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Summary. 3 Juno was observed in 1980 on Feb. 7-9 and on March
12, 13 at the European Southern Observatory, La Silla, Chile. The
aim of the observations was to look for color variations during a
complete rotation cycle. The results show that at least B~V varies in
that sense that Juno becomes redder just before the primary
minimum of the lightcurve and bluer before the primary
maximum. The amplitude of this color variation during the
rotation is about 07025. ,

The rotation period is found to be 77209 + 0"003, in agreement
with the published values. A new phase coefficient of 07029/degree
was computed with a mean absolute magnitude of ¥(1,0) = 5.509
+ 0.015; the phase dependences for the mean colors B—V and U-B
for 3 Juno were also derived.
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1. Introduction

According to Bowell et al. (1979) 3 Juno belongs to type S with a
diameter of 249 km, improved to 267+ 5km from occultation
measurements by Millis et al. (1981). An albedo of p, =0.152 was
published by Morrison and Zellner (1979). Tedesco (1979) gives a
period of 77213 for Juno, with a maximum lightcurve amplitude of
0715. Lightcurve and color observations have earlier been made by
Groeneveld and Kuiper (1954) and by Gehrels and Owings (1962).
Chang and Chang (1962) observed Juno, but give only relative
magnitudes and no colors.

In a study on albedo and color contrasts on asteroid surfaces
Degewij et al. (1979) reported (based on a personal communication
from Gaffey’s spectrophotometry) about evidence for spots on the
surface of Juno. As it is noted there, the color index V-I of Juno
should be redder by 0703 at maximum brightness. Gaffey’s
observations cover a time interval of 4.5h.
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* Based on observations collected at the European Southern
Observatory, ESO, La Silla, Chile. HIS was on leave from his
home institute

2. Observations and Results

Our observations were made in three nights on Feb. 7-9 in 1980
(HJS) and for a shorter run in two nights on March 12 and 13, 1980
(CIL). The ESO 0.5m telescope at the European Southern
Observatory, La Silla, Chile, was used. For details we refer to
earlier papers (Schober, 1981; Lagerkvist and Schober, 1981).

In Table1 we have listed the aspect data both for the earlier
observations and for ours and all available photometric data.
When possible the magnitudes were reduced to unit distance.

For our long runs in February differential photometry in UBV
was done, using the comparison star BD +6°1514 = HD 53613
(spectral type FO0) with 7'=8.043+0.001, B-V= +0.404
+0.002 and U— B= +0.137+ 0.002 as mean values resulting
from our observations. The lightcurves of Juno obtained in
February and March were superimposed in Fig. 1 and yielded a
rotation period of

P=7"209 + 07003,

very close to the value given by Groeneveld and Kuiper (1954):
P=7"210+ 0"002. The maximum amplitude (M1 — m1) in our
observations is 0714, the secondary amplitude (M2 — m?2) is only
0702. In Table 2 we havelisted the epochs for the observed extrema
in UT, not corrected for lighttime, and their observed actual V-
magnitudes.

From our 1980 observations we computed the magnitude-phase
relation:

V({,0)=5.509 + 0.029«

+0.015 +0.001
which is shown in Fig. 3 together with the old measurements. There
is a shift in magnitude of up to 0™10 between our values and the
other ones. A similar shift was noticed for 2 Pallas by Schroll et al.
(1976). We also obtained the phase dependences for the mean
colors B-V and U-B as drawn in Fig. 3, yielding the relations:

B-V),=+ 0815+ 0.0012«

+0.005 +0.0003
(U-B),= + 0375+ 0.0043«
+0.014  +0.0007 .
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Table 1. Aspect data and photometric observations of 3 Juno, 1954-1980. * Observations in 1961 also on Oct. 16, 18, 29 and on Dec. 3

