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Summary. This paper presents photoelectric observations of the
asteroid 37 Fides carried out at four Observatories: Torino
Astronomical Observatory, Teramo Astronomical Observatory,
Table Mountain Observatory, and Hvar Observatory. The obser-
vations were made between November 1980 and February 1981
and cover a large interval of phase angles (~2° to ~23°).

Our light curves have been compared with runs obtained during
the 1979 apparition by Schober (1982) who derived a period Py,
=14"66 with four maxima and four minima per cycle. Analysis of
our observations, combined with the variations in the shape of a
light curve as the phase angle changes and at different oppositions,
led us to check the possibility that Py, =7"33 could satisfy our
observations.

The multiple scattering factor 9=0.179 and the absolute
magnitude at zero degrees phase angle V,(0°)=7.27 mag were
derived.

The need for extensive observations at different apparitions
and at different phase angles in order to derive reliable values of the
rotational periods of asteroids are emphasized.

Key words: asteroids —minor planets — photoelectric photometry —
37 Fides

Introduction

In two recent papers, Lumme and Bowell (1981a,b) analyze the
phase curves of the asteroids in terms of single and multiple
scattering in a rough and porous surface. Their theory is confirmed
by observational results and they conclude that, for low-albedo
surfaces, the opposition effect is due to porosity, whereas the slope
of the linear part is mainly controlled by roughness ; moreover, they
state that “the porosity does not appear to differ from object to
object”. A similar result was obtained by Scaltriti and Zappala
(1979) by means of an analysis of all the existing data ; they deduced
that the opposition effect is similar for all the asteroids and,
therefore, it is not greatly affected by their albedo or surface
irregularities.

The change of phase angle not only affects the absolute
magnitude of a rough surface but also the shape of the light curve;
its amplitude at different aspect angles or during the same
opposition may be strongly controlled by shadows present on a
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surface rich in macroscopic irregularities. Gehrels (1956) obtained
light curves of 20 Massalia in a wide range of phase angles (0°-20°)
noting the total amplitude of the light curve changed from 0.17 to
0.23 mag over the observed interval.

Further observations showed the case of Massalia was not
uncommon among the asteroids and for several of them the
amplitude depends strongly on phase angle: 12 Victoria (Tempesti
and Burchi, 1969), 192 Nausikaa (Scaltriti and Zappala, 1976), 349
Dembowska and 354 Eleonora (Zappala et al., 1979). Extreme
amplitude-phase correlations have been recently observed for 44
Nysa (Tedesco et al., 1982) and 216 Kleopatra (Knezevi¢ et al.,
1982). The effect is partly due to the relative importance of the
shadows, caused by surface irregularities, which is larger at the
minima than at the maxima, but it is also due to light scattering
effects on a microscopic scale in the surface, because of the
changing distribution of slopes with phase angle on a non-spherical
asteroid and the resulting changes in the amount of multiply
scattered light.

In our opinion, the relationship between amplitude and phase
angle can be a very important parameter in studying the actual
roughness of a surface. Judging from the limited sample we have to
date, that dependence, which can be considered almost linear at a
first approximation, does not seem to be correlated with other
physical parameters of the asteroid, such as the albedo or the phase
coefficient. We suggest special efforts be made towards the study of
the amplitude-phase trend extended through a large interval of
phase for several selected asteroids. This will define in a precise and
quantitative way a relationship which can be as important as the
phase curve for understanding the physical properties of asteroid
surfaces.

