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Abstract

The Speckle camera of the 3.5 m Telescopio Nazionale Galileo (TNG) has been used to measure apparent sizes and shapes of a number
of main belt asteroids. The average size measurements are in a generally good agreement with the results of indirect IRAS-based radiometric
techniques. The measured shapes are compared with predictions based on previously derived spin axis directions and lightcurve photometry
of some of the observed objects. Also in this case the agreement is reasonable and the speckle observations allow us to discriminate in some
cases between the two pole solutions usually found for each object. No clear evidence of binaries was found. The results show that the TNG
speckle camera can be a powerful tool to resolve relatively large main belt asteroids and to calibrate the results of the IRAS survey.
© 2003 Elsevier Science (USA). All rights reserved.
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1. Introduction

The development of techniques of high-resolution imag-
ing, and the steady improvement of telescopic perfor-
mances, due also to the availability of increasingly larger
instruments, is starting to produce a major breakthrough in
modern asteroid science.

For a long time, asteroids observed by means of ground-
based telescopes have been point-like sources in all practi-
cal respects, apart from a very limited number of larger
objects, whose apparent angular sizes were measured by
pioneering studies using state-of-the-art techniques. Speckle
interferometry has been used for this purpose (Baier and
Weigelt, 1983; Drummond et al., 1985a, 1985b, 1988;
Drummond and Christou, 1994; Drummond and Hege,
1986; Tsvetkova et al., 1991) and has produced those that

for a long time have been very rare cases of direct mea-
surements of asteroid sizes, apart from a number of obser-
vations of star occultations. The problem of the latter tech-
nique is that several chords measured by observers located
in different locations along the occultation track are needed
to derive reliable sizes and shapes, and this is rarely achiev-
able in practice. As a consequence, the number of direct,
reliable size measurements of asteroids has been extremely
limited so far. More recently, size determinations have been
obtained by means of adaptive optics (Drummond et al.,
1998), by HST observations (Storrs et al., 1999), and in a
few cases by spacecraft rendezvous or fly-bys.

Nevertheless, it is still true that most of the available
information about the sizes of asteroids has come so far
from indirect techniques such as radiometry and polarime-
try. Currently, the IRAS catalog (the most updated release
having been recently published by Tedesco et al., 2002)
contributes to the largest part of the available database on
asteroid sizes and albedoes, with a quantitatively minor
contribution coming also from polarimetry (see, e.g., Cel-
lino et al., 1999).

� Based on observations carried out at the Telescopio Nazionale Ga-
lileo, operated by the Italian C.N.A.A.

* Corresponding author. Fax: �39-0118101930.
E-mail address: cellino@to.astro.it (A. Cellino).

R

Available online at www.sciencedirect.com

Icarus 162 (2003) 278–284 www.elsevier.com/locate/icarus

0019-1035/03/$ – see front matter © 2003 Elsevier Science (USA). All rights reserved.
doi:10.1016/S0019-1035(03)00006-X



On the other hand, the increasing resolving power of
modern telescopes can now be exploited to perform direct
measurements of asteroid sizes and shapes in a much larger
number of cases than previously possible. There are at least
three excellent reasons to dedicate a special effort to high-
resolution imaging of asteroids.

1. The direct measurement of sizes is needed to calibrate
the available radiometric dataset in order to better under-
stand the actual size distribution of the asteroid population.

2. There is the possibility of finding binary systems, as
shown by recent exciting results based on adaptive optics
(Merline et al., 1999, 2000). In turn, binaries give a rare
opportunity to infer the masses of the components. The
number of known binary systems among asteroids is
steadily growing also as a consequence of radar observa-
tions of near-Earth asteroids, which have led to the discov-
ery of a number of systems, including both contact and
detached binaries (Ostro et al., 2003).

3. Since the number of asteroids for which a mass esti-
mate can be possible will increase in the near future (due to
the discovery of binaries and to the astrometric measure-
ments of mutual gravitational perturbations) it is becoming
essential to derive reliable volume estimates in order to
compute average densities. Moreover, densities can also be
estimated on the basis of the observed shapes and spin rates,
under the assumption that the objects have equilibrium
shapes, as suggested by a number of observational data,
mainly for the largest objects of the asteroid main belt
Cellino et al., 1987, 1989; Farinella et al., 1981, 1982).

