessions must be adjusted downward by 0.37 magnitudes for 
best overlap; hence we obtain the color index V-R=0.37.  The R 
magnitudes of sessions near mid-light on the raw lightcurve are 
converted to V by V-R=0.37 and used to construct an H-G plot 
(Figure 15) that shows H=11.763±0.018 (in the V magnitude 
system) and G=0.079±0.018. 

 
Figure 7. Phased lightcurve of 821 Fanny for the interval 
2018/04/11 through 2018/05/22. 

 
Figure 8. Period spectrum of 821 Fanny for the interval 2018/04/11 
through 2018/05/22 

 
Figure 9. Split halves lightcurve for 821 Fanny for the interval 
2018/04/11 through 2018/05/22. 

 
Figure 10. Split halves lightcurve for 821 Fanny for the double 
period 470 hours for the interval 2018/04/11 through 2018/05/22. 

 
Figure 11. Phased lightcurve of 821 Fanny for the interval 
2018/06/05 through 2018/06/27. 

 
Figure 12. Raw lightcurve of 821 Fanny 2018 May 9-10. 
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Figure 13. Raw lightcurve of 821 Fanny 2018 June 11-12. 

 
Figure 14. Raw lightcurve of R and V sessions for 821 Fanny 2018 
May 9. 

 
Figure 15. H-G plot for 821 Fanny in the V magnitude system. 
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Analysis of CCD photometric observations of the near-
Earth asteroid (139345) 2001 KA67 show that it may be 
a very wide asynchronous binary, which features a long 
primary and short secondary period. The two periods 
that were found for 2001 KA67, P1 = 44.25 ± 0.05 h and  
P2 = 6.011 ± 0.003 h, are in-line with other potential 
members of this class. 

The formation and states of binary asteroids has been analyzed by 
several authors (e.g., Pravec et al., 2006, 2010, 2016; Jacobson 
and Scheeres, 2011). In those works, even so-called “wide 
binaries” (Jacobson et al., 2014) featured a rapidly spinning 
primary and a tidally-locked satellite. However, a new class seems 
to have come to light: the “very wide binary asteroids” (VWBA; 
Warner, 2016 and references therein). 

These systems feature a slowly rotating primary and, presumably, 
a fully asynchronous satellite with a rotation period usually similar 
to the primaries of “close” binary asteroids (P < 5 hours).  

In general, the satellite is lacking just enough mass and its orbit 
has expanded close to but not beyond the limit where it could 
decouple from the primary and form an asteroid pair (e.g., Pravec 
et al., 2010). This leads to 1) the primary being “despun” to a long 
period and 2) the satellite’s orbit having a very long period. Given 
these circumstances, the chances of seeing mutual events (eclipses 
and/or occultations) are very remote and so, thus far, there has 
been no absolute confirmation that any members of the VWBA 
class exist. 

The long period can be attributed to the primary based on the 
relatively large amplitude. If due to the satellite, the amplitudes 
would be “diluted” by about a magnitude due to the primary and 
so require that the satellite be viewed equatorially and have an 
unphysically great elongation (Alan Harris, private 
communications). 

Observations and Data Reduction 

A C-14 0.35-m Schmidt-Cassegrain and FLI Microline-1001E 
were used to make the observations. Images were unbinned with 
no filter and had master flats and darks applied. The exposures 
were 300 seconds. Table I gives the observing circumstances and 
analysis results. 

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). Night-to-night calibration (generally < ±0.05 mag) was 
done using field stars from the CMC-15 catalog. The Comp Star 
Selector feature in MPO Canopus was used to limit the 
comparison stars to near solar color. 

In the lightcurve plots, the “Reduced Magnitude” is Johnson V 
corrected to a unity distance by applying –5*log (r∆) to the 
measured sky magnitudes with r and ∆ being, respectively, the 
Sun-asteroid and the Earth-asteroid distances in AU. The 
magnitudes were normalized to the phase angle given in 
parentheses using G = 0.15. The X-axis rotational phase ranges 
from –0.05 to 1.05.  

The amplitude indicated in the plots (e.g. Amp: 0.23) is the 
amplitude of the Fourier model curve and not necessarily the 
adopted amplitude of the lightcurve. 

Data Analysis 

Stephens’ initial analysis of the data through June 11 indicated a 
single period of about 6.9 hours but with other possibilities. In his 
analysis, nightly zero points were adjusted by 0.4 mag or more, 
which is usually assumed to be systematic errors in the catalog 
magnitudes that are RA/Dec dependent. As it turns out, and has 
likely happened to many times to others, forcing the sessions to fit 
masked a completely different result.  

Warner reviewed the data obtained through June 11, starting by 
resetting the nightly zero points to 0. When plotting individual 
nights, the data often showed a steadily increasing or decreasing 
trend that usually indicates a long period.  

 

Additional data were obtained through June 15 and the nightly 
zero point adjustments limited to 0.05 mag or less. The initial 
results of the second analysis found more than one potential 
period, i.e., a second, shorter period superimposed on the long 
period lightcurve. 

The “No Sub” plot shows the result of finding a single period 
using the full data set. The fact that the curve did not seem to 
repeat itself after one cycle is one indication that the asteroid 
might be “tumbling”, i.e., in non-principal axis rotation (NPAR; 
Pravec et al., 2005). 

The dual-period feature of MPO Canopus was used to look for the 
possibility of one or two secondary periods that would, after 
subtracting out, give a better fit for the long period. This led to 
finding two, distinct periods within the data.  

The “P1” period spectrum shows the two dominant long periods, 
including the adopted one near 44 hours since it produced a 
bimodal lightcurve with a large amplitude (Harris et al., 2014). 
The “P2” period spectrum showed a period near 6 hours as most 
likely. The two strong solutions on either side represent a one 
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rotation per day difference. All three were used against the long 
period in the analysis.  

The final results are shown in the “P1” and “P2” lightcurves which 
give the best fits of P1 = 44.25 ± 0.05 h and P2 = 6.011 ± 0.003 h. 
Unfortunately, it was not possible to fill in the entire long period 
lightcurve. However, it is sufficiently well-defined to be certain of 
the solution. 

 

 

 
The period for P1 is near the short end of those found in other 
suspected very wide binary candidates (see Table II). It’s 
amplitude of 0.47 mag fits well into the model for these objects, as 
does the amplitude of the P2 lightcurve. 

 

Number Name P1 P2 Ref 
1876 Napolitania 45 2.825 MPB 43, 57-65 
2026 Johnmckay 372 2.298 MPB 38, 33-36 

15778 1993 NH 113 3.320 MPB 42, 60-66 
19204 Joshuatree 480 21.25 MPB 43, 220-222 
23615 1996 FK12 368 3.646 MPB 42, 36-42 
67175 2000 BA19 275 2.716 MPB 41, 102-112 

119744 2001 YN42 624 7.24 MPB 42, 79-83 
218144 2002 RL66 588 2.49 MPB 37, 109-111 
139345 2001 KA67 44 6.011 This work 

 2014 PL51 205 5.384 MPB 42,134-136 

Table II. List of suspected wide binary asterods. P1 is the primary’s 
period (hours). P2 is the satellite’s period, which is not tidally-locked 
to its orbital period. The orbital period is likely very long. 

Number Name P1 P2 P1/P2 
139345 2001 KA67 44 6.011 7.3 

1876 Napolitania 45 2.825 15.9 
19204 Joshuatree 480 21.25 22.6 
15778 1993 NH 113 3.320 34.0 

 2014 PL51 205 5.384 38.1 
119744 2001 YN42 624 7.24 86.2 
23615 1996 FK12 368 3.646 100.9 

218144 2002 RL66 588 2.49 236.1 
67175 2000 BA19 275 2.716 272.3 
2026 Johnmckay 372 2.298 369.7 

Table III. The ratios of the primary-to-secondary rotation periods. 

What makes this candidate a bit unusual is the ratio of the 
primary-to-secondary periods. As shown in Table III, the ratio for 
2001 KA67 is, by far, the smallest and less than half of the second 
lowest ratio. There does not seem to be a correlation between the 
ratio and primary period.  

Conclusions 

(139345) 2001 KA67 is a strong candidate for the small set of 
very wide binary asteroids discovered so far. We can only 
speculate on how many more there might be. More of a question is 
how many might have been overlooked by presuming that large 

Number Name 2018 mm/dd Pts Phase LPAB BPAB Period(h) P.E. Amp A.E. 
139345 2001 KA67 06/06-06/15 481 38.6,24.3 271 24 44.25 0.05 0.47 0.03 
        6.011 0.003 0.10 0.01 
Table I. Observing circumstances and results. The first line is for the primary of the putative binary while the second line is for the 
presumed satellite rotation period. The orbital period was not determined. Pts is the number of data points. Phase is the solar phase angle 
for the first and last date. LPAB and BPAB are, respectively, the approximate phase angle bisector longitude and latitude at mid-date range 
(see Harris et al., 1984). 
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nightly zero point shifts were systematic errors in the catalogs or 
measurements.  

Perhaps it would be worth a second look by others who have data 
sets that required large zero point shifts, especially if the result 
was a lightcurve with a period of less than 5 hours. As shown in 
Table II, however, this is only a place to start since some 
secondary curves are much longer. 

As before, we encourage more detailed observations when initial 
results indicate a long period. The oft-used method of obtaining 
only a few data points each night will not allow finding more 
candidates for this class. Denser lightcurve coverage may be a 
strain on telescope time if only one is available. It’s never easy 
balancing priorities and program goals. 
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Photometric observations of selected asteroids were 
done from Blue Mountains Observatory (BMO) and 
Darling Range Observatory (DRO) in 2016. The 
observations were made during a favorable apparition 
for each asteroid as part of the Photometric Survey of 
Asynchronous Binary Asteroids (PSABA) program.  

CCD photometric observations of several asteroids were made in 
2016 from Blue Mountains Observatory by Oey and supported by 
Groom at Darling Range Observatory. Five telescope systems 
were used for the observations (Table I). Further information of 
the instruments used at BMO can be found at BMO (2016). Table 
II shows the absolute magnitude (H) and the instruments used for 
each asteroid. 

Unless otherwise specified, all images were taken unfiltered with 
exposures of 300 s to maximize SNR but at the same time provide 
sufficient data point frequency for most main-belt asteroid rotation 
periods.  

The raw data from B14 and DRO were subtracted with a library of 
flats, darks, and bias frames using CCDSoft v5 while the raw data 
from B24 and B14E were obtained using The SkyX and 
subsequently reduced using a library of flats, darks, and bias 
frames in Maxim DL v6. Data measurement and reduction were 
done using MPO Canopus v10, which uses the Fourier analysis 
algorithm (FALC) developed by Harris (Harris et al., 1989).  

The Comp Star Selector (CSS) feature in MPO Canopus was used 
to select comparison stars. Calibration of the data was done using 
the MPO Canopus MPOSC3 catalog. The RC magnitudes for the 
comparison stars were converted from 2MASS J-K values. This 
resulted in internal consistency of < 0.05 mag. However, due to 
interstellar reddening, the conversion is inconsistent and some 
adjustments in the nightly zero points were required during period 
analysis (Warner, 2007).  

Most of the targets in this paper were observed to support the 
Photometric Survey of Asynchronous Binary Asteroids (PSABA; 
Pravec, 2016). Unless noted otherwise, the description of the 
lightcurve elements was described in Oey et al. (2015). 

832 Karin was selected from CALL website (Warner, 2016) 
because it was reaching a favourable opposition. Recent work by 
Yoshida (2016) found that the period 18.346 ± 0.96 h was 
consistent with our refined period. This is the primary body of the 
Karin family, which is thought to have been formed by a collision 
5.8 My ago. In this regard, it was suggested that the asteroid might 
have the tell-tale signs of fresh impact on its surface detectable as 
a color difference over its rotational cycle.  

The data from 2016 March and May were plotted separately to 
show the change in amplitude due to the increase in phase angle. 

 

 

910 Anneliese was worked previously by Alvarez and Manuel 
(2015), who obtained a rotation period of 11.2863 ± 0.0002 h. 
Their data set was comprehensive, having about 3200 data points. 
The period reported here is based on relatively sparse data with no 
double coverage of the lightcurve. Even so, the result is consistent 
with that found by Alvarez and Manuel. 

Obs Scope Ap (m) f Camera Pixel  Bin Scale 
DRO D12 0.30 7.4 ST-8XME 9.0 1x1 0.84 
BMO B14 0.35 6.0 ST-8XME 9.0 1x1 0.88 
BMO B5 0.12 7.5 ST-8300M 5.4 3x3 3.51 
BMO B24 0.61 6.8 U42 13.5 1x1 0.70 
BMO B14E 0.35 11 U6 24 1X1 1.28 

Table I. Equipment specifications. The Scope column gives the 
code used in Table II. Pixels sizes are in microns. The Scale is 
arcsec/pixel. BMO = Blue Mountains Observatory. DRO = Darling 
Range Observatory. 

Number H Group Comment 
832 8.30 MB-O B5, B12 
910 10.50 MB-O B5, B14 
1741 
2827 

11.50 
12.10 

MB-O 
MB-I 

B24 
B24, D12 

2656 
2956 
3002 
3363 
3738 

13.30 
12.10 
12.80 
12.10 
12.90 

MB-F 
MB-O 
MB-F 
MB-O 
MB-I 

B14 
B24 

B24, B14 
B24 

B24, B14 
4022 13.10 MB-V B14, D12 
5129 13.06 MB-I B14, B24, D12 

Table II. The H values are from the MPC. The orbital groups 
are from the LCDB (Warner et al., 2009a). MB-I/-O = Main-belt 
Inner/Outer, -V = Vestoid, -F = Flora 
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1741 Giclas is the primary of a paired asteroid within the search 
parameters of the PSABA project. According to Pravec et al. 
(2010), the primaries of binary and paired asteroids that have 
small secondaries (Ds/Dp < 0.4) have very similar, fast spin rates. 
Consequently, it was possible that 1741 Giclas would be a binary 
since its rotation period was within the range common among the 
primary body of binary asteroids. Our data showed no signs of a 
satellite. 

 

The result reported here is based on data from 2016 Aug-Nov. The 
changing observing geometry shift was apparent from the scatter 
seen in this the lightcurve. Four other sessions (June 28-29 and 
July 2-3) were excluded from this plot because of incorrect time 
stamps. Oey et al. (2015) obtained a period of 2.9426 h, which is 
consistent with the period found for the 2016 apparition. 

2656 Evenkia was also reported by Lang et al. (2016) during the 
same apparition. They found the same synodic period of 7.0870 h. 

 

2827 Vellamo was done the through PSABA program (Pravec, 
2016). The period is unique with no signs of being the asteroid 
being binary. 

 

2956 Yeomans was a target of opportunity during the observations 
of 5112 Kusaji. Previous work done by Aznar (2015) from a 
single night light curve produced a U = 2 result and a period of 3.4 
± 0.1 h. His data were better than those used here in the sense that 
they produced a complete lightcurve. 

Number Name 2016 mm/dd Pts Phase LPAB BPAB Period(h) P.E. Amp A.E. 
 832  Karin 05/22-05/30 229 15,17 194 -1 18.355 0.004 0.57 0.02 
 832  Karin 03/09-04/02 53 8,0 192 -1 18.348 0.04 0.42 0.02 
 910 Anneliese 05/06-05/09 291 7,13 227 1 11.294 0.002 0.55 0.03 
 1741 Giclas 08/21-11/02 289 2,21 332 -4 2.94274 0.00007 0.13 0.02 
 2656 Evenkia 03/05-03/12 74 8,4 176 4 7.0855 0.0006 0.58 0.01 
 2827 Vellamo 30/02-03/07 330 13,10 189 -3 3.7392 0.0005 0.19 0.01 
 2956 Yeomans 11/03 61 2 44 -3 3.72 0.07 0.26 0.02 
 3002 Delasalle 04/26-05/04 188 12,8 231 9 6.5357 0.0004 0.35 0.02 
 3363 Bowen 05/17-05/18 229 4 228 3 3.016 0.003 0.19 0.03 
 3738 Ots 03/07-03/12 108 4,1 173 0 4.1717 0.0005 0.73 0.01 
 4022 Nonna 04/02-04/08 221 8,5 205 -7 2.5872 0.0004 0.08 0.01 
 5129 Groom 09/21-10/05 181 6,3 9 -5 3.3797 0.0003 0.23 0.02 

Table III. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first and last date. If there 
are three values, the middle value is for the minimum during the range. LPAB and BPAB are the approximate phase angle bisector longitude 
and latitude at mid-date range (see Harris et al., 1984).  
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3002 Delasalle was part of the PSABA program (Pravec, 2016). 
The period is unique and consistent with previous work by Aznar 
(2016), who found a period of 6.537 ± 0.001 h. 

 

3363 Bowen was another PSABA target. The bimodal lightcurve 
amplitude is 0.20 mag. There was a considerable amount of scatter 
due to a full moon. Despite this, the resulting synodic period is 
consistent with that obtained from a previous apparition (Pravec, 
2016), 3.0219 ± 0.0006 h 

 

3738 Ots was part of the PSABA program. With the large 
amplitude of 0.73 mag and low phase angle, this asteroid can only 
be a prolate spheroid with a unique bimodal lightcurve (Harris et 
al., 2014). We found a synodic period of 4.1717 h 

 

4022 Nonna was previously studied through the PSABA program 
(Pravec, 2010) and by Behrend (2013). The result reported here is 
consistent those previous works. It is noted here that the apparent 
multimodal lightcurve with the low 0.09 mag amplitude may be 
caused by concavities in the roughly spherical shaped asteroid. 

