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CCD photometry observations of 92 Undina in 2014 

April found a synodic rotation period of 15.933 ±  

0.002 h and lightcurve amplitude of 0.16 ± 0.01 mag. An 

attempt was made to model the spin axis and shape for 

the asteroid using a combination of dense lightcurves 

from three apparitions and sparse data from two survey 

programs. The results were inconclusive other than to 

indicate that the pole latitude is not far removed from the 

ecliptic plane and rotation is probably retrograde.  

CCD photometry observations of the main-belt asteroid 92 Undina 

were made in 2014 April and May at the Center for Solar System 

Studies-Palmer Divide Station. A 0.3-m f/9.4 Schmidt-Cassegrain 

was used along with a Finger Lakes Instrumentations MicroLine-

1001E operating at –30° C. The 1024x1024 array of 24-micron 

pixels provided a field of view of about 30x30 arcminutes and a 

plate scale of 1.7 arcsec/pixel. All images were guided and taken 

without a filter. Exposures were 60 seconds in early April and 

decreased to 45 seconds in late April and early May to avoid 

saturation. Dark frames and flat fields were applied in MPO 
Canopus.  

Measurements were done using MPO Canopus, which was used to 

produce and apply the master dark and flat-field frames. The Comp 

Star Selector utility in MPO Canopus found up to five comparison 

stars of near solar-color to be used in differential photometry. 

Catalog magnitudes were taken from the APASS catalog (Henden 

et al., 2009) since these are derived directly from reductions based 

on Landolt standard fields. Period analysis was also done using 

MPO Canopus, which implements the FALC algorithm developed 
by Harris (Harris et al., 1989). 

In the lightcurve plots below, the “Reduced Magnitude” is Johnson 

V as indicated in the Y-axis title. These are values that have been 

converted from sky magnitudes to unity distance by applying –

5*log (r!) to the measured sky magnitudes with r and ! being, 

respectively, the Sun-asteroid and Earth-asteroid distances in AU. 

The magnitudes were normalized to the phase angle given in 

parentheses, e.g., alpha(6.5°), using G = 0.15, unless otherwise 

stated. The horizontal axis is the rotational phase, ranging from  

–0.05 to 1.05. 

Synodic Rotation Period (2014) 

This was the third apparition at which this asteroid was worked by 

the author (Warner, 2007; 2012). The most recent period of P = 

15.933 h is in good agreement with the earlier results as well as 
those from Schrober et al. (1979). 
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One problem, the initial one, was that the sidereal period could not 

be well-defined. Slivan (2012, 2013) discussed the issues involved 

in finding a unique sidereal period using an analytical approach. 

Anyone attempting modeling should keep these two papers at 

hand. As mentioned before, sparse data are of best use when the 

noise (scatter) is not a significant fraction of the asteroid’s 

lightcurve amplitude (see, e.g., Durech et al., 2011; Hanus and 
Durech, 2012). 
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We previously published a rotation period of 52.98 hours 

for 227 Philosophia (Pilcher and Alkema, 2014,  Minor 

Planet Bulletin 41, 188).  By adjusting instrumental 

magnitudes of the observations reported there by 0.03 or 

less, we obtain equally good fits to 26.476 hours with a 

monomodal lightcurve and 52.955 hours with a bimodal 

lightcurve, amplitude 0.12 magnitudes.  We prefer the 

shorter period because the two sides of the longer period 

lightcurve are nearly identical.  

Earlier period determinations for 227 Philosophia are by Bembrick 

et al. (2006), 18.048 hours; Behrend (2006), 26.138 hours; Alkema 

(2013), 17.181 hours.  In a lightcurve far more dense than any 

previously obtained, we (Pilcher and Alkema, 2014) reported a 

rotation period of 52.98 hours, with a slightly asymmetric bimodal 

lightcurve.  By adjusting the instrumental magnitudes of the 

observations reported in this reference by 0.03 or less, we find 

equally good fits to 26.476 hours with a monomodal lightcurve  

(Figure 1) and 52.955 hours with a very symmetric bimodal 

lightcurve (Figure 2).  A symmetric bimodal lightcurve can be 

produced only by an object whose shape is highly symmetric over 

a 180 degree rotation.  This is unlikely for a real asteroid.  We 

therefore prefer the 26.476 hour period, although the longer period 

cannot be ruled out.  The formal error of ± 0.001 hours is 

unrealistic.  We believe the real error is probably near ± 0.01 
hours, or even larger. 

The data obtained by Alkema (2013) provided a good fit to a 

nearly symmetric bimodal lightcurve of period 53.12 hours, 

although with incomplete phase coverage, and published by 

Pilcher and Alkema (2014).  Following an instrumental magnitude 

adjustment, we are able to provide a good fit of these data to a 

monomodal lightcurve with period 26.560 hours (Figure 3), 

compatible with the 26.476 hours found in the more dense 
lightcurve. 

Future work.   It often occurs that an asteroid with a monomodal 

lightcurve at some oppositions has a bimodal lightcurve at a 

subsequent opposition at a different celestial longitude.  We 

recommend that 227 Philosophia be observed at a future 

opposition.  We can be fully confident that the period is near either 

26.5 hours or 53 hours.  The observer at the future opposition 

needs only to look for possible bimodal behavior in a 26.5 hour 

lightcurve.  Its presence will definitively resolve the ambiguity in 

the current period determination, but if the bimodal behavior at 

26.5 hours is absent, the period will still be ambiguous.  Dates and 

declinations of future maximum elongations from the Sun are: 

2015 Apr. 30, -28 degrees, southern hemisphere observers please 


