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Photoelectric observations of the
asteroids 84 Klio and 678 Fredeguendis
were made from Gila Observatory.
Observations of 84 Klio were made
between the dates of October 12 and
October 14, 1985, while those of 678
Fredeguendis were made between the
dates of October 26 and November 5,
1986. The following synodic rotational
periods and lightcurve amplitudes are
reported: 84 Klio, P=5.80 hours,
AM=0.04 and 678 Fredeguendis,
P=11.64 hours, AM=0.25. The rotational
periods of these asteroids have not been
previously reported in the literature.

Observations

During October of 1985 the asteroid 84 Klio came to
an unusually favorable opposition with an opposition
B magnitude of 11.6. During October of 1986 the
asterold 678 Fredeguendis reached opposition with
a B magnitude of 12.2. Observations of these minor
planets were conducted by the authors as part of a
program directed towards the determination of the
synodic rotational periods of main belt asteroids.
This research program is conducted in conjunction
with the astronomy education program at Globe High
School in Globe, Arizona. The photometric
observations described here were conducted from
Gila Observatory, located three miles west of Globe,
during October of 1985 and October and November
of 1986.

The photometric observations were made using the
V filter of an uncooled EMI Gencom Starlight 1
photon counting photometer equipped with an EMI
9924A end window photomultiplier tube. The
photometric data was recorded and reduced using a
TRS-80 model 4 microcomputer which was
interfaced with the photometer. All photometric

observations of these asteroids were made using the
14 inch Schmidt Cassegrain telescope.

For each asteroid, a nearby comparison star of
spectral class G (when possible) was selected to
minimize the effects of color dependent variations in
atmospheric extinction between the asteroid and
comparison star. The selected comparison stars
were in all cases within one degree of the asteroid,
thus reducing the corrections of differences in
atmospheric extinction to less than 0.01 magnitude.
The comparison stars were standardized using a
nearby standard star (Landolt 1973) and the
brightness of the asteroids are expressed in V
magnitudes.

Only one asteroid was observed during the course of
a single night. A 60 arc second diameter diaphragm
was used in obtaining photometric measurements of
both the comparison star and asteroid. During each
night 45 second photometric integrations of the
asteroid and comparison star were accompanied by a
15 second integration of the sky background. By
making frequent measurements of the sky
background, short term variations in the sky
background could be compensated for. The standard
procedure followed in the observation of these
asteroids was to initially obtain a photometric
measurement of the comparison star. This
measurement was followed by a single 45 second
photometric integration of the asteroid, after which
the comparison star-asteroid photometric sequence
was repeated. By making frequent photometric
observations of the comparison star, short term
variations in atmospheric extinction could be
monitored and compensated for. Individual
photometric measurements of 84 Klio and 678
Fredeguendis are subject to an average uncertainty of
0.015 magnitude. Typically 7 to 10 photometric
measurements of the asteroid were obtained during
each hour of the observing run. After every tenth
asteroid photometric measurement of each night's
observing the raw photometric data was stored on a
computer disk file. By frequent updating of this disk
file the accidental loss of an entire night of
photometric data was prevented.

Results

From the results of each night's observations a
computer generated lightcurve was constructed by
means of a Radio Shack FP-215 flat bed plotter. On
the basis of the individual lightcurves, the synodic
rotational period was deduced and a composite
lightcurve was constructed. In the construction of
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the lightcurve, variations in the V magnitude of the
asteroid on different nights due to changing asteroid
phase angle, heliocentric distance, and geocentric
distance were adjusted for by the computer. An
assumed linear phase coefficient of 0.03
magnitude/degree was used to make this adjustment.

