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EDITOR’S NOTE 

A few words of appreciation and admiration are appropriate to the 
author, Eric V. Dose, for more nearly 20 years of contributions to 
the study of minor planets and high precision photometry of 
variable stars. For the past five years or so, Mr. Dose has 
concentrated his attention to measuring and analyzing asteroid 
lightcurves, contributing nearly two dozen publications as an author 
or co-author in The Minor Planet Bulletin. All of this work has been 
exemplary in its attention to detail and thorough consideration of 
results. This appreciation is extended in response to the author 
noting in his Acknowledgments that he is bringing his astronomical 
observing career to a conclusion. 
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We present lightcurves and synodic rotation periods for 
fourteen asteroids, including the lead members for two 
recognized families: 1332 Marconia and 3811 Karma. 

We present asteroid lightcurves obtained via the workflow process 
described by Dose (2020) and later improved (Dose, 2021a). This 
workflow applies to each image an ensemble of typically 25-80 
nearby comparison (“comp”) stars selected from the ATLAS 
refcat2 catalog (Tonry, 2018). This abundance of comp stars and 
our custom diagnostic plots allow for rapid identification and 
removal of outlier, variable, and poorly measured comp stars. 

The product of this custom workflow is one night’s time series of 
absolute Sloan r’ (SR) magnitudes for one target asteroid. These 
absolute magnitudes are corrected for instrument transforms, sky 
extinction, and image-to-image (“cirrus”) fluctuations, and thus 
they represent absolute magnitudes at the top of earth’s atmosphere. 
These magnitudes are imported directly into MPO Canopus 
software (Warner, 2021) where they are adjusted for distance and 
phase-angle dependence, matched with their corresponding time, fit 
by Fourier analysis including identifying any aliases, and plotted. 

 

Phase-angle corrections are made by applying a H-G model and 
finding the G value that minimizes best-fit RMS error across all 
nights’ data for that apparition. Whenever we cannot estimate G, 
usually due to a narrow range of phase angles, we apply the Minor 
Planet Center’s default value of 0.15. No nightly zero-point 
adjustments (Delta Comps in MPO Canopus) were made to any 
data presented here, other than by estimating G. 

Lightcurve Results 

Fourteen asteroids were observed from Howling Coyote Remote 
Observatories at 2295 meters elevation in western New Mexico. 
Images were acquired with: a 0.50-m PlaneWave OTA on a 
PlaneWave L-500 mount and equatorial wedge, and a SBIG 
AC4040M CMOS camera fitted with a Schott GG495 light yellow 
filter and cooled to -20°C. 

This equipment was operated remotely via ACP software (DC-3 
Dreams), running one-night plan files generated by python scripts 
(Dose, 2020). Exposure times targeted 2-5 millimagnitudes 
uncertainty in asteroid instrumental magnitude, subject to a 
minimum exposure of 90 seconds to ensure suitable comp-star 
photometry, and to a maximum of 480 seconds. 

FITS images were calibrated using temperature-matched, exposure-
matched, median-averaged dark images and recent flat images of a 
flux-adjustable light panel. Calibrated images were plate-solved by 
TheSkyX (Software Bisque), and target asteroids were identified in 
Astrometrica (Herbert Raab). All photometric images were visually 
inspected; the author excluded images with inadequate tracking or 
seeing quality, digital artifacts caused by changing CMOS read 
mode, excessive interference by cloud or moon, or having stars, 
satellite tracks, cosmic ray artifacts, residual image artifacts, or 
other apparent light sources within 12 arcseconds of the target 
asteroid’s signal centroid. Images passing these screens were 
submitted to the workflow. 

When using the GG495 light-yellow filter, color transforms are 
modest in size and essentially linear (first-order), and they yield 
magnitudes in the standard Sloan r’ (SR) passband. In our hands, 
using this filter (rather than a clear filter or no filter) improves 
transform linearity and night-to-night magnitude reproducibility to 
a degree outweighing the minor loss of signal-to-noise ratio caused 
by ~15% loss of measured flux. 

BULLETIN  OF  THE  MINOR  PLANETS  SECTION  OF  THE  
ASSOCIATION  OF  LUNAR  AND  PLANETARY  OBSERVERS



192 

 Minor Planet Bulletin 52 (2025) 

Our workflow employs as comp stars all ATLAS refcat2 entries 
having: distance of at least 15 arcseconds from image boundaries 
and from other catalogued flux sources, no catalog VARIABLE 
flag, SR magnitude within [-2, +1] of the target asteroid’s SR 
magnitude on that night (except that very faint asteroids used comp 
stars having magnitudes in the range 14 to 16), Sloan r’-i’ color 
value within [0.10, 0.34], and absence of variability as seen in 
session plots of each comp star’s instrumental magnitude vs time. 

In this report, “period” denotes an asteroid’s synodic rotation 
period, and “mmag” denotes millimagnitudes (0.001 magnitude). In 
the lightcurves below, MPO Canopus v10 shows “SR” for both 
Pan-STARRS and Sloan r’ values. 

562 Salome. This bright, frequently observed, Eos-family asteroid 
has a complex lightcurve shape that has been denoted both 
monomodal (6.3501 h, Higgins, 2011web; 6.351 h, Alkema, 2013; 
6.35031 h, Hanuš et al., 2016; 6.35030 h, Hanuš et al., 2018a) and 
bimodal (12.705 h, Bembrick and Allen, 2007; 12.7 h; Behrend, 
2005web; 12.7050 h, Hamanowa and Hamanowa, 2011web;  
12.699 h, Dose, 2024b) on a 6.35 h monomodal basis. Two other 
published results (10.4 h, Binzel, 1987; 20.5726 h, Hanuš et al., 
2018b) are not clearly related. 

Approached simply, our new data can be fit quite suitably as a 
monomodal lightcurve of period 6.350 ± 0.001 h, that is, of half our 
own bimodal estimate of 2024. This Fourier fit gives a best G of 
0.08 and an RMS error of 11 mmag. 

 

But it is difficult to dismiss the several previously published 
lightcurves which simply must be interpreted as bimodal, with a 
period near 12.7 h. So, we then refit our current data while 
constraining available periods to be near the bimodal period. 
Because such a bimodal curve will surely be more complex in 
shape, we increased the Fourier order to 12 and obtained an equally 
good Fourier fit as obtained for the monomodal case. 

This very complex lightcurve shape resembles those of previous 
reports of period near 12.7 h, including our own of 2024. 

 

Considered in isolation, this fit might well be considered an over-
fitting of our data, even if data coverage were much denser. The 
RMS error of 10 mmag is close to that of the lower-order fit. The 
low amplitude cannot help much to choose between monomodal or 
bimodal interpretations. Our period spectrum produced at Fourier 
order 6 would indeed support monomodality. 

 

However, a period spectrum on the same data produced at Fourier 
order 12, suitable to the higher complexity of a bimodal lightcurve, 
clearly allows for a bimodal interpretation. 
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Given these results, and in light of previously published lightcurves, 
we conclude that the true period of physical rotation of asteroid 562 
Salome in space is near our new estimate of 12.699 ± 0.001 h. We 
further suggest that when observations are taken from certain 
directions - including that from which this 2025 data but not our 
2024 data were taken - the lightcurve shapes repeat in a very nearly 
exactly manner, every half true rotation, that is, every 6.35 h. 
Neither period spectrum shows a pronounced signal near previously 
reported periods of 10.4 h or 20.5726 h. 

1332 Marconia. For this namesake asteroid of the Marconia family 
we find a rotation period of 32.103 ± 0.003 h, in fair to good 
agreement with three recent results (32.1201 h, Devogèle et al., 
2017; 31.34 h, Polakis, 2024; 32.173 h, Dose, 2024b) but differing 
from two earlier results (19.16 h, Stephens, 2013; 19.2264 h, 
Ďurech et al., 2016). Our lightcurve is bimodal, and a G value of 
0.12 noticeably improved the Fourier fit relative to the MPC default 
value of 0.15, yielding an RMS error of 13 mmag. 

 

The period spectrum is characteristic of a bimodal lightcurve with 
similar halves. A relatively minor signal appears near the previously 
reported results of about 19.2 h, which corresponds to an alias of 
our result by ½ period per 24 hours. 

 

1361 Leuschneria. Previously published period estimates for this 
outer main-belt asteroid have grouped either near 12.08 h (12.0893 
h, Clark, 2016; 12.07463 h, Ďurech et al., 2018; 12.08 h and 12.075 
h, Skiff et al., 2019; 12.0421 h, Pál et al., 2020) or near 9.6 h (9.646 
h, Casalnuovo, 2016; 9.57 h, Behrend, 2021web) which represents 
an alias of 12.08 h by ½ rotation per 24 hours. 

We report here our new estimate of 12.075 ± 0.002 h and a bimodal 
lightcurve whose two brightness minima differ in depth and shape. 
Our phase coverage is incomplete, as common for periods near 12 
hours, but the lightcurve shape is very reproducible at all phases 
where data was taken, and the period spectrum is just that expected 
for a bimodal lightcurve with similar but visibly differing halves. 
The narrow range of phase angles over which data were taken 
allows use of the MPC default G value of 0.15, and our RMS error 
is 13 mmag. 

 

The period spectrum shows only a minor signal near 9.6 h, 
confirming that our observation data set suffices to disfavor that 
period solution. 

 

2010 Chebyshev. For this Themis-family asteroid, we report a 
rotation period of 4.105 ± 0.001 h and a distinctly bimodal 
lightcurve shape with differing minima and maxima. We know of 
no previous reports of period or lightcurve for this object. Given the 
narrow range of phase angles during our observing campaign, we 
adopt the MPC default G value of 0.15, yielding a Fourier fit RMS 
error of 17 mmag. 
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The period spectrum has its major signals at 1, ½, and 2 times our 
period estimate, consistent with the bimodal lightcurve shape. The 
large number of minor alias signals is likely due to the period’s 
proximity to 4 hours, and their suppression would likely require 
more than our four observation sessions and/or sessions of duration 
longer than about 4 hours. 

 

2635 Huggins. We report a rotation period of 3.133 ± 0.001 h for 
this Flora-family asteroid, in agreement with most (3.129 h, 
Waszczak et al., 2015; 3.33 h, Chang et al., 2016; 3.1320 h, 
Benishek, 2022) but not all (9.400 h, Mazzone, 2012web; 48.295 h, 
Erasmus et al., 2020) previous estimates known to us. We adopt the 
MPC default G value of 0.15, yielding an RMS error of 19 mmag. 

 

The period spectrum strongly supports our 3.133 h estimate. 

 

2719 Suzhou. We find a rotation period of 117.38 ± 0.06 h for this 
inner main-belt asteroid. No previously published period estimate 
or lightcurve is known to us. Our incomplete phase coverage of this 
lightcurve is partially compensated by the very large lightcurve 
amplitude of 0.96 magnitudes. In the end, we find a bimodal 
lightcurve. A G value (H-G model) of 0.05 improved the Fourier 
fit, which yielded RMS error of 10 mmag. 

 

Our period spectrum is imperfect and would surely have been 
improved by more nights of observation, which unfortunately were 
unavailable to us. Still, the period spectrum is just what is expected 
from a sparsely covered, high-amplitude lightcurve of bimodal and 
typical shape. 
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2791 Paradise. For this inner main-belt asteroid, we find an unusual 
lightcurve shape with rotation period 16.350 ± 0.003 h, in 
agreement with one published result (16.361 h, Behrend, 2003web) 
but at variance with three others (9.811 h, Dotto et al., 1992; 9.811 
h, Barucci et al., 1994; 9.80729 h, Hanuš et al., 2016). These results 
near 9.81 h represent an alias of our result by 1 rotation per 24 hours. 
The MPC default G value of 0.15 sufficed for our narrow range of 
phase angles, yielding Fourier fit RMS error of 18 mmag. 

 

Our campaign benefitted from several observing sessions having 
duration longer than 6 hours, which allowed us to suppress alias 
solutions including that of 9.81 h reported three times previously. 
And indeed, that alias appears only faintly in our period spectrum. 

 

3811 Karma. For this namesake asteroid of the Karma family, we 
find a rotation period of 14.424 ± 0.001 h and a bimodal lightcurve 
with similar brightness maxima but with differing minima. Our 
result agrees with most (14.41 h, Yeh et al., 2020; 14.4234 h, 
Ďurech et al., 2020; 14.421 h, Dose, 2024a; 14.4262 h, Stone, 2024) 
but not all (11.52 h, Behrend, 2007web; 13.23 h, Aznar Macías et 
al., 2016) previously published estimates. A G value of 0.15 
optimized the Fourier fit, for which our RMS error is 10 mmag. 

 

We cannot explain previous estimates of 11.52 h and 13.23 h, and 
neither appears as a major signal in our own period spectrum. 

 

4648 Tirion. From 25 nights of observation (covering ca. 3.6 
rotation periods), we estimate the rotation period for this inner 
main-belt asteroid to be an unusually long 413.00 ± 0.49 h, with a 
relatively large amplitude of 0.61 magnitudes. We know of no 
previously published period estimates or lightcurves for this object. 
A G value (H-G model) of 0.12 optimized the Fourier fit, which has 
an RMS error of 29 mmag. The large amplitude supports a bimodal 
interpretation. 

 

The period spectrum is typical for a well-covered bimodal and long-
period lightcurve with similar halves. No competing secondary 
signals appear. 
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(5534) 1941 UN. We revisit this outer main-belt asteroid with 
improved equipment and with much more thorough phase coverage, 
and we obtain a new period estimate of 16.585 ± 0.007 h, which 
differs from our previous estimate (14.402 h, Dose, 2020). The 
lightcurve is more complex than previously realized, its shape being 
supported by several observation sessions of 6 hours’ duration or 
more, as well as by taking long exposures to increase the individual 
observations’ signal-to-noise ratio. A G value of 0.25 improved the 
Fourier fit; RMS error is 9 mmag. 

 

The new period spectrum is unusually clear, and our previous 
period estimate of 14.402 h does not appear in it. 

 

5743 Kato. For this inner main-belt asteroid, we find a rotation 
period of 14.266 ± 0.001 h, agreeing with one known published 
result (14.269 h, Waszczak et al., 2015). Our lightcurve is bimodal 
with reproducibly differing halves. A H-G model G value of 0.27 
gave a markedly improved Fourier fit vs the MPC default value of 
0.15, yielding an RMS error of 17 mmag. 

 

 

5802 Casteldelpiano. We revisit this inner main-belt asteroid and 
obtain a new rotation period estimate of 2.971 ± 0.002 h with a very 
low amplitude of 0.06 magnitudes. This period estimate agrees with 
all three known published values (2.9710 h, Waszczak et al, 2015; 
2.9705 h, Pravec et al., 2018web; 2.9706 h, Dose, 2021b). A G 
value of 0.33 optimized the Fourier fit, yielding RMS error of 12 
mmag. 
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6827 Wombat. For this Eunomia-family asteroid, we find a rotation 
period of 40.287 h ± 0.019 h, which agrees approximately with one 
previously published estimate (40.1320 h, Waszczak et al., 2015) 
but differs from another (64 h, Behrend, 2015web). Our lightcurve 
is clearly bimodal, with markedly differing halves. For the narrow 
range of phase angles, the MPC-default G value of 0.15 sufficed, 
yielding RMS error of 13 mmag. 

 

The period spectrum is just that expected for a bimodal lightcurve, 
with major signals at multiples of ½ period, but absent any major 
alias signals. 

 

(44700) 1999 SG3. From 16 nights’ observations on this Phocaea-
family asteroid, we obtain a period estimate of 17.614 ± 0.002 h, in 
fair agreement with the sole known published estimate (17.8838 h, 
Pál et al., 2020). The lightcurve is bimodal, with similar halves and 
a large amplitude. A G value of 0.04 improved the Fourier fit, for 
which RMS error is 32 mmag. 

 

All primary signals within the period spectrum lie at multiples of ½ 
our period estimate. 

Number Name yyyy mm/dd Phase LPAB BPAB Period(h) P.E. Amp A.E. Grp 
 562 Salome 2025 01/27-02/21  10.2 ,4.8 156 13 12.699 0.001 0.19 0.02 EOS  
 1332 Marconia 2024-5 12/03-01/21 *14.7, 1.5 118 3 32.103 0.003 0.42 0.04 MRC  
 1361 Leuschneria 2025 02/05-03/03   9.9, 1.9 168 3 12.075 0.002 0.30 0.04 MB-O 
 2010 Chebyshev 2025 02/13-02/18  17.6,18.4 96 3 4.105 0.001 0.46 0.04 THM  
 2635 Huggins 2025 02/24-02/28  20.2,21.6 118 3 3.133 0.001 0.19 0.04 FLO  
 2719 Suzhou 2025 02/22-03/01  *4.1, 0.4 160 0 117.380 0.060 0.96 0.10 MB-I 
 2791 Paradise 2024-5 12/19-01/16  20.8,22.2 91 38 16.350 0.003 0.28 0.05 MB-I 
 3811 Karma 2025 01/03-01/27  12.8, 3.5 129 7 14.424 0.001 0.31 0.04 KRM  
 4648 Tirion 2024-5 11/26-01/27 *24.7, 9.3 111 8 413.000 0.490 0.61 0.08 MB-I 
 5534 1941 UN 2025 01/22-02/03   6.1, 9.1 121 10 16.585 0.007 0.09 0.03 MB-O 
 5743 Kato 2025 02/02-02/25  *8.0, 5.6 147 1 14.266 0.001 0.29 0.04 MB-I 
 5802 Casteldelpiano 2025 02/26-03/03  14.3,11.5 179 2 2.971 0.002 0.06 0.02 MB-I 
 6827 Wombat 2025 01/18-02/02  *8.2,10.0 120 15 40.287 0.019 0.28 0.04 EUN  
 44700 1999 SG3 2024-5 12/18-01/18   7.2,21.2 75 -2 17.614 0.002 0.78 0.08 PHO  

Table I. Observing circumstances and results. The phase angle is given for the first and last date. If preceded by an asterisk, the phase angle 
reached an extrema during the period. LPAB and BPAB are the approximate phase angle bisector longitude/latitude at mid-date range  
(see Harris, 1984). Grp is the asteroid family/group (Warner, 2009). 
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We observed six mutual events in the binary system (617) 
Patroclus-Menoetius. This report presents the observed 
lightcurves along with preliminary results regarding the 
magnitude drop and event timing. 

Following the call for observations of the binary system (617) 
Patroclus and its satellite (617) I Menoetius (Binzel, 2024), we 
conducted photometric observations of mutual events using two 
astronomical stations operated by the Section of Astrophysics, 
Astronomy and Mechanics of AUTh. The observations were carried 
out between 2024 September 10, and 2024 December 20. The first 
station (AUTh-2) is located near Taxiarchis in Chalikidiki, Greece, 
at Longitude: 23° 30' 19.97" E, Latitude: 40° 25' 58.5" N and 
Elevation: 862 m. It is equipped with a 14” Planewave CDK f/4.75 
telescope (with a 0.66× reducer) and a QHY163M CMOS camera, 
with a QHY-GPSBOX serving as a timing device. The second 
station (AUTh-3) is located at the SPICA Observatory in Cyprus, at 
Longitude: 32° 50' 24.6" E, Latitude:34° 55' 55.43" N, Elevation: 
1411 m. This station is equipped with an 11” Celestron RASA f/2.2 
telescope, also using a QHY163M CMOS camera and a QHY-
GPSBOX for timing. A Baader UV/IR-Cut / L-Filter 2" was 
equipped during the observations. 

The observational plan was based on predictions by Brozović et al. 
(2024). We recorded five Superior events and one Inferior event. 
Data reduction and relative photometry were performed using the 
publicly available Holomon Photometric Software (HOPS), which 
has been used extensively for planetary transits (Kokori et al., 
2022). For each lightcurve, we determined the mean magnitude of 
the baseline, measured before or after the phenomenon. The 
apparent magnitude was then computed by adding the relative 
instrumental magnitude to this baseline magnitude. No light-time 
correction was applied. 

To estimate the maximum magnitude drop for each event, we 
calculated the average magnitudes at the maximum and minimum 
points. This was done by sampling data within ±15 minutes around 
each peak and trough. The magnitude drop was then determined by 
subtracting the average minimum magnitude from the average 
maximum magnitude. Additionally, polynomial fit was used to 
estimate the event times at the maximum shadowing. In Table I we 
present the details of each recording. Table II shows the event type 
along with the calculated magnitude drop. Finally, Table III 
compares the predicted event times by Brozović et al. (2024) with 
the estimated times from the observations. 
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Date Station 
Start 
(UT) 

Stop 
(UT) 

Conditions 

2024 Sep 10/11 AUTh-3 20:34 02:19 Partial Clouds 

2024 Sep 23/24 AUTh-3 19:30 02:30 Clear 

2024 Oct 06 AUTh-3 18:18 23:30 Clear 

2024 Oct 23/24 AUTh-3 17:51 23:51 
Clear, 

deteriorated 
towards the end 

2024 Nov 05 AUTh-2 16:44 22:56 Clear 

2024 Dec 12 AUTh-3 16:09 20:43 
Clear, 

deteriorated 
towards the end 

Table I: Observation campaigns details.± Observing station, start/end 
of recording and sky conditions. 

Date Event Type Δm 

2024 Sep 10/11 Superior PO, PO+PE, PE 0.41 ± 0.04 

2024 Sep 23/24 Superior PO, PO+PE, PE 0.51 ± 0.05 

2024 Oct 06 Superior PO, PO+PE, TO, PO+PE, 
PO 

0.62 ± 0.03 

2024 Oct 23/24 Superior PE, PO+PE, PO 0.59 ± 0.06 

2024 Nov 05 Superior PE, PO+PE, PO 0.52 ± 0.04 

2024 Dec 12 Inferior PO 0.14 ± 0.03 

Table II: Event types and calculated magnitude drops. 

Date 
Observed 

(UT) 
Predicted (UT) ΔTime (min) 

2024 Sep 10/11 01:09 01:00 +9 

2024 Sep 23/24 22:11 21:51 +20 

2024 Oct 06 18:51 18:48 +3 

2024 Oct 23/24 22:30 22:37 -7 

2024 Nov 05 19:31 19:23 +8 

2024 Dec 12 19:12 19:11 +1 

Table III: Observed and predicted times of maximum drop. 

The estimated parameters showed good agreement with the 
predictions from Brozović et al. (2024), which serves as a guide for 
these events. We also compared our results with those reported by 
other observers. Specifically, our observations for the events on 
2024 September 10/11 and 2024 September 23/24 were also 
reported in Hawley et al. (2024). The mutual event on 2024 October 
6 was also reported in Hawley et al. (2024) as well as in Brincat 
(2024). Finally, the mutual event on 2024 October 23/24 was 
reported by Brincat (2024), Benishek (2024) and Sioulas (2024). 
Among them, some provided numerical estimations, and their 
results were generally consistent with ours. For those who did not 
include explicit estimations, we could only make a qualitative 
comparison based on their plots, and overall, their findings appear 
to be in reasonable agreement with ours. 
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We present a preliminary shape and spin axis model for 
main-belt asteroid 49 Pales. The model was achieved with 
the lightcurve inversion process, using combined dense 
photometric data acquired from seven apparitions 
between 1977-2024 and sparse data from USNO 
Flagstaff. Analysis of the resulting data found a sidereal 
period P = 20.7080 ± 0.0002 hours and two mirrored pole 
solutions at (λ = 95°, β = -89°) and (λ = 272°, β = -88°) 
with an uncertainty of ± 30 degrees. 

The minor planet 49 Pales was observed mainly by Frederick 
Pilcher for six oppositions from 2015 to 2024 and, to improve the 
coverage at various aspect angles, we also used the 1977 data from 
Asteroid Photometric Catalogue (Lagerkvist et al., 2024) and the 
sparse data from USNO Flagstaff Station, according Durech et al. 
(2009). Dense data were downloaded from ALCDEF (ALCDEF, 
2021), and sparse data from the Asteroids Dynamic Site (AstDyS-
2, 2020). 

The observational details of the dense data used are reported in 
Table I with the reference, the mid-date, number of the lightcurves 
used for the inversion process, longitude and latitude of phase angle 
bisector (LPAB, BPAB). The dense data points were binned in order to 
reduce the overall processing time. The PAB longitude/latitude 
distribution of the dense and sparse data are shown on Figure 1, 
while Figure 2 shows the phase curve obtained with the sparse data. 

Lightcurve inversion was performed using MPO LCInvert 
v.11.8.4.1 (MPO LCInvert, 2022). For a description of the modeling 
process see LCInvert Operating Instructions Manual, Durech et al. 
(2010); and references therein. 

In the analysis the processing weighting factor was set, according 
the data quality, to: 0.5 for the 1977 data, to 1.0 for other dense data 
and to 0.3 for the sparse data. The “dark facet” weighting factor was 
set to 1.4 to keep the dark facet area below 1% of total area and the 
number of iterations was set to 50. 

 

# Reference 
Mid-date 

(yyyy-mm-dd) 
#LCs LPAB° BPAB° 

1 
Schober et al. 
(1979) 

1977-11-18 3 52  3 

2 
Pilcher et al. 
(2016) 

2015-11-14 8 64  3 

3 Pilcher (2017) 2017-02-13 6 160 -3 

4 Pilcher (2018) 2018-04-22 7 214 -4 

5 Pilcher (2021) 2020-08-19 6 253  4 

6 Pilcher (2022) 2022-01-09 6 124 -1 

7 Franco et al. 
(2022) 

2022-02-14 5 124 -2 

8 Pilcher (2024) 2024-05-20 8 224 -3 

Table I. Observational details for the dense data used in the 
lightcurve inversion process for 49 Pales. 

 

Figure 1. PAB longitude/latitude distribution for the dense and sparse 
data used in the lightcurve inversion process. 

 

Figure 2. Phase curve obtained from USNO Flagstaff sparse data 
(reduced magnitude vs phase angle). 

In lightcurve inversion work, the most critical step is to find an 
accurate sidereal rotation period. An inaccurate sidereal period can 
lead to completely incorrect results, regarding the spin axis and the 
model. In our work, a scan interval was chosen to cover broadly 
(40-sigma) the distribution of the observed synodic period values, 
relating to the dense data used for the inversion process. We found 
a very close pair of isolated sidereal periods with a Chi-Sq below to 
the 10% limit for P = 20.70802 h (Figure 3).
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Figure 3. The period scan for 49 Pales shows a very close pair of 
isolated sidereal periods for P = 20.70802 h, with a Chi-Sq below to 
the 10% limit. 

The pole search was started using the “medium” search option (312 
fixed pole position with 15° longitude-latitude steps) and the 
previously found sidereal period set to “float”. From this step we 
found two mirrored solutions with lower Chi-Sq (Figure 4) 
separated by 180° in longitude and close to ecliptic longitude-
latitude pairs (105°, -90°) and (285°, -90°). Note that the pole search 
map shows a crowded distribution of potential solutions for ecliptic 
latitude values close to -90 degrees, without well isolated solutions 
with the lower Chi-Sq values below the 10% limit, making the two 
identified pole solutions affected by a not negligible uncertainty. 

 

Figure 4. Pole distribution produced by the “medium” search option. 
The dark blue region indicates the smallest Chi-Sq value while the 
dark red region indicates the largest. The two mirrored pole solution 
are centered close to (105°, -90°) and (285°, -90°). 

In order to try to refine the two pole positions solutions, a “fine” 
search option (with 49 fixed pole steps with 10° longitude-latitude 
pairs and the period set to “float”) was started with radius of 30° on 
the approximate pole positions found previously. Unfortunately, 
even in this case the search did not show well-isolated pole 
positions with Chi-Sq values below the 10% limit. The resulting 
map shows two clustered solutions that had Chi-Sq values within 
3% of the lowest value, approximately centered at ecliptic 
longitude-latitude (99°, -89°) and (273°, -89°) with a radius of 30° 
in ecliptic longitude (Figure 5). 

 

Figure 5. The “fine” pole search shows two clustered solutions (dark 
blue color) approximately centered near ecliptic longitude-latitude 
pairs (99°, -89°) and (273°, -89°) with a radius of 30° in lambda and 
Chi-Sq values within 3% of the lowest value. 

Finally, we used the option "none" to get the shape models related 
to the two mirrored pole solutions found in the previous step. The 
two solutions are reported in Table II with some statistical data. The 
reported sidereal period was obtained by averaging the values found 
into this last step. Typical errors in the pole solution are assumed as 
± 30° and the uncertainty in sidereal period has been evaluated as a 
rotational error of ± 30° over the total time span of the dense data 
set. We prefer the solution (272°, -88°) which has a lower RMS 
value. 

λ ° β ° 
Sidereal 

Period (hours) 
RMS a/b ratio 

Ratio of  
Moments 

Angle 
Phi° 

95 -89 20.7080 ± 
0.0002  

0.0135 1.052 1.0001 +0.8 

272 -88 0.0133 1.053 1.0002 +1.9 

Table II. The two refined spin axis solutions for 49 Pales (ecliptic 
coordinates) with an uncertainty of ± 30 degrees. The sidereal period 
was the average of the two solutions found in the pole search 
process. 

Figure 6 shows the shape model while Figure 7 shows the fit 
between the model (black line) and observed lightcurves (red 
points). The fit appears to be good agreement in relation to the low 
amplitude of the lightcurves (< 0.2 mag) and the poor quality of 
some data. 
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The crowding of solutions close to the ecliptic latitude of -90 
degrees with not well-isolated pole solutions, advises us to consider 
this solution as preliminary. 

 

Figure 6. The shape model for 49 Pales (λ = 272°, β = -88°). 

 

Figure 7. Model fit (black line) versus observed lightcurves (red 
points) for (λ = 272°, β = -88°) solution. 

References 

ALCDEF (2021). Asteroid Lightcurve Data Exchange Format web 
site. http://www.alcdef.org/ 

AstDyS-2 (2020). Asteroids - Dynamic Site. 
https://newton.spacedys.com/astdys/ 

Durech, J.; Kaasalainen, M.; Warner, B.D.; Fauerbach, M.; Marks, 
S.A.; Fauvaud, S.; Fauvaud, M.; Vugnon, J.-M.; Pilcher, F.; 
Bernasconi, L.; Behrend, R. (2009). “Asteroid models from 
combined sparse and dense photometric data.” A&A 493, 291-297. 

