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Abstract. We present the results of an investigation aimed at studying
the asteroid 108 Hecuba by means of photoelectric and spectroscopic
observations. Photoelectric lightcurves were obtained during the 1986,
1987, 1990, 1992 and 1993 oppositions. A recent accurate analysis of the
new data collected during November 1993, together with the old available
photometric data, shows that the most probable rotational period for this
asteroid is 14.46 hours. The U — B = 0.40 and B — V = 0.88 mean
color indexes of 108 Hecuba are in agreement with the typical values
exhibited by asteroids belonging to the S taxonomic class. During the
1993 opposition we obtained a spectrum, in the range 5000+-9300 A,
which is also consistent with the S-type.

1. Introduction

The photometric and spectroscopic observations of asteroids are a powerful tool
for obtaining information on the physical characteristics of these objects. 108
Hecuba is classified as an S—type asteroid by Tholen et al. (1989) with a diam-
eter of 65 km (IRAS Minor Planet Survey 1992). In order to study the physical

1 Partially based on observations carried out at the European Southern Observatory (ESO), La Silla,
Chile
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properties of this asteroid, which is located in the outermost part of the main
belt quite close to the important 2/1 mean motion resonance with Jupiter (for
this reason the former resonance has long been called "Hecuba gap”), since 1986
we have carried out a series of observing campaigns, using the facilities of the
European Southern Observatory (ESO, La Silla, Chile) during the years 1986
and 1987 and those of the Serra La Nave stellar station of the Catania Astro-
physical Observatory during the years 1990, 1992 and 1993. The photometric
observations at ESO have been performed in the U, B and V filters, those carried
out at Serra La Nave in the B and V filters. The synodic rotational period has
been determined by applying a Fourier analysis method as described in Harris et
al. (1989). The observed U-B and B-V color indexes do not exhibit appreciable
variations with the rotational phase. The spectroscopic observations were per-
formed at La Silla using the 1.5-m telescope equipped with a Boller and Chivens
spectrograph and a Ford type CCD 2048x2048 pixel detector. The obtained
spectrum is in overall agreement with the behaviour exibited by the taxonomic
class of 108 Hecuba.

2. Observations and Data Reduction

2.1. Photometric Observations and Reduction

ESO observations have been carried out at the 1-m telescope in July-August
1986 and October 1987. We used a photon—counting single-channel photome-
ter equipped with an RCA 31034 Quantacon photomultiplier. A diaphragm of
0.808-mm diameter, corresponding to 18.23 arcsec in the sky and Johnson U, B
and V filters were used. The observations consisted of consecutive measurements
of suitably chosen comparison stars, sky reading and minor planet. Groups of
standard stars, taken from the Harvard E-regions (Graham, 1982), were ob-
served through different airmasses. The comparison stars were only used to
control the sky variability conditions. Extinction coefficients were determined
each night. The reduction of the data, including transformation to the UBV
standard system, were performed with the ESO ”SNOPY” program. The as-
pect data for each night of observations are listed in Table I.

Observations at Serra la Nave stellar station were carried out with the 91-cm
Cassegrain telescope during the 1990, 1992 and 1993 oppositions. We used a
cooled photon-counting single-head photometer equipped with an EMI 9789QA
photomultiplier and a diaphragm of 2-mm diameter, limiting the telescope field
to about 28 arcseconds. The observations, made through B and V Schott filters,
were performed using a filter wheel that, during the acquisition time, alterna-
tively stops on the two chosen filters for the selected time interval. Each mea-
surement consisted of six (three alternatively for each color) integration times
of 10 sec. A tipical cycle of observations consisted of a sky-comparison-asteroid-
asteroid-comparison-sky sequence. The comparison stars were suitably chosen
along the minor planet path and, in order to check for possible variability of
those that were not catalog stars, all were observed each night during the cam-
paign. In Table II, for each campaign of observations, we report the catalogue
number or the equatorial coordinates, the V magnitude and the B-V colors of the
comparison stars. The data reduction was performed by means of a computer
program which takes into account the differential extinction between the ob-
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Table 1.  Aspect data of 108 Hecuba for each observing nights

Date %(1950.0)5 X(1950.0)8 AU)  A(AU) phase
1986 Jul 31 21P24™.74 —19°01.02 317°.571 -3°.621 3418 2.416  3.30

Aug 01 21h23™.99 -19°03.88 317°.387 -3°611 3418 2414  2.98

09 21%17m.81 -19°26.10 315°.884 -—3°518 3.420 2407  1.05

1987 Oct 27 01h03™.52 +10°14'.12 18°.556 +3°.204 3.387 2415  4.16
28 01h02™.83 +410°10.12 18°.375 +3°.212 3.387 2419  4.49

1990 Mar 19 11h38™.49  +401°39'.04 174°.410 -0°.621 3.057 2063  1.36
20 11%37m73  401°42'.63 174°.212 -0°.642 3.057 2.064 1.75

U
1
1
!
!

