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Preface

I wrote an erudite Preface to these Proceedings: however, 1 shredded it.
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A light curve for 4183 Cuno

Colin Bembrick
M;t. Tarana Observatory
E-mail: bembrick@ix.net.au

Barney Per cguy
The Southern Sky Observatory
E-mail: southsky@mt.net.au

Tony Ainsworth
28 Lansdown Place QOatley, NSW, 2223

Abstract
CCD Observations of 4183 Cuno on June 19, 1998 yielded a light curve with two maxima
in o 20 1. e e B d

The maximum amplitude of the light curve is 0.65 magnitudes A possibie synodic perio
0.03) is interpreted, but more observations are required.

and two minima.

1 Introduction

Minor planet 4183 Cuno was discovered from South Africa by Hoffmeister in 1959. The preliminary
designation was 1959LM, with the official name being announced in Minor Planet Circular 18307. It has
an orbital period of 2.79 years and an assumed diameter of 8.7 km making it one of the larger Apollo
asteroids. However, this assumed diameter may in fact be considerably smaller — in the order of 5 km or
so. Even so, it is indeed one of the larger Near-Earth asteroids and is classed as a potentially hazardous
asteroid (PHA) because of its Earth-crossing orbit.

2 Observational Circumstances

Niie attantinn waa dravwn +n thic nartionlar minar nlanat hy the

Ul auCiition was Grawii 10 uwiis paniliaal ININoL Paainct Oy inor Planet Bulletin (Harris & Zappala

LViiRIUL auiv wi 2\ diaiiis K Lappaia,

1998), where it is listed as a prime candidate for rotational period determination. The apparent V
magnitude at this opposition on June 17, 1998 was quoted as 13.6, making it an easy target for CCD
photometry Both the period and the amplitude of any light variations were listed as unknown and no
data for this asteroid were found in the Minor Planet Lightcurve Parameters database (Hartis, 1997). As
the declination at this opposition was —26 degrees, it was well placed for a team of southern observers.

All observations were conducted from the Southern Sky Observatory in Sydney (Figure 1) and
attempts were made to observe on several nights, back to back. However, this plan was frustrated by the
weather and only one night's observation was possible at the time. These are the results reported on
herein.

We made use of a C14 Schmidt Cassegrain telescope with digital setting circles (Figure 2) and an
ST8 CCD camera. Our use of a focal reducer meant we had a field of view of approx. 24 arc minutes on
the CCD diagonal. To maximize our choice of comparison stars as the asteroid moved during the night,
the CCD long axis was oriented East-West.

During our observations on June 19, 1998 the asteroid was at Ecliptic Longitude 19° 51" and Ecliptic
Latitude —20° 8', the solar phase angle being approximately 60 degrees. At this time the asteroid was
moving with an apparent motion of nearly 7 arcmin/h as it made its close pass (0.2 AU) of Earth. This
rapid motion (nearly double that of main belt asteroids) meant we re-centred the asteroid every hour in
the field of view.

To assist in identification of this minor planet finder charts were made using the "Guide" software
and comparison stars were picked from the Guide Star Catalogue using these finder charts. Several
comparison and check stars were chosen per frame and these were changed as the asteroid moved across
the star field during the night. As far as possible, these stars were chosen to have 'asteroid colours'
(0.6<(B-V)<0.9) to minimize colour mismatch of target and comparison stars.

3 Results

For these observations the CCD temperature was set at —10° C, about 20 to 25 degrees below ambient.

Lacking a set of standard photometric filters, we chose to observe in the instrumental bandpass of the

ST8, that is with no filters in the light path. Thus, we observed (very approximately) in the R bandpass.
1



2 Bembrick, Pereghy & Ainsworth

Each observation of the minor planet (approximately every 20 minutes) consisted of three consecutive
90-second integrations. Sufficient counts were thus obtained to achieve a satisfactory signal to noise
ratio yielding an internal measurement precision of better than 0.01 magnitudes.

Figure 1. The Southern Sky Observatory.

The CCD chip was binned 2x2 giving an image scale of close to 2"/pixel for our focal length. This
meant that the minor planet moved approximately 5 pixels (10") during the integration, but this was
rarely visible on the image due to the seeing at our near sea-level observing site. A dark frame was
automatically subtracted from all images by the ST8 camera software at the time of acquisition. The
photometric reductions were made using the "MIRA" software package, using the synthetic aperture
photometry facility. During the reduction process a master flat field was applied to all images before
performing the photometry. The master flat was made using multiple night sky images and the 'median
combine' method.

Figure 2. The C14 Schmidt Cassegrain used in these observations.
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The non-variability of the comparison and check stars were verified by plotting their instrumental
magnitude differences (8 m) over time. Although night sky transparency varied considerably throughout
the observing period, this difference remained stable (see upper plot in Figure 3). This shows a linear
regression fit to the data and from this we can see that the magnitude differences are stable to within
+ 0.05 at worst and usually considerably better. Thus we can be confident that if our asteroid varies by
more than this we are seeing real variations in light output over time.

For the minor planet the differential instrumental magnitudes were plotted in the sense CUNO minus
comparison star (C) and are shown in the lower plot of Figure 3 as 'raw' results. Inspection of these
results shows a variation in amplitude of some 0.6 magnitudes — considerably greater than our value of
0.05 above. Thus we have indeed detected variability from our rotating asteroid. Further examination of
the plot indicated a possible rotation period of around 3.6 hours. This assumes the maximum near
09.5 UT is the same maximum as that near 13.0 UT. The maximum near 11.5 UT is thus a secondary
maximum. In making these assumption we are relying on the fact that minor planets commonly have a

light curve showing two unequal maxima and two unequal minima,

The data were phase-folded with this period and a further plot was made and the period refined by
visual inspection (Figure 4). This shows one complete rotational cycle — the 0 to 1 on the phase scale
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