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Abstract. — Asteroid 83 Beatrix was observed on 30 nights during five oppositions: 1984 (Lowell Observatory,
Arizona), 1986, 1988, 1990, and 1991 (Kharkiv, Ukraine). A new value of the synodical period was found to be 10.108
hours . The phase curves at the 1984 and 1988 apparitions (H = 8.69, G = 0.20) seem to differ from those resulting
from 1986 and 1990 observations (H = 8.58, G = 0.15). The difference may be caused by the changing aspect of the
asteroid. Using all available lightcurves we have found that Beatrix is a retrograde rotator with a sidereal period of
0.4213796 & 0.0000005 days and the ecliptic coordinates (B1950.0) of its north pole are (3°, —37°) or — according to

the second solution — (172°,
ratios a/b = 1.26, b/c = 1.16.
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1. Introduction

Beatrix is an X —class asteroid in Tholen’s asteroid classifi-
cation (which means E or M or P) and an MO-type object
according to Barucci’s scheme (Tholen 1989; Barucci et al.
1987). Tedesco (1989) characterised it by a visual geomet-
ric albedo of 0.069, colour indexes U — B =0.26,B -V =
0.70, phase curve parameters H = 8.89, G = 0.301 and a
diameter of 84.2 £ 1.8 km.

In the past, 83 Beatrix was observed during three op-
positions : in 1978, 1982, and 1990. The 1978 observa-
tions covered one night only (Haupt 1980), so no reliable
period could be deduced from them. After four nights
of observations in 1982, Zappala et al. (1983) obtained
a lightcurve with an amplitude of 0.18 mag and deter-
mined its period of 10.16 & 0.05 hours. Weidenschilling et
al. (1990) observed Beatrix during the same opposition
and confirmed the afore-mentioned period, although their
single-night observations were not very reliable. Observa-
tions of 20 and 22 March 1990 (Dotto et al. 1992) seemed
to confirm the synodical period of 10.16 hours. These au-
thors also pointed out that the lightcurve exhibited only
one maximum and one minimum during the one rotational
cycle.
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—31°). An asteroid shape has been approximated by a triaxial ellipsoid with the semiaxis

2. Observations

Our observations of 83 Beatrix were performed during 30
nights in 1984, 1986, 1988, 1990 and 1991 apparitions.

Observations of Beatrix in 1984 were made by JP with
the 107—cm telescope at Anderson Mesa observing site
of Lowell Observatory. Measurements were accomplished
with a photometer designed for asteroid photometry. Be-
cause several asteroids were observed nightly, U—colour
was observed only for standard stars. Thus, the observa-
tions consist of V- magnitude and B-V colour index. The
data of the other observed asteroids are to be published in
another paper (Piironen et al. 1994). The sky was usually
very transparent with only few exceptions. Cirrus clouds
were on the horizon during the last one or two hours of
observation nights on 23 October, 11 November and 12
November. The effects due to changing weather conditions
were negligible. The nightly stability at Anderson Mesa
was excellent, which implied only minor variations due to
weather conditions in the brightness of comparison stars.
There was the problem of the power supply to the 107—cm
telescope for two nights. This breakdown was the reason
for the gaps in the lightcurves being made on 23 Octo-
ber and 10 November. However the gap is less than one
hour in both cases and otherwise the observations were
not affected by the two power failures.

The rest of the observations were obtained with the
one—channel photometer mounted on the 70—cm telescope
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Table 1. 83 Beatrix — aspect data, photometric results and comparison stars

Comparison star

UT Date T A a A B V(,e) RA. Dec. 14
(1950.0) (1950.0)

(AU) (AU)  (°) () (°) (mag) (hm) (°') (mag)

1984
Oct 222 2.629 1.634 04 269 0.0 8.76 136.1 847  9.42*
203.3 905 9.33°
23.3 2629 1634 09 267 0.0 8.80 » » »
243 2628 1635 1.4 264 0.1 8.84 » » »
25.2 2.628 1636 1.8 26.2 0.1 8.87 » » »
26.3 2.628 1637 2.3 259 0.1 8.91 » » »
Nov 104 2624 1.691 9.0 225 0.6 9.29 2033 905 9.33°
2531 1522 847°
11.2 2624 1.696 9.4 223 0.6 9.28 » » »
12.3 2623 1.702 9.8 222 06 9.31 » » »
20.1 2.621 1.758 129 209 0.8 9.40 » » »
27.4 2618 1818 152 201 1.0 9.42 » » »

1986
Feb 1.9 2286 1.347 96 1539 7.5 9.24 10339 1704  9.77
8.9 2282 1314 6.4 1524 15 9.07 10289 1738 12.35
12.8 2279 1.302 5.0 1515 7.5 8.98 10255 1802 11.23
15.8 2.277 1.296 3.6 1507 7.5 8.93 1021.8 1810  8.51
16.8 2277 1.294 34 1505 175 8.92 1021.8 1810 8.51
Mar 3.8 2267 1301 7.3 1468 7.0 9.11 1006.0 1907 12.10
11.8 2.263 1.327 11.2 1451 6.6 9.28 9589 1927  9.50
16.8 2.259 1.352 13.4 1442 6.3 9.38 9551 1922 11.58
30.8 2.252 1.447 18.8 1448 5.5 9.53 9483 1904 10.84

1988
Oct 109 2.605 1.748 138 557 1.9 9.49 3318 2101 11.99
15.1 2.603 1.716 124 552 2.0 9.43 3285 2103 12.85
18.8 2.601 1.688 10.9 54.6 2.2 9.34 327.0 2102 11.67

