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Photometric observations of asteroids 2376 Martynov,
(7335) 1989 JA, 12923 Zephyr, and (85184) 1991 JG1
were conducted in order to determine their synodic
rotation period, the absolute brightness with its
amplitude, and estimate their diameter. For 2376
Martynov we found P = 11.133 £ 0.005 h, H=11.07
0.05 mag, A =0.38 £ 0.05 mag, D =47.583 £ 0.529 km
(for albedo a = 0.0364) and D = 39.212 + 0.588 km (for
albedo a = 0.0536). For (7335) 1989 JA we found
P=5.177 £ 0.005 h, H=17.48 + 0.05 mag, A = 0.27 +
0.05 mag, D = 0.849 + 0.009 km (for albedo a =0.25) and
D =0.748 £ 0.010 km (for albedo a = 0.322). For 12923
Zephyr we found P = 3.894 + 0.002 h, H = 15.73 £ 0.05
mag, A = 0.21 + 0.05 mag, D = 2.260 £ 0.025 km (for
albedo a=0.1764) and D =2.072 £+ 0.027 km (for albedo
a=0.21). For (85184) 1991 JG1 we found P = 24.14 +
0.02 h, H = 18.37 + 0.07 mag, A = 0.65 + 0.07 mag,
D =0.631 £ 0.008 km (for albedo a = 0.20).

We observed asteroids 2376 Martynov, (7335) 1989 JA, 12923
Zephyr, and (85184) 1991 JG1 in order to determine their synodic
rotation period, the absolute brightness with its amplitude, and
estimate their diameter. Observations took place at six
observatories: Simeiz Observatory (MPC code 094) in Crimea,
ISON-Kitab Observatory (MPC code 186) in Uzbekistan, Kuban
State University Astrophysical Observatory (MPC code C40) in
Russia, ISON-Castelgrande Observatory (MPC code L28) in Italy,
Tien-Shan Astronomical Observatory (MPC code N42) in
Kazakhstan, and UAS-ISON Observatory (MPC code V26) in
Mexico.
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For data processing we used the following software: Tycho v.9.0.6
(Parrott, 2022) at C40; APEX v.2021.01.4 (Kouprianov, 2008;
Devyatkin et al., 2010) at L28, N42 and V26; Astrometrica
v.4.11.1.442 (Raab, 2018) and FoCAs v.3.66 (Roig et al., 2011) at
186. All images were calibrated with dark and flat-field frames.
Photometry was done in the Gaia G band against reference stars
from the Gaia DR3 catalog with near-solar color indices (Ggp — Grp)
= 0.818 + 10% (Gaia Collaboration, 2022). For the calculation of
the absolute brightness, we used a phase slope parameter G = 0.15.
For the rotation period search we used a custom-written Python
script with the PDM algorithm imported from the PyAstronomy
package (Czesla et al., 2019); the underlying orbital data was
retrieved from the NASA JPL Horizons System (JPL, 2022a) by the
imported Astroquery package (Ginsburg et al., 2019).

For the conversion from Gaia G to Johnson-Cousins V band we
used the transformation:

G-V =-0.02704 + 0.01424 * (GBP - GRP) -
0.2156 * (GBP - GRP)Z + 0.01426 * (GBP - GRP)3

where: G: Gaia G magnitude; V: Johnson-Cousins V magnitude;
and (Gsp — Grp): Gaia BP-RP color index (ESA, 2022).

For the estimation of the asteroid diameter, we used the formula:

D= 10(3.1236—0.5*10g(a)—O.Z*H)

where: D: asteroid diameter in km, a: geometric albedo of asteroid,
and H: absolute brightness of asteroid in Johnson-Cousins V
magnitudes (JPL, 2022b).

Table I shows the observing circumstances and results.

2376 Martynov was discovered on 1977 August 22 at the Crimean
Astrophysical Observatory by N. S. Chernykh; it was named in
honor of Dmitrij Yakovlevich Martynov, an outstanding
astrophysicist, for many years the director of the Sternberg
Astronomical Institute in Moscow, author of widely used texts on
astrophysics (MPC, 1983). It is a main belt asteroid with a semi-
major axis of a = 3.20 au, eccentricity e = 0.119, inclination
i = 3.84°, and an orbital period P = 5.73 years; its absolute
magnitude has a value of H = 11.03 (MPC, 2022a), other reported
values range from H = 10.47 (Colazo et al., 2021) to H = 11.13
(Masiero et al., 2020). A search of the Asteroid Lightcurve
Database (Warner et al., 2009) did not find any reported rotation
period for asteroid 2376 Martynov.