For the above reasons, we have started a dedicated cam-
paign of observations using the speckle camera of the Tele-
scopio Nazionale Galileo (TNG), located on the Roque de
los Muchachos in the Canary Islands. Some preliminary
tests were already performed in 1999 during the commis-
sioning phase of the adaptive optics module of TNG by
Ragazzoni et al. (2000), who observed the two large aster-
oids 10 Hygiea and 15 Eunomia.

The first successful run of the present campaign was
carried out in September 2000. In this paper we present the
results of these observations, which have produced a rele-
vant sample of directly measured sizes and shapes of main

belt asteroids. Some discussion and implications of these
preliminary results are also discussed.

2. The Observations

Speckle interferometry is a well known technique to
obtain images close to the theoretical diffraction limit of
modern telescopes. In its most preliminary form, limited to
the possibility of obtaining the auto-correlation functions of
the images of celestial bodies, it was first proposed by
Labeyrie (1970). This is also the technique we used in our
observations. A detailed description of the TNG speckle
facility is given by Marchetti et al. (1997). Basically, the
instrument records the accumulated power spectrum of tar-
get objects (in this case asteroids) and nearby stars used as
calibrators to derive the speckle transfer function (STF).
This is the Fourier transform of the autocorrelation of the
point spread function and depends on both the telescope
aperture and the atmospheric conditions (see, e.g., Christou,
1988). STF is the basic quantity to be determined to derive
the undistorted power spectrum of the target objects, from
which evidence of binarity or measurements of the angular
sizes of resolved disks can be obtained.

The acquisition system at TNG is efficient and produces
a large amount of data that can be reduced using almost
automated techniques. The major limitation is that individ-
ual speckle frames taken during the night are not stored,
making it impossible to recover any information on the
phase of the Fourier spectra. The Fourier phase is what
describes the deviations from the symmetry of reflection
through the center of the image. In this way, for instance,
one can find evidence of binarity, but it is not possible to say
which component is brighter.

The observations were carried out during two nights, on
September 29 and 30, 2000. Table 1 lists the circumstances
of observation of our targets. The seeing was fairly good
during the first night, staying generally around or slightly
below 1 arcsec. The situation was worse during the second
night, with seeing steadily deteriorating from 1 arcsec at the
beginning up to more than 2 arcsec at the end of the night.

Table 1
Observing circumstances

Object Observation
(Date/TU)

R. A.
(h m s)

Dec.
(° � �)

Phase
Angle

V
Mag.

Air
Mass

3 Juno 29/09/2000 / 22:45:00 20 51 09.5 �11 30 07 19.6 9.3 1.40
12 Victoria 01/10/2000 / 03:30:00 02 40 20.5 �22 22 44 16.1 10.3 1.00
16 Psyche 01/10/2000 / 05:30:00 05 17 40.9 �19 14 49 21.6 10.5 1.01
30 Urania 01/10/2000 / 02:00:00 02 22 22.2 �18 03 34 14.5 10.3 1.04
88 Thisbe 30/09/2000 / 22:00:00 23 53 45.8 �08 53 36 4.3 10.2 1.29
135 Hertha 30/09/2000 / 23:30:00 21 30 38.0 �14 50 32 22.4 11.0 1.50
230 Athamantis 01/10/2000 / 00:50:00 02 20 41.3 �23 19 27 14.3 10.4 1.10
324 Bamberga 01/10/2000 / 04:45:00 03 19 29.5 �37 13 47 27.5 9.4 1.03
90 Antiope 30/09/2000 / 00:30:00 00 02 18.6 �03 15 32 3.0 12.1 1.18
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For this reason, we were forced to discard some data ob-
tained for the asteroid 16 Psyche, due to the low quality of
the resulting power spectra.

In principle, the observed power spectra are contami-
nated by two main bias sources: the additive contribution of
the detector noise and the so-called photon bias associated
to the power spectrum of the pixel response. The former was
estimated by averaging the pixels in the corners of the
observed frame, outside the cutoff frequency imposed by
the optical system; the latter was estimated from the obser-
vations of a flat source, namely a void region of the sky. The
detector and the photon bias were removed from the ob-
served power spectra following the procedure outlined by
Christou (1988).

