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ellipsoid. The maximum amplitude of the lightcurve at this
opposition was 0.25 + 0.02 magnitudes. This value is fairly typical
of C class asteroids of this diameter (Burns and Tedesco, 1979).
The difference between the two maxima was only 0.02
magnitudes, implying a very small difference in albedo between
the opposite hemispheres. Small anomalies on the lightcurves
indicate that this minor planet has small-scale surface features of
the order of 10 — 15 km in linear extent. With a revolution rate of
3.089/day, Brambilla is one of the faster rotators among the
asteroids between 50 and 125 km diameter. This group of
asteroids have a unimodal distribution of rotation rates peaking at
slightly less than 2 revs/day (Binzel et al. 1989b).
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CCD photometry of 96 Aegle during its 2001 apparition
reveals a lightcurve with low amplitude of about 0.1
mag. The most self-consistent composite lightcurve is
formed using a rotation period of 26.53 + 0.03 hours, but
other periods remain possible. The best-fit values of
Lumme-Bowell phase coefficients to the linear part of
its solar phase dependence are H=7.54 + 0.10 and G =
-0.04 + 0.03. A similar reduced magnitude and low
amplitude at a differing aspect leads us to infer that
Aegle isn’t very elongated in shape.

Introduction

We observed asteroid asteroid 96 Aegle during its 2001 apparition
in an effort to refine previous estimates of its rotation period and
to also determine its previously unknown solar phase slope
coefficient. This main belt object is the largest member of the
relatively rare T spectral class (Tholen 1989). Though Aegle is of
low albedo, its diameter of about 174 km (Tedesco 1989) made it
bright enough to be a suitable target for a student observing

project at Colgate University during the spring of 2001.

Aegle has been previously observed first in 1980 by Harris and
Young (1989b), who suspected a possible period near 10 hours,
then in 1996 January by Wetterer (1997), who was unable to
further constrain the period, and finally in 1996 May by Blanco et
al. (2000), who refined the possible period to 10.470 hours. None
of these lightcurve data exhibit any definitively repeating features.

Observations

Our observations of Aegle were made during eight nights between
2001 Feb. 14 and Mar. 29 at Colgate’s Foggy Bottom Observatory

1 h : A :
Bel. Lat. Hel. Long. R sorar co:e::;e in Hamilton, NY. The asteroid and nearby reference stars were
Date of Obs. _(B°) (L°) (AU) Angle (%) imaged through a V filter using a CCD detector mounted at the
g Mar. N }gg-gg 3108 g-g gg Newtonian focus of the 41-cm telescope. The IRAF software
26 Mar. —9.59 189.85 3.102 4.9 125 application packages were used for both image processing and
27 Mar. -9.56 190.04 3.101 4.7 125 synthetic aperture photometry (Massey 1997, Massey and Davis
28 Mar. -9.53 190.22  3.100 4.6 125 1992).
01 Apr. -9.41 190.94  3.097 4.4 51
All-sky photometric nights are rare at our central New York
. . observing site, but since the on-chip comparison stars used on
Table II. Lgh;zv:‘Ammﬂy Interpretation different nights are quite close together in the sky, we were able to
, measure their relative brightnesses within an hour or two of stable
Date Phase Ll (km) Delta B L (km) sky conditions on clear nights by imaging them rapidly enough to
Positive Feature at 0.15 Phase
Mar 26 0.05 13 0.03 12.6
Mar 28 0.05 13 0.04 14.6 .

i ! Present address: Department of Earth, Atmospheric, and
Negative Feature at 0.47 Phase Planetary Sciences, Massachusetts Institute of Technology,
Mar 19 0.056 15 0.04 14.6 1
or 27 0. 056 15 0 047 15.8 (1}211;3 954-410, 77 Massachusetts Avenue, Cambridge, MA
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minimize differences in airmass and in time. The one-sigma
uncertainties of these relative brightnesses are 0.01-0.02 mag.
Additional observations of on-chip comparison stars were made
on a photometric night along with primary standard star SA 101-
262 (Landolt 1992) so that the observations could be transformed
to V magnitudes. The standard’s B-V color index of +0.78 is a
close match to Aegle's value of 0.77 (Tedesco 1989) which
minimizes color effects. The one-sigma uncertainty of the overall
transformation of the asteroid observations to the standard V
system is 0.05 mag.

Reduction for Phase Coefficients

Changes in distance, solar phase angle, and rotational phase all
contribute to the observed brightness variations of Aegle. The
effect of changing distance was removed by reducing the observed
V magnitudes to the brightness the asteroid would appear if it
were 1 AU from both the Sun and Earth.

The observations span a considerable range of solar phase angles,
and the plot of mean reduced magnitude vs. phase angle presented
as Fig. 1 shows that the overall brightness of Aegle decreased
gradually by about 0.3 mag. between Feb. 14 and Mar. 21. To
reduce systematic errors in the mean values caused by incomplete
coverage of rotational phase, data are plotted only from the four
nights on which the longest spans of lightcurve were recorded. A
weighted fit of the Lumme-Bowell solar phase function (Bowell et
al. 1989) was made to the mean brightnesses and their relative
calibration errors (sigma in the legend of Fig. 1). The best-fit
values of the phase coefficients, including the overall uncertainty
in the transformation to standard V, are H=7.54 + 0.10 and G =
-0.04 + 0.03. This best-fit phase function for Aegle appears in
Fig. 1 as a solid line.

Reduction for Rotation Period

To prepare the individual nights’ lightcurves for rotation period
analysis, the reduced magnitudes were adjusted to the solar phase
angle on Feb. 14 using the slope parameter G determined from the
observations, and the times of the observations were corrected for
the light-travel time to Earth.

