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A series of photoelectric observations of the asteroids 192 Nausikaa and 79 Eurynome was made at the Astronomical Observatory
of Torino, during the 1974 opposition. The synodic period, the absolute magnitude V(1,0), the phase coefficient, the albedo, the mean
radius, and the mass were derived. An attempt was made in order to obtain the pole of 192 Nausikaa. 79 Eurynome shows
an evident opposition effect.
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1. THE OBSERVATIONS

The programme of photoelectric observations of minor planets, started at the Observatory of Torino
with a photometric study of 15 Eunomia (Scaltriti and Zappala 1975), has been carried on during the period
October-December 1974 with a photometric research on two asteroids (192 Nausikaa and 79 Eurynome).
The observations were made with the 45 cm reflector of this Observatory by means of a photoelectric photo-
meter equipped by a photomultiplier EMI 6256 S and a V filter. The measurements were carried out with a
counter; the integration time was almost always 20 sec. for Nausikaa and 30 sec. for Eurynome. An opportune
number of UBV standard stars was selected from the Catalogue of the Naval Observatory (Blanco et al. 1968)
and reductions were performed in order to obtain good values of V for the comparison stars.

192 Nausikaa

2. THE LIGHTCURVES

The 9 single night lightcurves are presented in figure 1, where Am (m,s—comp) are plotted against UT.
The full cycle of light variation shows two maxima of nearly equal luminosity and two minima of different
depth (~0.10 mag)).

The amplitude of the primary minimum did not remain constant during the full run of observations,
ranging from 0.42 to 0.32 mag., and this variation seems to depend essentially on the phase angle because, as
the figure 2 shows, the minimum amplitude falls very near the zero phase angle. The same phenomenon was
found in the case of Massalia (Gehrels 1956). Van Houten (1965) explains this by assuming flat areas on
the surface of the minor planet. We quote: «...if the phase angle differs from zero it is possible that such an
area is already visible from the earth without yet being illuminated by the sun. At the moment the area will
appear as a black spot on the surface of the planet. Since these flat areas are mostly noticeable near the
minima of the lightcurve this effect will result in deeper minima and accordingly larger amplitudes of the light-
curve, with increasing phase angle».

Probably a near specular reflection from such flat areas produces the humps which frequently appear
in our lightcurves.
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Because of the long rotational period it was not possible to cover the full lightcurve in a single night.
Therefore we superposed the 2627 and 28-29 October lightcurves (which are probably not subject to
appreciable variations in amplitude) and the mean magnitude line was constructed, the areas enclosed by
the curve above and below this line being equal (figure 3). Then the best fit was found for the other single
lightcurves.

Table 1 contains the date of observation, the Right Ascension, the Declination, the ecliptical longitude
and latitude, the geocentric distance A, the heliocentric distance r, the phase angle o, the mean magnitude at unit
distance V(1,x), the light-time correction, the BD number of the comparison stars.

The RA, D, A, r, o were calculated by interpolation from the Ephemeris of Minor Planets because of the
good agreement found between the predicted and observed positions.

3. THE PERIOD AND AXIS OF ROTATION

The secondary minimum being large and not well defined, we have taken into account only the primary
one in order to obtain the synodic rotational period. The chosen epochs of the minima in JD corrected for
light-time appear in table 2. The corresponding periods are shown in table 3. Assigning weights proportional
to the number of cycles we have obtained the following synodic mean period:

P,,,=0%56758+0.00005

The sense of rotation remains uncertain, nevertheless the observations of 9 and 17 December, very close
to the stationary point, seem to indicate the minimum values of the period (even if the error is large
because of the small number of cycles). This fact could give a retrograde sense of rotation.

During the 1963 opposition Yang et al. (1965) obtained some lightcurves of 192 Nausikaa. The period was
0956771 and the maximum amplitude 0.22 mag. By means of these and our observations we determined a rough
value of the pole. The maximum observed amplitudes in the 1963 and 1974 oppositions were plotted versus
A (B is nearly the same in the two series of observations). We assumed that the observed amplitudes A
conforms to the relation A = A4, x |1-sin D|, where 4, is the greatest possible amplitude and D the planetocentric
declination of the earth. In our case, supposing 4, =0.6 mag., we plotted the A, x |1-sin D| relation versus (A—A pore)
and we found a good agreement between theoretical and observed amplitudes for Apye =130° and B4 =40°.
A similar procedure was followed by Gehrels and Owings (1962), but we used the relation suggested by van
Houten. For further analysis observations near longitude 130° or 310° seem to be very important.