84 Klio

84 Klio was discovered on August 25, 1865 by R.
Luthur. 84 Klio is listed as a C-type asteroid with a
diameter of 86.6 kilometers by Bowell et al. (1979).
84 Klio was observed on the nights of October 12,
13, and 14, 1985 using the 14 inch Schmidt
Cassegrain telescope at Gila Observatory. On the
basis of these three nights of observation a rotational
period of 5.80+0.02 was deduced. The amplitude of
the lightcurve of this asteroid is 0.06+0.01
magnitude. The composite lightcurve shown in
Figure 1 is constructed on the basis of a 5.80 hour
rotational period. The lightcurve is characterized by
three very low amplitude maxima and minima during
each rotational cycle. One broad and flat minimum is
seen in Figure 1 between 6.2 and 8.1 hours U.T,,
while a shallower and narrower minimum occurs
between 3.6 and 5.0 U.T. The minima appearing at
3.6 and 9.4 hours U.T. are the same minimum
separated by one rotational cycle. The three
lightcurve maxima occur at 3.1, 4.3, and 5.8 hours
U.T.

There exists no previously published lightcurve for
84 Klio in the literature. Therefore, this lightcurve
is among the first published for this asteroid.

678 Fredeguendis

The asteroid 678 Fredeguendis was discovered by W.
Lorenz in 1909. No published lightcurve exists for
678 Fredeguendis, however this asteroid has been
observed photometrically by Harris (private
communication) who quotes a rotational period of
11.75 hours on the basis of his unpublished data.
678 Fredeguendis was observed on October 26 and
28, and on November 5, 1986 using the EMI
Gencom Starlight 1 photometer attached to the 14
inch Schmidt Cassegrain telescope at Gila
Observatory. On the basis of these observations a
rotational period of 11.641+0.02 hours was
determined for this asteroid. The composite
lightcurve shown in Figure 2 is constructed on the
basis of a 11.64 hour rotational period. The
amplitude of the lightcurve is 0.23+0.01 magnitude.
The proposed composite lightcurve displays two
maxima and two minima during each rotational
cycle. A lightcurve for 678 Fredeguendis exhibiting

situation, requiring the brightness changes of the
asteroid to be largely attributed to albedo variations
across the surface, is viewed as being less likely on
the basis of the relatively large lightcurve amplitude
observed for this asteroid. A single periodic
lightcurve would yield a rotational period of
Fredeguendis of 5.82 hours.
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basis of the obtained photometric data. This
Asteroid Aspect Data
1950 1950
Date R.A Dec. Long. Lat. r A Comparison
Asteroid (U.T.) h m ° 1 ° ° (AU) (AU) Star
84 10/12/85 0 35.2 +20 22 16.3 +15.2 1.873 0.891 SAO 74154
Klio 10/13/85 0 34.2 +20 20 16.0 +15.2 1.874 0.894 SAO 74154
10/14/85 0 33.2 +20 18 15.8 +15.3 1.876 0.897 SAO 74154
678 10/26/86 2 48.6 +27 00 47.8 +10.3 2.019 1.053 SAO 75594
Fredeguendis 10/28/86 2 47.0 +26 52 47.4 +10.3 2.019 1.048 SAO 75594
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PLANETARY ATTRACTIONS
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It was found that the order of the
attractions by perturbing major planets
on minor planets in the central Main
Belt (2.5-2.8 AU) is as follows: Jupiter,
Saturn, Earth, Venus, Mercury, Mars,
Uranus, Neptune, Ceres, Vesta, Pluto.
Direct and indirect attractions tend to
add up for the inner planets, but they
tend to cancel each other out for the
outer planets. This is another reason
why perturbations by the inner major
planets cannot be ignored.

During extensive testing of a computer program
which I wrote some time ago, I discovered some
facts which may be of interest to readers of the
Minor Planet Bulletin. The program computes
perturbations of minor planet orbits, and is based on
Section 3 of Tattersfield (1984). One question
which persisted in my mind as I was writing and
testing out the program was, "Which major planets
are the strongest perturbers of minor planet orbits,
and what are their relative attractions?" I was unable
to find an answer to this in any book on Celestial
Mechanics, or any other literature which dealt with
the subject of planetary attractions. When I finally
arrived at an answer to this question, the relative
order of the planetary attractions came as a surprise.

