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ABSTRACT

UBYV photometry and lightcurves of asteroid 29 Amphitrite from all observed apparitions
(March 1956-May 1977) are combined to obtain a phase function having a linear phase coeffi-
cient of 0.030 + 0.002 mag/deg and a mean absolute magnitude F'(1,0) of 6.19 + 0.04. Amphi-
trite displays a reddening of its B — V color index with increasing solar phase angle:
0.816 + 0.004 at a phase angle of 2° and 0.848 4 0.004 at 23°. Since Amphitrite’s orbital incli-
nation is low (6°) and its lightcurve amplitudes range between 0.06 and 0.11 mag, and are well
distributed in longitude, we conclude that the obliquity of its pole is significantly different from
zero. During some apparitions Amphitrite’s lightcurves display only one maximum and mini-
mum per 5.3904 + 0.0007-hr rotation period while in others as many as five of each are pre-
sent. We interpret this to mean that Amphitrite has a quasi-spherical shape with a highly

irregular and/or variegated surface.

I. INTRODUCTION

Lightcurves and UBV photometry of Amphitrite
have previously been published by Chang and Chang
(1963), Debehogne et al. (1978), and van Houten-Groen-
eveld et al. (1979). In addition, UBV observations have
been made by Wisniewski and Bowell in 1974 (published
in Zellner et al. 1975), Tedesco in 1974 (this paper), and
Bowell in 1975 and 1976 (personal communication).
Here we combine these data with lightcurve observa-
tions presented in this paper in order to determine a
phase function, absolute magnitude, color-phase vari-
ation, and preliminary pole location and shape for
Amphitrite.

II. OBSERVATIONS

Six lightcurves of Amphitrite were obtained, during
two different apparitions, using the 41-cm telescopes of
the Kitt Peak National Observatory. Observers and
telescopes are identified in the lightcurve figure cap-
tions. Table I gives the aspect data for these observations
while data on the comparison stars and the quality of the

nights are given in Table II. A summary of the UBV
photometry is given in Table III. Bowell’s observations
were obtained with the 102-cm reflector of Lowell Ob-
servatory as part of the UBV asteroid survey described
in Bowell and Lumme (1979), while those by Tedesco
were obtained with the 61-cm reflector at the Blue Mesa
Observatory of New Mexico State University.

III. LIGHTCURVES: SHAPE AND ROTATION AXIS

The 1970 lightcurve (Fig. 1) displays five maxima and
five minima, while the 1972 lightcurves (Figs. 2—6) dis-
play only one maximum and one minimum per rotation.
Multiextrema lightcurves of 29 Amphitrite have been
observed previously by Chang and Chang (1963), Debe-
hogne et al. (1978), and van Houten-Groeneveld et al.
(1979). In fact, the complex lightcurves displayed by 29
Amphitrite led van Houten-Groeneveld ez al. to propose
a tetrahedral shape for this object. A similarly unortho-
dox shape (i.e., a kidney-bean) has also been suggested to
explain the multimaxima lightcurves of 1580 Betulia
(Tedesco et al. 1978). Both papers noted that unambigu-

TABLE 1. Aspect data for Amphitrite.

Distance Distance Ecliptic
Obs. date Phase from Sun from Earth Light R.A. Dec. Long. Lat.

(ut) angle (AU) (AU) time (1950) (1950) (1950) (1950) Fig.
70.10.18 +3%32 2.402 1.411 090081 oMs7™s +10%43" 17935 +04%23 1
72.02.24 +1.61 2.553 1.565 0.0090 10 24.3 +14 00 152.73 +03.75 2
72.03.11 + 8.21 2.566 1.616 0.0093 10 9.6 +14 45 149.13 +03.17 3
72.03.12 +8.72 2.566 1.622 0.0094 10 7.8 +14 51 148.68 +03.11 4
72.03.18 +11.12 2.571 1.659 0.0096 10 3.6 +14 53 147.72 +02.79 5
72.03.19 +11.44 2.572 1.665 0.0096 10 3.6 +14 47 147.76 +02.69 6

+0.01 +0.001 +0.001 +0.0001  + 0.1 + 01 + 0.01 +0.01
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TABLE II. Comparison stars and quality of nights.