Durech, J.; Sidorin, V.; Kaasalainen, M. (2010). “DAMIT: a 
database of asteroid models.” A&A 513, A46. 

Franco, L.; Marchini, A.; Papini, R.; Iozzi, M.; Scarfi, G.; Mortari, 
F.; Gabellini, D.; Bacci, P.; Maestripieri, M.; Baj, G.; Galli, G.; 
Coffano, A.; Marinello, W.; Pizzetti, G.; Aceti, P.; Banfi, M.; Tinelli, 
L.; Montigiani, N.; Mannucci, M.; Noschese, A.; Mollica, M.; 
Guido, E.; Ruocco, N.; Bachini, M.; Succi, G. (2022). 
“Collaborative Asteroid Photometry from UAI: 2022 January-
March” Minor Planet Bulletin 49, 200-204. 

Lagerkvist, C.-I., Magnusson, P., eds. (2024). Asteroid 
Photometric Catalog Bundle V1.0, 
urn:nasa:pds:compil.ast.apc.lightcurves:1.0.  
NASA Planetary Data System. https://doi.org/10.26033/xx3z-ed06 

MPO LCInvert (2022). 
https://minplanobs.org/BdwPub/php/mpolcinvert.php 

Pilcher, F.; Benishek, V.; Klinglesmith, D.A., III (2016). “Rotation 
Period, Color Indices, and H-G parameters for 49 Pales.” Minor 
Planet Bulletin 43, 182-183. 

Pilcher, F. (2017). “Rotation Period Determinations for 49 Pales, 96 
Aegle, 106 Dione 375 Ursula, and 576 Emanuela.” Minor Planet 
Bulletin 44, 249-251. 

Pilcher, F. (2018). “New Lightcurves of 33 Polyhymnia, 49 Pales, 
289 Nenetta, 504 Cora, and 821 Fanny.” Minor Planet Bulletin 45, 
356-359. 

Pilcher, F. (2021). “Lightcurves and Rotation Periods of 49 Pales, 
383 Janina, and 764 Gedania.” Minor Planet Bulletin 48, 5-6. 

Pilcher, F. (2022). “Lightcurves and Rotation Periods of 49 Pales, 
424 Gratia, 705 Erminia, 736 Harvard, 1261 Legia, 1541 Estonia, 
and 6371 Heinlein.” Minor Planet Bulletin 49, 185-188. 

Pilcher, F. (2024). “Lightcurves and Rotation Periods of 49 Pales, 
62 Erato, 901 Brunsia, 995 Sternberga, and 1114 Lorraine.” Minor 
Planet Bulletin 51, 339-341. 

Schober, H.J.; Scaltriti, F.; Zappala, V. (1979). “Photoelectric 
photometry and rotation periods of three large and dark asteroids: 
49 Pales, 88 Thisbe and 92 Undina.” Astronomy and Astrophysics 
Suppl. 36, 1-8. 

 



 205 

 Minor Planet Bulletin 52 (2025) 

LIGHTCURVE AND ROTATION OF 55 PANDORA 

S.M. Pritchard 
125 Grim Hollow Rd. 
Red Lion, PA 17356 

seth.p@live.com 

(Received: 2025 February 23) 

A bimodal lightcurve was found for the main-belt 
asteroid 55 Pandora corresponding to a rotational period 
of 4.804±0.001 hours with an amplitude of 
0.3204±0.0229 mag. 

The observations reported here for asteroid 55 Pandora were taken 
from southern Pennsylvania at 200 meters elevation under Bortle 5 
skies. Images were acquired with a 0.2m Celestron C8-N 
Newtonian reflector on an AVX mount using a ZWO ASI533MM 
Pro monochrome camera with a V-band Bessel filter. The 
equipment was operated remotely via the software N.I.N.A. 
(Nighttime Imaging 'N' Astronomy), with off-axis guiding through 
PHD2 and a ZWO ASI174 mini guide camera. All images were 
taken with an exposure of 40 seconds at a cadence of 30 seconds 
between frames. 

Image files were calibrated in the standard way using flat field 
frames and bias frames. flats were taken using a commercial light 
panel and the “white t-shirt method”, and a bespoke set of flats was 
taken for each observation session. As the ASI533MM does not 
have any appreciable amp glow, no dark frames were required. 
Image processing and data analysis was done in Tycho Tracker Pro 
v12.3.1 (Parrott, 2020) using the differential aperture photometry 
tool. Comp stars were selected for brightness between 13 and 11 
mag, a distance of no more than 15 arcmin from the target, and 
minimal to no variability or scatter in computed mag. A final visual 
inspection for roundness and lack of aberrations was done by the 
author. 

55 Pandora is a large main-belt asteroid of Tholen spectral type M, 
with an estimated diameter of 84.8 ± 2.50 km by NEOWISE 
(Masiero et al., 2012). Martikainen et al. (2021) report a rotation 
period of 4.804 hours, which is in agreement with results published 
in the asteroid lightcurve database (Warner et al., 2009). It is not a 
known member of any asteroid families. 

A lightcurve was constructed from image sequences taken on 3 
separate nights. On each night sufficient images were taken to 
capture one complete rotation. A sidereal rotation period of 
4.804±0.001 hours was reliably obtained, with an amplitude of 
0.3204±0.0229 mag. The SNR of the asteroid between all three 
image sequences varied between 98.6 and 358.8, with an average of 
262.7. The data were corrected for light travel time and with an 
assumed G value of 0.15. 
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Number Name yyyy mm/dd Phase LPAB BPAB Period(h) P.E. Amp A.E. Grp 

 55 Pandora  2025 02/07-02/19 6.8,10.6 124 8 4.804 0.001 0.3204 0.0229 MB 

Table I. Observing circumstances and results. The phase angle is given for the first and last date. If preceded by an asterisk, the phase angle 
reached an extrema during the period. LPAB and BPAB are the approximate phase angle bisector longitude/latitude at mid-date range  
(see Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009). 
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We present the first ever published rotation period and 
amplitude for 637 Chrysothemis: 42.93 ± 0.01 hours and 
0.31 ± 0.02 magnitudes, respectively, with an asymmetric 
bimodal lightcurve. 

The only entry for 637 Chrysothemis in the Asteroid Lightcurve 
Database (Warner et al., 2009), is by Warner (2017) who published 
a lightcurve with reliability 1 (uncertain value) based on only 4.5 
hours of data on a single night. That result, a period of 3.7 hours 
with an amplitude 0.06 magnitudes, had a scatter of data points 
exceeding the amplitude of the lightcurve. 

To investigate this asteroid, observations by author Pilcher were 
made at the Organ Mesa Observatory with a Meade 35-cm LX200 
GPS Schmidt-Cassegrain, SBIG STL-1001E CCD, 120 second 
exposures, unguided, clear filter. Image measurement and 
lightcurve construction were with MPO Canopus software with 
calibration star magnitudes for solar colored stars from the rmag 
band in the Atlas Refcat 2 catalog. Observations by author Dose 
were made at the New Mexico Skies Observatory with a 0.50-m 
PlaneWave OTA on a PlaneWave L-500 mount and equatorial 
wedge. Images were obtained with an SBIG AC4040M CMOS 
camera fitted with a Schott GG495 yellow filter. A full description 
of the measurement and reduction procedure is described in Dose 
(2025). 

Zero-point adjustments of a few ×0.01 magnitude were necessary 
to make a good fit to the data set combined with sessions by both 
observers. To reduce the number of data points on the lightcurve 
and make them easier to read, data points have been binned in sets 
of 3 with maximum time difference 6 minutes. 

A total of 19 sessions by the two observers combined, 2025 Jan. 22 
- Feb. 28, provide an excellent fit to an asymmetrical bimodal 
lightcurve with period 42.93 ± 0.01 hours, amplitude 0.31 ± 0.02 
magnitudes. 
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Number   Name                             yyyy/mm/dd                              Phase                LPAB         BPAB         Period(h)       P.E            Amp         A.E 

 637 Chrysothemis  2025/01/22-2025/02/28  *9.3 – 5.6    146    0    42.93    0.01    0.31   0.02 

Table I. Observing circumstances and results. The phase angle is given for the first and last dates, where the * indicates that a minimum was 
reached between these dates. 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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Broad-band monitoring of asteroid 797 Montana was 
conducted over the course of four nights in 2025 
February. Observations from the first three nights were 
obtained through a Johnson V filter, while the fourth 
night was collected as unfiltered observations. We find a 
best-fit rotation period of 4.545 ± 0.001 h, which agrees 
with previous measurements, and an amplitude of 
variability of ∆V = 0.50 ± 0.03 mag, which agrees with 
an early measurement but is somewhat larger than most 
studies have reported. 

Asteroid 797 Montana was discovered in 1914 by Holger Thiele at 
Hamburg-Bergedorf Observatory. A main-belt asteroid, 797 
Montana is listed in the JPL Small Body Database with a stony  
S-type classification (JPL, 2025). 

Students enrolled in the Observational Techniques and 
Instrumentation class at Georgia State University collected 
observations of 797 Montana over the course of four nights between 
2024 February 07-14 (UT dates here and throughout). They 
employed the Miller Telescope, a 24-inch Planewave f/6.5 
Corrected Dall-Kirkham Astrograph, at GSU's Hard Labor Creek 
Observatory in Rutledge, GA. 

Multiple equipment failures plagued the class this semester. For the 
first three nights (February 07, 08, and 10), observations were 
acquired using our backup CCD, an Apogee Alta with 2048 × 2048 
pixels. These images were acquired through a Johnson V filter, and 
each image covered a field of view of 26.3 arcmin × 26.3 arcmin 
with a pixel scale of 0.77 arcsec. On the evening of February 14, 
the Apogee Alta suffered an electronic short, so an SBIG camera of 
unknown heritage was unearthed from a closet and mounted on the 
telescope. Images acquired with the SBIG camera were unfiltered, 
since the camera could not be used with our existing filter wheel. 
The SBIG detector provided 1472 × 2184 pixels, and plate solving 
with astrometry.net (Lang et al., 2010) determined that this 
corresponded to a field of view of 8.6 arcmin × 12.8 arcmin on the 
sky with a pixel scale of 0.35 arcsec. 

 

Across the four nights, the weather conditions were mixed, ranging 
from clear to partly cloudy, and the moon phase ranged from 
waxing to waning gibbous. Exposure times varied between  
150 - 300 s, and all observations were acquired at airmasses < 2.4. 

Images from all nights were reduced in IRAF. Reductions of the 
Apogee Alta images included bias and overscan subtraction, dark 
subtraction, and flat fielding. A leak in the camera seal allowed 
moisture to collect and condense on the detector, so additional 
“droplet masks” were created by medianing together several 
dithered frames to allow most of the remaining droplet pattern to be 
divided out. The SBIG camera did not suffer from the condensation 
problem, but also did not provide an overscan region, so reductions 
were composed of only bias and dark subtraction and flat fielding. 

Aperture photometry was carried out in IRAF, with measurements 
of the asteroid and 3-5 field stars acquired from each reduced 
image. V-band measurements of field stars were obtained from the 
AAVSO Photometric All-Sky Survey (Henden et al., 2009) and 
were used to convert instrumental magnitudes to calibrated Vega 
magnitudes for the nights of February 07-10. The unfiltered 
observations collected on February 14 were adjusted by an offset of 
~2 mag to match the calibrated V-band observations on the other 
three nights. 

The rotation period and amplitude of variability for 797 Montana 
were determined using MPO Canopus, which implements the 
Fourier Analysis of Light Curves (FALC) algorithm of Harris et al. 
(1989). We included 137 measurements and explored fitting orders 
between 4 and 8 for the period search, with a 6th order fitting 
solution displayed in the folded lightcurve above. We find that the 
best-fit period is very stable despite the choice of orders, while the 
amplitude of variability is somewhat sensitive to this choice. From 
this analysis, we adopt a final rotation period of 4.545 ± 0.001 h and 
a V-band amplitude of 0.50 ± 0.03 mag. 

Our results agree with previous determinations of the rotation 
period, which include 4.5 h (Angeli et al., 2001), 4.55 ±  0.01 h 
(Ditteon et al., 2004), 4.5463 ± 0.0002 h (Behrend, 2007web), and 
4.54619 ±  0.00005 h (Hanuš et al., 2016). The amplitude of 
variability that we find agrees with that reported by Angeli et al. 
(2001) of 0.5 mag, but is somewhat larger than the values reported 
by Ditteon et al. (2004) of 0.32 ± 0.02 mag and Behrend (2007web) 
of 0.41  ±  0.01 mag. It is possible that the amplitude of variability 

Number Name yyyy mm/dd Phase LPAB BPAB Period(h) P.E. Amp A.E. Grp 

 797 Montana 2025 02/07-02/14 1.5,4.9 135    0     4.545  0.001  0.50  0.03 9104 

Table I. Observing circumstances and results. The phase angle is given for the first and last date. If preceded by an asterisk, the phase angle 
reached an extrema during the period. LPAB and BPAB are the approximate phase angle bisector longitude/latitude at mid-date range 
(see Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009). 
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determined from our lightcurves is slightly inflated by residual 
noise after attempting to correct for the droplet patterns on the 
detector. A physical explanation is a more-equatorial aspect for our 
observations. 
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We find for the Amor-type asteroid 887 Alinda at its close 
approach to Earth in 2024-2025 a rotation period of  
74.21 ± 0.01 hours, amplitude 0.28 ± 0.02 mag. 

The Amor-type asteroid 887 Alinda has orbital elements a =2.479, 
e=0.567, i=9.353. Prior to the year 2025, the most recent very close 
approach to Earth was 1974 January at a minimum geocentric 
distance 0.137 AU. From photometric observations at this occasion, 
Dunlap and Taylor (1979) published a rotation period of 73h 58m 
based on incomplete phase coverage. At a moderately close 
approach to 0.836 AU in 2020 September, Behrend (2020) 
published an incomplete lightcurve phased to 28.4 hours. 

On 2025 January 8, minor planet 887 Alinda passed even closer to 
Earth, 0.082 AU, than in 1974, and was brighter than magnitude 15 
from 2024 October through 2025 March. We present two separate 
lightcurves and rotation periods that were acquired, respectively, 
after and before closest approach. 

The observations by Pilcher to produce the results reported in this 
paper were made at the Organ Mesa Observatory with a Meade 35 
cm LX200 GPS Schmidt-Cassegrain, SBIG STL-1001E CCD, 60 
to 120 second exposures, unguided, clear filter. Observations by 
Delgado are with an 11-inch Celestron Schmidt-Cassegrain, Atik 
4.14 EX CCD, 60 to 120 second exposures. Observations by Stone 
are with a 0.51m f/8 Ritchey-Chretien mounted on a Paramouont 
ME-II mount, SBIG AC4040 CMOS camera, Johnson-Cousins R 
filter, unguided. 

For image measurement and lightcurve construction, authors 
Pilcher and Delgado used MPO Canopus software with calibration 
star magnitudes for solar colored stars from the CMC15 catalog 
reduced to the Cousins R band. Author Stone used Tycho-Tracker 
software with near solar colored stars chosen from the ATLAS 
Refcat 2 with Sloan r’ magnitudes. Zero-point magnitudes were 
adjusted for best fit in the 2025 Feb. 6 - Apr. 1 session set. To reduce 
the number of data points on the lightcurves and make them easier 
to read, data points have been binned in sets of 3 with maximum 
time difference 5 minutes. 

A dense lightcurve and robust period were acquired after closest 
approach. Between 2025 Feb. 6 and Apr. 1, authors Pilcher, 
Delgado, and Stone acquired data sets on 22 nights, with observing 
runs seven hours or longer. Their data can be plotted on a dense 
bimodal phased lightcurve with complete phase coverage and 
period 74.21 ± 0.01 hours, amplitude 0.28 ± 0.02 magnitudes. 
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Before closest approach Geoffrey Stone obtained lightcurves up to 
four hours on eight nights from 2024 Nov. 6 - Dec. 23. The data 
from these sessions alone were insufficient to compute an 
independent period. After the robust post-opposition 74.21-hour 
period was found from the data by Pilcher et al., a good fit could be 
made to a period of 74.07 ± 0.02 hours, amplitude 0.28 ± 0.03 
magnitudes. 

Combined, these observations cover an interval of nearly five 
months while the target asteroid moved continuously eastward 
between celestial longitude and latitude 43°, -22°, respectively, on 
2024 Nov. 6 to 166°, +16°, respectively, on 2025 April 1. There 
was no retrograde loop at opposition on 2025 Jan. 9. The 74-hour 
period published by Dunlap and Taylor (1979) is confirmed, and 
the 28.4-hour period by Behrend (2020) is ruled out. 
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Number   Name                                yyyy/mm/dd                                 Phase               LPAB         BPAB        Period(h)        P.E          Amp         A.E.  

 887   Alinda       2024/11/06-2024/12/23    26.7 – 40.1   55  -24    74.07   0.02   0.28   0.03 
 887   Alinda       2025/02/06-2025/04/01   *24.8 – 26.8  154  +18    74.21   0.01   0.28   0.02 

Table I. Observing circumstances and results. 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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Lightcurve observations of NEA (887) Alinda during its 
closest approach to Earth in late 2024 to early 2025 yield 
a most likely determination of its synodic rotation period 
of 73.03 ± 0.01 h. The period estimate is in agreement 
with the observations of Dunlap and Taylor (1979), 
whose period was found to be around 74 h, but other 
periods found could be considered: 71 h and 85.3 h. 

Alinda is a mid-sized asteroid whose orbit approaches the orbit of 
Earth but does not cross it. NASA JPL has classified Alinda as a 
"Near Earth Asteroid" due to its orbit's proximity to Earth, but it is 
not considered potentially hazardous because computer simulations 
have not indicated any imminent likelihood of future collision. 
Alinda orbits the sun every 1,420 days (3.89 years), coming as close 
as 1.06 AU and reaching as far as 3.88 AU from the sun. Alinda is 
about 4.2 kilometers in diameter. 

Two rotation periods have been reported for this asteroid: 28.4 h in 
2020 (Behrend et al., 2020web), and ~74 h (Dunlap and Taylor, 
1979). Here we report that we observed (887) Alinda during its 
most recent close approach, between 2024 November 17 and 2025 
February 28, at the OARU Observatory (X33) in Manaus, Brazil. 
Observations were carried out using a 200 mm f/5 reflecting 
telescope equipped with an ASI 294 MC Pro camera. No 
photometric filters were used, and the exposure time was 30 
seconds. All observations were made with 2×2 binning at a plate 
scale of 1.91 arcsec/pixel. The asteroid and seven comparison stars 
were measured. Comparison stars were selected with color indices 
within the range of 0.5 < B-V < 0.95, aligning with the typical color 
range of asteroids. 

 

 

 

 

Data reduction and period analysis were performed with Tycho 
Tracker Pro (version 11.7.8) (Parrott, 2020). Three important 
rotational periods were found in the periodogram, respectively 71h, 
73.03h and 85.3h The most likely curve suggests a rotation period 
of 73.03 ± 0.01 hours, since, in addition to having the lowest RMSE 
value in the periodogram. This is the one that is most in agreement 
with the observations of Dunlap and Taylor (1979), whose period 
was found to be around 73 and 58 minutes. The lightcurve 
amplitude is approximately 0.67 magnitudes, which indicates a 
modest elongated shape or albedo variations on the asteroid's 
surface. More studies will be necessary to complement and 
accurately determine the rotation period of this asteroid, but the next 
closest approach to Earth will only occur in January of 2087. 

Number Name yyyy mm/dd Phase LPAB BPAB Period(h) P.E. Amp A.E. Grp 

887  Alinda    2024 11/17-2025 02/28 9.2,42.1 81 -12     73.03    0.01    0.67 0.12 NEA 

Table I. Observing circumstances and results. The phase angle is given for the first and last date. If preceded by an asterisk, the phase angle 
reached an extrema during the period. LPAB and BPAB are the approximate phase angle bisector longitude/latitude at mid-date range  
(see Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009). 
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A month-long global campaign of MIT observers 
distributed across three telescopes at Wallace 
Astrophysical Observatory (WAO), USA and three 
telescopes at Teide Observatory on the island of Tenerife, 
Spain determined that 887 Alinda has a synodic period of 
73.96 ± 0.01 hours and a lightcurve amplitude of  
0.23 ± 0.01 magnitudes as measured at a distance of 
approximately 12.2 million km from Earth. 

Number Name yyyy mm/dd Phase LPAB BPAB Period(h) P.E. Amp A.E. Grp 

 887 Alinda 2025 01/03-02/06 *25.89,24.77 117 8 73.96 0.01 0.230 0.01 9101 

Table I. Observing circumstances and results. The phase angle is given for the first and last date. If preceded by an asterisk, the phase angle 
reached an extrema during the period. LPAB and BPAB are the approximate phase angle bisector longitude/latitude at mid-date range  
(see Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009). 
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887 Alinda is an S-type asteroid with a diameter of 6.6 ± 2.0 km 
diameter (Masiero et al., 2021) belonging to the Amor Near-Earth 
asteroid family. In January 2025, Alinda passed within 0.082 AU 
of Earth, its nearest approach since its discovery in 1918 and for the 
next 500 years (JPL Horizons, 2025). This presented an 
unprecedented opportunity to measure its rotational amplitude and 
period. 

This observation campaign was initiated in response to the call for 
Alinda observations in MPB 51-4 (Pilcher, 2024). It was conducted 
for the purpose of resolving a discrepancy in Alinda’s period and 
amplitude amongst previous attempts by Dunlap and Taylor (1979) 
and Augustin and Behrend (2020), which determined 73.97 ± 0.05 
hours with a 0.35 magnitude amplitude and 28.41 ± 0.05 hours with 
a 0.123 ± 0.004 magnitude amplitude, respectively. Additionally, 
according to the Light Curve Database, Tungalog et al. (2002) 
determined a 73.827-hour period. See Table I for Alinda 
observation circumstances and results. 

Photometry data used for period and amplitude determination were 
collected in the Sloan r’ filter. Supplementary data were taken on 
the WAO Pier 2 0.35-m telescope in g’ and z’ filters, although, only 
the g’ data was usable. Over 11,000 images were recorded on six 
different telescopes with varying apertures, detectors, and methods 
which are summarized in Table II. 

Alinda brightened to at least 8.914 ± 0.023 magnitude (r’) on the 
night of 2025-01-10 UT, two nights after its closest distance to 
Earth. While the exceptional brightness of the object was 
advantageous in terms of signal to noise, it did pose saturation 
issues for the larger telescopes. For the meter-class telescopes in 
Spain (Teide Observatory, Tenerife, Spain), the solution was to 
defocus the field, spreading stellar and asteroid signal across more 
pixels. This required observers to constantly monitor both exposure 
time and signal levels to account for changing seeing conditions and 
airmass. In the case of the Elliot 0.6m telescope (Wallace 
Astrophysical Observatory, Westford, MA, USA) observations 
were automated using Voyager software, meaning a predicted 
exposure time was required and live adjustments were not possible. 
Early observations (e.g. 4 Jan 2025) that were near saturation were 
discarded and exposure times were adjusted to provide more stable 
imaging on future nights. All WAO data collected on 0.35 robotic 
telescopes were operated remotely from the MIT campus, 43 km 
away, by undergraduate student observers. The three Teide 
Observatory telescopes were operated manually by MIT instructors, 
graduate students, and undergraduates as part of MIT Course 
12.411: Astronomy Field Camp. 

Photometric analysis was performed using Tycho Tracker Pro 
v12.3.1 (Parrott, 2020) for all of the WAO and Telescopio Carlos 
Sánchez (TCS) data points. Standards were sourced from ATLAS2 
r’ comparison stars within a color index range of 0.5 < B-V < 0.9. 
Defocused data obtained at the TCS and Artemis telescopes were 
analyzed with AstroImageJ (Collins et al., 2017) using APASS r’ 
calibration stars, after which photometry was converted to 
ALCDEF format. 

 

 

 

 

 

 Site 
(MPC) 

Telescope 
Detector 
filter 

 Date 
(2025) 

Images 
Used 

M* 

MIT-WAO 
(810) 

Elliot 
0.6m 

16803 CCD 
r’ 

01-03 437 A 

MIT-WAO 
(810) 

Elliot 
0.6m 

16803 CCD 
r’ 

01-04 323 A 

MIT-WAO 
(810) 

Elliot 
0.6m 

16803 CCD 
r’ 

01-05   0 A 

MIT-WAO 
(810) 

Elliot 
0.6m 

16803 CCD 
r’ 

01-06 448 A 

MIT-WAO 
(810) 

Elliot 
0.6m 

16803 CCD 
r’ 

01-07 322 A 

MIT-WAO 
(810) 

Elliot 
0.6m 

16803 CCD 
r’ 

01-08 339 A 

MIT-WAO 
(810) 

Pier 2 
0.35m 

IMX571 
CMOS, r’ 

01-07   0 RR 

Teide 
(954) 

IAC80 
0.82m 

CAMELOT2 
r’ 

01-09 502 R 

MIT-WAO 
(810) 

Elliot 
0.6m 

16803 CCD 
r’ 

01-09 325 A 

MIT-WAO 
(810) 

Pier 2 
0.35m 

IMX571 
CMOS, r’ 

01-10 247 RR 

MIT-WAO 
(810) 

Pier 3 
0.35m 

IMX571 
CMOS, g’ 

01-10  33 RR 

Teide  
(Z25) 

ARTEMIS 
1.0m 

BEX2-
DD9TW, r’ 

01-11 155 R 

Teide  
(954) 

TCS  
1.52m 

MUSCAT2 
r’ 

01-15   0 R 

Teide 
(Z25) 

ARTEMIS 
1.0m 

BEX2-
DD9TW, r’ 

01-16 367 R 

Teide 
(Z25) 

ARTEMIS 
1.0m 

BEX2-
DD9TW, r’ 

01-17   0 R 

Teide 
(Z25) 

ARTEMIS 
1.0m 

BEX2-
DD9TW, r’ 

01-19 365 R 

Teide  
(Z25) 

ARTEMIS 
1.0m 

BEX2-
DD9TW, r’ 

01-21 133 R 

MIT-WAO 
(810) 

Elliot 
0.6m 

16803 CCD 
r’ 

02-05 600 A 

MIT-WAO 
(810) 

Elliot 
0.6m 

16803 CCD 
r’ 

02-06  48 A 

Table II. Observational Assets and Data Acquired. M* denotes which 
method of observation was used: A is automated, R is in-person 
robotic and RR is remote robotic. 

All 14 photometry sets were assembled in Tycho in order to 
determine a best fitting period and amplitude. Figure 1 shows the 
phased photometric results from all used data sets (as indicated in 
Table II). Note the close correspondence between data sets of 
widely disparate nights, such as 7 January 2025 and 4 February 
2025. Minor adjustments in magnitude were made to several 
contributing datasets on the order of a few 10’s of mmag to account 
for variations among standard star magnitudes in differing catalog 
fields. 

Figure 2 plots the resulting periodogram from the combined dataset 
resulting in our preferred solution of 73.96 ± 0.01 hr and a  
0.23 ± 0.01 magnitude amplitude. Aliased multiples (and fractions) 
of this period can be seen in the periodogram, but our best fitting 
two-peaked solution is well determined by the data. 

A secondary purpose of this observational program was to prepare 
for future minor planet observation campaigns which will 
efficiently characterize period, spin axis, and shape by combining 
photometric light curves observed using optical telescopes with 
radiometric data obtained from the Haystack 37-m Radio 
Telescope. As we prepare for upcoming close approaches, this 
visible-only campaign was a critical step in refining our techniques 
across a wide variety of telescopes, detectors, software, and 
methodologies across multiple time zones. 
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Figure 1. Phased plot of 887 Alinda generated in Tycho Tracker Pro 
(Parrott, 2020). Here we plot all data utilized in the final fitted 
solutions. Note the close overlap of data from widely distant nights 
affirming the stability of our final rotation period. (Figure generated by 
Tycho Tracker Pro v12.3.1). 

 
Figure 2. Periodogram generated by Tycho Tracker Pro, 4th order fit, 
showing a strong preference for 73.96 h period. Aliased peaks at 
multiples and fractions of 74 h are also visible. 

To obtain color information on the asteroid, on 9 January 2025 we 
measured a mean g' magnitude of 9.42 ± 0.01 from 33 images taken 
with the MIT-WAO (810) Pier 3 0.35-m telescope and a mean r' 
magnitude of 9.072 ± 0.001 from 247 datapoints on MIT-WAO 
(810) Pier 2 0.35-m telescope, resulting in a g'-r' color index of  
0.35 ± 0.01. These observations spanned a total of approximately 4 
hours, a small fraction of the ~74h period, so combination of all 
data from that period into a single color measurement was deemed 
warranted. 

While the final period found here (73.96 ± 0.01 hours) is consistent 
with the Dunlap and Taylor (1979) results (73.97 ± 0.05 hours), it 
is clear from the periodogram in Figure 2 where the radically 
different results in the literature stem from. This does not rule out 
the proposed chaotic tumbling behavior noted by Pilcher (2024), 
but does provide a robust period determination against which future 
claims of chaotic behavior must be tested. 
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A single-night observation of asteroid 1318 Nerina was 
taken by Xingyuan Observatory (MPC Code O40) on 
2025 March 19. Tycho v11.0.1 was used to obtain its 
lightcurve and rotation period. 

Asteroid 1318 Nerina was discovered at Johannesburg on 1934 
March 24 by C. Jackson, having a Phocaea-type orbit. On 2025 
March 19, Xingyuan observatory used an f/4 0.2m reflector and an 
ASI6200MM CCD to measure its magnitude. After analysis with 
the software Tycho v11.0.1 (Parrott, 2020) this work suggests 
Nerina’s rotation period as 2.5352 hours and the maximum 
amplitude as 0.061 mag. Considering Nerina’s sky motion and 
brightness, the exposure time selected was 180 seconds with the 
sensor temperature set at -20 degrees Celsius. All of the frames 
were taken under L band (unfiltered). 

