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Summary. Continuing the program in the minor planets
field, photometric observations of 41 Daphne and 129
Antigone were made at the Astronomical Observatory of
Torino during the period April-June 1976. The synodic
periods of rotation, never before determined photoelec-
trically, are 09249492 and 09206548, respectively. The
absolute magnitudes and the phase coefficients were
deduced by a linear magnitude-phase relation.
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1. Introduction

This research continues the program of photoelectric
observations of minor planets at the Astronomical
Observatory of Torino, chiefly devoted to the de-
termination of unknown (or not well known) rotation
periods and possibly to the detailed analysis of the
magnitude-phase relation. In fact no information we
could found in the literature for the period of 41 Daphne,
while a period of 129 Antigone from photographic
observations is reported by Harwood (1925). Moreover a
value of the mean absolute magnitude V(1,0) and the
color B—V of this asteroid are given by Zellner et al.
(1975). In the following paragraphs we compare our and
previous results.

II. The Observations

All the observations were made with the 45 cm reflector
telescope of the Observatory of Torino from April 27 to
June 8, 1976. The photoelectric equipment was the same
as described in Scaltriti and Zappald (1976a). The
integration time was always 30 s. The reduction of the
observations has been made in the standard way as
described by Gehrels (1970), taking into account differen-
tial atmospheric extinction between asteroid and com-
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parison star and nightly variations of heliocentric and
geocentric distances and of the phase angle.

A set of standard stars (HD 146413, 148467, 148530,
148998, 149616, 151431 for 41 Daphne and HD 149144,
149414, 149463, BD-4°4226 for 129 Antigone), chosen in
the Photoelectric Catalogue (Blanco et al., 1968) was used
to make the transfers to UBV system during the observ-
ing nights, when possible, or in successive nights. The
quality of some nights (specially for 41 Daphne) was not
completely adequate for photometric work and so-
metimes we had to stop by clouds ; therefore the scatter in
the ¥ magnitude is larger than usual

Tables 1 and 2 contain the aspect data for 41 Daphne
and 129 Antigone, respectively. The columns give: the
date of observation, the equatorial and ecliptic coor-
dinates, the geocentric and heliocentric distances, the
phase angle and the light-time correction. These quan-
tities were derived, for 41 Daphne, by interpolation from
the ephemeris kindly sent us by Herget (1976). Those
relative to 129 Antigone by means of the Ephemerides of
Minor Planets of Leningrad for the year 1976.

Tables 3 and 4 report information about the magni-
tude of the asteroid and the comparison stars for 41
Daphne and 129 Antigone. The columns give : the mean
magnitude V(1,«) and the magnitude of the primary
maximum V(1,«) of the asteroid, both reduced to unit
distance, the BD number and the V magnitude of the
comparison stars.

Considerations about V(1,«) and V(1, o) will be made
in the following paragraph.

III. Lightcurves, Synodic Period of Rotation and
Magnitude-Phase Relation

A) 41 Daphne

The observed lightcurves are shown in Figures 1 to 3
(only observations longer than 3 h are presented?). The