Scatter of

Obs. date R.A. Dec. v B-v comp. readings

(uT) (1950) (1950) (mag) (mag) (mag Remarks
70.10.18  00"s7™2  +10%1'  10.09 0.21 +0.010 Clouds late
72.02.24 10 24.3 +14 00 11.17  0.51 0.014 Some wind
72.03.11 10 08.3 +14 42 8.55 1.06 0.006 Some clouds
72.03.12 10 08.3 +14 42 0.006 Not photometric
72.03.18 10 03.6 +14 53 11.59 0.56 0.007
72.03.19 10 03.8 +14 47 10.26 0.74 +0.007

# 0.1 + 01 +0.01 +0.01

ous shapes could not be deduced given the available
data. The lightcurves presented here, especially those
observed during the 1972 apparition, enable us to make
some quantitative estimate of the ellipsoidal figure
which gives a reasonable fit to the amplitudes observed
for Amphitrite’s lightcurves. We are still unable to pro-
vide a detailed model which will explain all the features

observed in the lightcurves, although this should ulti-
mately be possible given additional observations.
Amplitudes observed for Ampbhitrite during the five
apparitions during which lightcurve observations have
been obtained are presented in Table IV together with
the ecliptic coordinates and phase angles at which they
were observed. Note that the amplitude was generally

TaBLE IIL Photometry for Amphitrite.

Obs. date Phase V(1,a) B-V U-B References Observer Comment
(ur) angle (mag) (mag) (mag)
56.03.04 -10.2 6.50 0.88: ... Kuiper et al., 1958 a
70.10.18 +03.3 6.21 0.82 0.39 This paper Vesely b
72.02.24 +01.6 6.05 0.81 0.40 " " Taylor b
72.03.11 +08.2 6.41 0.86: 0.44 " " Dunlap b
72 03.18 +11.1 6.53 0.82 0.41 " " Howes b
72.03.19 +11.4 6.54 0.81 0.41 " " Howes b
74.08.30 -14.6 6.59 cee " " Tedesco a
74.09.28 -01.9 6.05 0.80 0.44 Zellner et al., 1975 Wisniewski a
74.09.30 -01.1 5.97 0.82 0.34: This paper . Tedesco a
74.10.02 +00.9 6.01 0.83 0.50: Zellner et al., 1975 Wisniewski a
74.10.03 +01.2 5.99 0.81 0.34: This paper Tedesco a
74.10.20 +09.0 6.42 " " Tedesco a
74.10.21 +09.5 6.49 " " Tedesco a
74.10.26 +11.6 6.60 0.83 0.38 " " Tedesco a
74.11.24 +20.8 6.83 0.86 0.46 " " Tedesco a
74.12.17 +23.9 6.98 0.85 0.41 Zellner et al., 1975 Bowell a
75.12.04 -22.9 6.77 0.85 0.38 c Bowell a
75.12.06 -22.7 6.85 0.84 0.41 c Bowell a
76.05.02 +22.8 6.88 0.84 0.40 c Bowell a
77.05.29 +03.3 6.17 0.82 0.38 Debehogne et al., 1978 ... b

a No lightcurve.
b Lightcurve
¢ Personal cammunication

Inconsistent data; not used in least square fit.

