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Synodic rotation periods and amplitudes are reported for:
1874 Kacivelia, 15.951 £ 0.001 h, 0.21 £ 0.02 mag; 2055
Dvorak, 4.4052 + 0.0003 h, 0.17 + 0.04 mag; 2185
Guangdong, 21.089 + 0.002 h, 0.19 £ 0.02 mag; and
8059 Deliyannis, 6.0041 + 0.0003 h, 0.39 + 0.04 mag.
The absolute magnitude (H) and/or slope parameter (G)
for some of these asteroids are also reported.

This paper presents the collaborative work among a group of

amateur astronomers and undergraduate students gathered in two

Argentinian associations: Grupo de Astrometria y Fotometria

(GAF) and Asociacion de Observatorios Argentinos de Cuerpos

Menores (AOACM). The observatories and equipment used were:

* Estacion Astrofisica de Bosque Alegre (EABA, MPC 821): 1.54-
m Newtonian (NT) and Apogee Alta U9 CCD.

* Observatorio Astronémico Cordoba (OAC, MPC 822): 0.35-m
Schmidt-Cassegrain (SCT) and SBIG ST7 CCD.

* Observatorio Astronomico El Gato Gris (OAEGG, MPC 119):
0.35-m Schmidt-Cassegrain (SCT) and SBIG ST10 CCD.

* Observatorio Astronémico Salvador (OAS, MPC 120): 0.2-m
Schmidt-Newtonian (SNT) and Starlight ST7-XME CCD.

All images were unfiltered, dark, bias and flat-field corrected, and
then measured using Astrometrica software (Raab, 2013). We used
Periodos software (Mazzone, 2012a) for the period analysis. We
find that this software presents some novelties in the mathematical
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processing of the data. These are discussed in the appendix along
with some details regarding our methods.

All targets were selected from the “Potential Lightcurve Targets”
web site list on the Collaborative Asteroid Lightcurve Link site
(CALL; Warner et al., 2011) as a favorable target for observation
and with no previously reported period in the Lightcurve Database
(LCDB, Warner et al., 2009).

The lightcurve figures contain the following information: 1) the
estimated period and amplitude, 2) a 95% confidence interval
regarding the period estimate, 3) RMS of the fitting, 4) estimated
amplitude and amplitude error, 5) the Julian time corresponding to
0 rotation phase, and 6) the number of data points. In the reference
boxes the columns represent, respectively, the marker, observatory
MPC code, session date, session off-set, and number of data points.
See the appendix for a description of the off-sets and reduced
magnitudes.

8059 Deliyannis. We collected 548 data points in five different
sessions. The derived period and amplitude were 6.0041 =+
0.0003 h and 0.39 + 0.04 mag. There is a lack of data between
phase angles 0.63 and 0.7. We estimate the absolute magnitude H
to be 11.92 mag. Previously reported values were 11.8 mag (MPO
233564) and 12.0 (MPC 30957).

1874 Kacivelia. We observed this asteroid between phase angles
17° to 2°. We obtained a period of 15.951 + 0.001 h and amplitude
of 0.21 £ 0.02 mag. The MPCORB file gives H = 11.2 (MPO
250216). We estimate a value of H = 11.4. Given the wide range of
phase angles covering our observations, we considered it
appropriate to find the slope parameter, G (see the appendix
section for details). The MPCORB gives a default value of
G =0.15. We found G = 0.24 produces a better fit to our data.

2055 Dvorak. Analysis of our data found a period of 4.4052 +
0.0003 h and amplitude and 0.17 + 0.04 mag with a large
dispersion among the offsets. The calculated absolute magnitude is
12.81. MPO 259350 reports H = 12.6 and MPC 17264, H=13.5.

2185 Guangdong. This was a difficult target due to its relatively
long rotation period. Unfortunately, the second half of the
lightcurve has substantially fewer data than the first half. We
derived a period of 21.089 + 0.002 h and amplitude 0.19 + 0.02
mag. We computed an absolute magnitude of H = 11.57. The
MPCORB file gives H = 11.3 using G = 0.15. We found that G =
0.33 produces a smaller root-square norm for off-sets.

Appendix: Data Analysis Strategy

In this section, we describe the method used for the data analysis,
which has some differences with the usual methodology in similar
work. We have successfully used these techniques before
(Ambrosioni et al., 2011; Oey et al., 2012).

We programed a set of MATLAB® functions that implemented the
calculations described below using functions from Periodos and
orbit_calc (Mazzone, 2012a; Mazzone, 2012b).

Suppose that m{, forjy=1,...,N and i =1,..., M,

measured magnitudes for the asteroid corresponding to times tij .

are the

Here N is the number of different sessions and M;, j = 1,..., N,

is the number of data points in the session j. By session we mean
the data collected by a unique observatory on a single night.
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First we perform some corrections on the data. More specifically,

times tl-] were light-time corrected and magnitudes were corrected
to unity distance and normalized to the zero phase angle by
applying standard formulas (Dymock, 2007). This reduction
requires some orbital calculations, which are made by an adaptive
collocation method that solves the n-body problem. Sun, planets
and Moon were modeled as point masses.