CCD photometric observations of the asteroid were carried out on
five nights in 2021 March 6 to March 23 at three observatories: 094,
186, and L28. At 094 we used a 1-m f/12.7 Cassegrain telescope
with a FLI ML-09000 CCD camera without filters at 3x3 binning
and 0.58 arcsec/pix pixel scale with 60 s exposure times during the
nights 2021 March 6 and 9; at 186 we used a 0.36-m f/8 Ritchey-
Chrétien telescope with a FLI PL 09000 CCD camera without filters
at 2x2 binning and 1.72 arcsec/pix pixel scale with 60 s exposure
times during the nights 2021 March 8, 11 and 23; and at L28 we
used a 0.22-m f/2.38 Newton-Hamilton telescope with a FLI PL-
16803 CCD camera without filters at 1x1 binning and 3.54
arcsec/pix pixel scale with 120 s exposure times during the night
2021 March 15. In the course of the entire observation campaign,
the phase angle of 2376 Martynov changed from 7.8° to 2.8°. For
the analysis we collected 381 usable data points.
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Number Name 20yy/mm/dd Phase Lrap Bpap  Period(h) P.E. Amp A.E. D Grp

2376 Martynov 21/03/07-21/03/23 7.8,2.8 191 3 11.133 0.005 0.38 0.05 47.583 MBA
39.212

7335 1989 JA 22/05/14-22/05/24 26.9,35.1 227 11 5.177 0.005 0.27 0.05 0.849 NEA
0.748

12923 Zephyr 21/05/10-21/06/20 17.2,51.0 215 9 3.894 0.002 0.21 0.05 2.260 NEA
2.072

85184 1991 JGl 20/05/12-20/05/23 20.5,40.0 229 19 24.14 0.02 0.65 0.07 0.631 NEA

Table I. Observing circumstances and results. The phase angle is given for the first and last exposure time. Lpag and Bpag are the approximate

phase angle bisector longitude/latitude at mid-date range (see Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009).

We found a synodic rotation period P = 11.133 £ 0.005 h, median
absolute brightness H = 10.83 + 0.05 mag in Johnson-Cousins V
band, and brightness amplitude of the folded lightcurve A = 0.38 +
0.05 mag. For the smallest reported albedo, a = 0.0364 (Mainzer et
al., 2011), we estimated the diameter to be D = 47.583 + 0.529 km;
for the largest reported albedo, a = 0.0536 (Tedesco et al., 2004),
we estimated the diameter as D = 39.212 + 0.588 km. The first
figure shows the folded lightcurve. The second plot shows the PDM
power spectrum in a rotation period range between 2 and 12 hours
with a red dashed line indicating the best probable rotation period
at 5.566 h, which produced a monomodal folded lightcurve, though;
the second-best probable rotation period at 11.133 h is the one
which we consider the real rotation period.

Folded lightcurve of asteroid: (2376) Martynov
First data point (UT): 2021-03-07 00:02:57
Last data point (UT): 2021-03-23 20:37:21.792000
Rotation period (by PDM analysis): 11.133 + 0.005 h
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(7335) 1989 JA was discovered on 1989 May 1 at the Palomar
Observatory by E.F. Helin (MPC, 1989). It is a potentially
hazardous asteroid of the Apollo family with a semi-major axis of
a=1.77 au, eccentricity e = 0.484, inclination i = 15.19°, and orbital
period of P = 2.36 years; its absolute magnitude has a value of
H = 17.76 (MPC, 2022b), other reported values are: H = 17.8
(Wisniewski et al., 1997), H = 17.0 (Mainzer et al., 2011; 2019),
and H = 17.82 (Nugent et al., 2016). A search of the Asteroid
Lightcurve Database (Warner et al., 2009) did not find any precise
rotation period reported for asteroid (7335) 1989 JA; there is only
one report of a rotation period “less than half a day” based on radar
observations (Mahapatra et al., 2002).

