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Synodic rotation periods were determined for twelve
main-belt asteroids: 394 Burdigala, 399.8 + 0.7 h; 464
Megaira, 12.860 + 0.012 h; 858 El Djezair, 14.830 +
0.015 h; 1269 Rollandia, 28.277 + 0.017 h; 1585 Union,
12.798 £+ 0.005 h; 1603 Neva, 6.423 + 0.002 h; 1614
Goldschmidt, 16.540 + 0.013 h; 1720 Niels, 250.9 +
0.9 h; 2162 Anhui, 8.090 + 0.005 h; 3040 Kozai, 4.512 +
0.008 h; 5321 Jagras, 2.6370 + 0.0004 h; and (18736)
1998 NU, 2.4755 + 0.0002 h. All the data have been
submitted to the ALCDEF database.

CCD photometric observations of twelve main-belt asteroids were
performed at Command Module Observatory (MPC V02) in
Tempe, AZ. Images were taken using a 0.32-m f/6.7 modified
Dall-Kirkham telescope, SBIG STXL-6303 CCD camera, and a
“clear” glass filter. Exposure time for all images was 2 minutes.
The image scale after 2x2 binning was 1.76 arcsec/pixel. Table I
shows the observing circumstances and results. With one
exception, all of the images for these twelve asteroids were
obtained between 2019 January and March.

Images were calibrated using a dozen bias, dark, and flat frames.
Flat-field images were made using an electroluminescent panel.
Image calibration and alignment was performed using MaxIm DL
software. The data reduction and period analysis were done using
MPO Canopus (Warner, 2019). The 45'x30" field typically
enables the use of the same field center for three consecutive
nights. In these fields, the asteroid and three to five comparison
stars were measured. Comparison stars were selected with colors
within the range of 0.5 < B-V < 0.95 to correspond with color
ranges of asteroids. In order to reduce the internal scatter in the
data, the brightest stars of appropriate color that had peak ADU
counts below the range where chip response becomes nonlinear
were selected. The MPO Canopus internal star catalogue was
useful in selecting comp stars of suitable color and brightness.

Since the sensitivity of the KAF-6303 chip peaks in the red, the
Clear-filtered images were reduced to Sloan r’ to minimize error
with respect to a color term. Comp star magnitudes were derived
from a combination of CMC15 (Muifioz et al., 2014), APASS
DRY9 (Munari et al., 2015), and GAIA2 G (Sloan r’ = G for stars of
asteroidal color) catalogues to set the zero-points each night. In
most regions the Sloan r” data sources for brighter stars yielded
very similar magnitudes (within about 0.05 mag total range), so
mean values rounded to 0.01 mag precision were used. This
careful adjustment of the comp star magnitudes and color-indices
allowed the separate nightly runs to be linked often with no zero-
point offset required, or shifts of only a few hundredths of a
magnitude in a series.

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

Asteroids were selected from the CALL website (Warner, 2011)
using the criteria of magnitude greater than 15.0 and quality of
results, U, less than 2+. In this set of observations, seven of the 11
asteroids had no previous period analysis. The Asteroid
Lightcurve Database (LCDB; Warner et al., 2009) was consulted
to locate previously published results. All the new data for these
twelve asteroids can be found in the ALCDEF database.

384 Burdigala was discovered by Fernand Courty at Bordeaux in
1894. The LCDB gives two rotation periods, both based on rather
sparse data; Robinson (2011) obtained a period of >17 h, and
Behrend (2011) shows 21.1 £ 0.1 h. It would come to a perihelic
opposition in early 2019.

The first three nights of observations at V02 showed a steady rise
in brightness, indicating that the period would be much longer
than published values. In all, 594 images were gathered over the
course of 21 nights. The minimum in the period spectrum at 399.8
+ 0.7 h produced a satisfactory, bi-modal lightcurve. The
amplitude is 0.36 £ 0.02 mag, and the RMS scatter on the fit
shown in the phased plot is 0.023 mag.
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Number Name yyyy mm/dd Pts Phase Lpag Bpag Period (h) P.E. Amp A.E. Grp
384 Burdigala 2019 01/23-02/23 594 9.7,20.6 107 7 399.8 0.7 0.36 0.02 MB-M
464 Megaira 2019 03/23-03/30 387 6.8,8.6 165 11 12.860 0.012 0.11 0.03 MB-O
858 EL Djezair 2019 03/23-03/31 539 4.9,6.5 180 11 14.830 0.015 0.07 0.02 MB-O
1269 Rollandia 2019 02/10-02/28 422 2.7,8.2 132 0 28.277 0.017 0.13 0.02 HIL
1585 Union 2019 02/23-02/28 414 9.1,10.9 135 -6 12.798 0.005 0.24 0.02 MB-O
1603 Neva 2019 01/29-02/09 302 10.9,14.5 103 -4 6.423 0.002 0.25 0.04 MB-O
1614 Goldschmidt 2019 03/23-03/30 315 8.6,11.1 161 1 16.540 0.013 0.15 0.04 MB-O
1720 Niels 2019 01/23-02/12 482 3.7,15.0 117 0 250.9 0.9 0.61 0.05 MB-I
2162 Anhui 2019 01/23-01/28 482 7.0,9.8 111 -1 8.090 0.005 0.14 0.03 FLOR
3040 Kozai 2019 02/24-02/25 207 16.2 .4 158 22 4.512 0.008 0.25 0.06 MC
5321 Jagras 2018 10/10-10/18 274 3.5,5.8 16 5 2.6370 0.0004 0.06 0.03 EUN