 

5129 Groom was previously observed in the PSABA project 
(Pravec, 2016). This is the fourth apparition of this “prime 
suspect” observed by the PSABA team (Oey et al., 2015).  
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Lightcurves for 39 Near-Earth asteroids (NEAs) 
obtained at the Center for Solar System Studies-Palmer 
Divide Station (CS3-PDS) from 2018 April-June were 
analyzed for rotation period and signs of satellites or 
tumbling. In addition, re-examination of data for  
2014 UR taken in 2014 shows that the rotation period is 
0.2300 h and not the 2.37 h that was originally reported. 

CCD photometric observations of 39 near-Earth asteroids (NEAs) 
were made at the Center for Solar System Studies-Palmer Divide 
Station (CS3-PDS) from 2018 April-June. In addition, re-
examination of data obtained in 2014 of the NEA (25916) 2001 
CP44 revised the original period (Warner, 2014a) from 4.208 h to 
4.608 h.  

Table I lists the telescope/CCD camera combinations that were 
used. All the cameras use CCD chips from the KAF blue-
enhanced family and so have essentially the same response. The 
pixel scales for the combinations range from 1.24-1.60 
arcsec/pixel. 

Desig Telescope Camera 
Squirt 0.30-m f/6.3 Schmidt-Cass ML-1001E 
Borealis 0.35-m f/9.1 Schmidt-Cass FLI-1001E 
Eclipticalis 0.35-m f/9.1 Schmidt-Cass STL-1001E 
Australius 0.35-m f/9.1 Schmidt-Cass STL-1001E 
Zephyr 0.50-m f/8.1 R-C FLI-1001E 

Table I. List of CS3-PDS telescope/CCD camera combinations. 

All lightcurve observations were unfiltered since a clear filter can 
cause a 0.1-0.3 mag loss. The exposure duration varied depending 
on the asteroid’s brightness and sky motion. Guiding on a field 
star sometimes resulted in a trailed image for the asteroid. 

Measurements were made using MPO Canopus. The Comp Star 
Selector utility in MPO Canopus found up to five comparison 
stars of near solar-color for differential photometry. Catalog 
magnitudes were taken from the APASS (Henden et al., 2009) or 
CMC-15 (Munos, 2017) catalogs.  

The nightly zero points for the APASS and CMC-15 catalogs are 
generally consistent to about ±0.05 mag or better, but occasionally 
reach >0.1 mag. There is a systematic offset between the two 
catalogs and so, whenever possible, the same catalog is used for 
all observations of a given asteroid. Period analysis is done with 
MPO Canopus, which implements the FALC algorithm by Harris 
(Harris et al., 1989). 

In the plots below, the “Reduced Magnitude” is Johnson V as 
indicated in the Y-axis title. These are values that have been 
converted from sky magnitudes to unity distances by applying  
–5*log (rΔ) to the measured sky magnitudes with r and Δ being, 
respectively, the Sun-asteroid and Earth-asteroid distances in AU. 
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Unless otherwise stated, the magnitudes were normalized to the 
phase angle in parentheses using G = 0.15. The X-axis is the 
rotational phase, ranging from –0.05 to +1.05. 

If the plot includes an 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 the sake of brevity, only some of the previously reported 
results may be referenced in the discussions on a specific asteroid. 
For a more complete listing, the reader is directed to the asteroid 
lightcurve database (LCDB; Warner et al., 2009). The on-line 
version at http://www.minorplanet.info/lightcurvedatabase.html 
allows direct queries that can be filtered a number of ways and the 
results saved to a text file. A set of text files of the main LCDB 
tables, including the references with Bibcode, is also available for 
download. Readers are strongly encouraged, when possible, to 
cross-check with the original references listed in the LCDB. 

719 Albert. Previous results for the “lost” asteroid that was 
rediscovered in 2001 include Behrend (2001; 5.8007 h) and 
Pravec et al. (2001; 5.8011 h). Even though it was occasionally 
accessible with larger backyard telescopes, no are no additional 
lightcurve entries in the LCDB since rediscovery. The period 
reported here is not quite in agreement with the earlier results; 
that’s likely due to the sparse data set over a short period. 

 

1627 Ivar. This NEA has been studied in-depth optically and by 
radar (see the LCDB for numerous listings). As a result, its shape 
and spin axis are well established. Additional observations, 
however, might be used to determine if the asteroid’s spin rate is 
changing due to the YORP effect (Rubincam, 2000). 

 

1866 Sisyphus. A rotation period of about 2.4 hours has been 
published before (e.g., Schober et al., 1993, 2.400 h). On two 
occasions, Stephens et al. (2011) and Warner (2016c), there were 
reports of a possible satellite with an orbital period between 25-28 
hours. There were no indications of a second period or mutual 
events in 2018. 

The period spectrum favored a period of 4.81 h, double the 
accepted value. This produced a quadramodal lightcurve. Using a 
“split halves” plot for the longer period showed that the halves 
were virtually identical. Either shape is possible (Harris et al., 
2014); the shorter period was adopted since it was in-line with all 
previous results and because it was a more likely period for the 
primary of a binary system. 

 

 

 

2061 Anza. Rakos (1960) reported a period of 11.50 h. Forcing the 
2018 data to that period produced a quadramodal lightcurve. 
Given the amplitude, that shape is unlikely (Harris et al., 2014). 
As the period spectrum shows, the solution of 6.712 h is far from 
definitive.  
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Those observing in 2035 will see the asteroid reach V ~ 11.6 at a 
distance of 0.054 AU, or about 21 lunar distances. Until then, it is 
never brighter than V ~ 18.8. 

 

 

(9856) 1991 EE. Wisniewski et al. (1997) reported a period of 
3.045 h for this 1-km asteroid. The results here are in good 
agreement. The “roller coaster” shape of the lightcurve is not 
unusual when observing at large phase angles, which allows 
shadowing effects to come into play. 

 

15745 Yuliya. The data from CS3-PDS in 2018 lead to several 
possible periods. The choice came down to 5.86 h or 11.70 h. Both 
were wrong. Working independently, Aznar et al. (2018) 
determined that the asteroid was binary with P1 = 3.2486 h and 
PORB = 15.63 h. The mutual events ranged from 0.15-0.21 mag, 
indicating that the effective diameter of the satellite was at least 
41% of the primary diameter. 

The period spectrum shows the results doing a single period 
search using only CS3-PDS data. The “OSP” (original single 
period) lightcurve shows the initially adopted period. Note that the 
amplitude is mid-range of the mutual events from Aznar et al. 
(2018). 

 

 

After seeing the announcement of the binary discovery, an attempt 
was made to force the CS3-PDS data to the results from Aznar et 
al. (2018). As it turns out, the analysis of the CS3-PDS data was 
finding the lightcurve for the satellite and its relatively deep 
mutual events. Furthermore, when subtracting that lightcurve from 
the data to find the primary’s lightcurve, the period spectrum was 
essentially flat with dozens of very minor “wiggles”. In other 
words, there was no indication of the primary in the CS3-PDS3 
data. The “P1” plot is the result of forcing the search between 
3.24-3.26 h. Even with that restriction, there were several possible 
solutions. 
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Aznar et al. (2018) reported a primary lightcurve amplitude of 
0.10 mag. This should have been readily seen in the CS3-PDS 
data. Why it was not is unknown. 

(25916) 2001 CP44. This 5.7 km NEA was observed twice: first in 
April and then in June. As seen in the two 2018 lightcurves, the 
lightcurve shape evolved considerably. When trying to merge the 
two to get a more precise period, a considerable zero point offset 
was required for one data set to get the curves to merge. 
Sometimes this is the result of using the default value for G = 0.15 
± 0.2 and not a more accurate value. Running the data through the 
H-G calculator in MPO Canopus found H = 13.60, G = 0.01 ± 
0.03. The value for H is the same as listed in the MPCORB data 
file (MPC, 2018), which uses the default value for G. When using 
the new value for G, the zero point shift was eliminated.  

 

 

 
The value for H is dependent on the area of the asteroid’s shape 
projected onto the plane of the sky. With the large changes in the 
lightcurve, the projected area may have changed as well, thus 
complicating the search for the true values of H and G. In other 
words, G = 0.01 should not be considered reliable. 

When first observed in 2014 (Warner 2014a), the period was 
found to be 4.208 h. Following the analysis of the 2018 data, the 
2014 data were given another look. This led to a revised result of  
4.608 h, which is in better agreement with the latest analysis. 

 

 

(36183) 1999 TX16. Pravec et al. (1999) observed 1999 TX16 in 
late 1999 when it was at phase angle α ~ 52°. They found  
P = 5.6121 h and A = 1.3 mag.  

The observations in 2018 were at phase angle of α ~ 7°, but the 
phase angle bisector longitudes (Harris et al., 1984) were about 
126° apart, so the reduced amplitude may not have been due only 
to the typical behavior of a lower amplitude at a lower phase angle 
(Zappala et al., 1990). 
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(65996) 1998 MX5. There were no previous entries of any kind 
the LCDB for 1998 MX5; the estimated diameter is 620 m. 

 

(66391) 1999 KW4. This is the famous “spinning top” asteroid 
thoroughly detailed with radar observations by Ostro et al. (2006). 
For an animation, visit http://echo.jpl.nasa.gov/asteroids/ 
1999KW4/kw4_20060529Afour.mov. Note that the MOV file may 
not work when using default Windows video players.  

The dual period search of MPO Canopus was used to extract the 
lightcurves for the primary and the mutual events of the satellite. 
The eclipse at 0.4 phase in “PORB” appears total. Using the 
attenuation of 0.15 mag gives the ratio of satellite-to-primary 
diameters of 0.38 ± 0.03. The radar data gave about 0.33. 

 

 

(68347) 2001 KB67. The estimated diameter is 325 m. There were 
no previous entries of any kind in the LCDB. 

 

(85628) 1998 KV2. Analysis of the 2018 data found the likelihood 
to two periods, i.e., possible indications of a satellite. The putative 
primary period was ambiguous, with the more likely solution at 
2.999 h, as shown in the period spectrum. The alternate, shorter 
period, was 2.823 h. The two differ by one-half rotation over 24 
hours. Previous results by the author were all close to 2.82 h: 
Warner (2014b, 2.819 h; 2016a, 2.819 h; 2016c, 2.819 h). 

 
After numerous iterations of the dual period search in MPO 
Canopus, the significantly better fit was P1 = 2.999 h. Regardless 
of which P1 was selected, the fit was improved significantly by 
subtracting out P2 = 13.28 h. The P2 value varied by no more than 
0.01 h when using different values of P1.  

The data from earlier apparitions were analyzed anew, but in three 
of the four cases, the shorter period had a lower RMS fit to 2.82 h 
no matter how the nightly zero points were adjusted.   
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Since the two periods are nearly Earth-day commensurate and the 
curves are nearly symmetrical, it’s very easy for one to be a 
rotational alias of the other. In other words, it’s not certain how 
many rotations occurred over the range of observations. The 2018 
observations spanned 8 days, at least 3 days longer than the earlier 
data sets. It’s possible that the longer span almost allowed the 
ambiguity to resolve itself. 

 

 

(85953) 1999 FK21. Skiff (2011) found a period of 28.1 h. Warner 
(2016a) found a period of 17.62 h. The 2018 data led to yet 
another result, P = 68.44 h. In this case, however, the data set was 
denser and three of the four extrema were reasonably defined.  

There are no obvious signs of tumbling (Pravec et al., 2005; 2014) 
even though the combination of diameter and period would make 
it likely.   

 

(85989) 1999 JD6. Pravec et al. (1999) reported a period of  
7.666 h. This was followed with 7.6638 h by Polishook and 
Brosch (2008a) and 7.6611 h by Vaduvescu et al. (2017). The 
period reported here is in good agreement with the earlier results 
and those by Warner (2014b, 7.667h; 2015, 7.673 h). 

 

(138847) 2000 VE62. Monteiro et al. (2017) reported a period of 
6.469 h. This disagrees with the results here and from Percy 
(2018) of 7.600 h. The two periods differ by almost one-half 
rotation over 24 hours, possibly indicating a rotational alias, i.e., a 
miscount of the number of rotations over the range of the 
observations. 

 

(139289) 2001 KR1. There was no previous lightcurve entry in the 
LCDB for this 900-m asteroid. 
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(153957) 2002 AB29. A period of 2.545 h (Warner, 2014b) was 
the only previous result in the LCDB. The 2018 data set was much 
denser but also extremely noisy. The period spectrum shows a 
number of possible solutions. Given the earlier result, the search 
was narrowed to 2-3 h. This produced a period of 2.415 ± 0.002 h, 
with a bimodal solution at 4.827 h.  

 

 

 

 

The shorter period was adopted since the 2014 data produced an 
unlikely quadramodal lightcurve using the longer period. In the 
review of the 2014 data, the period was refined to 2.442 h. 

(162168) 1999 GT6, (220839) 2004 VA. These appear to be the 
first reported lightcurve results for these two NEAs. The estimated 
diameters are, respectively, 1.2 km and 1.0 km. 

 

 

(337084) 1998 SE36. It wasn’t possible to get a full lightcurve for 
1998 SE36 from a single station because its period is nearly 
commensurate with an Earth day. The amplitude virtually requires 
a bimodal lightcurve (Harris et al., 2014), and so a search was 
made for a good fit to a monomodal lightcurve. Once found, the 
period was doubled to get the final result. There were no previous 
results in the LCDB. 
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(415029) 2011 UL21. The period for this 2-km asteroid was first 
reported to be 1.562 h (Warner, 2018d), but that was rated 
“probably wrong” in the LCDB. The additional data from six 
months later seems to make a case for a more typical short period 
of 2.732 h. The large error bars reduce the reliability of the 
solution, however. 

 

(444193) 2005 SE71. Because of its diameter of 700 meters and 
period of about 66 h, this asteroid is a very likely candidate for 
tumbling (Pravec et al., 2005). This appears to be the case. The 
“Natural” plot uses zero shifts Δ0 < 0.05 mag. This produces a 
lightcurve that clearly does not repeat with additional cycles: a 
good sign of tumbling. Even when introducing much larger than 
usual zero shifts to fit most data, there is still a “rouge night.” 

 

 

 

From this, it’s possible that the asteroid is a low-level tumbler, 
meaning that there only a slight “wobble” in the primary spin axis 
rotation and that the two periods, rotation and precession, are close 
to one another.  

(450648) 2006 UC63 has an estimated diameter of 350 km. There 
were no previous lightcurve results in the LCDB.  

As noted in Harris et al. (2014), at relatively low phase angles a 
low-amplitude lightcurve cannot be assumed to be bimodal and 
could have 1, 2, or 3 or more extrema pairs per rotation. While 
two possible periods, including the preferred one of 10.13 h, are 
shown here, other periods, such as one about 15.3 h (trimodal) are 
possible. Unfortunately, the ambiguity will not be resolved any 
time soon. The asteroid stays at V ≥ 20 until 2041 May, when it 
“blazes forth” at V = 18.1. 
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(455550) 2004 JO2, (467309) 1996 AW1. There were no previous 
lightcurve entries in the LCDB for the 1-km 2004 JO2. The same 
applies to 1996 AW1, which has an estimated diameter of 300 
meters. Both solutions are considered secure, especially for 1996 
AW1 because of its large amplitude lightcurve. 

 

 

(469737) 2005 NW44. There were no previous lightcurve results 
in the LCDB for 2005 NW44. The estimated diameter is 250 
meters. The low SNR (large error bars) is due to the asteroid’s 
rapid sky motion. Exposures had to be limited to 30 sec to keep 
trailing to a minimum. The raw plots of individual nights showing 
a steady increase or decrease in brightness added some confidence 
to the solution, though it still far from certain. 

 

2010 WC9. This is a tumbling asteroid with nearly commensurate 
periods of 0.18469 h and 0.12376 h (Petr Pravec, private 
communications). MPO Canopus, which cannot analyze tumbling 
asteroids, was used to generate the plots at the two frequencies 
along with a single period lightcurve that is almost a good fit. The 
total amplitude of the lightcurve is about 1.2 mag. 
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2013 US3. There may be in a subclass of asteroids called “very 
wide binaries” (see Warner, 2016b) where the primary has a long 
to very long period and the satellite has a short period, usually  
P ≤ 7 h. It was not possible to follow this NEA long enough to get 
a complete lightcurve of the long period, but using half-period 
solutions gave P1 = 450 ± 50 h as a reasonable estimate. When this 
was subtracted from the data, despite the large error bars, a second 
period appeared, P2 = 2.4050 ± 0.0004 h, which is a typical period 
for the satellites in these systems.  

To date, mutual events (occultations and/or eclipses) have not 
been seen, nor are they likely to be since the orbital period is very 
long. Therefore, 2013 US3 joins a small, but growing list of 
suspected candidates for the very wide binary group. 

 

 

2015 DP155. Reshetnyk et al. (2018) reported P = 3.105 h and  
A = 1.0 ± 0.1 mag. The CS3-PDS data were obtained about two 
weeks later, when the amplitude had decreased to 0.93 ± 0.05 
mag. This was the brightest apparition through 2050. The best it 
will be is V ~ 18.9 in 2021 July at –25° declination. 