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1981AJ.....86.1553T

3T,

- 19

[IOBIALCI..38B

1555 TEDESCO AND SATHER: ASTEROID 29 AMPHITRITE 1555
[T ' [ ' | ' | ! I ! | ' T
m o —
.00 — 0%y ] FIG. 1. Lightcurve of asteroid
i . F " oS 2 __ 29 Amphitrite observed by C.
n o * ° 88 eoo F — D. Vesely at Kitt Peak No. 3
L o LY 0, L4 #%8, 41-cm telescope. V(1,@)
o [ 4 '\ o ‘J .~~ ¥ o Ve ] pe. oy
1o . ., W8 oct 970 * =615
il IR EN U NN N N B
4:00 5:00 6:00 7:00 8:00 9:00 10:00UT
I I l T l I I I l I
rnOO i
Rt B | Fic.2. Lightcurve of asteroid
[ ] —
- -, ' ”’ J, % , .’*‘ 29 Amphitrite observed by
b g J'S 5o, .%' S W& T RCTayloratKittPeak No.
- ° w .% Tl 3 4l-cm telescope. ¥ (l,a)
B 7 =5.99.
Jof- 24 Feb 1972 . b
- ] 1 L 1 | L I 1 | | ]
7:00 8:00 9:00 10:00 1:00 uT
m L T I T I T I T | T I T l T l T i
00— - . SROR Il Mar 1972 . @ ] F1G. 3. Lightcurve of asteroid 29 Am-
- ® ° - -e ™ 'op o N - o . .
N PRV Y X ) o . w. %52 ° | nphitrite observed by J. L. Dunlap at Kitt
- * .\OQ'on‘-“: R Cahdt ** 1 Peak No. 4 41-cm telescope. V,(1,@)
0= | 1 | L | 1 | 1 | 1 | 1 | = 6.35.
5:00 600 7:00 8:00 9:00 10:00 Mmoo uT
T 1
n [ | |
00— e, —
Y 'o‘.%o L)
L .’°g -
e ]
[ 12 Mar 1972 0¥ ® ]
°
10 | 1 ] 1 |
4:00 5:00 6:00 UT
FiG. 4. Light curve of asteroid 29 Amphitrite observed by J. L. Dunlap
at Kitt Peak No. 4 41-cm telescope.
T I Y e
00— -
L J“'o 18 Mar 1972 | FIG. 5. Lightcurve of asteroid 29
N ‘.. ~ Amphitrite observed by M. L.
et otpf * o M, o ® H Kitt P !
L R . . ° P & o % eg® - HowesatKitt Peak No. 3 41-cm
- @ ~ kv » .g.'u’ WP &% telescope. Vy(l,a) = 6.47,
JO— —
| ] | 1 | 1 | 1 | ] | 1 =
4:00 5:00 6:00 7:00 8:00 9:00 uT

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1981AJ.....86.1553T

[IOBIAL . I .38

1556 TEDESCO AND SATHER: ASTEROID 29 AMPHITRITE 1556
T [ T l 1 I B I T ‘ T l T l T i
m
00— @ o ® —1 FIG. 6. Lightcurve of asteroid
RS x}' v . .. N :"’".."". 1 29 Amphitrite observed by
r o :’V ¢ Pl .'faﬁu“..‘“.} ,.& e™, 1 M. L Howes at Kitt Peak
L L2 30 A L 05 71 No. 3 4l-cm telescope.
10— 19 Mar 1972 o - 5 B
n 1 Vyla) =648
1 l 1 I 1 L 1 J R l 1 l 1 | 1
300 4:00 5:00 6:00 7:00 8:00 9:00 10:00 uT

near 0.12 + 0.01 mag except during the 1972 apparition
when it was only 0.06 mag.

These data establish that the maximum observable
amplitude for Amphitriteis 0.14 mag. This maximum
amplitude occurs at ecliptic longitudes between 45° and
90° (mod 180°). If Amphitrite’s shape is nonspherical
and the obliquity of its pole nonzero, then its amplitude
at a longitude between 135° and 180° should be signifi-
cantly less than 0.14 mag. As shown in Fig. 7, this is
indeed the case. Since an asteroid will display its maxi-
mum lightcurve amplitude when its aspect (i.¢., the an-
gle between the line of sight and the rotation axis) is 90°
we conclude that, if Amphitrite’s shape can be approxi-
mated by a biaxial ellipsoid, then the axial ratio of this
ellipsoid will be near 1.14:1.00 with the rotation axis
coinciding with the shorter axis (Burns 1971; Burns and
Tedesco 1979). If we attribute the change in amplitude
solely to changing aspect, which is a function of the as-
teroid’s position on the celestial sphere and the orienta-
tion of its rotation axis, we can, via an iterative process,
find the pole coordinates which best satisfy the observed
amplitude-longitude relation (cf. Zappala 1981).

