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THE LIGHT CURVES OF THE ASTEROIDS (198) AMPELLA,
(481) EMITA AND (772) TANETE
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ABSTRACT

The light curve of the main belt asteroid (198) Ampella was measured at phase angles 1, 6 and
13 degrees during 10 nights. The periodicity of the light curve is 10.378 + 0.003 hours. Ampella’s
photometric amplitude at opposition is 0.13 magnitudes and increases with phase angle by 0.006
magnitude/degree. Its two dimensional symmetric profile has been determined from its light curve
and is nearly circular with a breadth ratio of 1.13. Less than one quarter of the curve of the asteroid
(481) Emita was measured on one night which gave a lower limit of 20 hours for the period and 0.15
magnitude for the amplitude. A half period or less was measured of the light curve of (772) Tanete
which gives a lower limit for the period of 12 hours and a minimum amplitude of 0.13 magnitude.

RESUME

La courbe de luminosité de (198) Ampella, I’'un des membres de la ceinture d’astéroides, a été
mesurée a des angles de phase de 1, 6 et 13 degrés pendant 10 nuits. La courbe de luminosité a une
période de 10.38740.003 heures. L’amplitude photométrique d’Ampella en opposition est de 0.13
magnitude et augmente de 0.006 magnitude par degré d’angle de phase. Son profil bidimensionnel
symétrique a €té déterminé a partir de cette courbe de luminosité. Le profil est presque circulaire
avec un rapport axial de 1.13. Des courbes de luminosité partielles ont aussi été mesurées pour
les astéroides (481) Emita et (772) Tanete. Ces courbes donnent une période et une amplitude
photométrique minimum de 20 heures et de 0.15 magnitude pour Emita et de 12 heures et 0.13
magnitude pour Tanete.

LS

Introduction. The purpose of our measurements was to determine the periods of
rotation and light curves of asteroids that have not been reported in the literature.
Ampella, Emita and Tanete were selected because they were bright enough for
us to measure accurately with a 0.5 metre telescope. Time and weather allowed
the light curve of Ampella to be measured in detail, but restricted measurements
on Emita and Tanete to one night each.

The asteroid (198) Ampella was discovered on June 13, 1879, by A. Borrelly
(Pilcher 1979) at Marseille. The compilation of ground-based photometry and
Infrared Astronomical Satellite data by Tedesco (1989) lists Ampella as having
a moderate visual albedo of 0.19, a rather reddish colour (B —V = +0.88), and
a diameter of 59 km with a one-sigma uncertainty of 3 km. Tholen (1989) has
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classified Ampella as an S-class object (olivine-pyroxine-metal assemblage). It
is an inner asteroid belt object (@ = 2.43 AU, e = 0.231, i = 9.29 degrees) and
is near the 3:1 mean motion resonance with Jupiter.

(481) Emita is listed as a Class C asteroid with a diameter of 116 km, an
albedo of 0.041, and a B — V = 0.70. (772) Tanete is also Class C but with a
diameter of 123 km, a colour index of 0.67, and albedo of 0.055.

Procedure. The asteroids were observed with the 0.5 metre reflector of the
Climenhaga Observatory at the University of Victoria using a photometer based
on the Thomson 7882CDA CCD chip. The telescope is computer controlled and
will guide on a star on the CCD frame. The observations were automatically
terminated, the dome slit closed, and the telescope drive stopped at a pre-set
time or if thick clouds, or excessive airmass occurred (Robb et al. 1992). The
computer automatically repeated the same exposures throughout the session and
stored the CCD frames on camputer disk with essential time and position data.
Some of the nights were not of photometric quality; however, the sky, asteroid
and comparison stars were observed on the same CCD frame, so thin clouds
did not degrade the differential measurements. Owing to the proximity of the
asteroid and comparison stars in position, no extinction correction was necessary
and none has been made.

The times of the observations of Ampella are given in Table I. The small
size of the CCD chip restricts our field of view to 8’ x 5’ limiting our choice
of comparison and check stars. The comparison stars used are listed in Table
I; positions and magnitudes are from the Hubble Space Telescope Guide Star
Catalog (Jenkner er al. 1990). None of the comparison stars have had their
spectral type determined. The exposure time ranged from 75 to 200 seconds
depending on the brightness of the available comparison stars. The brightness of
the primary comparison star was checked against two to three other stars in the
field and was found in all cases to be constant within our error limits of 0.005
magnitudes.

