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The discoveries of some of the more shallow Mars crossers are not
routinely annnounced on the Minor Planet Electronic Circulars, and
the discoverer information does not appear in the Minor Planet
Circulars, which explains the blank entries in the table above.

1996 RD27 and 1997 EQ33 are among those rare cases for which no
apparent magnitudes have been provided with any of the astrometric
observations. Thus there is nothing available on which to base any
diameter cstimate.

1997 CU26 is included in the list above, although technically it isn’t
a planet-crossing asteroid. This Centaur object has a low cnough
cceentricity to keep its orbit entirely between Saturn and Uranus.

The writer has initiated a program to scarch for asteroids with
aphelion distances near I AU. Such objects spend little or no time in
the opposition region, and are thercfore biased against by the
opposition scarch efforts. The stratcgy involves observations at
solar elongations less than 90 degrees, where high phase angles
make objects that much harder to detect. The first NEO discovery to
result from this program, 1997 QK1, held the record for having the
smallest solar elongation at the time of discovery. That record was
rceently shattered when we found 1998 DV9 less than 78 degrees
from the Sun. Neither object turned out to be an Aten near aphelion.
Instead, they are both Apollos near perihelion.

Tucker Wins First Benson Prize
&

Jim Benson of the Space Development Corporation has put up
$5.,000 as prize money to encourage amateurs astronomers to find
Earth-crossing asteroids. The first ten amateurs to discover one will
each receive $500. The first winner is Roy Tucker, who found the
Aten-class object 1997 MWI1 with his backyard Celestron 14 and
homemade CCD camera. Somewhat surprisingly, the discovery
came only 18 days after the prize was announced! It's not really that
casy.

Tucker observes from his home a few miles west of Tucson,
Arizona. He's been chasing asteroids for about a year, first with a
512x512 CCD and more recently upgrading to a 1024x1024 device,
which gives him a field of view around 24 arcminutes on a sidc. As
can be seen from the list of planet crossing asteroids above, he also
has a couple of Mars crossers to his credit.

For more information about the Benson Prize, sec the following
URL:  http://www.skypub.com/benson/prize.html  And for morc
about Tucker’s discovery, see:
hutp://www.skypub.con/benson/tucker.html

NEAR flies past (253) Mathilde

The Near Earth Asteroid Rendezvous (NEAR) spacecraft exccuted a
successful flyby of the C-type asteroid (253) Mathilde on 1997 June
27. The flyby distance of 1212 km was close enough to measure the
mass of the asteroid, which was found to be 1.033 + 0.044 x 1020
grams. The imaging of the asteroid permitted three-dimensional
models of its.shape to be made, allowing an cstimate of the volume.
The resulting density determination is 1.3 gm/cc,” which is
surprisingly low for an object believed to have a rocky composition
similar to that of carbonaceous chondrites (from which the C type
derives its identifier). The working hypothesis is that the porosity of
Mathilde is greater than 50 percent. NEAR is schedule to
rendezvous with (433) Eros in 1999 January. To see some of the
images returned by the spacecraft, visit the following URL:
http://hurlbut.jhuapl.edu/NEAR/Mathilde/images.html
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CCD photometry measurements of five asteroids observed
during 1997 at the US Air Force Academy observatory are
reported. These asteroids were observed as part of faculty
and cadet research. A possible period of 9.765 + 0.005 and
lightcurve amplitude of 0.2 magnitudes was found for 402
Chloe, although numerous other alias periods exist. Asteroid
3145 Walter Adams has an apparent period of 2.7 + 0.1
hours and an amplitude of 0.2 magnitudes. Observations of
154 Bertha, 488 Kreusa, and 3671 Dionysus did not yield
definitive periods although some period and amplitude limits
were found and are discussed.

CCD photometry measurements of asteroids are frequently made as
part of a program of faculty and cadet research at the U. S. Air Force
Academy. All observations were made at the U.S. Air Force
Academy observatory. A Photometrics (PM512) CCD camera
attached to a 61-cm Cassegrain telescope was used to take three to
five minute exposures of the asteroids through a standard Johnson
V-band filter. All images were processed using NOAO's IRAF
package and differential photometry of the asteroids with respect to
nearby stars was performed. Differential photometry measurements
between several stars in each field was conducted to ensure the
comparison stars were not variable. All five asteroids were chosen
from the photometry opportunities list supplied each quarter in the
Minor Planet Bulletin (Harris and Zappala 1997).

Asteroid 154 Bertha was observed 23 times over a 4.9 hour interval
(3.5 10 8.4 hours UT) on UT 97 May 13, 9 times over a 2.3 hour
interval (5.2 to 7.5 hours UT) on UT 97 May 24, 26 times over a
3.4 hour interval (4.5 to 7.9 hours UT) on UT 97 May 27, and 40
times over a 4.7 hour interval (3.1 to 7.8 hours UT) on UT 97 May
28. Harris and Young (1989) report a period of greater than 12
hours and a lightcurve amplitude greater than 0.2 magnitudes.
Kamel (1998) reports a period of 27.6 hours and an amplitude of
about 0.15 magnitudes. The low amplitude of variation on cach
night coupled with a long period and larger error on our first two
nights made it impossible for us to determine a period with our data.
Using Kamel’s result of 27.6 hours, we got a reasonable composite
lightcurve, but a multitude of other periods is possible from our data.

