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Number Name 0] Period (h)
874 Rotraut 2 14.586
879 Ricarda 2 82.9
882 Swetlana 2= 20
887 Alinda 2 73.97
891 Gunhild 2 7.93
892 Seeligeria 2 41.40
895 Helio 2 9.3959
897 Lysistrata 2 11.26
900 Rosalinde 2 16.5
902 Probitas 2+ 10.117
903 Nealley 2 21.60
904 Rockefellia 2 5.82
917 Lyka 2 7.92
920 Rogeria 2- 8.09
923 Herluga 2 19.746
926 Imhilde 2 26.8
927 Ratisbona 2 12.994
931 Whittemora 2 19.20
932 Hooveria 2+ 39.1
936 Kunigunde 2 8.80
938 Chlosinde 2 19.204
946 Poesia 2+ 108.5
949 Hel 2 10.862
952 Caia 2 7.51
953 Painleva 2- 7.389
958 Asplinda 2 25.3
960 Birgit 2+ 8.85
965 Angelica 2 17.772
969 Leocadia 2 6.87
973 Aralia 2+ 7.29
981 Martina 2 11.267
982 Franklina 2- 16
983 Gunila 2 8.37
988 Appella 2 120
992 Swasey 2 13.308
994 Otthild 2+ 5.95
997 Priska 2 16.22
999 Zachia 2 22.717

Table lll. The 146 asteroids numbered below 1000 for which the
quality of the found rotation period appeared to be U = 2 at the
beginning of 2015. The rotation periods are expressed in hours and
each shows as many significant digits as are currently known.
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On 2014 September 18, the asteroid 82 Alkmene
occulted HIP 99229 for observers in the western United
States. Four well-spaced chords allowed matching these
observations with one of the two convex shape models
available for this asteroid. Results of this event can be
found on the North American Asteroidal Occultation
Results webpage.

The history of asteroidal occultation observations has been
reviewed before (Timerson et al., 2009). Successful predictions
(Preston, 2009) and observations have increased dramatically,
especially since 1997, aided by high-accuracy star catalogs and
asteroid ephemerides (Dunham et al., 2002). Other prediction
information is available in Timerson et al., 2009.

The techniques and equipment needed to make these observations
are outlined in the IOTA manual (Nugent, 2007). Observations are
reported to a regional coordinator who gathers these observations
and uses a program called Occult4 (Herald, 2015) to produce a
profile of the asteroid at the time of the event. The asteroidal
occultation data are officially deposited and archived and made
available to the astronomical community through the NASA
Planetary Data System (Dunham et. al., 2014). Additional tools
such as asteroid lightcurves (Warner, 2011) and asteroid models
derived from inversion techniques (Durech et al.,, 2010) can be
combined with occultation results to yield high resolution profiles.

Names Telescope Imager Time Inserter Integration
C. Arrowsmith, W. Anderson 28 cm SCT Mallincam IOTA-VTI 2 frames
J. Bardecker 30 cm SCT Mallincam IOTA-VTI No
T. Beard 20 cm SCT PC165DNR IOTA-VTI 2 frames
C. Coburn, T. Smoot, H. Hill 36 cm SCT Mallincam IOTA-VTI No
H. Gimple 28 cm SCT Mallincam IOTA-VTI 4 frames
C. McPartlin 13 cm Refr Stellacam II IOTA-VTI No
W. Morgan 20 cm SCT PCl64C IOTA-VTI No
K. Schindler, J. Wolf 60cm R-C Andor DU-888 Other GPS No

Table 1. Observers and the eauioment used. SCT = Schmidt-Cassearain. Refr = Refractor. R-C = Richev-Chrétien
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The asteroid lightcurve inversion method was developed by
Kaasalainen and Torppa (2001) and Kaasalainen et al. (2001). It
enables one to derive asteroid shape, spin axis direction, and
rotation period from its lightcurves observed over several
apparitions. The shape is usually modeled as a convex polyhedron.
When the shape model and its spin state are known, its orientation
with respect to an observer (sky plane projection) can be easily
computed. Such a predicted silhouette can then be compared with
the occultation chords and scaled to give the best fit. Planning
software called OccultWatcher allows observers to space
themselves across the predicted path of the occultation to gather as
many unique chords as conditions allow (Pavlov, 2008).

