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1987) is 5.82 hours with an amplitude of 0.12 magnitudes. This
period is a sidereal day alias to 4.68 hours and yields a decidedly
inferior lightcurve.

576 Emanuela was observed 36 times over a 6.6 hour period (2.5
t0 9.1 hours UT) on UT 1998 Oct 07. Emanuela was observed to
decrease in brightness by 0.1 magnitudes during this time
period. Assuming a symmetric double minima lightcurve and if
indeed at most one fourth of the period was observed in this
time, Emanuela’s period is greater than 26 hours.

3687 Dzus was observed 42 times over a 4.0 hour period (7.4 to
11.4 hours UT) on UT 1998 Sep 17. Fluctuations in magnitude
of amplitude =0.02 were observed during this time. Because this
is close to the uncertainty in each measurement for the data, we
will refrain from speculating further.

4215 Kamo was observed 32 times over a 3.5 hour period (4.7 to
8.2 hours UT) on UT 1998 Sep 09 and 50 times over a 7.4 hour
period (3.2 to 10.6 hours UT) on UT 1998 Sep 11. The data on
UT 1998 Sep 11 clearly shows a maxima and minima with the
possibility of a second maxima and a total amplitude of 0.21 +
0.03 magnitudes (see Figure 3). Assuming a symmetric double
minima lightcurve and if indeed more than half the period was
observed in this time, Kamo’s period is about 12.6 * 1.4 hours.
Unfortunately, due to the faintness of the comparison stars, the
data on UT 1998 Sep 09 had large magnitude uncertainties (0.1
magnitudes) and the lightcurve information is lost in the noise.
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Figure 3. Lightcurve for 4215 Kamo on UT 1998 September 11.
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ASTEROID PHOTOMETRY AT THE PALMER DIVIDE
OBSERVATORY

Brian D. Warner
17995 Bakers Farm Rd.
Colorado Springs, CO 80908
Brianw_mpo@compuserve.com

(Received: July 4
Revised: August 14)

A description is given of the asteroid photometry
program at Palmer Divide Observatory along with results
on three asteroids. 1022 Olympiada was found to have a
period of 4.589h + 0.002h and shows an amplitude of
approximately 0.27 mag. 1600 Vyssotsky has a likely
period of 3.2h * 0.01h with an amplitude of 0.13 mag.
787 Moskva is found to have a period of 5.381h *
0.006h and an amplitude of 0.55mag. Two other
asteroids, 740 Cantabia and 898 Hildegard appear to
show longer (>24 hour) periods, but no determination
could be made.

I have conducted asteroid photometry off and on since the early
80’s, starting with work at Tiara Observatory in South Park, CO,
USA, under Prof. Terry Schmidt (Schmidt, 1989). However it
was not until settling into my current location approximately
30km north of Colorado Springs, CO, that I implemented a
program of my own.

The Palmer Divide Observatory uses an LX-200 25c¢m /6.5 SCT
and SBIG ST-8 CCD camera that are operated from within my
residence approximately 30m from the observatory. Custom
software that I wrote is used to control both the telescope and
camera so that unattended operations are allowed. This has
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Figure 1. Data for 1022 Olympiada. Although two pericds yield
nearly identical plots, 4.589 £ 0.002h could be determined as the

best solution.
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greatly increased the ability to gather data for lightcurve work.
A more complete description of the observatory and software has
been previously published (Warner 1999) and so will not be
covered here. Readers can also contact me directly at the
addresses above for further information.

The goal of the asteroid photometry program is to measure the
lightcurves of as many asteroids as possible given the
limitations of the equipment. Foremost among those is the
limiting magnitude where a signal-to-noise ratio of
approximately 100 can still be achieved. Such a value is required
for 0.01 magnitude accuracy. This is important when one
considers that many asteroids have an amplitude range of only
0.1 magnitude or less. According to Dr. Ame Henden of the U.S.
Naval Observatory (Henden 1999), the limiting magnitude is
approximate 13.5-14.0 for a two-minute exposure. The latter
limit is based on the average motion of a main-belt asteroid and
is the approximate maximum to avoid significant trailing. The
first set of program targets tends to show the upper (brighter)
limit is the better estimate.

Initial targets are chosen based on the criteria above with special
attention give to those suggested by Drs. Harris and Zappala in
their regular article in the Minor Planet Bulletin and to asteroids
that have no or only a poorly established lightcurve. Those
asteroids are found by checking the list of lightcurves
maintained by Dr. Harris (Harris 1997). If possible, two targets
are chosen since the telescope control software allows the
instrument to “bounce” between the two. At least two nights are
dedicated to the initial run for every target. Depending on the
preliminary analysis of the data from those two nights,
additional runs are allocated as necessary to assure full coverage
of the lightcurve with no significant gaps.

For measuring images, again custom software is used. This is
primarily to allow automatic storage of the measured magnitudes
of the comparison stars and targets for use in a Fourier Analysis
program, the original FORTRAN code of which was supplied by
Dr. Alan Harris (Harris et al, 1989) and converted to Delphi
Pascal. For each night’s run, a field with stars of well-known
magnitudes is also shot and measured. This establishes the
magnitude vs. intensity relationship for the software. For each
image of the target, the comparison stars and asteroid are then
measured. Once all the images have been measured, the process

of trial and error (mostly error) begins with the Fourier Analysis
program. If the data from a single night appears to cover at least
half a period or more, then an “eyeball estimate” based on a plot
of the raw data is used to help narrow the possibilities when
using data from two or more nights.