 

2016 JP. There’s a chance to confirm this first-time result in 2019 
April. That will be the last time through 2050 that it is brighter 
than V ~ 18.3. 

 

2017 YE5. Radar observations in 2018 mid-June showed this to be 
an “equal-mass, Hermes-like binary” (Patrick Taylor, private 
communications). With the large phase angle and unknown 
viewing geometry, just about any lightcurve could be generated. 
The one obtained at CS3-PDS has a large amplitude, which might 
be expected, but the very small secondary minimum was a 
challenge to explain.  

 

Additional radar observations in late June (JPL, 2018) at Arecibo, 
Goldstone, and Green Bank (West Virginia) confirmed that the 
asteroid is binary. The two bodies are each 900 meters in diameter 
and are widely separated. The orbital period was estimated to be 
20-24 h, which fits with the period found using the CS3-PDS data.   
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2018 EB, 2018 JX, 2018 LK. These are first-time entries into the 
LCDB for these three NEAs, each one having a super-fast rotation 
period. Their positions in the frequency-diameter plot from the 
LCDB show that they are in the “ascending branch” that features 
small, super-fast rotators. 

 

For 2018 EB, the large phase angle puts forcing a bimodal 
solution into question, but that is countered by the relatively large 
amplitude. The estimated diameter is only 130 meters, so it’s not 
surprising for the asteroid to have a period well above the “spin 
barrier.”  

The fastest rotator of the group is 2018 JX. To avoid excessive 
trailing, exposures were only 6 seconds. Fortunately, the asteroid 
was V ~ 14.5 at the time and so the SNR was reasonable and the 
result was an unusually “tight” lightcurve.  

 

 

 

 

The shape of the lightcurve for 2018 LK changed so dramatically 
from 2018 June 12 to 13 that there was little point in merging the 
two nights to get a single period. The mismatch between the 
curves might have actually hurt the accuracy of the result. 

2018 JE1. At V ~ 18.5, exposures of 240 s or more would have 
been preferred. However, sky motion kept them to 90 sec. The 
large error bars rival the amplitude of the half-period lightcurve, 
which was the only reasonable means to get an estimate the 
period.  

The data from June 3 required a zero point shift of 0.81 mag to 
match June 2. That is far beyond what was expected and so it was 
assumed that there was a very long period component in the data. 
A short period seemed likely looking only at the June 2 data.  
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The dual period search feature in MPO Canopus was used to 
remove what appeared to be a long period, which is very probably 
not valid: it was a just a means to remove the large zero-point shift 
that could not be reasonably accounted for by other means. 

Removing the supposed long period produced a secondary period, 
P2 = 1.86 ± 0.01 and A2 = 0.44 mag, or about the same as the error 
bars. Its location is also seen in the frequency-diameter plot above. 
The diameter vs. period is reasonable, the period solution is not so 
much so. Next chance: 2035 May, V ~ 17.9 at +5° declination. 

2018 BY2. Pravec et al. (2018) found a period of 7.6170 h. The 
result presented here is similar. 

 

2018 JK3. A search for a very short period was fruitless. This was 
just an extremely noisy, “flat” data set. 

 

2018 EJ4. The shape of the lightcurve calls to mind a tumbling 
asteroid with two, nearly commensurate periods (e.g., 2010 WC9 
in this paper). Radar observations (Sean Marshall, private 
communications) indicated the half-period of 3.742 h was more 
likely. When using that as a starting period for a dual period 
search (even though MPO Canopus cannot handle tumbling 
asteroids properly), the result was just the 7.48 h solution with a 
lower amplitude and considerably different shape.  

The raw photometry data have been uploaded to the ALCDEF 
web site (alcdef.org) for others to try their hand at a solution. 

 

2018 FQ5. There were no previous entries in the LCDB for this 
500-m NEA.  
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Number Name  2018 mm/dd Pts Phase LPAB BPAB Period(h) P.E. Amp A.E. 
 719 Albert 05/20-05/23 78 17.4,16.7 257 17 5.831 0.004 0.52 0.03 
 1627 Ivar 04/14-04/15 412 19.2,19.0 219 15 4.7947 0.0003 1.01 0.02 
 1866 Sisyphus 04/04-04/10 164 17.2,17.6 171 46 2.4055 0.0007 0.11 0.02 
 2061 Anza 06/22-06/25 68 33.7,33.8 306 7 6.712 0.004 0.30 0.02 
 9856 1991 EE 05/04-05/09 162 53.4,60.2 183 17 3.0416 0.0005 0.28 0.02 
 15745 Yuliya 05/05-05/16 258 35.2,35.4 241 31 5.86 0.01 0.15 0.02 
 25916 2001 CP44 04/17-04/25 193 26.7,25.2 238 19 4.6021 0.0005 0.24 0.02 
 25916 2001 CP44 06/07-06/08 447 14.9,14.8 252 12 4.596 0.002 0.21 0.01 
 25916 2001 CP44 201403/16-03/20 67 37.3,37.9 246 14 4.608 0.003 0.35 0.04 
 36183 1999 TX16 05/05-05/09 147 8.0,7.3 226 10 5.613 0.002 0.90 0.04 
 65996 1998 MX5 06/18-06/24 90 38.1,40.0 301 7 3.399 0.001 0.22 0.02 
 66391 1999 KW4 06/01-06/07 1786 50.8,59.6 240 30 2.7660 0.0002 0.14 0.01 
 68347 2001 KB67 06/04-06/06 499 51.1,47.7 254 27 6.354 0.004 0.19 0.02 
 85628 1998 KV2 05/16-05/24 167 14.0,18.1 222 7 2.8234 0.0005 0.18 0.02 
 85953 1999 FK21 03/30-04/13 2023 13.6,68.2 175 15 68.44 0.04 0.87 0.03 
 85989 1999 JD6 06/01-06/04 130 58.7,57.0 204 32 7.685 0.006 1.54 0.05 
138847 2000 VE62 05/10-05/12 215 45.4,47.1 206 23 7.600 0.004 0.33 0.02 
139289 2001 KR1 05/19-05/27 150 39.7,45.8 260 32 11.30 0.01 0.47 0.05 
153957 2002 AB29 06/05-06/09 363 73.0,59.2 266 44 2.415 0.002 0.17 0.03 
162168 1999 GT6 06/01-06/07 108 44.7,47.2 286 10 3.85 0.01 0.15 0.03 
220839 2004 VA 05/16-05/19 581 69.6,61.3 198 14 6.7906 0.0006 1.59 0.04 
337084 1998 SE36 05/10-05/14 158 33.9,36.9 210 15 11.85 0.02 0.96 0.04 
415029 2011 UL21 06/09-06/12 59 42.3,41.3 325 23 2.732 0.002 0.32 0.03 
444193 2005 SE71 04/15-04/26 1826 79.2,2.3,37.8 189 30 66.8 0.1 0.8 0.1 
450648 2006 UC63 05/05-05/09 369 16.2,23.5 219 10 10.13 0.02 0.05 0.01 
455550 2004 JO2 06/17-06/21 137 28.6,31.1 270 29 9.94 0.03 0.20 0.02 
467309 1996 AW1 06/05-06/08 240 22.5,26.3 253 15 10.773 0.004 1.25 0.04 
469737 2005 NW44 06/18-06/21 1360 73.6,61.2 251 32 31.5 0.2 0.13 0.02 
   2010 WC9 05/15-05/15 1325 32.7,32.7 242 15 0.18469 0.00002 0.95 0.10 
   2013 US3 04/26-05/03 1244 65.2,37.0 195 12 450 50 1.2 0.1 
   2015 DP155 05/17-05/19 58 78.4,78.9 212 36 3.089 0.003 1.09 0.05 
   2016 JP 05/03-05/09 230 48.6,44.3 209 23 37.4 0.1 0.41 0.03 
   2017 YE5 06/24-06/28 1069 70.3,42.2 303 9 20.6 0.1 0.33 0.02 
   2018 EB 04/08-04/09 218 56.6,62.1 197 32 1.2208 0.0004 0.51 0.05 
   2018 JX 05/15-05/15 375 6.4,6.4 233 3 0.057637 0.000006 0.31 0.03 
   2018 LK 06/12-06/12 227 55.6 287 13 0.12296 0.000005 0.25 0.02 
   2018 LK 06/13-06/13 113 62.4 292 11 0.12325 0.000007 0.55 0.03 
   2018 JE1 06/02-06/03 75 43.1,44.5 223 10 29.8 0.5 0.59 0.05 
   2018 BY2 04/11-04/15 749 45.3,35.8 181 -2 7.6110 0.0005 1.45 0.03 
   2018 JK3 05/24-05/24 667 38.3,38.3 237 21 - - flat - 
   2018 EJ4 05/17-05/25 245 61.5,62.1 227 33 7.484 0.002 0.37 0.03 
   2018 FQ5 04/11-04/15 127 28.4,25.7 219 18 7.52 0.01 0.36 0.04 

Table II. Observing circumstances. A(Period): preferred period of an ambiguous solution. yy(Dates): data are from the year 20YY. The phase 
angle (α) is given at the start and end of each date range, unless it reached a minimum, which is then the second of three values. LPAB and 
BPAB are, respectively the average phase angle bisector longitude and latitude. 
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Lightcurves for 24 main-belt asteroids were obtained at 
the Center for Solar System Studies-Palmer Divide 
Station (CS3-PDS) from 2018 April-June.   

CCD photometric observations of 24 main-belt asteroids were 
made at the Center for Solar System Studies-Palmer Divide 
Station (CS3-PDS) from 2018 April-June. The main focus at CS3-
PDS is on near-Earth asteroids. However, a nearly full moon and 
most NEAs being in rich star fields during the quarter meant 
finding other targets to keep the telescopes working. Hungaria 
members were observed to provide additional data for spin axis 
modeling. Most of the other objects were chosen because they had 
no previous period reported and were bright enough to work when 
the moon was full or they were in more sparse areas of the sky. 

Table I lists the telescope/CCD camera combinations that were 
used. All the cameras use the KAF-1001E blue-enhanced CCD 
chip and so have essentially the same response. The pixel scales 
for the combinations range from 1.24-1.60 arcsec/pixel. 

Desig Telescope Camera 
Squirt 0.30-m f/6.3 Schmidt-Cass ML-1001E 
Borealis 0.35-m f/9.1 Schmidt-Cass FLI-1001E 
Eclipticalis 0.35-m f/9.1 Schmidt-Cass STL-1001E 
Australius 0.35-m f/9.1 Schmidt-Cass STL-1001E 
Zephyr 0.50-m f/8.1 R-C FLI-1001E 

Table I. List of CS3-PDS telescope/CCD camera combinations. 

All lightcurve observations were unfiltered since a clear filter can 
cause a 0.1-0.3 mag loss. The exposure duration varied depending 
on the asteroid’s brightness and sky motion. Guiding on a field 
star sometimes resulted in a trailed image for the asteroid. 

Measurements were made using MPO Canopus. The Comp Star 
Selector utility in MPO Canopus found up to five comparison 
stars of near solar-color for differential photometry. Catalog 
magnitudes were taken from the APASS (Henden et al., 2009) or 
CMC-15 (Munos, 2017) catalogs.  

The nightly zero points for the APASS and CMC-15 catalogs are 
generally consistent to about ±0.05 mag or better, but occasionally 
reach >0.1 mag. There is a systematic offset between the two 
catalogs and so, whenever possible, the same catalog was used for 
all observations of a given asteroid. Period analysis was done with 
MPO Canopus, which implements the FALC algorithm by Harris 
(Harris et al., 1989). 

In the lightcurves below, the “Reduced Magnitude” is Johnson V 
as indicated in the Y-axis title. These are values that have been 
converted from sky magnitudes to unity distance by applying  
–5*log (rΔ) to the measured sky magnitudes with r and Δ being, 
respectively, the Sun-asteroid and Earth-asteroid distances in AU. 
The magnitudes were normalized to the phase angle in the 

parentheses using G = 0.15, unless otherwise stated. The X-axis is 
the rotational phase ranging from –0.05 to 1.05. 

If the plot includes an 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 the sake of brevity, only some of the previously reported 
results may be referenced in the discussions on specific asteroids. 
For a more complete listing, the reader is directed to the asteroid 
lightcurve database (LCDB; Warner et al., 2009a). The on-line 
version at http://www.minorplanet.info/lightcurvedatabase.html 
allows direct queries that can be filtered a number of ways and the 
results saved to a text file. A set of text files of the main LCDB 
tables, including the references with Bibcode, is also available for 
download. Readers are strongly encouraged, when possible, to 
cross-check with the original references listed in the LCDB. 

132 Aethra. Previous results include Galad (2010; 5.181 h) and 
Pilcher (2017; 5.1802 h). The results here are close to but not 
statistically the same. This could be the result of not having data 
for more than three consecutive nights. 

 

323 Brucia. The period of 9.458 h is in good agreement with 
Warner (2014; 9.463 h) and Behrend (2006). 

 

2449 Kenos. This was the fourth apparition the asteroid was 
observed at Palmer Divide. The earlier results include 3.8492 h 
(Warner, 2007), 3.846 h (Warner, 2010), and 3.8481 h (Warner, 
2015b). The 2015 data indicated two periods, the second being 
15.85 h. This was attributed to a non-spheroidal satellite that was 
tidally locked to its orbital period. No mutual events (occultations 
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and/or eclipses) were seen at that time and so the asteroid was 
only a suspected binary. The 2018 data showed no indications of a 
secondary period. Coverage at future apparitions is suggested. 

 

3287 Olmstead. The only previous result is from Wisniewski et al. 
(1997), who found a period of 4.80 h. That was based on a single 
night of data. The lightcurve appeared to show a full cycle but 
there was no overlapping data from a second cycle. Many times, 
even with some data from a second cycle, additional nights will 
change the result by a significant amount. Here, there were three 
consecutive nights, leading to a more secure solution. 

 

3343 Nedzel. Previous results are from Folberth (2012; 5.4620 h) 
and Stephens (2018; 5.467 h). 

 

3483 Svetlov. This was the fifth time this Hungaria was observed 
by the author (Warner, 2010; 2012; 2015a; 2015d). The previous 
period results average to 6.80 ± 0.02 h. 

 

3800 Karayusuf. Three previous results are Warner (2008, 
2.2319h – suspected binary; 2010, 2.232 h; 2014, 2.221 h). There 
were no indications of a satellite in the 2018 data. 

 

4713 Steel. Previous results from Palmer Divide observations of 
this Hungaria are from Warner (2010, 5.199 h; 2012c, 5.193 h; 
2015a, 5.203 h). 

 

5251 Bradwood. Waszczak et al. (2015) found a period of 4.301 h 
using a sparse data set. Even so, their result is close to the one 
found here using a dense lightcurve. 
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5579 Uhlherr. Being another Hungaria, Uhlherr has been observed 
by the author numerous times before: Warner (2009b, 4.754 h; 
2012, 4.777 h; 2015c, 4.52 h), and by Stephens (2017, 4.48 h). 

 

5999 Plescia. Pravec et al. (2011) found a period of 5.392 h. At 
about the same time, Skiff (2011) found the same result. The 
lightcurve from his 2010 December observations (α = 29.5°) had 
an amplitude of 0.95 mag. A month later (α = 25.7°) the amplitude 
dropped to 0.72 mag, which is expected (Zappala et al., 1990).  

 

7529 Vagnozzi. There were no previous lightcurve results in the 
LCDB for this inner main-belt object. The period of 36.36 h is 
based on finding the best fit to a half period. 

 

 

22283 Pytheas. This also appears to be a first-time lightcurve 
result. The solution is considered reasonably secure, although due 
to its symmetry and amplitude, a monomodal lightcurve with a 
period of 2.865 h, noticeably favored in the period spectrum, 
cannot be formally excluded (Harris et al., 2014).  
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26074 Carlwirtz. This is a suspected binary (Warner, 2013). No 
mutual events were seen but a strong secondary period of 16.11 h 
was found, suggesting a tidally-locked satellite with a somewhat 
elongated shape. There were no indications of a satellite in the 
2018 data. 

 

(36198) 1999 TF92. There were no lightcurve entries in the LCDB 
for this Eos group member. The solution is considered secure. 

 

(42273) 2001 QO245. This looks to be the first reported lightcurve 
period for 2001 QO245, a 15-km outer main-belt asteroid. The 
period spectrum shows a strong preference for a solution of about 
19 h. However, there was a somewhat remote possibility that the 
half-period was correct. A “split-halves” plot helps resolve the 
ambiguity at relatively low phase angles. 

 

This plot splits the lightcurve for a given period into halves, 
superimposing the second half over the first. If the two halves are 
the same within the noise level, the half-period should be given 
consideration. In this case, however, the two halves were 
significantly different and so the longer period was adopted. 

 

 (44283) 1998 QP78, (63583) 2001 QP31. There were no previous 
lightcurve period entries in the LCDB for either of these asteroids.  
Mainzer et al. (2016) reported a diameter of D = 4.67 km and 
albedo pV ~ 0.27 for 1998 QP78, a member of Eunomia group. For 
2001 QP31, Nugent et al. (2016) found D = 2.11 km and pV = 
0.31. 