Asteroid 402 Chloe was observed 26 times over a 2.9 hour interval
(4.5 to 7.4 hours UT) on UT 97 February 11, 46 times over a 3.7
hour interval (1.3 to 5.0 hours UT) on UT 97 February 16, and 22
times over a 2.4 hour interval (2.4 to 4.8 hours UT) on 97 March
12.  During each set of observations, a minimum in Chloe’s
lightcurve was observed. All three minima are of similar shape. The
maximum amplitude observed was approximately 0.2 magnitudes on
UT 97 February 16. Assuming a symmetric double minima
lightcurve and if at most one half of the period was observed during
the longest set of observations, Chloe’s period is greater than 7.5
hours. The closest period where all thrce observed minima overlap is
9.765  0.005 hours (see Figure 1). The amplitude for this period
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can’t be much more than 0.2 magnitudes. There are. however, many
longer periods possible with larger amplitudes. and also many
periods where onc of the minima is the secondary minima to the
other two. No previous observations have been reported on 402
Chloe.

Asteroid 488 Kreusa was observed thirty times over a 5.5 hour
interval (3.8 10 9.3 hours UT) on UT 97 May 13. Kreusa was
observed to decrease by 0.1 magnitudes over the first 3.5 hours and
then increase in brightness thereafter. Harris and Young (1989)
observed Kreusa increasing in brightness by (0.2 magnitudes over a
7.5-hour period. These two results are self-consistent, although we
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Figure 1. Composite lightcurve for 402 Chloe based on a 9.765-
hour synodic period. Zero phase = UT 97 Feb 11, 00:00:00.
Magnitudes calibrated roughly with the Hubble Guide Star Catalog
magnitudes (Russell et al. 1990) of comparison stars, adjusted to
common Earth and Sun distances (1 A.U. for both), and scaled to
UT 97 Feb 11 data. Lightcurve is corrected for light travel time.
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Figure 2. Lightcurve of 3145 Walter Adams for UT 97 Jun 17
which appears to show a period of 2.7 hours. Magnitudes are
uncalibrated with respect to the standard system.

are no closer to obtaining Kreusa’s rotational period.

3145 Walter Adams was observed 25 times over a 2.7 hour interval
(7.2 10 9.9 hours UT) on UT 97 Jun 17. It appears as if the entire
lightcurve period was observed during this time (see Figure 2).
Assuming the entire lightcurve was indeed observed, Walter Adams
has a synodic period of about 2.7 + 0.1 hours with an amplitude of
0.2 magnitudes. No previous observations have been reported on
3145 Walter Adams.

3671 Dionysus was observed 21 times over a 2.7 hour interval (4.3
to 7.0 hours UT) on UT 97 Jun 12 and 30 times over a 2.0 hour
period (4.5 to 6.5 hours UT) on UT 97 Jun 17. On the first night, it
appears the full period was observed with an amplitude of about 0.2
magnitudes. On the second night, the lightcurve appears similar to
the last three quarters of the first night's lightcurve. Our data is
consistent with the reported 2.705-hour period (Pravec et al. 1997).
Finally, Dionysus was not eclipsed during these observations by its
reported satellite, which is in agreement with predictions (Mottola et
al. 1997).
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ASTEROID PHOTOMETRY OPPORTUNITIES
MAY-JULY
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The table below lists asteroids that come to opposition during the
months of May through July that represent useful targets for
photoclectric or CCD photometry observations. Observations are
typically needed because the asteroid has either an unknown or
ambiguous rotational period. The table gives (in order of opposition
dates) the asteroid number and name. opposition date, opposition V
magnitude. the rotational period (in hours). the estimated lightcurve
amplitude (in magnitudes). and the designation  PER if observations
are necded 1o determine the rotational period.  AMB implies that
previous period determinations have given ambiguous results and
thesc alternate periods are listed in the table. Question marks are uscd
to denote uncertain or unknown values.

Now that many amateur and other small observatories have CCD
capabilities, much fainter targets are accessible to them. Thereforc,
we have included a selection of fainter targets, down to opposition
magnitude 15. Our emphasis among these fainter targets is to reach
to the smallest size bodies possible within that magnitude limit. Thus
the objects listed tend to be inner-belt asteroids, or even Mars or
Earth-crossing objects, at unusually favorable oppositions. To
achieve this. we filter the list of all oppositions to include those
objects with H (absolute) magnitude >14.0 (roughly <5 km in
diameter). but opposition V magnitude <15.0. and then further
eliminatc any objects for which adequate obscrvations have already
been made. Our criteria for the brighter objects remains the same:
opposition V magnitude <12.0 and that the period is unknown, very
uncertain, or ambiguously determined. We have dropped low phase
angle as a critcrion for inclusion, as it seems no one has responded to
past listings suggesting phase relation observations.