Using this technique, preliminary lightcurves for several
asteroids have been determined since the first part of 1999.
Figure 1 shows the results from two nights (1999 June 6 and 7)
for 1022 Olympiada, a 34km main-belt asteroid. Two periods
yield almost identical fits, with the difference being the phase of
certain points in the combined data. Those periods are 3.833 *
0.002 h and 4.589 +0.002 h. Both fits show an amplitude of
approximately 0.27 mag. However, using the run from 1999
June 7, which covered almost a full period and was just under
4.5h long, I determined the second period to be the correct one.

Figure 2 shows the results the results for three nights (1999 May
5, 8, and 15) on 1600 Vyssotsky, an inner main belt asteroid of
approximately 5km size. At the time, the asteroid was near 14th
magnitude. The large scatter lend some evidence that this value
might be the limiting magnitude of the system. The most likely
period is 3.2 + 0.01h with an amplitude of 0.13 mag. No other
periods appeared to fit, but with such large scatter, it’s hard to
say with any certainty.

Figure 3 shows the results of runs on 1999 May 18, 19, and 22
for 787 Moskva, another main-belt asteroid of about 27km size.
The derived period is 5.381 *+ 0.006 h and amplitude of 0.55mag.

Two other asteroids were measured, 740 Cantabia and 898
Hildegard, but both showed preliminary periods of >24 hours. In
such cases, it’s very difficult to obtain data over the entire
lightcurve, especially when working during shortened summer
nights. Insufficient data was acquired for these targets to report
even a “best guess” period.

Considerable thanks go to Dr. Alan Harris of the Jet Propulsion
Laboratory for his patience and willingness to teach a neophyte
the details of asteroid photometry and for making available the
source code to his Fourier Analysis program. Thanks also are in
order to Dr. Paul Comba for his years of encouragement and
suggestions on asteroid imaging.
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Figure 2. Data for 1600 Vyssotsky. This asteroid was near the Figure 3. Data for 787 Moskva. A single best-fit period of 5.381
limiting magnitude for a sufficient S/N (signal-to-noise) ratio. * 0.006h was found.
The best-fit period is 3.20 + 0.01h.
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ASTEROID NEWS NOTES
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Asteroids

Since the last installment of News Notes, 2291 asteroids have
been numbered, crashing through that magical 10000 level,
passing the Dow-Jones stock index, and bringing the numbered
total to 11433. Non-main-belt objects among these include:

(9162) 1987 oA Apollo
(9165) 1987 sSJ3 Hungaria
(9172) 1989 OB Amor
(9202) 1993 PB Apollo
(9292) 1982 UE2 Mars crosser
(9387) 1994 ca Hungaria
(9398) 1994 SH3 Cybele
(9400) 1994 TWl Amor
(9402) 1994 UN1 Cybele
(9430) 1996 HU1O0 L5 Jupiter Trojan
(9431) 1996 PS1 L4 Jupiter Trojan
(9522) 1981 DS Cybele
(9551) Kazi Mars crosser
(9552) 1985 UY Cybele
(9554) 1985 XA Hungaria
(9564) 1987 SG3 Mars crosser
(9572) 1988 RS6 Mars crosser
(9590) 1991 DK1 L4 Jupiter Trojan
(9661) 1996 FUl3 Hilda
(9671) 1997 TU9 Mars crosser
(9694) Lycomedes L4 Jupiter Trojan
(9712) Nauplius L4 Jupiter Trojan
(9713) Oceax L4 Jupiter Trojan
(9739) 1987 SH7 Hungaria
(9767) Midsomer Norton Mars crosser
(9773) 1993 MG1 Mars crosser
(9790) 1995 OK8 L4 Jupiter Trojan
(9799) 1996 RJ L4 Jupiter Trojan
(9807) 1997 sJ4 L4 Jupiter Trojan
(9817) Thersander L4 Jupiter Trojan
(9818) Eurymachos L4 Jupiter Trojan
(9828) Antimachos . L4 Jupiter Trojan
(9829) Murillo Hilda
(9856) 1991 EE Apollo
(9857) 1991 EN L4 Jupiter Trojan
(9873) 1992 GH Hungaria
(9881) 1994 SE Mars crosser
(9907) Oileus L4 Jupiter Trojan
(9950) 1990 VB Amor
(9969) Braille Mars crosser
(9992) 1997 TG19 Mars crosser
(10051) 1987 QG6 Mars crosser
(10063) 1988 sz2 Hilda
(10115) 1992 SK Apollo
(10145) 1994 CK1 Apollo
(10150) 1994 PN Amor
(10165) 1995 BL2 Apollo
(10199) 1997 cCuU26 Centaur
(10247) 6629 P-L L4 Jupiter Trojan
(10257) 4333 T-3 Cybele
(10295) 1988 GB Mars crosser
(10296) 1988 RQ12 Hilda
(10302) 1989 ML Amor
(10331) 1991 GM1O0 Hilda
(10370) 1995 Dw2 Centaur
(10379) 1996 OH Cybele
(10416) 1998 VvA32 Mars crosser
(10502) 1987 QF6 Mars crosser
(10531) 1991 GB1 Hungaria
(10548) 1992 PJ2 Mars crosser
(10563) 1993 WD Apollo
(10578) 1995 LH Mars crosser
(10608) 1996 VB9 Hilda
(10610) 1996 XR1 Hilda
(10632) 1998 cvi Hilda
(10636) 1998 QKS6 Apollo

Minor Planet Bulletin 26 (1999)

© Minor Planets Section of the ALPO ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1999MPBu...26...31W