Occultation Results

On 2014 September 18 at 6:35 UT, asteroid 82 Alkmene occulted
the V magnitude 7.7 star HIP 99229 (SAO 188948) in Capricornus
over a path which passed from northern California to southern
Nevada, Utah, and Kansas (Dunham et al., 2013). The maximum
duration was predicted to be 23.5 seconds. Eleven observers
observed the event from 8 sites. Four of these sites recorded
occultation chords while recordings at the other 4 sites showed no
occultation. Seven observing sites used video recordings while
Schindler and Wolf used an Andor iXon DU-888 EMCCD camera.
The observers and their equipment are summarized in Table 1.

Using the Occult4 software, the 4 chords yield a least squares
ellipse with dimensions of 62.8 x 55.4 km with an error estimate of
+ 0.9 km in each dimension, as shown in Figure 1. The maximum
occultation duration of 19.05 seconds, which is 19% shorter than
the expected maximum, occurred at station 3. The observed path
was 29 km north of the predicted path on the Earth’s surface and
occurred 24 seconds late.

Two inversion models of Alkmene were derived by Hanus et al.
(2011) from lightcurves and are available in DAMIT
(http://astro.troja.mff.cuni.cz/projects/asteroids3D). Their
orientation at the time of the event is shown in Figure 2. The
models differ in shape and pole direction. Model #146 has pole
direction lambda = 164 deg, beta = -28 deg in ecliptic coordinates,
while model #147 has lambda = 349 deg, beta = -33 deg. The two
models fit the light curves equally well. The occultation profile
presented in this article has successfully identified Model #146 to
be the correct one.

Occult4 has a provision in which inversion models can be pasted to
the profile image of the asteroid so that observed chords can be
matched to the model. In most cases, this also allows one to
determine which model most likely provides the correct
orientation. In Figure 3 the four positive chords have been matched
to DAMIT Model #146.

Apart from deciding which pole orientation is correct, the
occultation chords provide direct information about asteroid size.
By scaling the convex model to give the best match with the
chords, we determine the volume-equivalent size of Alkmene to be
61+2 km.

(82) Atkmene 2014 Sep 18 62.810.9x55.4 :0.9km. PAS9.4° +30"
Geocantric X 26858 +0.3 Y5361 2+0.5km N

Observers | Chords
W. Anderson/C. Arrowsmith 2
J. Bardecker 4
T. Beard 3
C. Coburn/T. Smoot/H. Hilt 5
H. Gimple 1
C. McPartlin 8
W. Morgan 5}
K. Schindler/J. Woif 7
L]
owwne1s [ T

Figure 1. Observed occultation outline for 82 Alkmene on 2014
September 18 with least squares ellipse fit.

Figure 2. DAMIT models for poles (Model #146: 164 deg, -28 deg;
top) and (Model #147: 349 deg, -33 deg; bottom) for
82 Alkmene at the time of the occultation.
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{82) Alkmene 2014 Sep 18 62.8 +0.9x 55.4 «0.9km, PA69.4" =30
Geocentric X 26859203 ¥ 5361.220.5km N

Figure 3. DAMIT Model #146 matched to the observed chords

Conclusions

Asteroidal shape models derived from inversion of light curves
may result in more than one possible shape. Combining
occultation profiles and light curve inversion shapes can resolve
the chiral possibilities that light curve data alone cannot
differentiate. This can be seen in the excellent agreement between
the occultation results and one of the inversion models for 82
Alkmene. Future articles will continue to include occultation
results in which multiple chords are observed. Preference will be
given to those events for which lightcurves and/or inversion
models are available.
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