The near-Earth asteroid 4183 Cuno makes a favorable approach
(within about 0.2 AU) and is included in the current list. The inner
belt and not-yet numbered asteroid 1997 BC9 is also favorably
placed for observations. Both of these objects are small bodies,
perhaps only 5 km or less in diameter. Ephemerides for all of the
asteroids in the table arc included in this issue.  Finder charts for
some of these asteroids may appear in the Minor Planet Observer.
For information on this publication, contact: Brian D. Warner, Box
818, Florissant, CO 80816.

Opp'n Opp'n
Asteroid Date V_Mag Per Amp
346 Hermentaria May 26 11.2 28.3? 0.1? PER
4183 Cuno Jun 17 13.6 ? ? PER
175 Andromache Jul 21 11.6 ? ? PER
1997 BC9 Jul 22 14.8 ? ? PER

Asteroid Photometry Opportunities

The ephemerides were generated with the HORIZONS program and
the DASTCOM data base at the Jet Propulsion Laboratory. For

information on how to use HORIZONS, see URL
http://ssd.jpl.nasa.gov/
R.A. (2000) DEC. MAG PHASE
DATE HR MIN DEG MIN v ANGLE

Minor Planet 175 Andromache

1998 Jun 6 20 32.24 -23 31.0 12.7 16.8

16 20 31.63 -23 48.4 12.5 14.2

26 20 28.42 -24 12.8 12.3 11.0

Jul 6 20 22.82 -24 41.5 12.0 7.3

16 20 15.39 -25 10.7 11.7 3.4

26 20 6.98 -25 35.8 11.6 2.7

Aug 5 19 58.71 -25 53.1 11.8 6.5

15 19 51.70 -26 0.5 12.0 10.5

25 19 46.81 -25 57.8 12.2 14.2
Minor Planet 346 Hermentaria (1892 P)

1998 Apr 17 16 45.30 -15 36.4 12.1 13.7

27 16 41.31 -15 30.9 11.9 11.0

May 7 16 35.13 -15 25.2 11.6 7.8

17 16 27.24 -15 20.6 11.4 4.4

27 16 18.34 -15 18.1 11.2 2.0

Jun 6 16 9.31 -15 19.3 11.4 4.4

16 16 1.04 -15 25.3 11.6 7.9

26 15 54.29 -15 37.3 11.8 11.2

Jul 6 15 49.59 -15 56.0 12.0 14.1

Minor Planet 4183 Cuno (1959 LM)

1998 May 19 6 59.98 + 6 39.9 16.0 112.0

21 7 11.65 + 5 13.4 15.9 111.6

23 7 24.34 + 3 37.3 15.7 110.8

25 7 38.22 + 1 50.4 15.6 109.6

27 7 53.50 - 0 8.1 15.4 107.8

29 8 10.38 - 2 19.2 15.1 105.5

31 8 29.05 - 4 43.0 14.9 102.6

Jun 2 8 49.68 - 7 18.5 14.7 99.1

4 9 12.34 -10 3.2 14.4 095.0

6 9 37.00 -12 52.7 14.2 90.4

8 10 3.43 -15 40.9 14.0 85.4

10 10 31.22 -18 20.3 13.9 80.2

12 10 59.73 -20 43.9 13.7 74.9

14 11 28.25 -22 46.1 13.7 69.8

16 11 56.02 -24 24.2 13.6 65.0

18 12 22.42 -25 38.3 13.6 60.7

20 12 47.01 -26 30.8 13.7 56.8

22 13 9.56 -27 5.0 13.7 53.4

24 13 30.02 -27 24.8 13.8 50.4

26 13 48.45 -27 33.8 13.9 47.9

28 14 5.02 -27 35.0 14.0 45.8

30 14 19.90 -27 30.6 14.2 44.0

Jul 2 14 33.30 -27 22.6 14.3 42.4

4 14 45.39 -27 12.1 14.4 41.2

6 14 56.35 -27 0.3 14.6 40.1

8 15 6.33 -26 47.7 14.7 39.2

10 15 15.47 -26 34.8 14.8 38.4

12 15 23.88 -26 22.0 15.0 37.8

14 15 31.66 -26 9.5 15.1 37.2

16 15 38.89 -25 57.5 15.2 36.8

18 15 45.66 -25 45.9 15.4 36.4

20 15 52.01 -25 34.9 15.5 36.1

22 15 58.02 -25 24.5 15.6 35.8

24 16 3.71 -25 14.7 15.7 35.6

26 16 9.14 -25 5.4 15.9 35.4

28 16 14.34 -24 56.8 16.0 35.2
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