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By means of new photoelectric observations made in 1974 an attempt to determine the poles of
asteroids 9 and 44 was made. Following a method based upon the magnitude—aspect and
amplitude—aspect relations, the coordinates of the poles for 9 and 44 were found to be, respectively,
Ao = 191° = 5°, By = 56° + 6° and A, = 100° = 10°, B8, = 50° = 10°. The previously published pole
for asteroid 22, Ay = 215° = 10°, B, = 45° = 15°, was confirmed. From its phase relation we deter-
mined the phase coefficient of 44 Nysa, a very high albedo object (p, = 0.377). The very low phase
coefficient obtained (8, = 0.018 mag/deg) agrees very well with an inverse relation between
geometrical albedo and phase coefficient. The results are summarized in a table.

INTRODUCTION

New photoelectric observations of as-
teroids 9, 22, and 44 were made by W. van
Vliet and I. van Houten-Groeneveld at the
Leiden Southern Station in Hartebees-
poortdam, South Africa, from May 16 to
June 23, 1974 and one single-night run of
asteroid 22 was made on September 4, 1965,
by C. J. van Houten and I. van Houten-
Groeneveld. For informations on the in-
strumental facilities and methods of obser-
vation and reduction, we refer to Zappala et
al. (1979).

For both the asteroids 9 and 44 rotational
properties over a large range in longitude
had previously been obtained during six dif-
ferent oppositions from 1949 to 1974.

The new 1974 lightcurve of 22 Kalliope is
a good check for the pole solution found by
Scaltriti et al. (1978).

THE METHOD FOR THE DETERMINATION OF
THE POLE

For the determination of the direction of

the rotational axis we start with the method

used by Sather (1976), which gives a pre-

liminary range of possible poles. We then
try to select a more accurate value taking
into account the observed amplitudes. The
assumption of a three-axial ellipsoid is al-
ways made, even if the observations on
November 7, 1949, and October 29, 1964,
display a broad secondary minimum; but in
view of the aim of this paper to determine
values of the pole coordinates only at first
approximation, we do not consider it a seri-
ous problem.

Many of the observations available were
performed at phase angles smaller than 8§°
(i.e., in the range of the opposition effect).
Scaltriti and Zappala (1978), collecting all
the magnitude values published to date for
asteroids of different compositional types,
confirmed that the opposition effect seems
independent of the type, at least for large
asteroids. They found that the opposition
effect starts at a phase angle of 8°5 and can
be represented by a parabola tangential to
the straight line at 8°5. The difference be-
tween the straight line extension at 0° and
the parabola at the same angle is about 0.28
mag. From this model it is possible to ex-
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TABLE 1

PosiTioNs, MAGNITUDES, COLORS, AMPLITUDES, AND COMPARISON STARS

As-  Mean Time of R.A. Decl. Vo vV B -V Amp. Period Comparison star
teroid  observation (1950) (1950) (mag) (mag) (mag) (mag) (Taylor)
(UT) No. \%
(mag)
9 1974 Jun 23.985 19°46m0 —26°36' 10.03 10.18 0.85 0.28 3t3mg4 CoD-26°14523 8.83
22 1965 Sep 4.910 20°46m2  —-36°49° 11.19 11.31 0.72  0.30 4882 CoD-36°14417 8.54
22 1974 Jun 12.868 15"36m4 - 18°36° 11.23 11.30  0.73 0.14 — BD- 18°4118 5.36
44 1974 May 16.951  16"24m5 —15°58' 10.27 10.41 0.71 0.28 6"25m08 BD- 15°4324 7.17
TABLE I
EpocHs OF THE EXTREMA CORRECTED FOR LIGHTTIME
Asteroid 9 22 22 44
1974 Jun 23-24 1965 Sep 4 1974 Jun 12 1974 May 16-17
ID(¢) 2442 222.0+ 2439 008.0+ 2442 211.0+ 2442 184.0+
M1 0.391 0.476 0.406 0.319
0.600: 0.587:
M 11 0.506 0.384 0.322 0.456
m 1 0.451 0.427 0.357 0.382
m 11 0.549 0.343 0.275 0.512
+0.002 +0.003 +=0.003 +0.003
TABLE 1II
ASPECT DATA AND MAGNITUDES FOR 9 METIS
Date A (deg) B(deg) A r a Vo(llw) V(l,a) Amp B — V Period Reference
(OMUT) (1950)  (1950) (AU) (AU) (deg) (mag) (mag) (mag) (mag)
1949 Nov 2 41.12 -5.00 1.145 2.134 2.5 6.33 6.40 0.11 - 5h3m a
1954 Jan 3 98.56 +5.42 1.138 2.118 3.0 6.63 6.76 0.26 0.84 5M4m6 b
1954 Jan 5§ 98.06 +5.52 1.141 2.119 3.8 6.69 — 0.26 0.85 5"4m6 b
1954 Jan 8 97.31 +5.64 1.148 2.121 5.2 6.77 — — 0.85 5"4m6 b
1954 Jan 16 95.51 +590 1.177 2.126 9.4 6.96 7.09 0.25 0.85 5"4m6 b
1958 Feb 15 152.95 +9.65 1.309 2.284 5.2 6.52 6.57 0.09 0.84 — c
1962 Mar 26 194.84 +7.85 1.504 2.487 5.1 — — 0.06 —_ 5h3mg4 d
1962 Mar 30 193.84 +7.79 1.501 2.492 3.7 — — 0.06 — 5h3mg4 d
1964 Nov 19 94.37 +1.46 1.223 2.092 16.8 — — 0.31: — Shem S
1974 Jun 24  293.63 —-5.30 1.656 2.624 8.5 6.84 6.99 0.28 0.85 5"2mS This paper