More generally, the phase may affect the total amplitude of a
light curve and its trend. We frequently observe ‘“humps” or “flat
parts” which change with phase angle; sometimes these features
are so remarkable that they can be comparable in size to the actual
extrema (minima and maxima) of a light curve. Perhaps this
happens in objects which have three maxima and minima per cycle
or double-waved maxima. Some of the humps might be due to
albedo spots, but others are most likely connected with topo-
graphic irregularities, such as “mountains” or “craters”. Schober
et al. (1980) made a detailed study of this topic. The amount in
magnitude and duration allows a rough estimate of the linear
dimensions of the small-scale features (Goguen et al., 1976), which
turn out to be in the order of a few kilometers. Unusual shape
(Zappala, 1980) or macroscopic surface features can also affect the
correct determination of the rotational period of an asteroid
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Fig. 1. Composite light curve of 37 Fides (1979 opposition)
according to the period Py, =7"33. (¥, August 17,1979; A, August
18; M, August 19; @, August 21). N. C. means that the hours are not
corrected for light-time

sometimes leading to values shorter than the true period by a factor
of as much as two. A typical case of this phenomenon is given by the
asteroid 37 Fides observed in a coordinated campaign during its
1980-81 apparition.

The case of 37 Fides

37 Fides was observed for the first time by Scaltriti and Zappala
(1978) on two nights during its 1977 opposition; the longest run
shows two maxima and one minimum which, assuming two
maxima and two minima per cycle, nearly equally spaced in time,
suggested a period of about 4 h.

During the 1979 apparition, Schober (1982) observed Fides
deducing contrasting results; he suggests a period P, = 14266 with
four maxima and four minima per cycle, not excluding the
possibility of a longer period owing to the non perfect agreement of
all the observations. Moreover, he noticed a poor fit in the
magnitude levels, even after eliminating the effects of distances
from the Earth and Sun; this last conclusion seems wrong, due to a
mistake in the calculation of the phase angles. He listed the B
magnitudes in the columns of the phase angles and probably used
these values to correct the magnitude levels.

However, the solution P,,, =14"66 seems satisfactory and can
be confirmed by our present results; the four extrema can be
explained by means of a “brick-shaped” model, as analyzed by
Zappala (1980); the resulting light curve has maxima with shape of
a double wave.

On the other hand, we do not agree with Schober’s statement
that no shorter periods are possible. We tried to fit all the runs
obtained during the 1979 opposition with a period P,,, =733 and
the agreement seems still satisfactory; we show the corresponding
composite light curve in Fig. 1. On that assumption, the dip present
during the maximum has to be considered as a true minimum.

This result leads us to take into account also the shorter period
as the plausible one; our hypothesis is supported by the fact that
several asteroids show small secondary amplitudes or poorly
defined secondary extrema during some opposition. In Fig. 2 we
plot free-hand light curves of a few typical objects (16 Psyche, 39
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Fig. 2. Free-hand light curves of the asteroids 16 Psyche, 39
Laetitia, and 43 Ariadne at different oppositions, showing the
change in amplitude and, sometimes, poorly defined secondary
extrema

Laetitia, and 43 Ariadne), which show one maximum and one
minimum per cycle or tiny secondary amplitudes in some opposi-
tions, but which completely change their light curves in other
apparitions. This is probably another effect of phase angle on
irregular surfaces, when the aspect angle has changed by a large
amount. Tedesco (1981, private communication) found that the
strange light curve of Psyche can be explained by a macroscopic
crater at one end of the asteroid.

In 1980-81, during an extensive campaign of photoelectric
observations on 37 Fides, we obtained light curves over a large
range of phase angles (~2° to ~23°). The Observatories involved
were: the Astronomical Observatory of Torino, the Astronomical
Observatory of Teramo, the Table Mountain Observatory (Jet
Propulsion Laboratory), and the Hvar Observatory (University of
Zagreb). The observing procedure and the reduction of the data
were made in the standard way. When possible, transformation to
the UBV system was also made. Table 1 gives the aspect data,
absolute magnitudes and information on the comparison stars
used for 37 Fides during the 1979 and 1980 apparitions.

