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Summary. Observations in different oppositions are analyzed in
order to deduce the rotational properties of the asteroid 14 Irene.
The very small amplitude of the lightcurve prevented us obtaining
an unambiguous result for the rotational period. Two hypotheses,
equally well supported by several physical considerations, were
made giving the following values for the synodic period: P, =935
and P, =18"71. In both cases the total amplitude should reach a
maximum of 0.10 mag at 90° of aspect, while for smaller angles it
becomes 0.03 mag only. The magnitude-phase relation was also
obtained, and gave f,=(0.046+0.001) mag/degree and V,
(1,0,90°)=(6.5510.02) mag.
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Introduction

Photoelectric observations of 14 Irene were made during five
apparitions, namely: 1953—54, 1968, 1976, 1978 and 1980. Even
though some of the obtained lightcurves were of poor quality and/
or of short duration, it is quite surprising that a completely
satisfying period of rotation cannot yet be deduced. The observa-
tions of the first two oppositions were published by Groeneveld
and Kuiper (1954) and by Wamsteker and Sather (1974). From
the first paper a tentative period of 11 h was suggested with a very
low amplitude of the lightcurve (0.035 mag). The second appari-
tion confirmed the small variation in magnitude but it could not
add information on the spin rate owing to the large interval of
time between the observations.

The data on the three last oppositions (hitherto unpublished)
are analyzed in this paper, and a possible interpretation satisfying
also the previous observational results is given. In 1976 the asteroid
was observed in Chile, at ESO Observatory, by Schober during
three nights, while Scaltriti and Zappala observed Irene again in
1978 at Torino Observatory during five nights; finally, Piironen,
Blanco, and Catalano performed some short runs in 1980 at Ca-
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* Partly based on observations collected at the European
Southern Observatory, ESO, La Silla, Chile (H. J. Schober, sup-
ported by the Austrian “Fonds zur Férderung der Wissenschaft-
lichen Forschung”, project no. 3136), and at the Astrophysical
Observatory of Catania, Catania, Italy (J. Piironen)

tania Observatory. All the observations were made in the stan-
dard way, with reduction to the UBV system.

The largest amount of information comes from 1978 light-
curves; therefore they were chosen as starting point for our
analysis.

We recall that 14 Irene was classified an S-type object with
a diameter of 155 km, having B—V and U-B color indices of 0.83
and 0,36 respectively (Bowell et al. 1979).

In Table 1 we summarize all the aspect data, magnitudes and
colors of the existing observations.

Analysis of the Observations

The high quality lightcurve of November 19-20, 1978 suggested
the following trend: a primary minimum of about 0.03 mag in
amplitude followed by a secondary one of only 0.01 mag. Even
if the total amplitude was very low, the trend should be con-
sidered as real and a first tentative period of about 9-10 h was
proposed. However, the following three nights showed that the
interpretation could not be so easy: during the November 21-22
run, for instance, the primary minimum is followed by a very
broad maximum, in which the existence of the secondary mini-
mum is very hard to detect; moreover, the total amplitude of this
curve is only 0.02 mag. After two nights (November 23-24) the
trend showed a close resemblance with that of the first run but a
small shift of the secondary minimum.

The choice of the most probable period can be made only after
some considerations:

(i) when the amplitudes are so small (of the same order as the
scatter), the repetition of the same phase of the lightcurve during
consecutive nights is not secured, because of short term variations
in the sky transparency, imperfect stability of the comparison
star, temporary presence of very faint stars in the diaphragm, etc.

(ii) experience of this kind of objects shows that a true varia-
tion of the lightcurve, depending on the changing phase and
consequently on the illuminated parts of the rough surface, can
occur even over intervals of a few nights; of course, this effect
is more easily detected when the total amplitude is small.

(iii) the near-spheroidal shape of the body, as can be inferred
from the small amplitude observed at different aspect angles,
implies that the resulting lightcurve may be chiefly dominated by
topographic features and/or albedo spots; therefore, several
humps might be present per rotation, perhaps not equally spaced
in time.

