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ABSTRACT

New lightcurves of asteroids 22 Kalliope and 79 Eurynome, obtained during 1986 and
1989 oppositions, respectively, are presented. Using these data as well as all previous obser-
vations the pole coordinates, rotation senses, sidereal periods and shapes of these asteroids
have been determined. The magnitude-phase dependence for Eurynome is obtained.

1. Introduction

In this paper, we present results obtained for 22 Kalliope and 79 Eu-
rynome from the photoelectric lightcurve observations made with the 70-cm
telescope of the Kharkov University. A single channel photometer, close to
the standard UBV system, was used. Light was collected in the V band
only, using a basic integration time of 30 seconds (see e.g. Lupishko et al.
1987). An internal accuracy of 0.01 mag was reached for the count rate. The
differential observations were carried out, using one comparison star during
each night.

The pole coordinates, the sidereal periods and axis ratios which describe
ellipsoidal shapes of the asteroids have been determined applying both the
”Photometric Astrometry” and ” Amplitude-Aspect” methods. In sec. 3 we
establish the equations which allow to determine Ps;q, Ao, Bo, ¢/b and b/c
as well as the sense of rotation and the amplitude-phase correction.
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2. Photoelectric photometry

S 2.1. 22 Kalliope

Ten sets of photoelectric lightcurves of the minor planet 22 Kalliope
have been obtained at distinct oppositions between 1953 and 1985, (see Ta-
ble 3). Because the asteroid and Earth’s orbital periods are commensurable
quantities, Kalliope’s oppositions occur at four almost stationary longitudes.
From these photometric data, we know that 22 Kalliope is the M-type as-
teroid (Tholen 1989) having colours B — V = 0.71 and U — B = 0.28 mag
(Gehrels and Owings 1962), a phase coefficient 8 = 0.031 + 0.001 mag/deg
(Scaltriti et al. 1978) and geometric albedo py = 0.12£0.01 (Tedesco 1989).
Recently, Lagerkvist and Magnusson ( 1990) quoted the phase relation in the
generalized HG system: H = 6.49,G = 0.26.

On 8/9 December 1986, the asteroid 22 Kalliope was observed pho-
tometrically. The comparison star, with coordinates ajgs0 = 4"30™78,
81950 = +24°24'6 and brightness V = 9.09 mag, was used. The standard-
ization was made by using three standard stars from Tau II : No 19, 31, 40,
with V - brightness 11.77, 10.96 and 8.49 mag, respectively (Kazanasmas et
al. 1981).

Tablel
Aspect data of asteroids 22 Kalliope and 79 Eurynome

Date R.A. Decl. A B8 r A o Comp.star
1950.0 1950.0
22 Kalliope
8 Dec 86 4"31™70 24°14!7 69°9 2°3 2.629 1.647 1°4 see text
79 Furynome
29 Aug 89 23 26.02 2 26.4 353.2 5.6 2.156 1.175 8.3 1
30 Aug 89 23 25.30 2 20.7 353.0 5.6 2.154 1.169 7.9 2
1 Sep 89 23 23.86 208.6 352.5 5.6 2.150 1.160 6.8 2
4 Sep 89 23 21.70 150.2 351.9 5.5 2.154 1.150 5.3 3
5 Sep 89 23 20.92 1 43.5 351.7 5.5 2.143 1.147 4.8 3
22 Sep 89 23 07.20 -0 27.4 347.7 4.8 2.112 1.123 5.8 4
24 Oct 89 22 54.43 -3 57.8 343.4 2.9 2.061 1.253 20.8 5
25 Oct 89 22 54.53 -3 55.2 343.4 2.8 2.059 1.260 21.2 5

The aspect data at the middle observation time are presented in Table 1.
Fig. 1 shows the AV (asteroid minus- star) vs. UT measurements of 22
Kalliope. The lightcurve has not been corrected for the phase and distance
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during the observation night effects and UT - without correction for light
time. The asteroid magnitude in the maximum of the lightcurve correspond-
ing to unit distances to the Sun and the Earth is Vp(1,a) = 6.67 mag. The
amplitude of brightness variations reaches 0.19 mag.
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Fig. 1. Lightcurve of 22 Kalliope observed on 8/9 December 1986

2.2. 79 Furynome

This asteroid was observed photometrically during two oppositions : 1974
and 1983 (see Table 5). In 1974 opposition Eurynome showed the low ampli-
tude (Scaltriti and Zappala 1976; Schober 1976). In 1983 the lightcurve of

‘this asteroid showed very irregular secondary maximum containing a dip of

0.05 mag during 40 min interval (Di Martino and Cacciatori 1984; Barucci
et al. 1985). It could be attributed to topographic reliefs on a scale of several
kilometers.