In pre-processing, the frames were calibrated using bias, flat, and 
dark frames, then aligned. In measurement, the reference stars’ 
information was read from the V band of the APASS catalog. 
According to ALCDEF’s data (Warner et al., 2009), (1318) 
Nerina’s mean absolute magnitude H = 12.32 mag and the 
assuming slope parameter G = 0.2. After the light-time correction 
and the (H-G) correction, the lightcurve was obtained. The fitting 
used 4th order can be seen in the Figure. The fitting result is a period 
of P = 2.5352 ± 0.004 hours (for JD 2460336.0), and the maximum 
amplitude of A = 0.061 ± 0.014 mag. It is noticeable that the errors 
are calculated automatically by Tycho. Detailed data for further 
study are available from the author upon request. 
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Number Name yyyy mm/dd Phase LPAB BPAB Period(h) P.E. Amp A.E. Grp 

 1318 Nerina 2025 03/19 9.8,9.9 166 5 2.5352 0.0004 0.061 0.014 Phocaea 

Table I. Observing circumstances and results. The phase angle is given for the first and last date. If preceded by an asterisk, the phase angle 
reached an extrema during the period. LPAB and BPAB are the approximate phase angle bisector longitude/latitude at mid-date range  
(see Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009). 
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For Koronis family member (2837) Griboedov we derive 
a synodic period of 3.9498 ± 0.0002 h. 

We continue our observational program on Koronis family objects 
(Wilkin et al., 2022; 2024) to increase the sample of known spins 
(Slivan et al., 2003; 2023). Observational planning used the Koronis 
family web tool (Slivan, 2003). Observations were made using the 
0.61-m Ritchey-Chretien telescope CHI-1 operated by 
Telescope.Live in Rio Hurtado, Chile using a QHY 600 Pro 
(CMOS) camera. Its 9576×6382×3.8μm array yields image scale 
0.39"/pix and 31'×21' FOV. We used AstroImageJ (Collins et al., 
2017) to perform photometry on all images. Corrections for light 
travel time were made using ephemerides from the JPL Horizons 
web app (JPL, 2024). 

No published periods or lightcurves for Griboedov were found in 
the LCDB based on densely-sampled data. Previously-published 
periods based upon sparse survey data were given by two studies. 
Erasmus et al. (2020) give period 3.950 h from ATLAS data, and 
Ďurech and Hanuš (2023) give 3.94987 h from Gaia DR3 data. We 
observed Griboedov on six nights from 2024 May 16 to Jun 7 with 
total span of 23 nights. The relatively large amplitude 0.68 ± 0.05 
excludes the possibility that the lightcurve is quadruply-periodic 
(Harris et al., 2014). The resulting doubly-periodic lightcurve yields 
synodic period 3.9498 ± 0.0002 h, in agreement with the prior 
published periods from sparse-in-time survey photometry. 
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Number Name yyyy mm/dd Phase LPAB BPAB Period(h) P.E. Amp A.E. Grp 

 2837 Griboedov          2024 5/16-6/7    *3.4,4.9      244  0 3.9498 0.0002 0.68 0.05 Kor 

Table I. Observing circumstances and results. The phase angle is given for the first and last dates. If preceded by an asterisk, the phase angle 
reached an extremum during the period. LPAB and BPAB are the approximate phase angle bisector longitude/latitude at mid-date range  
(see Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009). 
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Unfiltered CCD photometric observations of 46925 
Bradyharan were obtained in Rio Hurtado, Chile, in 
February 2025. We report a synodic rotation period of 
9.0322 ± 0.0015 h and an amplitude of 0.29 ± 0.02 mag. 

46925 Bradyharan is a 16-km main belt asteroid (JPL, 2025). It was 
discovered by the Catalina Sky Survey in 1998. It was named on 
2025 February 3, following a suggestion by the lead author of this 
paper (Haran, 2025). The asteroid belongs to the small Brucato 
family. The LCDB (Warner et al., 2009) gives a spectral type of 
CX, and the JPL SBDB gives an albedo of 0.044 based on data from 
the WISE spacecraft (Mainzer et al., 2019). 

The LCDB listed no periods for Bradyharan. In 2023, Ďurech and 
Hanuš (2023) reported a period of 9.0363 h, as well as a pole 
solution (λ=352°, β=-68°) that indicates that this is a retrograde 
rotator. Using Gaia DR3 photometry, they derived a shape model 
that is distinctly triangular. We suggest that the angular shape is 
responsible for our triple-peaked lightcurve. 

The observations we report here were made with the PlaneWave 
CDK400 at Deep Random Survey (MPC: X09) in Rio Hurtado, 
Chile, on eight separate nights in February 2025. The data is 
available in the Asteroid Lightcurve Photometry Database 
(ALCDEF). Our period results are in agreement with prior reports. 
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Number Name                                 yyyy/mm/dd                     Phase            LPAB    BPAB       Period(h)          P.E.           Amp       A.E.          Grp 
 

46925  Bradyharan    2025/02/04-02/20   13.7,17.7   103   9    9.0322   0.0015   0.29  0.02    BRU 

Table I. Observing circumstances and results. The phase angle is given for the first and last date. If preceded by an asterisk, the phase angle 
reached an extrema during the period. LPAB and BPAB are the approximate phase angle bisector longitude/latitude at mid-date range  
(see Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009). 
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Photometric observations of three main-belt asteroids 
were conducted to verify or determine their synodic 
rotation periods. We found: for 229 Adelinda  
P = 6.599 ± 0.001 h with A = 0.28 ± 0.02 mag;  
for 5802 Casteldelpiano, P = 2.970 ± 0.001 h with  
A = 0.07 ± 0.02 mag; for (2714) 1992 BB2,  
P = 4.820 ± 0.001 h with A = 0.05 ± 0.02 mag. 

CCD photometric observations of three main-belt asteroids were 
carried out in February-April 2025 at the Astronomical Observatory 
of the University of Siena (K54). We used a 0.30-m f/5.6 Maksutov-
Cassegrain telescope, SBIG STL-6303E NABG CCD camera; the 
pixel scale was 2.30 arcsec when binned at 2×2 pixels. We used a 
Clear filter and 300 seconds of exposure time. 

Data processing and analysis were done with MPO Canopus 
(Warner, 2018). All images were calibrated with dark and flat-field 
frames and the instrumental magnitudes converted to R magnitudes 
using solar-colored field stars from a version of the CMC-15 
catalogue distributed with MPO Canopus. Table I shows the 
observing circumstances and results. 

A search through the asteroid lightcurve database (LCDB; Warner 
et al., 2009) indicates that our result may be the first reported 
lightcurve observations and results for (27174) 1999 BB2. 

229 Adelinda (A882 QB) was discovered by J. Palisa at Vienna on 
1888 August 22. It is an outer main-belt asteroid with a semi-major 
axis of 3.423 AU, eccentricity 0.136, inclination 2.077°, and an 
orbital period of 6.33 years. Its absolute magnitude is H = 9.35  
(JPL, 2025). The NEOWISE satellite infrared radiometry survey 
(Mainzer et al., 2019) found a diameter D = 105.912 ± 1.779 km 
using an absolute magnitude H = 9.13. 

Observations were conducted over three nights and collected 159 
data points. The period analysis confirms a rotational period of  
P = 6.599 ± 0.001 h with an amplitude A = 0.28 ± 0.02 mag, in good 
agreement with the previously results published in the LCDB 
(Lagerkvist et al., 2001; Ďurech et al., 2020). 

 

 

5802 Casteldelpiano (1984 HL1) was discovered on 1984 April 27 
by V. Zappala at the European Southern Observatory and dedicated 
to Castel del Piano, an ancient castle near Carrara, Tuscany, Italy, 
that has been restored by Sabina Ruffaldi and Andrea Ghigliazza, 
two great lovers of astronomy and friends of the discoverer. It is an 
inner main-belt asteroid with a semi-major axis of 2.272 AU, 
eccentricity 0.155, inclination 2.396°, and an orbital period of 3.42 
years. Its absolute magnitude is H = 13.43 (JPL, 2025). The 
NEOWISE satellite infrared radiometry survey (Nugent et al., 
2016) found a diameter D = 4.894 ± 1.073 km using an absolute 
magnitude H = 13.63. 

Observations were conducted over four nights and collected 143 
data points. The period analysis shows a rotational period of  
P = 2.970 ± 0.001 h with an amplitude A = 0.07 ± 0.02 mag, in good 
agreement with the previously results published in the LCDB 
(Waszczak et al., 2015; Dose, 2021). 

Number Name 2025/mm/dd Phase LPAB BPAB Period(h) P.E. Amp A.E. Grp 

  229 Adelinda 03/19-04/05 *0.8,4.4 181 1 6.599 0.001 0.28 0.02 MB-O 
 5802 Casteldelpiano 03/19-04/03 *1.5,7.4 182 1 2.970 0.001 0.07 0.02 MB-I 
 27174 1999 BB2 02/15-03/06 2.8,11.9 144 2 4.820 0.001 0.05 0.02 MB-M 

Table I. Observing circumstances and results. The phase angle is given for the first and last date. If preceded by an asterisk, the phase angle 
reached an extremum during the period. LPAB and BPAB are the approximate phase angle bisector longitude/latitude at mid-date range  
(see Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009). 
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(27174) 1999 BB2 was discovered on 1999 January 19 at Črni Vrh 
Observatory. It is a middle main-belt asteroid with a semi-major 
axis of 2.650 AU, eccentricity 0.270, inclination 12.130°, and an 
orbital period of 4.31 years. Its absolute magnitude is H = 13.15 
(JPL, 2025). The NEOWISE satellite infrared radiometry survey 
(Mainzer et al., 2019) found a diameter D = 7.753 ± 0.338 km using 
an absolute magnitude H = 12.4. 

Observations were conducted over four nights and collected 234 
data points. Unluckily, due to the bad weather we couldn't collect 
more data and the asteroid faded below the magnitude threshold of 
our telescope. Despite the small amplitude A = 0.05 ± 0.02 mag, the 
period analysis shows a rotational period of P = 4.820 ± 0.001 h as 
the most likely bimodal solution. Further observations are strongly 
encouraged to nail down the actual period. 
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Synodic rotation periods and amplitudes are found for 
229 Adelinda 6.5992 ± 0.0002 hours, 0.26 ± 0.02 
magnitudes; 413 Edburga 15.770 ± 0.001 hours,  
0.52 ± 0.02 magnitudes; 1101 Clematis 8.598 ± 0.001 
hours, 0.19 ± 0.02 magnitudes with an irregular 
lightcurve; 1342 Brabantia 4.1752 ± 0.0001 hours,  
0.19 ± 0.01 magnitudes; and 1343 Nicole 14.771 ± 0.001 
hours, amplitude 0.21 ± 0.01 magnitudes. 

The new observations to produce the results reported in this paper 
were made at the Organ Mesa Observatory with a Meade 35-cm 
LX200 GPS Schmidt-Cassegrain, SBIG STL-1001E CCD, 60 to 
120 second exposures, unguided, clear filter. Image measurement 
and lightcurve construction were with MPO Canopus software with 
calibration star magnitudes for solar colored stars from the CMC15 
catalog reduced to the Cousins R band. Zero-point adjustments of a 
few × 0.01 magnitude were made for best fit. To reduce the number 
of data points on the lightcurves and make them easier to read, data 
points have been binned in sets of 3 with maximum time difference 
5 minutes. 

229 Adelinda. The only previously published lightcurve is by 
Lagerkvist et al. (2001) which presents an approximate period of 
6.6 hours. New observations on five nights 2025 Feb. 22 - Mar. 24 
provide a good fit to an asymmetrical bimodal lightcurve with 
period 6.5992 ± 0.0002 hours, amplitude 0.26 ± 0.02 magnitudes 
(Fig. 1). This value is consistent with Lagerkvist et al. (2001) and 
greatly improves the accuracy of their period. 

 

 
Fig. 1. Lightcurve of 229 Adelinda phased to a period of 6.5992 hours. 

413 Edburga. Previously published periods are by Hainaut-Rouelle 
et al., (1995), 15 hours; Behrend (2006web), 12.1 hours; Warner 
(2010b), 15.773 hours; and Warner (2012), 15.78 hours. All authors 
found amplitudes between 0.36 and 0.53 magnitudes. New 
observations on five nights 2025 Jan. 20 - Mar. 5 provide an 
excellent fit to a synodic period of 15.770 ± 0.001 hours, amplitude 
0.52 ± 0.02 magnitudes (Fig. 2). This period is consistent with 
Warner (2010b) and Warner (2012) and differs considerably from 
the other published periods. The amplitude is within the range of all 
published amplitudes. 

 
Fig. 2. Lightcurve of 413 Edburga phased to a period of 15.770 hours. 
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1101 Clematis. Previously published periods are by Behrend 
(2002web), 8.61 hours; Stephens (2004), 12.68 hours; Behrend 
(2009web), 8.5994 hours; Warner (2010a), 34.3 hours; and Pál  
et al. (2020), 8.61332 hours. New observations on six nights 2025 
March 10 - April 1 provide a good fit to an irregular bimodal 
lightcurve with period 8.598 ± 0.001 hours, amplitude 0.19 ± 0.02 
magnitudes (Fig. 3). This value is consistent with all previously 
published periods except for those by Stephens (2004) and by 
Warner (2010a), which are now ruled out. 

 

Fig. 3. Lightcurve of 1101 Clematis from this study, phased to a 
period of 8.598 hours. 

Pál et al. (2020) obtained data points at 0.5-hour intervals 
continuously for six days 2019 March 28 - April 2 with the TESS 
(Transiting Exoplanet Survey Satellite). The author downloaded 
their data from the Asteroid LightCurve Data Exchange Format 
website www.ALCDEF.org, deleted a few highly discordant data 
points, from which an excellent lightcurve with period  
8.599 ± 0.002 hours, amplitude 0.20 ± 0.03 magnitudes (Fig. 4) 
could be drawn. The lightcurve by Pál et al. (2020) was obtained 
with the target only sixteen degrees away in the sky from its location 
at the current study. As one would expect, the two lightcurves are 
similar in both period and shape. 

 

Fig. 4. Lightcurve of 1101 Clematis from Pál et al. (2020) phased to 
a period of 8.599 hours. 

1342 Brabantia. Eight previously periods published in the “Asteroid 
Lightcurve Database,” Warner et al. (2009), updated 2023 October, 
are all between 4.16 and 4.184 hours. New observations on five 
nights 2025 Jan. 25 - Mar. 4 provide a good fit to an irregular 
lightcurve with period 4.1752 ± 0.0001 hours, amplitude  
0.19 ± 0.01 magnitudes (Fig. 5). This value is consistent with many 
other published periods. 

 
Fig. 5. Lightcurve of 1342 Brabantia phased to a period of 4.1752 
hours. 

Number   Name                          yyyy/mm/dd                         Phase                      LPAB         BPAB         Period(h)       P.E           Amp           A.E.  

 229 Adelinda   2025/02/22-2025/03/24     7.9 -  0.7  182    1     6.5992  0.0002  0.26   0.02 
 413 Edburga    2025/01/20-2025/03/05   * 5.1 – 13.1  128   11    15.770   0.001   0.52   0.02 
1101 Clematis   2019/03/28-2019/04/02     2.4 -  1.8  191   -5     8.599   0.001   0.20   0.03 
1101 Clematis   2025/03/10-2025/04/01    11.1 -  4.4  204   -1     8.598   0.001   0.18   0.02 
1342 Brabantia  2025/01/25-2025/03/04   *12.7 – 14.2  145   -7     4.1752  0.0001  0.19   0.01 
1343 Nicole     2024/12/31-2025/01/28   * 4.1 -  9.4  122    7    14.771   0.001   0.21   0.01 

Table I. Observing circumstances and results. 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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1343 Nicole. Previously published periods and amplitudes are by 
Behrend (2005web), 70 hours, 0.29 magnitudes; Wasczak et al. 
(2015), 14.778 hours, 0.42 magnitudes; Aznar et al. (2016), 14.76 
hours, 0.38 magnituides; and Colazo et al. (2023), 14.773 hours, 0.4 
magnitudes. New observations on six nights 2024 Dec. 31 - 2025 
Jan. 28 provide a good fit to a synodic period of 14.771 ± 0.001 
hours, amplitude 0.21 ± 0.01 magnitudes (Fig. 6). The amplitude is 
smaller than any amplitudes previously observed. The period is 
consistent with all previously published periods, except Behrend 
(2005web), whose 70-hour period is now ruled out. 

 
Fig. 6. Lightcurve of 1343 Nicole phased to a period of 14.771 hours. 
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CCD photometric observations of seven suspected and 
three confirmed binary asteroids were made from 2024 
December through 2025 March. Mutual events were not 
detected for any of the seven suspected binary asteroids. 
Phased lightcurves were created for all ten asteroids. All 
the data have been submitted to the ALCDEF database. 

CCD photometric observations of ten main-belt asteroids were 
performed at Command Module Observatory (MPC V02) in 
Tempe, AZ. The purpose of the observations was to look for mutual 
events, i.e., lightcurve attenuations due to occultations and/or 
eclipses in a binary system, and if detected, compute orbital period 
solutions. 

The majority of binary asteroids were discovered with photometric 
observations by detecting mutual events. Direct imaging by 
spacecraft or radar for nearby asteroids has shown companion 
bodies. In rare cases, stellar occultations have revealed a companion 
as two separate disappearances and reappearances. 

Liberato et al. (2024) pursued an approach that incorporated 
searching for “wobble” in astrometric observations. Knowing the 
precise orbits, they used 34 months of Gaia DR3 observations to 
search for periodicity in the residuals of observed asteroid positions. 
A total of 361 binary candidates were found by this method, some 
of which are known binaries. 

Their table of binary candidates was filtered to include only those 
with a signal-to-noise ratio flag of 1, bringing the total down to 115 
candidates. Further, the table was sorted to look particularly for 
asteroids with short wobble periods. From this list, seven candidates 
were found that were sufficiently bright and well-placed for 
observations. 

Three additional known binary asteroids culled from to table 
maintained by Johnston (2025), were added. 

Images were taken at V02 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 the images was 2 minutes. The image 
scale after 2×2 binning was 1.76 arcsec/pixel. 

Table I shows the observing circumstances and results. All of the 
images of these asteroids were obtained between 2024 December 
and 2025 March. 

Images taken at V02 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 (Diffraction Limited, 2017) software. 

The data reduction and period analysis were done using Tycho 
(Parrott, 2025). 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. Tycho plots instrumental vs. catalog magnitudes for 
solar-colored stars, which is useful for selecting comp stars of 
suitable color and brightness. 

The clear-filtered images were reduced to Pan-STARRS r´ to 
minimize error with respect to a color term. Comparison star 
magnitudes were obtained from the ATLAS catalog (Tonry et al., 
2018), which is incorporated directly into Tycho. The ATLAS 
catalog derives Pan-STARRS griz magnitudes using a number of 
available catalogs. The consistency of the ATLAS 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. 

Data reduction for V02 images used a 9-pixel (16 arcsec) diameter 
measuring aperture for asteroids and comp stars. It was typically 
necessary to employ star subtraction to remove contamination by 
field stars. 

For the asteroids described here, the RMS scatter on the phased 
lightcurves is noted, 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 Tycho Fourier-type 
FALC fitting method (Harris et al., 1989). Phased lightcurves show 
the maximum at phase zero. Magnitudes in these plots are apparent 
and scaled by Tycho to the first night. In four of the 10 cases, the 
curve was better fit with a departure of the phase-slope parameter 
G from the default value of 0.15. When present, this is noted in each 
section. 

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

Observing mutual events requires favorable geometry, in which the 
observer is situated near the companion’s orbital plane. Pravec et 
al. (2012) showed that there is preference for orbits of asteroid 
companions to lie near the ecliptic plane. This improves the 
prospects for detecting mutual events. 

Mutual events were not found in any of the seven candidates, and 
only one of the three confirmed binaries showed such events. This 
one binary has a matching orbital period. Therefore, orbital periods 
are not included in Table I. 

Non-detection can be attributed to several causes. In four of the 
seven candidates, the wobble period closely matched the known 
rotation period. It is possible that the wobble is simply due to the 
offset between the barycentric and astrometric center of a single 
body. Binary detection by astrometric wobble is most favorably 
observed for orbits that are out of the ecliptic plane; the opposite is 
true for photometry. Some actual binaries may not show mutual 
events due to unfavorable geometry. Finally, observations at V02 
were conducted with a small telescope at an urban site, so 
photometric precision may have not been sufficient for capturing 
mutual events with small amplitudes. 
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90 Antiope was discovered by Robert Luther in 1866 at Dusseldorf. 
It is a well-characterized synchronous binary. The most recent 
period determination was made by Bartczak et al. (2014), who 
computed 16.505046 ± 0.000005 h. During four nights, 477 images 
were obtained to determine a synodic period of 16.504 ± 0.002 h. 
The lightcurve has an amplitude of 0.54 mag, and an RMS error on 
the fit of 0.02 mag. The lightcurve shows clear signs of synchronous 
binary asteroid behavior, with sharp V-shaped troughs from mutual 
events overlaid on the gentler rotational signature. 

 

238 Hypatia. Viktor Knorr discovered this asteroid at Berlin in 
1884. Per Liberato et al. (2024), it exhibited a wobble period of 
9.852 ± 0.010 h. Franco et al. (2024) published a rotation period of 
8.873 ± 0.001 h, in line with previous values. In five nights, 444 
data points were acquired, yielding a period solution of  
8.874 ± 0.002 h. The amplitude is 0.06 ± 0.01 mag. The best fit  
was accomplished with G = 0.11. 

 

247 Eukrate was discovered by Robert Luther at Dusseldorf in 
1865. It has an astrometric wobble period of 12.098 ± 0.060 h, 
which corresponds with the rotation period of 12.09480 ± 0.00005, 
determined by Hanuš et al. (2016). At V02, the asteroid was 
observed on three nights, and 694 images were gathered. The 
resulting period is 12.101 ± 0.004 h, with an amplitude of  
0.11 ± 0.01 mag. 

 

488 Kreusa is one of Max Wolf’s many discoveries from 
Heidelberg. Its wobble period is 16.369 ± 0.005 h. Pilcher (2019) 
computed a rotation period of 32.645 ± 0.001 h. During 11 nights, 
1815 data points were acquired, resulting in a period of  
32.656 ± 0.013 h, with an amplitude of 0.05 ± 0.01 mag. G was  
set to 0.23 to optimize the fit. 

 

504 Cora. This outer main-belt asteroid was discovered in 1902 at 
Arequipa by Solon Irving Baily. It exhibited a wobble period of 
11.332 ± 0.005 h. The LCDB shows many agreeing period 
solutions, the most recent being Pilcher (2021) with 7.5872 ± 0.002 
h. A total of 410 images were taken on three nights. The resulting 
synodic rotation period is 7.589 ± 0.003 h, agreeing best with 
previous values. The amplitude of the lightcurve is 0.20 mag, with 
an RMS error on the fit of 0.02 mag. The curve was best fit with  
G increased to 0.50. 
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542 Susanna was discovered in 1904 at Heidelberg by Paul Götz. 
Liberato et al. (2024) show a wobble period of 10.02 ± 0.02 h. The 
most recent of agreeing period solutions is by Polakis (2024), who 
published a value of 10.091 ± 0.008 h. During three nights,  
170 images were obtained. The computed rotation period is  
10.076 ± 0.010 h, with an amplitude of 0.19 ± 0.02 mag. 

 

674 Rachel. This outer main-belt asteroid was discovered by 
Wilhelm Lorenz at Heidelberg in 1908. It showed a wobble period 
of 10.558 ± 0.070 h. Durech et al. (2020) published a sidereal 
rotation period of 30.9753 ± 0.0008 h. A total of 956 data points 
were obtained during four nights, producing a computed rotation 
period of 30.861 ± 0.042 h. The amplitude is 0.16 ± 0.01 mag. 

 

1127 Mimi was discovered by Sylvain Arrend at Uccle in 1929. Its 
wobble period is shown as 12.774 ± 0.11 h. Hanuš et al. (2018) 
published a rotation period of 12.74555  ± 0.00002 h. After four 
nights, 347 data points were used to compute a synodic period of 
12.748 ± 0.003 h. The amplitude of the lightcurve is 0.78 ± 0.01 
mag. 

 

1626 Sadeya. This minor planet was discovered by Josep Comas i 
Solà at Barcelona in 1927. It is a confirmed binary, with an orbital 
period determined by Benishek (2020) of 51.3 ± 0.2 h. Benishek 
also reported a rotation period of 3.4202 ± 0.0002 h. Observations 
were made for five nights, during which time 503 images were 
obtained. The calculated rotation period is 3.421 ± 0.001 h, with an 
amplitude of 0.12 ± 0.01 mag. The optimal curve fit appeared with 
G = 0.22. Mutual events are not apparent in the lightcurve. 

 

Number Name yy/mm/dd Phase LPAB BPAB Period(h) P.E. Amp A.E. Grp 

 90 Antiope 25/01/16-01/20 0.6,1.5  116 2 16.604 0.002 0.54 0.02 THM 
 238 Hypatia 24/12/01-12/11 15.3,12.6 108 -15 8.874 0.002 0.06 0.01 MB-O 
 247 Eukrate 24/12/16-12/18 18.7,18.5 91 -34 12.101 0.004 0.11 0.01 MB-O 
 488 Kreusa 24/12/06-12/21 20.0,21.1 179 11 32.656 0.013 0.05 0.01 MB-O
 504 Cora 24/12/05-12/08 6.3,7.1 66 -10 7.589 0.003 0.20 0.02 MB-O 
 542 Susanna 24/12/01-12/03 16.6,16.2 118 -10 10.076 0.010 0.19 0.02 MB-O 
 674 Rachelle 23/11/07-11/10 22.2,22.4 147 13 30.861 0.042 0.16 0.01 MB-O 
 1127 Mimi 24/12/01-12/04 21.7,20.6 107 -11 12.748 0.003 0.78 0.01 MB-I 
 1626 Sadeya 25/01/15-01/20 13.2,16.3 98 -4  3.421 0.001 0.12 0.01 MB-I 
 2577 Litva 25/03/27-03/30 9.4,8.1  197 7 2.816 0.002 0.19 0.08 HUN 

Table I. Observing circumstances and results. The phase angle is given for the first and last date. If preceded by an asterisk, the phase angle 
reached an extrema during the period. LPAB and BPAB are the approximate phase angle bisector longitude/latitude at mid-date range  
(see Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009). 
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2577 Litva is a Hungaria-type asteroid that was discovered by 
Lyudmila Chernykh at Nauchnyj in 1975. Warner and Stephens 
(2011) reported an orbital period of the companion of 35.88 ± 0.01 
h, and a primary rotation period of 2.81288 ± 0.0005 h. A total of 
492 images were obtained in three nights, producing a rotation 
period of 2.816 ± 0.002 h. The amplitude is 0.19 ± 0.08 mag. A 
solution for mutual events or a secondary rotation period could not 
be disentangled in the light curve, but it is likely that one or both 
caused the poor fit. 

 

Acknowledgments 

The author would like to express his gratitude to Brian Skiff for his 
indispensable mentoring in data acquisition and reduction. Thanks 
also go out to Daniel Parrott for support of his Tycho software 
package. 

References 

Bartczak, P.; Michałowski, T.; Santana-Ros, T.; Dudziński, G. 
(2014). “A new non-convex model of the binary asteroid 90 
Antiope obtained with the SAGE modelling technique.” MNRAS 
443, 1802-1809. 

Benishek, V. (2020). CBET, 4893. 

Diffraction Limited (2017). MaxIm DL software.  
https://diffractionlimited.com/product/maxim-dl/ 

Durech, J.; Tonry, J.; Erasmus, N.; Denneau, L.; Heinze, A.N.; 
Flewelling, H.; Vanco, R. (2020). “Asteroid models reconstructed 
from ATLAS photometry.” Astron. Astrophys. 643, A59. 

Franco, L. and 19 additional co-authors (2024). “Collaborative 
Asteroid Photometry from UAI: 2023 July-September.” Minor 
Planet Bull. 51, 56-61. 

Hanuš, J. and 19 additional co-authors (2016). “New and updated 
convex shape models of asteroids based on optical data from a large 
collaboration network.” Astron. Astrophys. 586, 108-131. 

Hanuš, J.; Delbo', M.; Ďurech, J.; Alí-Lagoa, V. (2018). 
“Thermophysical modeling of main-belt asteroids from WISE 
thermal data.” Icarus 309, 297-337. 

Harris, A.W.; Young, J.W.; Scaltriti, F.; Zappala, V. (1984). 
“Lightcurves and phase relations of the asteroids 82 Alkmene and 
444 Gyptis.” Icarus 57, 251-258. 

Harris, A.W.; Young, J.W.; Bowell, E.; Martin, L.J.; Millis, R.L.; 
Poutanen, M.; Scaltriti, F.; Zappala, V.; Schober, H.J.; Debehogne, 
H.; Zeigler, K.W. (1989). “Photoelectric Observations of Asteroids 
3, 24, 60, 261, and 863.” Icarus 77, 171-186. 

Johnston, W.R. (2025). “Asteroids With Satellites.”  
https://www.johnstonsarchive.net/astro/asteroidmoons.html 

Liberato, L.: Tanga, P.; Mary, D.; Minker, K.; Carry, B.; Spoto, F.; 
Bartczak, P.; Sicardy, B.; Oszkiewicz, D.; Desmars, J. (2024). 
“Binary asteroid candidates in Gaia DR3 astrometry.” Astron. 
Astrophys. 688, 50-73. 

Parrott, D. (2025). Tycho software. https://www.tycho-tracker.com/ 

Pravec, P. and 41 additional co-authors (2012). “Binary asteroid 
population. 2. Anisotropic distribution of orbit poles of small, inner 
main-belt binaries.” Icarus 218, 125-143. 