tend the Sather method also to observations

at phase angles smaller than 825.

We try in a qualitative way to take into
account the amplitude phase relation, giv-
ing a smaller weight to observations at very
large or very small phase angles. These am-

plitudes are marked with colons in Tables
III, IV, V, and VI. We know, in fact, that
observations at different phase angles,
owing to the shadowing effect on a macro-
scopically rough surface, can present quite
different amplitudes. However in the case



ASTEROID POLE COORDINATES

TABLE 1V
ASPECT ANGLES AND CALCULATED AMPLITUDES FOR
9 METIS
Date f Acal Aobs - Acal
(deg) (mag) (mag)
1949 Nov 2 +56 0.11 0.00
1954 Jan 3 -87 0.28 -0.02
1954 Jan S —87 0.28 -0.02
1954 Jan 8 —87 — —
1954 Jan 16 —88 0.28 -0.03
1958 Feb 15 —55 0.10 -0.01
1962 Mar 26 —48 0.07 -0.01
1962 Mar 30 —48 0.07 -0.01
1964 Nov 19 +87 0.28 +0.03:
1974 Jun 24 +79 0.25 +0.03

of 9 Metis all the observations were per-
formed at phase angles varying from 2 to 9°,
this small range of phase implying a small
change in the amplitudes; therefore they
can be considered homogeneous, excluding
the observation of 1964 that, as we shall
point out in the next section on pole deter-
mination, was not used to fix the maximum
possible amplitude. For 44 Nysa we used
similar considerations looking for the best
fit for the amplitudes from 5 to 11° of phase,
and giving less weight to the amplitudes de-
rived at other phase angles, which therefore
present larger residuals. No determination
of the sense of rotation was attempted be-
cause of the time intervals being too large.
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THE OBSERVATIONS

General Remarks

Asteroids 9 Metis and 44 Nysa were ob-
served photoelectrically in 1974 over a time
interval somewhat longer than their known
periods. Asteroid 22 Kalliope could be ob-
served in 1965 and 1974 over a time interval
almost as long as its period.

The observations were made with the
Walraven photometer attached to the 90-cm
light collector of the Leiden Southern
Station, in colors V and B. The compari-
son stars used in 1974 were calibrated in
1974 and 1977 by C. J. van Houten and 1978
by A. van Genderen. The comparison star
for Kalliope in 1965 was also calibrated by
J. W. Pel in 1970. The transformation from
the Walraven system to the UBV system
was done in the same way as described in
Zappala et al. (1979).

The observational results are sum-
marized in Table I. The columns are self-
explanatory: the first four columns give the
number of the asteroid followed by the
mean time of observation in UT, the posi-
tion for 1950. The magnitude V,, the bright-
ness of the brighter maximum, :s followed
by V, the mean brightness over a full pe-
riod, B — V, the amplitude M, — m,, the
period from Taylor’s list, the corparison
star and its V magnitude. Table II gives the
Julian Date, corrected for lighttime of the
extrema for the three asteroids.