After this preliminary calibration step, the power spec-
trum of each asteroid was divided by the corresponding STF
in order to filter the seeing effect. The undistorted power
spectrum was then approximated by means of an elliptical
gaussian, characterized by three unknown parameters,
namely the length of the two axes and an orientation angle.
The model choice is justified by our simulations of objects
with surface brightness following a Minnaert law (see be-
low): we verified in fact that the power spectrum of such
objects can be accurately modeled by a gaussian shape.
Furthermore this choice is in agreement with a previous
analysis performed by Ragazzoni et al. (2000). The optimi-
zation of the parameters for each power spectrum was
performed by an iterative fitting technique, excluding from
the fit the pixels affected by an excessive noise contamina-
tion. In some cases we experienced an instability problem,
which forced us to adopt a slightly different strategy: we
estimated first the position angle of the elliptical gaussian
and then we determined the axes of the model with the usual
fitting procedure, but keeping the previously determined
position angle fixed. The measurement of the angle in these
cases was performed by slicing the power spectrum along
different axes and determing the one with the largest width,
obviously associated to the orientation angle of the power
spectrum itself. Figure 1 shows as an example of the dif-
ferent steps of the overall procedure some results referring
to the observations of the asteroid 12 Victoria. The top
panels show the rough accumulated power spectra of the
asteroid (top left) and the STF (top right). The lower panels
show the resulting calibrated power spectrum of the object
(after dividing by the STF) and the resulting best-fit elliptic
gaussian.

The axes of the best-fit gaussian are inversely propor-
tional to the corresponding axes of an assumed elliptical
shape of the object. A careful calibration is needed here in
order to convert the width of the power spectrum in the
Fourier space into the corresponding size of the object in the
image space. To do this, we carried out a set of stimulations
in which we modeled the light distribution across the re-
solved elliptical disk of an asteroid using a simple limb-
darkening Minnaert law, according to the formula

I��� � �2k�1,

where � is the cosine of the angle between the normal to the
surface and the line of sight to the observer. In principle, the
above approximation of the limb-darkening effect holds for
zero-phase angle, which is strictly not the case in our ob-
servations. In some cases we have observed objects at phase
angles around or larger than 20 degrees. In these cases it is
clear that the effect of the not fully illuminated disk can
affect the determination of the axial ratios of the objects,
although we did not make a direct quantitative estimate of
this, since it would require a quite extensive work of nu-
merical simulations (the effect depends on the shape itself,
the spin axis direction, and the observational circum-
stances). For objects observed at lower phase angles, we do
not expect that this effect can significantly influence our
results, but in any case it is clear that the actual uncertainties
in our determinations of the axial rations are larger than the
nominal errors of the axial ratio solutions corresponding to
the data reduction procedure explained in what follows. In
practice, a set of Minnaert models was simulated, charac-

Fig. 1. As an example of some steps in the data reduction procedure, we
show the recorded power spectrum of 12 Victoria, after removing the
detector and photon bias (top left); the same but for the reference star
(speckle transfer function) (top right); the resulting power spectrum of 12
Victoria after dividing by the STF (middle left); the same, but with the
pixels not used in the fit procedure indicated (as blanks) (medium right);
the best-fit elliptic gaussian corresponding to the derived power spectrum
of Victoria (bottom left); and the corresponding reconstructed “image” of
the object (bottom right).
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terized by a different limb-darkening coefficient k in a
reasonable range (0.5 � k � 0.7), in agreement with the
analysis performed by Ragazzoni et al. (2000). We note also
that a value k � 0.60 is suggested by the analyses by
Hestroffer (1998) and Parker et al. (2002), while Hestroffer
and Mignard (1997) found k � 0.65 in the case of asteroid
1 Ceres. The fitting procedure described above, based on the
gaussian model, was applied to the power spectrum of each
synthetic object, retrieving the proportionality constant to
convert the inverse width of the power spectrum to the
known angular size of the object. Finally, the average of all
the derived calibration constants was applied as a unique
calibration constant for all the observed objects. Clearly this
method introduces some errors, due to the fact that an
average calibration constant was adopted and that the sur-
face brightness of the observed object is actually unknown.
We estimate however that the error in the sizes due to these
uncertainties should not exceed �5%.

The last step of the data reduction procedure was the
correction of the estimated angular sizes and position an-
gles, to account for the orientation of the speckle camera
and for the geometric distortion of the detector, which were
determined by means of observations of binary stars, com-
paring the retrieved parameters (separation and position
angle) with the literature data. In particular the orientation
of the camera introduces an offset in the position angle of
the object, which is corrected very easily; more subtle is the
effect of the distortion, which affects the estimated elliptical
shape, modifying both the length of the axes and the posi-
tion angle.