 

 

(75768) 2000 AE186 is a 3.6 km member of the Eunomia group. It 
was in the field of view of a planned target for a single night. 
There was no previous lightcurve entry in the LCDB. 
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(76978) 2001 BY60, (126421) 2002 BD30. This is another pair of 
asteroids that didn’t have LCDB lightcurve entries. The low 
amplitude and high phase angle for 2001 BY60 make the solution 
less than secure but it’s probably correct. On the other hand, 2002 
BD30 was in the field of view on one night, very faint, and had 
only a hint of a period.  

 

 

(137509) 1999 VA29. The large error bars in the data for 1999 
VA29, a 1.6 km member of the Flora group, would have made 
finding a period nearly impossible were it not for the large 
amplitude of 0.86 mag and having data from more than one night. 
Still, the result should be viewed with some skepticism. 

The asteroid is never brighter than V ~ 18.1. The next opportunity 
is 2020 Nov at +21° Declination and galactic latitude –25°. 

 

 

(148567) 2001 QK236, (387814) 2004 FK1. These are two more 
newcomers to the LCDB. 
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CCD photometric observations of seven asteroids were 
conducted from 2018 January through June. A review of 
the results obtained for synodic rotation periods as well 
as the lightcurves established is presented here. 

Photometric observations of seven asteroids were conducted at 
Sopot Astronomical Observatory (SAO) between 2018 January-
June in order to determine the asteroids’ synodic rotation periods. 
For this purpose, two 0.35-m f/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, lightcurve construction, and period 
analysis were conducted using MPO Canopus (Warner, 2018a). 
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. Depending on a case-by-case basis, primarily on the 
coverage quality of a certain sky zone by a particular catalog, field 
comparison stars were calibrated using standard magnitudes from 
three different catalogs: 1. Johnson V magnitudes from the 
AAVSO Photometric All-Sky Survey catalog (APASS; Henden et 
al., 2009) Data Release 9; 2. Johnson V magnitudes from 
MPOSC3 hybrid catalog, where BVRI magnitudes were derived 
from J and K 2MASS catalog magnitudes by applying formulae 
developed by Warner (2007); 3. Cousins R magnitudes derived 
from the Carlsberg Meridian Catalog 15 (VizieR, 2018) Sloan r' 
magnitudes using the formula: R = r' - 0.22 . All data sets 
pertaining to a single target were consistently calibrated using a 
single catalog. In some instances, small zero point adjustments 
were necessary in order to achieve the best match between 
individual data sets in terms of minimum RMS residual of a 
Fourier fit. 

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 
Ondřejov Observatory, Czech Republic.  

Table I gives the observing circumstances and results. 
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Observations and results 

1533 Saimaa. Two previous rotation period determinations were 
known prior to SAO observations: by Binzel (1987; 7.08 h) and 
Behrend (2007; 7.1181 h). Photometric observations undertaken at 
SAO in 2018 April over 5 nights led to a bimodal lightcurve 
phased to a period of P = 7.115 ± 0.002 h. 

  

2764 Moeller. The only previous rotation period result was by 
Waszczak et al. (2015; 5.954 h) obtained within the Palomar 
Transient Factory Survey. The SAO observations of this 
BinAstPhot Survey target were carried out over two consecutive 
nights in 2018 January. The determined rotational period of 5.954 
± 0.005 h corresponds to the bimodal lightcurve with an amplitude 
of 0.26 mag. Pravec's analysis (Pravec, 2018) of the SAO data 
gave almost the same result for period (5.953 ± 0.004 h). 

 

2811 Stremchovi. Previous results for synodic rotation period of 
this asteroid were from the Palomar Transient Factory Survey 
only: 3.25 h by Chang et al. (2014) and 3.248 h by Waszczak et al. 
(2015). Data collected over two nights at SAO led to an 
unambiguous bimodal result for period of P = 3.249 ± 0.002 h. 

  

4221 Picasso. Another BinAstPhot Survey target worked at SAO 
over 5 nights in 2018 May. The period analysis led to a bimodal 
lightcurve phased to a period of P = 3.1114 ± 0.0002 h. An 
analysis of SAO data conducted by Pravec (2018) found exactly 
the same period value (3.1114 ± 0.0001 h). 

 

5518 Mariobotta. Two previously found rotational periods by 
Wasczak et al. (2015; 105.538 h and 109.236 h) already indicated 
a slow rotator. As a BinAstPhot Survey program target it was 
observed at SAO from 2018 April 19 through 2018 May 9. A total 

Number Name 2018/mm/dd Pts Phase LPAB BPAB Period  (h)  P.E. Amp A.E. Grp  
 1533 Saimaa 04/19-04/24 314 6.5,7.9 196 9 7.115 0.002 0.21 0.01 MB-O 
 2764 Moeller 01/24-01/26 155 1.4,2.1 122 -1 5.954 0.005 0.26 0.02 FLOR 
 2811 Stremchovi 01/24-01/26 129 2.4,1.8 130 1 3.249 0.002 0.31 0.02 KOR 
 4221 Picasso 05/07-05/20 206 11.5,10.3 239 18 3.1114 0.0002 0.27 0.02 MB-M 
 5518 Mariobotta 04/19-05/09 236 9.0,17.9 202 11 108.84 0.05 0.55  FLOR 
138847 2000 VE62 05/28-06/01 530 54.3,54.8 222 34 7.601 0.004 0.35 0.03 NEA 
  2018 EJ4 05/20-06/01 342 62.1,58.4 231 30 3.7422 0.0006 0.30 0.03 NEA 

Table I. Observing circumstances and results. Pts is the number of data points. Phase is the solar phase angle given at the start and end of 
the date range. LPAB and BPAB are the average phase angle bisector longitude and latitude. Grp is the asteroid family/group (Warner et al., 
2009): FLOR = Flora, KOR = Koronis, MB-M/O = main-belt middle/outer, NEA = near-Earth asteroid. 
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of 9 individual data sets were obtained. Period analysis indicates a 
synodic rotation period of  P = 108.84 ± 0.05 h corresponding to a 
fairly large amplitude (~ 0.55 mag.) bimodal lightcurve. Such a 
result could be adopted with a great deal of uncertainty as data 
coverage of the full rotational cycle is partial and quite uneven. 
Period analysis of the SAO data done by Pravec (2018) shows 
somewhat different period value of 108.60 ± 0.04 h. 

 

(138847) 2000 VE62. Monteiro et al. (2017) reported a value of 
6.469 h for rotational period of this near-Earth asteroid. Dense 
photometric data were collected at SAO on four consecutive 
nights, from 2018 May 28 through 2018 June 1. Period analysis 
shows a bimodal period of 7.601 ± 0.004 h as a highly reliable 
result. A period of 6.55 h also quite distinctive in the period 
spectrum by its low RMS error and fairly close to the Monteiro et 
al. result by its value corresponds to the lightcurve with apparent 
discrepancies between the individual data sets. The period result 
for this asteroid recently published on the web by Warner (2018b; 
7.600 h) is fully in favor of the result presented here. 

  

2018 EJ4. This Amor-type orbit near-Earth asteroid, also 
classified as a Potentially Hazardous Asteroid (PHA) was 
discovered by Mt. Lemmon Survey on 2018 March 13. The 
asteroid made a close approach to the Earth on 2018 June 10 at a 
distance of 0.014 AU.  

To determine its rotation period photometric observations were 
started at SAO on 2018 May 20 and continued until 2018 June 1. 

A total of 10 independent data sets with 342 data points were 
collected during this time interval. Due to the rapid apparent 
motion of the asteroid and fairly small CCD field of view it was 
common to obtain more individual data sets over a single night.  
Period analysis conducted upon the combined data set yielded 
several harmonically related solutions for period of which the 
most characteristic in the period spectrum are those of about 3.742 
h and 7.484 h. The lightcurve that corresponds to the longer period 
shows two almost identical halves, which might favor the shorter 
period. Nonetheless, the longer period in no case should be ruled 
out since somewhat higher noise level present in the data could 
conceal certain minor characteristic features, which could make 
the two halves of the longer period lightcurve different. As a 
formal solution a period of P = 3.7422 ± 0.0006 h is adopted in 
this paper. 
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Lightcurves for seven Hilda asteroids were obtained at 
the Center for Solar System Studies (CS3) from 2018 
April-June: 1180 Rita, 1748 Mauderli, 1877 Marsden, 
(13035) 1989 UA6, (42237) 2001 EG21, and (60381) 
2000 AX180. The previously reported period (Warner 
and Stephens, 2017) for 1180 Rita was revised 
following analysis of the 2018 data. 

CCD photometric observations of seven Hilda asteroids were 
made at the Center for Solar System Studies (CS3) from 2018 
April-June. This is another installment of an on-going series of 
papers on this group of asteroids, which is located between the 
outer main-belt and Jupiter Trojans in a 3:2 orbital resonance with 
Jupiter. The goal is to determine the spin rate statistics of the 
group and find pole and shape models when possible. We also we 
look to examine the degree of influence that the YORP 
(Yarkovsky–O'Keefe–Radzievskii–Paddack) effect (Rubincam, 
2000) has on distant objects and to compare the spin rate 
distribution against the Jupiter Trojans, which can provide 
evidence that the Hildas are more “comet-like” than main-belt 
asteroids.  

Table I lists the telescopes and CCD cameras that are combined to 
make observations. Up to nine telescopes can be used for the 
campaign, although seven is more common. All the cameras use 
CCD chips from the KAF blue-enhanced family and so have 
essentially the same response. The pixel scales ranged from 1.24-
1.60 arcsec/pixel. All lightcurve observations were unfiltered since 
a clear filter can result in a 0.1-0.3 magnitude loss. The exposures 
varied depending on the asteroid’s brightness and sky motion.  

Telescopes Cameras 
0.30-m f/6.3 Schmidt-Cass FLI Microline 1001E 
0.35-m f/9.1 Schmidt-Cass FLI Proline 1001E 
0.35-m f/11  Schmidt-Cass SBIG STL-1001E 
0.40-m f/10  Schmidt-Cass  
0.50-m f/8.1 Ritchey-Chrétien  

Table I. List of available telescopes and CCD cameras at CS3. The 
exact combination for each telescope/camera pair can vary due to 
maintenance or specific needs. 

Measurements were made using MPO Canopus. The Comp Star 
Selector utility in MPO Canopus found up to five comparison 
stars of near solar-color for differential photometry. Catalog 
magnitudes were usually taken from the APASS (Henden et al., 
2009) or CMC-15 (Munos, 2017) catalogs.  

The nightly zero points for the APASS and CMC-15 catalogs are 
generally consistent to about ±0.05 mag or better, but occasionally 
reach >0.1 mag. There is a systematic offset between the two 

catalogs so, whenever possible, the same catalog is used for all 
observations of a given asteroid. Period analysis is done with 
MPO Canopus, which implements the FALC algorithm by Harris 
(Harris et al., 1989). 

In the plots below, the “Reduced Magnitude” is Johnson V as 
indicated in the Y-axis title. These are values that have been 
converted from sky magnitudes to unity distance by applying  
–5*log (rΔ) to the measured sky magnitudes with r and Δ being, 
respectively, the Sun-asteroid and Earth-asteroid distances in AU. 
The magnitudes were normalized to the phase angle in the 
parentheses using G = 0.15, unless otherwise stated. The X-axis is 
the rotational phase ranging from –0.05 to 1.05. 

If the plot includes an 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 the sake of brevity, only some of the previously reported 
results may be referenced in the discussions on specific asteroids. 
For a more complete listing, the reader is directed to the asteroid 
lightcurve database (LCDB; Warner et al., 2009). The on-line 
version at http://www.minorplanet.info/lightcurvedatabase.html 
allows direct queries that can be filtered a number of ways and the 
results saved to a text file. A set of text files of the main LCDB 
tables, including the references with Bibcode, is also available for 
download. Readers are strongly encouraged to obtain, when 
possible, the original references listed in the LCDB for their work. 

1180 Rita. Several different periods have been reported for this 
82-km Hilda: Gonano et al. (1991; 14.72 h), Dahlgren et al. (1998; 
14.902 h), and Polishook (2012; 9.605 h), among others. 

Our 2018 data led to what seems to be a convincing bimodal 
lightcurve with P = 14.928 ± 0.006 h, A = 0.40 ± 0.03 mag. This 
result is consistent with Dahlgren et al. (1998) but inconsistent 
with our results from 2017 (Warner and Stephens, 2017;  
13.090 h). In his paper, Polishook (2012) phased his data to 
previously reported periods, all leading to improbable results.  

We tried the same exercise using our data from 2018 and 2017 to 
force a solution between 9-10 hours. The best fit from the 2018 
data was 9.130 h, but this required significant zero point shifts and 
some sessions being “too flat” for their position in the lightcurve.  
The amplitude of the 2017 data was only 0.04 mag, meaning the 
slightest zero point shifts could alter the solution. Even so, after 
many attempts, the best RMS fit, by far, was to a quadramodal 
lightcurve with a period of 14.849 h. 
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While we are confident in the 14.9-hour solution, especially given 
the fully-covered asymmetrical lightcurve with an amplitude of 
0.4 mag (see Harris et al., 2014), we encourage additional 
observations at future apparitions. 

1748 Mauderli. The estimated size of Mauderli is 40 km. Previous 
results include Gonano et al. (1991; 6.00 h), Dahlgren et al. (1998; 
6.00 h) and Slyusarev et al. (2012; 6.001 h). Our previous 
observations (Warner and Stephens, 2017; 5.552 h) differed 
significantly and so we observed the asteroid again in 2018 to see 
if the ambiguities could be resolved.  

The 167 data points obtained on six consecutive nights led to a 
period of 5.320 h. However, as seen in the period spectrum, this 
was not a dominant solution and, in fact, one near 5.5 hours (our 
2017 result) and 6 hours (other previous results) were also a 
possibility. We forced the data to fit near both of those periods. 
The solution at 5.981 h, in some ways, has a better fit to those 
parts of the curve that are filled in. However, the large gap could 
be the result of a “fit by exclusion”, which is when the Fourier 

algorithm finds a local not global minimum in the RMS values. 
Given the uncertainty in the latest results, we double-checked 
those from the 2017 data. The period spectrum shows no doubt 
about the original period. Mauderli’s period remains a mystery. 
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1877 Marsden. The only previous result in the LCDB was from 
Dahlgren et al. (1998), who found a period of 14.4 h. This was 
based on about 25 data points obtained from 1995 Mar 9-11 and a 
lightcurve with significant gaps. Our lightcurve is sufficiently 
covered, i.e., multiple sessions for most sections of the lightcurve, 
to give us high confidence in our result. 

 

5928 Pindarus. This appears to be the first reported lightcurve. 
The low amplitude leaves room for doubt (see Harris et al., 2014). 

 

 

(13035) 1989 UA6, (42237) 2001 EG21, and (60381) 2000 
AX180. There were no entries with periods in the LCDB for any 
of these Hilda asteroids. Mainzer et al. (2016) give estimated 
diameters of 28 km, 18 km, and 15 km for, respectively, 1989 
UA6, 2001 EG21, and 2000 AX180.  

The period of 10.645 h for 1989 UA6 is considered secure given 
the large amplitude, asymmetrical shape, and relatively good data. 
The period for 2001 EG21 is less than secure because the error 
bars almost rival the amplitude of the lightcurve in some cases. 
Even so, this is better than the result for 2000 AX180 where the 
error bars are even larger and all four of the extrema points are not 
covered. 
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Number Name 2018/mm/dd Pts Phase LPAB BPAB Period(h) P.E. Amp A.E. 
 1180 Rita 05/25-05/31 254 13.5,13.9 180 8 14.849 0.006 0.40 0.03 
 1180 Rita 2016-1712/12-01/26 243 11.1,3.2 139 6 14.93 0.01 0.07 0.01 
 1748 Mauderli 05/11-05/15 167 8.7,9.5 194 4 5.320 0.004 0.08 0.01 
 1748 Mauderli 201704/29-05/02 125 11.2,11.4 159 2 5.551 0.003 0.23 0.02 
 1877 Marsden 04/17-05/04 170 6.0,9.8 186 -6 13.18 0.01 0.31 0.02 
 5928 Pindarus 04/09-04/14 143 2.2,2.1,2.2 202 7 6.01 0.01 0.09 0.01 
 13035 1989 UA6 05/10-05/14 174 5.5,6.7 213 2 10.639 0.005 0.57 0.03 
 42237 2001 EG21 06/10-06/17 85 9.7,11.1 225 5 6.38 0.01 0.35 0.03 
 60381 2000 AX180 04/17-05/04 156 3.2,6.7 201 10 28.96 0.03 0.30 0.05 

Table II. Observing circumstances. The phase angle (α) is given at the start and end of each date range. If there are three values, the 
middle one is the minimum phase angle over the range of observations. LPAB and BPAB are each the average phase angle bisector longitude 
and latitude (see Harris et al., 1984). 
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CCD photometric observations were made of the 
Hungaria asteroid 2491 Tvashtri from 2018 Mar 29–
April 27. Analysis of the data determined that the 
asteroid is binary with periods of P1 = 4.0852 h and 
PORB = 26.712 h. The estimated ratio of effective 
diameters is DS/DP ≥ 0.24.  