Date R.A. Decl. A B A r a Light-

olut 1950.0 1950.0 AU AU 5 log rA time V(r,a) V(1,) BV 0B Mi-ml M2-m2

Amplitude

1954,3an.10| 9"34%9 + 0%25' 145% -13%2| 1.469 2.319 15% 2.662 0900848 | 8.681 6.019 +0.86 +0.44 | 0%15  0%06

Jan.11| 9 34.4 + 0 29 145.8 -13.2| 1.464 2.322 15.0 2.657 0.00846 - - 0.85 0.43 - -
Jan.17| 9 30.7 + 0 59 144.7 -13.0| 1.439 2.338 12.5 2.634 0.00831 8.580 5.946 0.83 0.43 | 0.14 0.05

Jan.28| 9 22.3 + 2 17 142.2 =12.5| 1.416 2.368 7.9 2.627 0.00818 | 8.462 5.835 - - - -
1958,Jan. 14} 4 37.6 + 0 40 67.8 -21.21.257 2.041 21.4 2.045 0.00726 | 8.207 6.162 0.826 0.482|0.16 0.05
1961%0ct.17]|23 24.7 - 9 29  348.2 - 5.2 1.274 2.165 15.5 2.203 0.00736 - - - - 0.18 0.12

1980,Feb.07{ 7 O4.1 + 5 42 106.7 =16.8| 1.347 2.232 14.4 2.391 0.00778 | 8.322 5.931 0.831 0.441( 0.14 0.02
Feb.08| 7 03.7 + 552 106.6 =16.7| 1.355 2.235 14.7 2.406 0.00783 [ 8.346 5.940 0.835 0.437|0.14 0.02

Feb.09| 7 03.4 + 6 03 106.5 =-16.5| 1.363 2.237 15.0 2.421 0.00787 | 8.360 5.939 0.830 0.438|0.14 0.02

Mar.12| 7 08.1 +10 59 107.1 -11.5]1.713 2.319 22.8 2.996 0.00989 - - 0.842 0.481 - -
Mar.13| 7 08.7 +11 07 107.2 -11.3|1.726 2.322 22.9 3.014 0.00997 9.190 6.176 0.841 0.467 - <0.02
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Fig. 1. Composite light curve of 3 Juno as observed in 1980. The overlap is based on the rotation period P = 7"209
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Table 2. Times (UT, not corrected for lighttime) and magnitudes ¥ (r, «) of the extrema of the light curve

of 3 Juno as observed in 1980

Date of obs. M1 ml M2 m2

1980 UuT v UT v UT v UT v
Feb. 07 1™ 8%o0 sPoo™  gB3p 5P g%33
Feb. 08 sPo2®  g%28 Poo® %33 P30®  g%3s
Feb. 09 P4 30 sPug® g4
Mar. 13 - S P o1 1B452  9%20

3. Color Variations During Rotation

During our observing runs in February we frequently measured
not only the V-magnitude but also the color indices B~V and U-B.
The integration time never excceded 20s. In Fig.2 we made an
overlap of all color observations in February and March, based on
our rotation period. The absciassa is the same as in Fig. 1. The
color index B-V shows a variation, in that sense, that at lightcurve
minimum ml near phase 0.0, Juno appears to be redder with
B-V =0.845. Approximately at phase 0.4 Juno becomes bluer with
B-V=0.820. Juno’s primary maximum M1 is at phase 0.6.
Degewij et al. (1979) note that Gaffey from V-1 spectral
observations found that Juno becomes redder at about 0703 at
maximum brightness. This does not mean that our and Gaffey’s
results are in contradiction, because the observed spectral ranges
are different.

When such a color variation has been detected,the conclusion
can be drawn that the property of the surface material is varying
independent of the geometric configuration which usually is
responsible for light variations. From this point of view it is evident
that the times of the extrema of the lightcurve must not coincide
necessarily with the color variation extrema. This exactly
corresponds to the picture of having detected color spots on the
surface of an asteroid body.
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Fig. 2. Composed color observations of 3 Juno using the period P = 7"209. The abscissa is the same as in Fig. 1
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