According to Tholen (1989) and Tedesco (1989) Eurynome is the S-type
asteroid, having geometric albedo py = 0.27 + 0.01.

During 8 nights in August - October 1989, 79 Eurynome was observed
photoelectrically in the V' - band. The aspect data and the comparison stars
are presented in Table 1 and Table 2, respectively. Coordinates of the com-
parison stars have been taken from stellar atlas of Vehrenberg (1970). The
standardization was made by using the star No. 20128 with V = 10.35 mag
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Fig. 2. Lightcurves of 79 Eurynome obtained during August - October 1989

Table 2

Comparison stars for 79 Eurynome

No. R.A. Decl. V[mag]
1950.0

1 23"25™6- 2°38' 11.02

2 23253 229 10.74

3 2320.8 144 10.04

4 2307.3 -029 10.79

5 2254.5 -3653 11.46

(Blanco et al. 1968). Fig. 2 shows the lightcurves of the asteroid 79 Eu-
rynome. The same remarks about lightcurve of Kalliope are related to those
of Eurynome. The composite lightcurve is presented in the Fig. 3. We
can also notice the same dip on the secondary maximum as it was observed
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Fig. 3. Composite lightcurve of 79 Eurynome

during the 1983 opposition.
Using our observations, Magnusson (private communication) has calcu-
lated that H = 8.024 0.02 and G = 0.27 & 0.03 (see also Fig. 4).

3. Determining the pole and shapes of the asteroid.

The ”Photometric Astrometry” method was described in Michalowski
(1988, Paper I). This routine allows to determine the pole orientation, sense
of rotation and sidereal period of an asteroid from the observed epochs of
the asteroid lightcurve features, as well as the changing geometry of the
Sun - Earth - asteroid system. In this paper we expand this method by
using the amplitudes of the lightcurves too. The fundamental relation in the
”Amplitude - Aspect” method is (cf. Magnusson 1986):

(b/c)? cos? ¢ + sin? ¢
(b/¢)? cos? v + (b/a)?sin?e

where A is the observed amplitude, v is the aspect angle, a - the phase angle
and a > b > ¢ are the semimajor axes of the ellipsoid which approximate
the shape of the asteroid. The linear phase correction with a constant phase
coefficient (34, is the last term in this formula.

A=125log

+ Bac (1)
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Fig. 4. Phase curve for 79 Eurynome in 1989
We can calculate the aspect angle ¥ from the relation :
cos P = —sin Bsin B, — cos B cos B, cos(A — Ap) (2)

where ), B, are the ecliptic longitude and latitude of the north pole of an
asteroid; A, - the geocentric ecliptic coordinates of an asteroid. Eq.(1) can
be rewritten in the following way :

Cz-cos? P+ Cy(bfa)’-1=0 (3)
where

C, 100.8(A—ﬂ4a)
Cz = Ci[(b/¢)* — (b/a)*) - (b/c)* + 1

(4)

If we have several lightcurves we can write more equations such as Eq.(3).
We can join these equathons with "Photometric Astronometry” equations
(Eq.(3) in Paper I). In this way we will obtain a set of nonlinear equations:
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fI(Psida Ap, ,Bp, b/a,b/c, ﬂA) =0

, (5)
1=1,2,..kk+1,..k+m

where ”k” denotes the number of ”Photometric Astrometry” equations and
”m” the number of ” Amplitude - Aspect” equations.

This set of nonlinear equations can be solved by Newton - Raphson type
method (see Paper I). We have to know the partial derivatives of all these
functions with respect to each of the variables : P,q4, A, Bp,b/a,b/c,B4.

H1l=1,2,..,k we know these derivatives with respect to P,4,A, and
By (Eq.(16) and Eq.(17) in Paper I) and 38f;/8(b/a) =0, 8f;/0(b/c) = 0,
0f1/0B8a = 0.