The Hungaria asteroid 2491 Tvashtri has an estimated size of 4.5 
km. While true Hungaria asteroids, those formed by the collision 
of two bodies, have a taxonomic class of E (Warner et al., 2009a), 
the orbital space (1.78 < a < 2.0 AU, e < 0.18, 16° < i < 34°) 
contains a large number of interlopers of both high and moderate 
albedo (Warner et al., 2009a; Milani et al., 2010; McEachern et 
al., 2010; DeMeo and Carry, 2013; Lucas et al., 2017). Tvashtri is 
a type X under the Tholen taxonomic system; this is a catch-all 
class where the spectroscopic plot is nearly flat over a large range 
of colors. Members of type X can include types E (pV ~ 0.46), M 
(pV ~ 0.16, and P (pV ~ 0.06) (Warner et al., 2009a). Thermal 
observations that find the object’s albedo are usually the only 
certain method to resolve the ambiguity.  

Previously published periods include Behrend (2008; 2.8 h), 
Stephens (2016; 4.274 h), and Waszczak et al. (2013; 5.662 h). 
The asteroid was also observed by the author on three previous 
occasions. Those will be discussed later. In all those earlier cases, 
there was no indication of a satellite. 

The 2018 observations were made with a 0.35-m Schmidt-
Cassegrain telescope and Finger Lakes ML-1001E, giving an 
image scale of about 1.5 arcsec/pixel. All exposures were guided, 
240 sec, and unfiltered. Even a clear filter can cause a 0.1-0.3 mag 
loss.  Measurements were made using MPO Canopus. The Comp 
Star Selector utility in MPO Canopus found up to five comparison 
stars of near solar-color for differential photometry. Catalog 
magnitudes were taken from the APASS catalog (Henden et al., 
2009). The nightly zero points for the APASS catalogs are 
generally consistent to about ±0.05 mag or better, but occasionally 
reach > 0.1 mag. Period analysis was done with MPO Canopus, 
which implements the FALC algorithm by Harris (Harris et al., 
1989). 

In the lightcurves below, the “Reduced Magnitude” is Johnson V 
as indicated in the Y-axis title. These are values that have been 
converted from sky magnitudes to unity distance by applying  
–5*log (rΔ) to the measured sky magnitudes with r and Δ being, 
respectively, the Sun-asteroid and Earth-asteroid distances in AU. 
The magnitudes were normalized to the phase angle in the 

parentheses using G = 0.15. The X-axis is the rotational phase 
ranging from –0.05 to 1.05.  The plots of the satellite’s mutual 
events are differential values with the zero point being the average 
magnitude of the primary lightcurve.  

The 2018 Observations 

Analysis was done using 567 data points obtained over a period of 
almost one month. Fortunately, the phase angle changed very little 
over that time; the same applied to the phase angle bisector (PAB) 
longitude and latitude. This meant that was very little change in 
the viewing aspect during that time and, as it turned out, in the 
lightcurve featuring the satellite’s mutual events (occultations 
and/or eclipses). 

 

The single-period search preferred a solution of about 4.09 h. This 
produced a quadramodal lightcurve. This is not uncommon for 
low amplitude lightcurves (Harris et al. 2014). The half-period of 
2.04 h produced a more typical bimodal shape with the amplitude 
of 0.08 ± 0.01 mag. Since the 4-hour period was similar to 
previous results, Warner (2008; 4.0839 h), (2013; 4.084 h), and 
(2015; 4.157 h), it was chosen as the more likely. 

The single-period lightcurve appeared to show some deviations. 
The dual-period feature in MPO Canopus, which uses an iterative 
instead of simultaneous algorithm to find more than one period, 
was used to determine if the deviations were outlier data points or 
due to a second period. Given that all previous reports on the 
asteroid showed no signs of a satellite, the tendency was to favor 
spurious data.  

However, it’s worth noting at this point that in order to see the 
mutual events that confirm the existence of a satellite, the view of 
the asteroid must be (nearly) equatorial, assuming that the orbital 
plane of the satellite is close to the equatorial plane of the primary. 
If the pole of the primary has a very low obliquity, then the view is 
almost always equatorial. However, if the pole is significantly 
“tilted” (high obliquity) then getting an equatorial view is 
dependent on the viewing aspect. This is measured by the phase 
angle bisector longitude and, usually to a lesser degree, latitude. 

Number Name 2018 mm/dd Pts Phase LPAB BPAB Period(h) P.E. Amp A.E. 
 2491 Tvashtri 03/29-04/27 567 29.6,33.6 148 19 4.0852 0.0002 0.08 0.01 
  Orbital period      26.712 0.005 0.06-0.11 0.01 

Table I. Observing circumstances and results. The phase angle (α) is given at the start and end of each date range. LPAB and BPAB are, 
respectively, the average phase angle bisector longitude and latitude (see Harris et al., 1984). The first line gives the results for the primary 
in the binary system. The second line gives the orbital period of the satellite and the amplitude range of mutual events. 
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The plot of phase angle bisector longitudes shows the values for 
the previous apparitions as well as in 2018. The 2013 observations 
(Waszczak et al., 2015) were very sparse, only a few data points a 
night, and so, even if conditions were right, a satellite could not 
have been found. The 2008 and 2015 apparitions differed by 
almost 180°, meaning they were essentially the same save for 
which of the asteroid’s poles was being seen. The 2016 
observations were almost 45° from the opposing longitude for 
2018, making the two viewing aspects about as much different as 
possible. From all this, it’s possible to give an approximate spin 
axis longitude of 145° or 325° and, less certain, |latitude| > 30°. 

Using the 4-hour period as a starting point, the dual period search 
soon showed that the deviations were likely due to a satellite. With 
each night of additional data, the second period become better 
defined, as did the mutual events. Since the orbital period was just 
longer than an Earth day, getting sufficient data of the mutual 
events from a single longitude required a protracted campaign. 

 

 
The “P1” and “PORB” plots show the final results: P1 = 4.0852 ± 
0.0002 h, A1 = 0.08 mag and PORB = 26.715 ± 0.005 h, AEVENTS = 
0.06-0.11 mag. The secondary lightcurve was flat outside of the 
events, indicating that the satellite is nearly spheroidal and 
probably tidally locked to the orbital period. 

Using the lesser amplitude finds 

𝐷𝑠
𝐷𝑝

= 10!.!!! −  1.0  

≥ 0.24 ± 0.02 

where DS and DP are, respectively, the effective diameters of the 
satellite and primary. The value is a minimum since no total 
eclipses were seen. 

 

Positions using a 2-hour and 4-hour primary period are in shown 
the plot of primary period to size ratio (based on Pravec et al., 
2010). The shorter period places the system outside the envelope 
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while the 4-hour period is well within. This supports, but does not 
confirm, that the longer period is the more likely. “Rules are made 
to be broken.” 

The asteroid lightcurve database (LCDB; Warner et al., 2009b) 
has 48 Hungaria binaries, 26 of those are confirmed binary or 
multiple systems. This compares to 68 confirmed near-Earth 
asteroids (Johnston, 2018), who lists 21 confirmed binary/multiple 
Hungarias. Even when using the more conservative numbers, this 
gives NH/NNEA of 31%.  

It’s not expected that the two numbers be the same. Instead, the 
ratio being well above zero helped determine that it was not tidal 
forces during planetary encounters that formed NEA binaries (e.g., 
Warner and Harris, 2006; Pravec et al., 2008) but that the thermal 
YORP (Yarkovsky–O'Keefe–Radzievskii–Paddack; Rubincam, 
2000) effect had caused small asteroids to “spin up” (periods 
shortened) to where they shed mass and formed a satellite. 
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In the second quarter of 2018 we obtained lightcurves 
for three asteroids. 461 Saskia, 3800 Karayusuf and 
(42701) 1998 MD13. 461 Saskia and 3800 Karayusuf 
are spin-shape candidates and (42701) 1998 MD13 is a 
first time observation for a lightcurve determination. 

Our observations of the three asteroids reported here were 
obtained with two Celestron 0.35-m telescopes equipped with 
SBIG STL1001E CCD camera systems at the Etscorn Campus 
Observatory. (Klinglesmith and Franco, 2016).  The images were 
processed and calibrated using MPO Canopus 10.7.2.0 (Warner, 
2017). Exposures were between 300 and 420 seconds through 
clear filters depending on the brightness of the asteroids. The 
multi-night data sets for each asteroid were combined with the 
FALC algorithm (Harris et al., 1989) within MPO Canopus to 
provide synodic periods for each asteroid.   

Discovery information was obtained from the JPL Small Bodies 
Node (JPL, 2017). Table I contains the observation circumstances 
and results. Table II is a compilation of the previously obtained 
lightcurves with their references. 

461 Saskia is a main-belt asteroid discovered by M. Wolf at 
Heidelberg on 1900 Oct 22. It is also known as 1900 FP.  We 
observed it on 9 nights between 2018 Apr 10 and May 17.  We 
obtained a synodic period of 7.348 ± 0.001 h, with an amplitude of 
0.33 mag. 

 

3800 Karayusuf is a Mars-crossing asteroid discovered by E. F. 
Helin at Palomar Observatory on 1984 Jan 4.  We observed it on 6 
nights between 2018 Jun 05 and Jun 22.  We obtained a synodic 
period of 2.232 ± 0.001 h, with an amplitude of 0.19 mag. 

 

(42701) 1998 MD13 is a main-belt asteroid discovered by 
LINEAR at Socorro on 1998 Jun 19.  We observed it on 6 nights 
between 2018 Jun 11 and Jun 22.  We obtained a synodic period 
of 2.602 ± 0.001 h, with an amplitude of 0.10 mag.  
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Number Name 2018 mm/dd Pts Phase LPAB BPAB Period(h) P.E. Amp A.E. Grp 
   461  Saskia             04/10-05/17  264   3.1,14.4      192    1   7.348    0.001   0.33  0.05 MB-O 
  3800 Karayusuf           06/05-06/22  151   26.0,32.0     234   13   2.232    0.001   0.10  0.05 MC 
(42701)1998 MD13           06/11-06/22  161   14.2-18.2     242   12   2.602    0.001   0.19  0.05 
 

Table I. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first and last date. LPAB and 
BPAB are the approximate phase angle bisector longitude and latitude at mid-date range (see Harris et al., 1984). Grp is the asteroid 
family/group (Warner et al., 2009). 
	
Number Name References Date Lpab Bpab Phase Period Amp. 
461 Saskia This paper 2018 Apr 29 192 1 8.6 7.348 0.33 
  Buchhelm 2006 2006 Ja 08 96 -2 5.3 7.34 0.25 
  Behrend 2007 2007 Apr 20 197 1 4.8 7.348 0.36 
  Klinglesmith 2017 2016 Dec 14 89 -2 3.2 7.348 0.28 
  Klinglesmith 2013 2013 May 12 230 2 0.7 7.349 0.26 
3800 Karayasuf This paper 2018 Jun 18 234 13 29.0 2.232 0.10 
  Warner 2008 2008 Mar 30 180 28 27.8 2.2319 0.15 
  Warner 2010 2013 Mae 19 186 28 27.2 2.232 0.15 
  Warner 2014 2014 Mar 16 199 26 32.1 2.231 0.19 
  Skiff 2018 2018 May 10 227 22 22.3 2.225 0.15 
  Warner 2018 2018 Jun 03 232 16 25.4 2.238 0.18 

Table II. Summation of solar bisector angles, phase angles, periods and amplitudes for the asteroids In this paper. 
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Photometric observations of three main-belt and one 
near-Earth asteroids were made in order to acquire 
lightcurves for shape/spin axis models. For 91 Aegina, 
the synodic rotation period is 6.029 ± 0.001 h, amplitude 
0.19 mag. For 235 Carolina, the synodic rotation period 
is 17.61 ± 0.01 h, amplitude 0.31 mag. For 1117 
Reginita, the synodic rotation period is 2.9467 ±  
0.0001 h, amplitude 0.19 mag. For (505657)  
2014 SR339, the synodic rotation period is 8.71 ±  
0.01 h, amplitude 0.75 mag.  

Collaborative observations were made inside the UAI (Italian 
Amateur Astronomers Union; DSTFA, 2018) of a group of 
asteroids listed in the Lightcurve/Photometry Opportunities and 
Shape/Spin Modeling Opportunities sections from recent issues of 
the Minor Planet Bulletin. The CCD observations were made in 
2018 February-May using the instrumentation described in Table 
I. Lightcurve analysis was done at the Balzaretto Observatory with 
MPO Canopus (Warner, 2016). All the images were calibrated 
with dark and flat frames and converted to R magnitudes using 
solar colored field stars from a version of the CMC-15 catalogue 
(Munos, 2017) distributed with MPO Canopus. Table II shows the 
observing circumstances and results. 

91 Aegina is a C-type middle main-belt asteroid discovered on 
1866 November 4 by E. Stephan at Marseille. Collaborative 
observations of this asteroid were made over four nights. We 
derived a synodic period of P = 6.029 ± 0.001 h with an amplitude 
A = 0.19 ± 0.01 mag. The period is close to the previously 

published results in the asteroid lightcurve database (LCDB; 
Warner et al., 2009). 

 

235 Carolina is an S-type outer main-belt asteroid discovered on 
1883 November 28 by J. Palisa at Vienna. Collaborative 
observations of this asteroid were made over eight nights. We 
derived a synodic period of P = 17.61 ± 0.01 h with an amplitude  
A = 0.31 ± 0.04 mag. The period is close to the previously 
published results in the asteroid lightcurve database (LCDB; 
Warner et al., 2009).  

 

Observatory (MPC code) Telescope CCD Filter Observed Asteroids 
Università Siena (K54) 0.30-m MCT f/5.6 SBIG STL-6303e (bin 2x2) Rc 91, 235, 1117 

M57 (K38) 0.30-m RCT f/5.5 SBIG STT-1603 C 91, 235, (505657) 

Iota Scorpii(K78) 0.40-m RCT F/8 SBIG STXL-6303e (bin 2x2) Rc 235 

Santa Maria a Monte(A29) 0.40-m NRT f/5 DTA Discovery plus Kaf 260 Rc, C 235 

CT Observatory 0.20-m NRT f/5 ATIK 314L+ Rc 235 

Table I. Observing Instrumentations. MCT: Maksutov-Cassegrain, NRT: Newtonian Reflector, RCT: Ritchey-Chretien. 



400 

 Minor Planet Bulletin 45 (2018) 

1117 Reginita is a medium albedo inner main-belt asteroid 
discovered on 1927 May 24 by J. Comas Sola at Barcelona. 
Observations of this asteroid were made over three nights. We 
derived a synodic period of P = 2.9467 ± 0.0001 h with an 
amplitude A = 0.19 ± 0.03 mag. The period is consistent with the 
previously published results in the asteroid lightcurve database 
(LCDB; Warner et al., 2009).  

 

(505657) 2014 SR339 is a low albedo Apollo NEA discovered on 
2014 September 30 by the WISE Survey. Observations of this 
asteroid were made over two nights. We derive a synodic period 
of P = 8.71 ± 0.01 h with an amplitude A = 0.75 ± 0.03 mag. The 
period, amplitude, and lightcurve shape are a bit different when 
compared to the previously published result (Warner, 2018); this 
is probably due to the differences in the observing geometries. 
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Number Name 2018 mm/dd   Pts Phase LPAB BPAB Period(h)  P.E  Amp A.E. 
 91 Aegina 03/26-04/18    209 9.7,17.5 166 1 6.029 0.001 0.19 0.01 
  235 Carolina 04/22-05/19    624 2.9,9.9 215 5 17.61 0.01 0.31 0.04 
 1117 Reginita 04/28-05/19    116 15.5,5.9 243 7 2.9467 0.0001 0.19 0.03 
505657 2014 SR339 02/14-02/15    541 48.5,49.3 123 16 8.71 0.01 0.75 0.03 

Table II. Observing circumstances and results. Pts is the number of data points. The phase angle values are for the first and last date. LPAB 
and BPAB are the approximate phase angle bisector longitude and latitude at mid-date range (see Harris et al., 1984). 
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Photometric observations of asteroids 2040 Chalonge 
4575 Broman, and 5852 Nanette were made at the 
Philips Academy Observatory from 2018 March through 
2018 June. 2040 Chalonge was found to have rotational 
period of 10.367 ± 0.001 h with amplitude 0.12 mag, 
consistent with the previously reported period;  
4575 Broman was found to have a rotational period of 
10.774 ± 0.001 h with an amplitude of 0.59 mag;  
5852 Nanette was found to have a rotational period of 
5.606 ± 0.001 h with an amplitude of 0.49 mag.   

CCD photometric observations of 2040 Chalonge, 4575 Broman, 
and 5852 Nanette were made between 2018 March and 2018 June 
at the Phillips Academy Observatory as part of a high school 
astronomy research course taught by Odden. The CALL website 
was used to select the targets, which were chosen for their 
favorable declinations, appealing names, and relatively bright 
magnitudes. All observations were made with a 0.40-m f/8 
Ritchey-Chrétien telescope by DFM Engineering.  Images were 
taken with an Andor Tech iKon DW436 camera with a 2048x2048 
array of 13.5-micron pixels. The resulting image scale was 0.86 
arcseconds per pixel. All images were dark- and flat-field 
corrected, unbinned, and guided.  The images were calibrated with 
AstroimageJ software (Collins et al., 2017). 

MPO Canopus was used to make photometric measurements of 
the asteroid as well as to generate the final lightcurve and period 
spectrum. Comparison stars were chosen to have near solar color 
using the Comp Star Selector tool in MPO Canopus. In addition, 
brighter comparison stars were favored. Data merging and period 
analysis were also done with MPO Canopus using an 
implementation of the Fourier analysis algorithm of Harris (Harris 
et al., 1989). The combined data sets were analyzed by the 
authors. 