18736 1998 NU1 2019 01/27-02/08 290 9.9,19.5 121 -1 2.4755 0.0002 0.12 0.02 NEA

Table I. Observing circumstances and results. The phase angle (a) is given at the start and end of each date range, unless it reached a
minimum or maximum, which is then the second of three values. LPAB and BPAB are each the average phase angle bisector longitude
and latitude (see Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009).

464 Megaira. This outer-belt asteroid was discovered by Max
Wolf while at Heidelberg in 1901. Harris and Young (1989)
derived a period of 12.726 + 0.003 h while Waszczak et al. (2015)
found 12.871 £ 0.0073 h.

A total of 387 images were gathered during six nights. The low
amplitude of the lightcurve presented difficulty in obtaining a
satisfactory period solution; the RMS scatter of 0.030 mag. is
nearly one fourth of the amplitude of 0.11 + 0.03 mag. The fourth-
order solution produced a period of 12.860 + 0.012 h, which
agrees with previous assessments.
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858 El Djezair is one of Frédéric Sy’s discoveries while working
at Agiers in 1916. Warner (2005) published a period of 22.31 +
0.2 h. Behrend (2007) obtained 19.0 + 1.0 h.
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Over the course of nine nights, seven were useable, resulting in
539 data points. The lowest trough in the period spectrum occurs
at 14.830 + 0.015 h, which does not agree with published values.
The full amplitude is 0.07 = 0.02 mag, and the RMS scatter of the
fit is 0.023 mag.

1269 Rollandia. Grigory Neujmin discovered this Hilda asteroid
from Simeis in 1930. Several period solutions have been
published: Franco (2012, 15.4 + 0.1 h), Slyusarev (2012, 30.98 +
0.93 h), and Fauvuad (2013, 15.32 + 0.03 h).
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RMS error (x 0.01 mag)

Period (hours)
5 10 15 20 25 30 35 40 45 50

Minor Planet Bulletin 46 (2019)




T T T T T
1269 Rollandia
13.50 Period: 28.277 £ 0.017 h Amp: 0.13 )
13.55- |

13.60- 1

Magnitude(r) alpha(2.8°)
. A o
w w w w
(-] ~ ~ N
= o o o

13.85- 1

| Year: 2019 | |
13.90 A& 1::;-02110
| 1150 - 02111

13.95 4 1154-02112|
| 1160 - 02/20
+ 1180 - 0228

14.00- JDo(LTC): 2458542.876412 — 3t Order 17

000 010 020 030 040 050 060 070 080 090 100

During five nights in February, 422 images were taken. The most
prominent solution in the period spectrum occurs at 28.277 +
0.017 h, differing from values in the LCDB. The lightcurve has an
amplitude of 0.13 =+ 0.02 mag and an RMS error on the fit of 0.016
mag.

1585 Union. Ernest Johnson discovered this minor planet at Union
Observatory in 1947. Binzel (1987) published a period of 9.38 h
and Behrend (2004) computed 24 h. The generous amplitude of
the lightcurve results in a robust period solution at 12.798 =+
0.005 h, disagreeing with the two previous assessments. The RMS
scatter on the fit is 0.018 mag. The amplitude is 0.24 + 0.02 mag.
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1603 Neva is another of Grigory Neujmin’s finds, made while
working at Simeis in 1926. Several authors have published
periods, all roughly in agreement with each other: Behrend (2004,
6.4249 + 0.0001 h), Aznar (2016, 6.430 + 0.015 h), and Fuller
(2019, 6.426 + 0.001 h).

Five observing nights were sufficient to obtain a synodic period of
6.423 + 0.002 h, which is in agreement with the previous values.
The amplitude of the lightcurve is 0.25 + 0.04 mag and the RMS
error on the fit is 0.044 mag.
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1614 Goldschmidt. Alfred Schmitt discovered this minor planet at
Uccle in 1952. He named it after Hermann Goldschmidt, who by
1861 had discovered 14 asteroids. The LCDB lists two period
solutions: Warell (2015) with 7.74 + 0.02 h and Kozdon (2016)
with 8.873 £ 0.002 h.