The final results (axes a and b in arcsec and position
angles 	) are listed in Table 2 for each object, together with
the corresponding absolute sizes in km (nominal values) and
resulting average diameter (defined here as the square root
of the ab product). The axial ratio b/a is also listed in each
case. Due to all the possible sources of uncertainty men-
tioned above, including also the role of non-negligible
phase angles at the epochs of observation, we do not expect
the real uncertainties in the sizes and axial ratios to be much
better than 10–15%.

In a couple of cases, the obtained power spectra turned
out to be so slightly elongated that a circular solution must
be accepted. Of course, in such cases the 	 angle loses any
meaning.

We note also that the observations are inherently short
and thus produce a kind of instantaneous picture of the
apparent size and shape of each object, not significantly
blurred by the effect of spin around the rotation axis.

3. Comparison with IMPS and photometric data

All the objects observed in this campaign have published
values of size. The most important dataset of asteroid sizes
and albedoes to which we refer here is the Supplemental
Infrared Minor Planet Survey (SIMPS), obtained from the
radiometric observations performed by the IRAS satellite
(Tedesco et al., 2002).

A knowledge of the average sizes of the objects is es-
sential for physical studies of asteroids. Moreover, the over-
all size distribution of the population that we observe today
is thought to be the result of a long process of collisional
evolution that has been active since the early epochs of
Solar System history. The current size distribution is an
essential constraint for any model aimed at reproducing the
collisional history of the belt and determining the properties
of the primordial population of objects at the beginning of
the collisional regime (Campo Bagatin et al., 1994). It is
also critically needed to evaluate the current inventory of
the asteroid population down to small sizes, which are very
important for estimating the likely flux of bodies from the
main belt into the region of the terrestrial planets (see, e.g.,
Zappalà and Cellino, 2001). For the above reasons, the
possibility to obtain a direct measurement of asteroid sizes
is important to confirm the overall reliability of the IRAS
dataset, which is based on an indirect technique of size and
albedo determination (see, e.g., Tedesco, 1994).

It is also important that for some of the objects that we
have observed, estimates of the coordinates of the spin axis
are available as well as an associated estimate of the axial

Table 2
Measured lengths of the axes a, b of the ellipses fitting the resolved disks of the observed asteroids, and corresponding position angles � of these
ellipses in the plane of sky (measured with respect to the north direction, the east corresponding to � � 90°)

Object a
(arcsec)

b
(arcsec)

	
(°)

a
(km)

b
(km)


 D �
(km)

b/a

3 Juno 0.23 � 0.04 0.23 � 0.04 — 287 287 287 1
12 Victoria 0.17 � 0.03 0.12 � 0.02 39 � 1 158 112 133 0.71
16 Psyche 0.21 � 0.04 0.17 � 0.03 34 � 1 315 262 288 0.83
30 Urania 0.13 � 0.02 0.11 � 0.02 84 � 5 111 89 99 0.80
88 Thisbe 0.18 � 0.03 0.15 � 0.03 48 � 5 191 163 176 0.85
135 Hertha 0.11 � 0.02 0.09 � 0.01 50 � 1 93 74 83 0.80
230 Athamantis 0.15 � 0.02 0.12 � 0.02 85 � 1 147 112 128 0.76
324 Bamberga 0.28 � 0.05 0.28 � 0.05 — 205 205 205 1

Note. The axis lengths are given in both arcsec and corresponding km (the latter corresponding to the nominal value measured in arcsec). The average size

 D � is computed as �a � b. The axial ratios b/a are also given.
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ratios b/a and c/a (assuming for the objects triaxial ellipsoid
shapes with axes a � b � c). These pole and shape esti-
mates come from analyses of published lightcurves obtained
at different apparitions and aspect angles. In general (Mag-
nusson et al., 1989) photometry does not allow the observ-
ers to derive a unique solution for the pole coordinates.
Instead, an ambiguity is normally present, with a couple of
distinct pole solutions both being compatible with the pho-
tometric data. Moreover, in some cases, the adopted tech-
niques of pole determination do not give an indication of the
sense of spin of the object, but they only give the orientation
of the spin axis in the celestial sphere. In principle, a direct
observation of the elongation and orientation of the ellipti-
cal projection of the object on the sky at a given epoch can
solve the pole ambiguity and, when present, can also solve
the ambiguity on the sense of spin of the object.