Pilcher, F. (2019). “Rotation Period Determinations for 58 
Concordia, 384 Burdigala, 464 Megaira, 488 Kreusa, and 491 
Carina.” Minor Planet Bull 46, 360-363. 

Pilcher, F. (2021). “Lightcurves and Rotation Periods of 47 Aglaja, 
504 Cora 527 Euryanthe, 593 Titania, and 594 Mireille.” Minor 
Planet Bull. 48, 217-218. 

Polakis, T. (2024). “Photometric Results for Twenty Minor 
Planets.” Minor Planet Bull. 51, 126-132. 

Tonry, J.L.; Denneau, L.; Flewelling, H.; Heinze, A.N.; Onken, 
C.A.; Smartt, S.J.; Stalder, B.; Weiland, H.J.; Wolf, C. (2018). “The 
ATLAS All-Sky Stellar Reference Catalog.” Astrophys. J. 867, 
A105. 

Warner, B.D.; Harris, A.W.; Pravec, P. (2009). “The Asteroid 
Lightcurve Database.” Icarus 202, 134-146. Updated 2023 Oct. 
http://www.minorplanet.info/lightcurvedatabase.html 

Warner, B.; Stephens, R. (2011). “On Confirmed and Suspected 
Binary Asteroids Observed at the Center for Solar System Studies.” 
Minor Planet Bull. 48, 40-49. 

 



226 

 Minor Planet Bulletin 52 (2025) 

LIGHTCURVE RESULTS FOR  
EIGHT MAIN-BELT ASTEROIDS 

Gonzalo Fornas (J57) 
Asociación Valenciana de Astronomía  

(Centro Astronómico Alto Turia) 
C/ Profesor Blanco 16. 46014 Valencia, SPAIN 

gon@iicv.es 

Alvaro Fornas (J57) 
Asociación Valenciana de Astronomía (CAAT) 

Alfonso Carreño (Y76) 
Nova Canet Observatory 

Fernando Huet (Z93) 
Asociación Valenciana de Astronomía. 

Polop Observatory 

Enrique Rathmann (Y78) 
Asociación Valenciana de Astronomía 

Tros Alt Observatory 

Enrique Arce (J67) 
Asociación Valenciana de Astronomía 

Vallbona Observatory 

Vicente Mas, AVA –J57, CAAT 
Centro Astronómico del Alto Turia, SPAIN 

(Received: 2025 April 8) 

Photometric observations for eight main-belt asteroids 
allowed us to derive the following rotational synodic 
periods: 2663 Miltiades, 3.95796 ± 0.00007 h;  
3539 Weimar, 8.7059 ± 0.0007 h; 9014 Svyatorichter, 
3.7635 ± 0.0008 h; 13441 Janmerlin, 23.0840 ± 0.0007 h; 
(14488) 1994 TF15, 2.8761± 0.0001 h; (15138) 2000 
EQ93, 16.4228 ± 0.0023 h; (18489) 1996 BV2, 2.9317 ± 
0.0014 h; (18513) 1996 TS5, 9.7437 ± 0.0028 h. 

We report on the photometric analysis for eight-belt asteroids by 
Asociación Valenciana de Astronomía (AVA). The data were 
obtained during the last quarter of 2024 and first months of 2025. 
We present graphic results of data analysis, mainly lightcurves, with 
the plot phased to a given period. We managed to obtain several 
accurate and complete lightcurves and calculating as accurately as 
possible their rotation periods. 

Observatory Telescope (meters) CCD 

C.A.A.T. J57 17” DK QHY- 600 

C.A.A.T. J57 10” NW ZWO ASI 1600 

Z93 SC 8” SBIG ST8300 

J67 SC 10” SBIG ST7 

Y78  SC 8” ZWO ASI 294 MM PRO 

Y76 SC 9..25” ATIK 314L+ 

Table I. List of instruments used for the observations. 

We focused on asteroids with no reported period and those  
where the reported period was poorly established and  
needed confirmation. The targets were selected from the  
Collaborative Asteroid Lightcurve (CALL) website  

(http://www.minorplanet.info/call.html), the Minor Planet Center 
(http://www.minorplanet.net) and Brian D. Warner et at. (2024). 
The Asteroid Lightcurve Database (LCDB; Warner et al., 2009) 
was consulted to locate previously published results. 

Images were measured using MPO Canopus (Bdw. Publishing) 
with a differential photometry technique. The comparison stars 
were restricted to near solar-color to minimize color dependencies, 
especially at larger air masses. The lightcurves show the synodic 
rotation period. The amplitude (peak-to-peak) that is shown is that 
for the Fourier model curve and not necessarily the true amplitude. 

2663 Miltiades. This inner main-belt asteroid was discovered on 
1960 Sep 24 at Palomar by PLS. We made observations on 2025 
Jan 7 to Feb 4. From our data we derive a synodic rotation period 
of 3.95796 ± 0.00007 h and an amplitude of 0.88 mag. Durech et al. 
(2018) found a sidereal period of 3.957489 h and Martikainen et al. 
(2021) found a sidereal period of 3.957490 h. All of them are 
consistent with our calculation. 

 

3539 Weimar. This outer main-belt asteroid of the Eunea family 
was discovered on 1967 Apr 11 at Thuringia State Observatory 
Tautenburg by F. Börngen. We made observations on 2024 Jul 7 to 
Aug 1. From our data we derive a synodic rotation period of  
8.7059 ± 0.0007 h and an amplitude of 0.50 mag. Garlitz (2011web) 
got a period of 7.29 h. 
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9014 Svyatorichter. This inner main-belt asteroid was discovered 
on 1985 Oct. 22 at Nauchnij by L.V. Zhuravleva. We made 
observations on 2024 Dec 21 - 25. From our data we derive a 
synodic rotation period of 3.7635 ± 0.0008 h and an amplitude of 
0.33 mag. We have no previous information about its rotation 
period.

 

13441 Janmerlin. This middle main-belt asteroid was discovered on 
1960 Sep. 24 at Palomar by PLS. We made observations on 2024 
Sep 30 to Dec 21. From our data we derive a synodic rotation period 
of 23.0840 ± 0.0007 h and an amplitude of 0.74 mag. The period is 
close to 24 hours and we have not obtained the complete lightcurve 
but only one of the halves. In any case, the result of the period 
calculation is accurate enough. Our results match with Marchini and 
Papini (2025) who got a period of 23.087 h. 

 

(14488) 1994 TF15. This inner main-belt asteroid was discovered 
on 1994 Oct 13 at Kiyosato Observatory by S. Otomo. We made 
observations on 2024 Oct 4 to Nov 9. From our data we derive a 
synodic rotation period of 2.8761 ± 0.0001 h and an amplitude of 
0.24 mag. We have no previous information about its rotation 
period. 

 

(15138) 2000 EQ93. This middle main-belt asteroid was discovered 
on 2000 March 9 at SOCORRO by LINEAR. We made 
observations on 2024 Sep 5 to Oct 5. From our data we derive a 
synodic rotation period of 16.4228 ± 0.0023 h and an amplitude of 
0.14 mag. We have no previous information about its rotation 
period. 

 

Number Name yyyy mm/dd Phase LPAB BPAB Period(h) P.E. Amp A.E. Grp 

 2663 Miltiades 2025 01/07-02/04  6.4,18.6 105.5 9.0 3.95796  0.00007 0.88 0.05 MB-I 
 3539 Weimar 2024 07/12-08/01  5.7,10.6 290.9 8.9 8.7059 0.0007 0.5 0.05 MB-O 
 9014 Svyatorichter 2024 12/21-12/24  8.7,10.5 76.1 1.8 3.7635 0.0008 0.33 0.05 MB-I 
 13441 Janmerlin 2024 09/30-12/21  8.6,25.6 26.1 -4.5 23.0840 0.0007 0.74 0.05 MB-M 
 14488 1994 TF15 2024 10/04 11/09  6.1,15.7 20.4 3.4 2.8761 0.0001 0.24 0.05 MB-I 
 15138 2000 EQ93 2024 09/05-10/05  6.5,13.8 350.3 9.8 16.4228 0.0023 0.14 0.03 MB-M 
 18489 1996 BV2 2025 02/01-02/04  7.1, 6.1 142.7 9.0 2.9317 0.0014 0.15 0.03 MB-M 
 18513 1996 TS5 2025 02/02-02/05 14.3,16.0 111.8 -1.3 9.7437 0.0028 0.75 0.05 MB-I 

Table I. Observing circumstances and results. The phase angle is given for the first and last date. If preceded by an asterisk, the phase angle 
reached an extrema during the period. LPAB and BPAB are the approximate phase angle bisector longitude/latitude at mid-date range  
(see Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009). 
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(18489) 1996 BV2. This middle main-belt asteroid was discovered 
on 1996 Jan 26 at Kashihara by F. Uto. We made observations on 
2025 Feb 1 to 4. From our data we derive a synodic rotation period 
of 2.9317 ± 0.0014 h and an amplitude of 0.15 mag. We have not 
previous information about its rotation period. 

 

(18513) 1996 TS5. This inner main-belt asteroid of the Phocaea 
family was discovered on 1996 Oct 7 at Catalina Station by T.B. 
Spahr. We made observations on 2025 Feb 1 to 4. From our data 
we derive a synodic rotation period of 9.7437 ± 0.0028 h and an 
amplitude of 0.75 mag. We have no previous information about its 
rotation period. 
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We present lightcurves and synodic rotation periods for 
twenty asteroids observed from December 2024 through 
March 2025 at Dimension Point Observatory. 

Photometric observation of these minor planets were conducted 
from January 2025 through March 2025 at Dimension Point 
Observatory (V42). 

Images were acquired using a 0.61-m f/6.5 Corrected Dall-Kirkham 
telescope with Finger Lakes Instrumentation Kepler KL400 back-
illuminated CMOS camera and a 0.51-m f/8 Ritchey-Chrétien 
telescope with SBIG AC4040 CMOS camera. The equipment was 
operated remotely using ACP Expert (Denny, 2024) and MaximDL 
(George et al., 2024). Time was synchronized using a local stratum 
1 time source and Meinberg NTP client software. Exposures were 
typically 120 seconds unfiltered or through a yellow blue-blocking 
long-pass filter with cutoff at 500nm. 

Target selection and observation planning was performed using the 
authors own Python scripts. Orbital elements, ephemeris and other 
information were obtained from the Minor Planet Center (MPC) 
website (http://www.minorplanet.net), the JPL Solar System 
Dynamics website (http://ssd.jpl.nasa.gov) (Giorgini et al., 1996), 
the Lowell Observatory Minor Planet Services website 
(http://asteroid.lowell.edu) (Moskovitz, 2022) and the LCDB 
database (Warner et al., 2009). 

Image calibration, plate solving, measurement and period analysis 
were performed using Tycho-Tracker V12.3 (Parrott 2020). 
Calibration masters were prepared using AstroImageJ (Collins  
et al., 2017). Comparison stars of near solar color were chosen from 
the ATLAS refcat2 star catalog using Sloan r´ magnitudes (Tonry 
et al., 2018). Additional period analysis was carried out using MPO 
Canopus V10.8.4.1 (Warner, 2020). 

1887 Virton. We observed this member of the Eos family on sixteen 
nights in 2024 December and 2025 January. There were prior 
reports from Dose (2024) of 70.071 ± 0.011, Polakis (2024) of 
69.64 ± 0.08 and Hawley et al. (2024) of 70.165 ± 0.003. We found 
70.18 ± 0.04 hours with an amplitude of 0.3239 ± 0.0197 mag, in 
agreement with Hawley. 

 

1890 Konoshenkova is named after Olga Petrovna Konoshenkova, 
who was schoolmistress at the Crimean Observatory School. We 
found a period of 14.526 ± 0.012 hours with an amplitude of  
0.227 ± 0.0237 mag. We found no prior rotation period reports. 

 

2010 Chebyshev. We found a period of 4.097 ± 0.001 hours with 
an amplitude of 0.435 ± 0.0242 mag. A search of the LCDB found 
no prior reports for this member of the Themis family. 
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2194 Arpola. We found a period of 110.78 ± 0.07 hours with an 
amplitude of 0.50 ± 0.02 mag. We observed this middle main-belt 
asteroid on fifteen nights in 2024 February and March. We were 
unable to find any prior rotation period reports. 

 

2225 Serkowski is a member of the Koronis family named after 
Krzysztof Serkowski, a Polish American astronomer. We found a 
period of 2.764 ± 0.003 hours with an amplitude of 0.333 ± 0.03 
mag. We found no prior rotation period reports. 

 

2244 Tesla was discovered in 1952 by Protitch at Belgrade and is 
named for Nikila Tesla. There are prior reports from Polakis (2024) 
of > 300 hours, Marchini and Papini (2024) of 24.65 hours, and 
Farfán et al. (2024) of 18.45 hours. We found a best fit of  
37.65 ± 0.04 hours with an amplitude of 0.382 ± 0.03 mag, 
disagreeing with prior reports. 

 

2316 Jo-Ann was discovered by Ted Bowell in 1980 at Anderson 
Mesa. It is named in honor of his wife, Jo-Ann. We found one prior 
survey report from Chang et al. (2014) of 33.0 ± 2.0 hours. Analysis 
of our data resulted in a period of 33.850 ± 0.025 hours with an 
amplitude of 0.2376 ± 0.0417 mag, consistent with the survey 
result. 

Number Name yyyy mm/dd Phase LPAB BPAB Period(h) P.E. Amp A.E. Grp  

 1887  Virton 2024 12/27-01/21  10.0, 3.4 121 9 70.18 0.04 0.32 0.02 Eos 
 1890 Konoshenkova 2025 02/02-02/07  11.2,12.8 106 8 14.526 0.012 0.23 0.02 MB-O 
 2010 Chebyshev 2025 01/25-01/27  12.7,13.4 94 3 4.097 0.001 0.44 0.02 Themis 
 2194 Arpola 2025 02/16-03/25 *12.5,14.4 158 11 110.78 0.07 0.50 0.02 MB-I  
 2225 Serkowski 2025 02/26-03/03   9.3,11.1 135 3 2.764 0.003 0.33 0.03 Koronis 
 2244 Tesla 2025 02/21-03/22   9.4, 4.0 177 9 37.65 0.04 0.38 0.03 MB-O 
 2316 Jo-Ann 2025 01/21-02/08  14.9, 8.9 160 0 33.850 0.025 0.24 0.04 Massalia 
 2719 Suzhou 2025 01/20-02/08  29.8,11.9 158 0 118.30 0.04 1.13 0.04 MB-I 
 3368 Duncombe 2025 01/03-02/08  *8.7, 7.6 124 20 34.030 0.007 0.25 0.02 MB-O 
 3909 Gladys 2025 02/04-03/20  13.6,20.8 104 -14 25.48 0.01 0.50 0.05 Eunomia 
 4099  Wiggins 2024 12/22-01/22  *9.4, 9.4 105 -10 10.994 0.006 0.15 0.03 Maria 
 4350 Shibecha 2025 02/23-02/25  18.0,17.3 188 10 2.890 0.004 0.10 0.02 MB-M 
 5424 Covington 2025 01/23-01/24  17.6,17.3 159 -3 5.460 0.007 0.30 0.02 MB-I  
 6735 Madhatter 2025 01/29-02/05   4.4, 2.4 136 4 8.550 0.004 0.14 0.02 MB-I 
 6950 Simonek 2025 02/20-02/25   9.8,11.4 138 15 3.298 0.002 0.11 0.03 Eunomia 
 9010 Candelo 2025 02/26-03/26  12.5,23,8 138 3 5.015 0.001 0.11 0.03 MB-I  
 13352 Gyssens 2025 03/10-03/29   9.1,11.6 173 16 3.041 0.001 0.20 0.02 Eunomia 
 13542 1991 VC5 2025 01/18-02/08   8.4,17.3 107 9 52.807 0.023 0.40 0.04 Vesta 
 24863 Cheli 2024 12/25-02/04   4.7,20.7 89 8 16.716 0.005 0.17 0.04 MB-M 
 27736 Ekaterinburg 2025 01/20-02/01  20.5,21.4 94 15 5.604 0.001 0.55 0.03 MB-O 

Table I. Observing circumstances and results. The phase angle is given for the first and last date. If preceded by an asterisk, the phase angle 
reached an extrema during the period. LPAB and BPAB are the approximate phase angle bisector longitude/latitude at mid-date range  
(see Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009). 
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2719 Suzhou was discovered at Purple Mountain Observatory in 
1965. It is named for the city of Suzhou, China. We found a period 
of 118.30 ± 0.04 hours with an amplitude of 1.129 ± 0.0383 mag. 
We found no prior rotation period reports. 

 

3368 Duncombe. Discovered in 1985 by Ted Bowell at Anderson 
Mesa, it is named in honor of Dr. Raynor Lockwood Duncombe 
(1917-2013), a former director of the U.S. Naval Observatory and 
professor at the University of Texas at Austin. We found a period 
of 34.030 ± 0.007 hours with an amplitude of 0.2513 ± 0.0249 mag. 
We found no prior rotation period reports. 

 

3909 Gladys. This member of the Eunomia family was discovered 
in 1988 by Kenneth Zeigler at Flagstaff. It is named after his 
mother, Gladys Marie Zeigler (1921-1988). We observed it on 
fourteen nights in 2025 February and March. We found two prior 
reports from Behrend (2006web) of 3.596 hours and from Angeli 
and Barucci (1996) of 6.83 hours. Analysis of our data resulted in a 
best fit of 25.48 ± 0.01 hours with an amplitude of 0.504 ± 0.05 
mag, differing with the prior reports. Coverage is not complete so 
this result could be wrong. 

 

4099 Wiggins. This member of the Maria family was discovered in 
1988 by H. Debehogne at ESO. It is named after Patrick Wiggins, 
a NASA/JPL Solar System Ambassador. 

We found a prior report from Hawley et al. (2024) of 10.985 ± 0.001 
9hours. Analysis of our data resulted in a best fit of 10.994 ± 0.006 
hours with an amplitude of 0.1526 ± 0.0292 mag, close to but 
slightly longer than the report from Hawley. 

 

4350 Shibecha is a middle main-belt asteroid discovered in 1989 by 
Ueda and Kandeda at Kushiro. It is named after the city of Shibecha 
on the island of Hokkaido, Japan. 

There is a prior survey report from Pál et al. (2020) of 2.88958 along 
with reports from Ferrero (2012) of 2.890 and Strabla et al. (2012) 
of 2.89. The LCDB quality score U was 2+. We found a period of 
2.890 ± 0.004 hours with an amplitude of 0.10 ± 0.02 mag, in 
agreement with prior reports. 
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5424 Covington. This inner main-belt asteroid was discovered by 
Ted Bowell at Flagstaff in 1983. It is named after Arthur Edwin 
Covington, the first Canadian radio astronomer, who discovered 
that the sun emits large amounts of microwaves in the 10.7 cm 
wavelength. There was one prior report from Behrend (2006web) 
of 5.0 ± 0.6 hours with an ALCDEF quality score U of 2. We found 
5.4595 ± 0.007 hours with an amplitude of 0.299 mag. Our data 
covers multiple cycles, so we consider this result secure. 

 

6950 Simonek is a member of the Eunomia family discovered in 
1982 by F. Dossin at Haute Provence. It is named after Simone Ek, 
wife of the discover. 

There are two prior survey reports from Waszczak et al. (2015) of 
3.083 and Pál et al. (2020) of 3.29607. We found a period of  
3.298 ± 0.002 hours with an amplitude of 0.106 ± 0.03 mag, in 
agreement with Pál. 

 

6735 Madhatter was discovered in 1992 by T. Urata at Nihondaira 
Observatory. It is named after the character in Lewis Carroll’s 

Alice’s Adventures in Wonderland. We found a period of  
8.550 ± 0.004 hours with an amplitude of 0.136 ± 0.169 mag. We 
were unable to find any prior rotation period reports. 

 

9010 Candelo. We found a period of 5.016 ± 0.001 hours with an 
amplitude of 0.112 ± 0.0278 for this inner main-belt asteroid. We 
found no prior rotation period reports. 

 

13352 Gyssens. Pál et al. (2020) reported 3.040 hours for this 
member of the Eunomia family. The LCDB quality score U was 2. 
We found 3.041 ± 0.001 hours with an amplitude of 0.196 ± 0.016 
mag, in agreement with Pál. 
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(13542) 1991 VC5 was discovered by Otomo at Kiyosata. We 
found a period of 52.807 ± 0.023 hours with an amplitude of  
0.398 ± 0.0371 mag. We found no prior rotation period reports. 

 

24863 Cheli was discovered in 1996 by d’Isonzo at Farra d’Isonzo. 
It is named for Italian astronaut Maurizio Cheli. We observed it on 
fifteen nights in 2024 December through 2025 February, finding a 
period of 16.716 ± 0.005 with an amplitude of 0.1646 ± 0.0393 mag. 
We found no prior rotation period reports. 

 

27736 Ekaterinburg. We found a period of 5.6036 ± 0.0011 hours 
with an amplitude of 0.552 ± 0.0342 mag. We found no prior 
rotation period reports. 
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Photometric observations of seven asteroids were made 
in order to acquire lightcurves for shape/spin axis 
modeling. Lightcurves were acquired for 862 Franzia, 
1318 Nerina, 1342 Brabantia, 4133 Heureka, 6239 
Minos, (137126) 1999 CF9, and (137805) 1999 YK5. 

Collaborative asteroid photometry was done inside the Italian 
Amateur Astronomers Union (UAI, 2024) group. The targets were 
selected mainly in order to acquire lightcurves for shape/spin axis 
modeling. Table I shows the observing circumstances and results. 

The CCD observations were made in 2025 January-March using the 
instrumentation described in the Table II. Lightcurve analysis was 
performed at the Balzaretto Observatory with MPO Canopus 
(Warner, 2023). All the images were calibrated with dark and flat 
frames and converted to standard magnitudes using solar colored 
field stars from CMC15 and ATLAS catalogues, distributed with 
MPO Canopus. For brevity, “LCDB” is a reference to the asteroid 
lightcurve database (Warner et al., 2009). 

862 Franzia is a S-type (Bus and Binzel, 2002) middle main-belt 
asteroid. Collaborative observations were made over nine nights. 

The period analysis shows a synodic period of P = 7.522 ± 0.001 h 
with an amplitude A = 0.14 ± 0.03 mag, close to the previously 
published results in the LCDB. For the H-G parameters, the half 
peak-to-peak R band magnitude of each session has been evaluated 
and converted to V band, using the color index found by Franco  
et al. (2024; 0.46 ± 0.01). We found H = 10.09 ± 0.05 and  
G = 0.37 ± 0.08. 

 

 
1318 Nerina is a medium albedo inner main-belt asteroid. 
Collaborative observations were made over seven nights. The 
period analysis shows a synodic period of P = 2.5276 ± 0.0001 h 
with an amplitude A = 0.08 ± 0.03 mag. 

 

The period is close to the previously published results in the LCDB. 
Multiband photometry, obtained by N. Montigiani and M. 
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Mannucci (A57) on 2025 March 19, shows color indices  
B-V = 0.67 ± 0.04; V-R = 0.41 ± 0.04, both close to a M-type 
asteroid (Shevchenko and Lupishko, 1998; 0.72 ± 0.09;  
0.42 ± 0.04).  

 

1342 Brabantia is a X-type (Tholen, 1984) inner main-belt asteroid. 
Collaborative observations were made over six nights. The period 
analysis shows a synodic period of P = 4.1750 ± 0.0002 h with an 
amplitude A = 0.18 ± 0.02 mag. The period is close to the previously 
published results in the LCDB. 

 

4133 Heureka is a medium-albedo middle main-belt asteroid. 
Collaborative observations were made over four nights. The split 
halves plot shows almost identical halves; we prefer the 
quadrimodal solution with P = 3.730 ± 0.001 h and an amplitude  
A = 0.13 ± 0.03 mag, below the spin barrier of 2.2 hours. This 
solution is close to Chelius (2023; 3.726 h ± 0.001). Multiband 
photometry was acquired by P. Bacci and M. Maestripieri (104), 
and by N.Montigiani and M. Mannucci (A57) on 2025 February 15, 
respectively in the V, R and B, V, R bands. We found the color 
indices B-V = 0.82 ± 0.07; V-R = 0.48 ± 0.05. This last is the result 
of averaging the two independent values. Both color indices are 
close to a S-type asteroid (Shevchenko and Lupishko, 1998;  
0.86 ± 0.04; 0.49 ± 0.05). 

 

 

 

6239 Minos is an Apollo Near-Earth asteroid, classified as a 
Potentially Hazardous Asteroid (PHA). Observations by L. Buzzi 
were made over one night at the Schiaparelli Observatory (204). We 
found a synodic period of P = 3.55 ± 0.02 h and an amplitude  
A = 0.09 ± 0.03 mag. The period is close to the previously published 
results in the LCDB. 
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(137126) 1999 CF9 is an Apollo Near-Earth asteroid, classified as 
a Potentially Hazardous Asteroid (PHA). Collaborative 
observations were made over three nights. We found a bimodal 
solution with a synodic period of P = 6.67 ± 0.01 h and an amplitude 
A = 0.96 ± 0.04 mag. No others periods were found in the LCDB. 

 

 

(137805) 1999 YK5 is an Aten Near-Earth asteroid. Observations 
by L. Buzzi were made over two nights at the Schiaparelli 
Observatory (204). We found a quadrimodal solution with a 
synodic period of P = 6.91 ± 0.1 h and an amplitude A = 0.21 ± 0.07 
mag. This period is almost double compared to the previously 
published results in the LCDB. 
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Number Name 2025 mm/dd Phase LPAB BPAB Period(h) P.E. Amp A.E. Grp 
 862 Franzia 01/15-03/04 *1.2,16.9 118 -1 7.522 0.001 0.14 0.03 MB-M 
 1318 Nerina 03/02-03/20 *7.2,10.5 166 7 2.5276 0.0001 0.08 0.03 MB-I 
 1342 Brabantia 02/09-03/19 *5.2,22.2 146 -10 4.1750 0.0002 0.18 0.02 MB-I 
 4133 Heureka 02/05-02/15 *2.7, 2.5 142 1 3.730 0.001 0.13 0.03 MB-M 
 6239 Minos 01/15-01/15 25.3,25.9 105 13 3.55 0.02 0.09 0.03 NEA  
137126 1999 CF9 03/04-03/06 46.1,62.0 192 10 6.67 0.01 0.96 0.04 NEA  
137805 1999 YK5 01/14-01/17 37.1,37.7 111 33 6.91 0.01 0.21 0.07 NEA  

Table I. Observing circumstances and results. The first line gives the results for the primary of a binary system. The second line gives the 
orbital period of the satellite and the maximum attenuation. The phase angle is given for the first and last date. If preceded by an asterisk, the 
phase angle reached an extrema during the period. LPAB and BPAB are the approximate phase angle bisector longitude/latitude at mid-date 
range (see Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009). 

 

Observatory (MPC code) Telescope CCD Filters Observed Asteroids (#Sessions) 

Astronomical Observatory,  
University of Siena (K54) 

0.30-m MCT f/5.6 
SBIG STL-6303e  
(bin 2×2) 

Rc,C 
862(3), 1318(1), 1342(3), 
4133(1) 

GiaGa Observatory (203) 0.36-m SCT f/5.8 Moravian G2-3200 Rc,C 862(3), 1318(2), 4133(1) 

Iota Scorpii(K78) 0.40-m RCT f/6.1 
CMOS QHY 268  
(bin 4×4) 

Rc 
862(2), 1318(1), 1342(1), 
4133(1) 

Osservatorio Astronomico 
Margherita Hack (A57) 0.35-m SCT f/8.3 

SBIG ST10XME  
(bin 2×2) B,V,Rc 1318(2), 4133(2) 

Schiaparelli Observatory 
(204) 0.84-m NRT f/3.5 

Moravian C3-61000 
PRO (bin 4×4) C 6239(1), 137805(3) 

San Marcello Pistoiese 
Observatory (104) 

0.60-m NRT f/4.0 Apogee Alta V,Rc,C 4133(1), 137126(2) 

HOB Astronomical 
Observatory (L63) 

0.20-m SCT f/6.0 ATIK 383L+ (bin 2x2) C 1318(1), 1342(1) 

Osservatorio Astronomico 
Nastro Verde (C82) 

0.35-m SCT f/6.3 
SBIG ST10XME (bin 
2×2) 

C 1318(2) 

Zen Observatory (M26) 0.30-m RCT f/7.4 ATIK 383L+ (bin 2×2) C 137126(1) 

M57 (K38) 0.35-m RCT f/5.5 SBIG STT1603ME Rc 862(1) 

GAV 0-20-m SCT f/6.3 QSI683 (bin 2×2) Rc 1342(1) 

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

Number Name 2025 mm/dd Phase LPAB BPAB Period(h) P.E. Amp A.E. Grp 
 862 Franzia 01/15-03/04 *1.2,16.9 118 -1 7.522 0.001 0.14 0.03 MB-M 
 1318 Nerina 03/02-03/20 *7.2,10.5 166 7 2.5276 0.0001 0.08 0.03 MB-I 
 1342 Brabantia 02/09-03/19 *5.2,22.2 146 -10 4.1750 0.0002 0.18 0.02 MB-I 
 4133 Heureka 02/05-02/15 *2.7,2.5 142 1 3.730 0.001 0.13 0.03 MB-M
 6239 Minos 01/15-01/15 25.3,25.9 105 13 3.55 0.02 0.09 0.03 NEA
137126 1999 CF9 03/04-03/06 46.1,62.0 192 10 6.67 0.01 0.96 0.04 NEA
137805 1999 YK5 01/14-01/17 37.1,37.7 111 33 6.91 0.01 0.21 0.07 NEA 

Table I. Observing circumstances and results. The first line gives the results for the primary of a binary system. The second line gives the 
orbital period of the satellite and the maximum attenuation. The phase angle is given for the first and last date. If preceded by an asterisk, the 
phase angle reached an extrema during the period. LPAB and BPAB are the approximate phase angle bisector longitude/latitude at mid-date 
range (see Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009). 