Adopting the period Py, =7"33 as deduced by us from the 1979
observations (Schober, 1982), we tried to combine all our light
curves as a composite, but it was obvious that no acceptable fit was
possible. Assuming, as usual, that the aspect angle does not change
by a large amount during an opposition owing to the small
variation in the ecliptic coordinates, the phase angle is the
dominant parameter in affecting the shape of the light curve. On
the other hand, the assumption of a more complex light curve with
several extrema, as suggested by Schober (1982), does not lead to an
improved fit of the data because, considering the possible period
given above, the number of cycles between different runs was
generally even and therefore also the alternative solution Py,
=14%66 gives the same discrepancies in drawing the composite
light curve. The bad fit was due not only to an increase or decrease
of the amplitude with phase, but also to a large change in the shape
of the light curve.

In order to illustrate this peculiarity, we plotted composite light
curves separately, combining observations made at similar phase
angles and taking into account whether they were made before or
after opposition. We obtained five curves (shown in Fig. 3).
Considering the period of 7233, we see that the full-cycle light curve
shows one maximum and one minimum before opposition (which
falls around December 10, 1980) with a rising branch steeper than
the descending one; however, a peculiar feature can be seen at
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Table 1. Aspect data, observational circumstances, comparison stars, and absolute magnitudes of 37 Fides

Date ReA. Decl. A B r A Comp. star N
N a Vo(a) Ident. number Observatory( )
(0'uT) (1950.) (1950.) (1950.) (1950.) (AU) (Av) or coordinates
h m o 1] o o o m o
1979 Aug 17 20°00%2 =24 43  306.2 —2,7 2.824 1.880 9.1 7780  CD -24 15768 ESO
18 19 59.4 —24 44 306.4 —2.7 2.822 1.885 9.5 7.82  CD -24 15768 ESO
19 19 58.6 -24 45 306.6 —2,7 2.821 1.890 9.9 7.83 CD -24 15768 ESO
21 19 57.2 -24 47  307.0 —2.7 2.817 1.900 10.6 7.85 CD -24 15768 ESO
o ©
1980 Nov 30 0571375 +28°08' 7947 +591 2,182 1.210 5.9 7767 a 70
Dec 08 05 05.3 +28 07 7749 +5.2 2,184 1.202 2.6 7.50  BD +28°756 TO
09 05 04.3 +28 07 7747 +5.3 2,185 1.202 2.4 7.48 BD +27°728 TO
10 05 03.2 +28 06 7745 +5.3 2,185 1,202 2.4 - BD +27°719 TEO
11 05 02.2 +28 05 77.2 +5.3 2,185 1.203 2.5 - BD +27°719 TEO
13 05 00.1 +28 03 76.8 +5.3 2,186 1,205 3.0  7.54  BD +27°712 HO
14 04 59.1 +28 02 76.5 45,3 2,186 1.206 3.3 7.53 BD +27°712 HO
1981 Jan 14 04 38.1 +27 04  71.8 +4.9 2,202 1.368 17.3 8.03 b T™O
15 04 38.0 +27 02  71.8 +4.9 2,202 1.377 17.7 8.06 b TMO
31 04 40.7 +26 4 72.3 +4.4 2,215 1.534 22,3 8.17 BD +26°737 TEO
Feb O1 04 41.0 +26 40  72.4 +4.4 2,215 1.544 22,5 8.18 BD +26°737 TEO
01 04 41,0 +26 40  72.4 +4.4 2.215 1.544 22, 8.17 c T™O
02 04 41.5 +26 39  72.5 +4.4 2,216 1.556 22,7 8.18 BD +26°737 TEO
03 04 42.0 +26 38 72.6 +4.4  2.217 1.567 22.9 8.19 BD +26°737 TEQ

about 0! UT of curve B. Moreover, the total amplitude decreases
with decreasing phase angle (in the interval ~6°— ~2°) from
~0.12 to ~0.10 mag. Immediately after opposition, the above
mentioned feature becomes more evident ; we see it in curve C, even
if that portion of the light curve lacks a good coverage. At larger
phase angles the amplitude increases (up to ~0.18 mag) and the
feature, marked with a’) in curve E, now appears a true secondary
extremum with an amplitude of about 0.03 mag.