2040 Chalonge was observed for six nights in 2018 April.  A total 
of 285 data points were used, resulting in a composite lightcurve 
with period 10.367 ± 0.001 h and amplitude 0.12 mag.  2040 
Chalonge was measured previously (Odden et al., 2016) and 
reported to have a rotational period of 10.383 ± 0.001 h with 
amplitude 0.22 mag. The results reported here are consistent with 
those findings. The period spectrum is included along with the 
composite lightcurve.  

 

 

 

4575 Broman was observed for twelve nights between 2018 April 
and 2018 June. No previous entries were found in the asteroid 
lightcurve database (Warner et al., 2009).  A total of 403 data 
points were used, resulting in a composite lightcurve with period 
10.774 ± 0.001 h and amplitude 0.59 mag.  Given the amplitude, a 
bimodal solution is expected. The period spectrum is included 
along with the composite lightcurve. 

 



402 

 Minor Planet Bulletin 45 (2018) 

 

5852 Nanette was observed for six nights between 2018 March 
and 2018 June. No previous entries were found in the asteroid 
lightcurve database (Warner et al., 2009).  A total of 326 data 
points were used, resulting in a composite lightcurve with period 
5.606 ± 0.001 h and amplitude 0.49 mag.  Given the amplitude, a 
bimodal solution is expected. The period spectrum is included 
along with the composite lightcurve.  
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Number Name 2016/2017 mm/dd Pts Phase LPAB BPAB Period(h) P.E. Amp A.E. TxC 
2040 Chalonge 04/09-04/24 285 3.7,8.3 194.5 7.0 10.367 0.001 0.12 0.03 C 
4575 Broman 04/22-06/22 403 18.0,8.2 254.5 13.2 10.774 0.001 0.59 0.05 C 
5852 Nanette 03/27-05/09 326 14.7,22.9 161.6 22.1 5.606 0.001 0.49 0.05 C 

Table I. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first and last date. LPAB and BPAB 
are the approximate phase angle bisector longitude and latitude at mid-date range (see Harris et al., 1984). TxC is the taxonomic class as found 
in the LCDB (Warner et al., 2009). 
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Photometric observations of Mars-crosser 3800 
Karayusuf were made in May 2018. Lightcurve analysis 
shows a synodic rotation period P = 2.2318 ± 0.0002 
hours with an amplitude 0.17 magnitudes.  

Photometric observations were made over two nights in 2018 May 
at San Marcello Pistoiese Observatory (104) using a 0.60m 
Newtonian Telescope (f/4) equipped with a Apogee Alta CCD 
camera.  Lightcurve analysis was done at the Balzaretto 
Observatory with MPO Canopus (BDW Publishing, 2016). All the 
images were calibrated with dark and flat frames and converted to 
R magnitudes using solar colored field stars from CMC15 
catalogue. Table I shows the observing circumstances and results. 
3800 Karayusuf is an S-type Mars-crosser asteroid discovered on 
1984 January 4 by Helin E. F. at Palomar.   We derive a synodic 
period of P = 2.2318 ± 0.0002 h with an amplitude A = 0.17 ± 
0.02 mag. The period is close to the previously published results 
in the asteroid lightcurve database (LCDB; Warner et al., 2009). 
The lightcurve shows some attenuation events, probably due to the 
binary nature of this asteroid, as noted by Warner (2008, 2014). 
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Number Name 2018 mm/dd   Pts Phase LPAB BPAB Period(h)  P.E  Amp A.E. 
 3800 Karayusuf 05/11-05/18   132 22.0,22.0 228 21 2.2318 0.0002 0.17 0.02  

Table I. Observing circumstances and results. Pts is the number of data points. The phase angle values are for the first and last date.  LPAB 
and BPAB are the approximate phase angle bisector longitude and latitude at mid-date range (see Harris et al., 1984). 
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We present lists of asteroid photometry opportunities for 
objects reaching a favorable apparition and have no or 
poorly-defined lightcurve parameters. Additional data 
on these objects will help with shape and spin axis 
modeling via lightcurve inversion. We also include lists 
of objects that will or might be radar targets. 
Lightcurves for these objects can help constrain pole 
solutions and/or remove rotation period ambiguities that 
might not come from using radar data alone. 

We present several lists of asteroids that are prime targets for 
photometry during the period 2018 October-December. 

In the first three sets of tables, “Dec” is the declination and “U” is 
the quality code of the lightcurve. See the asteroid lightcurve data 
base (LCDB; Warner et al., 2009) documentation for an 
explanation of the U code: 

http://www.minorplanet.info/lightcurvedatabase.html  

The ephemeris generator on the CALL web site allows you to 
create custom lists for objects reaching V ≤ 18.0 during any month 
in the current year, e.g., limiting the results by magnitude and 
declination. 

  http://www.minorplanet.info/PHP/call_OppLCDBQuery.php 

We refer you to past articles, e.g., Minor Planet Bulletin 36, 188, 
for more detailed discussions about the individual lists and points 
of advice regarding observations for objects in each list.  

Once you’ve obtained and analyzed your data, it’s important to 
publish your results. Papers appearing in the Minor Planet Bulletin 
are indexed in the Astrophysical Data System (ADS) and so can 
be referenced by others in subsequent papers. It’s also important to 
make the data available at least on a personal website or upon 
request. We urge you to consider submitting your raw data to the 
ALCDEF database. This can be accessed for uploading and 
downloading data at  

   http://www.alcdef.org 

Containing almost 3.2 million observations for more than 13380 
objects, we believe this to be the largest publicly available 
database of raw asteroid time-series lightcurve data. 

Now that many backyard astronomers and small colleges have 
access to larger telescopes, we have expanded the photometry 
opportunities and spin axis lists to include asteroids reaching  
V = 15.5 and brighter (sometimes 15.0 when the list has more than 
100 objects.  

Lightcurve/Photometry Opportunities 

Objects with U = 3– or 3 are excluded from this list since they will 
likely appear in the list for shape and spin axis modeling. Those 
asteroids rated U = 1 should be given higher priority over those 
rated U = 2 or 2+, but not necessarily over those with no period. 
On the other hand, do not overlook asteroids with U = 2/2+ on the 
assumption that the period is sufficiently established. Regardless, 
do not let the existing period influence your analysis since even 
high quality ratings have been proven wrong at times. Note that 
the lightcurve amplitude in the tables could be more or less than 
what’s given. Use the listing only as a guide. 

An entry in italics is a near-Earth asteroid (NEA). 

                         Brightest             LCDB Data 
 Number Name          Date    Mag  Dec   Period     Amp    U 
------------------------------------------------------------- 
 4025 Ridley          10 01.2 15.1   -1                      
 2487 Juhani          10 01.8 14.6   +5                      
 2835 Ryoma           10 03.1 15.0   +4  18.234       0.17 2 
 3844 Lujiaxi         10 04.1 14.7   +0  13.33        0.34 2+ 
14510 1996 ES2        10 07.3 15.0  +12                      
  917 Lyka            10 07.4 13.1  +11   7.92   0.10-0.14 2 
 5321 Jagras          10 09.3 14.6  +12                      
 1236 Thais           10 10.3 13.6   -8 >72.          0.08 1 
 2056 Nancy           10 10.4 13.8  +10 >15.          0.08 1 
 7230 Lutz            10 11.0 14.7   +6                      
 2010 Chebyshev       10 12.1 14.6   +8                      
 2070 Humason         10 12.1 14.7   +9                      
 3994 Ayashi          10 12.5 14.7   +4                 0.1  
 1707 Chantal         10 14.1 13.8  +10 >10.           0.2 1 
 1053 Vigdis          10 15.6 14.9  +10                      
 2244 Tesla           10 17.6 14.7   -4                      
 3381 Mikkola         10 18.0 14.9  +16                      
55567 2002 CS6        10 19.2 15.0  +12   6.646       0.48 2 
 6582 Flagsymphony    10 19.9 14.4  +10                      
 3069 Heyrovsky       10 21.8 15.0  +11   6.6         0.23 2 
 1390 Abastumani      10 22.9 13.9  +11  17.1         0.15 2 
 1033 Simona          10 23.2 14.6   +6  10.07        0.04 1+ 
 2178 Kazakhstania    10 26.6 14.9  +15                      
 4467 Kaidanovskij    10 29.2 14.6  +14 >12.          0.03 1 
16529 Dangoldin       10 31.4 15.0   -8                      
 6801 Strekov         11 01.0 14.9  +13   6.173       0.17 2 
 5703 Hevelius        11 01.1 15.0  +15                      
 2413 van de Hulst    11 01.2 15.0   +2                      
 7485 Changchun       11 01.9 14.9   -3                      
 1112 Polonia         11 04.4 13.8  +29  82.5         0.20 2 
 6540 Stepling        11 06.2 14.9  +11                      
 1385 Gelria          11 07.4 14.0   +6               0.36  
 6608 Davidecrespi    11 09.3 14.9  +15 >20.           0.3 2 
 1839 Ragazza         11 15.9 14.6  +19                      
 1475 Yalta           11 17.2 14.4  +14                      
37306 2001 KW46       11 18.0 14.7  +19   5.621       0.10 2 
 2290 Helffrich       11 18.4 14.7   -2               0.10  
 1079 Mimosa          11 19.1 14.5  +21  64.6    0.07-0.13 2- 
 7409 1990 BS         11 19.6 14.7  +19  31.61        0.20 2 
 2946 Muchachos       11 21.3 15.0  +21                      
 3769 Arthurmiller    11 24.7 15.0  +21                      
 1965 van de Kamp     11 27.6 14.5  +20 >36.           0.5 1 
 2245 Hekatostos      11 29.9 14.3  +15  20.61        0.21 2+ 
 3204 Lindgren        11 30.3 14.7  +19   5.614       0.15 2 
 2678 Aavasaksa       12 04.5 14.4  +24 >24.           0.4 1 
 2085 Henan           12 07.0 14.9  +18 >24.          0.25 1 
 1544 Vinterhansenia  12 07.9 14.0  +24  13.77   0.15-0.18 2 
 1826 Miller          12 10.4 14.7  +27  30.049       0.08 2 
 4807 Noboru          12 20.1 14.8  +24                      
 5522 De Rop          12 20.5 14.9  +24                      
 2872 Gentelec        12 23.6 15.0  +21  10.624       0.16 2 
72396 2001 CU20       12 24.9 14.9  +25   8.0467       0.1 2 
 1553 Bauersfelda     12 30.1 14.8  +22  51.191       0.26 2                        
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Low Phase Angle Opportunities 

The Low Phase Angle list includes asteroids that reach very low 
phase angles. The “α” column is the minimum solar phase angle 
for the asteroid. Getting accurate, calibrated measurements 
(usually V band) at or very near the day of opposition can provide 
important information for those studying the “opposition effect.” 
Use the on-line query form for the LCDB to get more details about 
a specific asteroid. 

  http://www.minorplanet.info/PHP/call_OppLCDBQuery.php 

You will have the best chance of success working objects with low 
amplitude and periods that allow covering at least half a cycle 
every night. Objects with large amplitudes and/or long periods are 
much more difficult for phase angle studies since, for proper 
analysis, the data must be reduced to the average magnitude of the 
asteroid for each night. This reduction requires that you determine 
the period and the amplitude of the lightcurve; for long period 
objects that can be difficult.  Refer to Harris et al. (1989; Icarus 
81, 365-374) for the details of the analysis procedure. 

As an aside, some use the maximum light to find the phase slope 
parameter (G). However, this can produce a significantly different 
value for both H and G versus when using average light, which is 
the method used for values listed by the Minor Planet Center. 

The International Astronomical Union (IAU) has adopted a new 
system, H-G12, introduced by Muinonen et al. (2010; Icarus 209, 
542-555). It will be some years before H-G12 becomes the 
standard. Furthermore, it still needs refinement. That can be done 
mostly by having data for more asteroids, but only if at very low 
and moderate phase angles. We strongly encourage obtaining data 
every degree between 0° to 7°, the non-linear part of the curve that 
is due to the opposition effect. At angles α > 7°, well-calibrated 
data every 2° or so out to about 25-30°, if possible, should be 
sufficient. Coverage beyond about 50° is not generally helpful 
since the H-G system is best defined with data from 0-30°. 

 Num Name           Date   α    V   Dec  Period     Amp    U 
------------------------------------------------------------- 
  66 Maja         10 06.7 0.28 11.7 +06   9.7351 0.21-0.45 3   
  83 Beatrix      10 07.7 0.72 11.9 +04  10.16        0.18 3   
 766 Moguntia     10 08.0 0.63 13.9 +07   4.816  0.06-0.23 3   
 485 Genua        10 08.4 0.25 11.7 +05  17.59   0.12-0.16 3   
 160 Una          10 09.5 0.33 12.2 +07  11.033  0.10-0.18 3   
 569 Misa         10 16.9 0.93 12.8 +11  11.595  0.09-0.25 3   
 968 Petunia      10 22.1 0.09 14.0 +11  61.280  0.30-0.38 3   
1390 Abastumani   10 22.9 0.06 13.9 +11  17.100       0.15 2   
 767 Bondia       10 30.0 0.96 13.6 +11 >60.          0.1  2   
 368 Haidea       11 08.4 0.15 13.7 +17   9.823  0.15-0.23 3   
 222 Lucia        11 09.5 0.48 13.9 +15   7.837  0.25-0.41 3   
 425 Cornelia     11 13.4 0.37 13.8 +17  17.505  0.19-0.21 3   
 508 Princetonia  11 13.6 0.72 12.8 +20  52.8         0.40 3   
 447 Valentine    11 17.9 0.73 12.8 +17   9.651       0.18 3   
 456 Abnoba       11 17.9 0.67 13.7 +17  18.281  0.2 -0.32 3   
 293 Brasilia     11 18.1 0.89 13.7 +17   8.17   0.20-0.30 3-  
 278 Paulina      11 20.9 0.25 13.5 +19   6.497  0.32-0.51 3   
  12 Victoria     11 22.3 0.45 10.1 +19   8.660  0.04-0.42 3   
 492 Gismonda     11 24.2 0.24 13.7 +21   6.488  0.10-0.14 3   
1307 Cimmeria     11 28.1 0.75 14.0 +20   2.820  0.29-0.31 3   
 419 Aurelia      11 29.6 0.56 12.7 +20  16.784  0.07-0.18 3   
 153 Hilda        12 02.0 0.80 13.6 +18   5.959  0.04-0.20 2+  
 128 Nemesis      12 04.2 0.33 10.5 +21  77.81   0.08-0.10 3-  
1303 Luthera      12 08.7 0.68 13.9 +25   5.878  0.05-0.06 3   
 455 Bruchsalia   12 11.3 0.44 11.8 +24  11.85   0.10-0.35 2+  
 847 Agnia        12 11.5 0.35 13.4 +24  14.827  0.05-0.51 3   
 241 Germania     12 13.2 0.44 11.6 +24  15.51   0.05-0.17 3   
 184 Dejopeja     12 15.4 0.48 12.7 +25   6.455  0.25-0.3  3   
 901 Brunsia      12 19.9 0.14 13.9 +23   3.136  0.09-0.28 3   
 700 Auravictrix  12 20.2 0.79 13.6 +22   6.075  0.18-0.43 3   
 122 Gerda        12 21.4 0.74 12.2 +21  10.685  0.10-0.26 3   
  90 Antiope      12 24.5 0.34 13.1 +25  16.509  0.05-0.88 3   
 548 Kressida     12 31.1 0.68 12.6 +22  11.940       0.44 2 
 
 

Shape/Spin Modeling Opportunities 

Those doing work for modeling should contact Josef Ďurech at the 
email address above. If looking to add lightcurves for objects with 
existing models, visit the Database of Asteroid Models from 
Inversion Techniques (DAMIT) web site  

   http://astro.troja.mff.cuni.cz/projects/asteroids3D 

An additional dense lightcurve, along with sparse data, could lead 
to the asteroid being added to or improving one in DAMIT, thus 
increasing the total number of asteroids with spin axis and shape 
models. 

Included in the list below are objects that: 

1. Are rated U = 3– or 3 in the LCDB 
2. Do not have reported pole in the LCDB Summary table 
3. Have at least three entries in the Details table of the LCDB 

where the lightcurve is rated U ≥ 2. 

The caveat for condition #3 is that no check was made to see if the 
lightcurves are from the same apparition or if the phase angle 
bisector longitudes differ significantly from the upcoming 
apparition. The last check is often not possible because the LCDB 
does not list the approximate date of observations for all details 
records. Including that information is an on-going project. 

Favorable apparitions are in bold text. NEAs are in italics.  

