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CCD Photometry of the Asteroid 55 Pandora
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Abstract: We performed R band time-series CCD photometric observations of the 55 Pandora for 2 nights using the
0.6m telescope equipped with 2K CCD camera at SOAO (Sobaeksan Optical Astronomical Observatory). From the
observation we determined its rotation period P=0.2007=4"8168, and maximum amplitude 0.281+0.001. We also
derived the pole position A,(°)=342, B(")=64, and the shape parameter a/b=127, b/c=1.31 by applying Amplitude-
Magnitude method.
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Date Starting HID . Duration  Exposure time
UT) (+2452000) r (AU) A (AU) Filter Frames ) (s)
2002.01.05 280.0204 2.768 1.817 R 168 9.0 300

r: The distance between the sun and the asteroid.
A: The distance between the earth and the asteroid.

o phase angle: The angle subtended at the center of the asteroid by the vector directed to the sun and the observer.



Fig. 1. CCD image of observed field (100 x 10'0). The
comparison star as C, and check star as K. The arrow mark
represents the direction of the asteroid's progression. North is
up and the East to the left.
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Table 2. Basic Data for 55 Pandora and Comparison Stars
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Fig. 2. (a) The AR variations of the asteroid 55 Pandora.
(b) Magnitude differences between comparison and check
star.

Star ID R.A.(2000) Dec.(2000) \' R B-v References

Asteroid 55 Pandora  08"19"59.10°  +30°29'29.9" 10™71 - 0.62 Schober (1978)
Comparison  ul200 06012852 08"20"02.28°  +30°28'15.49 - 12"2 - USNO-A2.0"
Check  ul200 06013489 082070947  +30°29'07.51 - 13"1 - USNO-A2.0"

"Catalog of USNO (U.S. Naval Obsetvatory)-A2.0
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Fig. 3. AR photometric data for 55 Pandora, phased with
the period of 0.2007.
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Table 3. The observed maximum amplitude, A, and observational conditions for 55 Pandora

A0) BC) o) A References
33538 -6.140 5.6 0.250 Schober et al.(1978)
338.85 -6.950 4.0 0.240 Schober et al.(1978)
35745 2.640 6.9 0.220 Shevchenko et al.(1993)
67.940 9.680 11.1 0.268 This work
59.720 10.64 6.6 0.281 This work
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Fig. 4. Residual as a finction of the phase factor, Bs. It
reaches the minimum near B4= 0.0082.

2

M
N yi_zaka,i
K=y — (10)
i=1 '

e 4 (10)elA

y=ar xuta Xy x=(1 —cosz\y)CU x2,=(C;— 1)
cos’y°]th.

AN Bz 0~0.02704] S +0.00018 Z7
MR, 2 2] Aol tEid e 035971,

Aspect Angie

Fig. 5. Theoretical amplitude (solid line) of 55 Pandora as a
rotating triaxial ellipsoid with ab=127, blc=131. Trian-
gles are observed amplitudes and circles are corresponding
amplitude corrected by the phase factor B, =0.0082.
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Table 4. The Pole position and shape information of the asteroid 55 Pandora

% () B, O ab method Reference
342 64 127 AM This work
226+1 59+1 127 AM Zappala and Martino (1986)
- - 1.7610.03 1.52+0.10 EAM Drummond et al. (1988)
22448 32+8 1.340.06 1.47+0.07 EAM Drummond et al. (1991)
23049 18+6 1.2940.02 1.2540.10 EA Angelis (1995)

AM: Amplitude Magnitude Method
EA: Epoch Amplitude Method
EAM: Epoch Amplitude and Magnitude Method