TABLE V

ASPECT DATA AND MAGNITUDES FOR 44 NYsa

Date A (deg) B (deg) A r « Vo(l,a) W(l,) Amp. B — V Period Reference
(O"UD (1950) (1950) (AU) (AU) (deg) (mag) (mag) (mag) (mag)

1949 Nov 6 18.45 —6.03 1.405 2.339 10.5 7.35 7.54 0.46 — 6h25m f
1949 Nov 7 18.25 —-6.01 1.409 2.337 109 7.35 7.55 0.48 —  6h25m f
1954 Jan 6 51.45 —4.81 1.387 2.122 219 7.51 7.70  0.40: —  6"25m2 b
1954 Jan 7 51.49 —-4.77 1.396 2.121 222 7.51 — — 0.70 6"25m2 b
1954 Jan 11 51.72 —4.57 1.430 2.117 23.3 7.51 7.70  0.41: —  6M25m2 b
1958 Jan 13 98.72 -—-3.10 1.092 2.060 6.5 7.13 7.25  0.22 0.70 6M28™ ¢
1962 Mar 2 144.37 +2.40 1.154 2.124 7.2 — — 0.29 — 6"25m1 d
1964 Oct 8 12.24 —5.54 1.436 2.432 25 — — 0.38: —  6"25m3 €
1964 Oct 29 7.43 —0.56 1.476 2.396 11.4 — — 0.50 —  6"25m3 e
1974 May 17 24698 +5.59 1.621 2.616 4.9 7.13 7.27  0.28 0.71 6"29™  This paper
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TABLE VI
ASPECT ANGLES AND CALCULATED AMPLITUDES FOR
44 Nysa
Date f Acal ths - Acal
(deg) (mag) (mag)
1949 Nov 6 -89 0.50 -0.04
1949 Nov 7 -89 0.50 -0.02
1954 Jan 6 ~69 0.35 +0.05
1954 Jan 7 -69 0.35 —_
1954 Jan 11 ~69 0.35 +0.06:
1958 Jan 13 ~353 0.20 +0.02
1962 Mar 2 ~61 0.27 +0.02
1964 Oct 8 +87 0.49 -0.11:
1964 Oct 29 +87 0.49 —0.01
1974 May 17 +63 0.29 -0.01

Figures 1-4 show the lightcurves of the
three objects. Each point is a single obser-
vation. The ordinates AV’ are the mag-
nitude differences: asteroid minus compari-
son star in the V band of the Walraven color
system. The abscissas give the time of ob-
servation uncorrected for lighttime.

For Metis and Nysa we attempted to de-
rive a new value of the period by checking
the time interval of the same branch of the
lightcurve. The accuracy of the determina-
tion is poor.

9 Metis

Metis is a very interesting object. The
shapes of the lightcurves observed between
1949 and 1974 are very different. The plot of
the mean lightcurves from the oppositions
1949, 1954, 1958, 1964, and 1974 in Fig. 5
illustrates the changes of the shape with as-
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pect angle. In 1949, 1954, and 1974 we see
one broad and one sharp minimum; and it
seems that in 1964 this difference in the
minima is also present. But in 1958 and also
in 1962 only one maximum and one mini-
mum are visible. In 1974 the two maxima
and the two minima have almost the same
brightness. Therefore we are not certain
which of the maxima is the primary one. We
favor the maximum preceding the broader
minimum as the primary maximum, in
agreement with 1949, 1954, and 1964. These
differences in amplitude and shape of the
lightcurve would then be attributed to a
combination of the change in aspect and the
change of the phase angle.

The period determined from our light-
curve is 5°2™5 which is smaller than the
ones derived earlier.

Before going over to the next asteroids,
we want to call attention to the fact that the
position of Metis in the table of the publica-
tion of Yang et al. (1965) is valid for 1964
Oct. 19 and for Nov. 19, as given in their
Fig. 2. Accordingly we do not know the
correct month of their observation.

22 Kalliope

The 1965 lightcurve of Kalliope gives the
largest amplitude so far observed and the
1974 lightcurve gives the smallest one. The
difference between maximum I and maxi-
mum II is in both years about 0.01 mag. The
amplitude in the B band is the same as in
the V band. The period can only be esti-
mated to about 4"8™ in both years, which
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Fi1G. 1. Lightcurve of 9 Metis on June 23-24, 1974.
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Fic. 2. Lightcurve of 22 Kalliope on September 4,
1965.

agrees fairly well with the period deter-
mined by Scaltriti et al. (1978).