1 The other lightcurves (also for 129 Antigoné) are available at the
Astronomical Observatory of Torino
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Table 1. Aspect Data for 41 Daphne
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No. Date RA Decl. A 4 r o Light-time
(0"UT) (1950) (1950) (1950) (1950) (AU) (AU)
1 April 27,1976 16443 +1°27 249229 +23255 1150 2.029 1824 0400664
2 16 442 140 24923 23.76 1.146 2.030 18.1 0.00661
3 May 3 16 42.9 2 44 248.71 24.77 1.127 2.033 16.7 0.00650
4 5 16 422 309 248.45 25.16 1.121 2.034 16.2 0.00647
5 June 1 16 25.8 6 50 243.27 28.12 1.113 2.060 13.8 0.00642
6 3 16 244 6 57 242.86 28.17 1.118 2.062 140 0.00645
7 8 16 21.1 704 24192 28.14 1.134 2.068 14.9 0.00654
Table 2. Aspect Data for 129 Antigone
No. Date RA Decl. A B 4 r o Light-time
(0*UT) (1950) (1950) (1950 (1950) (AU) (AU)
1 May 6, 1976 17%20m0 —3°53 259°43 +19°20 1.390 2265 1622 0900802
2 23 17 11.7 312 257.18 19.71 1.309 2.267 10.9 0.00755
3 24 17 11.0 312 257.00 19.70 1.307 2.267 10.7 0.00754
4 June 2 17 04.2 314 255.21 19.50 1.290 2.269 8.7 0.00744
5 3 17 034 316 255.00 19.45 1.290 2.269 8.6 0.00744
6 8 16 59.3 327 253.94 19.16 1.291 2271 8.5 0.00745
Table 3. Magnitude informations for 41 Daphne ordinates are the magnitude differences AV in the sense
No. V(La) Vola) Comp Star v asteroid minus 5:ompgrison star, t}}e abscissae are UT not
’ ’ o ®BD nﬁmber) comp- corrected for light-time. Open circles represent obser-
vations of lower quality, when the scatter of comparison
1 8m42 8™28  +1°3301 10m23 star was larger than three times the nightly mean.
2 — — 13303 — The lightcurve of 41 Daphne shows two maxima and
i g'gg g'fg ; gggg gég two minima, as usual (identified with M, M,, m,, m, in
5 8.19 3.04 73181 1061 Figures 1-3); the maximum observed amplitude is 0.42
6 8.22 8.06 73177 11.01 mag, implying an elongated shape of the asteroid. The
7 825 8.09 7 3157 1038 secondary minimum is broad compared with the primary
which is sharp and narrow ; their difference in magnitude
is about 0.13 mag. This high value suggests primarily
Table4. Magnitude informations for 129 Antigone different projected areas rather than a pure reflectivity
No. V(Lo Vil Comp.Star Vi, difference at the two minima. This can be confirmed by
(BD number) the unequal time intervals M, —M, (2*5) and m, —m,
(3P0). On the other hand, the slight difference (0.02 mag)
1 71 760 —4°4270 10742 between the maxima is probably due to reflectivity only,
§ ;‘2? ;‘g ; Zgig }8‘23 as suggested by van Houten (1965).
4 7.56 742 3 4060 9.84 For other asteroids like 20 Massalia (Gehrels, 1956),
5 7.55 7.41 3 4060 9.84 192 Nausikaa (Scaltriti and Zappala, 1976a) and 63
6 1.55 740 3 4045 9.66 Ausonia (Scaltriti and Zappala, 1976b) only a phase
effect, producing higher minima (i.e. smaller amplitudes)
with decreasing phase angles, was clearly seen during a
Table . Epochs of the extrema for 41 Daphne single oppositiinl.) For 41 Daphne probably we have a%so
No. Julian Days (2442000 +) a change in aspect (the angle between the line of sight
and the polar axis) as the nonlinear increase of the
M, M, m, my maximum observed amplitude versus time may suggest.
) 995475 895.584  895.536  895.400 qun 'if we cannot be. sure because. of the very small
2 896474  — _ 896.406 variation these combined effects, if real, produce a
3 901.464  901.571  901.524  901.399 behaviour similar to that found for 433 Eros (Scaltriti
4 — — 903518  — and Zappala, 1976¢c), but in this case the unusual
3 930407 930512 930463  — characteristics of the object and the long observing time
g g’ggﬁgi _ 037.449 _ interval allowed to have a near complete aspect-

amplitude relation.
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Fig. 1. Lightcurve of 41 Daphne for April 26-27

Table 5 reports the running number of the obser-
vation and the epochs of the extrema in Julian days
corrected for light-time, which were considered in order
to obtain a value of the synodic period of rotation.

A weighted least-squares solution led to the following
mean synodic period :

P, = 024949 + 000002

namely:

P, =5"59"165425.

syn

We have considered all the extrema in deriving the
mean period, but it should be noted that the periods
deduced from M, only decrease with the time while those
relative to m, increase. This relative time-shift of the two
extrema may be explained with the above mentioned
change in aspect.

Even if the interval of phase covered by our obser-
vations is too short (~425) for obtaining a good value of
the absolute magnitude also in view of the poor sky
conditions, we derived from the lightcurves both the
magnitude of the primary maximum reduced to unit
distance V,(1,a) and the mean magnitude V(1,a). When
the complete period was observed in a single night, the
mean magnitude was obtained drawing an horizontal
line, the areas enclosed by the curve above and below this
line being equal ; if we could not cover a nightly full cycle,
we determined the V(1, &) by comparison with the nearest
complete lightcurve taking into account the variation in
amplitude with the time.