On the other hand, during the increase in brightness after
primary minimum we see a similar feature, separated from a’) by
about 180° of rotational phase (assuming a period of 7%33). The
fact that two macroscopic features are separated by about half
period can be considered a further confirmation of the shorter
period as the correct one. Indeed, the features could be due to the
appearance and disappearance of a large-scale topographic irre-
gularity, obviously separated by about half a rotation. A remark-
able example of this same phenomenon can be seen for 88 Thisbe
(Schober et al., 1979) whose light curve is characterized by several
humps separated by half a period.

By means of those conclusions, it was also possible to explain
the light curves obtained by Scaltriti and Zappala (1978) in 1977
and we present in Fig. 4 the composite light curve obtained
assuming Py, =7"33. The amplitude is larger (~0.22 mag) owing
to the different aspect (442 50°), but the shape of the light curve is
quite similar to the post-opposition runs of the 1980-81 appari-
tion; in this case the feature develops a well-defined shape with a
total amplitude of ~0.05 mag.

Therefore we may conclude that the shorter period P, =7"33
represents the actual rotational spin of 37 Fides. In view of this
conclusion, we may notice that the feature marked with a’) in Fig. 3
can be seen during the 1979 apparition (see Fig. 1) as a true
secondary maximum with an amplitude larger than that observed
in the 1980-81 opposition.

By means of the absolute magnitudes at maximum light listed in
Table 1, we calculated the magnitude-phase relation applying the
theory by Lumme and Bowell (1981a,b) using only the values of

Vo () determined during the 1980-81 opposition; we derived: Q
=0.179+0.005 and ¥, (0°)=(7.27 +0.01) mag. Figure 5 shows the
agreement between the calculated curve and the observed magni-
tudes. Even if the difference in the ecliptic longitude between
Schober’s observations and ours is large (~ 50°) and the surface of
Fides has a probable complex appearance, it can be noticed that the
Vo() estimated during the 1979 apparition agree well with our
phase curve. The high value of Q is consistent with Fides’
moderately high-albedo [the taxonomic type given by Bowell et al.
(1979) is S].

Taking into account the mean magnitudes of Fides deduced in
the 1980-81 opposition, we have the following values for the
magnitudes at zero degrees: 7(0°)=(7.31 +0.02) mag and ¥ (1,0)
=(7.62+0.01) mag with a difference consistent with that found by
Bowell and Lumme (1979) for S-type asteroids; at the same time we
derived Oy =(0.152+0.012) or B, =(0.029 +0.001) mag/degree. It
can be noticed that from the TRIAD values (Bowell et al., 1979) of
B(1,0) and B-V we have V' (1,0)=7.42 mag, which is in disagree-
ment with our value by 0.2 mag. Considering that several
magnitude references went into TRIAD for 37 Fides, this quite
large difference in ¥'(1,0) may reflect the complex appearance of
the asteroidal full-cycle light curve.

Discussion

The peculiar case of Fides opens new problems concerning the
exact determination of the rotational periods of asteroids. We
suggest that many objects could belong to the group of Fides,
particularly asteroids whose adopted period was found by means
of few partial light curves in one opposition only. This problem
indicates that numerous observations at different phase angles and
at different oppositions are needed in order to check the reliability
of the rotational properties of a given object. Moreover, the
influence of the shadowing effect must be investigated in a better
way for more precise knowledge either of the surface irregularities
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and of the rotational properties. We recall that the light curves
could be affected also by a possible binary nature of the object.
Laboratory models are very important to this aim; this kind of
research has been started at Teramo Astronomical Observatory
with the collaboration of the Torino Astronomical Observatory
and the Laboratory of Planetology of the IAS in Rome (Burchi et
al., 1982).
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