                        Brightest            LCDB Data  
 Num Name            Date   Mag  Dec    Period     Amp    U 
------------------------------------------------------------- 
1376 Michelle       10 02.1 13.7  +1    5.9748  0.03-0.20 3 
2017 Wesson         10 03.6 14.5  +1    3.4158  0.38-0.60 3 
1225 Ariane         10 05.7 14.3  +5    5.5068  0.30-0.36 3 
 766 Moguntia       10 08.0 13.9  +7    4.8164  0.06-0.23 3 
  78 Diana          10 08.3 11.8 +14    7.2991  0.02-0.30 3 
 256 Walpurga       10 11.0 14.2  +2   16.664   0.25-0.58 3 
5080 Oja            10 11.3 14.6 +12    7.222   0.31-0.39 3 
 656 Beagle         10 14.4 14.6  +8    7.035   0.57-1.20 3 
5985 1942 RJ        10 16.8 14.6 +22    9.7212  0.11-0.18 3 
2151 Hadwiger       10 18.0 14.1  +8    5.872   0.07-0.38 3 
3223 Forsius        10 19.4 14.4  +0    2.343   0.20-0.28 3 
 465 Alekto         10 21.3 15.0 +17   10.936   0.12-0.18 3 
1660 Wood           10 21.9 14.3 +14    6.809   0.14-0.26 3 
3447 Burckhalter    10 24.9 14.6 +33   59.8     0.10-0.39 3 
1845 Helewalda      10 25.5 15.3  -2    7.2786  0.15-0.34 3- 
 654 Zelinda        10 29.4 11.7 +37   31.735   0.08- 0.3 3 
 195 Eurykleia      11 04.1 12.9 +21   16.521   0.10-0.24 3 
 619 Triberga       11 04.1 13.0  +3   29.311   0.30-0.45 3 
2903 Zhuhai         11 04.2 14.8 +20    5.263   0.32-0.54 3 
1523 Pieksamaki     11 04.5 15.1 +23    5.3202  0.28- 0.5 3 
 834 Burnhamia      11 04.6 14.2 +12   13.875   0.15-0.22 3 
 860 Ursina         11 06.5 14.1 +36    9.386   0.22-0.50 3 
 205 Martha         11 07.7 12.7 +13   14.911   0.10-0.50 3 
 368 Haidea         11 08.3 13.7 +17    9.823   0.15-0.23 3 
4910 Kawasato       11 09.8 15.2 +10    4.662   0.10-0.22 3 
4451 Grieve         11 10.9 14.6  +7    6.864   0.56-0.80 3 
1830 Pogson         11 11.3 14.8 +10    2.57    0.10-0.18 3 
1369 Ostanina       11 12.8 15.2  +3    8.4001  0.3 -1.11 3 
 545 Messalina      11 13.8 13.7 +34    7.2     0.22-0.27 3 
2004 Lexell         11 14.3 14.5 +22    5.4429  0.42-0.51 3 
 755 Quintilla      11 16.0 14.8 +15    4.552   0.08-0.45 3 
 643 Scheherezade   11 17.2 14.3 +25   14.161   0.23-0.37 3 
 456 Abnoba         11 17.9 13.7 +17   18.281   0.2- 0.32 3 
4497 Taguchi        11 18.2 13.9  +6    3.563   0.11-0.21 3 
2642 Vesale         11 19.3 15.2  +4    5.566   0.12-0.39 3 
1308 Halleria       11 20.5 14.8 +27    6.028   0.14-0.17 3 
 750 Oskar          11 21.9 14.8 +19    6.2584  0.07-0.20 3 
 261 Prymno         11 25.6 12.2 +17    8.002   0.13-0.20 3 
 101 Helena         11 25.8 11.7 +37   23.08    0.09-0.13 3 
 267 Tirza          11 26.9 14.2 +20    7.648   0.18- 0.4 3 
8345 Ulmerspatz     11 27.2 14.6 +48   17.13    0.47-1.05 3- 
3397 Leyla          11 30.8 15.2 +53    3.098   0.29-0.40 3 
 124 Alkeste        12 03.0 11.9 +18    9.906   0.08-0.30 3 
 939 Isberga        12 05.6 14.6 +27    2.9173  0.20-0.25 3 
 839 Valborg        12 08.8 14.6 +42   10.366   0.14-0.19 3 
 477 Italia         12 17.9 13.5 +32   19.413   0.15-0.32 3 
1604 Tombaugh       12 19.0 14.7 +33    7.24    0.16-0.35 3- 
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                        Brightest            LCDB Data  
 Num Name            Date   Mag  Dec    Period     Amp    U 
------------------------------------------------------------- 
 901 Brunsia        12 19.9 13.9 +23    3.1363  0.09-0.28 3 
 453 Tea            12 22.2 13.3 +33    6.812   0.03-0.37 3 
 524 Fidelio        12 27.4 12.9 +34   14.198   0.18-0.22 3 
 913 Otila          12 30.4 15.0 +24    4.872   0.09-0.45 3 
 

Radar-Optical Opportunities 

Future radar targets:  
http://echo.jpl.nasa.gov/~lance/future.radar.nea.periods.html 

Past radar targets:  
http://echo.jpl.nasa.gov/~lance/radar.nea.periods.html 

Arecibo targets: 
http://www.naic.edu/~pradar/sched.shtml 
http://www.naic.edu/~pradar 

Goldstone targets:  
http://echo.jpl.nasa.gov/asteroids/goldstone_asteroid_schedule.html 

These are based on known targets at the time the list was prepared. 
It is very common for newly discovered objects to move up the list 
and become radar targets on short notice. We recommend that you 
keep up with the latest discoveries the Minor Planet Center 
observing tools 

In particular, monitor NEAs and be flexible with your observing 
program. In some cases, you may have only 1-3 days when the 
asteroid is within reach of your equipment. Be sure to keep in 
touch with the radar team (through Dr. Benner’s email or their 
Facebook or Twitter accounts) if you get data. The team may not 
always be observing the target but your initial results may change 
their plans. In all cases, your efforts are greatly appreciated. 

Use the ephemerides below as a guide to your best chances for 
observing, but remember that photometry may be possible before 
and/or after the ephemerides given below. Note that geocentric 
positions are given. Use these web sites to generate updated and 
topocentric positions:  

MPC: http://www.minorplanetcenter.net/iau/MPEph/MPEph.html 
JPL: http://ssd.jpl.nasa.gov/?horizons 

In the ephemerides below, ED and SD are, respectively, the Earth 
and Sun distances (AU), V is the estimated Johnson V magnitude, 
and α is the phase angle. SE and ME are the great circles distances 
(in degrees) of the Sun and Moon from the asteroid. MP is the 
lunar phase and GB is the galactic latitude. “PHA” indicates that 
the object is a “potentially hazardous asteroid”, meaning that at 
some (long distant) time, its orbit might take it very close to Earth. 

About YORP Acceleration 

Many, if not all, of the targets in this section are near-Earth 
asteroids. These objects are particularly sensitive to YORP 
acceleration. YORP (Yarkovsky–O'Keefe–Radzievskii–Paddack) 
is the asymmetric thermal re-radiation of sunlight that can cause 
an asteroid’s rotation period to increase or decrease. High 
precision lightcurves at multiple apparitions can be used to model 
the asteroid’s sidereal rotation period and see if it’s changing.  

It usually takes four apparitions to have sufficient data to 
determine if the asteroid rotation rate is changing under the 
influence of YORP. This is why observing asteroids that already 
have well-known periods is still a valuable use of telescope time. 
It is even more so when considering the BYORP (binary-YORP) 
effect among binary asteroids that has stabilized the spin so that 

acceleration of the primary body is not the same as if it would be 
if there were no satellite. 

To help focus efforts in YORP detection, Table I gives a quick 
summary of this quarter’s radar-optical targets. The family or 
group for the asteroid is given under the number name. Also under 
the name will be additional flags such as “PHA” for Potentially 
Hazardous Asteroid, NPAR for a tumbler, and/or “Bin” to indicate 
the asteroid is a binary (or multiple) system. If “Bin” is followed 
by “?” it means that the asteroid is a suspected but not confirmed 
binary. The period is in hours and, in the case of binary, for the 
primary. The Amp column gives the known range of lightcurve 
amplitudes. The App columns gives the number of different 
apparitions at which a lightcurve period was reported while the 
Last column gives the year for the last reported period. The R 
SNR column indicates the estimated radar SNR using the tool at  

   http://www.naic.edu/~eriverav/scripts/index.php 

The “A” is for Arecibo and “G” is for Goldstone. Note that this 
calculator assumes full power at Arecibo. 

Asteroid Period Amp App Last R SNR 
2018 EB 
NEA 

1.221 0.54 1 2018 A 1540 
G   88   

(475534) 2006 TS7 
NEA 

- - - - A 1210 
G  686 

2002 VE68 
NEA PHA 

13.50 0.9 2 2010 A 4360 
G  248 

(65733) 1993 PC 
NEA 

4.184 0.76 
0.97 

1 2013 A  172 
G   10 

(410088) 2007 EJ 
NEA 

4.781 0.09 
0.16 

1 2015 A  236 
G   55 

(54660) 2000 UJ 
NEA 

5.43 1.15 1 2009 A  116 
G    - 

(162687) 2000 UH1 
NEA 

- - - - A   22 
G    - 

(4953) 1990 MU 
NEA 

14.218 0.68 1 1994? A    - 
G   22 

(163899) 2003 SD220 
NEA PHA NHATS 

285 2.2 1 2015 A    * 
G    * 

(141053) 2001 XT1 
NEA 

- - - - A   14 
G    - 

(418884) 2008 WM64 
NEA 

- - - - A 1590 
G   90 

Table I. Summary of radar-optical opportunities in 2018 July-
October. Data from the asteroid lightcurve database (Warner et al., 
2009; Icarus 202, 134-146). *The SNRs for 2003 SD220 will be 
enormous: A: 1.76E+6, G: 96800. 

The estimated SNR uses the current MPCORB absolute 
magnitude (H), a period of 4 hours (2 hours if D ≤ 170 m) if it’s 
not known, and the approximate minimum Earth distance during 
the current quarter. If the estimated diameter is, a period of 2 
hours was used 

If the SNR value is in bold text, the object was found on the radar 
planning pages listed above. Otherwise, the planning tool at 

  http://www.minorplanet.info/PHP/call_OppLCDBQuery.php  

was used to find known NEAs that were V < 18.0 during the 
quarter. An object is usually placed on the list only if the estimated 
Arecibo SNR > 10. This would produce a marginal signal, not 
enough for imaging, but might allow improving orbital 
parameters. 
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2018 EB (Oct, H = 21.8) 
Warner (2018) found the period for this 130-meter NEA to be 
1.2208 h. Even though the amplitude was 0.51 mag, the asteroid 
was at a large phase angle (~54°), and so there is a possibility that 
the period could be wrong. Rapid sky motion will require short 
exposures.  

DATE     RA     Dec     ED   SD   V     α   SE   ME   MP   GB 
------------------------------------------------------------- 
10/04  06 10.5 +42 39  0.05 1.01 18.0  79.3  98  35 -0.32 +11 
10/05  06 08.1 +33 04  0.04 1.01 17.7  77.9 100  45 -0.22  +6 
10/06  06 05.9 +21 46  0.04 1.01 17.5  76.6 101  59 -0.13  +0 
10/07  06 03.7 +09 21  0.04 1.01 17.4  75.6 102  75 -0.06  -6 
10/08  06 01.6 -03 08  0.04 1.01 17.5  75.2 103  91 -0.02 -13 
10/09  05 59.6 -14 36  0.04 1.01 17.6  75.4 102 104 +0.00 -18 
10/10  05 57.6 -24 24  0.05 1.01 17.8  75.9 101 112 +0.01 -22 
10/11  05 55.7 -32 26  0.05 1.01 18.1  76.5 101 117 +0.04 -25 

 
(475534) 2006 TS7 (Oct, H = 21.2) 
This is another strong radar target, easily within the reach of 
Arecibo and Goldstone. The period for the 170 meter NEA is not 
known. The size is just at the point where the asteroid is likely a 
super-fast rotator (P < 2 h). Keep exposures as short as practical 
until you have an idea of the period. 

DATE     RA     Dec     ED   SD   V     α   SE   ME   MP   GB 
------------------------------------------------------------- 
10/20  03 51.2 +36 38  0.10 1.08 17.9  36.6 140  92 +0.79 -14 
10/21  03 54.5 +37 46  0.09 1.07 17.6  37.2 140  82 +0.86 -12 
10/22  03 58.8 +39 10  0.08 1.06 17.4  38.1 139  72 +0.92 -11 
10/23  04 04.4 +40 57  0.07 1.05 17.1  39.4 138  62 +0.97  -9 
10/24  04 12.3 +43 17  0.06 1.04 16.8  41.4 136  53 +0.99  -6 
10/25  04 24.1 +46 27  0.05 1.03 16.5  44.4 134  46 -1.00  -2 
10/26  04 44.1 +50 56  0.04 1.02 16.2  49.1 129  42 -0.98  +3 
10/27  05 24.0 +57 23  0.03 1.01 15.8  56.9 122  43 -0.94 +12 
10/28  07 07.0 +65 20  0.02 1.00 15.7  70.5 108  50 -0.87 +26 
10/29  10 53.9 +63 01  0.02 0.99 16.0  93.5  85  64 -0.79 +49 

 
2002 VE68 (Oct-Nov, H = 20.5, PHA) 
The better chances for photometry come at the first of November, 
when the moon is near new. Then again, the NEA will be nearly at 
the galactic plane in dense star fields. Pravec et al. (2002) and 
Hicks et al. (2010) found a period of 13.5 h with a large amplitude 
lightcurve. The estimated size is 240 meters. 

DATE     RA     Dec     ED   SD   V     α   SE   ME   MP   GB 
------------------------------------------------------------- 
10/20  09 44.0 +58 42  0.09 0.99 18.4  91.8  83 134 +0.79 +45 
10/23  09 26.9 +63 12  0.07 1.00 17.9  86.3  89 108 +0.97 +41 
10/26  08 51.8 +69 11  0.06 1.00 17.2  79.5  97  76 -0.98 +36 
10/29  07 11.8 +76 15  0.05 1.01 16.5  70.7 106  56 -0.79 +27 
11/01  02 50.4 +75 54  0.04 1.01 15.8  59.6 118  73 -0.46 +15 
11/04  00 30.3 +59 32  0.04 1.02 15.2  48.2 130 114 -0.16  -3 
11/07  23 46.4 +38 18  0.04 1.02 15.2  43.7 135 134 -0.01 -23 
11/10  23 27.6 +20 16  0.05 1.02 15.6  48.0 130 103 +0.06 -38 
11/13  23 17.9 +07 36  0.06 1.02 16.3  55.0 122  62 +0.27 -49 
11/16  23 12.4 -00 54  0.07 1.02 16.9  61.2 115  22 +0.54 -55 

 
(65733) 1993 PC (Oct-Nov, H = 15.4) 
Warner (2014) observed this NEA twice in 2013 October, at phase 
angles of 12° and 34°. The better solution was 4.184 h (vs. 4.28 h). 
The ambiguity needs to be removed. The estimated diameter is 
620 meters.  

DATE     RA     Dec     ED   SD   V     α   SE   ME   MP   GB 
------------------------------------------------------------- 
10/05  01 52.4 +23 45  0.30 1.27 17.3  19.9 154 101 -0.22 -37 
10/08  01 45.6 +24 36  0.27 1.25 17.0  17.9 157 142 -0.02 -37 
10/11  01 36.9 +25 29  0.25 1.23 16.7  16.3 160 159 +0.04 -36 
10/14  01 26.0 +26 25  0.22 1.21 16.4  15.3 161 127 +0.25 -36 
10/17  01 12.4 +27 22  0.20 1.19 16.2  15.5 161  91 +0.53 -35 
10/20  00 55.5 +28 20  0.18 1.17 16.0  17.5 159  56 +0.79 -35 
10/23  00 34.4 +29 14  0.16 1.14 15.8  21.6 155  30 +0.97 -34 
10/26  00 08.4 +29 57  0.15 1.12 15.7  27.5 149  45 -0.98 -32 
10/29  23 36.5 +30 20  0.13 1.10 15.6  35.2 140  85 -0.79 -30 
11/01  22 58.3 +30 05  0.12 1.07 15.7  44.8 130 124 -0.46 -27 

 

(410088) 2007 EJ (Oct, Dec-Jan, H = 18.1) 
There are two chances to observe this 700-meter NEA. Southern 
Hemisphere observers get first try in October while Northern 
Hemisphere observers are favored in December. Warner (2015) 
found a period of 4.78 h. Vaduvescu et al. (2017) found 2.38 h, or 
the half-period of Warner’s result. Here’s another case where the 
ambiguity needs to be resolved.  