The magnitude-phase relation for (1, ) is shown in
Figure 4. A weighted least-squares solution of the
relation V;(1,0)=V,(1,2)— By, -lol (and a similar one for
the mean magnitude) gives:
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Fig. 2. Lightcurve of 41 Daphne for May 2-3
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Fig. 3. Lightcurve of 41 Daphne for May 31-June 1

V5(1,0)=(7.3140.02) mag
By, =(0.053+0.002) mag/degree

V(1,0)=(7.5040.02) mag
By =(0.051+0.002) mag/degree

where V,(1,0) and V(1,0) are the absolute magnitude of
the primary maximum and the mean absolute magni-
tude; By, and B, are the corresponding phase coef-
ficients. :

The possible change in aspect during our obser-
vations and chiefly in future oppositions leads us to
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Fig. 5. Lightcurve of 129 Antigone for May 5-6

consider more consistent the value of V,(1,0) which
should be constant in the hypothesis of a two-axis
ellipsoide. We have also given the mean magnitude
uniformly with the tabulated data of Gehrels (1970) and
Taylor (1971).

Our value of the phase coefficient seems to be the
highest among those obtained with a sufficiently wide
interval of phase; as Veverka (1971) pointed out, a well
defined physical meaning of the phase coefficient is
ambiguous, depending on the photometric property of
an individual surface element as well as on the large scale
roughness. Only polarimetric observations combined
with our photometric ones may confirm an effective
macroscopic very rough surface.

B) 129 Antigone

The obtained lightcurves are presented in Figures 5-7 in
the same way as 41 Daphne. The full cycle shows two
maxima and two minima, well defined and equally
spaced with a maximum amplitude of 0.32 mag (May

Fig. 7. Lightcurve of 129 Antigone for June 1-2

5-6) which became 0.29 mag (May 22-23) decreasing
the phase angle. The level of the maxima and minima
differ by 0.04-0.06 mag, almost surely to be ascribed to
pure reflectivity effect.

A remarkable feature (mostly noticeable in the May
5—6 observation) is that the maxima are sharper than the
minima, but it is not possible to construct a model of the
object from lightcurves only ; more probably a particular
combination of the aspect, phase and obliquity angles
together with an elongated shape can give such a
characteristic, as the theoretical work of Dunlap (1971)
suggests.

In Table 6 all the epochs of the extrema are listed as in
Table 5. From them we have obtained the following
mean synodic period:

P,,,=0%20655 +0°00002

namely:

P, =4"57"265+2° .

syn
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Fig. 8. The Magnitude-Phase relation for 129 Antigone

The photographic period given by Harwood (1925) is
091024 considering only one maximum and one mi-
nimum. Doubling this value we have a close agreement
with our determination differing only by about two
minutes.

The same procedure as for 41 Daphne was employed
to determine the magnitude-phase relation obtaining:

V5(1,0)=(7.194+0.01) mag

By, =(0.024 +0.001) mag/degree
V(1,0)=(7.30+0.01) mag

By =(0.029 +0.001) mag/degree.

Figure 8 shows the plot of V,(1,a) versus o. Also in
this case no opposition effect was present.

By means of a photographic determination reported
by Gehrels (1970) and of an instantaneous photometric
observation by Zellner et al. (1975), these last authors
adopted a V(1,0)=7.21 mag. A comparison with our
value is not very meaningful owing to the probable
change in aspect in different oppositions.

In three nights we could also obtain values of B—V
and the mean value resulted : 0769 40702, in fairly good
agreement with that (0771) found by Zellner et al. (1975).

Zappala: Photometry of 41 Daphne and 129 Antigone
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Table 6. Epochs of the extrema for 129 Antigone

No. Julian Days (2442000 +)

M, M, m, m,
1 904.557 904.457 904.501 904.603
2 921.495 921.393 921.438 921.541
3 — — — 922.367
4 931.409 931.513 — 931.454
6 — 937.504 — —
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