496 #2742l 0 5 HGY - way

Shevchenko et al.(1993y& ©]-&3}% T} Table 39 |
7Y FZ502 dojx Hujy AZ 37, 39,
Phase angle 5 R8I, o] ARE 2 (10l
sty 2+ gl Wid) 22t A4t He adt a
£ 29} o] o, 4 (10)14 M=2, N=5¢1 A%
7b €k o714 7+ Bk A7l WE @A Fig. 3
of vehliien el gt 0019 7w o
Hokth Fig 4914 £ + SIxe] eapt 7P &2
BAHE 0.00820]th. 23 EZ Bt 0.0082Y W A,
By, %, bl a7t 7elaA ke gl B &
A7t 9L e olhel A7 Aziel 3 Table 4]
AR, 29 e AAE: P k] A}
ol A Fele UHA Al 2l Ao} vkt
A3E A3t ol2g Aol FSFE aspect angle]
Ht 4437 Wiio g FgHEriFig 5 F=X).

4 % =

AEA JEY 61em 743 2K CCD FHEE
o] &3k 20023 1€ 5Y 9A7HESH 55 PandoraZ ¥
231 P=0.2007=4."8168, A"=67.94, B()=+9.68,
Amplitude = 0.268& A}t

#H5E A5 FHoERE 2 o] FEL A
3= AM WS vgoE 7d3S AR 55 Pandora
9] AR B X 4,()=342, B() =649 A =9
H) ab=127, ble=1318 AU}t AR=e] Higlo]
ojzle] Al ol Holy HAL F=H aspect
angle®] WY il JQdEe A= teket
aspect angle®] F7HAQ1 #Zo] PQ 3|t}

AL AL

EEL PAIEA WA A7 R $E
74 A Bl Bedskael BRl Ay
3 BFARATA] QTN Wb RS =Y
oh B A7 SRt 20078E 14 S
ST Agg wob FAHYFI.

it
[t

ks

234, 2001, 434 165 Loreley, 402 Chloe, 423
Diotima, 895 Helio®] CCD Z3%. A&l o]3}4A}
9=, 50 p.

o|Al§-, SHBE, 1997, BlFANES A EHTLETHT, A
<, 459 p.

Angelis, G, 1995, Asteroid spin, pole and shape determina-
tions. Planetary and Space Science, 43, 649-682.

Drummond, J.D., Weidenschilling, S.J,, Chapman, CR,
and Davis, DR., 1988, Photometric geodesy of main-
belt asteroids. 11 - Analysis of lightcurves for poles, peri-
ods, and shapes. Icarus, 76, 19-77.

Drummond, J.D., Weidenschilling, S.J., Chapman, CR,
and Davis, D.R., 1991, Photometric geodesy of main-
belt asteroids. IV - an updated analysis of lightcurves for
poles, periods, and shapes. Icarus, 89, 44-64.

James, F., 1859, Observations of (25) Phocaea and (55)
Pandora. Astronomical Journal, 6, 22-23.

James, F., 1860, Observations of Leda, Polyhymni, Mne-
mosyne and Pandora, made with the Equatorial by J.
Ferguson. Astronomische Nachrichten, 52, 233.

Johanna, T., Kaasalainen, M., Michalowski, T., Kwiat-
kowski, T., Kryszczynska, A., Denchev, P. and Kowal-
ski, R., 2003, Shapes and rotational properties of thirty
asteroids from photometric data. Icarus, 164, 346.

Magnusson, P., Barucci, M.A., Drummond, J.D., Lumme,
K., Ostro, S.J., Surdej, J., Taylor, R.C., and Zappala, V.,
1989, In: Binzel, R.P, Gerhrels, T., Matthews, M.S.
(eds.), Asteroid II. University of Arizona Press, 67.

Michalowski, T. and Velichko, F.P., 1990, Photoelectric
photometry, parameters of rotation and shapes of aster-
oids 22 Kalliope and 79 Eurynome. Acta Astronomica,
40, 321-332.

Moller, A., 1877, Ephemeride der Pandora (55). Astrono-
mische Nachrichten, 90, 171.

Safford, T.H., 1958, Elements of (55) Pandora. Astronomi-
cal Journal, 5, 192-192.

Schober, H.J., 1978, