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Introduction:  Near Earth Objects (NEOs) are objects whose orbit brings them within 1.3 AU of the sun and a potential intersection with the Earth’s.  NASA predicts 20,000 objects with the ability to cause minimum of 50,000 casualties.  The prevention of such an event originates from the discovery of the threatening asteroid, a prediction for impact, and plans for deflection.  The discovery and catalogue of such objects is a high priority for organizations such as NASA [1].  However, during the course of my 10 weeks with access to the telescope, no NEOs were observable.  Thus, main belt asteroids, the likely source for NEOs, were selected to observe.

Main belt asteroids are small (<1000 km) chunks of rock and debris unable to condense into larger masses due primarily to the gravitational effects of nearby Jupiter.  Their brightness varies greatly, from visible to the naked eye to dimmer than the faintest star.  Each object gives a light curve; that is, a variation of brightness as time progresses.  A light curve is created by features on a rotating object, such as albedo or shape, which reflect light towards Earth.  Examples of hypothetical rotations can be seen in Figure 1.  Upon observing an object’s light curve, characteristics of the object can be determined.  The work I have done is an attempt to determine rotational periods of the light curves of observed main belt asteroids.

Observations:  Two light curves were measured for rotation during the 10-week period.  The first was 3 Juno, which was measured to compare results with its known rotation.  The light curve obtained can be seen in Figure 2.  The second object observed was 913 Otila.  Otila was chosen due to qualities falling within specified parameters, such as magnitude, zenith distance, and time observable.  The light curve obtained can be seen in Figure 3.  

Images were taken remotely using the NF/ Observatory 40 km outside of Silver City, NM.  The telescope is a redesigned Group 128, 24” classical cassegrain with a 1024x1024 pixel CCD cooled to minus 45 degrees Celsius [2].  Observations were made of Juno on six nights between May 30 and June 4, 2007.  Observations of Otila occurred on nine nights between June 24 and July 17, 2007.  However, only four of the nights yielded usable data.   
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 Figure 1:  Hypothetical light curves of a spherical and an elongated ecliptical object.  The sphere appears brightest when Earth is shown the hemisphere of high albedo.  Similarly, the eclipse reflects the most light when seen from the side.

Images: All images were bias and dark subtracted, then flattened, before being analyzed.  The processed images were first evaluated with NFO-Asteroid 1.00, written by Dr. Lacy.  For each image, the asteroid was located and then compared with two nearby objects to obtain a differential magnitude.  A cumulative file recording the Julian date and asteroid magnitude was exported.

The files were then read by Multi-Minima 2.4, written by Dr. Lacy.  The magnitudes of each set of data were aligned to minimize scatter.  Mac.Period, written by Dr. Lacy, then read the data.  Minima of the light curve were selected and used to calculate possible rotational periods.  The period was adjusted to minimize data scattering.

Analysis:   This procedure resulted in light curves shown in figures 2,3,4 and 5.  The rotational period of Juno was determined to be 0.300428 +/- 0.000002 days.  This value agrees to the published value of 0.3003969 +/- 0.0000003 days [3] within 0.01%.  The measured value does not fall within the error of the published value, which could be evidence for rotational evolution, but is more likely a result of the scatter calculation derived from the data.  
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Figure 2:  The light curve of Juno with rotational period of 0.300428 +/- 0.000002 days. 

The rotational period of Otila was undetermined, but narrowed considerably. The similarity of light curves of consecutive nights, Julian dates 4276 and 4277, suggests nearly identical rotational pattern during the observational periods, which occurred almost exactly 24 hours apart. The corresponding minima of the consecutive light curves occurred at Julian dates 4276.6972 and at 4277.69684.  The difference of the minima was 0.9996 days (upon closer calculation, the period was derived to be 1.005 days) and suggested an integer number of rotations every 24 hours.  This coincidence prevented the observation of a full rotation, but narrowed the selection criteria to 1.005 days and integer divisors of 1.005 days.
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Figure 3: Light curve of Otila with period of 0.334995 days.
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Figure 4: Light curve of Otila with period of 0.251253 days.
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Figure 5: Light curve of Otila with period of 0.201004 days.

Figures 3, 4, and 5 are the light curves likely rotational periods.  Each minimizes scatter equally, thus each have the same probability to be the actual rotational period.

Figure 3 is the light curve of Otila with a period of 0.334995, Figure 4 represents the period of 0.251253, and Figure 5 corresponds to a period of 0.201004.  In each, Otila rotates approximately three, four, or five times, respectively, per day.  Additionally, one and two rotations per day are equally possible, resulting in periods of 1.0050265 days and 0.5033365 days, respectfully.  

Conclusion:  The rotational period of 3 Juno was measured to be 0.300428 +/- 0.000002 days, within 0.01% of the published value of 0.3003969 +/- 0.0000003 days.  

The rotational period of 913 Otila was determined to be integer divisors of 1.005 days: 1.0050265 +/- 0.0000565, 0.5003365 +/- 0.0000205, 0.335009 +/- 0.000019, 0.2512565 +/- 0.0000145, or 0.2010045 +/- 0.0000095 days.  With the same calculated scatter, each period is currently an equal candidate for consideration.  More extended observations are needed to decide on the correct value.
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