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A PHOTOMETRIC STUDY OF THE MINOR PLANET 15 EUNOMIA
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A series of photoelectric observations of the asteroid 15 Eunomia were made at the Astronomical Observatory of Torino, during the 1974
opposition. The standard magnitude V(1,0), the phase coefficient, the albedo, the mean radius, the mass were derived. Furthermore
the retrograde sense of rotation was confirmed and the sidereal period of rotation was deduced.
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1. THE OBSERVATIONS

In the period 24 February—20 April 1974 some 300 photoelectric observations of the minor planet 15 Eunomia
were performed at the Astronomical Observatory of Torino. The observations were made with the 45 cm
reflector by means of a photoelectric photometer equipped with a Lallemand photomultiplier and a yellow
filter.

The measures were carried out comparing the luminosity of the asteroid with some comparison stars
suitably choosen along the path of the minor planet. The magnitude of the comparison stars has been reduced
to the UBV System by means of several UBV standard stars (Blanco et al. 1968), observed together with
the comparison stars in several good photometric nights.

The observations are spread along the apparent path of Eunomia from the opposition to the stationary
point, and this fact will be used for the determination of the sense of rotation (cf. paragraph 4).

2. THE LIGHTCURVES

The single night lightcurves are presented in figure 1, where the ¥ magnitudes are plotted against time
intervals in decimals of JD, not corrected for light-time.

The amplitude (0™48) remained constant during the full run of observations; then it was possible to
construct a mean lightcurve using all the single night curves (figure 2).

The horizontal line indicates the mean magnitude, the areas enclosed by the mean curve above and below
this line being equal.

Table 1 contains the date of observations, the Right Ascension, the Declination, the celestial longitude
and latitude, the geocentric distance A, the heliocentric distance r, the phase angle o, the mean magnitude at
unit distance V(1,2), the light-time correction, the BD number of the comparison stars.

The RA and D were calculated by means of some plates taken in the same nights when the photoelectric
observations were made and because the measured positions were in good agreement with the Ephemeris
of Minor Planet, the quantities A, r, o were obtained by interpolation from the above-mentioned Ephemeris.
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3. THE PHOTOMETRIC PARAMETERS
3.1. The Phase Coefficient and the Standard Magnitude V (1,0)
The plot of the V(1, o) versus o shows a linear trend.
A least squares solution of the equation
V(1,0)+®o=V(1, o)
gives

® = 0.038 mag./degree
V(1,0)=5.45 mag.

and satisfies the V/(1,4°8) value very well. Therefore it seems that the opposition effect should begin for phase
angles smaller than 4°8.

The values of ® and V(1,0) deduced from the present observations agree with the values obtained from
previous investigations (Groeneveld et al. 1954).

3.2. The Albedo

The phase function is defined by:
o(o)=I(a)/I(0)= exp(—0.4-®-a/log e)

where I(a) and 1(0) are the fluxes received by the observer for the phase angles o and 0°.
Putting the preceding relation in the phase integral

g=2 j o(ot)-sin or-dot
0
we get

q=2f exp(—0.4-®-a/log e)-sin a-d o=2(1+exp(—a-n))/(1+a?)
0

with a=0.4-572958 - ®/log e.
In our case we have:

7=0.399
This value may be improved by the correction formula (Stumpff 1948):
q=q—4g*=0.378
Using the relation of Gehrels (1970) for the geometrical albedo:
log p=10.38 —30.5/|®|
we obtain:
p=0.166
Finally we may compute the Russel-Bond albedo in the V light
A=p-q=0.063
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3.3. Mean Radius and Mass

The mean radius 7 (in km) may be deduced from the geometrical albedo using the well known relation:
log7=2.82-0.5-log p—0.2-¥(1,0).
With the already obtained values p=0.166 and V(1,0)=75.45 mag. we get:
7=132km

Assuming the density of Eunomia p=3.0 g/cm?, which corresponds to an average for the moon, Jupiter’s
satellites and also for stony meteorites (Blanco et al. 1961), we have:

M=29-10%%g

4. PERIOD AND SENSE OF ROTATION

From the observations we have deduced the epochs of maxima and minima which appear in table 2,
corrected for light time. Groeneveld and Kuiper (1954), van Houten-Groeneveld and van Houten (1958)
inferred a retrograde sense of rotation supposing that the pole latitude was 90°.