~ For the remaining functions we have :

ofi
aPsid =0
oh = —2C cos 1 cos f cos B, sin(A — Ap)
oXp
% = —2C; cos Y[sin f cos B, — cos Bsin B, cos(A — Ap)]

P (6)

%‘Z—l = 2C(b/a)sin? ¢
% = 2(Cy = 1)(b/c) cos®
RZ[3 = —0.8aC1[(b/c)? cos® ¢ + (b/a)?sin? 4] 1n 10
0Ba

Using this routine we can derive sense of rotation, pole orientation, shape
and amplitude - phase correction for an asteroid.

4. Results

Tables 3 and 5 give the dates of the lightcurves used in calculation,
references, geocentric longitudes (A) and latitudes (3 ) of the asteroids, phase
angles, amplitudes, the moments (7, ) of maxima of the brightness expressed
in Julian Days corrected for light time, the number of synodic cycles (N)
derived from the first epoch, the number of cycle correction (n) - the first
value for P, second for P,, if there are two solutions.
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g Table3
o
& 22 Kalliope. Data used in calculations.
No. Date Ref. A B Phase Ampl. T. [JD] N n
(1950) angle [mag] 2400000+
1 15 Feb 53 A 15127 20°5 721 0.14 34423.9273 0 0
2 24 Sep 58 GO 153.5 20.6 6.9 0.14 36258.8149 10617 1
3 4 Sep 65 ZH 304.0 -18.1 13.0 0.30 39008.476 26527 2
4 12 Jun 74 ZH 236.3 0.7 7.7 0.14 42211.406 45060 4
5 17 Oct 76 S 69.4 -4.,3 15.7 0.16 43069.4827 50025 65
6 14 Nov S 65.3 -2.2 4.9 0.14 43097.3060 50186 5
7 19 Nov S 64.2 -1.7 2.7 0.14 43102.4877 50216 5
8 27 Nov S 62.3 -1.0 1.4 0.14 43110.2660 50261 5
9 8 Dec S 59.9 0.1 6.2 0.15 43121.3293 50325 5
10 29 May 79 L 241.8 0.8 1.8 0.16 44023.312 65544 5
11 4 Nov 81 W 72.8 -1.8 11.5 0.17 44913.0116 60692 6
12 1 Dec YA 67.3 0.7 0.4 0.13 44940.1429 60849 6
13 9 Jan 82 W 61.0 3.8 16.0 0.20 44978.6807 61072 6
14 17 Fedb 1) 64.2 5.4 21.8 0.27 45017.5754 61297 6
15 18 Feb 83 v 175.1 19.4 10.4 0.07 45383.8093 63416 6
16 8 Mar DC 171.4 19.8 6.7 0.07 45401.6260 63519 6
17 8 Apr 84 W 252.5 2.6 13.8 0.20 45798.9077 65818 6
18 8 May v 249.3 1.2 6.8 0.18 45828.8103 65991 6
19 10 Jun W 242.7 -0.6 5.1 0.17 45861.6474 66181 6
20 17 Aug 85 Sp 323.4 -20.3 6.9 0.154 46294.6089 68686 6
21 20 Oct w 317.1 -16.7 19.1 0.16 46358.7306 69057 6
22 8 Dec 86 PW 69.9 2.3 1.4 0.19 46773.4789 71457 7

A: Ahmad 1954; GO: Gehrels and Owings 1962; S: Scaltriti et al. 1978; ZH: Zappala and Van
Houten-Groeneveld 1979; L: Lupishko et al. 1982; W : Weidenschiling et al. 1987; Z: Zhou et al.
1983; DC: Di Martino and Cacciatori 1984; SP: Surdej et al. 1986; PW : Present work.

4.1. 22 Kalliope

This asteroid was observed during 11 different oppositions : 1953, 1958,
1965, 1974, 1976, 1979, 1981-82, 1983, 1984, 1985 and 1986 (see Table 3).
The mean synodic period over long intervals is Pyyn, = 091728249 and the
numbers of synodic cycles are counted with this value. The maxima of
brightness of 22 lightcurves produce 167 pairs of epochs. Fig. 5 shows the
observed amplitudes of the lightcurves against the ecliptic longitude of the
asteroid.