 

Observatory (MPC code) Telescope CCD Filters Observed Asteroids (#Sessions) 

Astronomical Observatory,  
University of Siena (K54) 

0.30-m MCT f/5.6 
SBIG STL-6303e  
(bin 2×2) 

Rc,C 
862(3), 1318(1), 1342(3), 
4133(1) 

GiaGa Observatory (203) 0.36-m SCT f/5.8 Moravian G2-3200 Rc,C 862(3), 1318(2), 4133(1) 

Iota Scorpii(K78) 0.40-m RCT f/6.1 
CMOS QHY 268  
(bin 4x4) Rc 

862(2), 1318(1), 1342(1), 
4133(1) 

Osservatorio Astronomico 
Margherita Hack (A57) 

0.35-m SCT f/8.3 
SBIG ST10XME  
(bin 2x2) 

B,V,Rc 1318(2), 4133(2) 

Schiaparelli Observatory 
(204) 

0.84-m NRT f/3.5 
Moravian C3-61000 
PRO (bin 4×4) 

C 6239(1), 137805(3) 

San Marcello Pistoiese 
Observatory (104) 

0.60-m NRT f/4.0 Apogee Alta V,Rc,C 4133(1), 137126(2) 

HOB Astronomical 
Observatory (L63) 0.20-m SCT f/6.0 ATIK 383L+ (bin 2x2) C 1318(1), 1342(1) 

Osservatorio Astronomico 
Nastro Verde (C82) 0.35-m SCT f/6.3 

SBIG ST10XME (bin 
2x2) C 1318(2) 

Zen Observatory (M26) 0.30-m RCT f/7.4 ATIK 383L+ (bin 2x2) C 137126(1) 

M57 (K38) 0.35-m RCT f/5.5 SBIG STT1603ME Rc 862(1) 

GAV 0-20-m SCT f/6.3 QSI683 (bin 2x2) Rc 1342(1) 

Table II. Observing Instrumentations.  MCT: Maksutov-Cassegrain, NRT: Newtonian Reflector, RCT: Ritchey-Chretien, SCT: Schmidt-
Cassegrain. 
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Synodic rotation periods and lightcurves established for 
26 asteroids observed at the Sopot Astronomical 
Observatory in the time span 2024 October - 2025 March 
are summarized in this paper. 

Photometric observations of 26 asteroids were conducted at Sopot 
Astronomical Observatory (SAO) from 2024 October through 2025 
March 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 2×2 binning mode, which produces image 
scales of 1.66 arcsec/pixel and 1.25 arcsec/pixel for ST-8 XME and 
ST-10 XME cameras, respectively. Prior to measurements, all 
images were corrected using dark and flat field frames. 

Photometric reduction was conducted using MPO Canopus 
(Warner, 2018). Differential photometry with up to five comparison 
stars of near solar color (0.5 ≤ B-V ≤ 0.9) was performed using the 
Comparison Star Selector (CSS) utility. This helped ensure a 
satisfactory quality level of night-to-night zero-point calibrations 
and correlation of the measurements within the standard magnitude 
framework. Field comparison stars were calibrated using standard 
Cousins R magnitudes derived from the Carlsberg Meridian 
Catalog 15 (VizieR, 2024) Sloan r' magnitudes using the formula: 
R = r' - 0.22 in all cases presented in this paper. In some instances, 
small zero-point adjustments were necessary in order to achieve the 
best match between individual data sets in terms of achieving the 
most favorable statistical indicators of Fourier fit goodness. 

Lightcurve construction and period analysis was performed using 
Perfindia custom-made software developed in the R statistical 
programming language (R Core Team, 2024) by the author of this 
paper. The essence of its algorithm is reflected in finding the most 
favorable solution for rotational period by minimizing the residual 
standard error of the lightcurve Fourier fit. 

In summary, it represents a sequence of the following numerical 
and statistical procedures applied over a combined photometric 
dataset covering a range of solar phase angles for which the 
rotational lightcurve does not undergo significant shape changes: 

The original data are prepared by applying appropriate light-time 
and apparent magnitude corrections to compensate for the effects of 
finite velocity light propagation and changes of apparent magnitude 
due to the asteroid’s solar phase angle change over the course of 
observations. 

The light-time correction values (τ) are subtracted from the initial 
observation times in Julian days: 

τ = 0.0057755183 ∆            (1) 

Δ is the geocentric distance of a target in astronomical units. 

For magnitude corrections (Δm) to achieve better initial alignment 
of individual data sets from different nights along the intensity axis, 
the formula given in Zeigler and Hanshaw (2016) is applied: 

∆𝑚 = −2.5 𝑙𝑜𝑔 
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where Δi  and Δo, ri and r0 are the mean geocentric and heliocentric 
distances of a target on the i-th night and the initial night of 
observation, respectively. 

The linear regression method incorporated in the R programming 
language is applied upon the data previously prepared in the above-
described manner to fit the entire series of Fourier models 
represented by equation (3) for different rotation period guesses 
over a user-selected interval [P0, P0 + k ΔP] and with a predefined 
step (resolution) ΔP and a predefined number of steps (k) for the 
inital value of a period P0. 

𝑚(𝜑) = 𝑚଴ + ∑ (𝑎௡ cos  nφ + 𝑏௡ sin  𝑛𝜑)௟
௡ୀଵ  + ϵ        (3) 

Here, φ is the rotational phase, defined as follows:  
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t is the time of individual observation, t0 is the time of the first 
observation in the combined data set, Pi is one of rotational period 
guesses from a predefined interval of period values representing an 
individual Fourier model.  m0 in (3) is the mean apparent magnitude 
corresponding to the solar phase angle of the initial observation. an 
and bn are the Fourier coefficients of the n-th order. Setting the 
maximum value of the Fourier order (n = l) in (3) is not limited by 
the program, but in practice it is most often not the case to take 
values greater than 15. 

ϵ is an error term independent of the sine and cosine terms, 
representing some random error of the model. 

One of the common ways to determine the regression model 
random error dispersion in the R statistical programming language 
is to calculate residual standard error (RSE) as a measure of the 
standard deviation of the residuals ϵ. 

The regression model residual standard error is calculated 
according to the following formula: 

𝑅𝑆𝐸 =  ට
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               (5) 

where the RSS is the residual sum of squares or deviance, which 
represents the sum of the squares of the vertical deviations of the 
magnitudes of the individual data points (mi) from the values 
predicted by the Fourier fit (mpred.), and RDF (residual degrees of 
freedom) is calculated as n-k-1, where n is total number of 
observations and k is the total number of model parameters that 
corresponds to the total number of Fourier coefficients an and bn in 
(3). 

The Perfindia algorithm aims to find the value of a period P in the 
above-mentioned user-preset period range that corresponds to the 
model with minimal RSE, generating a whole series of models (3) 
associated with their corresponding periods Pi for which the 
inherent RSEs are determined. In other words, a period spectrum is 
generated (i.e. dependence of the RSE on the period) from which a 
period with the minimum RSE value is extracted. The model with 
minimum RSE should correspond to the best Fourier fit 



240 

 Minor Planet Bulletin 52 (2025) 

representation of the rotational lightcurve in a predefined period 
range, and the corresponding period extracted from the entire set of 
values should represent the most plausible synodic rotation period 
value in the given period range. 

Subsequent refinement of the obtained period (model) is certainly 
possible by iteratively searching an increasingly narrow range 
around the initially found period value by reducing the “scanning” 
steps ΔP. The program also has the ability to gradually 
automatically vertically shift each individual data set of choice in a 
narrow interval around the most favorable period value until the 
lowest ultimate RSE is found. 

The lightcurve plots presented in this paper show so-called 2% error 
for rotational periods, i.e. an error that would cause the last data 
point in a combined data set by date order to be shifted by 2% 
(Warner, 2012a) and represented by the following formula: 

∆𝑃 =  
଴.଴ଶ  ‧  ୘ 

௉మ
                    (6) 

where P and T are the rotational period and the total time span of 
observations, respectively. Both of these quantities must be 
expressed in the same units. 

Table I gives the observing circumstances and results. 

Observations and results 

1205 Ebella. A search of the Asteroid Lightcurve Database records 
(LCDB; Warner et al., 2009) shows no previous rotation period 
determination results for this asteroid. Photometric observations 
carried out in 2024 October over 6 nights indicate a bimodal 
lightcurve with a period of P = 3.0019 ± 0.0007 h as the statistically 
most favorable solution. 

 

2738 Viracocha. Stone (2024) finds 2.639 h for the rotational 
period. A bimodal period solution (P = 2.6391 ± 0.0004 h) obtained 
from SAO observations in 2025 March is quite identical to the only 
previously found result. 

 

3486 Fulchignoni. Rotation period of P = 2.8076 ± 0.0003 h, found 
from the SAO data obtained in 2024 October on 4 nights matches 
well with the only previously determined rotation period result by 
Erasmus et al. (2020) of 2.808 h. 

 

3583 Burdett. No previous rotation period determinations are 
known for this asteroid. Observations conducted over 5 nights in 
2024 October-November indicate a bimodal rotational period of  
P = 2.7191 ± 0.0004 h. 

  

4031 Mueller. A period of P = 2.944 ± 0.006 h, obtained from a 
dense combined photometric dataset acquired over two consecutive 
nights in 2024 November is in excellent agreement with virtually 
all previously reported rotation period determinations listed in the 
LCDB, some of which are as follows: 2.9420 h (Warner, 2009), 
2.944 h (Warner, 2012b), 2.942 h (Warner, 2017), 2.940 h 
(Behrend, 2020web), 2.9413 h (Behrend, 2023web). 
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4133 Heureka. The obtained period result of P = 3.7295 ± 0.0008 
h is very close to the only previously reported period of 3.726 h by 
Chelius (2023). 

 

4159 Freeman. In this case as well, observations made at SAO on 3 
consecutive nights in 2024 November led to a result (P = 4.399 ± 
0.009 h) that is in line with virtually all previously reported values 
listed in the LCDB: Ditteon et al. (2004, 4.4021 h), Behrend 
(2009web, 4.405 h), Waszczak et al. (2015, 4.399 h and 4.403 h), 
Behrend (2022web, 4.393 h). 

 

4225 Hobart. Dense photometric data collected at SAO over 3 
nights in 2024 October show statistically unambiguous bimodal 
solution for period of P = 2.7737 ± 0.0006 h. There is no indication 
of any deviations in the lightcurve indirectly noted by Behrend 
(2023web) on the “Observatoire de Geneve” website, which states 
the triple period shown here (8.320152 h), with the comment that 
rotational cycles do not repeat identically, which may indicate some 
deviations present in the lightcurve. 

 

4706 Dennisreuter. Analysis of dense photometric data obtained on 
9 nights shows an unequivocal rotation period of  
P = 2.4599 ± 0.0002 h, different from the previous results presented 
in the LCDB, among which the closest is the one obtained by 
Waszczak et al. (2015) of 2.578 h. 

 

4789 Sprattia. Observations on 3 nights in 2024 October-November 
show a bimodal rotation period result of P = 3.1341 ± 0.0009 h, 
statistically identical to the only previously obtained result by 
Waszczak et al. (2015) of 3.136 h, which is in very good agreement 
with the result presented here. 

 

5491 Kaulbach. According to the LCDB records, this is another 
asteroid with no previously known rotation period. Combined dense 
photometric data obtained over 4 nights in 2024 late October - early 
November yielded an unambiguous period solution of  
P = 2.7777 ± 0.0008 h. 
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5668 Foucault. The found period value (P = 2.5739 ± 0.0002 h) is 
quite close to the only previously reported one of 2.5540 h (Pravec, 
2018web). 

  

5802 Casteldelpiano. The 2025 February - March data show a low-
amplitude bimodal lightcurve phased to a period of  
P = 2.9708 ± 0.0004 h as the most favorable unequivocal solution, 
which is highly consistent with the values present in the  
LCDB: 2.971 h (Waszczak et al., 2015), 2.9705 h (Pravec, 
2018web), and 2.971 h (Dose, 2021). 

 

6171 Uttorp. No prior rotation period determinations were found 
for this asteroid. Observations over 5 nights in 2024 October - 
November show a bimodal lightcurve with a period of  
P = 3.687 ± 0.003 h as the most favorable solution resulting from 
the period analysis. 

 

6243 Yoder. Previous reports on rotation period determinations are 
not known in this case as well. Three nights of observations in 2025 
February-March yielded a bimodal lightcurve of relatively large 
amplitude (0.24 mag.) at low solar phase angles with a period of  
P = 2.9526 ± 0.0007 h. 

 

(6348) 1995 CH1. A dense photometric dataset from 3 nights in 
2024 October - November shows a period of P = 3.083 ± 0.001 h, 
which is in a good agreement with two previously found values of 
3.09 h (Chang et al., 2015) and 3.085 h (Waszczak et al., 2015). 

 

(6634) 1987 KB. Stephens (2014) and Pal et al. (2020) found 
following values for rotation periods: 5.333 h and 5.32762 h, 
respectively. The period value found from dense data obtained on 2 
consecutive nights at SAO gives a period of P = 5.34 ± 0.03 h, 
which is in good agreement with two aforementioned results. 
Behrend (2002web, 2020web), on the other hand, finds two very 
close to each other, but significantly different values for period 
compared to the other results: 7.251 h (2002) and 7.159 h (2020). It 
should be noted that these latter results are derived from data that 
only partially cover the rotational cycle (in the older dataset) or are 
very sparse and noisy. 
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6821 Ranevskaya. A bimodal period solution of P = 2.811 ± 0.004 
h was found from data obtained during 3 consecutive nights in 2024 
December. The only previously found period of 2.81 h (Carbo  
et al., 2009) fully agrees with the newly established one. 

  

(6858) 1990 ST10. Prior reports on rotation period determinations 
for this asteroid do not exist. Five nights of observations in 2025 
January - February resulted in a bimodal lightcurve with a period of 
P = 2.8009 ± 0.0003 h. 

 

(13819) 1999 SX5. The newly established rotation period  
(P = 2.586 ± 0.002 h) is in accordance with previously found ones: 
2.5848 h (Behrend, 2020web) and 2.592 h (Skiff et al., 2023). 

 

(17485) 1991 RP9. There are no previous period determination 
records in the LCDB for this one. Dense photometric data collected 
over more than a month of observations from late 2024 November 
to 2025 early January point out a bimodal solution for rotational 
period of P = 2.8073 ± 0.0002 h. 

 

(18489) 1996 BV2. According to the LCDB records this is the first 
rotation period determination for this asteroid. Observations made 
on 4 consecutive nights in late 2025 January reveal a period of  
P = 2.935 ± 0.003 h. 

 

(21755) 1999 RE190. Observed for 3 nights in early 2025 January. 
The found unique bimodal solution for a period of  
P = 2.979 ± 0.002 h is distinctly different from the four results 
obtained by Erasmus et al. (2018, 2019), all of which are between 
1.9 and 1.97 h. 
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24260 Krivan. The only previous reference by Brinsfield (2012, 
3.318 h) is fully consistent with the newly established bimodal 
solution of P = 3.319 ± 0.003 h, obtained from 2 nights of 
observations in 2025 January. 

 

(30839) 1991 GH1. A unique period result of P = 3.503 ± 0.004 h 
was established based on data from 3 nights of observations in 2025 
March. This is the first period determination for this asteroid. 

  

(56086) 1999 AA21. The newly determined rotation period of  
P = 2.775 ± 0.003 h from 3 nights of observations in 2024 October 
is completely in line with previously found values by Pal et al. 
(2020, 2.76957 h), Stephens and Warner (2021, 2.77037 h) and 
Benishek (2021, 2.7699 h). 

Number Name              20yy/mm/dd  Phase LPAB BPAB Period  (h)  P.E. Amp A.E. Grp          

 1205 Ebella         24/10/12-24/10/24   21.8,16.2 54  5  3.0019 0.0007 0.17 0.02 MB-I 
 2738 Viracocha      25/03/03-25/03/21    9.9,16.7 143  -1  2.6391 0.0004 0.22 0.03 MB-O 
 3486 Fulchignoni    24/09/30-24/10/23   *3.5, 9.9 14  -2  2.8076 0.0003 0.19 0.02 HER  
 3583 Burdett        24/10/21-24/11/07   *5.3, 4.8 38  0  2.7191 0.0004 0.14 0.02 HER  
 4031 Mueller        24/11/16-24/11/18   20.4,20.9 38  23  2.944 0.006 0.18 0.03 HUN  
 4133 Heureka        25/02/21-25/03/08    5.4,12.4 142  -1  3.7295 0.0008 0.16 0.03 EUN  
 4159 Freeman        24/11/17-24/11/19   23.4,23.3 132  8  4.399 0.009 0.42 0.03 MB-I 
 4225 Hobart         24/10/10-24/10/21    4.5,10.3 12  -4  2.7737 0.0006 0.19 0.02 MB-I 
 4706 Dennisreuter   24/09/30-24/11/03   *3.4,15.7 13  -4  2.4599 0.0002 0.06 0.03 MB-I 
 4789 Sprattia       24/10/29-24/11/08   10.1, 4.6 53  -1  3.1341 0.0009 0.20 0.03 MB-I 
 5491 Kaulbach       24/10/28-24/11/06    9.6, 5.6 47  7  2.7777 0.0008 0.12 0.02 FLOR 
 5668 Foucault       25/02/06-25/03/05  *10.5, 7.8 154  7  2.5739 0.0002 0.14 0.03 FLOR 
 5802 Casteldelpiano 25/02/10-25/03/03   21.2,11.4 179  2  2.9708 0.0004 0.08 0.03 MB-I 
 6171 Uttorp         24/10/31-24/11/05    8.0, 5.1 50  4  3.687 0.003 0.25 0.02 MB-I 
 6243 Yoder          25/02/21-25/03/04    9.0, 3.2 167  -3  2.9526 0.0007 0.24 0.03 MB-I 
 6348 1995 CH1       24/10/29-24/11/07    4.3, 6.5 36  7  3.083 0.001 0.17 0.03 MB-I 
 6634 1987 KB        24/11/17-24/11/18   16.8,17.2 26  7  5.34 0.03 0.30 0.02 MB-I 
 6821 Ranevskaya     24/12/16-24/12/19    3.8, 5.0 79  -1  2.811 0.004 0.13 0.02 MB-I 
 6858 1990 ST10      25/01/09-25/02/06  *12.9, 5.7 132  10  2.8009 0.0003 0.31 0.03 EUN  
 13819 1999 SX5       25/02/02-25/02/05    3.0, 1.2 138  -1  2.586 0.002 0.09 0.03 PHO  
 17485 1991 RP9       24/11/25-25/01/01   *5.5,16.2 70  9  2.8073 0.0002 0.17 0.03 MAR  
 18489 1996 BV2       25/01/26-25/01/29    9.4, 8.2 143  8  2.935 0.003 0.18 0.03 MB-I 
 21755 1999 RE190     25/01/05-25/01/09   11.6, 9.8 121  -9  2.979 0.002 0.31 0.03 MB-I 
 24260 Krivan         25/01/05-25/01/09   11.6,10.7 118  18  3.319 0.003 0.34 0.03 EUN  
 30839 1991 GH1       25/03/05-25/03/09    8.8, 7.2 179  5  3.503 0.004 0.16 0.03 NP   
 56086 1999 AA21      24/10/18-24/10/21   18.0,18.1 26  28  2.775 0.003 0.15 0.03 PHO  

Table I. Observing circumstances and results. Phase is the solar phase angle given at the start and end of the date range. If preceded by an 
asterisk, the phase angle reached an extrema during the period. LPAB and BPAB are the average phase angle bisector longitude and latitude.  
Grp is the asteroid family/group (Warner et al., 2009): MB-I = main-belt inner, MB-O = main-belt outer, MAR = Maria, PHO = Phocaea,  
HER = Hertha, FLOR = Flora, NP = Nysa-Polana, EUN = Eunomia, HUN = Hungaria. 
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We assess data for 32 asteroids to investigate whether or 
not there have been significant changes in the previously 
published results for their rotation periods. A secondary 
goal is to contribute to the creation of 3D models. The 32 
asteroids studied were: 77 Frigga (9.005 h), 79 Eurynome 
(5.975 h), 174 Phaedra (5.746 h), 247 Eukrate (12.091 h), 
291 Alice (4.316 h), 321 Florentina (2.870 h),  
350 Ornamenta (9.182 h), 402 Chloe (10.668 h),  
416 Vaticana (5.370 h), 504 Cora (7.587 h), 511 Davida 
(5.129 h), 513 Centesima (4.792 h), 534 Nassovia  
(9.476 h), 575 Renate (3.676 h), 620 Drakonia (5.488 h), 
675 Ludmilla (7.717 h), 766 Moguntia (4.817 h),  
802 Epyaxa (4.392 h), 811 Nauheima (4.002 h),  
966 Muschi (5.353 h), 1120 Cannonia (3.811 h),  
1260 Walhalla (3.858 h), 1514 Ricouxa (10.415 h),  
1664 Felix (3.345 h), 1808 Bellerophon (4.149 h),  
1925 Franklin-Adams (2.979 h), 2195 Tengstrom  
(2.821 h), 2693 Yan’an (3.841 h), 3654 AAS (3.549 h), 
3672 Stevedberg (2.778 h), 4440 Tchantches (2.788 h) 
and 5598 Carlmurray (2.923 h). 

Introduction. Through a broad collaboration we report recent 
lightcurve observations summarized in Table I. The images 
obtained were calibrated in the conventional mode, without 
photometric filter, and with the application of darks, bias and flats. 
Data analysis and processing were performed using FotoDif (2021), 
Tycho Tracker (2023) and Periodos (2020) software. In addition, 
all data were light-time corrected. The results are summarized 
below. Individual lightcurve plots along additional comments as 
required are also presented. 

77 Frigga. One of the most recent observations of this asteroid was 
made by Raoul Behrend in 2021 (Behrend, 2021web). Our 
observations were made in the early days of February 2025, 
resulting in a light curve and data that allowed us to deduce a 
rotation period of 9.005 ± 0.006 hours and an amplitude of  
0.080 ± 0.008 units. These values are very close to those obtained 
by Raoul Behrend and those published in ALCDEF (9.0032 h). 

 

79 Eurynome. Although our study and follow-up of this asteroid 
began in April 2022, it had to be resumed at the end of January 2025 
and completed at the beginning of February of the same year. The 
result obtained for its rotation period does not differ significantly 
from the previous one, which is widely published in the literature 
(v.g. Scaltriti and Zappala 1976). The curve we plotted, with just 
over 1700 points, allowe,d us to deduce a period P = 5.975 ± 0.011 
hours, and an amplitude of A = 0.200 ± 0.016. 



 247 

 Minor Planet Bulletin 52 (2025) 

 

174 Phaedra. Discovered on 1877 September 2 from the United 
States, our observations were made between late January and early 
February 2025. The data obtained allowed us to deduce a rotation 
period of 5.746 ± 0.014 hours, and an amplitude of  
A = 0.260 ± 0.020. These data are in acceptable agreement with 
those recently published in 2018 by Raoul Behrend (Behrend, 
2018web). 

 

247 Eukrate. Between mid-December 2024 and early January 2025, 
we made observations of this main belt asteroid. The obtained curve 
and data allowed us to deduce a rotation period P = 12.091 ± 0.008 
hours, and an amplitude of 0.100 ± 0.011. These results are 
consistent with those recently published in 2016 by Hanus et al. 
(2016). 

 

291 Alice. There is an extensive bibliography and results on this 
asteroid. One of the most recent is from 2019 (Ruthroff, 2019). Ours 
were carried out between November and December 2024 and 
allowed us to deduce a rotation period of 4.316 ± 0.017 hours and 
an amplitude of 0.120 ± 0.025. These results are in agreement with 
previously published results. 

 

321 Florentina. This asteroid, which belongs to the main asteroid 
belt and was discovered on 1891 October 15 by Johann Palisa of 
the Vienna Observatory, has been a much-studied asteroid since 
1958. One of the last follow-up observations was made in 2022 by 
Wilkin et al. (2022). Our observations were made between 
November and December 2024. The data obtained and the light 
curve produced allowed us to deduce a rotation period of  
2.870 ± 0.025 hours, and A = 0.340 ± 0.035. 

 

350 Ornamenta. Discovered in 1892 by the Nice Observatory, 
Ornamenta is a main belt asteroid with a diameter of almost 130 
km. Its rotation period has been extensively studied since 1993 by 
Schober et al. (1993). Our studies of this asteroid were carried out 
at the end of December 2024. We were able to derive a rotation 
period of 9.182 ± 0.009 hours and an amplitude of 0.230 ± 0.012. 

 

402 Chloe. Raoul Behrend’s 2022 observations (Behrend, 
2022web) are one of the latest to be published. Ours were made 
between November and December 2024 and allowed us to deduce 
a rotation period of 10.668 ± 0.013 hours and an amplitude of  
0.300 ± 0.019. 
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416 Vaticana. In December 2024, we made observations of this 
asteroid. We were able to construct a complete curve that allowed 
us to deduce a rotation period of 5.370 ± 0.009 hours, and  
A = 0.080 ± 0.012 units. 

 

504 Cora. The images obtained of this asteroid, and the light curve 
constructed from them, allowed us to obtain a rotation period in 
perfect agreement with the latest published measurements (Pilcher, 
2021). Our results, P = 7.587 ± 0.015 hours, and A = 0.160 ± 0.021. 

 

511 Davida. There is a long list of publications on this main belt 
asteroid, starting in 1954, of which 2021 is one of the most recent 
(Vernazza et al., 2021). Our observations were carried out during 
the month of November 2024 and allowed us to obtain a rotation 
period data in excellent agreement with the existing ones. We 
obtained P = 5.129 ± 0.008 hours and A = 0.260 ± 0.016. 

 

513 Centesima. With a diameter of almost 50 km, this main belt 
asteroid has also been studied on several occasions, one of the most 
recent being by Polakis in 2022 (Polakis, 2022). Ours took place in 
November 2024 and allowed us to deduce a rotation period of  
4.792 ± 0.019 hours, and A = 0.310 ± 0.027, in perfect agreement 
with the most recent previous studies. 

 

534 Nassovia. There are numerous references in the ALCDEF 
database for this asteroid, giving it a rotation period of 9.382 hours. 
However, our observations, made in December 2024, differ slightly 
from this result. We obtained a period of 9.476 ± 0.011 hours and 
an amplitude A = 0.100 ± 0.016. 

 

575 Renate. Belonging to the main asteroid belt, and discovered in 
September of 1905. ALCDEF has a published rotation period of 
3,676 hours. During the month of November 2024, we tracked this 
asteroid, and we were able to deduce a rotation period in perfect 
agreement with the above data. Our result was P = 3.676 ± 0.016 
hours, and A = 0.180 ± 0.022. 
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620 Drakonia. During the month of December 2024, we observed 
this main belt asteroid and were able to deduce a rotation period of 
P = 5.488 ± 0.021 hours and an amplitude of A = 0.540 ± 0.030. 

 

675 Ludmilla. One of the most recent publications of the rotation 
period and amplitude for this asteroid can be found in Martikainen 
et al. (2021). They give a result of 7.717 hours. Our results, obtained 
in late December 2024 and early January 2025, give the same value: 
P = 7.717 ± 0.013 hours, and A = 0.440 ± 0.019. 

 

766 Moguntia. We have not found many publications in the 
literature with results on the rotation period of this asteroid. One of 
them (Behrend, 2010web), gives a value of 4,816 hours. The value 
obtained by our measurements, in December 2024, is practically the 
same: P = 4.817 ± 0.014 hours, A = 0.180 ± 0.020. 

 

802 Epyaxa. The rotation period published for this asteroid in 
ALCDEF is exactly the same as the one we obtained with our 
measurements last December 2024. We measured P = 4.392 ± 0.026 
hours, and A = 0.500 ± 0.037. 

 

811 Nauheima. The observations we have found in the literature for 
this asteroid date from 2008. They give it a rotation period of 4.001 
hours. In the month of December 2024, our measurements allowed 
us to obtain a very similar value: P = 4.002 ± 0.025 hours, and  
A = 0.210 ± 0.035. 

 

966 Muschi. Discovered in November 1921, this main belt asteroid 
has a published rotation period of 5.355 hours in 2020 (Durech  
et al., 2020). Just over 4 years later, in December 2024, our 
observations gave a similar result. P = 5.353 +/- 0.017 hours, and  
A = 0.380 +/- 0.025. 

 

1120 Cannonia. Franco et al. (2020) published for this asteroid a 
result for the rotation period of 3.810 hours. Our result, from 
December 2024, gave an almost identical value: P = 3.811 ± 0.021 
hours, and A = 0.140 ± 0.029. 
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1260 Walhalla. We have not found any data on the rotation period 
of this asteroid in the usual literature. Walhalla is a main-belt 
asteroid discovered in January 1933 by the astronomer Karl 
Wilhelm Reinmuth of the Heidelberg Observatory, and initially 
designated as 1933 BW. Our observations in October 2024 gave a 
period of P = 3.858 ± 0.027 hours and an amplitude of  
0.200 ± 0.039. The periodogram is shown here. 

 

 

1514 Ricouxa. The published rotation period data in ALCDEF 
(10.438 h) is slightly higher than that obtained by our team in late 
December 2024 and early January 2025. Our results are  
P = 10.415 ± 0.039 hours, and A = 0.620 ± 0.055. 

 

1664 Felix. Discovered by Eugène Joseph Delporte at the Royal 
Observatory of Belgium in February 1929, this asteroid has a 
published rotation period of 3,345 hours. Our observations in 
November 2024 confirmed this value, as we found P = 3.345 ± 
0.035 hours, and A = 0.330 ± 0.050. 

 

1808 Bellerophon. There are not many published observations and 
results for the rotation period of this asteroid, so the original JPL 
figure of 3.820 hours had to be confirmed or not. On the other hand, 
ALCDEF shows a different result of 4,147 hours. Our team 
observed it in December 2024 and obtained a result more in line 
with ALCDEF. We measured P = 4.149 ± 0.032 hours,  
A = 0.130 ± 0.045. 