21 11h36™.97 401°46 .20 174°.014 —0°662 3.057 2.065 213
1992 Aug 24 21"55™.35 _15°08 .84 325°.759 —2°349 3.410 2.403 1.82
26 21h53m™.85 —~15°14 .56 325°.385 —2°.316 3.410 2.408 2.46
31 21h50™.18 —15°27 .94 324°.477 —2°.227 3411 2.423 4.08
1993 Nov 08  01%45™ .52 +15°25’ .06 30°.008 +4°.213 3.357 2.395 4.80
10 01h44™ .14 +15°17' .90 29°.653 +4°.221 3.356 2.404 5.45

11 01h43™ 47 +15°14’ .35 29°.479  44°.224 3.356 2.408 5.77

served object and the comparison star. The extinction coefficients, determined
nightly using these stars, resulted in agreement with the seasonal extinction co-
efficients of Serra La Nave (KB = 0.387% 0.02; KV = 0.2474+0.02). In Table III,
for each year of observations, the standard stars (Blanco et al. 1968, Landolt
1973) used to reduce the observations to the UBV standard system and the re-
sulting transformation coefficients are reported.

The determination of the synodic rotational period and of the corresponding

Table 2.  Catalog number, equatorial coordinates, V magnitude and
B-V color of the comparison star. The mean error in the determination
of the magnitude and color is £0.02

Date Star «(1950.0)6 V. BV
1990 Mar 19 =21 BD + 2°2463 10.522 0.538
1992 Aug = 24 21h55m 20 —15°10".10 11.229 0.831

26 21h54™.15 —15°17'.38 10.710 0.650
31 21h50™.59 —15°28'.00 11.140 0.305
1993 Nov 08 01745™.23 +15°19'.06 12.730 0.890
10 01%44™.33 +15°19'.06 11.500 0.680
11 01543™.66 +15°11.20 10.460 0.040

uncertainty was made by applying the method described by Harris et al. (1989).
The weak amplitude and the scatter of the 1986 and 1987 observations would
suggest a period of 28.72 hours, with two maxima and two minima lightcurves.
However, the greater amplitude of 1990 observations and the new data collected
in the last two oppositions has allowed us to perform a new accurate analysis
showing that a rotational period of 14.46 hours is the most probable. This value,
about one half of the previously estimated one, leads to one maximum and one
minimum per lightcurve. The composite lightcurves of the five oppositions all
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plotted versus the phase computed adopting the 14.46-hour period are shown in
Fig. 1.

Table 3.  Physical parameters of standard stars and resulting trans-
formation coefficients to the UBV standard system. The mean error in
their determination is +0.02

Date Standard Sp \% B-V € b—v
1990 HD 104800 GO 9.27 +40.55 1.00 0.985
BD + 392528 M2 10.72 +1.55
BD + 23°2403 A8 11.60 +0.26
1992 BD - 34803 GO 885 +0.63 -0.15 0.76
BD - 65397 F5 833 +0.40
BD - 75147 A5 981 +40.56
1993 BD + 75093 B8 11.31 +40.02 -0.11 0.92
SAO 128472 A0V 6.79 -0.02
SAQO 128385 G2 7.70 +40.65

2.2. Spectroscopic Observations and Reductions

The spectrum, shown in Fig.2, has been obtained at the European Southern
Observatory, La Silla (Chile), on 27 September 1993, using the 1.5-m tele-
scope equipped with a Boller and Chivens spectrograph and a Ford type CCD
(2048x2048 pixels) as detector. The grating used was a 225 grooves/mm with a
dispersion of 330 A/mm in the first order. The CCD has a 15 pm square pixel,
yielding a dispersion of 4.9 A /pixel in the wavelength direction. The spectral
range covered is 0.5< A <0.93 um with an instrumental FWHM of 10 A.

In order to calibrate the spectrum, bias and flat-field, calibration lamps and spec-
trophotometric standard star spectra were secured at different intervals within
the observational period. The final step of the reduction procedure, which con-
sists of the determination of the reflectivity of the asteroid, was performed by
dividing the flux calibrated spectrum of 108 Hecuba by the spectrum of the so-
lar analog star Hyades 64, recorded during the same night. The spectrum was
reduced using the software packages MIDAS and IDL according to standard
procedures, which consist in subtraction of the bias from the raw data, “flatten-
ing” of the data in order to remove large scale structures, correction for uneven
illumination, removal of cosmic rays, collapsing of the two-dimensional spectra,
wavelength calibration and background subtraction, atmospheric extinction cor-
rection, instrumental response function determination and flux calibration.
The spectrum of the asteroid is in agreement with the behavior exibited by S-
type asteroids. The absorption feature longward 0.8 ym centered around lum,
due to a combined absorption from olivine and pyroxene, typical of S-asteroids,
is quite weak. However, this is consistent with many other observed S-asteroids,
making the classification of Hecuba secure.
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Figure 1. Composite lightcurves of 108 Hecuba from the obsevations
carried out in 1986 and in 1987 at ESO Observatory and in 1990 ,1992
and 1993 at Serra La Nave stellar station of Catania Astrophysical
Observatory
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Figure 2. Spectrum of 108 Hecuba obtained at ESO Obsesrvatory
on 27 Sept. 1993 using the 1.5-m telescope equipped with a Boller and
Chivens spectrograph and a 2048x2048 pixel Ford type CCD
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