4. PHOTOMETRIC PARAMETERS
4.1. The Phase Coefficient and the Absolute Magnitude V(1.0)

It is well known that for phase angles smaller than about 20°, the trend of 17(1, o) versus o is nearly linear.
Apart from the opposition effect, the absolute magnitude V(1.0) is defined as the intersection of this line
with the zero phase angle axis. It results:

V(1,0)=V(1,0)+® x o
where @ is the phase coefficient.
Using our observations, at least squares solution of that equation gives:

V(1,0)=(7.502+0.006) mag.
® =(0.0402 £+ 0.0004) mag/degree

The plot of ¥(1,&) versus o is shown in figure 4.
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42. The Albedo, Mean Radius and Mass

The phase function is defined by:
¢(ar) =1(2)/1(0) =exp(— 0.4 x ® x a/log ¢€)

where: I(«) and I(0) are the fluxes received by the observer for the phase angles o« and 0°.
Putting the preceding relation in the phase integral:

§=2xj @(o) x sina x dot
0
In our case we get:

q=0.364
Using the correction formula suggested by Stumpff (1948), we have:
q=0.346
The geometrical albedo can be calculated with the relation of Gehrels (1970):

log p=0.38—30.5 x |®|
We obtain:
p=0.143
The Russell-Bond albedo in the V light is:
A=pxq=0.049

This small value of A seems to indicate 192 Nausikaa to be a rather rough asteroid.
We can obtain the mean radius 7 (in km) from the well known relation:

log7=2.82—0.5xlog p—0.2x V(1,0)
We have:
7=55km

Finally, assuming for the density of the asteroid p=3.0 g/cm? (Blanco et al. 1961) we have:
M=21x10%'g

79 Eurynome
5. THE LIGHTCURVES AND THE PERIOD OF ROTATION

The 7 single night plots are shown in figure 5. They show only one maximum of luminosity as remarkable
feature, except the last registration in which a second maximum is present.

The considered epochs of maximum are presented in table 4.

The equality of all the maxima is not sure owing to their different shape and amplitude. Nevertheless
a period of about 12" with two maxima separated by nearly 6 hours (see the last registration) appears as the
most likely one, supposing that the maxima depend essentially on the shape of the asteroid. In this
hypothesis the deduced periods are shown in table 5 and the mean synodic period of rotation results:

P,,,=0%49830+0.00009
However, if the maximum is due to an area of higher reflectivity on the asteroid, the period may be:

P,,,=0924915+0.00004
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Future long-run observations will be needed to decide between these values.
In order to obtain RA, D, A, r, « many plates, spread in the interval of the photometric observations, were
made with the long focus refractor of the Observatory of Torino (38/687 cm) and the relative positions were

calculated. Table 6 contains the aspect data of 79 Eurynome. V(1,a) were obtained constructing the mean
magnitude line for single night lightcurves.

6. PHOTOMETRIC PARAMETERS
6.1. The Phase Coefficient and the Absolute Magnitude ¥(1,0)

Because 79 Eurynome shows an opposition effect, only three observations (ax=1127, 14?6, 1626) could be
used to obtain ® and V(1.0). We have the equation:

V(1,0)=8.162+0.0316 x o
+0.002 4 0.0002

The opposition effect seems to start at about 7°, confirming the results obtained for Massalia, Vesta, Lydia
(Taylor et al. 1971).
The plot of the V(1,&) versus a is shown in figure 6.

6.2. The Albedo, Mean Radius and Mass

As made for 192 Nausikaa, we have found the values of the phase integral and the geometrical albedo:

q=0.516
p=0.280
The Russell-Bond albedo is:
A=0.144
The mean radius and the mass are:
T =29 km
M=31x10*°¢g
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NOTE ADDED IN PROOF

During the Minor Planet Meeting held in Graz (1-2 July, 1975) Dr. H.J. Schober of the Universitits-
Sternwarte of Graz communicated to us his results about observations of 79 Eurynome, made in four nights
from November 6 to 11, 1974.

From his observations he concludes that the period is 0924914, owing to the presence of a very small (0702)
secondary maximum. However, our November 8 observation shows a possible secondary maximum, but its
presence in the other lightcurves is very uncertain, since the secondary amplitude is nearly of the same order
as the observational error.

From these considerations we conclude that the period may be 0924915, also excluding the hypothesis of the
presence of an area of higher reflectivity on the asteroid.

We thank Dr. Schober for stimulating discussions we had in Graz.
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Table 1 Aspect data, mean V' magnitudes, light time and comparison stars for 192 Nausikaa

No. Date RA D A B A r X v, L.T. c.s.
(1950) | (1950) | (1950)| (1950)| (au) | (av)
h m o o_ [} o m d o
1 17 Oct 1974| 3740.7 |+17 29 |56 59 | =2 04 | 1.066 | 1.972 | 16.6 8.67 0.00615 | +17 613
2 21 3 39.3 | 17 07 |56 34 2 20 | 1.045 | 1.972 | 14.6 8.61 0.00603 | 16 490
3 8 Nov 3 27.3 | 15 10 {53 18 333 | 0.987 [1.971 5.2 8.27 0.00569 | 14 566
4 9 3 26.4 | 15 03 |53 04 3 37 | 0.986 [ 1.971 4.5 8.23 0.00569 | 14 566
5 22 3 15.1 | 13 36 |50 02 419 | 0.994 | 1.974 5.1 8.26 0.00574 | 13 534
6 26 3 11.9 | 13 12 {49 11 4 29 | 1.005 | 1.976 7.2 8.37 0.00580 | 12 456
7 4 Dec 3 06.5 | 12 33|47 43 4 46 | 1,037 [1.979 | 11.7 8.52 0.00598 | 11 443

This table is relative to 79 Eurynome (table 6).