Reduction for rotation period is based on the assumption that the
lightcurve exhibits repeating features. The three nights of highest-
quality data from Feb. 14, 16, and 19 record a total of more than
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Figure 1. Solar phase function for 96 Aegle. The uncertainty in
the overall transformation to standard V is 0.05 mag. for both Fig.
-1 and Fig. 2.

15 hours of lightcurve and include a dozen well-defined local
extrema, but none of the features reliably repeat in shape and in
brightness. This implies that the lightcurve must have a period
greater than 15 hours and also must have more than two maxima
and minima per cycle. The brightness changes don’t exceed 0.1
mag., and complicated structure is possible for low-amplitude
lightcurves because the shape-induced doubly periodic sinusoid
expected for ellipsoids is more easily hidden by signal variations
caused by albedo or topographic features. Reliable period
determination from lightcurves such as these can be difficult.

In absence of repeating features in the lightcurve data, the Fourier
fitting approach described by Harris and Lupishko (1989) was
used to identify trial rotation periods that yield self-consistent
composite lightcurves with the smallest root-mean-square
residuals. Tle data do not lead to a unique result, but the most
favored period seems to be 26.53 + 0.03 hours, where the
uncertainty was estimated from the overlap in the data from Feb.
19 and Mar. 21. This result is based on less than full coverage and
also may be an “alias” period wrong by an integer factor, so we
assign a reliability code of 2. Other possible periods appear but
yield less self-consistent composite lightcurves.

A plot of the composite lightcurve of Aegle assuming P=26.53
hours is presented as Fig. 2 showing reduced V magnitudes vs. UT
hours on 2001 Feb. 14. Data have been adjusted to the solar phase
angle on Feb. 14, antedated for the light-travel time to Earth, and
translated into the plotted time span modulo the rotation period.
The plot covers one cycle of the rotation period plus the earliest
and latest 10% of the period span repeated. Error bars plotted on
the data represent the estimated one-sigma standard uncertainty
with respect to the local comparison star used. The legend gives
for each night of data the plot symbol, the UT date of the
observations, the solar phase angle (alpha) and the offset in
magnitudes applied to adjust the data to the solar phase angle on
Feb. 14, and finally the uncertainty (sigma) for the relative overall
magnitude level of the lightcurve with respect to that of Feb. 14.

Clouds affected the data from the early part of Mar. 4 and the later
part of Mar. 21. The data from Mar. 29 are differential
magnitudes without V calibration which were excluded from the
period determination, but are included on the plot with a shift in
brightness for reasonable visual fit to the rest of the composite to
show that their downslope is consistent with the calibrated data.
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Figure 2. Composite lightcurve for 96 Aegle. The Mar. 29 data
are shifted differential magnitudes as described in the text.
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Discussion and Conclusions

It is now possible to rule out the previously suspected rotation
periods because they don't yield self-consistent composite
lightcurves of the new data. However, with only about 10%
overlap coverage in the lightcurve composited with the new
period, our result should be checked with additional observations.
We also note that in absence of observations at small phase angles
during this apparition, the fitted value of G doesn't reflect the
unknown phase function behavior in the “opposition effect” range
of small phase angles, and H itself remains poorly constrained.

The observations of Harris and Young (1989) from 1980 were
recorded from a viewing aspect about 36 degrees away from that
of the new data, but are of comparable low amplitude and of mean
brightness only 0.02 mag. different from that predicted by the new
phase coefficients. This similarity at different aspects suggests
that Aegle isn’t very elongated in shape.

On the other hand, the observations of Blanco et al. (2000) from
1996 May exhibit a brightness variation of about 0.4 mag. and
only the faintest of their data are consistent with the new phase
coefficients. Such lightcurves that are both larger-amplitude and
brighter can’t be explained solely by the 47 degree change in
viewing aspect if Aegle is well-modeled by a featureless,
uniformly bright object rotating about its shortest axis, because the
model predicts that an increase in amplitude would correspond to
a decrease in mean brightness, and vice versa. Some effect other
than shape must be at work.
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Two of the authors independently observed the asteroid
1069 Planckia in 2000 April and May. The combined
data were used to re-examine the previously published
period of the asteroid. It is believed that the previously
stated period of 10.58h is incorrect and should be
replaced by one of 8.643h + 0.05h. The amplitude was
found to be increasing during the span of the
observations, increasing from 0.17 mag. in late April to
0.25 mag. in late May.

In a previously published report in the Minor Planet Bulletin
(Wamner 2001), the lightcurve for the 43km asteroid, 1069
Planckia, was found to be 10.58h + 0.05. After that paper had
been submitted, the authors received word from Dr. Richard
Binzel, editor of the Minor Planet Bulletin, that author Malcolm
had also submitted a paper for the same asteroid, finding instead a
period of 7.15h. At the encouragement of Dr. Binzel, Warner took
the data obtained by Malcolm and made a combined data set in an
effort to determine which period, if either, was correct. Also
doing a parallel analysis was author Stephens. Since all of us use
MPO Canopus, this was fairly easy to do since the software allows
saving of data for a specific asteroid and merging it with other
data. However, complicating the matter some was that the
amplitude of the lightcurve changed as the asteroid’s phase angle
increased from about 8° in late April to 16° in late May.

Figure 1 shows the plot of the data obtained by Warner published
previously in the Minor Planet Bulletin. The phased plot is
against the period of 10.58h. Figure 2 shows the data obtained by
Malcolm, phased against the period he reported in his unpublished
paper of 7.15h. Independently, each might seem a reasonable
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