The CCD was used unfiltered to obtain good photon statistics and provide
the best precision in magnitude determinations. The resultant magnitudes are
very similar to Cousins R band magnitudes. If V filters had been used, the peak
counts would have been one seventh as high as with the R filter and longer
exposures would have sacrificed time resolution of the measurements.

Data analysis. The frames from each night were reduced using IRAF*. . Each

*IRAF (Image Reduction and Analysis Facility) is distributed by the National Optical Astronom-
ical Observatories, which is operated by the Association of Universities for Research in Astronomy,
Inc., under contract with the National Science Foundation.
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TABLE I
(198) AMPELLA OBSERVATIONAL DATA — 1993

Coordinates (2000)

Hubble

1993 Exposure  GSC RA Dec Magnitude

uUT Julian = Observation time Star shift

Date Day  Period (UT)  (sec) mag h m s e o used
Jan 16 2449003  4.3-12.3 200 129 7 41 08 14 41 11 —145
Jan 19 2449006  3.8-7.1 75 99 7 37 58 14 32 27 1.91
Jan 23 2449010 7.0-9.9 200 125 7 33 58 14 40 27 —0.51
Jan 30 2449017  3.5-11.3 150 11.3 7 26 41 14 42 51 0.195
Jan 31 2449018 2.9-8.0 200 11.8 7 25 35 14 4 02 —-1.32
Feb 1 2449019  3.7-6.5 150 123 7 24 53 14 43 34 —-0.77
Feb 3 2449021 3.6-6.9 120 114 7 23 20 14 44 03 0.46
Feb 14 2449032  4.9-8.2 200 120 7 15 41 14 52 53 0.24
Feb 19 2449037 3.6-9.6 200 120 7 13 14 14 56 02 0.18
Feb 23 2449041 3.8-5.7 200 123 7 12 20 14 56 14 —1.17

frame had the bias subtracted and was flat fielded using a dome flat. The aper-
ture photometry for each star and the asteroid was performed using the PHOT
package (Stetson 1987) with a twenty arcsecond aperture. The sky was measured
in an annulus surrounding each object measured. The telescope was moved at
the end of each exposure in order to keep a star on the same pixels; thus Ampella
moved across the frame. In an eight hour observation session, Ampella would
move a maximum of four arcminutes westward and since the long axis of the
CCD chip is oriented east-west, the image stayed well within the boundaries of
the imaging area. The photometric measurements of Ampella and the primary
comparison star were made for each individual frame by setting on the object
by hand.

The V magnitudes of the Hubble Guide Star Catalog comparison stars shown
in Table I are not known to better than 0.1 magnitude and therefore could not
be used to determine the nightly magnitude of Ampella. None are in the SAO
catalog of stars. As a result, each set of observations had to be adjusted in
magnitude, using the shape of the light curve itself.

Ampella’s light curve period. No periodicity was observed in the data from any
single night’s observation, and since the longest was 8.0 hours, the period of
Ampella’s light curve had to be greater than eight hours. Segments of the light
curves for each night were plotted with the same time and magnitude scales and
then, using several distinctive variations in the curve, the segments were pieced
together with appropriate shifts in magnitudes and phases.
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For precise period determination and final adjustments in magnitude, the data
were imported into a computer spreadsheet (Lotus 123) programmed for this
analysis. All times were corrected for light travel time. The period fractions were
calculated for all the data points using a single rotational period for Ampella.
The graphing facility of the spreadsheet allowed for quick observation of the
quality of fit as the period was adjusted to bring all the data segments together
to form one cycle of Ampella’s light curve. The magnitude shifts used are given
in Table I. There is good phase fit of all 10 segments using one period which
gives confidence that the light curve shape is correct. The period was determined
to be 10.378 & 0.003 hours. The zero phase of the period was arbitrarily set
at 207800 UT, 15 January, 1993 (JD = 2449003.3667) to place the light curve
maximum at zero phase.

The observations of Ampella’s light curve were clustered in three different
observing runs corresponding to three phase angles* of Ampella with the Sun
and Earth. The physical situations of the observations are given in Table II. The
average phase angles for these three groups are 0.7 degrees, 6.3 degrees, and
13.1 degrees with 222, 318, and 130 data points respectively. Careful analysis
of the light curves assembled for each of these three groups showed that they
were each slightly different from each other. The three light curves are shown
in figures 1la, 1b, and 1c.