44 Nysa

Figure 4 shows the lightcurve of 44 Nysa
on 1974 May 16-17. Using observations
which overlapped by only about 40 min, we
obtained 6"29™ as a mean value for the pe-
riod, which is in agreement with the period
of 6M28™ + 2™ determined in 1958. If we
compare the lightcurves of the different
years, we see that the sequence of the
extrema is variable. For 1964 it is difficult to
decide which of the maxima is the brighter
one. During several years the minima were
almost the same.

Note that the value of B — V = (167
given for 44 Nysa in Taylor’s list (1971) and
in subsequent publications that refer to this
list must be erroneous. Taylor quotes only
two B — V determinations: Groeneveld and
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F1G. 3. Lightcurve of 22 Kalliope on June 12, 1974.

Kuiper (1954) and Gehrels and Owings
(1962), both of which give B — V = 0m70.

POLE DETERMINATIONS
9 Metis

Table III reports information on all
photoelectric observations of this asteroid.
The columns give: the date, the ecliptic
coordinates at 1950, the heliocentric and
geocentric distances, the phase angle, the
Vo(1,a) of the primary maximum, V(1,a) the
mean magnitude, the maximum amplitude,
and the reference. The Ephemerides were
kindly sent to us by Herget (1978).

Gehrels and Owings (1962) found a possi-
ble pole of A\, = 186° and B, = 15° using an
empirical dependence of the amplitudes and
magnitudes with aspect angles. With this
pole the greatest possible amplitude should
be 0.23 mag. However, at least this last
conclusion is not confirmed by the observa-
tions given in Table III.

We start our fitting process near this
value of the pole, taking b/c ratios (¢ being
the rotational axis) varying from 1.0 to 2.0

T T T T T T T 1 T T T T
LA May 16-17, 1974 .
31 - ] @ P 3 .
s ﬂ.‘\' o o
® % ° S °
32t 'Y ‘s® * 9 ”» .
L] »® r [
[ ] LY ) 'S [ J
[ ] L .‘ ] (]
33} ° . (4 4
S % Y
-, Sa &
34 .... > ” i
uT
1 " L 1 1 " H 1 1 1 | L
1gh 20 21 22 23 o 1 2

F1G. 4. Lightcurve of 44 Nysa on May 16-17, 1974.
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FiG. 5. Mean lightcurve of 9 Metis in 1949, 1954,
1958, 1964, and 1974 apparition. The smooth curve
gives a representation through the observations, the
dashed curve represents observations transformed,
without corrections for changes in distance and phase
angle, to one period earlier or later. The ordinate gives
the magnitude, the abscissa above, the hours, below,
the phase of the period. The eclipse coordinates and
the phase angles are:

A B @
1949 41° -5 2°
1954 97° +6° 5°
1958 153 +9.5° 5°
1964 94° +1° 17
1974 294° -5° 8°

and we obtain possible poles between 180
and 200° in A and between 30 and 60° in 8.
An analysis of the amplitudes finally gives a
value of Ay = 191° % 5° and B, = 56° + 6°,
with b/c = 1.70. The maximum possible
amplitude was taken to be 0.28 mag as de-
duced from a plot of the amplitudes versus
the longitudes, from which we derive a
value of a/b = 1.30. The value of 0.31 mag
obtained by Yang ef al. (1965) was probably
influenced by the phase effect on the ampli-
tudes (a = 16°8). Table IV reports the as-
pect angles, the calculated amplitudes and
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the differences between the observed and
the calculated amplitudes for all the avail-
able observations. Figure 6 shows the un-
corrected phase curve (above) and the same
curve for 90° of aspect (below). The straight
line was drawn with a slope equal to the
mean phase coefficient of 0.028 mag/deg for
the S-type as found by Bowell (1978). The
resulting Vy(1, 0, 90) is 6.66 mag.

The dimensions of our object can be
found from the following expression:

2logr = 5.642 - 0.4V(1, 0) — log p.

