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Summary. — Thirteen lightcurves of asteroid 3 Juno from three different oppositions are given. The pole of Juno is less
than 10° from ecliptic longitude 104° and latitude + 36° (or 316° and + 62°). The sidereal period is 0.3003969 =+ 0.0000003
(1 o) day and the rotation is prograde. There is little similarity between the Juno lightcurves from 8 oppositions which is

unexplained at this time.
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1. Introduction.

This paper gives 13 lightcurves of asteroid 3 Juno from 1970,
1973 and 1985. The data are combined with lightcurves
from other oppositions to derive the pole orientation,
sidereal period, and sense of rotation of Juno by applying
the photometric astrometry (PA) method. Groeneveld and
Kuiper (1954) derived a 7 hr 12.6 min + 0.1 min rotation
period for Juno from four 1954 lightcurves. In 1958 a 7
hr lightcurve was obtained by Gehrels and Owings (1962)
which confirmed that period. They also suggested that the
pole of Juno might be near 107°. Chang and Chang (1962)
observed Juno for S nights in 1961. Schroll er al (1981)
gave evidence for color variations on Juno’s surface from
five 1980 lightcurves. Juno was observed during the same
opposition by Harris er al (1987) who used his Fourier
analysis method to increase the precision of the Groeneveld
and Kuiper period to 7 hr 12.640 min + 0.007 min. In
1983 four additional Juno lightcurves were acquired by Di
Martino et al  (1987). We use lightcurve data from all 8
of these oppositions which is several more than available to
previous investigators. A comparison is made between the
results of PA and the other two main pole methods known
as amplitude-magnitude and epoch-amplitude.

2. The observations.

Figure 1 gives lightcurves from 1970 and 1973. The 1970
lightcurve, obtained at the Kitt Peak 41-cm No. 3 telescope
by R. E. Sather, was obtained only 12° longitude from
the 1958 high resolution lightcurve of Gehrels and Owings
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(1962) and yet the lightcurves do not look the same. We
now suspect that the different solar phase angles of the
observations, + 22 and — 19°, respectively, contribute to
this anomaly. Sather was plagued by some clouds and a
differential extinction problem before 7:00 U.T. (omitted
from Fig. 1) so it was at first judged that the lightcurve was
not reliable. The 1973 lightcurves of figure 1 were obtained
at the Steward Observatory 51-cm telescope by R. C. Capen
for the first three nights and by C. V. Vesely the last night.
The four have been superposed using a 7.21066 hr period
from Harris ef al. (1987). The resulting lightcurve is not
of high quality and was also not deemed worthy of being
published. Now, however, we decide to present the 1970
and 1973 lightcurves for two reasons. First, it is clear from
examining all of the published Juno lightcurves (17 from 8
oppositions) that the lightcurves do vary greatly and rarely
look similar. Second, the 1970 and 1973 data enhance and
do not distract from the photometric astrometry analysis
that we present.

Figures 2 - 5 are six 1985 lightcurves obtained by Birch at the
Lowell-Perth 61-cm telescope. Figure 6 is a composite of
the 1985 data again using a 7.211 hr period. All lightcurves
are in the sense of asteroid minus comparison star, with the
Universal Time not corrected for lighttime. Table I lists
the aspect data for the mid-times of each lightcurve in this

paper.
3. Photometric astrometry.

Photometric astrometry (PA) is a method for determining
the pole orientation, sidereal period, and sense of rotation
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of an asteroid ; the most recent refinements to PA with
accompanying references is in Taylor et al (1988). Table II
lists the time intervals between similar lightcurve features,
their estimated uncertainties, and the number of synodic
cycles that were used in this analysis. The intervals were
limited to those which had both a time difference greater
than one Juno orbital period and a phase angle difference
less than 20°. We feel that the large estimated uncertainties
are in line with Juno’s ever changing lightcurve.

Equation (1) of Taylor and Tedesco (1983) was applied
20 times and for each trial interval was altered randomly by
the uncertainties given in table I1. The mean of the poles of
the 20 trials is given as the adopted solution. The final error
estimate on the pole is the average of the angular distances
of each trial's pole from the adopted pole.

Ecliptic longitude of the pole : 104°
Ecliptic latitude of the pole  : + 36°
Error estimate of the pole :9%4 + 36(10)
Sidereal period of rotation : 0.3003969 + 0.0000003
(1 o) day

Sense of rotation : Prograde

With PA there is normally a second solution for the pole
which, for Juno, is 316° longitude, + 62° latitude, with an
error estimate of 920 £+ 326 (10).

4. Comparison of results.

Zappala’ and Magnusson independently found the spin
axis of Juno. Zappala’ and Knezevic (1984), using their
amplitude-magnitude method, find two pairs of possible
poles. They are at latitude + 29° + 5°, longitude 101° +
6° and at latitude 57° + 13°, longitude 321° + 20°. The
1983 lightcurves of Di Martino et al. (1987) were available
to Zappala’ and Knezevic but not to Magnusson (1986)
who cautions that data from only 4 oppositions are barely
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sufficient for a pole determination. Magnusson applied
his epoch-amplitude method, along with some occultation
observations, and adopted a pole at latitude + 40° +
15°, longitude 110° + 10°. On the basis of occultation
measurements he rules out a second pole solution near
305°. There is a 13° difference on the sky between the result
of Magnusson and the first result of Zappala’ and Knezevic,
which is within each stated error. Our pole solution is
midway between their results.