These considerations support the hypothesis of a short
period, by which all the 1978 observations can be superimposed
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Table 1. Aspect data, absolute magnitudes and color indices of 14 Irene

Date R.A. Decl. A B r 4 Observer or
P.A. VvV (1,a) BV U-B
(" ur)  (1950.0) (1950.0) (1950.0) (1950.0) (A.U.) (A.U.) Source
h. m o v o o o m .
1953 12 30 04 °39.0 +20 48 T1.12 -1.33 2.579 1.673 9.9 6.93 0.81 0.40 Groeneveld and Kuiper
1954 01 04 04 34.0 +21 00 69.99 -0.96 2.578 1.709 12.1 7.01 0.82 0.39 Groeneveld and Kuiper
1968 08 01 19 33.1 =29 09 290.36 -7.33  2.715  1.737 7.2 6.88 0.82 -  jamsteker and Sather
08 13 19 24.0 -29 39 288.31 =7.53 2.734 1.824 11.5 7.09 0.82 - Wamsteker and Sather
08 15 19 22.8 -29 42 288.04 -7.54 2.737 1.842 12.1 - 0.81 - Wamsteker and Sather
1976 07 20 16 29.3 =21 54 249.04 -0.09 . 2.487 1.691 17.6 T7.24 - - Schober
07 21 16 29.2  -21 57 249.03 -0.14 2.489 1.701 17.9  7.29 - - Schober
08 04 16 31.1 =22 45 249.58 -0.87 2.514 1.872  20.7 7.38 - Schober
1978 11 13 05 25.7  +19 26 81.91 =3.77  2.672  1.782  11.4 - - - Scaltriti and Zappald
11 20 05 20.6  +19 37 80.71 -3.51 2,660 1.727 .7 6.84 - - Scaltriti and 7appald
11 21 05 19.8 +19 39 80.52 -3.47 2.658 1.720 .3 6.82 - - Scaltriti and Zappald -
11 22 05 18.9 +19 41 80.32 -3.42 2.€57 1.714 .9 6.80 - - Scaltriti and Zappald
1124 05 17.2  +19 44 79.91 -3.34  2.653  1.701 0 677 - - Scaltriti and 7appala
1980 04 27 15 41,3 -09 11 235.21 +10.17 2.262 1.296 .3 - 0.87 0.39 Piironen
05 06 15 33.4 =09 09 233.28 '+ 9.74 2.274  1.278 .8  €.65 0.87 0.39 Piironen
05 10 15 29.7 -09 10 232.38 + 9.51 2.280 1.278 .6 €.59 0.87 0.40 Piironen
AV | T T T T T T r looks arranged with the longer period). In this second case the
L 4 amplitudes of the lightcurves should remain the same, but the
m ° magnitude of the maximum on August 13, 1968 is 0.04 mag
roiz = @ . . fainter than that calculated adopting the short period. It results
[ ] . .
| '. . : i from 1978 observations that the full-cycle lightcurve shows two
ety iy different maxima (0.031 and 0.02 mag of amplitude) separated
o . .. ..
- S See an - ’ ¥ T 4 by two different minima equally spaced; the *“secondary mini-
- ) :‘ . 2% mum” of the 19-20 November and 23-24 November runs could
— [ ] — .
® .qd. s - e, be due to topographic and/or albedo features of the surface. We
Ll . . . .
016 o o0 odu" " e 4 have to conclude that the complete lightcurve is dominated, in
S oumt® s °® this case, by the elongation of the body.
ae . . .
B « s ° . T A consideration may support the last sentence; if we plot the
.\.%:. ¢ B V5 (1, o) magnitudes at maximum light for different oppositions
o % ...o versus phase angle (Fig. 4) we note that the highest-amplitude
= % - lightcurves of 1968 (~0.10 mag) correspond to the faintest
°. magnitudes (i.e. smaller apparent areas). This fact implies that the
-0-20 h 7 shape of 14 Irene can be represented, at least to a first approxima-
| . 0 | 2 | 4 , 8 uﬂ'f-)_. tion, as a triaxial ellipsoid; indeed, we know that the ellipsoid

Fig. 1. Lightcurves of 14 Irene obtained by Schober on July
20-21, 1976 (filled circles) and on August 3—4, 1976 (squares);
the second run was reduced to July 20-21, assuming P=9"35. The
Am’s are plotted against U.T. uncorrected for light-time

covering the full cycle; in order to find a precise value of this
period, we used the 1976 observations (see Fig. 1) in which the
same minimum was observed in two nights separated by a suf-
ficiently high number of cycles. We found: P =935+ 0%01, which
was used to combine the observations of each opposition.
Figure 2 represents the composite lightcurves for 1953—54, 1968
and 1978 runs.