After six nights, 315 data points were collected. The period
spectrum shows prominent troughs at roughly 16 h and the half-
period of 8 h, but the fit reveals quite a bit of uncertainty, as
previous authors noted. The best fit occurs at 16.540 + 0.013 h.
The monomodal solution of 8.250 + 0.008 cannot be ruled out.
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1720 Niels is an inner-belt asteroid, discovered at Heidelberg in
1935 by Karl Reinmuth. Using an incomplete dataset, Clark
(2007) obtained a synodic period of 9.976 h. Behrend (2008)
shows 19.2 h.

During a three-week period, 482 images were gathered on 16
nights in 2019 January to February. The photometry revealed a
much longer period than the previous assessments: 250.9 + 0.9 h.
RMS scatter on the fit is 0.054 mag. The amplitude of the
lightcurve is 0.61 + 0.05 mag.
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2162 Anhui is a Flora-family asteroid, discovered in 1966 at
Purple Mountain Observatory. Behrend (2018) obtained a period
0f 8.106 £ 0.001 h and Pravec (2018) computed a similar period of
8.1048 + 0.0005 h.

During six January nights, 471 images of the asteroid were taken.
A synodic period of 8.090 £ 0.005 h was obtained, which is in line
with the two previous values. The lightcurve amplitude is 0.14 +
0.03 mag and the RMS error of the curve fit is 0.034 mag.
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3040 Kozai is a Mars crosser with an orbital inclination of 47 deg.
Its discovery was made by William Liller at Cerro Tololo in 1979.
Recent period evaluations made by Pravec (2019) and Stephens
and Warner (2019) show periods of 4.515 + 0.002 h and 4.518 +
0.001 h, respectively.

After two nights, the 207 images were sufficient to obtain a rough
period estimate of 4.512 + 0.008 h, albeit with large scatter due to
the brightness being below the comfortable limit for this telescope
and site. This period is in line with those from Pravec and
Stephens and Warner. The amplitude of the lightcurve is 0.25 +
0.06 mag and the RMS error of the fit is 0.059 mag.
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5321 Jagras This Eunomia-family asteroid was discovered in 1985
by Kaare Jensen and Karl Augustesen at Brorfelde. Again, only
two, very recent period assessments have been published, both
consistent with each other. Mollica (2019) published a period of
2.6375 + 0.0001 h and Papini (2019) computed 2.638 + 0.001 h.
The author gave up on this asteroid after five nights and 274
images in 2018 October that showed mostly flat raw lightcurve
morphology. Only after learning about the recent work were the
data resurrected for period analysis.

Consistent with the recent calculations, a rotational period of
2.6370 = 0.0004 h appears as a small trough in the period
spectrum. Since the RMS scatter of 0.025 mag is nearly half of the
amplitude, the lightcurve is very crude; observations would benefit
from a larger telescope and a darker site.
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(18736) 1998 NU is a near-earth asteroid that was discovered by
the Spacewatch telescope. Its high eccentricity orbit brought it to a
very favorable 2019 opposition distance of 0.27 AU. The LCDB
shows four consistent period solutions: Carreno (2019, 2.473 +
0.003 h); Pravec (2019, 2.47542 + 0.00003 h); and Warner and
Stephens (2019b, 2.471 + 0.002 h and 2.4753 + 0.0003 h). The
first result of Warner and Stephens (2019b) is a revision of a
previously reported period of 3.796 h (Warner and Stephens,
2019a).

Four nights and 290 images were sufficient to assess its short
period, which came out to 2.4755 + 0.0002 h. The amplitude of
the fit is 0.12 £ 0.02 mag, and the RMS scatter of the curve fit is
0.023 mag.
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A RE-EVALUATION OF ASTEROID 4181 KiVI
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Asteroid 4181 Kivi was reported by the author (Rowe,
2019) as having a rotational period of 89.1 h and a
monomodal lightcurve; this was incorrect. The reported
period should be 178.2 h.

The 89.1 h period reported for 4181 Kivi was based on a similar
split halves plot for the 178 h period. However, Tom Polakis
(private communication) called attention to the fact that it is
almost impossible to have a monomodal lightcurve with an
amplitude greater than 0.3 mag at low to moderate phase angles
(Harris et al., 2014). The reported amplitude for the 89.1 h period
was 0.77 mag.

Using a 4™ order solution with the same data points gives the
revised plot shown here. The author was aware of the magnitude
limit for monomodal lightcurves but forgot it in the analysis.
Many thanks to Tom Polakis for pointing this out.
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Table |. Revised results for 4181 Kivi. See Table
I in Rowe (2019) for the full set of observing
circumstances.
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