DATE     RA     Dec     ED   SD   V     α   SE   ME   MP   GB 
------------------------------------------------------------- 
10/01  22 40.4 -43 12  0.29 1.20 17.4  41.0 128 110 -0.65 -59 
10/04  22 33.7 -44 05  0.28 1.18 17.4  44.5 124 142 -0.32 -58 
10/07  22 26.7 -44 53  0.26 1.16 17.3  48.1 121 143 -0.06 -56 
10/10  22 19.3 -45 37  0.25 1.13 17.3  51.9 117 110 +0.01 -55 
10/13  22 11.7 -46 17  0.24 1.11 17.2  55.8 113  75 +0.17 -53 
10/16  22 03.6 -46 52  0.22 1.09 17.2  59.9 109  45 +0.43 -52 
10/19  21 55.1 -47 24  0.21 1.07 17.1  64.1 105  31 +0.71 -50 
10/22  21 45.8 -47 54  0.19 1.05 17.0  68.6 101  51 +0.92 -49 
10/25  21 35.5 -48 21  0.18 1.03 17.0  73.3  97  84 -1.00 -47 
10/28  21 23.5 -48 46  0.16 1.01 16.9  78.5  92 120 -0.87 -45 
 
12/15  13 12.0 +21 09  0.15 0.96 17.3  94.6  77 150 +0.46 +82 
12/18  13 06.2 +22 42  0.17 0.97 17.3  89.0  81 151 +0.74 +84 
12/21  13 01.4 +23 57  0.18 0.99 17.3  83.9  85 117 +0.96 +86 
12/24  12 57.2 +25 01  0.20 1.00 17.3  79.1  90  75 -0.98 +88 
12/27  12 53.4 +25 56  0.21 1.02 17.4  74.7  93  37 -0.76 +89 
12/30  12 49.8 +26 46  0.23 1.04 17.4  70.4  97  29 -0.43 +89 
01/02  12 46.1 +27 32  0.24 1.05 17.5  66.3 101  59 -0.15 +89 
01/05  12 42.3 +28 15  0.25 1.07 17.5  62.4 104  93 -0.01 +88 
01/08  12 38.2 +28 57  0.27 1.10 17.5  58.6 108 126 +0.03 +87 
01/11  12 33.8 +29 36  0.28 1.12 17.6  54.8 112 152 +0.21 +85 

 
(54660) 2000 UJ (Oct-Nov, H = 18.0) 
No period is reported in the asteroid lightcurve database (LCDB; 
Warner et al., 2009) for this 750-meter NEA. Given the estimated 
size, the period is almost certainly P > 2 h. The asteroid will 
always be at large phase angles from mid-October to mid-
November, which could mean unusual lightcurves due to 
shadowing effects. 

DATE     RA     Dec     ED   SD   V     α   SE   ME   MP   GB 
------------------------------------------------------------- 
10/20  07 24.2 +68 14  0.24 1.07 17.4  66.7 101 118 +0.79 +28 
10/23  06 58.1 +62 45  0.20 1.07 16.9  63.8 106  93 +0.97 +25 
10/26  06 33.6 +54 45  0.17 1.07 16.4  59.1 112  57 -0.98 +19 
10/29  06 10.9 +43 05  0.14 1.07 15.9  52.4 121  22 -0.79 +11 
11/01  05 50.2 +26 54  0.13 1.08 15.4  44.5 130  45 -0.46  +0 
11/04  05 31.4 +07 36  0.12 1.08 15.2  39.3 136  93 -0.16 -14 
11/07  05 14.4 -10 42  0.13 1.09 15.4  40.3 135 133 -0.01 -26 
11/10  04 59.2 -24 49  0.16 1.09 15.9  44.7 129 136 +0.06 -35 
11/13  04 45.7 -34 42  0.18 1.10 16.4  49.0 123 111 +0.27 -40 
11/16  04 33.7 -41 27  0.22 1.11 16.8  52.1 118  86 +0.54 -43 

 
(162687) 2000 UH1 (Nov, H = 19.2) 
There’s no period reported in the LCDB for this NEA. The 
estimated size is about 430 meters, so it’s very likely that the 
period will be greater than 2 hours. Here again, the asteroid will 
always be at large phase angles, which could mean unusual 
lightcurves due to shadowing effects. 

DATE     RA     Dec     ED   SD   V     α   SE   ME   MP   GB 
------------------------------------------------------------- 
11/01  05 24.1 -18 10  0.24 1.15 18.1  45.1 125  64 -0.46 -27 
11/04  05 39.5 -18 49  0.22 1.12 17.9  47.4 123  94 -0.16 -24 
11/07  05 58.3 -19 26  0.19 1.10 17.7  50.3 121 120 -0.01 -20 
11/10  06 21.9 -19 55  0.17 1.08 17.5  54.0 118 136 +0.06 -15 
11/13  06 52.0 -20 08  0.15 1.06 17.3  58.8 114 138 +0.27  -9 
11/16  07 30.6 -19 51  0.13 1.04 17.1  64.9 108 129 +0.54  -1 
11/19  08 19.5 -18 38  0.11 1.02 17.1  72.8 101 117 +0.81 +10 
11/22  09 17.7 -16 04  0.11 1.00 17.2  82.4  92  99 +0.98 +23 
11/25  10 20.0 -12 07  0.10 0.98 17.5  92.5  81  75 -0.96 +36 
11/28  11 18.4 -07 31  0.11 0.96 18.0 101.5  72  46 -0.72 +49 
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(4953) 1990 MU (Nov, H = 14.1) 
The summary table above shows a somewhat unusual case where 
the asteroid can just be observed with radar at Goldstone but not at 
Arecibo. This is because Arecibo’s range of declinations is about  
–1° to +38°. The combination of distance and size when 1990 MU 
is within that range produces SNR < 10 at Arecibo. 

The asteroid position dives into the Sun at the end of November 
and stays in the vicinity until 2019 July. 

DATE     RA     Dec     ED   SD   V     α   SE   ME   MP   GB 
------------------------------------------------------------- 
10/01  04 34.2 -15 21  0.83 1.56 16.1  35.1 116  36 -0.65 -37 
10/11  04 44.4 -18 16  0.68 1.47 15.6  36.1 120 138 +0.04 -36 
10/21  04 53.0 -22 06  0.54 1.37 15.0  37.8 123  83 +0.86 -35 
10/31  05 00.2 -27 27  0.41 1.26 14.3  41.2 123  65 -0.58 -35 
11/10  05 06.4 -36 07  0.28 1.15 13.5  48.8 119 125 +0.06 -36 
11/20  05 16.4 -54 57  0.16 1.04 12.7  68.4 103  76 +0.88 -35 

 
(163899) 2003 SD220 (Nov-Dec, H = 17.3, PHA, NHATS) 
NHATS is the acronym for Near-Earth Object Human Space 
Flight Accessible Targets Study. In other words, this asteroid is on 
a list of possible targets to which to send a human mission. 
Because of the enormous radar SNR values expected, almost 2 
million for Arecibo(!), expect an abundance of news stories about 
the asteroid.  

Part of the reason for the large SNRs is the rotation period, which 
has been reported to range from 175 to 285 hours (respectively, 
Aznar et al., 2018; Warner, 2016). This requires a good campaign 
involving observers over a wide range of longitudes and well-
calibrated data. With such long period objects, often the approach 
is to get a limited number of data points each night. While 
improving telescope time efficiency, the requirements on the 
quality of the data go up significantly.  

DATE     RA     Dec     ED   SD   V     α   SE   ME   MP   GB 
------------------------------------------------------------- 
11/01  10 35.8 +56 29  0.16 0.99 16.3  85.6  85  42 -0.46 +52 
11/07  10 46.1 +56 28  0.15 1.00 16.0  83.4  88  79 -0.01 +53 
11/13  10 58.2 +56 25  0.13 1.00 15.7  81.4  91 129 +0.27 +54 
11/19  11 12.6 +56 21  0.11 1.00 15.4  80.0  94 124 +0.81 +56 
11/25  11 30.8 +56 13  0.09 1.00 14.9  79.1  95  71 -0.96 +57 
12/01  11 55.9 +55 52  0.08 1.00 14.5  79.4  96  49 -0.39 +60 
12/07  12 34.7 +54 52  0.06 0.99 13.9  81.8  95  90 +0.00 +62 
12/13  13 43.3 +50 57  0.04 0.98 13.3  89.8  88 122 +0.28 +64 

 

(141053) 2001 XT1 (Dec-Jan, H = 18.7) 
There’s apparently no reported period for this 500-meter NEA. 
This will be a weak target at best for Arecibo but it looks to be a 
strong candidate for photometrists who want to find its phase  
(H-G) curve. During December to early January, the phase angle 
drops from 72° to less than 5°.  

DATE     RA     Dec     ED   SD   V     α   SE   ME   MP   GB 
------------------------------------------------------------- 
12/01  10 31.7 +22 49  0.19 1.03 17.7  72.2  97  22 -0.39 +58 
12/07  09 42.5 +26 03  0.20 1.09 17.4  55.4 115 111 +0.00 +48 
12/13  08 56.2 +28 02  0.22 1.15 17.3  40.3 131 163 +0.28 +38 
12/19  08 15.1 +28 56  0.25 1.20 17.3  27.1 146  82 +0.83 +30 
12/25  07 40.5 +29 03  0.29 1.26 17.4  15.9 160  14 -0.93 +23 
12/31  07 12.9 +28 41  0.33 1.31 17.4   7.0 171 103 -0.33 +17 
01/06  06 51.7 +28 05  0.39 1.37 17.7   4.5 174 173 +0.00 +12 
01/12  06 36.3 +27 26  0.45 1.42 18.3   9.5 166 103 +0.29  +9 
01/18  06 25.7 +26 48  0.51 1.47 18.9  14.4 158  23 +0.86  +7 

 
(418849) 2008 WM64 (Dec-Jan, H = 20.6) 
Both Rowe (2018) and Warner (2018) found a period of 2.4 h 
based on observations in mid- to late-December of 2017. This 
makes it a potential binary candidate, so careful observations are 
in order.  

Unfortunately, as the asteroid brightens, the moon waxes towards 
full. It should still be possible to get good data since the asteroid is 
reasonably bright and asteroid-moon elongation (sky distance) 
stays above 45°. 

DATE     RA     Dec     ED   SD   V     α   SE   ME   MP   GB 
------------------------------------------------------------- 
12/15  06 32.0 -58 52  0.10 1.00 18.2  77.7  97  92 +0.46 -25 
12/17  06 00.4 -54 03  0.08 1.00 17.6  73.1 102  83 +0.65 -29 
12/19  05 24.3 -45 48  0.06 1.01 16.9  66.0 111  68 +0.83 -34 
12/21  04 44.8 -31 32  0.05 1.01 16.1  55.1 123  49 +0.96 -40 
12/23  04 04.3 -09 24  0.04 1.01 15.4  42.2 136  45 -1.00 -41 
12/25  03 25.3 +15 24  0.05 1.02 15.5  38.4 140  72 -0.93 -33 
12/27  02 49.9 +33 57  0.06 1.02 16.1  44.8 133 102 -0.76 -23 
12/29  02 19.2 +45 17  0.07 1.03 16.8  51.5 125 124 -0.54 -15 
12/31  01 53.5 +52 04  0.09 1.03 17.4  56.4 119 134 -0.33 -10 
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IN THIS ISSUE 

This list gives those asteroids in this issue for 
which physical observations (excluding 
astrometric only) were made. This includes 
lightcurves, color index, and H-G 
determinations, etc. In some cases, no specific 
results are reported due to a lack of or poor 
quality data. The page number is for the first 
page of the paper mentioning the asteroid. EP is 
the “go to page” value in the electronic version. 

 Number Name EP Page 
 33 Polyhymnia 46 356 
 49 Pales 46 356 
 91 Aegina 89 399 
 132 Aethra 70 380 
 235 Carolina 89 399 
 289 Nenetta 46 356 
 323 Brucia 70 380 
 418 Alemannia 9 319 
 424 Gratia 37 347 
 461 Saskia 87 397 
 504 Cora 37 347 
 504 Cora 46 356 
 617 Patroclus 33 343 
 719 Albert 56 366 
 791 Ani 37 347 
 820 Adriana 28 338 
 821 Fanny 37 347 
 821 Fanny 46 356 
 832 Karin 53 363 
 866 Fatme 37 347 
 874 Rotraut 37 347 
 896 Sphinx 37 347 
 910 Annaliese 53 363 
 965 Angelica 21 331 
 1049 Gotho 18 328 
 1090 Sumida 7 317 
 1097 Vicia 37 347 
 1117 Reginita 89 399 
 1144 Oda 25 335 
 1180 Rita 80 390 
 1184 Gaea 18 328 
 1237 Genevieve 37 347 
 1266 Tone 21 331 
 1315 Bronislawa 37 347 
 1326 Losaka 28 338 
 1329 Eliane 37 347 
 1334 Lundmarka 37 347 
 1382 Gerti 43 353 
 1533 Saimaa 76 386 
 1555 Dejan 23 333 
 1591 Baize 1 311 
 1594 Danjon 28 338 
 1627 Ivar 56 366 
 1737 Severny 18 328 
 1741 Giclas 53 363 
 1748 Mauderli 80 390 
 1793 Zoya 37 347 
 1856 Ruzena 8 318 
 1866 Sisyphus 56 366 
 1877 Marsden 80 390 
 1887 Virton 18 328 
 2021 Poincare 28 338 
 2040 Chalonge 91 401 

 Number Name EP Page 
 2061 Anza 56 366 
 2164 Lyalya 28 338 
 2204 Lyyli 43 353 
 2207 Antenor 31 341 
 2353 Alva 28 338 
 2449 Kenos 70 380 
 2491 Tvashtri 84 394 
 2558 Viv 28 338 
 2623 Zech 28 338 
 2656 Evenkia 53 363 
 2672 Pisek 18 328 
 2764 Moeller 76 386 
 2811 Stremchovi 76 386 
 2827 Vellamo 53 363 
 2895 Memnon 33 343 
 2956 Yeomans 53 363 
 3002 Delasalle 53 363 
 3198 Wallonia 43 353 
 3210 Lupishko 21 331 
 3287 Olmstead 70 380 
 3341 Hartmann 28 338 
 3343 Nedzel 70 380 
 3363 Bowen 53 363 
 3394 Banno 13 323 
 3394 Banno 20 330 
 3483 Svetlov 70 380 
 3738 Ots 53 363 
 3800 Karayusuf 70 380 
 3800 Karayusuf 87 397 
 3800 Karayusuf 93 403 
 3995 Sakaino 18 328 
 4022 Nonna 53 363 
 4142 Dersu-Uzala 37 347 
 4221 Picasso 16 326 
 4221 Picasso 76 386 
 4348 Poulydamas 33 343 
 4435 Holt 21 331 
 4488 Tokitada 23 333 
 4522 Britastra 28 338 
 4575 Broman 91 401 
 4713 Steel 70 380 
 4767 Sutoku 14 324 
 4911 Rosenzweig 9 319 
 5129 Groom 53 363 
 5133 Phillipadams 21 331 
 5251 Bradwood 70 380 
 5518 Mariobotta 76 386 
 5579 Uhlherr 70 380 
 5852 Nanette 91 401 
 5928 Pindarus 80 390 
 5996 Julioangel 23 333 
 5999 Plescia 70 380 
 6358 Chertok 18 328 
 7529 Vagnozzi 70 380 
 8083 Mayeda 23 333 
 9856 1991 EE 56 366 
 9899 1996 EH 11 321 
 10113 1992 PX2 28 338 
 11434 Lohnert 28 338 
 11864 1989 NH1 43 353 
 11889 1991 AH2 28 338 
 12769 Kandakurenai 43 353 
 13035 1989 UA6 80 390 
 13538 1991 ST 18 328 
 14339 Knorre 18 328 
 14892 1991 VE5 28 338 
 15318 Innsbruck 43 353 

 Number Name EP Page 
 15549 2000 FN 28 338 
 15745 Yuliya 26 336 
 15745 Yuliya 56 366 
 16070 1999 RB101 33 343 
 19911 Rigaux 15 325 
 20447 1999 JR85 23 333 
 21893 1999 VL4 28 338 
 22283 Pytheas 70 380 
 23621 1996 PA 28 338 
 25916 2001 CP44 56 366 
 26074 Carlwirtz 70 380 
 29168 1990 KJ 43 353 
 30769 1984 ST2 28 338 
 36183 1999 TX16 56 366 
 36198 1999 TF92 70 380 
 42237 2001 EG21 80 390 
 42273 2001 QO245 70 380 
 42284 2001 TV8 28 338 
 42701 1998 MD13 87 397 
 44283 1998 QP78 70 380 
 48697 1996 HX14 13 323 
 60381 2000 AX180 80 390 
 63583 2001 QP31 70 380 
 65996 1998 MX5 56 366 
 66391 1999 KW4 56 366 
 68347 2001 KB67 56 366 
 75768 2000 AE186 70 380 
 76978 2001 BY60 70 380 
 85628 1998 KV2 56 366 
 85953 1999 FK21 56 366 
 85989 1999 JD6 56 366 
 86401 2000 AF143 12 322 
 126421 2002 BD30 70 380 
 137509 1999 VA29 70 380 
 138847 2000 VE62 3 313 
 138847 2000 VE62 56 366 
 138847 2000 VE62 76 386 
 139289 2001 KR1 56 366 
 139345 2001 KA67 50 360 
 148567 2001 QK236 70 380 
 153957 2002 AB29 56 366 
 162168 1999 GT6 56 366 
 220839 2004 VA 56 366 
 337084 1998 SE36 56 366 
 387814 2004 FK1 70 380 
 415029 2011 UL21 56 366 
 444193 2005 SE71 56 366 
 450648 2006 UC63 56 366 
 455550 2004 JO2 56 366 
 467309 1996 AW1 56 366 
 469737 2005 NW44 56 366 
 505657 2014 SR339 89 399 
  2010 WC9 56 366 
  2013 US3 56 366 
  2015 DP155 56 366 
  2016 JP 56 366 
  2017 YE5 56 366 
  2018 BY2 56 366 
  2018 EB 56 366 
  2018 EJ4 56 366 
  2018 EJ4 76 386 
  2018 FQ5 56 366 
  2018 GE3 5 315 
  2018 JE1 56 366 
  2018 JK3 56 366 
  2018 JX 56 366 
  2018 LK 56 366 
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