In figure 2, we have plotted all of light curve data using a doubled period
of 201756. This shows that the curves are very similar but not identical in the
two 10"378 hour half-periods. Unfortunately, the data in the two halves were
from different phase angles and this is probably the source of the slight dif-
ferences. As a result it is not possible to use these data to determine if the
rotation period of Ampella is 20.756 hours rather than 10.378 hours. There are
not enough data available at each phase angle to get useful light curves over
20.756 hours.

Ampella’s Light Curve Shape. The most obvious features of the curve are its
three maxima and minima in one 10.378 hour period. These do not change in
position with phase angle but the minima do deepen and the one at 0.70 sharpens.
A minor dip in the curve occurs at 0.90 and appears in all three graphs.

As the phase angle of an asteroid increases, shadowing begins to become
important and light curve features and amplitude increase in magnitude. Zappala
et al. (1990) have shown, that, for phase angles less than 40 degrees, light curve
amplitudes increase linearly with phase angle (amplitude-phase relation, APR).
Comparison of figures 1a, 1b, and lc shows that, as Ampella’s phase angle

*Phase angle is the angle between the line of sight from the Earth to the asteroid and the radius
vector from the Sun to the asteroid.
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TABLE 11
ORBITAL POSITIONS AND LIGHT TIME CORRECTIONS — (198) AMPELLA

Heliocentric Coordinates

Sun-to- Earth-to- Light Longitude
1993  Ampella Ampella travel Phase Ampella
uT Distance Distance time Angle Earth Ampella latitude
Date (AU) (AU) (hr) ®) ) ®) )

Jan 16 2.616 1.621  0.2247 —0.84 113.86 115.22 —4.15
Jan 19 2.623 1.628  0.2256  0.52 116.71 115.85 —4.25
Jan 23 2.632 1.642  0.2276 246 120.8 116.74  —4.37

Jan 30 2.648 1.677 0.2325 5.61 127.71 118.23 —4.59
Jan 31 2.650 1.683  0.2333  6.00 128.62 118.43 —4.61
Feb 1 2.652 1.689  0.2341 6.43 129.57 118.63 —4.64
Feb 3 2.656 1.703  0.2360  7.28 131.61 119.06 —4.70

Feb 14 2.680 1.796  0.2489 11.55 142.64 121.37 —5.03
Feb 19 2.691 1.847  0.2559 13.22 147.64 122.41 -5.17
Feb 23 2.699 1.891  0.2621 14.41 151.62 12322  —5.28

increases, the light curve amplitude does indeed increase. These changes in
amplitude are plotted in figure 3. The amplitude at 13 degree phase angle is
known with less certainty because the segments from different nights do not
overlap; the fit had to be estimated from the shapes of the segments and the
general shape of the curve determined from the other phase angle curves. The
amplitude for the largest minimum, however, is well determined and is also
plotted as a function of phase angle. Its APR is also linear and has nearly the
same slope as the light curve amplitude, which implies that the estimate made
for the amplitude at 13 degree phase angle is reasonable.

The APR slopes determined from the data in figure 3 are m = 0.006 &= 0.001
magnitudes/degrees. The light curve amplitude at opposition is A(0°) = 0.13 &+
0.01 magnitudes. Zappala (1990) found that a sampling of 16 S-type asteroids
had a mean slope versus opposition amplitude of m/A(0°) = 0.030 per degree.
Similar samples of APRs for C or M-type asteroids have smaller APRs. Although
Ampella’s APR is larger by 50 per cent than the average S-type asteroid, it is
not very different from the S-type asteroid (12) Victoria that has m = 0.006 and
A(0°) = 0.15.