As we can see, the fit is satisfactory only as a first approxima-
tion. For this reason, and in spite of the above considerations
about low-amplitude objects, we give, in addition, an alternative
solution for the rotation period. We assume that the maxima
observed in the 19-20 and 21-22 November 1978 runs are dif-
ferent; then the resulting period turns out to be P=18"71, which
implies that the 1953—54 and 1968 observations cannot be super-
imposed (Fig. 3 shows how the full-cycle composite lightcurve

model (a>b>c) gives the smallest area of the maximum for 90°
of aspect (nac) and the largest one for 0° (nab), while the amplitudes
attain the largest and smallest values at aspects of 90° and 0°,
respectively. These relations have been used to find the pole
coordinates for some asteroids (Sather, 1976; Scaltriti et al., 1978;
Zappald and Van Houten-Groeneveld, 1979).

‘We note that the ecliptic coordinates for 195354, 1976 and
1978 oppositions are either similar or differ by about 180° in lon-
gitude; therefore, the entire data set can be combined to establish
the phase coefficient of 14 Irene. We found B, =(0.046+0.001)
mag/degree. Shifting the corresponding line to satisfy the 1968
observations, which may be considered made at 90° of aspect,
as can be inferred from an amplitude-longitude plot, the linear
extrapolation to zero degrees phase gives V,(1,0,90°)=(6.55
+0.02) mag.

Theoretically, we may obtain also a value of the pole co-
ordinates, but it seems quite dangerous, owing to the uncertain
results at our disposal. We can only state that the pole longitude
might be close to 80° (or 260°) and the axial ratios might be
a/c=1.21 and b/c=1.10.

We conclude our analysis considering the B—V and U-B color
indices obtained in the 1980 apparition. They were found to be
0.87+0.01 and 0.39 4 0.02 respectively, in fairly good agreement
with the values adopted by Bowell et al. (1979).
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Fig. 2. Composite lightcurves of

14 Irene during three oppositions
(1953-54, 1968, 1978) arranged
according to the period P=9"35.
For the first two apparitions open
symbols represent points for which
the scatter of the comparison star is
greater than or equal to three times
the mean scatter for the night. For
the 1978 opposition: ®, November
19-20; A, November 20-21;

O, November 21-22; m, November
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Fig.’3. Composite lightcurve of 14 Irene during the 1978 apparition, arranged according to the period P=18"71. We have: ®, November
19-20; A, November 20-21; O, November 21-22; B, November 23-24

Concluding Remarks

In this paper wa have analyzed two different solutions for the
rotational properties of 14 Irene, giving possible supporting con-
siderations for both.

We would not hazard a definitive solution from the present
data and we prefer to give the same probability to beth hypo-
theses. This ambiguous result strengthens once more the great

importance of coordinated campaigns between observers at dif-
ferent longitudes; we believe that only 18 consecutive hours of
observations can solve the puzzling case of 14 Irene and we sug-
gest to plan in advance world-wide cooperation for the next
favorable opposition, in November 1982.

The photometric researches on asteroids can be divided in
two fields, depending on their final aims; one, more strictly
statistical, needs informations on the rotational properties of a
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Fig.4. Magnitude-phase relation of 14 Irene for o >8°5. ® (Scal-
triti and Zappala); B (Groeneveld and Kuiper); O (Schober); A
(Wamsteker and Sather); O (Piironen, Blanco, and Catalano).
The line through the ¥, (1,«) obtained during the 1968 opposition
(A) represents the magnitude-phase relation near 90° aspect angle

large amount of bodies in order to have a general scenario on the
evolutionary history of the asteroid belt; the other is mainly
devoted to the study of the shape, surface features, rotational
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axes, phase relations, etc. of particular asteroids. The first can be
obtained observing several objects in the same night even if
sometimes only approximate values of the rotational period and
amplitude are deduced. The second needs accurate and complete
coverage of the total lightcurve, during several nights spread over
a large range of phase angles; moreover, the observations should
be repeated in different oppositions. The study on 14 Irene can
be easily placed in this second field, if a complete understanding
of its physical characteristics is planned.
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