Second we fit the model function

j . - 2knt! _ 2knt!
f(ti)=a1+a0+2akcos( T ) + bysin( T )
k=1

to the observed data. More precisely, we look for
parameters &/, ay, by, and T that minimize
N Mj
J iy |2
DAL
j=1i=1

The fitted value of T and a, can be interpreted as being the
synodic rotation period of the asteroid and the absolute magnitude
H, respectively. The parameters a/ depend on the sessions and
represent the offsets among sessions. Usually one wants them to be
zero. In order to obtain a well-posed problem, we need to introduce
an extra condition. We adopted the restriction that the offsets a/
have a zero mean, i.e. )&/ = 0. We think that this is a plausible
assumption, if we consider offsets random normally distributed
variables. However this affirmation is false in general. For
example, an inaccurate determination of the slope parameter G
induces a pattern in the offsets. We think that the value of G such
that the offsets squares sum (al)?+...+(aV)? are minimized
gives a good estimate for the G parameter. In this way we obtained
the value of G reported for 1874 Kacivelia and 2185 Guangdong.

We note that our methods incorporate a Fourier algorithm (Harris
et al., 1989) and simultaneously adjust the offsets. This is a non-
linear curve fitting problem and we use the native lsqcurvefit
MATLAB® function for solving it.

References

Ambrosioni, C., Colazo, C., and Mazzone, F. (2011). “Period
Determination for 1996 Adams and 2699 Kalinin by AOACM.”
Minor Planet Bul. 38, 102-102.

Dymock, R. (2007). “The H and G magnitude system for
asteroids.” Journal of the British Astronomical Association. 117,
342-343.

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., and Zeigler, K. (1989). “Photoelectric Observations of
Asteroids 3, 24, 60, 261, and 863" Icarus 77, 171-186.

Mazzone, F.D. (2012a). Periodos software, version 1.0.
http://www.astrosurf.com/salvador/Programas.html

Mazzone, F.D. (2012b). orbit_calc software, version 2.0.
http://www.astrosurf.com/salvador/Programas.html

Oey, J., Colazo, C., Mazzone, F., and Chapman, A. (2012).
“Lightcurve Analysis of 918 Itha and 2008 Konstitutsiya.” Minor
Planet Bul. 39, 1-2.

Raab, H. (2013). Astrometrica software, version 4.8.2.405,
http://'www.astrometrica.at/

Warner, B.D., Harris, A.W., and Pravec, P. (2009). “The Asteroid
Lightcurve Database.” Icarus 202, 134-146.

Warner, B.D., Harris, A.-W., and Pravec, P. (2011). Lightcurve
Targets. http://www.minorplanet.info/call. html

(1874) Kacivelia

135

]

1145~

Teduced Magnitudel

120 2013/07/16 -0.051 36
1192013/07/28 -0.004 165
8212013/07/31 +0.024 97|
120 2013/08/03 +0.008 60
822 2013/08/10 +0.049 10!
1192013/08/10 +0.053 30

Period = 15.950620
Confidence Interval (15.949470, 15.951770)
RMS =0.016813
Amplitude = 0.21, Error=  0.023778
1551 JDo= 2456489.654540
#Points = 1108

1192013/08/11 +0.035 59
1192013/08/15 +0.020 76
8212013/08/28 0031 27
1192013/08/31 -0.033 94
1192013/08/31 -0.004 66
1192013/09/06 -0.066 46
= Fitted Curve

OPi%e ‘eidbm

I I i I I L I i i i i
o 01 02 03 04 05 06 07 08 09 1
Period phase

(2055) Dvorak

120 2013/06/21 +0.085 13!
8222013/06/25 -0.136 27
120 2013/07/16 -0.102 53
120 2013/08/02 +0.153 34|
— Fitted Curve

Apn

12.65

1275

12.85

Teduced Magnitude(V)

Period = 4.405230

Confidence Interval (4.404962, 4.405499)
-~ RMS = 0.030394 .
Amplitude = 0.17, Error = 0.042983

JDo= 2456464.559850

#Points = 498

12.95

1155

1§ Ll
=
B
i
E 1445}
sl ; Period = 21.088722
R Confidence Interval (probabililty 0.95) (21 086621, 21.080824)
AMS = 0.012261
Ampli|uds =018, Error = 0017339
skl JDo= 2456496.458620

#Poinls = 1496

L L . L o L i i
[ (L] o (L] [ T
Fericd phase

Minor Planet Bulletin 41 (2014)



Reduced Magnitade

119

®

122

(8059) Deliyannis

< 1202013/06/30
120 2013/07/01

r 119 2013/07/13

® 821 2013/07/17
P 8212013107725
Fitted Curve

-0068
-0076
+0.047
+0.035
+0.063

Period = 6.004148
Confidence Interval (probability 0.95) ( 6.003854, 6.004442)
RMS =0.024397

Amplitude = 0.39, Error = 0.034503

JDo= 2456473.519850

#Points = 548

04 05 06 07 08 09 1
Period phase

Minor Planet Bulletin 41 (2014)

19