Because of the fact that Kalliope was observed in a wide range of ecliptic
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Fig. 5. Amplitude - longitude plot for 22 Kalliope

latitude only one solution was obtained with retrograde rotation :

P, : P,y = 0917284168 + 0900000002
C ), = 198° £ 6°
By = 23°£3°
a/b = 1.32+0.04
b/c = 1.18+0.08

B = 0.0033 £+ 0.0006 mag/deg

Some results obtained by other authors are presented in Table 4. For
complete list refer to Magnusson (1989 b).

Our results are in close agreement with the previous values of Ps;q and A,
but on the other hand they are not so close to the 3, values. As to rotation

sense, our conclusion support the earlier communication of Lupishko and
Velichko, (1985).

4.2. 79 Furynome

This asteroid was observed during 3 oppositions : 1974 1983 and 1989
(see Table 5). The mean synodic period which defines the number of cycles,
has been found to be P = 092491150 . We used 12 maxima of brightness
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and 36 pairs of them. Fig. 6 gives the amplitude - longitude relation for this

asteroid.

Two solutions have been found for the prograde rotation

P,: Pgiq

AP
By
alb
b/c
Ba

and
Py : Pyiq
Ap
Bp
a/b
b/c
Ba

These values are the first published parameters for 79 Eurynome.
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042490706 + 090000002
64° 4+ 10°

45° + 15°

1.28 4+ 0.05

2.09 + 0.30

= 0.0052 + 0.0008 mag/deg
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=Y Table4
2,
o Calculated parameters of 22 Kalliope
Pole Psid a/b b/c Sense of Method Ref.
Ap Bp rotation
203° 29° -—- 1.33 1.24 - A S
201 22 -— 1.32 1.13 - M S
194 -8 0917284164 1.32 1.27 I EAM D
195 2 0.1728416 1.6 1.2 I EAM M
204 23 -— - - H L
198 23 0.17284168 1.32 1.18 R EA PW
Sense of rotation : Method : References :
— : not determined A : amplitude S : Surdej et al. 1986
R : retrograde M : magnitude D : Drummond et al. 1988
I :indeterminate case E : epochs M : Magnusson 1989a:
H : spherical harmonics L : Lumme et al. 1990
PW : Present work
Tableb
79 Eurynome. Data used in calculations.
No. Date Ref. A 8  Phase Ampl. T, [JD] N n
(1950) angle [mag]l 2400000+
1 17 0ct 74 SZ 5723 -2°1 16°6 0.14 2337.4855 0 00
2 21 Oct Sz 56.9 -2.4 14.7 0.12 2341.4710 16 00
3 7 Nov SZ 53.6 -3.6 4.7 0.08 2359.4103 88 00
4 8 Nov SZ 63.3 -3.6 4.2 0.08 2360.4054 92 00
5 9 Nov S 63.1 -3.7 3.6 0.05 2361.4047 96 00
6 10 Nov S 52.9 -3.7 3.1 0.05 2362.4005 100 00
7 22 Nov SZ 50.2 -4.3 4.8 0.08 2373.3568 144 0O
8 4 Dec SZ 47.8 -4.8 11.6 0.11 2385.3260 192 00
9 13 Jan 83 DC 125.2 -8.2 6.9 0.24 5347.5552 12083 2 2
10 21 Jan B 122.6 -8.2 3.8 -- 5385.5288 12115 2 2
11 29 Aug 89 PW 353.1 5.6 8.3 0.23 7768.4346 21801 4 3
12 30 Aug PW  352.9 5.6 7.8 0.22 7769.4308 21805 4 3

SZ: Scaltriti and Zappala 1976; S: Schober 1976; DC:
et al. 1985; PW: present work.

Di Martino and Cacciatori 1984; B: Barucci

Conclusion

The method presented in this paper allows to derive the sense of rota-
tion and the six parameters P4, Ap, Bp, a/b, b/c, B4, which describe an
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asteroid. The values obtained for 22 Kalliope are close to those from other
S authors. For 79 Eurynome we can use this method despite of the fact that
& the lightcurves from only three oppositions exist. It should be mention that
©+ it was impossible to obtain the results for 79 Eurynome by ”Photometric
Astrometry” method, described in Paper 1.
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