Ampella’s Shape and Albedo. The 0.13 magnitude amplitude of Ampella’s light
curve can be a result of a 13 per cent variation of the cross-sectional area of
Ampella, a 13 per cent variation in its albedo, or a combination of both.
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(198) Ampella
10.378 hour period - Phase Angle 1 degree
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(198) Ampella
10.378 hour period - Phase Angle 13 degrees

01 T T T T T | L T 7 T T I T T L B -
RS0 o %%@
() % (V)]
8 [ ) c;,%) @
2 00 .
C
[m]
g B .
o e} o D% -
2 i .
5 2 g o
Qo iy ]
® .01 L o 0% 0 JD 2449032
o i %ﬂg ® B 0 JD 2449037 }
| o % i < JD 2449041
L 0&
- 1 L ] IO 1

2 e — R
0.0 01 02 03 04 05 06 07 08 09 10 11
Periodic Phase Fraction
FiG. 1—The photometric light curve of (198) Ampella plotted versus the periodic fraction using a
10.387 hour period. A period fraction of 1.0 is equivalent to 360 degrees. (a) A composite of three
nights of observation with average phase angle of 0.7 degrees. (b) A four-night composite with an
average phase angle of 6.3 degrees. (c) A three-night composite with average phase angle of 13.1
degrees.

If the light curve is the result of albedo variegations, the rotational period of
Ampella will be 10.378 hours, the same as the period of the light curve.

If the light curve is due entirely to geometrical scattering® then the rotation
period of Ampella will be 20.576 hours. In this case the light curve in the
two half periods will be the same at zero phase angle, but, as the phase angle
of observation increases, an asymmetry should develop between the two half
periods. The Ampella data were not taken at large enough phase angle for the
light curve to show any asymmetry. The strongest evidence for geometrical
scattering is that the light curve amplitude increases with phase angle.

Barucci et al. (1989) used Fourier analysis of light curves to try to classify
a group of asteroids as to albedo variegation and shape. They compared the

*Geometrical scattering means that the brightness of the object is proportional to the area of its
illuminated surface projected on the plane of the sky.
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(198) Ampella Light Curve
All data on 20.756 hr period
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FiG. 2—All ten nights of data plotted using a 20.576 hour period. Four of the ten sets of data had
data in the first half period but represented only 21 per cent of the data.

Fourier coefficients of the squared intensity of asteroids’ light curves with those
of measured laboratory models. Three of their twelve models include albedo
variegations and 20 per cent of the 91 asteroids they examined fitted that group.
We have analyzed the light curve of Ampella in a similar manner and those
Fourier coefficients are given in Table III. The coefficient ratios vary with aspect
angle, and Ampella’s aspect angle for this apparition is not known. If it is
assumed that the angle is near 90 degrees, then Ampella’s coefficients do not
match any of the variegated models.

If the assumption is made that the light scattering is geometrical, the
Fourier coefficients may be used in the deconvolution of the light curve into a
convex profile to obtain an approximation to the shape of Ampella. Ostro and
Connelly (1984) have developed a mathematical method that produces a two-
dimensional convex profile from an asteroid’s light curve. This profile is an
average of the asteroid’s geometrical cross section perpendicular to the line of
sight projected onto the asteroid’s equatorial plane. Figure 4 shows the profile
determined with this method. Only a symmetrized profile can be obtained be-
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(198) Ampella
Light Curve Amplitude versus Phase Angle
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FiG. 3—The amplitude of the light curves of Ampella plotted versus their phase angle. The
amplitude at 0.70 period fraction is plotted to compare with that of the full amplitude.

TABLE III
INTENSITY FOURIER COEFFICIENTS

Fourier components of Fourier components of light
light curve intensity curve with intensity squared
Harmonic Harmonic Phase Harmonic
order amplitude angle amplitude
n C(n) (degrees) C(n)
0 0.9645 1.045
1 0.0252 18.6 0.110
2 0.0150 —5.1 0.065
3 0.0075 13.2 0.030
4 0.0045 89.4 0.019
5 0.0040 4.7 0.018
6 0.0045 82.0 0.019
7 0.0026 —6.2 0.011
8 0.0008 —94 0.003
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(198) Ampella

Two Dimensional Polar Profile
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Fic. 4—This is the symmetrized convex profile of Ampella as determined from its light curve
at 6 degrees phase angle assuming geometrical light scattering. The breadth of the profile in any
one direction will be approximately proportional to the brightness of the asteroid seen in a direction
perpendicular to that direction. (See Ostro and Connelly (1984) for a complete description). Note
that the profile has duplicate features in 180 degrees of rotation. Near opposition, there are no
shadows and the asteroid will look the same when rotated 180 degrees. As a result, the analysis can
only produce a profile with this two-fold symmetry.
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Emita
Partial Light Curve Feb 23 1993
| ©Oo
0.4 ]
I OOO o 5
o | O O®O o4 e
S | o®% o
= o
@ & ®
=
2 o) Ny Oo
£ 03 | Q -
© O o)
o
® o
Sm®
o)
0.2 bt

80 85 90 95 100 105 11.0 115 120 125 13.0 135 140
Universal Time (hours)

F1G. 5—A partial light curve of the asteroid (481) Emita. Since a typical full period of a light
curve shows two maxima and two minima, this curve is less than one quarter of a period and less
than full amplitude. Only lower limits of the period and amplitude can be determined.

cause the data were taken near zero phase angle when the shadowing effects
are small. Ampella is nearly circular and its breadth ratio determined from this
shape is 1.13.