In Table 3 we have listed for each object observed in our
campaign the nominal SIMPS diameter and, when avail-
able, some nominal pole solutions published in the literature
(available at the PDS database, at http://pdssbn.astro.
umd.edu/sbnhtml/index.html). Associated with each pole
and shape solution, there is a computation of the predicted
axial ratio and orientation of the corresponding apparent
ellipse of the object as observed in the sky at the epochs of
our observations. As an example, we show in Fig. 2 the
predicted appearance of asteroid 12 Victoria (based on the
pole solution � � 9°, � � �55°, and the corresponding axial ratio solution a:b:c � 1.25:1:1) at the epoch of our

observations.
It should be noted that the computation of the rotational

phase at the epochs of observation is based on an analysis of
the most recently observed lightcurves and on the knowl-
edge of the sidereal period of the objects. Some uncertain-
ties are certainly present, since the determination of the
precise instant of a particular lightcurve feature (generally
the maximum) to be used as a reference to compute the
rotational phase at the epoch of our observations is subject
to non-negligible errors. The effect can be significant on the
resulting axial ratio and orientation of the computed appar-
ent ellipse. We should note also that the possible pole
solutions listed for each object do not produce necessarily
very large differences in the resulting axial ratio and posi-
tion angle at the epochs of our observations. Moreover, our
speckle-based determinations of the position angles are of-
ten significantly uncertain, at least in cases in which the
resulting ellipse turned out to be only slightly elongated.

It is also clear that our data alone cannot be used to
derive an estimate of the overall triaxial shapes of the
objects, but only the sizes of the apparent ellipses projected
on the sky at the epochs of observation. As a consequence,
our average diameters are only an approximation of the real
average size of the objects. This is true for whatever obser-
vation technique applied only at a single epoch of observa-
tion. More accurate measurements of the average sizes and
overall shapes can be obtained only by means of additional
observations taken at different rotation and aspect angles.
Even taking into account the above caveats, some conclu-

Table 3
IRAS diameter and expected axial ratios and orientations according to
the different pole coordinates published (when available) for each object
observed in the present campaign.

Object DIRAS

(km)
Pole Ecliptic
coordinates
B1950

b/a 	
(°)

�(°) �(°)

3 Juno 233.9 108 �36 0.80 119
318 �60 0.78 64

12 Victoria 112.8 9 �55 0.81 37
189 �55 0.89 0
176 �40 0.85 129
356 �40 0.94 179

16 Psyche 253.2 35 �21 0.68 147
215 �15 0.68 24

30 Urania 100.2 — — — —
88 Thisbe 200.6 40 �70 0.86 71

200 �70 0.82 63
135 Hertha 79.2 106 �02 0.82 58

286 �02 0.81 82
118 �52 0.86 49
298 �52 0.77 61
291 �47 0.86 91
111 �47 0.78 77

230 Athamantis 109.0 — — — —
324 Bamberga 229.4 — — — —

Note. Pole solutions for which �1 � �2 � 180 and �1 � ��2 correspond
to the same spin axis direction, but with the two alternative possibilities for
the sense of rotation.

Fig. 2. Predicted appearance in the plane-of-sky view of the asteroid 12
Victoria at the epoch of our speckle observations (Fig. 1). This is given on
the basis of the published pole solution (� � 9°, � � �55°) and an
ellipsoid solution a � b � c � 65 � 52 � 52 km.
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sions can be derived from our data. First of all, the average
diameters turn out to be in generally good agreement with
the IRAS-based results. The average discrepancy between
our size determinations and those listed in the SIMPS cat-
alog for the same objects of our sample is less than 15%. A
systematic difference of less than �7% (the speckle-derived
sizes being on the average larger than the radiometric ones)
is found. The IRAS observations were generally obtained at
different values of aspect and rotational phase; then the
resulting discrepancies with our measurements, taking also
into account the intrinsic errors of the two techniques, are
fully reasonable and within the limits one could expect a
priori in the case that the real shapes are not too exotic. This
seems an important confirmation of the overall reliability of
radiometric sizes and albedoes using the standard thermal
model for main belt asteroids in this range of sizes (Te-
desco, 1994).