Table 2 Epochs of primary minimum for 192 Nausikaa

No. Epoch(JD corrected for L.T.)
1 2442329,.4517 + 0.0003

2 33.4247 + 0.0007

3 34,5601 + 0.0007

5 47,6177 + 0.0014

6 49,3218 + 0.0035

8 91,3190 + 0.0014

9 99.2616 + 0.0035

Table 3 Synodic periods of 192 Nausikaa

Ligntcurves E P
1-2 7 0956758 + 0.00011
1-3 9 61 9
1-5 a2 69 4
1-6 35 72 10
1-8 109 59 1
1-9 123 56 3
2-3 2 71 49
2-5 25 72 6
2-6 28 75 13
2-8 102 59 2
2-9 116 56 3
3-5 23 72 7
3-6 26 76 14
3-8 100 59 2
3-9 114 56 3
5-6 3 806 101
5-8 77 755 3
5-9 91 52 4
6-8 74 53 5
6-9 88 50 6
8-9 14 33 27
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Table 5 Synodic periods of 79 Eurynome
No. Epoch(JD corrected for L.T.)
1 2442337.4855 + 0.0042
2 41,4710 + 0.0042
3 59.4103 + 0.0042
4 60.4054 + 0.0042
5 73.3568 + 0.0042
7 86,3260 + 0.0042

Table 4 Epochs of maximum for 79 Eurynome

Lightcurves E P
1-2 8 0d49819 + 0.00074
1-3 44 29 13
14 46 26 13
1-5 72 21 8
17 96 34 6
2-3 36 31 16
2-4 28 27 15
2-5 64 21 9
2-7 &8 35 7
34 2 757 291
3.5 28 809 21
3-7 52 38 11
4-5 26 13 23
47 50 41 12
5-7 24 72 25

Table 6 Aspect data, mean ¥ magnitudes, light time and comparison stars for 79 Eurynome

No. | Date RA D A p Al r | «|v(,0 | 1.2, | cus.
(1e50) | (1950) | (1950) | (1950)| (4U)|(aU)
1| 9 oct 1074| 3P2a®3 | 429%12" | s56708" | +10°13" |0.972|1.838(21%5| 8737 | o%00s61|+28°534
2 |13 322.7 | 2934 | 5553 10 40 |0.953 [1.842 [19.6| 8.30 | 0.00550| 29 558
3 14 3 22.2 29 39 55 48 10 46 [0.950{1.843(19.1| 8.26 0.00548 "
4 |19 319.9 | 3007 | 5526 | 1121 [0.9301.849[16.7| 8.17 | 0.00537| 29 557
5 |27 313.2 | 3033 | 5408 12 09 [0.911{1.86112.8| 8.02 | 0.00526| 30 515
6 |20 311.5 | 3038 | 5347 12 20 |0.908(1.864|11.8| 7.98 | 0.00524| 30 511
7 |27 Nov 2 42.5 | 2929 | 4717 13 04 |0.959(1.913/10.7| 7.93 | 0.00553| 29 465
8 |10 Dec 236.0 | 2825 | 4534 | 12 29 [1.044|1.939[16.4| 8.16 | 0.00602| 27 413
9 |18 2 35.5 | 27 41 45 15 11 56 [1.110(1.957 {19.4| 8.28 | 0.00640| 27 408

This table is relative to 192 Nausikaa (table 1).
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Figure 1 Lightcurves of 192 Nausikaa. Abscissae are UT not corrected for light-time. The ordinates are magnitude differences between
the asteroid and the comparison star. The points are single observations.
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Figure 1 (continued)
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Figure 1 (continued)

© European Southern Observatory * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1976A%26AS...23..167S

7S.

FIO7BACAS. ~.237 1

A Photometric Study of the Minor Planets 192 Nausikaa and 79 Eurynome 177
A
- 0.40 :
- 0.35
- 0.30
.'I> 1 10 1|5 2|° o(

Figure 2 Variation of amplitude of 192 Nausikaa versus o. The full circles are the observations before opposition and open circles
after opposition.
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Figure 3 Combined lightcurve of 192 Nausikaa as obtained by 26-27 and 28-29 October lightcurves. The ordinates are referred to the
' mean magnitude line.
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Figure 4 Mean magnitude V(1,a) versus the phase angle o for 192 Nausikaa.
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Figure 5 Lightcurves of 79 Eurynome. Abscissae are UT not corrected for light-time. The ordinates are magnitude differences between
the asteroid and the comparison star. The points are single observations.
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Figure 5 (continued)
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Figure 6 Mean magnitude V(l,cx) versus the phase angle o for 79 Eurynome.
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