1990
Feb 25.1 2.241 1.345 138 188.2 4.5 9.36 12366 057 11.09
Mar 20.0 2.236 1.243 2.9 1837 3.9 8.90 12193 213 10.10
20.9 2.235 1.242 2.5 1835 3.9 8.87 12193 213  10.10
Apr 2.8 2233 1.246 55 180.4 3.3 9.05 12066 245  9.71
3.8 2233 1.249 6.0 1801 3.2 9.08 12 05.1 247 924
48 2233 1251 6.5 1799 3.2 9.10 12 05.1 247  9.24
21.9 2232 1.327 146 1769 2.3 9.39 11524 324 11.08

1991
Aug 13.9 2551 1.546 3.8 326.4 -7.3 8.92 22 05.2 -1939 11.55

* SAO 110012
> SAO 110320
€ SAO 93168

of the Kharkiv Observatory. An absolute magnitude scale
was obtained by comparing the object with nearby stars
and standards (see Velichko 1991 and Shevchenko et al.
1992 for details). The atmosphere was not very transpar-
ent (especially in 1988) and the lightcurves show big scat-
ter. On 13 August 1991, the weather was excellent but
Beatrix, with declination about —19°, was very near the
horizon and our observations covered only part of the ro-
tational period.

The aspect data and reduced magnitudes V' (1, a) are
summarized in Table 1. These brightnesses refer to the

mean values of the composite lightcurves (see below). The
last three columns refer to the comparison stars and give
their right ascension, declination and V' magnitudes.

At first we checked the value 10.16 hours of the previ-
ously determined synodical period (Zappala et al. 1983).
Our observations which covered much longer time during
all apparitions did not confirm this period. We have ob-
tained a new value of 10.108 % 0.005 hours. This period
agrees with all existing observations of Beatrix.

Our observations of 83 Beatrix are presented as com-
posite lightcurves, which are constructed according to
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the procedure similar to that described by Magnusson &
Lagerkvist (1990). Our data (Figs. 1-5) are composited
with the period of 10.108 hours. The points from differ-
ent nights are marked by different symbols. Vertical shifts
of the individual lightcurves are made in order to obtain
a good fit (the values of these shifts are displayed in the
figures). The abscissae are the rotational phase with zero
point corrected for light—time. The magnitudes have been
reduced to unit heliocentric and geocentric distances and
referred to Johnson’s V.

The 1984 observations allowed us to determine the
B — V colour index. It is equal to 0.71 mag which is in very
good agreement with the value given by Tedesco (1989).

Data in Table 1 show that in 1984 and 1988 Beatrix
was close in ecliptic longitude. The same can be said for
the 1986 and 1990 apparitions. We have decided to make
phase curves for both pairs separately. For the 1984 and
1988 we obtained H = 8.69 £ 0.03 and G = 0.20 &+ 0.04
(see Fig. 6), while H = 8.58 + 0.03,G = 0.15 £ 0.04 from
the 1986 and 1990 apparitions (see Fig. 7). The two phase
curves presented here (Figs. 6 and 7) seem to be different.
This difference may be caused by the changing aspect of
the asteroid. According to our analysis, Beatrix also seems
to be brighter and to have lower G—value than given by
Tedesco (1989).

3. Pole and shape of 83 Beatrix

Using all available lightcurves obtained during seven ap-
paritions: 1978 (Haupt 1980), 1982 (Zappala et al. 1983,
Weidenschilling et al. 1990), 1984, 1986, 1988, 1991 (this
paper), 1990 (Dotto et al. 1992, this paper), we have calcu-
lated the pole position for Beatrix. Our method (described
by Michalowski 1993) links together the well-known Pho-
tometric Astrometry, Amplitude and Magnitude Methods.

Pole determination gives two solutions with the ret-
rograde sense of rotation. The sidereal period of rotation
(Psia), the ecliptic coordinates (B1950.0) of the spin vec-
tor (A\p,3p), and the axial ratios of the triaxial ellipsoid
model (a/b,b/c) are given in Table 2. The pole and shape
data have not been published previously for this asteroid.

Table 2. 83 Beatrix — results

Solution 1 Solution 2

sideral period  Pia(days) 0.4213795 0.4213797
+0.0000005 +0.0000005

spin vector Ap 3°+5° 172° £ 4°
(1950.0) Bp —37°+6° -31°+5°
model shape a/b 1.26 £ 0.06 1.26 £ 0.06
b/c 1.17£0.09 1.15 £ 0.09
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4. Future observations

Lightcurves from 1986, 1988 and 1990 oppositions have
very small amplitudes. Beatrix can be observed during the
next four apparitions in April 1994 (A = 216°), September
1995 (A = 347°), December 1996 (A = 97°) and May 1998
(A = 249°). In the first two apparitions the aspect for
Beatrix will be close to pole-on, so the lightcurves will
have small amplitudes. During the next two apparitions,
the aspects should be more promising, especially in 1996
when Beatrix will be observed in its equatorial plane. The
future data are hoped to improve the results presented
here.
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Fig. 1. Composite lightcurve of 83 Beatrix in 1984
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Fig. 2. Composite lightcurve of 83 Beatrix in 1986
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Fig. 4. Composite lightcurve of 83 Beatrix in 1990. In order to shift the points from 2 April we have used the observation from
Dotto et al. (1992) which cover the whole rotational period
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Fig. 5. Lightcurve of 83 Beatrix in 1991
8.50
[}
o) 8.75
3
=
a
Q0  9.00
c
=~ 9.25
i,
)
(@]
=3 9.50
T
[}
o
9.75
10.00 I I | |
0.0 50 10.0 15.0 20.0 25.0

Solar phase angle

Fig. 6. Phase relation in 1984 and 1988
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Fig. 7. Phase relation in 1986 and 1990
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