The only really large discrepancy between our speckle-
derived sizes and the published IRAS diameters concerns 3
Juno, and it is not clear to us if this was due to some possible
instrumental problem. An intrinsic difficulty with 3 Juno is
due to its large apparent angular size, because this means
that the corresponding width of the recorded power spec-
trum was significantly small. This made it difficult to obtain
a good fit, and in particular we found no convincing evi-
dence of an elliptical shape for the power spectrum. For this
reason, we fitted the power spectrum by means of a bidi-
mensional circular Gaussian. The same happened in the case
of 324 Bamberga, but in this case the resulting discrepancy
with the IRAS diameter turned out to be significantly
smaller.

As for shapes and ellipse orientations, our results turn out
to be in an encouraging agreement with published pole
solutions. The orientations of the apparent ellipses, in par-
ticular, are generally within 10 degrees from the predictions
based on one of the pole solutions. In the case of Victoria
and Psyche this allows us to discriminate between the two
possible pole solutions, although we find for Psyche a much
less elongated shape than predicted. In the case of Victoria,
we can also confirm that the spin of this object should be
prograde (� of the pole in the northern emisphere), since the
solution corresponding to the same pole direction, but with
an opposite sense of spin (negative �), does not fit ade-
quately the orientation angle 	. The situation is more un-
certain in the case of Thisbe, due to the little differences in
axial ratio and orientation corresponding to the two nominal
pole solutions. Our measurement of the axial ratio is in good
agreement with both possible predictions, whereas the ori-
entation angle turns out to be 15–20 degrees lower than
predicted, and then not in a macroscopic disagreement with
both available pole solutions. In the case of 135 Hertha, the
axial ratio is compatible with practically all the pole solu-
tions, but the position angle tends to be in a better agreement
with two solutions, characterized by a small difference in
ecliptic longitude, but largely differing in terms of ecliptic

latitude. In both cases, our measurements suggest that the
sense of rotation should be prograde.

In the cases of the other asteroids of our sample, no
comparison is possible, due to the lack of available pole
solutions.

We note also that, in addition to the objects listed in
Table 2, we have observed the binary asteroid 90 Antiope.
This is a well detached system discovered by adaptive
optics (Merline et al., 2000). We observed this asteroid
without any a priori knowledge of the epoch of best visi-
bility of the system (largest apparent separation of the com-
ponents) during the first night of our observing run. The V
magnitude at the epoch of our observation was fairly close
to the instrumental limit. The obtained power spectrum is
very noisy. A single-body solution would lead to an average
diameter of 178 km, significantly larger than the IRAS
radiometric size of 120 km. The general features of the
obtained power spectrum might be potentially compatible
with a binary solution, but due to the noisy solution we
obtain, we cannot conclude that we see really convincing
evidence of the presence of fringes, the expected signal
from a resolved binary object. On the other hand, we do not
know a priori whether the binary companion should have
been really visible during our observations (carried out
around 00:15 TU of September 30, 2000). It might well be
possible that the binary system was not detached during our
snapshot, and this might explain qualitatively the peculiar
power spectrum and the discrepancy of a single-object so-
lution with the IRAS listed value of size. In principle, even
a negative detection could prove to be useful to constrain
the orbital properties of the system. But of course, further
observations of this object are needed.

4. Discussion and future work

Our speckle observations show that the TNG speckle
camera is an effective instrument for the purposes of mea-
suring asteroid sizes and shapes. The results obtained during
the first run of observations turned out to substantially
confirm the reliability of radiometric size determinations.
The situation is forcedly less certain in the case of shapes,
due to the lack of any prediction based on previous photo-
metric evidence for several objects in our sample. However,
whenever possible, comparisons with photometric-based
predictions seem very encouraging. The small sizes of the
recorded power spectra of 3 Juno and 324 Bamberga lead to
uncertainties that should be solved by means of new obser-
vations in the future.

Asteroid observations require certainly a more extensive
observational effort in the future, in order to obtain several
independent shape measurements for single objects, carry-
ing out observations at different aspect angles. Also the
possibility to follow systematically single objects over sev-
eral hours seems worth taking into account for future ob-
serving runs. In this way, one should be able to monitor the
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steady change in shape and size due to the rotation of the
object.

Another obvious field of research is that of binary aster-
oids. This includes both the possible discovery of new
systems and a systematic monitoring of known binaries in
order to derive better determinations of the orbits (from
which essential physical parameters such as mass, density,
and J2 can be derived). At present, this can be done only in
favorable cases, in which the separation of the components
and their brightness difference are suitable. 90 Antiope is an
example of an ideal target for future observations, in spite of
the negative detection of binarity during our first attempt.
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