Doing this for Amphitrite we find that a pole at eclip-
tic longitude and latitude 165° (mod 180°), + 45°, re-
spectively, best satisfies the observations (see Fig. 7).
Since lightcurve amplitudes can be affected by the shape
of the ellipsoid (perhaps Amphitrite’s shape is closer to
that of a triaxial ellipsoid), the scattering function of its

surface, and the topography of that surface, the accura-
cy of this pole is difficult to assess. Nevertheless the fact
that the body is only moderately nonspherical argues
against its shape being significantly different from that
of a biaxial ellipsoid, while the fact that all the light-
curves used in this analysis were obtained at similar,
small (3°-8°) phase angles militates against significant
changes in amplitude attributable to use of an incorrect
scattering function; the moderately aspherical shape
also minimizes the effect which could be introduced by
lack of knowledge concerning the scattering function.
The amount by which topographic features influence
the lightcurve amplitudes is more difficult to assess but
is undoubtedly the greatest source of uncertainty.

IV. PHASE FUNCTION: COLORS AND ABSOLUTE
MAGNITUDE

The results of UBV observations of Amphitrite are
given in Table III. Since most of the UBV observations
were not associated with lightcurves, it was not possible
to correct to either the magnitude of primary maximum
(V,) or mean magnitude (V). Since a random observation
is more likely to be near ¥ than ¥V, we use V for the
magnitude-phase plot in Fig. 8. The least-squares fit to
the data at phase angles > 7° yields a phase function of

TABLE IV. Amplitude data for 29 Amphitrite.

Ecliptic Phase
Date Long. Lat. Angle Amplitude Reference
(1950) (mag)
Oct-Nov 1962 44° + 7° 6° 0.13 Chang and Chang (1963)
June~-July 1965 271 -10 4 0.13 van Houten-Groeneveld
et al. (1979)

Oct 1970 17 + 4 3 0.11 This paper.

Feb-March 1972 149 + 3 8 0.06 This paper.

May 1977 247 -9 3 0.12 Debehogne et al. (1978)
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FIG. 7. Observed lightcurve amplitude vs eclip-
tic longitude for 29 Amphitrite (closed circles).
If Amphitrite’s shape were that of a smooth,
symmetric ellipsoid, and (as is the case) if its or-
bital inclination were low, then its lightcurve
amplitude at longitudes differing from the ob-

— served longitudes by 180° would be identical.

V(l,a) = 6.19 + 0.030|c|

Similar fits to the color-phase relations are given by

+ 0.04 -+ 0.002.

B — V(l,a) =0.811 + 0.0015||

and

+ 0.004 + 0.0003

U — B(l,a) = 0.406 + 0.0002|«|

The mean phase coefficient at B of the 24 S-type aster-
oids given by Gehrels and Tedesco (1979), excluding
Amphitrite, is 0.031 4+ 0.007 mag/deg (s.d.) while that
which we find for Amphitrite (an S-type asteroid with a
diameter of 199 km according to Bowell ez al. 1979), by
summing the ¥ and B — ¥ phase coefficients, is 0.031

=+ 0.013 + 0.0009.

270°

These translated amplitude-longitude points
are indicated by open circles. The solid curve
represents the amplitude-longitude relation
which would be displayed by a biaxial ellipsoid
with an axial ratio of 1.14:1.00 and pole at eclip-
tic longitude 165° and ecliptic latitude -+ 45°.
The fact that Amphitrite’s orbital inclination is
not exactly zero has been accounted for in com-
puting this curve.