(r = radius in kilometers) in which 2 = ac.
Inserting the value for the geometrical al-
bedo p, = 0.139 as adopted by Morrison
(1976), we find that the dimensions are
roughly 245 x 190 X 110 km?,

22 Kalliope

The aspect data and preliminary results
on the amplitude for 1965 and 1974 of Kal-
liope have previously been presented by
Scaltriti et al. (1978). The definitive mag-
nitude of the 1965 comparison star is 0701
brighter than given in Scaltriti’s Table I,
and consequently Vy(1,a) becomes 7™19.
Now the definitive reduction allows us to
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Fic. 6. Phase curves of 9 Metis. The uncorrected
relation (above) and the relation reduced to 90° of as-
pect (below) by pole coordinates A, = 191° and
Bo = 56°.
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Fi1G. 7. Phase curves of 44 Nysa. The uncorrected
relation (above) and the relation reduced to 90° of as-
pect (below) by pole coordinates A, = 100° and
Bo = 50°.
check the value of the pole using the mag-
nitude, reduced to unit distances and to 90°
of aspect. We have for 1965, V1,
13.0) = 7™19 which becomes Vy(1, 13.0,
90) = 7™20 and, for 1974, V,(1, 7.7) = 6™93
which becomes V1, 7.7, 90) = 7706 in
very good agreement with the phase rela-
tion Vy(1, 0,90) = 6.80 + 0.031 «. The 1965
value deviates by 0m00 and the 1974 value
only 0™02 from this relation.

44 Nysa

Table V gives information about Nysa
corresponding to Table III. For 44 Nysa,
Gehrels and Owings (1962) obtained a pole
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direction of Ay = 105° and B, = 30°. By
analogous calculations as for 9 Metis, we
obtain A, = 100° = 10° and 8, = 50° = 10°,
confirming the previous result of Gehrels
and Owings. The b/c ratio is 1.30. We
adopted a/b = 1.58 considering a maxi-
mum possible amplitude of 0.50 mag sug-
gested by an amplitude-longitude plot. We
note that the amplitudes corresponding to
very large or very small phase angles have
larger residuals, implying a strong
amplitude-phase relation. The results are
given in Table VI, which is similar in struc-
ture to Table IV. Figure 7 shows the phase
curves.

The resulting Vy(1, 0, 90) is 7.16 mag,
which together with the geometrical albedo
py = 0.377 as given by Morrison (1976)
leads to dimensions of 115 x 70 x 55 km?.

The phase coefficient of 0.018 mag/deg
derived here confirms the already suggested
dependence of this parameter with the
geometrical albedo (Bowell, 1978). Figure 8
shows the plot 8, versus p, for all published
values as collected by Tedesco (1978). The
open circles should be lower than drawn
because they were derived from mean V
phase curves for asteroids showing a well-
defined amplitude—phase relation. The final
results for the three asteroids are sum-
marized in Table VII.

DISCUSSION

Methods for determining poles of as-
teroids in use at present are far from satis-
factory. Several methods have been used in
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Fic. 8. Phase coefficient versus geometrical albedo. The open circles refer to asteroids showing a
well-defined amplitude—phase relation and for which a mean V phase coefficient was given.
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TABLE VII

FiNaAL RESULTS

Asteroid
9 22. 44

V,(1,0,90) (mag) 6.66 6.80 7.16
V(1,0,90) (mag) 6.80 6.92 7.35
B — V (mag) 0.85 0.72 0.71
Phase coefficient (mag/deg) 0.028 0.031 0.018
Direction of pole

Ao 191° = §° 215° = 10° 100° = 10°

Bo 56° + 6° 45° * 15° 50° = 10°
Dimensions (km) 245 x 190 x 110 215 x 160 x 130 115 x 70 x 55
Period Shms§ + 2m 4hgm + 3m 6h29m + 2m

the last years, but for all of them some re-
strictive assumptions have to be made.

Regarding the method used in this paper,
the model of a three-axial ellipsoid cannot
be universally applicable. Existence of ir-
regular shapes and macroscopic features on
the surface of the asteroids reduce the
number of objects for which this method
can be used. Comparison with results ob-
tained with other methods like photometric
astrometry could be very interesting.

Even if pole determinations based on the
relation between amplitude c.q. magnitude
and aspect cannot give values of high preci-
sion, this kind of work can be very useful
for statistical researches and, at least, can
provide a starting point for more precise
analysis.

We conclude that international campaigns
to follow selected asteroids during some
continuous oppositions should be
encouraged.
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