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Abstract. According to the present mission planning, 243 Ida will
be the second main belt asteroid to be encountered by the Galileo
spacecraft, the fly-by being scheduled for August 1993. In the
framework of our observation program of space mission targets,
we have undertaken CCD and photoelectric measurements of
243 Ida in the B and V Johnson bands from the observatories of
Loiano (Italy) and ESO (La Silla, Chile) at the time of its 1990
apparition.

From seven observations which spanned a period of three
months in time and a phase angle range from about 4 to 20
degrees, we obtain three composite lightcurves of this asteroid.
The good quality of these data allows a substantial improvement
in the determination of the synodic rotational period of 243 Ida,
which results to be Py, = 4.6330 + 0.0005 hr. We derive for
the first time the magnitude-phase relationship and an estimation
for the amplitude-phase relationship (APR) of this asteroid. The
computation of the parameters of the Bowell-Harris-Lumme rela-
tion from our measurements gives: H = 10.042 + 0.008 mag and
G = 0.15 £ 0.02 mag deg™"'. From the lightcurve amplitude-phase
relation we estimate s (APR) = 0.010 mag deg™! and m = 0.016
deg™!. We also derive the color index B — V = 0.87 £ 0.03.
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1. Introduction

In the last decades technological tools have been developed, which
allow to perform astronomical measurements from space. In the
different fields of astronomy the study of natural bodies benefits
in various ways from the possibility to combine the information
obtained by ground-based and space-based observations. In the
context of planetary science, the space missions present the target
in close look, giving the opportunity to verify the correctness
of the physical and geochemical models currently applied to
derive the properties of planetary objects from more remote
observations. On the other hand the observations from Earth
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* Based in part on observations collected at the European
Southern Observatory, La Silla (Chile).

span an extended period of time, are repeatable and give a more
general description of the characteristics of the solar system
bodies. As regards the study of the minor planets, the Galileo
spacecraft will provide the first spatially-resolved data of two
asteroids, 951 Gaspra and 243 Ida, and measurements of their
rotational and photometric properties. Cassini and CRAF space
missions are also planned to dedicate part of their time to the
observations of main belt asteroids.

There is presently a conspicuous list of asteroids which are
scheduled for spacecraft-based observations in the near future.
We intend to observe them in order to provide or complete the
data base on their spectrophotometric, rotational and astromet-
ric characteristic in order to optimize the scientific output of the
spacecraft encounters. Moreover, the knowledge of the rotational
properties of the target asteroid is of fundamental importance in
setting-up the sequence of observations during the fly-by. 243 Ida,
classified as S-type with a diameter of 32.5 + 3.8 km (Tedesco,
1989; Tholen, 1989), is a member of the Koronis family, which
is considered to be a true” family from both dynamical and
geochemical considerations (Gradie, 1978; Carusi & Valsecchi,
1982; Zappala et al.,, 1990a). Visible and near-infrared measure-
ments of 243 Ida were obtained by Chapman & Gaffey (1979)
and by Zellner et al. (1985) in the eight-color asteroid survey. The
spectrum of this object is the one of a modestly colored S-type
asteroid with an appreciable pyroxene absorption band, which is
characteristics for all but one the measured spectra of the Koronis
asteroids (Gradie et al., 1979). Photoelectric observations of 243
Ida were performed by Binzel (1987), who reported a rotational
synodic period Py, = 4.65 £ 0.02 hr and a lightcurve amplitude
of 0.45 mag. The lightcurve obtained by Binzel is strongly asym-
metric, showing a difference of 0.17 mag between the primary
and the secondary minimum.

2. Observations and data reduction

The observations were carried out in August 1990 using the 1.52-
m telescope of the Bologna Observatory at Loiano (Italy) and at
the European Southern Observatory (La Silla, Chile), by the ESO
1-m telescope in September and November 1990. The aspect data
for each night of observation are listed in Table 1. The date of
observation is given to the nearest tenth of a day to the center
of the observed lightcurve.
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Table 1. Aspect data, reduced mean magnitudes and lightcurve amplitudes

Date Long.1950 Lat.1950 r Delta Phase V() Amplitude
(UT) (deg) (deg) (AU) (AU) (deg) (mag) (mag)
1990 08 17.0 346.2 +0.4 2871 1911 -079 10.60 + 0.002 0.74 + 0.01
1990 08 19.9  346.0 +0.4 2870 1906 —06.8 10.58 4+ 0.002
1990 09 15.2 3404 +0.6 2858 1.865 +03.8 10.41 4 0.003 0.70 4+ 0.01
1990 09 16.2  340.2 +0.6 2858 1867 +04.3 1042 + 0.003
1990 11 12.1  336.7 +0.7 2.834 2367 +194 11.03 +0.002 0.87 + 0.01
1990 11 15.1  337.1 +0.7 2.832 2406 +19.7 11.03 £ 0.002
1990 11 17.1 3373 +0.7 2.832 2432 +19.9 11.04 4+ 0.002
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The instruments we used were the DLR CCD camera (Mot-
tola et al., 1990), based on a Thomson TH 7882 4-phase 576x384
pixel chip (pixel size 23 um?), and the ESO single-channel photon

Fig. 1. The composite V-lightcurve of 243
Ida obtained from data of August 1990.
Zero phase is at 2448121.5 JD (corrected
for light travel time). The data points be-
yond the rotational phase 1.0 are repeated

Fig. 2. The composite V-lightcurve of 243
Ida obtained from data of September
1990. Zero phase is at 2448150.5 JD (cor-
rected for light travel time). The data
points beyond the rotational phase 1.0
are repeated

counting photometer, equipped with a RCA 31034 Quantacon
photomultiplier. The measurements were made through the John-
son B and V filters.
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The photoelectric observations were performed setting the
diaphragm to an aperture size of 15 arcsec. Each five asteroid
measurements the sky background was acquired and the extinc-
tion was determined by observing every night groups of standard
stars taken from the E-regions of Graham (1982) at different
airmasses. The reduction of the photoelectric measurements was
performed using the standard package SNOPY developed at
ESO.