Clearly there exists a significant reddening with phase
of the B — ¥ color index, while the U — B data are ap-

parently too noisy for determining a reliable color phase
“coefficient. A summary of the dependence of this aster-

oid’s color indices on phase angle (@) is given in Table V.

V. DISCUSSION

The synodic period of Amphitrite, based on the 1972
lightcurves presented in this paper, is 5.3904 + 0.0007

hr. This compares with 5.389 hr obtained by Chang and
Chang (1963), and 5.390 hr obtained by both Debehogne
etal.(1978) and by van Houten-Groeneveld ez al. (1979).
The complex nature of Amphitrite’s lightcurves, togeth-
er with the lack of a sufficiently precise synodic period,
precludes applying an epoch-dependent method to de-

mag/deg. termining its sidereal period and pole orientation.
|ILELE LI UL LI LI I
V0 N I [ I | I
m
60| o, 4
B AN Amphitrite 7
62 [T~ _ 4
- \ ——
FIG. 8. Phase functions of asteroid 29
64 ~ 7] Amphitrite. The closed circles are
- [ 7] associated with the lightcurves of
66 + -] this paper and were obtained after
= ~1 opposition. The open circles and
68 o ~| plussigns are the results of other ob-
| ? \ —{ servers before and after opposition,
70 + | respectively (see Table III for
sources). The solid straight lines are
linear least-square fits to the data,
8-V the dashed straight line the extrapo-
= a — lation to absolut i
+08 oo . o — 4 to absolute ma.gr.ntude, an.d
+09 - the solid curve the empirical opposi-
tion effect given by Gehrels and
U;°°4 L L %o o -y _| Tedesco (1979).
- 0 +
+a5} + -
| I | I 1 1 1 1 I 111 | I L1 1 1 l | I | I |
o 5 15 20° Phase
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TABLE V. Dependence of color index on phase angle.

Range Mean n Mean U-B* n Mean B-V*
of a a + sdm + sdm
5° 199 7 0.399+0.021 7 0.816+0.004
8 to 12 10.5 4 0.410+0.012 5 0.840+0.013
20 22.6 5 0.412+0.013 5 0.848+0.004

*Uncertainties are standard deviations of the mean (sdm).

Amphitrite is an interesting object for further study
as it is the best-known example of a large asteroid with a
very rough and/or variegated surface. A definitive pole
solution can be obtained via the longitude-amplitude re-
lation as well as the epoch-dependent method (i.e., pho-
tometric astrometry). For the former, observations at
longitudes between 60° and 120°, 180° and 240°, and 300°
and 360° would be particularly valuable, while for the
latter we need to obtain a more precise synodic period.

The question of whether Amphitrite’s complex light-
curves are due to significant albedo variations over its
surface (i.e., variegation), or to large topographic fea-
tures, or to some combination of these effects can be
answered by polarimetric, spectrophotometric, speckle,
and lightcurve observations. It is quite likely that the
actual longitude-amplitude plot for Amphitrite will not
be as smooth as that given by the model line given in Fig.
7 since Amphitrite’s shape is clearly not that of a uni-
form ellipsoid.

Although Amphitrite is not a member of a dynamical
family according to Williams (1979), it is the lowest-
numbered member of Kozai’s (1979) family No. 18. This
family contains 21 members, seven of which have been
assigned taxonomic types by Bowell ez al. (1979); three
are classified C-type, and four S-type. Four members
have had lightcurve observations made of them
(Tedesco 1979); the rotation periods range from 5.39 to
20.5 hr and none has an observed amplitude greater
than 0.2 mag. Whether the members of this family have
any physical connection is not clear from these data but
further investigations appear justified.

We wish to thank the directors of the Kitt Peak Na-
tional Observatory for the use of their facilities, E.
Bowell for the use of his unpublished data, and the ob-
servers mentioned in the figure legends. Our program is
supported by the National Aeronautics and Space
Administration. '
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