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Summary. — Photometric observations of asteroids 15 Eunomia and 354 Eleonora are presented. Pole positions are deter-
mined for both asteroids using the Amplitude-Magnitude method (Zappala et al., in Asteroids, Comets, Meteors, pp. 73-76).
Assuming a biaxial ellipsoid model, the resulting pole positions are (1, = 164° + 5°, f, = 52° + 5°) for Eunomia, and
(Lo = 355° £ 7°, B, = 36° + 8°) for Eleonora. For 15 Eunomia a triaxial equilibrium shape with b/c = 1.4 gave essentially

the same result (4, = 170° £+ 6°, B, = 57° + 5°).
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1. Introduction.

Asteroids 15 Eunomia and 354 Eleonora are included in
the program of observing bright asteroids during different
apparitions. The purpose is to calculate pole positions
for these asteroids (cf. Zappald and KneZevi¢, 1984). The
method used is based both on the amplitude-aspect and
magnitude-aspect relationships (AM method) (Zappala,
1981; Zappala et al, 1983). The theoretical basis is
restricted to a triaxial model and the effect of obliquity is
omitted. However, laboratory measurements indicate that
the effect of obliquity on amplitude is negligible at small
phase angles (o € 10°-15°) (Barucci and Fulchignoni, 1982).
Also the calculated pole positions seem to be quite
independent of the model chosen (see Taylor, 1979 ; Taylor
and Tedesco, 1982 ; Magnusson, 1983 ; McCheine et al.,
1984 ; Poutanen, 1984).

Recently Zappala and Knezevi¢ (1984) used preliminary
data to determine the pole of Eleonora together with the
poles of 13 other objects. In this paper we present new
observations of Eunomia and Eleonora, refine Eleonora’s
pole position, and calculate the pole of Eunomia.

2. Observations.

Eunomia was observed during three nights in 1981 with
the 40-cm telescope of Aarne Karjalainen Observatory in
Ouluy, Finland, while 354 Eleonora was observed on two
nights in 1982 at the same institute and on two nights in
1983 with the 45-cm telescope of Torino Observatory.
Tables I and II present for Eunomia aspect data of 1981
apparition and the data of previous oppositions used for
pole calculations, respectively. Table III presents aspect
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data of Eleonora for 1982 and 1983 apparitions. The data
used for pole determination are listed in Zappala and
Knezevi¢ (1984).

Figure 1 shows a composite lightcurve of 15 Eunomia
obtained on November 2-3 and 3-4 at a phase angle of
a=1998. Figure 2 refers to the single-night curve of
December 10-11 obtained at o = 4°9. Figures 3 to 6 show
lightcurves of 354 Eleonora, observed on January 31-
February 1 and February 25-26, 1982, and May 3-4 and
June 4-5, 1983, respectively. Abscissae are UT, not corrected
for light-time, and ordinates are V-band differences between
asteroid and comparison star.

In 1981 we derived B-V and U-B colour indices for
Eunomia of 0.83 and 0.44, respectively; for Eleonora the
1982 observations gave B-V = 0.96 and U-B = 0.58. The
corresponding values according to Bowell et al. (1979) are
for Eunomia 0.82 and 0.44, and for Eleonora 0.95 and 0.57.
For this latter object the 1983 observations (V,(1, o) =6788
at 1493 of phase, and V (1, «)=6773 at 990 of phase) lead
to a multiple-scattering factor (Lumme and Bowell,
1981) Q,,=0.2040.01, corresponding to a phase coefficient
By = 0.026 £+ 0.001. This is slightly higher than the value
(0.020 mag/degree) obtained by Zappala et al. (1979).
For both asteroids the rotation periods (67081 for 15
Eunomia and 4%277 for 354 Eleonora) listed in the IAU
Comm. 15 Working Group are confirmed by the present
lightcurves.

3. Pole directions.

15 Eunomia.

To calculate the direction of the rotation axis for Eunomia
by means of the AM method, we carefully selected only
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those observations allowing a good determination of the
total amplitude and obtained at quite small phase angles.
Observations made in 1953 (Groeneveld and Kuiper,
1954), 1955 (Van Houten-Groeneveld and Kuiper, 1958),
and 1974 (Scaltriti and Zappala, 1975) were not included
in our calculations. However in 1974 the amplitude phase
relationship was obtained for the secondary amplitude.

Groeneveld and Kuiper (1954) suggested that the
rotation axis of Eunomia is nearly perpendicular to the
ecliptic. They also deduced retrograde rotation from
epochs of primary maxima. Their conclusions were based
mainly on the fact that the amplitude of Eunomia did not
vary considerably at different longitudes. We tried to
improve the assumption of B,=90° with the present
data. Unfortunately, the small range of amplitudes
prevented us from investigating the magnitude-amplitude

_trend, so we were forced to assume a value for the ratio of
minor axes b/c. Simple models were adopted : 1) biaxial
ellipsoid (b/c=1.0) and 2) rotational equilibrium shape (a
Jacobi ellipsoid, see Farinella et al., 1981 and 1982) with
b/c=14. First inspection of the longitude-amplitude plot
gave a/b~ 1.6. The rotation axis direction was computed
in both cases. The maximum possible amplitude A(&=90°)
was never observed directly and consequently we allowed
this parameter to vary in steps of 0.005 mag over its
plausibility range (from 0.50 to 0.52 mag), for the best fit
of the data. This was obtained for 0.50 mag.