CCD photometric observations were carried out on nine nights in
2022 May 14 to May 24 at three observatories: 186, C40, and L28.
At 186 we used a 0.36-m f/8 Ritchey-Chrétien telescope with a FLI
PL-09000 CCD camera without filters at 2x2 binning and 1.72
arcsec/pix pixel scale with 20 s exposure times during the night
2022 May 23; at C40 we used a 0.51-m f77.93 Ritchey-Chrétien
telescope with a FLI PL-16803 CCD camera without filters at 1x1
binning and 1.22 arcsec/pix pixel scale with 10 s exposure times
during the nights 2022 May 14-16 and 19-21, and a 0.2-m f/2.0
Schmidt telescope with a FLI ML-8300 CCD camera without filters
at 1x1 binning and 2.83 arcsec/pix pixel scale with 10 s exposure
times during the night 2022 May 24; and at L28 we used a 0.22-m
f72.38 Newton-Hamilton telescope with a FLI PL-16803 CCD
camera without filters at 1x1 binning and 3.54 arcsec/pix pixel scale
with 10 and 20 s exposure times during the nights 2022 May 21-24.
In the course of the entire observation campaign the phase angle of
(7335) 1989 JA changed from 26.9° to 35.1°. For the analysis we
collected 3493 usable data points.

We found a synodic rotation period P = 5.177 + 0.005 h, median
absolute brightness H = 17.48 + 0.05 mag in Johnson-Cousins V
band, and brightness amplitude of the folded lightcurve A = 0.27 +
0.05 mag. For the smallest reported albedo, a = 0.25 (Nugent et al.,
2016), we estimated a diameter D = 0.849 + 0.009 km; for the
largest reported albedo, @ = 0.322 (Mainzer et al., 2011; 2019), we
estimated a diameter D = 0.748 + 0.010 km. The PDM power
spectrum covers a rotation period range between 2 and 12 hours
with a red dashed line indicating the best probable rotation period
corresponding to the one we found; the second-best probable
rotation period at 2.589 h didn’t produce a well-fitted folded
lightcurve, so we could exclude this solution.
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Folded lightcurve of asteroid: (7335) 1989 JA
First data point (UT): 2022-05-14 18:31:59.030000
Last data point (UT): 2022-05-24 22:35:38
Rotation period (by PDM analysis): 5.177 £ 0.005 h
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12923 Zephyr was discovered at the Anderson Mesa Station on
1994 November 11 by LONEOS; its name was suggested by M.
Smitherman. The word “zephyr” derives from the name of the
ancient Greek god of the west wind, Zephyros (MPC, 2004). It is a
potentially hazardous asteroid of the Apollo family with a semi-
major axis a = 1.96 au, eccentricity e = 0.492, inclination
i =5.31°, and orbital period P = 2.75 years; its absolute brightness
has a value of H=15.82 (MPC, 2022c). Other reported values range
from H = 15.21 (Mahlke et al., 2021) to H = 15.93 (Pravec et al.,
2012). In the Asteroid Lightcurve Database (Warner et al., 2009)
we found two reported rotation periods for asteroid 12923 Zephyr:
3.891 h (Pravec et al., 1999web) and 3.893 + 0.002 h (Warner et al.,
2021).

CCD photometric observations of asteroid 12923 Zephyr were
carried out on 22 nights in 2021 May 10 to June 20 at three
observatories: 186, C40 and N42. At 186 we used a 0.36-m f/8
Ritchey-Chrétien telescope with a FLI PL-09000 CCD camera
without filters at 2x2 binning and 1.72 arcsec/pix pixel scale with
60 s exposure times during the nights 2021 May 10, 11, 13, 14 and
June 5, 6; at C40 we used a 0.51-m f/7.93 Ritchey-Chrétien
telescope with a FLI PL-16803 CCD camera without filters at 3x3
binning and 1.37 arcsec/pix pixel scale with 40 s exposure times
during the nights 2021 May 30 and June 5-18, 20; and at N42 we
used a 1-m f76.6 Cassegrain telescope with an Apogee Alta U16M
D9 CCD camera without filters at 2x2 binning and 0.56 arcsec/pix

293

pixel scale with 60 s exposure times during the night 2021 May 29.
In the course of the entire observation campaign, the phase angle of
12923 Zephyr changed from 17.2° to 51.0°. For the analysis we
collected 409 usable data points.