In the case of the CCD observations, the detector was cou-
pled to the telescope through a refractive 2:1 focal reducer to
enlarge the field of view and the chip was aligned with the long
axis in the direction of the asteroid motion. In this way a conspic-
uous number of suitable comparison stars was available every
night in the same CCD field of the asteroid. The telescope was
set to track at the asteroid motion rate in order to maximize
the signal-to-noise ratio for the asteroid. The slight elongation
resulting on the star images was taken into account by increasing
the size of the integration aperture during the data reduction.
Flat fields were obtained from exposures of regions of the sky
taken at dawn and dusk, they were successively bias-subtracted
and averaged. The scientific frames were then decalibrated using
the low-noise flat fields and bias frames relative to each night.
The data reduction has been performed with the program for
synthetic aperture photometry in use at DLR. A version of this
code is available on a portable computer and has been used to
perform a preliminary data reduction at the observatory during
the observing run. Frames of stars from the Guide Star Pho-
tometric Catalogue (Lasker, Sturch et al. 1989) were acquired
each night to tie the magnitude of the asteroid and comparison
stars to the absolute system. Differential photometry between the
asteroid and the comparison stars results in lightcurves with an
internal consistency better than 0.005 mag for the photoelectric
measurements and about 0.003 mag for the CCD data. The un-
certainties in the determination of the extinction and zero-point
coefficients however dominate the error budget for the absolute
photometry, resulting in final error bars of about 0.02 — 0.03 mag.

are repeated

3. Discussion of the results

Lightcurves were obtained, before and after the opposition, dur-
ing seven nights over an interval of three months. The single
lightcurves were composited separately for each observing run
using Fourier analysis (Harris et al, 1989); the best fit of the
composite lightcurves, shown in Fig. 1, 2 and 3 for the obser-
vations of August, September and November 1990 respectively,
gives a synodic rotational period of 4.6330 + 0.0005 hr. The
y-axis is the relative magnitude; to derive the actual magnitude
of any datum, the appropriate value of the reduced mean mag-
nitude has to be added to the plotted level. The reduced mean
magnitudes of each lightcurve V(x) have been derived from the
zeroeth harmonic coefficient of the Fourier expansion and are
shown in Table 1, where the amplitudes of the three compos-
ites are also given. The composites show a slight difference in
the depth of the two minima and in the prominence of the
two maxima, although they do not display such a large asym-
metry as the one recorded during the 1984 opposition (Binzel,
1987). The least-squares fit of the reduced magnitudes with the
two-parameter Bowell-Harris-Lumme model (Bowell et al., 1989)
yields an absolute magnitude and slope H = 10.042 + 0.008 mag
and G = 0.15 4+ 0.02 mag deg™! for 243 Ida. The data and the
fitted phase curve are shown in Fig. 4. This value of the slope
parameter is lower than the mean value for the S-class asteroids,
G = 0.23 + 0.11 mag deg™! (Harris & Young, 1989; Lagerkvist
& Magnusson, 1990), although this difference is not statistically
significant being within the one-sigma level. From our measure-
ments we obtain the color index B -V = 0.87 + 0.03. The derived
physical and rotational parameters of 243 Ida are summarized in
Table 2.

A trend of increasing amplitude with increasing solar phase
angle is evident from an inspection of the lightcurves. This be-
havior has already been recognized in many asteroids and has
been thoroughly discussed in Zappala et al. (1990b). To draw
the amplitude-phase relation (APR), we have identified the ex-
trema which were better characterized in all of the composites
(M; and m; in Figs. 1, 2 and 3) and plotted their differences
versus the average phase angle at the epoch of each observation
(Fig. 5). The data show a linear trend, in agreement with the
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Fig. 4. The phase relation of 243 Ida. The fitted H-G solution is plotted

Table 2. Summary of results

Pgyn 4.6330 4+ 0.0005 hr

H 10.042 + 0.008 mag
G 0.15 + 0.02 mag deg™!
m (APR) 0.016 + 0.002 deg™!
B-V 0.87 + 0.03

Amplitude (M; — m,)

5 20

10 1
Solar phase angle (degrees)

Fig. 5. The amplitude-phase relation (APR) of 243 Ida. The linear fit is
plotted

results obtained by Zappala et al. (1990b) from the analysis of
actual asteroid lightcurves and laboratory and numerical mod-
els. A linear regression gives a slope s (APR) = 0.010 + 0.001
mag deg™! and a zero phase angle amplitude A(0°) = 0.660 +
0.025 mag (the reported errors are the rms deviations evaluated
from the least-squares fit). The normalized slope m (APR) =
s (APR)/A(0°) results 0.016 + 0.002 deg™!. The practical interest
of the m (APR) parameter resides in the fact that it provides an

empirical way to reconduct the observed amplitudes, obtained at
different phase angles, to their value at zero phase. This will al-
low the application of pole determination methods based on the
Amplitude-Aspect relationship, when data from next apparitions
of 243 Ida will be available.
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