The pole latitude = 90° seems to be confirmed because our lightcurves show no variation in the limits of
experimental errors during all the period of the observations.

An attempt was made to verify the retrograde sense of rotation; we have calculated the synodic periods
as deduced from the epochs of table 2 and the variations of the celestial longitude of the asteroid (A) with the time.

The results are given in table 3 where column 1 shows the lightcurves used for the period determination; in
column 2 we have —4* given in degrees/day and in column 3 are listed the corresponding synodic periods.

The plot of the values of Py, vs—4t seems to indicate a retrograde sense of rotation. The intersection
of the linear trend defined by the values of table 3 with the Py, —axis gives the sidereal period.

A linear least squares solution gives:

Pg;a=0925336 1+ 0.00002

This value of the sidereal period agrees very well with the one (Pyq=0925337) found by means of the
lightcurves 6 and 7 relative to observations made near the stationary point.
The results obtained in the present research are summarized in table 4.
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Table 1 Aspect data, mean V magnitudes, light time and comparison stars of 15 Eunomia
R.A. D A B A r = |s Light Comp.
No. Date (1950) | (1950) | (1950) | (1950) | (aD) | (D) VO] tine | stars
h n (] L] [ L} (] L] [ m d L]
1 24 Peb. 1974 | 9 47.5 | +1 30 148 34 -11 09 |1.855| 2.825 | 4.8]| 5.622 | 0700970 | +1 2368
2 13 Mar. 9 33.6 2 21 144 57 11 30 [1.948 | 2.853 |10.0| 5.857 |0.01063 | +3 2231
3 23 9 28.3 2 51 143 30 11 28 |2.038 | 2.870 [13.0] 5.923 |0.01176 | +3 2219
4 11 Apr. g 25.0 33 | 14229 11 06 [2.260| 2.899 [17.3] 6.065 [0.01304 | +3 2212
5 17 9 26.0 336 142 42 10 56 [2.341| 2.908 [18.2] 6.136 [0.01351 | +3 2212
6 18 g 26.2 337 142 45 10 54 |2.355| 2.910 [18.3] 6.144 |0.01359 | +3 2212
7 19 9 26.4 337 142 48 10 53 [2.369| 2.911 [18.5] 6.159 | 0.01367 | +3 2212
8 20 9 26.6 338 142 50 10 51 |2.383| 2.913 |18.6] 6.171 | 0.01375 | +3 2212
Table 2 Epochs of Maxima and Minima of 15 Eunomia
Epochs of Max. and Min. (JD corr.) *
Date
¥, m, m,
24 Peb.1974 103.4512+0.0010 - 103.3828+0.0006
13 Mar. 120.4324+0.0014 120.4897+0.0009 120.3661+0.0008
- 130.3751£0.0005 -
11 Apr. 149.3224+0.0013 | 149.3814+0,0006 -
- - 156. 3465£0.0005
- - 157.3613+0.0009
* Add 2442000 days.
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Table 3 Variations of longitude and synodic period of 15 Eunomia

Light _ AN P

curves At syn

1-2 (M) 0.20 0325345 + 0.00003
1-2 (m,) 0.20 0.25348 + 0.00001
2-3 (m,) 0.15 0.25347 + 0.00003
2-4 (m)) 0.09 0.25342 + 0.00002
2-4 (m,) 0.09 0.25344 + 0.00001
1-4 (M) 0.13 0.25343 + 0.00001
3-4 (m,) 0.06 0.25342 + 0.00001
6-1 (m,) 0.11 0.25341 + 0,00001
6-2 (m,) 0.06 0.25338 + 0.00001
7-1 (m,) 0.10 0.25342 + 0.00001
7-2 (m,) 0.06 0.25339 + 0.00001

Table 4 Characteristic parameters of 15 Eunomia

Standard magnitude v(1,0) 5.45 mag

Phase coefficient ) 0.038 mag/degree
Phase integral q 0.378

Albedo A 0.063

Mean radius T 132 Km

Mass x 2.9.10%%g
Period of rotation P..a 0325336

Sense of rotation retrograde
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Figure 2 Mean lightcurve of 15 Eunomia. The ordinates are referred to the mean magnitude line.
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Figure 3 Mean magnitude V( 1,a) versus the phase angle a. Figure 4 Synodic period versus the variation of lon-

gitude with the time.
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