 

1925 Franklin-Adams. This asteroid, which belongs to the asteroid 
belt and was discovered by Hendrik van Gent on 1934 September 9 
from the Leiden South Station in Johannesburg, South Africa, has 
a rotation period that has been extensively studied since 2005. It is 
one of the so-called short-period asteroids, with a published period 
of 2.978 hours (ALCDEF). In December 2024, our team was able 
to obtain its light curve and confirm the result of P = 2.979 ± 0.029 
hours and A = 0.290 ± 0.041. 
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2195 Tengstrom. One of the most recent data for the synodic 
rotation period of this asteroid was obtained by Pravec and 
Sarounova in 2022 (Pravec et al., 2022web), who published a value 
of 2.821 hours. This result is in complete agreement with that 
obtained by our team in November 2024: P = 2.821 ± 0.017 hours, 
and A = 0.280 ± 0.023. 

 

2693 Yan’an. During the month of December 2024, we had the 
opportunity to study this main belt asteroid discovered in November 
1977 by the Purple Mountain Observatory team from the Purple 
Mountain Observatory, Nanjing, (China). The data obtained 
allowed us to determine a rotation period of 3.841 ± 0.021 hours 
and an amplitude of 0.140 ± 0.029. These data are in good 
agreement with those reported in the literature for this short-period 
asteroid (ALCDEF). 

 

3654 AAS. Also known as 1949 QH1, this main belt asteroid, only 
4.3 km in diameter, was discovered on 21 August 1949 by the 
Indiana Asteroid Program team at the Goethe Link Observatory in 
Brooklyn (USA). It is a short-period asteroid with an orbital period 
of 3.548 hours (ALCDEF), although no data were available from 
JPL at the time of our observations. However, in MPB-52 there 
were two articles by Vladimir Benishek (Benishek, 2025) and 
Geoffrey Stone (Stone, 2025) with observations of this asteroid on 
dates similar to ours. Our measurements gave a value almost 

Number Asteroid 20yy mm/dd Phase Period(h) P.E. Amp A.E. 

 77 Frigga 25/02/01-25/02/05 12.0 - 13.6 9.005 0.006 0.080 0.008 
 79 Eurynome 25/01/31-25/02/08 10.3 - 19.6       5.975 0.011 0.200 0.016  
 174 Phaedra 25/02/03-25/02/04  4.0 -  4.4 5.746 0.014 0.260 0.020  
 247 Eukrate 24/12/13-25/01/01 18.9 - 18.4 12.091 0.008 0.100 0.011  
 291 Alice 24/11/19-24/12/10  3.4 -  9.3 4.316 0.017 0.120 0.025  
 321 Florentina 24/11/09-24/12/03 17.9 - 11.3 2.870 0.025 0.340 0.035  
 350 Ornamenta 24/12/20-24/12/27  5.2 -  7.9 9.182 0.009 0.230 0.012  
 402 Chloe 24/11/02-24/12/08  7.5 - 14.6 10.668 0.013 0.300 0.019 
 416 Vaticana        24/12/20-24/12/27      2.7 - 4.4      5.370   0.009 0.080 0.012   
 504 Cora 24/12/06-24/12/10  6.7 -  8.0 7.587 0.015 0.160 0.021 
 511 Davida 24/11/17-24/11/28 10.7 - 13.5 5.129 0.017 0.310 0.024 
 513 Centesima 24/11/23-24/11/27  7.6 -  9.0 4.792 0.027 0.310 0.027 
 534 Nassovia 24/12/21-24/12/23  8.9 -  9.7 9.476 0.011 0.100 0.016 
 575 Renate 24/11/02-24/11/26 15.7 -  9.5 3.676 0.016 0.180 0.022 
 620 Drakonia 24/12/06-24/12/07  5.7 -  5.9 5.488 0.021 0.540 0.030 
 675 Ludmilla 24/11/15-25/01/18 23.1 -  4.6 7.717 0.013 0.440 0.019 
 766 Moguntia 24/12/13-24/12/23  7.3 -  5.6 4.817 0.014 0.180 0.020 
 802 Epyaxa 24/12/07-24/12/09 13.1 - 14.1 4.392 0.026 0.500 0.037 
 811 Nauheima 24/12/13-24/12/21 15.9 - 17.4 4.002 0.025 0.210 0.035 
 966 Muschi 24/12/20-24/12/21 11.3 - 11.6 5.353 0.017 0.380 0.025 
 1120 Cannonia 24/12/24-24/12/30  8.1 - 11.2 3.811 0.021 0.140 0.029 
 1260 Walhalla 24/10/21-24/11/07  5.4 - 10.8 3.858 0.027 0.200 0.039 
 1514 Ricouxa 24/12/25-25/01/02  2.9 -  6.1 10.415 0.039 0.620 0.055 
 1664 Felix 24/11/02-24/11/11  0.9 -  5.6 3.345 0.035 0.330 0.050 
 1808 Bellerophon 24/12/02-24/12/22 13.8 - 20.7 4.419 0.032 0.130 0.045 
 1925 Franklin-Adams 24/12/24-24/12/30 15.7 - 17.5 2.979 0.029 0.290 0.041 
 2195 Tengstrom 24/11/19-24/11/27  5.8 -  2.5 2.821 0.017 0.280 0.023 
 2693 Yan’an 24/12/02-24/12/04 15.9 - 16.9 3.841 0.021 0.140 0.029 
 3654 AAS 24/09/29-24/11/07  0.9 - 21.9 3.549 0.020 0.120 0.029 
 3672 Stevedberg 24/12/08-24/12/10  8.1 -  9.0 2.778 0.018 0.200 0.025 
 4440 Tchantches 25/01/15-25/02/04  9.1 - 14.4 2.788 0.051 0.280 0.072 
 5598 Carlmurray 24/12/20-24/12/29  4.4 -  1.7 2.923 0.043 0.270 0.060 

Table I. Observing circumstances and results. Phase is the solar phase angle given at the start and end of the date range. If preceded by an 
asterisk, the phase angle reached an extrema during the period. 
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identical to those of these authors: P = 3.549 ± 0.020 hours and  
A = 0.120 ± 0.029 hours. 

 

3672 Stevedberg. A short-period asteroid in the main belt, there are 
many publications on its synodic period. Virtually all of them agree 
on a value of 2.778 hours. Our measurements in December 2024 
were also in agreement: P = 2.778 ± 0.018 hours, A = 0.200 ± 0.025. 

 

4440 Tchantches. Although it is a small main belt asteroid, there are 
studies suggesting that it may be a binary asteroid (Warner, 2013). 
The main rotation period recorded in ALCDEF is 2.788 hours. In 
January 2025, we carried out a study of this asteroid and obtained a 
synodic rotation value equal to the published one: P = 2.788 ± 0.051 
hours, A = 0.280 ± 0.072. 

 

5598 Carlmurray. In December 2024 we measured and followed 
this main belt asteroid. We were able to obtain a synodic rotation 
period very close to that previously published (ALCDEF, 2.9226 h) 
of P = 2.923 ± 0.043 hours, A = 0.270 ± 0.060. 
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Aperture photometry using 1-meter class telescopes was 
performed to find lightcurves and rotation periods for the 
following five asteroids: 1833 Shmakova, 3.838 ± 0.001 
h; 2305 King, 2.975 ± 0.001 h; 8168 Rogerbourke,  
7.035 ± 0.003 h; (25283) 1998 WU, 2.634 ± 0.001 h;  
and (66251) 1999 GJ2, 2.462 ± 0.001 h. 

This research was conducted to create lightcurves and determine the 
rotation periods for the following asteroids: 1833 Shmakova, 2305 
King, 8168 Rogerbourke, (25283) 1998 WU, and (66251) 1999 
GJ2. These asteroids were found using the Collaborative Asteroid 
Lightcurve Link (CALL) website with several filters: an asteroid’s 
declination needed to be positive, and its apparent magnitude was 
required to be between 14 and 16. These asteroids were also chosen 
to have opposition dates around two weeks prior to the date of 
observation. 

Asteroid 1833 Shmakova was discovered by L. Chernykh at the 
Crimean Astrophysical Observatory in Nauchnyj in 1969. This 
asteroid has a semi-major axis of 2.63 AU, an orbital eccentricity 
of 0.114, and an absolute magnitude of 11.83 (JPL, 2025). Asteroid 
2305 King was discovered in 1980 at the Harvard College 
Observatory’s Agassiz Station. It has a semi-major axis of 2.79 AU, 
an orbital eccentricity of 0.030, and an absolute magnitude of 11.77 
(JPL, 2025). Asteroid 8168 Rogerbourke was discovered in 1991 at 
Palomar Observatory by E.F. Helin. It has a semi-major axis of  
2.40 AU, eccentricity 0.288, and absolute magnitude 13.80  
(JPL, 2025). Asteroid (25283) 1998 WU was discovered at Oizumi 
Observatory in 1998 by T. Kobayashi. This asteroid has a semi-
major axis of 2.63 AU. Its orbital eccentricity is 0.250 and it has an 
absolute magnitude of 13.70 (JPL, 2025). The asteroid (66251) 
1999 GJ2 was discovered by LINEAR (Lincoln Near-Earth 
Asteroid Research) at Socorro, New Mexico, in 1999. It has a semi-
major axis of 1.54 AU, eccentricity of 0.198, and absolute 
magnitude of 17.04 (JPL, 2025). 

Number Name yyyy mm/dd Phase LPAB   BPAB Period(h) P.E. Amp A.E. Grp 
   1833 Shmakova 2024 06/07-06/11 17.2,16.5  129.7 1 3.838 0.001 0.35 0.02 MB-M 
   2305 King 2024 01/31-02/06 18.7,19.8  82.3   -2 2.975 0.001 0.20 0.03 MB-M 
   8168 Rogerbourke 2023 12/04-12/06 4.6,3.7   80.3   -2.3 7.035 0.003 0.29 0.02 MB-I 
  25283 1998 WU 2023 09/10-09/19  8.5,10.2  139.5  -1 2.634 0.001 0.13 0.05 MB-M 
  66251 1999 GJ2 2024 09/28-10/02 16.3,17.7  334.2  -1.5 2.462 0.001 0.10 0.04 NEA  

Table I. Observing circumstances and results. The phase angle is given for the first and last date. If preceded by an asterisk, the phase 
angle reached an extrema during the period. LPAB and BPAB are the approximate phase angle bisector longitude/latitude at mid-date range 
(see Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009). 
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Methods 

Images of each target’s field were taken using the Planewave CDK 
700 0.7-m telescope at the East Texas A&M University (ETAMU) 
Observatory and the Southern Association for Research in 
Astronomy Consortium’s 0.9-m telescope (SARA-KP) located in 
Kitt Peak, Arizona. All images were taken through a luminance 
filter that blocked both infrared and ultraviolet light, with each 
image having an exposure time of 180 seconds. The detectors were 
Andor CCD cameras which were thermoelectrically cooled to a 
temperature between -20°C and -50°C at the ETAMU Observatory 
and between -70°C and -110°C for SARA-KP to reduce thermal 
noise. The telescopes were refocused every hour, with observations 
for each asteroid being collected over several nights. 

Three types of calibration images were taken every night of 
observation: bias frames, dark frames, and flat field images. 
Between 20-30 bias frames were taken with no exposure time at the 
beginning of the night, and 2-3 dark frames were taken with a  
180-second exposure time. The flat field images were taken against 
the twilight sky, with a varying exposure time. Depending on the 
night, between 13-20 flat field images were obtained. Master 
images were then created from all the calibration images using 
Maxim DL (Diffraction Limited), which was also used to calibrate 
and align the images. 

Aperture photometry was performed on the calibrated images using 
MPO Canopus v.10.8.1.1 software (Warner, 2019). Five 
comparison stars were chosen based on their magnitude and relative 
position to the target. The difference in brightness between the 
asteroid and the average brightness of the reference stars was 
determined for each image. The resulting magnitudes were then 
plotted against time to produce the asteroid’s lightcurve. Finally, a 
Fourier transform of the lightcurve was taken to determine the 
asteroid’s best rotation period and its amplitude. 

Results 

1833 Shmakova was observed for two nights, with a total of 191 
images obtained. The first night of observation was 2024 June 7 
using the ETAMU Observatory’s 0.7-m telescope. 67 images were 
collected on the first night. The second night was 2024 June 11 
using the SARA-KP 0.9-m telescope, during which 124 images 
were obtained. Analysis of the resulting lightcurve shows a rotation 
period of 3.838 ± 0.001 h, with an amplitude of 0.35 mag. This is 
close to the results of a previous study by Monson and Kipp (2004), 
who found a similar period of 3.934 ± 0.003 h and an amplitude of 
0.38 mag. 

 

2305 King. Images were taken over two nights using the ETAMU 
Observatory’s 0.7-m telescope, yielding a total of 144 images. The 
first night of observation on 2024 January 31 produced 73 images, 
with a second night on 2024 February 6 producing another 71 
images. The resulting lightcurve has a period of 2.975 ± 0.001 h, 
and an amplitude of 0.20 mag. Odden et al. (2019) found a similar 
rotation period of 3.0368 ± 0.0005 h and an amplitude of 0.19 mag. 

 

8168 Rogerbourke. In total, 413 images were collected for the 
asteroid 8168 Rogerbourke over three consecutive nights of 
observation. The first 150 images were obtained on 2023 December 
4, with another 113 images on 2023 December 5, and the final 150 
images on 2023 December 6. The ETAMU 0.7-m telescope was 
used for all nights of observation. Analysis of the obtained 
lightcurve for 8168 Rogerbourke shows a period of 7.035 ± 0.003 
h and an amplitude of 0.29 mag. The Minor Planet Lightcurve 
Database (Warner et al., 2009) and the JPL Small-Body Database 
(JPL, 2025) did not show any previous rotational period results for 
the asteroid 8168 Rogerbourke. 
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(25283) 1998 WU. Three nights were spent observing the asteroid 
(25283) 1998 WU with the ETAMU 0.7-m telescope. A total of 300 
images were obtained over these three nights. 100 images were 
collected on each of the nights of 2023 September 10, 2023 
September 18, and 2023 September 19. The resulting lightcurve has 
a rotational period of 2.634 ± 0.001 h and an amplitude of 0.13 mag. 
No previous results for the rotational period were found in the JPL 
Small-Body Database (NASA, n.d.) and the Minor Planet Light 
Curve Database (Warner et al., 2009). 

 

(66251) 1999 GJ2 was observed for three nights using the ETAMU 
Observatory’s 0.7-m telescope. A total of 229 images were 
collected. The first night of data collection was 2024 September 28, 
with 89 images obtained. The second night was 2024 September 29, 
with 40 images obtained. The final night of observation was 2024 
October 2, with a total of 100 images obtained. Analysis of the 
resulting lightcurve shows a rotational period of 2.462 ± 0.001 h 
with an amplitude of 0.10 mag. This agrees with the results of a 
previous study by Farfan et al. (2025) that reported a period of  
2.463 ± 0.018 h and an amplitude of 0.10 mag. This is also similar 
to the rotational period of 2.461 ± 0.002 h and amplitude of 0.11 
mag that were found by Benishek (2025). 

 

References 

Benishek, V. (2025). “Photometry of 24 Asteroids from Sopot 
Astronomical Observatory.” Minor Planet Bull. 52, 45-50. 

Collaborative Asteroid Lightcurve Link (CALL): Potential 
Lightcurve Targets.  
http://www.minorplanet.info/PHP/call_OppLCDBQuery.php 

Diffraction Limited MaxIm DL - Astronomy and Scientific 
Imaging Software.   
https://diffractionlimited.com/product/maxim-dl/ 

Farfan, R.; Cuesta, F.; Lorenz, E.; Alba, C.; Cantalapiedra, J.; 
Fernandez, J.; Martinez, F.; Pinilla, F.; Andujar, J. (2025). 
“Analysis and Review of Rotation Curves and Periods of 12 
Asteroids.” Minor Planet Bull. 52, 35-37. 

Harris, A.W.; Young, J.W.; Scaltriti, F.; Zappala, V. (1984). 
“Lightcurves and phase relations of the asteroids 82 Alkmene and 
444 Gyptis.” Icarus 57, 251-258. 

JPL (2025). Small-Body Database Search Engine.  
http://ssd.jpl.nasa.gov/sbdb.cgi 

Monson, A.; Kipp, S. (2004). “Rotational Periods of Asteroids 1165 
Imprinetta, 1299 Mertona, 1645 Waterfield, 1833 Shmakova, 2313 
Aruna, and (13856) 1999 XZ105.” Minor Planet Bull. 31, 71-73. 

Odden, C.; Abruzzese, Z.; Beckwith, R.; Chandran, R.; El Alam, 
Z.; Glover, E.; Kacergis, J.; Lazaro, I.; Julia, C.; Nyiha, I.; Solomon, 
H.; Wang, J.; Yu, Z.; Zhu, J. (2019). “Lightcurve Analysis of 
Asteroid 2305 King.” Minor Planet Bull. 46, 363-364. 

Warner, B.D.; Harris, A.W.; Pravec, P. (2009). “The Asteroid 
Lightcurve Database.” Icarus 202, 134-146. Updated 2023 Oct. 
http://www.MinorPlanet.info/php/lcdb.php 

Warner, B.D. (2019). MPO Canopus software. Version 10.8.1.1. 
Bdw Publishing. http://www.minorplanetobserver.com/ 

 



256 

 Minor Planet Bulletin 52 (2025) 

LIGHTCURVE ANALYSIS FOR NINE NEAR-EARTH 
ASTEROIDS OBSERVED IN  

FEBRUARY 2010 AND JANUARY - APRIL 2025 

Peter Birtwhistle 
Great Shefford Observatory 

Phlox Cottage, Wantage Road 
Great Shefford, Berkshire, RG17 7DA 

UNITED KINGDOM 
peter@birtwhistle.org.uk 

(Received: 2025 April 14) 

Lightcurves and amplitudes for nine near-Earth asteroids 
observed from Great Shefford Observatory during close 
approaches in February 2010 and between January and 
April 2025 are reported. All but one are small objects with 
rotation periods 0.5 hour or shorter and three are 
identified as having tumbling rotation. 

Photometric observations of near-Earth asteroids during close 
approaches to Earth in February 2010 and between January and 
April 2025 were made at Great Shefford Observatory using a  
0.40-m Schmidt-Cassegrain and Apogee Alta U47+ CCD camera. 
All observations were made unfiltered and with the telescope 
operating with a focal reducer at f/6. The 1K×1K, 13-micron CCD 
was binned 2×2 resulting in an image scale of 2.16 arcsec/pix. All 
the images were calibrated with dark and flat frames and 
Astrometrica (Raab, 2024) was used to measure photometry using 
G band data from the DR3 catalogue. MPO Canopus (Warner, 
2023), incorporating the Fourier algorithm developed by Harris 
(Harris et al., 1989) was used for lightcurve analysis. 

No previously reported results have been found in the Asteroid 
Lightcurve Database (LCDB) (Warner et al., 2009), from searches 
via the Astrophysics Data System (ADS, 2025) or from wider 
searches unless otherwise noted. All size estimates are calculated 
using H values from the Small-Body Database Lookup  
(JPL, 2025b), using an assumed albedo for NEAs of 0.2  
(LCDB readme.pdf file) and are therefore uncertain and offered for 
relative comparison only. 

(484976) 2009 UN3. This is a relatively large Apollo (H = 18.5,  
D ~590 m) discovered by the Siding Spring Survey on 2009 Oct 19 
(McNaught et al., 2009) which made an approach to 14 Lunar 
Distances (LD) from Earth on 2010 Feb 9.3 UTC. It is classified by 
the Minor Planet Center as a potentially hazardous asteroid due to 
its size and Earth Minimum Orbital Intersection Distance (MOID) 
of 0.025 AU (= 10 LD) and was observed by radar from Goldstone 
on 2010 Feb 8 and 9 (JPL 2025c). Photometry was obtained starting 
on 2010 Feb 10.00 UTC for 1.7 h and again the next night starting 
on 2010 Feb 10.94 UTC for a further 2.5 h. A raw plot (with 
discontinuous time axis) shows that a partial rotation was captured 
on each night, with slightly different maxima and a phased solution 
determined the best-fit period to be 4.091 ± 0.001 h with amplitude 
0.50 ± 0.03. The period spectrum shows a number of other potential 
solutions between 1.9 and 5.6 h with only slightly inferior RMS 
values, though all of these have issues with the resultant fitted 
Fourier curves, where the amplitude or shape of the calculated 
curves are either rather unlikely in the phase ranges where 
observational gaps occur, or do not follow the observed direction of 
slope in places. 

(484976) 2009 UN3 was reported by Hicks et al. (2010) with a 
period of 4.123 h and amplitude of 0.5 from observations on 2010 
Feb 15 and Polishook (2012) reported a partial lightcurve with 
estimated period 4.0 ± 0.5 h and amplitude 0.45 ±0.05 from 
observations on 2010 Feb 18. The results presented here agree well 
with both previous papers. 
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2025 AB. The Catalina Sky Survey discovered this Aten (H = 27.1, 
D ~11 m) on 2025 Jan 1.3 UTC (Kowalski et al., 2025a) and it made 
a very close approach, to 0.4 LD from Earth on 2025 Jan 3.3 UTC. 
Both Sentry (JPL, 2025a) and NEODyS (NEODyS, 2025) list 2025 
AB as a virtual impactor with single very low probability events in 
2122 and 2105 respectively. It was observed for 2.4 h starting on 
2025 Jan 2.89 UTC as it approached from 1.0 to 0.8 LD, With the 
apparent speed reaching 226 arcsec/min exposures were reduced 
from 3.9 to 2.3 s to keep image trailing within the photometry 
measurement aperture utilised in Astrometrica. 

Three sets of regularly spaced minima, at small integer multiples of 
0.0286 h (~1.7 m), 0.0170 h (~1.0 m) and 0.0242 h (~1.5 m) are 
identified on a linearly plotted period spectrum and are strong 
indicators that non-principal axis rotation (NPAR), or tumbling, 
may be present. The MPO Canopus Dual Period Search function 
was used to isolate potential NPAR solutions for rotation and 
precession, lightcurves for the best-fit pair of periods found are 
given, labelled P1 and P2, where: 

P1 = 0.057151 ± 0.000008 h (~3.4 min), amplitude 1.2  
P2 = 0.034019 ± 0.000004 h (~2.0 min), amplitude 0.5 

A weaker solution, consisting of the same dominant P1 period but 
with a secondary period of: 

P3 = 0.048454 ± 0.00001 h (~2.9 min), amplitude 0.4 

was also located, but it is noted that the frequency of the P3 period 
is just a linear combination of the frequencies of P1 and P2, where: 
2/P2 – 1/P1 = 2/P3. Solutions with similar RMS fits are also 
obtained using the P1 period and half the P2 or P3 periods. 

 

 

 

It is not possible to determine from this analysis whether the main 
apparent frequencies are the real frequencies of rotation and 
precession for the tumbler or just linear combinations of them. 
However, it is expected that 2025 AB may be rated as PAR = -3 on 
the scale defined in Pravec et al., (2005) where NPA rotation is 
reliably detected with the two periods resolved. An ambiguity of the 
period’s solution may be tolerated provided the resulting spectrum 
of frequencies with significant signal is the same for the different 
solutions. (Petr Pravec, personal communication). The NPAR 
solution indicates the full amplitude of the tumbling rotation was 
1.7 mag. 2025 AB completed 42 rotations of the P1 period and 71 
rotations of the P2 period during the 2.4 h it was under observation. 

2025 AC. This is a very small Apollo (H = 29.0, D ~5 m) discovered 
by ATLAS-HKO, Haleakala on 2025 Jan 1.5 UTC (Kowalski et al., 
2025b). It also made a very close approach to 0.4 Lunar Distances 
(LD) from Earth on 2025 Jan 2.9 UTC, about 8 h before 2025 AB. 
Observations were made for 1.9 h starting at 2025 Jan 2.73 UTC 
and its apparent speed increased from 320 to 360 arcsec/min, with 
exposures being reduced equivalently from 1.6 to 1.4 s to reduce 
image trailing. The period spectrum again reveals signs of NPA 
rotation, with two sets of regularly spaced minima, at small integer 
multiples of 0.0025 h (~9 s) and 0.0039 h (~14 s). 
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The MPO Canopus Dual Period Search function determined the 
best-fit pair of periods to be: 

P1 = 0.0077818 ± 0.0000003 h (~28 sec), amplitude 0.4  
P2 = 0.0049569 ± 0.0000001 h (~18 sec), amplitude 0.3 

No other significant aliases of these two periods were located. 
Corresponding lightcurves are here labelled P1 and P2: 

 

 

Both of the rotation periods in the NPAR solution are very short  
(28 and 18 sec), raising the possibility that the lightcurves may be 

affected by lightcurve smoothing. The optimum exposure length for 
a detection of the second harmonic (generally the strongest 
harmonic in most lightcurves) for an asteroid in principal axis 
rotation is determined by Pravec et al. (2000) to be 0.185 × rotation 
period, so for an 18 s period, optimum exposure length = 3.3 s. With 
longer exposure lengths lightcurve smoothing would start to reduce 
the apparent amplitude and increasingly deform the lightcurve 
shape (Birtwhistle, 2021). However, for a tumbling asteroid, the 
transition from maximum to minimum light, or vice versa can occur 
faster than might be inferred from either of the individual related 
NPAR periods, causing an exposure to ‘average out’ the change in 
intensity. To investigate whether an exposure length of 1.6 s may 
have caused lightcurve smoothing for this NPA rotation, an 
empirical analysis of the calculated NPAR lightcurve for 2025 AC 
during the time it was under observation was calculated. This 
indicated that the largest difference between consecutive extrema 
was 0.62 mag and the fastest transition with at least half this 
maximum value took ~3.6 s, with most of the transitions being 
smaller and slower. Assuming a worst case where 2 maxima and 2 
minima occur at this fastest rate, equivalent to a bimodal lightcurve 
rotation period of 3.6 × 4 = 14.4 s, the optimal exposure length 
would be 0.185 × 14.4 = 2.7 s. Due to the fast apparent motion of 
2025 AC, exposure lengths were limited to 1.6 s or shorter and 
therefore it is unlikely that either the P1 or P2 lightcurves for 2025 
AC are significantly affected by lightcurve smoothing. 

It is noted that the calculated ephemeris magnitude in the H-G 
system, using an assumed value of G = 0.15 predicts 2025 AC 
fading by about 0.13 mags during the 1.9 h of observation as the 
phase angle increased from 14 to 23°, but the observed magnitude 
actually brightened linearly throughout by about 0.07 mag, 
suggesting an issue with the assumed value of G. The NPAR 
lightcurve solution given here uses G = 0.15 with small zero-point 
adjustments to each of the 35 sessions to remove the brightness 
trend, minimising the overall RMS of the fit. However, to 
investigate the phase effect, an hour of photometry (6 sessions) 
from the previous night 2025 Jan 1.95 UTC was measured when 
2025 AC was 2 mags fainter, together with 10 minutes of 
photometry (4 sessions) obtained on 2025 Jan 3.04 UTC, making a 
total of 45 sessions spanning phase angles from 14 - 56°. All the 
images were taken with no filter and measured using G-band 
comparison star mags. The photometry was reduced to unit distance 
and each session then averaged. Due to the superfast rotation, most 
of the sessions cover 3 or more P2 rotations, effectively reducing 
the lightcurve amplitude to zero. The full amplitude from NPAR 
solutions on the 1st and 2nd nights are similar, at 0.73 and 0.70 
mags respectively and an adjustment of half the amplitude, -0.36 
mags was made to each session to make the values equivalent to the 
maximum brightness of the lightcurve. One further adjustment of 
0.28 mag was made using the MPC V-band correction for G to 
approximate mag V (MPC, 2025b). All the 45 data points were then 
entered into the MPO Canopus H/G Calculator, resulting in a best-
fit H/G relationship of: 

H = 29.75 ± 0.10, G = 1.24 ± 0.18 

indicating that the asteroid has an unusually shallow phase function 
with a high value for G. Forcing G = 0.15 gives a much poorer fit: 

H = 28.81 ± 0.25, G = 0.15 ± 0.20 (assumed) 
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This compares with: 

H = 29.03, G = 0.15 (assumed) (JPL, 2025b)  
H = 29.02, G = 0.15 (assumed) (MPC, 2025a) 

The H = 29.75 value suggests the physical size of 2025 AC may be 
only ~60% of that expected from the JPL and MPC H values which 
are both presumed calculated from lightcurve mean rather than 
maximum values. 

It is expected that 2025 AC may be rated as PAR = -3 where NPA 
rotation has been reliably detected with the two periods resolved. 
(Petr Pravec, personal communication). The NPAR solution 
indicates the full amplitude of the tumbling rotation was 0.7 mag. 
During the 1.9 h of observation used for these lightcurves, 2025 AC 
completed 249 rotations of the P1 period and 391 rotations of the 
P2 period. 

2025 CF. Another very small Apollo (H = 29.9, D ~3 m), this one 
was discovered by the Mt. Lemmon Survey on 2025 Feb 2.29 UTC, 
just 19 hours before it passed Earth at a distance of 0.3 LD (Coffano 
et al., 2025). It was observed for 36 minutes starting at 2025 Feb 
2.89 UTC when it was at 0.6 LD and 16th mag. With very fast 
apparent motion (360 increasing to 440 arcsec/min) exposures were 
reduced from 1.5 to 1.2 s and measurements correspondingly have 
rather poor SNr. A period spectrum shows three well defined 
minima, with the best-fit being at 0.1062 ± 0.0005 h (~6.4 min) and 
is shown in the phased plot to represent a bimodal lightcurve with 
an amplitude of 0.4. 2025 CF completed 5.7 rotations while under 
observation. 