When error estimates are considered all three results
are in agreement. We believe the pole of Juno is
well established.  However, the changing- nature of
Juno’s lightcurves is not understood. From opposition
to opposition the lightcurves always have two maxima
and two minima. But the time duration and amplitude
of those extrema never appear the same. This may be
caused by possible color spots on the surface that Schroll
et al. (1981) discuss. The next challenge is to learn the
physical properties of Juno which cause such a diversity of
lightcurves. To that end we suggest a coordinated observing
campaign involving such planetary science disciplines as
photometry, radiometry, polarimetry, spectrophotometry,
and speckle interferometry. In May, 1990 Juno can be
observed just 15° from an equatorial aspect so that most of
its surface will be visible from Earth.
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TABLE 1. — Aspect data for Juno.

Distance (AU) Phase Ecliptic
Observed RA Decl. from the angle
date (1950) —_— Long. Lat.
UT Sun Earth (1950)
1970 Oct 11 shsomg 4 2038' 2,005 1.147 -19938 56°1  -17°1
1973 Jun 15 16 51.8 - 353 3.291 2.327 + 6.61 252.0 +18.5
1973 Jun 17 16 50.2 - 352 3.290 2.331 + 6.95 251.6 +18.5
1973 Jun 19 16 48.6 - 352 3.288 2.336 + 7.32 251.2 +18.4
1973 Jun 20 16 47.7 - 352 3.287 2 339+ 7.56 251.0 +18.4
1985 Mar 19 12 29.6 + 155 2.949 1.961 - 2.9 186.0 + 4.7
1985 Mar 21 12 28.2 + 2 12 2.953 1.962 - 2.37 185.6 + 4.8
1985 Mar 26 12 24.1 + 2 57 2.965 1.970 - 1.76 184.4 + 5.1
1985 Mar 29 12 21.7 + 3 24 2.971 1.978 + 2.40 183.6 + 5.3
1985 Apr 12 12 1.4 + 512 3.001 2.050 + 7.33 180.5 + 5.9
1985 Apr 18 12 07.8 + 549 3.013 2.096 + 9.33 179.5 + 6.1
1985 Apr 19 12 07.2 + 555 3.016 2.105 + 9.67 179.3 + 6.1
1985 Apr 20 12 06.7 + 6 00 3.018 2.113 + 9.96 179.1 + 6.2

TABLE II. — Identification of intervals and cycles used in PA.

Epoch (see Epoch Uncer- Time Number Light-
footnote) and tainty Interval of curve
and UT uT (+ min) cycles feature
A 8:17 - G 2:3 15 10872%7640 36188 Maxima
A 6:25 - G 0:45 15 10872.7661 36188 Minima
B 2:28 - G 2:34 15 9415.0054 31336 Maxima
B 8:01 - G 0:45 15 9414 .6984 31335 Minima
B 5:39 - I 17:00 15 9950. 4684 33118 Maxima
B 8:01 - I 18:40 15 9950.4393 33118 Minima
C 13:33 - G 2:28 15 8042.5395 26768 Maxima
C 12:02 - G 0:45 8 8042.5312 26768 Minima
C 10:06 - I 17:02 8 8578.2859 28551 Maxima
C 11:54 - I 18:40 15 8578.2775 28551 Minima
A 8:17 - H 19:47 15 11384.4762 37891 Maxima
A 11:20 - F 0:41 8 9516.5568 31674 Maxima
A 6:25 - F 3:18 8 9516.8706 31675 Minima
A11.20 - D 8:53 8 6110.8996 20339 Maxima
A 9:38 - D 7:31 8 6110.9135 20339 Minima
B 2:28 - E 4:33 15 5631.0807 18742 Maxima
C 13:33 - E 4:41 15 4258.6246 14174 Maxima
C 15:11 - E 6:25 15 4258.6287 14174 Minima
D 8:53 - F 0:41 15 3405.6571 11335 Maxima
E 4:41 - G 2:34 15 3783.9190 12594 Maxima

A :1954 Jan 17 Groeneveld and Kuiper (1954)
B : 1958 Jan 14 Gehrels and Owings (1962)

C : 1961 Oct 17 Chang and Chang (1962)

D :1970 Oct 11 This paper

E :1973 Jun 15 This paper

F :1980 Feb 17 Schroll et al (1981)

G : 1983 Oct 25 DiMartino et al (1987)

H : 1985 Mar 19 This paper

I :1985 Apr 12 'This paper
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FIGURE 1. — 1970 and 1973 Lightcurves of Juno.
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FIGURE 2. — 1985 Lightcurves of Juno.
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FIGURE 4. — 1985 Lightcurves of Juno.
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FIGURE 6. — Composite of figures 2-5.
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