Tattersfield strongly suggests that calculating
attractions by only Jupiter and Saturn are sufficient
for calculating orbits of comets, and by extension,
minor planets, in the Solar System. He does not say
this specifically, but he certainly implies it. Eckart
et al. (1951) use attractions by Jupiter through
Neptune in their calculations, and say that "The
attractions of the inner planets . . . are scarcely
perceptible . . ." The masses of the inner planets are
merely added to the mass of the Sun. In Duncombe
(1969), perturbations are computed for all planets
from Venus through Pluto, but the mass of Mercury
is merely added to the mass of the Sun. This is
typical of references which can be found in the
literature.

However, Brian Marsden, in a private
communication, said that the attractions by all major
planets except Pluto should be taken into account.
He was quite right that the attractions by Mercury
cannot be ignored. In fact, these turned out to be
greater than the attractions by Uranus, Neptune and
Mars, except that Mars exceeds Mercury for the
Flora and inner Main Belt (2.0-2.5 AU) zones.

After I programmed in attractions for the eight
planets from Mercury through Neptune, the relative
attractions by these planets upon the orbits of Ceres
and Pallas were printed out. As expected, Jupiter
was the strongest perturber, and Saturn was second,
but the rest turned out to be a surprise. The third

strongest perturber was not Uranus, but Earth, with
Venus a close fourth. Uranus, in fact, was seventh.
The Earth and Venus sometimes switch places. The
actual order of the attractions on the majority of
objects was found to be: Jupiter, Saturn, Earth,
Venus, Mercury, Mars, Uranus, Neptune, Ceres,
Vesta, Pluto. These results are shown in Tables I
and II. Mercury has consistently stronger attractions
for minor planets than does Mars (except for the
Floras and the inner Main Belt) despite being farther
away and containing less mass. The reason for this is
explained below.

The next question to answer is, "Is the program
working correctly?” To answer that question, I took
the orbits of Ceres and Pallas from the 1986
Ephemerides of Minor Planets (EMP), and ran them
through the perturbation program to see how close I
could get to the elements in the 1988 volume of
EMP. Although the new elements of Ceres were
slightly off, the elements of Pallas came out very
close to the printed values. I did the same for orbits
of typical planets from Aten to Chiron, and got
similar results.

My conclusions here are as follows:

1. For all orbits beyond the Hungarias, integration of
the orbits at ten day intervals was sufficient to give
satisfactory results in most cases. Integration at four
day intervals gave a small improvement.

2. Integration of the orbits of the Hungarias and
Mars Crossers at four day intervals gave very good
results. For the Apollos, Amors and Atens, it was a
bit more complicated, as indicated in Table III.

For the Apollos, Atens and Amors, the best
integration interval depended on the number and
degree of close approaches to the major planets.
(1566) Icarus never did come out exact, even at half
day intervals, but I did not go further because of the
complexities involved. Icarus was really a rare
exception, because it had three rather close
approaches to major planets within a 400 day period,
namely, June 19, 1986 to July 24, 1987. The orbits
of planets in Table III were computed for only 400
days.

Having satisfied myself that the program was
working correctly, I next turned to the question of
why Venus attracted minor planets as strongly as
Earth, and why Mercury attracted them stronger
than Mars. I broke up the attractions separately into
direct and indirect attractions, and printed them
out. To my amazement, the indirect attractions
exceeded the direct for all planets from Mercury
through Mars, and at times, even for Jupiter. The
indirect attractions on (2060) Chiron exceeded the
direct attractions by every major planet.

Tattersfield discusses the direct and indirect
attractions to be calculated on page 86 of his book.
He does not derive these formulae, or even discuss
the theoretical basis for them. The clearest
exposition I could find was in Watson (1868, p. 426),
a very thorough treatment of the subject. He gives
the perturbing function as follows:

’
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