 

 

2025 CQ1. Discovered by ATLAS-HKO, Haleakala on 2025 Feb 
5.4 UTC, this Apollo (H = 26.2, D ~17 m) passed Earth at 2.3 LD 
8 hours later (Manca et al., 2025). It was observed for 80 minutes 
starting at 2025 Feb 5.96 UTC, a few hours after closest approach, 
when it was at 2.5 LD and 16th mag. Again, the fast apparent motion 
of 200 arcsec/min limited exposures to 2.4 - 2.6 sec to reduce image 
trailing. The best-fit solution from the period spectrum is at  
0.406 ± 0.002 h (~24 min) and indicates that 3.3 rotations were 
completed during the time it was under observation. 
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2025 DJ22. This is a small Apollo (H = 27.0, D ~12 m) discovered 
by the Mt. Lemmon Survey on 2025 Feb 27 and which passed 
closest to Earth on 2025 Mar 1.5 UTC at 1.5 LD (Fumagalli et al., 
2025). It was followed for 3.2 h starting at 2025 Feb 28.90 UTC 
when it was at 2 LD and with apparent speed accelerating to 170 
arcsec/min. Exposures were reduced from 4.4 to 3.4 sec to keep 
trailing within the Astrometrica measurement annulus. A linearly 
scaled period spectrum shows a number of very sharply defined 
minima and again these reveal signs of NPA rotation, with two sets 
of regularly spaced minima, this time at small integer multiples of 
0.00656 h (~24 s) and 0.01037 h (~37 s). Analysis with the MPO 
Canopus Dual Period Search function determined the 24 s and 37 s 
values represent monomodal lightcurves and that the best fit periods 
give bimodal lightcurves at double those values, where: 

P1 = 0.013112 ± 0.000002 h (~47 s), amplitude 0.34  
P2 = 0.020735 ± 0.000002 h (~75 s), amplitude 0.28 

The resulting lightcurves for this solution are labelled P1 and P2. 

There are a number of other lesser minima in the period spectrum, 
all related to two other apparent periods, P3 = 0.016065 h (~58 s) 
and P4 = 0.009962 h (~36 s). However, P3 and P4 are both linearly 
related to the main frequencies of P1 and P2, where 1/P1 + 1/P2 = 
2/P3 and 2/P1 + 1/P2 = 2/P4 and therefore, do not affect the 
conclusion that 2025 DJ22 is definitely tumbling. It is expected it 
may be rated as PAR = -3 on the scale defined in Pravec et al., 
(2005) (Petr Pravec, personal communication). During the time it 
was being observed, 246 rotations of the P1 period were completed 
and 155 of the P2 period. The NPAR lightcurves indicate that the 
full amplitude of the tumbling rotation was 0.6 mag. It is noted that 
the SBDB (JPL, 2025b) lists an approach to within ~6 LD of Earth 
on 2031 Sep 1.0 UTC when there may be short window to recover 
2025 DJ22 at 19th mag with positional uncertainty < 3° but with 
interference from the full Moon. 

 

 

 

2025 FA. Another Apollo (H = 22.5, D ~95 m), discovered by the 
Catalina Sky Survey on 2025 Mar 16 and, 4 days later, made a 
relatively distant pass of Earth at 21 LD, 0.05 AU (Bacci et al., 
2025). It was observed for 2.9 h starting on 2025 Mar 18.87 UTC 
and the best-fit solution indicates it has a slightly asymmetric 
lightcurve with a rotation period of 0.11282 ± 0.00003 h (~6.8 min) 
and amplitude of 0.9 mag. 2025 FA completed 25 rotations while 
under observation. 
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2025 GB. Discovered on 2025 Apr 01.3 UTC by ATLAS-HKO, 
Haleakala this Apollo (H = 24.8, D ~33 m) made an approach to 1.9 
LD on 2025 Apr 3.06 UTC (Hoegner et al., 2025a). It was observed 
for 1.7 h starting on 2025 Apr 1.91 UTC and again for 2.1 h starting 
on 2025 Apr 2.91 UTC. Apparent speed limited exposure lengths to 
no more than 8.7 s on the first date and 4.2 s on the second to keep 
trailing within the measurement annulus used in Astrometrica. 
Analysis reveals a similar well-defined asymmetric bimodal 
lightcurve on both dates, the period spectrum for the second date is 
given.  Amplitude reduced from 1.27 to 1.02 as the phase angle 
halved from 68° to 33°. While under observation 2025 GB 
completed 9 rotations on the first night and 12 on the second. 

 

 

 

It is noted that the two lightcurves, with starting points 24.06 h apart 
appear to be aligned at approximately the same rotational phase. 
Using the better constrained period from the second date the 
number of rotations between the two dates is calculated to be 
139.95, implying that the same features would be found 
approximately at the same phase on each plot. A check of the likely 
error in number of rotations ΔN between the two dates was made, 
derived from eq. (3) in Kwiatkowski et al. (2010): 

ΔN ≈ Δt ΔP / P2 

where Δt is the time interval separating two lightcurves, P is the 
period from one of the individual solutions and ΔP is the maximum 
period uncertainty, with Δt, ΔP and P expressed in the same units. 
This suggests an error of ≈ 0.01 rotation periods is to be expected 
between the two dates and therefore confirming features in the 
lightcurves are indeed likely to match at approximately the same 
phase in the two diagrams. 
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2025 GD. Discovered on 2025 Apr 01.4 UTC by ATLAS-MLO, 
Mauna Loa this Apollo (H = 24.7, D ~34 m) made an approach to 
2.5 LD on 2025 Apr 5.86 UTC (Hoegner et al., 2025b). It was 
observed for 2.3 h starting on 2025 Apr 4.86 UTC and again for 2.5 
h starting on 2025 Apr 5.83 UTC. Apparent speed limited exposure 
lengths to no more than 8 s on the first date and 3.8 s on the second. 
Period spectrum plots for both dates are very similar, the plot for 
the second date is given. All 12 minima are related, being integer 
multiples of either ⅓ or ½ of the best-fit period, which on both dates 
is 0.017624 ± 0.000002 h (~63.4 seconds) and represented by an 
asymmetric bimodal lightcurve. During the time it was under 
observation 2025 GD completed 128 rotations on Apr 4 and 141 on 
Apr 5. 

 

Similarly to 2025 GB, the 23.40 h between the start of the two 
phased lightcurve plots is equivalent to 1328.01 rotations, again 
implying that the same features would be found approximately at 
the same phase on each plot. In this case, the likely error in number 
of rotations ΔN between the two dates is determined using the same 
method used for 2025 GB to be ΔN ≈ 0.13 and so again confirming 
features in the lightcurves are likely to align at approximately the 
same phase in the two diagrams. It can be seen that as the phase 
angle increased from 44° to 54° the depth of the minima at phase  
~ 0.25 increases significantly whereas the minima at phase ~ 0.75 
reduces. 

 

 

Number  Name yyyy mm/dd Phase LPAB BPAB Period(h) P.E. Amp A.E PAR H 

484976 2009 UN3 2010 02/10-02/11 44.7,46.2 163 10 4.091 0.001 0.50 0.03  18.5 
  2025 AB  2025 01/02-01/02 43.5,49.2 123 11 0.057151 0.000008 1.2 0.3 -3 27.1 
       0.034019 0.000004 0.5 0.3 
  2025 AC 2025 01/02-01/02 13.9,23.1 103 9 0.0077818 0.0000003 0.4 0.1 -3 29.0 
       0.0049569 0.0000001 0.3 0.1 
  2025 CF 2025 02/02-02/02 22.9,26.7 122 0 0.1062 0.0005 0.4 0.3  29.9 
  2025 CQ1 2025 02/05-02/06 23.6,28.1 137 -13 0.406 0.002 0.3 0.2  26.2 
  2025 DJ22 2025 02/28-03/01 14.8,20.4 167 -5 0.013112 0.000002 0.34 0.22 -3 27.0 
       0.020735 0.000002 0.28 0.22   
  2025 FA 2025 03/18-03/18 52.1,51.3 156 18 0.11282 0.00003 0.9 0.3  22.5 
  2025 GB 2025 04/01-04/01 68.3,66.7 171 27 0.17186 0.00003 1.27 0.07  24.8 
  2025 GB 2025 04/02-04/02 33.0,29.3 191 16 0.17193 0.00001 1.02 0.05  24.8 
  2025 GD 2025 04/04-04/04 44.2,44.0 177 13 0.017624 0.000002 0.66 0.10  24.7 
  2025 GD 2025 04/05-04/05 54.4,58.1 170 -11 0.017624 0.000002 0.69 0.11  24.7 

Table II. Observing circumstances and results. The phase angle is given for the first and last date. If preceded by an asterisk, the phase 
angle reached an extrema during the period. LPAB and BPAB are the approximate phase angle bisector longitude/latitude at mid-date range 
(see Harris et al., 1984). Amplitude error (A.E.) is calculated as 2 × (lightcurve RMS residual). PAR is the expected Principal Axis Rotation 
quality detection code (Pravec et al., 2005) and H is the absolute magnitude at 1 au from Sun and Earth taken from the Small-Body Database 
Lookup (JPL, 2025b). 
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Unfiltered CCD photometric observations of the near-
Earth asteroids 2015 DP155, 2020 SW, 2020 UQ6, 2023 
DZ2, 2025 GB, and 161989 Cacus have been made 
between 2018 and 2025. All but one of them have known 
rotation periods. We confirm those results, and find a new 
rotation period of 0.172 hours for 2025 GB. 

All observations reported here were made with the 0.25-m Ritchey-
Chretien telescope at Northolt Branch Observatory (MPC: Z80) in 
London, UK, on multiple nights between 2018 and 2025. 

2015 DP155 is an Amor-type potentially hazardous asteroid with a 
diameter of about 160 meters. It made a close approach to Earth on 
11 June 2018, at a distance of 0.023 au (JPL, 2025). We took 
photometric observations it on five nights around the date of the 
closest approach.  

The lightcurve database includes three entries for this asteroid. 
Reshetnyk et al. (2018) found a rotation period of 3.105 ± 0.004 
hours, with a maximum amplitude of 1.0 mag. Warner (2018) found 
a similar period, at 3.097 ± 0.001 hours. McGilvray et al. (2022) 
made use of our data for shape-modelling purposes. 

We find a rotation period of 3.0945 ± 0.0005 hours, with a large 
amplitude of 1.16 mag. The period is unambigous. However, due to 
less-than-complete coverage, the shape of the lightcurve and the 
size of the amplitude are not well constrained. 
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2020 SW is a small Aten-type asteroid with a diameter between 4 
and 9 meters. On 24 September 2020, it came within 0.00019 au 
(just 28,000 km) of Earth (JPL, 2025). We observed it the night 
before, taking very short exposures that not only prevented trailing 
of the fast-moving asteroid, but also allowed us to search for very 
short periods. 

A rotation period of 0.0079039 ± 0.0000001 hours, with a 
maximum amplitude of 0.73 mag, has been reported by Peter 
Birtwhistle (2021a). Birtwhistle’s result references a previous 
version of our lightcurve, citing a post we had made on the platform 
Twitter (Wells et al., 2020). At the time, we gave a period of 
0.00790 ± 0.00001 hours and an amplitude of 0.72 mag. 

We have now re-analyzed that data, and find a rotation period of 
0.007905 ± 0.000002 hours, with a slightly larger amplitude of 0.74 
mag. The rotation period of 28.4 seconds is among the shortest of 
any asteroid in the lightcurve database.  

The period spectrum has peaks at multiple alternative periods, all of 
which were manually ruled out as aliases. 

 

 

2020 UQ6 is an Apollo-type asteroid. Its absolute magnitude of 
22.7 indicates that this is a relatively large Near-Earth asteroid, with 
a diameter between 90 and 170 meters. We observed it shortly after 
its close approach to Earth on 26 October 2020 at a distance of 0.01 
au (JPL, 2025). 

There are three results for this asteroid in the lightcurve database. 
Guido et al. (2021) found a period of 0.04521 ± 0.0001 hours, with 
an amplitude of 0.57 mag. Birtwhistle (2021b) gives 0.045210 ± 
0.000002 hours, while Beniyama et al. (2022) found a period of 
0.045228 ± 0.000008 hours, with a slightly larger amplitude of 0.82 
mag. 

We find a rotation period of 0.04518 ± 0.00004 hours, and an 
amplitude of 0.74 mag, slightly shorter than the period reported 
previously, but with a similar amplitude. 

 

 

Number Name                                 yyyy/mm/dd                     Phase            LPAB    BPAB     Period(h)            P.E.             Amp       A.E.        Grp 
 

  2015 DP155    2018/06/05-06/14   32.9,34.1    32    9  3.0945    0.0005    1.16  0.10  9101 NEA 
  2020 SW       2020/09/23         15.9,16.4     5    7  0.007905  0.000002  0.74  0.02  9101 NEA 
  2020 UQ6      2020/10/27         26.9,27.5    48   -4  0.04518   0.00004   0.74  0.03  9101 NEA 
  2023 DZ2      2023/03/24         51.4,59.0   155   -1  0.10462   0.00009   0.38  0.02  9101 NEA 
  2025 GB       2025/04/02         30.7,34.0   190   16  0.1720    0.0002    0.77  0.02  9101 NEA 
161989 Cacus         2022/08/27-08/31   75.1,86.7    18   11  3.7594    0.0006    1.44  0.04  9101 NEA 

Table I. Observing circumstances and results. The phase angle is given for the first and last date. If preceded by an asterisk, the phase angle 
reached an extrema during the period. LPAB and BPAB are the approximate phase angle bisector longitude/latitude at mid-date range  
(see Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009). 
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2023 DZ2 is an Apollo-type asteroid. Its absolute magnitude of 24.3 
suggests a diameter within a factor of two of 45 meters. It made a 
close approach to Earth on 25 March 2023, at a distance of 0.0011 
au (JPL, 2025). We observed it about 20 hours before the closest 
approach. 

The lightcurve database includes multiple results for this asteroid, 
all of which give rotation periods near 0.1045 hours, with 
amplitudes ranging from 0.33 to 0.64 mag. 

Our result of 0.10462 ± 0.00009 hours, with an amplitude of 0.38 
mag, is consistent with those. 

 

 

2025 GB is an Apollo-type asteroid with a diameter of about 45 
meters. It was discovered on 1 April 2025. We observed it for 
several hours on the evening of April 2nd, shortly before its closest 
approach to Earth at a distance of 0.005 au (JPL, 2025). The 
asteroid’s brightness was predicted to peak at 14.4 mag. 

The lightcurve database contains no prior results for this asteroid, 
and we are not aware of any previously reported rotation periods. 
NASA/Goldstone have reported that the rotation period is probably 
faster than 30 minutes, based on radar images (Benner, 2025). 

We can confirm their conclusion, finding a period of 0.1720 ± 
0.0002 hours (10.32 ± 0.01 minutes), with an amplitude of 0.77 
mag. 

 

 

161989 Cacus is an Apollo-type potentially hazardous asteroid with 
a diameter of 1.9 km. We have observed this asteroid on three nights 
in late August 2022, shortly before its closest approach to Earth on 
September 1st at a distance of 0.058 au (JPL, 2025). 

The lightcurve database includes multiple results for this asteroid, 
all with rotation periods near 3.75 hours and amplitudes ranging 
from 0.80 to 1.32 mag. 

We find a similar period of 3.7594 ± 0.0006 hours, with a slightly 
larger amplitude of 1.44 mag. 
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A highly probable satellite phenomenon was observed 
during the occultation of the star UCAC4 525-004262 by 
the asteroid (6326) Idamiyoshi on August 21, 2024 at 
18.75 hr (UT). 

(6326) Idamiyoshi is a main belt asteroid, and its known physical 
parameters are as follows: diameter is 6.856 km ± 0.156 km 
(Masiero et al., 2011), rotation period is 3.138 hours (Waszczak  
et al., 2015; Clark, 2016; Durech et al., 2020). The brightness of the 
asteroid during the occultation was 17.89 mag, and the brightness 
of the occulted star was 12.672 mag (V) and 11.77 mag (R), with 
an expected magnitude drop in stellar brightness of 5.5 mag. This 
phenomenon was reported by three observers. Hayato Watanabe at 
Nachikatsuura Wakayama, Japan (longitude 135o54’51.7”, latitude 
33o35’22.4”, elevation 5m). Hidehito Yamamura at Taiji 
Wakayama, Japan (longitude 135o56’35.2”, latitude 33o35’48.5”, 
elevation 14m). Norihiro Manago at Kamitonda Wakayama, Japan 
(longitude 135o24’32.1”, latitude 33o41’44.9”, elevation 77m). This 
phenomenon was captured with astronomical CMOS cameras. The 
observation instruments and exposure times of the tree observers 
are listed in Table 1. Watanabe and Yamamura observed a 
disappearance and reappearance of the target star during the 
occultation event (see Figure 1). Meanwhile, Manago did not 
observe any decrease in the brightness of the target star due to the 
occultation phenomenon. 

 

Observer  Telescope aperture      Camera          Frame exposure 
Watanabe   20 cm     ZWO-ASI290MM   0.124  sec 
Yamamura   20 cm     ZWO-ASI290MM   0.165  sec 
Manago     35 cm     ZWO-ASI462MM   0.0358 sec 

Table I. Observation instruments. These cameras are of rolling 
shutter type. The system time of the camera control PC was 
corrected by GPS and, in addition, the time of the lightcurve 
measurement was accurately corrected by 1PPS LED light, 
which was simultaneously recorded during observation. 
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Figure 1 shows the occultation lightcurve analyzed with the video 
measurement software Limovie (Miyashita et al., 2006). A main dip 
and a short dip (after the main dip) in the lightcurve is clearly 
observed in each observation. On the sky plane plot, the two 
observation sites are separated by 1.1 km in direction nearly 
perpendicular to the predicted path of the asteroid. The timing of 
the main dip and the short dip in the lightcurves are nearly identical 
at both sites. This strongly suggests that the short dip is not due to 
atmospheric variations or other factors, but rather to the occultation 
phenomenon. 

Watanabe's observation: 2024 August 21, 18:45:23.932 UT: a 
major dimming lasting 1.053 seconds occurred and 0.39 seconds 
later, a second dimming was occurred. During the second dimming, 
the brightness of the target star decreased by 74% (see the top panel 
of Figure 1). This dimming corresponds to 6-sigma noise in the 
lightcurve (see Figure 2). The first dimming was deeper than the 
brightness of the faintest star in the frame (14.055 mag), and during 
the second dimming, the brightness of the target star decreased to 
14.0 mag. If this phenomenon is caused by a double star, the total 
brightness of the first and second dimming events should be equal 
to the brightness of the star before the occultation. In this 
observation, the total brightness of the two dips in the lightcurve 
was 170% of the pre-occultation brightness of the star. This strongly 
suggests that the lightcurve obtained by Watanabe (including the 
two dips) is not caused by a double star. 

Yamamura's observation: 2024 August 21, 18:45:24.250 UT: A 
major dimming occurred lasting 1.073 seconds, and 0.43 seconds 
later a second dimming occurred. The second dimming lasted for 
two frames. The maximum brightness drop is 33% depth (4-sigma 
noise, see Figure 2). Although the second dimming is shallower 
than Watanabe's observation, it is assumed that a short light drop 
occurred at near the boundary of frame-exposure and it was 
recorded into two frames divisionally. Thus, it is likely that this 
dimming was also caused by the occultation phenomenon. 

Figure 1. Lightcurves obtained from different observation sites. Top: 

Watanabe’s observation. Bottom: Yamamura’s observation. 

 

Figure 2. Noise distribution on the lightcurve. Left: Watanabe’s 
observation. Right: Yamamura’s observation. 

The sky-plane plot (Figure 3) shows that the endpoints of the first 
long chords observed by Watanabe and Yamamura lie on a line 
perpendicular to or near the direction of motion of the target star. 
The same trend holds for the start and end points of the second 
chord. This indicates that the two observation points are close to the 
centerline of the shadow cast by the asteroid as it passed. The long 
chords of the Yamamura (9.0 km) and Watanabe (8.5 km) 
observations are 1.3 times the diameter of the asteroid as estimated 
by NEOWISE. The distance between the two dips is 2.7 km in both 
observations. It is unlikely that as a single asteroid it would have 
such a gap of 2.7 km as shown in the sky plot. We can exclude the 
possibility that a topographical effect on the graze occultation 
makes the two light dips. 

There is a gradual change in brightness due to diffraction at the 
shadow edges of asteroids. In the case of asteroid which has large 
Fresnel number (almost larger than 10), the light change can be 
estimated by formula (1). 

In the case of a half-plane with a straight edge, the luminous 
intensity at a distance x from the edge is expressed as follows. 

𝐼(𝜔) = 0.5 𝐼଴[൫0.5 + 𝐶(𝜔)൯
ଶ

+  ൫0.5 + 𝑆(𝜔)൯
ଶ

]                    (1) 

where C(ω) and S(ω) are Fresnel integration defined as: 

                                          ,                                        

when Uf   is Fresnel scale unit as                     then  

ω  (distance expressed in Fresnel units) is expressed as                . 

The event time is obtained from that the light intensity is 25 % of 
no-occultation level. The Fresnel number of main body of (6326) 
Idamiyoshi is 60 in this phenomenon, therefore formula (1) can be 
applied. 

However, in the case of occultation by small bodies as assumed in 
this second phenomenon, when the short light drop occurs near the 
boundary between the two frames, the light intensity of the frame 
may not show the maximum attenuation value. This is because the 
decrease in light intensity is divided and recorded in two frames. In 
addition, the Fresnel number will also be a small value, which 
means that the width of the shadow gradient will be larger, and it 
will not be possible to apply formula (1). Therefore, we calculated 
the light intensity distribution in shadow produced by small objects 
based on formula (2) (Trahan and Hyland, 2014; Roques et al., 
1987) and compared the result of the diffraction simulation with the 
observed lightcurve. 
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                                                                                                      (2) 

where I(pm,n): Light intensity on the site (m, n) on the observation 
plane. I(o) : Light intensity when there is no opaque object. Г(j,k): 
If a part of the object is contained in the micro-rectangle then this 
parameter is 1, if not then 0. 

(υ1,ω1), (υ2,ω2) : Distance expressed in Fresnel units at two diagonal 
point of micro-rectangle. 

𝐹(𝑥) = න exp ቆ
𝑖𝜋𝑡ଶ

2
ቇ 𝑑𝑡 = 𝐶(𝑥) − 𝑖𝑆(𝑥)

௫

଴

 

C(x) and S(x) are Fresnel integration. 

 
Figure 3. Sky-plane plot. Lines show the relative star’s motion when 
no occulted. M-P: Manago (occultation phenomenon is not detected). 
Y-D, Y-R: disappearance and reappearance of main body observed 
by Yamamura. W-D, W-R: Main body phenomenon Watanabe 
observed. Y-B, W-B: the second dip at the frame middle time. 

 
Figure 4. Comparison of the observed lightcurve with the simulated 
model. Left: Estimated circle silhouette model of the small object (top) 
and its diffraction-simulated shadow. Right: Most likely simulated 
lightcurve (red curve), and observed lightcurve. The blue vertical 
lines show the time of the geometric occultation phenomena. 

Figure 4 shows the most likely size of the small object that caused 
the second light drop, assuming a circular profile. The estimated 
occultation times of two observers obtained from the diffraction 
simulation were plotted on the sky plane in a consistent manner 
(Figure 5). From the sky-plane plot, the size of the main body is 
given as 6.1 km × 8.7 km by an elliptical fit which does not occult 
the star at the Manago’s observation site. The size of the satellite is 
estimated as 1.35 km × 1.35 km by diffraction simulation 
assuming a circular body. Assuming the above estimate, the 
position of the satellite relative to the main body is derived as: 
separation 4.8 mas in P.A. -82 degrees at 2024 Aug. 21.781527 UT. 
Note that no error has been added to the above values in this 
estimate because the uncertainty in the fit cannot be determined as 
only two observations were available to plot. 

 
Figure 5. Sky-plane plot with estimated shape and size of the small 
object, with a possible satellite added. Error bars are given as 3 
sigma estimates from the lightcurve noise. The ellipse drawn with 
dashed line indicates the peak of brightness caused by diffraction. 

Conclusion 

The observation of the stellar occultation caused by the asteroid 
(6326) Idamiyoshi was performed by Watanabe, Yamamura, and 
Manago in Japan on 2024 August 21 at 18.75 hr (UT). 

The lightcurve obtained from Watanabe's observations showed a 
significant decrease in brightness (more than 1.4 magnitudes) 
during both the first and second dimming. Similar lightcurves were 
also obtained from Yamamura's observations. Furthermore, 
diffraction simulations yielded event times consistent with the 
observational results from the two different observing sites. Based 
on these results, it is very likely that a satellite has been discovered 
around the asteroid (6326) Idamiyoshi. 
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Observations of positions of minor planets by members 
of the Minor Planets Section in calendar year 2024 are 
summarized. 

During the year 2024 a total of 442 visual observations of 102 
different minor planets were reported by members of the Minor 
Planets Section. 

The summary lists minor planets in numerical order, the observer 
and telescope aperture (in cm), UT dates of the observations, and 
the total number of observations in that interval. When a significant 
departure from the predicted magnitude was noted, it is stated in the 
next line below the number of positions. The year is 2024 in each 
case. 

Positional observations were contributed by the following 
observers: 

Observer, Instrument         Location      Planets   Positions 
 

Faure, Gérard                                  31         78   
   20 cm Celestron           Vaison la Romaine (France)        
   35 cm Meade LX200         Col de L'Arzelier (France)        
   45 cm Dobson Skywatcher   Vaison la Romaine (France)        
 
Harvey, G. Roger             Concord, North    74        364   
   81 cm Newtonian           Carolina, USA                     
 
Rayon, Jean-Michel (with Gérard Faure)          5         11   
   45 cm Dobson Skywatcher   Vaison la Romaine (France)        
 
 
                        OBSERVER &     OBSERVING             NO.  
 MINOR PLANET           APERTURE (cm)  PERIOD (2024)      _  OBS. 
 

     5 Astraea          Faure, 20          Apr 11             2 
    23 Thalia           Faure, 20          Apr 11-12          2 
    24 Themis           Harvey, 81         Feb 14             6 
   891 Gunhild          Harvey, 81         Mar 29             6 
  1036 Ganymed          Faure & Rayon, 45  Nov  3             2 
  1083 Salvia           Faure, 20          Apr 11-12          2 
  1201 Strenua          Faure, 35          Sep  1             2 
  1203 Nanna            Faure, 35          Oct  5             2 
  1313 Berna            Faure, 35          Sep  6-7           2 
  1367 Nongoma          Faure, 35          Aug  5             2 
  1394 Algoa            Faure, 35          Aug 31             2 
  1402 Eri              Harvey, 81         Jul 11             3 
  1779 Parana           Harvey, 81         Aug 26             3 
  1823 Gliese           Faure, 35          Aug 31             2 
  1833 Shmakova         Faure, 35          Jun  5             3 
  2445 Blazhko          Faure & Rayon, 45  Nov  3             3 
  2456 Palamedes        Harvey, 81         Feb  1             3 
  2571 Geisei           Faure, 35          Sep  7             2 
  2693 Yan'an           Faure & Rayon, 45  Nov  3             2 
  2994 Flynn            Harvey, 81         Sep  9             3 
  3028 Zhongguoxi       Faure, 35          Aug  1             2 
  3696 Herald           Harvey, 81         Sep  9             3 
  3775 Ellenbeth        Harvey, 81         Sep  9             3 
  4203 Brucato          Harvey, 81         Sep  9             3 
  4446 Carolyn          Faure, 35          Aug  2             2 
  4553 Doncampbell      Faure, 35          Aug  5             3 
  4764 Joneberhart      Faure, 35          Jul  9             3 
  4805 Asteropaios      Faure, 35          Sep  6             2 
  4836 Medon            Harvey, 81         Feb  3             3 
 
 

                        OBSERVER &     OBSERVING             NO.  
 MINOR PLANET           APERTURE (cm)  PERIOD (2024)      _  OBS. 
 