Conclusions. For its size and type, Ampella has a typical rotation period (as-
suming a 10.378 hour period) and a smaller light curve amplitude (0.13 mag-
nitudes) than average. Binzel et al. (1989) determined that the mean rotation
period of an S-Type asteroid 60 km in diameter is about 11 hours and the av-
erage light curve amplitude for all asteroids with diameter less than 125 km
is about 0.25 magnitudes. There is, however, an excess of slow rotators in the
distribution, so, if Ampella had a period of 20.576 hours, it would not be the
only such asteroid.

The fact that very few light curves show three maxima and minima makes
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(772) Tanete Light Curve
April 12, 1993
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FI6. 6—A six hour section of the light curve of the asteroid (772) Tanete obtained on 12 April,
1993.

Ampella’s light curve interesting, but the structure in the curve may very well
change at the next apparition. A good example of this is (37) Fides (Zappala
(1983)) for which dramatic changes in light curve character occurred from one
opposition to the next.

This is the first light curve for Ampella, and additional light curves will
be needed to determine the type of scattering that is occurring. This then will
eliminate the uncertainty between a 20.756 hour and a 10.378 hour synodic
period. If geometrical scattering dominates, then light curves at a phase angle
of more than 12 degrees will be needed to determine Ampella’s mean cross
section.

(481) Emita and (772) Tanete. A partial light curve of (481) Emita was measured
on 23 February, 1993, and is shown in figure 5. In the five hour measurement
only a decreasing brightness is indicated. This puts a lower limit of 0.15 mag-
nitude on the amplitude and approximately 20 hours on the period of rotation
of Emita.
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TABLE IV
OBSERVATIONAL DATA FOR EMITA AND TANETE

Star Coordinates (2000)

Hubble
Time (UT) GSC RA Dec
Date of Star

Asteroid  (1993)  Observation  V mag h m s o

Emita 23 Feb 8.5-13.0 12.6 11 02 05 22 45 20
Tanete 12 Apr 6.1-12.4 12.7 14 13 14 19 24 48

HELIOCENTRIC POSITIONS

Position Earth Asteroid
Asteroid Longitude Phase
Heliocentric Long. (°) Lat. (°) ©) Angle
Emita 156.7 9.8 151.9 —227
Tanete 203.2 19.7 200.5 —1°5
TABLE V

MINOR PLANET OPPOSITIONS

Approximate Heliocentric
Minor opposition latitude
Planet date ©)
Ampella Feb 1, 1997 —6.1
Emita Dec 25, 1996 +4.2
Tanete Dec 16, 1996 +10

Six hours of measurements were made of the light curve of (772) Tanete
on April 12, 1993, and these are shown in figure 6. Only one minimum
was observed between the maxima at the beginning and end of observation.
Typical light curves have two maxima and two minima and, if we assume
Tanete is typical, the measurements show approximately half a period and
hence the period of rotation of Tanete is probably 12 hours or longer. The am-
plitude of 0.13 magnitudes that we measured represents the minimum possible
amplitude.

Table IV shows the observational data for Emita and Tanete. Both Emita
and Tanete are about 125 km in diameter and both have periods that are long
compared with the mean for this size asteroid.
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Measurements at Next Opposition. The three asteroids measured here are bright
enough to be studied with small research telescopes and they will again be in
good position for light curve measurements in the northern hemisphere during
the winter of 1996-97. They can best be studied in the southern hemisphere in
1994-95. The approximate opposition dates are given in Table V.

Note added in proof: A very similar three-extrema light curve for Ampella,
amplitude 0.22 magnitude, period 10.383 hours, has been published by J.A.
DeYoung and R.E. Schmidt, Minor Planet Bulletin 20, 31, 1993.
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