We obtained poles for b/c = 1.0 (4, = 164° + 5°,
By = 52° + 5° and for b/c =14 (A, = 170° + 6°. f, =
57° + 5°). Alternative pole solutions were found as usual
for both cases but were rejected because of their larger
errors in longitude (~ 15°). The similarity of the pole
solutions for thebiaxial and equilibrium figures gives
evidence that the method is not very sensitive to the choice
of b/c. This fact, already noted by Poutanen et al. (1981)
and discussed by Zappala and KneZevi¢ (1984), implies

References

J. O. Piironen et al.

Ne 2

also that, even disregarding surface light-scattering effects,
which can lead to an overestimation of the axial ratios,
selection of a model probably does not introduce severe
errors in the pole determinations.

Figure 7 shows the calculated amplitude-longitude
curve for the two poles, compared with the observations
used for their determination (filled circles). In the figure
we include also the 1953 observation at 1,=186° (filled
square), which fits the curve very well. This means that the
maximum seen in the 1953 lightcurve is probably the
primary one. On the other hand the 1955 observation
(open square) is higher by 0.04 mag However, this
magnitude difference can be ascribed to the high phase
angle of 1955 observations (« ~ 20°). This discrepancy is
in a good agreement with the amplitude-phase trend
suggested from the secondary amplitude. Further
observations at about longitudes 50° (230°) and 150°
(3300) are needed to check the results obtained.

354 Eleonora.

Zappala and KneZevic (1984) found 1,=357°+5° and
Bo=38°+7° using preliminary data for the 1982 and 1983
oppositions, and rejecting the « spurious » pole because of
its larger uncertainty. The 0.15 mag amplitude observed
during 1982 oppositions leads to the improved pole position
(Ag=355°+7°, B,=36°+8°). This is in very good
agreement with Zappala and KneZevi€’s (1984) pole
position as well as the calcutated by Lupishko et al. (1981)
(Ao=004200, B,=35°415°).
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POLES OF ASTEROIDS 15 EUNOMIA AND 354 ELEONORA 301
TABLE 1. — Aspect data of 15 Eunomia for the 1981 opposition.
Date R.A. Decl. A B r A Phase
(o™ ur) (1950) (1950) (1950) (1950) (1950) (1950)
1981 11 03 05P50%5  +36°15.9 88710 12084 2.220 1.443 198
11 04 05 50.2  +36 15.5 88.07 12.84 2.222 1.436 19.4
12 11 05 48.0  +36 12.8 76.47 11.26 2.231 1.389 4.9
TABLE 1I. — Aspect data for poles computation of 15 Eunomia.
Opp. Year A ﬂ Phase Ampl.
1950 2880 + 20 12%0 041
1952 90 +3 13.3 0.45
1953(¥) 186 -17 6.0 0.42
1955 (%) 40 1 20.8 0.53
1959 348 +17 7.8 0.39
1964 11 + 2 4.5 0.41
1981 76 +11 4.9 0.48
(x) These observations have been used to check
the obtained pole.
TaBLE III. — Aspect data of 354 Eleonora for the 1982 and 1983 oppositions.
Date R.A. Decl. A B T A Phase
(® ur)  (1950) (1950) (1950) (1950) (1950) (1950)
1982 02 01 09%07%86 +12°53.0 136955 - 3246 2.486 1.506 204
02 26 08 49.36 +17 46.1 123.83 - 0.01 2.481 1.557 10.7
1983 05 04 17 20.92 + 2 21.0  259.19 +25.43 2.813 1.996 14.3
06 05 16 58.54 + 3 30.0  252.83 +26.03 2.850 1.904 9.0
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FiGUre 1. — Composite lightcurve of 15 Eunomia. (m)
November 2-3, (@) November 3-4, 1981.
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FIGURE 2. — Lightcurve of 15 Eunomia obtained on
December 10-11, 1981.
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FIGURE 3. — Lightcurve of 354 FEleonora
obtained on January 31-February 1, 1982.
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FIiGURE 5. — Lightcurve of 354 Eleonora obtained

on May 3, 1983.

FIGURE 4. — Lightcurve of 354 Eleonora obtained
on February 25-26, 1982.
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FIGURE 6. — Lightcurve of 354 Eleonora obtained
on June 4, 1983.
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FIGURE 7. — Amplitude-longitude curve for the two poles calculated for 15 Euno-
mia, compared with the observations used for their determination (filled circles).
Filled and open squares represent 1953 and 1955 observations, respectively.
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