We found a synodic rotation period P = 3.894 + 0.002 h, median
absolute brightness H = 15.73 + 0.05 mag in Johnson-Cousins V
band, and brightness amplitude of the folded lightcurve A = 0.21 £+
0.05 mag. For the smallest reported albedo, a = 0.1764 (Pravec et
al., 2012), we estimated a diameter D = 2.260 + 0.025 km; for the
largest reported albedo, a = 0.21 (Harris et al., 2011), we estimated
a diameter D =2.072 £ 0.027 km. The PDM power spectrum covers
a rotation period range between 2 and 12 hours with a red dashed
line indicating the best probable rotation period corresponding to
the one we found.

Folded lightcurve of asteroid: (12923) Zephyr
First data point (UT): 2021-05-10 17:00:08.352000
Last data point (UT): 2021-06-20 19:25:50.995000
Rotation period (by PDM analysis): 3.894 + 0.002 h
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(85184) 1991 JG1 was discovered on 1991 May 9 at the Palomar
Observatory by E.F. Helin (MPC, 1991). It is a near-Earth asteroid
of the Amor family with a semi-major axis a = 1.37 au, eccentricity
e =0.185, inclination i = 33.88°, and orbital period P = 1.61 years;
its absolute magnitude is H = 18.42 (MPC, 2022d). (Pravec et al.,
1999web) reported H = 18.14. In the Asteroid Lightcurve Database
(Warner et al., 2009) we found a reported rotation period of
24.02 £ 0.05 h (Pravec et al., 1999web), and a series of four
different solutions: 22.56 + 0.05 h, 25.08 + 0.04 h, 23.63 = 0.03 h,
and 24.19 = 0.02 h (Warner and Stephens, 2020).
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CCD photometric observations of asteroid (85184) 1991 JG1 were
carried out on eight nights in 2020 May 12 to May 23 at four
observatories: 186, C40, N42 and V26. At 186 we used a 0.36-m
78 Ritchey-Chrétien telescope with a FLI ML-09000 CCD camera
without filters at 2x2 binning and 1.72 arcsec/pix pixel scale with
60 s exposure times during the nights 2020 May 12, 14, 16, 17 and
22; at C40 we used a 0.51-m f77.93 Ritchey-Chrétien telescope with
a FLI PL-16803 CCD camera without filters at 3x3 binning and
1.37 arcsec/pix pixel scale with 20 s exposure times during the
nights 2020 May 13 and 15; at N42 we used a 1-m f/6.6 Cassegrain
telescope with an Apogee Alta Ul6M D9 CCD camera without
filters at 2x2 binning and 0.56 arcsec/pix pixel scale with 60 s
exposure times during the night 2020 May 23; and at V26 we used
a 0.40-m f/4.2 Ritchey-Chrétien telescope with a FLI PL-09000
CCD camera without filters at 2x2 binning and 2.87 arcsec/pix pixel
scale with 60 s exposure times during the nights 2020 May 14, 15
and 23. In the course of the entire observation campaign, the phase
angle of (85184) 1991 JG1 changed from 20.5° to 40.0°. For the
analysis we collected 1194 usable data points.

We found a synodic rotation period P = 24.14 + 0.02 h, median
absolute brightness H = 18.37 + 0.07 mag in Johnson-Cousins V
band, and brightness amplitude of the folded lightcurve A = 0.65 +
0.07 mag. For a theoretical albedo a = 0.20, we estimated a diameter
D =0.631 £ 0.008 km. The PDM power spectrum covers a rotation
period range between 2 and 36 hours with a red dashed line
indicating the best probable rotation period corresponding to the
one we found.

Folded lightcurve of asteroid: (85184) 1991 |JG1
First data point (UT): 2020-05-12 17:32:07.296000
Last data point (UT): 2020-05-23 22:00:50.394000
Rotation period {by PDM analysis): 24.14 = 0.01 h
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