  4945 Ikenozenni       Faure, 35          Aug  2             3 
  4956 Noymer           Harvey, 81         Sep  3             6 
  5264 Telephus         Harvey, 81         Jan  8             3 
  5415 Lyanzuridi       Harvey, 81         Jan  8             3 
  5660 1974 MA          Harvey, 81         Aug 21             3 
  5661 Hildebrand       Harvey, 81         Aug 26             3 
  5996 Julioangel       Harvey, 81         Aug 27             3 
  6012 Williammurdoch   Harvey, 81         Jun  8             3 
  6460 Bassano          Harvey, 81         Jan 20             3 
  6537 Adamovich        Harvey, 81         Aug 26             3 
  6859 Datemasamune     Faure, 35          Aug  6             3 
  6874 1994 JO1         Faure, 35          Jun  5             4 
  7079 Baghdad          Faure, 35          Aug 1-2            2 
  7333 Bec-Borsenberger Harvey, 81         Aug 27             3 
  7440 Zavist           Harvey, 81         Jan 30             3 
  7870 1987 UP2         Faure & Rayon, 45  Nov  2             2 
  8823 1987 WS3         Faure & Rayon, 45  Nov  2             2 
  8992 Magnanimity      Faure, 35          Aug  7             3 
  9175 Graun            Harvey, 81         Oct 23             3 
                                                      0.4f@16.1 
  9700 Paech            Harvey, 81         Oct  3             3 
10487 Danpeterson       Faure, 20          Jul  4             4 
                        Harvey, 81         Jun  8             3 
11018 1983 CZ2          Harvey, 81         Feb  1             3 
12559 1998 QB69         Harvey, 81         Feb. 3             3 
13474 V'yus             Harvey, 81         Oct  7             3 
13502 1987 WD           Harvey, 81         Oct  3             6 
14162 1998 TV1          Harvey, 81         Sep 23             3 
17554 1993 VY           Harvey, 81         Nov  1             3 
                                                      0.5f@16.2 
17662 1996 VG30         Harvey, 81         Feb  6             3 
20231 1997 YK           Harvey, 81         Nov  1             6 
21088 Chelyabinsk       Harvey, 81         Jul 11             6 
21374 1977 WS22         Faure, 20          May  9             5 
                        Harvey, 81         May 10-11         12 
21652 Vasishtra         Faure, 35          Aug  2             2 
26110 1991 NK4          Harvey, 81         Jul  2             4 
26916 1996 RR2          Harvey, 81         Feb  6             3 
28188 1998 WV19         Harvey, 81         Feb  6             3 
33323 Lucaspaganini     Harvey, 81         May 11             3 
36183 1999 TX16         Harvey, 35         Nov 12             6 
41074 1999 VL40         Harvey, 81         Jan  8             3 
                                                      0.5f@15.9 
43028 1999 VE23         Harvey, 81         Nov  1             3 
                                                      0.5f@16.1 
44700 1999 SG3          Harvey, 81         Nov 22             6 
47834 2000 EN14         Harvey, 81         Nov 22             6 
66251 1999 GJ2          Harvey, 81         Aug 27             6 
                                                      0.3f@16.3 
93040 2000 SG           Harvey, 81         Jan  8             3 
152787 1999 TB10        Harvey, 81         Mar 15             6 
154589 2003 MX2         Harvey, 81         Oct  7             3 
159399 1998 UL1         Harvey, 81         Apr 29             6 
164217 2004 PT42        Harvey, 81         Aug  5             6 
189099 2001 RO          Harvey, 81         Nov 22             6 
219071 1997 US9         Harvey, 81         Oct 25             6 
302523 2002 KH3         Harvey, 81         Jun 14             6 
363027 1998 ST27        Harvey, 81         Oct  3-9          18 
385268 2001 RC12        Harvey, 81         Oct 24             6 
415029 2011 HL21        Fauare, 20         Sep  4             4 
417264 2006 AT2         Harvey, 81         Feb  4             6 
439437 2023 NK4         Harvey, 81         Apr 16             6 
447755 2007 JX2         Harvey, 81         Nov 24             6 
450649 2006 UY64        Harvey, 81         Oct 26             6 
458122 2010 EW45        Harvey, 81         Dec 31             6 
481032 2004 YZ23        Faure, 35          Jun  4             3 
                        Harvey, 81         Jun 11             6 
482049 2009 XG8         Harvey, 81         May 10-11         12 
523660 2012 KY41        Harvey, 81         Oct 23             6 
       2002 AY1         Harvey, 81         Jan  8             6 
       2006 WB          Harvey, 81         Nov 23             6 
       2008 OS7         Harvey, 81         Jan 30             6 
       2020 WG          Harvey, 81         Oct 29             6 
       2020 XR          Harvey, 81         Dec  3             6 
       2022 TN1         Harvey, 81         Apr 29             6 
       2023 SP1         Harvey, 81         Feb  8             6 
       2024 CR9         Harvey, 81         Jun 14             6 
       2024 MK          Harvey, 81         Jun 30             6 
       2024 PN3         Harvey, 81         Nov 22             6 
       2024 RZ5         Harvey, 81         Nov 24             6 
       2024 TX13        Harvey, 81         Nov  3             6 
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We present lists of asteroid photometry opportunities for 
2025 July-October. The extended four-month listing 
allows better observation planning, especially for those 
working in wide-spread collaborations. With the massive 
input of survey photometry, even if mostly sparse data, 
the small telescope researcher’s role is moving away 
generic studies to those concentrating on specific needs 
and targets and so, we hope, leading to even more 
fulfilling and fruitful efforts. 

We refer the reader to the lightcurve photometry opportunities 
article in Minor Planet Bulletin 51-4 (Warner et al., 2024) for a 
detailed discussion on the evolution of the lists presented here and 
the purpose behind each one. In addition, we refer the reader to 
other prior releases of this paper (e.g., Warner et al., 2023) for more 
detailed discussions about the requirements and considerations for 
the targets in the lists and to Warner et al. (2021a; 2021b). 

On-Line Planning Tool 

The ephemeris generator on the https://MinorPlanet.info web site 
allows creating custom lists for numbered objects reaching V  18.0 
during a given month from 2020 through 2035 by setting search 
parameters based on a number of parameters. 

https://www.minorplanet.info/php/callopplcdbquery.php 

The updated page added data for the minimum phase angle of any 
object included in the search: the date (0.001 d), the minimum phase 
angle (0.1), and the declination. Searches can limit results to a 
phase angle range between 0-120. Also new is limiting the results 
to a range of rotation periods and so, for example, one can look for 
only long, or especially short, period objects. 

Important and Useful Web Sites 

The dates and values given on the MinorPlanet.info site are very 
good estimates in most cases. NEAs are sometimes an important 
exception. Use the site for preliminary planning for objects and then 
confirm those plans using the Minor Planet Center or JPL Horizons 
web sites. 

MPC: http://www.minorplanetcenter.net/iau/MPEph/MPEph.html 
JPL:    https://ssd.jpl.nasa.gov/sb/orbits.html 

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. 

https://astro.troja.mff.cuni.cz/projects/damit/ 

to see what, if any, information it has on a chosen target. 

For near-Earth asteroids in particular, check the list found on the 
Goldstone planned targets schedule at 

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

and keep in touch with Lance Benner at the email above. The radar 
team often needs updated astrometry and photometry (rotation 
period) prior to observing. Keep in mind as well that the 
MinorPlanet.info site opposition database includes only numbered 
objects. Keep a close eye on the MPC NEA pages. 

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 

The database contains about 10.94 million observations for 24,639 
objects (as of 2024 May 27), making it one of the more useful 
sources for raw data of dense time-series asteroid photometry. 

The Planning Lists 

The lists, excluding the one for NEAs, are usually restricted to 
objects reaching V  during the covered months. To include 
every object within a list that met this criterium alone resulted in far 
too many targets than the known community of asteroid 
photometrists could possibly handle, so only the “better” candidates 
are included. This is entirely subjective and the reader is encouraged 
to visit the https://MinorPlanet.info web site and use all the 
planning tools available there should our preferences not match 
yours. 

Don’t presume that something rated U  3– doesn’t need more work 
nor, at the other end, that something not rated at all or 1– < U < 2+ 
or has a long period should be skipped in lieu of an “easier” project. 
The often-heard saying, “Past performance is not a guarantee of 
future results” should be part of your work ethic. Someone’s 
“certain” result may not be so certain after all, especially if it’s 
based on data that are minimal in quantity and/or quality. 
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Favorable Apparitions includes objects reaching one of the five 
brighter (favorable) apparitions from 1995 and 2050 and rated  
U < 3- in the LCDB (Warner et al., 2009). 

No Pole Solutions includes objects rated U > 2+ but do not have a 
pole indicated on the LCDB summary line. This is list is the most 
likely needing further confirmation by checking the DAMIT web 
site, which grows in spurts large and small quite frequently and so 
the LCDB can lag considerably. 

Poor Pole Solutions includes objects rated U < 3– that have a pole 
solution on the summary line. In this case, the period is often based 
on using sparse survey data, with or without support of dense 
lightcurve data. An additional set of dense data may help elevate 
both the U rating and the quality of the pole solution. 

Low Phase Angles includes objects, regardless of U rating or even 
having a period, that reach a solar phase angle < 1°. You should 
refer to Warner et al. (2023) to review important information about 
low solar phase angle work. 

Long Periods includes objects with P  ~24 hours. These are often 
overlooked because they are very difficult for a single-station 
campaign. However, they are ideal for collaborations, especially 
those with stations well-separated in longitude. 

NEAs (aka Radar Target) is limited to known near-Earth asteroids 
that might be on the radar team’s radar (pun intended). It is common 
for newly discovered objects to move into or out of the list. We 
recommend that you keep up with the latest discoveries by using 
the Minor Planet Center observing tools. 

The List Data 

If the list includes the “Fam” column, this is the orbital group  
(> 9000) using criteria from the LCDB or the collisional family  
(< 9000) based on Nesvorny et al. (2015) and Nesvorny (2015). To 

convert the number to a name, see the LCDB documentation on the 
LCDB web site or use the One Asteroid Lookup page on the site: 

https://www.minorplanet.info/php/lcdb.php 
https://minorplanet.info/php/oneasteroidinfo.php 

Table Columns 

Num Asteroid number, if any. 
Name Name (or designation) assigned by the MPC. 
Fam Orbital group or collisional family. 
BMD Date of maximum brightness (to 0.1 d precision). 
BMg Approximate V magnitude at brightest. 
BDC Approximate declination at brightest. 
PD Date of minimum phase angle (to 0.001 d precision). 
PMn Phase angle at minimum (solar elongation > 90°). 
PDC Approximate declination at minimum phase angle. 
P (h) Synodic rotation period from summary line in the 

LCDB summary table. An * indicates a sidereal 
period. 

U LCDB solution quality (U) from 1 (probably wrong) 
to 3 (secure). 

Notes Comments about the object. 

Some asteroids may appear in more than one list. The reader is 
referred to the latest LCDB release and, where and when necessary, 
the original reference source should be used. The Notes column is 
rarely used, for now, except for the NEAs list. 

Calculations of brightest and minimum phase are by Brian D. 
Warner. For minimum phase, the observer should use the JPL 
Small Bodies Node Ephemeris site for more precise information. All 
periods are taken from the summary line of the LCDB. If needed, 
the LCDB should be checked to find the source of the summary line 
period. 

  

Favorable Apparitions (U < 3-) 

Num  Name Fam BMD BMg BDC PD PMn PDC P (h) U Notes 

 896 Sphinx 9104 07 11.3 13.5 -12 07 12.270 5.2 -12 21.038 2+ 
 2898 Neuvo 9104 07 15.5 14.8 -20 07 15.431 0.7 -20 13.83 2 
 4826 Wilhelms 701 07 16.0 14.8 -39 07 14.779 9.8 -39 15.004 2 
 1728 Goethe Link 9104 07 22.2 14.2 -10 07 22.169 4.7 -10 81 2 
 6422 Akagi 502 07 25.4 14.8 -18 07 25.748 0.9 -18 7.74 2 
 2865 Laurel 506 07 30.9 14.3 -24 07 31.204 2.5 -24 21.5 2 
 3729 Yangzhou 502 08 02.9 14.6 -38 08 02.443 9.9 -38 29.158 2 
 1606 Jekhovsky 9105 08 10.9 13.8 -3 08 09.641 7.4 -3 165.946 2 
 1493 Sigrid 405 08 15.5 13.4 -15 08 15.166 0.4 -15 43.296 2 
 3069 Heyrovsky 2004 08 17.3 14.8 -10 08 17.141 2.1 -10 6.6 2 
 982 Franklina 9106 08 21.7 13.3 0 08 23.231 4.9 0 263.5 2 
 7723 Lugger 9103 08 30.2 14.9 -19 08 27.856 6.1 -19 4.834 2 
 3485 Barucci 2004 08 30.4 14.9 -8 08 30.837 0.6 -8 14.65 1 
 2451 Dollfus 9106 09 02.4 14.5 -6 09 02.140 0.9 -6 48 1 
 2097 Galle 9106 09 03.3 14.7 -5 09 03.300 1.2 -5 7.31 2 
 4583 Lugo 9104 09 04.4 14.7 -7 09 05.025 0.1 -7 12 1 
 1632 Siebohme 9105 09 11.1 14.5 0 09 11.345 2.3 0 56.65 2 
 4257 Ubasti 9101 09 12.0 14.6 -4 09 11.931 0.6 -4 4.4 1 
 1984 Fedynskij 9106 09 13.4 14.8 -2 09 14.010 0.7 -2 8.14 2 
 994 Otthild 9104 09 19.5 12.6 -4 09 19.650 1.3 -4 5.95 2+ 
 2109 Dhotel 9105 09 28.5 14.1 -4 09 28.954 3.3 -4 32 1 
 1475 Yalta 9104 10 02.5 14.3 5 10 02.285 0.9 5 70.77 2 
 1615 Bardwell 602 10 07.5 14.6 4 10 06.828 0.7 4 17 2 
 1024 Hale 9106 10 27.1 13.7 1 10 28.162 5.4 1 106.047 2+ 
 1555 Dejan 9105 10 28.0 13.8 25 10 29.650 5.7 24 16.96 2+ 

Table I. A partial list of numbered asteroids reaching a favorable apparition and with an LCDB rating U < 3-. 
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Spin Axis and Modeling (Favorable Apparition, U > 2+, No LCDB pole, not in DAMIT) 

Num  Name Fam BMD BMg BDC PD PMn PDC P (h) U Notes 

 1093 Freda 9106 05 18.5 12.3 -20 05 16.999 0.1 -20 19.670 3 
 19261 1995 MB 9104 07 14.5 14.5 -5 07 14.923 8.8 -5 4.591 3 
 1853 McElroy 9106 07 23.5 14.9 -20 07 21.728 0.1 -20 8.016 3- 
 3578 Carestia 9106 08 17.3 14.2 +9 08 17.251 9.1 +9 9.974 3 
 2408 Astapovich 9105 08 22.5 14.8 -4 08 23.869 3.8 -4 3.674 3 
 379 Huenna 602 09 06.1 12.2 -7 09 05.144 0.2 -6 14.141 3 
 3687 Dzus 9106 09 10.8 14.7 +17 09 11.998 10.9 +17 58.12 3- 
 995 Sternberga 9105 09 11.0 12.8 +13 09 11.515 8.9 +13 11.191 3 
 5567 Durisen 624 09 11.6 14.4 -14 09 12.558 4.2 -14 7.001 3 
 1916 Boreas NEA 09 14.7 14.7 +21 10 06.850 14.8 +26 3.475 3 
152664 1998 FW4 NEA 09 28.0 13.9 +39 09 17.927 10.9 +4 17.38 3 
 477 Italia 9104 09 29.4 11.8 +2 09 30.157 0.4 +2 19.413 3 
 4217 Engelhardt 4217 10 01.5 14.2 +18 10 03.211 7.9 +19 3.066 3 
 1453 Fennia 9102 10 03.7 13.9 +8 10 03.884 1.9 +8 4.412 3 
 1234 Elyna  606 10 06.1 14.8 +16 10 06.034 4.5 +16 5.422 3 
 1346 Gotha  502 10 09.2 14.1 -5 10 08.283 5.6 -5 2.64 3 
 1071 Brita  9106 10 31.5 13.7 +12 10 31.320 0.9 +12 5.817 3 

Table II. A partial list of numbered asteroids reaching a favorable apparition that have high-quality periods solutions but do not have a pole 
solution in the LCDB or DAMIT databases. 

Spin Axis and Modeling (Any Apparition, U < 3–, Pole in LCDB) 

Num  Name Fam BMD BMg BDC PD PMn PDC P (h) U Notes 

 1287 Lorcia 606 04 02.4 15.0 -7 04 02.576 0.9 -7  8.878 2 
 2906 Caltech 9106 07 12.5 15.2 -43 07 11.024 6.9 -43  12.994 2+ 
 1913 Sekanina 605 07 24.5 15.2 -22 07 23.536 0.7 -22  14.035 2+ 
 1858 Lobachevskij 9106 08 07.4 15.0 -14 08 08.039 0.8 -14  5.413 2+ 
 982 Franklina 9106 08 21.7 13.3 0 08 23.231 4.9 +0  263.5 2 
 3409 Abramov 605 09 07.5 15.5 -5 09 06.872 0.6 -5  7.791 2+ 
 926 Imhilde 639 09 10.1 15.4 -23 09 12.556 6.3 -23  25.977 2+ 
 470 Kilia 9104 09 10.4 13.0 -3 09 11.450 0.4 -4  296.2 2+ 
 1632 Siebohme 9105 09 11.1 14.5 0 09 11.345 2.3 +0  56.65 2 
 1167 Dubiago 9106 09 16.4 14.5 3 09 16.625 1.9 +3  34.818 2 
 994 Otthild 9104 09 19.5 12.6 -4 09 19.650 1.3 -4  5.95 2+ 
 1475 Yalta 9104 10 02.5 14.3 5 10 02.285 0.9 +5  70.77 2 
 892 Seeligeria 9106 10 19.6 14.4 -5 10 18.793 5.2 -5  16.693 2+ 
 1118 Hanskya 2013 10 26.8 14.8 31 10 27.616 5.9 +31  25.31 2 
 1555 Dejan 9105 10 28.0 13.8 25 10 29.650 5.7 +24 16.96 2+ 

Table III. A partial list of numbered asteroids reaching brightest magnitude that have a reported pole position but the LCDB rating is U < 3-. 

Low Phase Angle (V  15.0, phase angle  1.0°) 

Num  Name Fam BMD BMg BDC PD PMn PDC P (h) U Notes 

 551 Ortrud 9106 07 06.5 14.1 -23 07 04.323 0.2 -23 17.416 3 
 295 Theresia 9106 07 08.5 14.1 -22 07 06.639 0.2 -22 10.702 3 
 1853 McElroy 9106 07 23.5 14.9 -20 07 21.728 0.1 -20 8.016 3- 
 390 Alma 9105 07 26.5 14.0 -19 07 28.418 0.2 -19 3.741 3 
 3478 Fanale 9104 07 27.5 14.9 -19 07 27.092 0.2 -19 3.245 3 
 522 Helga 9106 07 28.5 13.7 -20 07 26.068 0.2 -20 8.129 3 
 30 Urania 9104 08 03.5 9.9 -18 08 02.101 0.1 -18 13.686 3 
 62 Erato 602 08 03.5 12.9 -18 08 01.754 0.1 -18 9.221 3 
 53 Kalypso 9105 08 12.5 12.7 -15 08 11.016 0.2 -15 9.036 3 
 64 Angelina 9105 08 13.2 11.7 -15 08 12.493 0.2 -15 8.752 3 
 609 Fulvia 9106 09 02.4 14.4 -7 09 03.577 0.2 -7 35.375 3 
 379 Huenna 602 09 06.1 12.2 -7 09 05.144 0.2 -6 14.141 3 
 2524 Budovicium 602 09 07.4 14.6 -5 09 08.926 0.2 -5 10.082 3 
 1686 De Sitter 602 10 04.4 14.9 5 10 06.114 0.1 +5 11.292 3- 
 697 Galilea 9106 10 06.4 12.4 5 10 07.802 0.2 +5 16.538 3 
 1084 Tamariwa 9105 10 06.4 14.0 5 10 07.945 0.3 +5 6.196 3 
 1207 Ostenia 606 10 12.5 14.6 7 10 11.503 0.2 +7 9.073 3 
 1358 Gaika 9104 10 13.4 15.0 8 10 14.672 0.2 +8 10.1 3 
 85 Io 502 10 16.4 10.3 9 10 16.939 0.1 +9 6.875 3 

Table IV. A partial list of numbered asteroids reaching a minimum phase angle  1.0°. Bold indicates a favorable apparition. 
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NEAs (aka Radar) Reaching Brightest for Year (Any Apparition, V  17.0,  90°) 

Num  Name Fam BMD BMg BDC PD PMn PDC P (h) U Notes 

 437844 1999 MN 9101 07 02.4 16.4 -32 07 01.890 8.6 -32 5.495 3  
 348400 2005 JF21 9101 07 13.5 16.5 +9 12 07.061 14.2 -01 2.415 3 PHA 
 35107 1991 VH 9101 07 25.4 15.0 +56    2.624 3 PHA, BA, NHATS 
 442609 2012 KU42 9101 07 29.1 16.7 +5 12 20.839 23.4 -14    
 613291 2005 YX128 9101 08 01.4 15.7 +46     
 333284 1999 PJ1 9101 08 12.1 16.6 -14 08 12.296 0.8 -14 6.201 3  
 2100 Ra-Shalom 9101 08 19.3 14.6 +32 08 30.500 43.3 +08 19.797 3  
 1981 Midas 9101 09 09.4 17.0 +46 10 30.234 24.3 +51 5.220 3 PHA 
 89830 2002 CE 9101 09 10.6 16.7 +35    2.615 2-  
 4257 Ubasti 9101 09 12.0 14.6 -4 09 11.931 0.6 -04 4.4 1  
 1916 Boreas 9101 09 14.7 14.8 +21 10 06.850 14.8 +26 3.475 3  
 162117 1998 SD15 9101 09 22.7 17.0 +17 10 03.340 46.4 -10 7.33 3-  
 152664 1998 FW4 9101 09 28.0 13.9 +39 09 17.927 10.9 +04 17.38 3 PHA 
 219071 1997 US9 9101 09 28.4 16.8 +35 10 06.241 28.8 +26 3.319 3-  
 443837 2000 TJ1 9101 10 03.7 16.9 +3 10 03.825 1.2 +03 14.09 3-  
 461397 2001 SD170 9101 10 10.8 14.9 +5 10 09.982 5.4 +07    
 112985 2002 RS28 9101 10 20.8 15.7 +31 10 26.971 18.7 +20 4.787 2  
 144900 2004 VG64 9101 10 26.1 15.9 -5      
 99907 1989 VA 9101 10 29.2 16.7 +40 11 12.914 54.7 +10 2.525 3  
 164206 2004 FN18 9101 10 30.0 14.0 +8 10 27.947 6.0 +13      

Table VI. A list of near-Earth asteroids known as of 2025 April 14. Green bar lines are on the Goldstone list of planned targets. PHA: 
Potentially Hazardous Asteroid. NHATS: Near-Earth Object Human Space Flight Accessible Targets Study. BA: Binary asteroid. This is not 
necessarily a complete list of Goldstone targets. Check their web site. 

Long Period (Favorable Apparition, P  24 h, U < 3) 

Num  Name Fam BMD BMg BDC PD PMn PDC P (h) U Notes 

 5438 Lorre 527 03 14.0 14.7 -40 03 13.600 20.1 -40 25.30 2+ 
 2045 Peking 401 03 21.5 14.6 +2 03 21.506 1.0 +02 158.7 2 
 85953 1999 FK21 9101 04 05.0 14.6 +34 03 31.001 30.1 +11 28.08 2 
 1512 Oulu 9107 04 08.5 14.3 -8 04 06.829 0.3 -08 132.3 2+ 
 1101 Clematis 2012 04 15.5 14.9 -8 04 13.453 0.3 -08 34.3 2 
 6372 Walker 604 05 15.5 14.9 -15 05 15.378 1.7 -15 44.25 2 
 1905 Ambartsumian 9104 05 16.8 14.1 -16 05 16.674 1.7 -16 92.153 2 
 1457 Ankara 9105 06 09.5 13.5 -30 06 09.831 2.9 -30 35.54 2 
 2660 Wasserman 502 06 14.0 14.9 -4 06 12.481 8.7 -04 527.991 2 
 1728 Goethe Link 9104 07 22.2 14.2 -10 07 22.169 4.7 -10 81. 2 
 3729 Yangzhou 502 08 02.9 14.6 -38 08 02.443 9.9 -38 29.158 2 
 3009 Coventry 402 08 07.7 15.0 -25 08 07.489 5.0 -25 78.964 2- 
 1606 Jekhovsky 9105 08 10.9 13.8 -3 08 09.641 7.4 -03 165.946 2 
 5687 Yamamotoshinobu 9106 08 11.2 14.8 -18 08 11.093 1.1 -18 154.868 2 
 1493 Sigrid 405 08 15.5 13.4 -15 08 15.166 0.4 -15 43.296 2 
 982 Franklina 9106 08 21.7 13.3 +0 08 23.231 4.9 +00 263.5 2 
 2451 Dollfus 9106 09 02.4 14.5 -6 09 02.140 0.9 -06 48. 1 
 1632 Siebohme 9105 09 11.1 14.5 +0 09 11.345 2.3 +00 56.65 2 
 2109 Dhotel 9105 09 28.5 14.1 -4 09 28.954 3.3 -04 32. 1 
 1475 Yalta 9104 10 02.5 14.3 +5 10 02.285 0.9 +05 70.77 2 
 1024 Hale 9106 10 27.1 13.7 +1 10 28.162 5.4 +01 106.047 2+ 
 2263 Shaanxi 606 10 28.8 15.0 +8 10 29.036 2.2 +08 272.2 2 
 2490 Bussolini 502 11 09.2 14.8 +11 11 09.210 2.6 +11 24. 1 
 1952 Hesburgh 9106 11 12.8 14.1 +7 11 12.767 4.1 +07 47.52 2 
 1122 Neith 9105 11 14.9 13.3 +17 11 14.868 0.9 +17 25.11 2 
 923 Herluga 9105 11 19.2 14.1 +3 11 20.538 8.2 +02 30.61 2 
 3171 Wangshouguan 9106 12 06.6 15.0 +35 12 07.055 4.4 +35 43.548 2+ 
 4293 Masumi 9106 12 16.8 14.7 +31 12 16.358 3.6 +31 36. 2- 

Table V. A partial list of numbered asteroids reaching a favorable apparition and with a reported period P  24 hours. 
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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 Page EP 
 49 Pales 12 202 
 55 Pandora 15 205 
 77 Frigga 56 246 
 79 Eurynome 56 246 
 90 Antiope 32 222 
 174 Phaedra 56 246 
 229 Adelinda 27 217 
 229 Adelinda 29 219 
 238 Hypatia 32 222 
 247 Eukrate 32 222 
 247 Eukrate 56 246 
 291 Alice 56 246 
 321 Florentina 56 246 
 350 Ornamenta 56 246 
 402 Chloe 56 246 
 413 Edburga 29 219 
 416 Vaticana 56 246 
 488 Kreusa 32 222 
 504 Cora 32 222 
 504 Cora 56 246 
 511 Davida 56 246 
 513 Centesima 56 246 
 534 Nassovia 56 246 
 542 Susanna 32 222 
 562 Salome 1 191 
 575 Renate 56 246 
 617 Patroclus 9 199 
 620 Drakonia 56 246 
 637 Chrysothemis 16 206 
 674 Rachele 32 222 
 675 Ludmilla 56 246 
 766 Moguntia 56 246 
 797 Montana 17 207 
 802 Epyaxa 56 246 
 811 Nauheima 56 246 
 862 Franzia 45 235 
 887 Alinda 18 208 
 887 Alinda 20 210 
 887 Alinda 21 211 
 966 Muschi 56 246 
 1101 Clematis 29 219 
 1120 Cannonia 56 246 
 1127 Mimi 32 222 
 1205 Ebella 49 239 

Number  Name Page EP
 1260 Walhalla 56 246 
 1318 Nerina 24 214 
 1318 Nerina 45 235 
 1332 Marconia 1 191 
 1342 Brabantia 29 219 
 1342 Brabantia 45 235 
 1343 Nicole 29 219 
 1361 Leuschneria 1 191 
 1514 Ricouxa 56 246 
 1626 Sadeya 32 222 
 1664 Felix 56 246 
 1808 Bellerophon 56 246 
 1833 Shmakova 63 253 
 1887 Virton 39 229 
 1890 Konoshenkova 39 229 
 1925 Franklin-Adams 56 246 
 2010 Chebyshev 1 191 
 2010 Chebyshev 39 229 
 2194 Arpola 39 229 
 2195 Tengstrom 56 246 
 2225 Serkowski 39 229 
 2244 Tesla 39 229 
 2305 King 63 253 
 2316 Jo-Ann 39 229 
 2577 Litva 32 222 
 2635 Huggins 1 191 
 2663 Miltiades 36 226 
 2693 Yanâ€™an 56 246 
 2719 Suzhou 1 191 
 2719 Suzhou 39 229 
 2738 Viracocha 49 239 
 2791 Paradise 1 191 
 2837 Griboedov 25 215 
 3368 Duncombe 39 229 
 3486 Fulchignoni 49 239 
 3539 Weimar 36 226 
 3583 Burdett 49 239 
 3654 AAS  56 246 
 3672 Stevedberg 56 246 
 3811 Karma 1 191 
 3909 Gladys 39 229 
 4031 Mueller 49 239 
 4099 Wiggins 39 229 
 4133 Heureka 45 235 
 4133 Heureka 49 239 
 4159 Freeman 49 239 
 4225 Hobart 49 239 
 4350 Shibecha 39 229 
 4440 Tchantches 56 246 
 4648 Tirion 1 191 
 4706 Dennisreuter 49 239 
 4789 Sprattia 49 239 
 5424 Covington 39 229 
 5491 Kaulbach 49 239 
 5534 1941 UN 1 191 
 5598 Carlmurray 56 246 
 5668 Foucault 49 239 
 5743 Kato 1 191 
 

Number  Name Page EP
 5802 Casteldelpiano 1 191 
 5802 Casteldelpiano 27 217 
 5802 Casteldelpiano 49 239 
 6171 Uttorp 49 239 
 6239 Minos 45 235 
 6243 Yoder 49 239 
 6326 Idamiyoshi 77 267 
 6348 1995 CH1 49 239 
 6634 1987 KB 49 239 
 6735 Madhatter 39 229 
 6821 Ranevskaya 49 239 
 6827 Wombat 1 191 
 6858 1990 ST10 49 239 
 6950 Simonek 39 229 
 8168 Rogerbourke 63 253 
 9010 Candelo 39 229 
 9014 Svyatorichter 36 226 
 13352 Gyssens 39 229 
 13441 Janmerlin 36 226 
 13542 1991 VC5 39 229 
 13819 1999 SX5 49 239 
 14488 1994 TF15 36 226 
 15138 2000 EQ93 36 226 
 17485 1991 RP9 49 239 
 18489 1996 BV2 36 226 
 18489 1996 BV2 49 239 
 18513 1996 TS5 36 226 
 21755 1999 RE190 49 239 
 24260 Krivan 49 239 
 24863 Cheli 39 229 
 25283 1998 WU 63 253 
 27174 1999 BB2 27 217 
 27736 Ekaterinburg 39 229 
 30839 1991 GH1 49 239 
 44700 1999 SG3 1 191 
 46925 Bradyharan 26 216 
 56086 1999 AA21 49 239 
 66251 1999 GJ2 63 253 
 137126 1999 CF9 45 235 
 137805 1999 YK5 45 235 
 161989 Cacus 74 264 
  2009 UN3 66 256 
  2015 DP155 74 264 
  2020 SW 74 264 
  2020 UQ6 74 264 
  2023 DZ2 74 264 
  2025 AB 66 256 
  2025 AC 66 256 
  2025 CF 66 256 
  2025 CQ1 66 256 
  2025 DJ22 66 256 
  2025 FA 66 256 
  2025 GB 66 256 
  2025 GB 74 264 
  2025 GD 66 256 
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*        *       *       *       * 
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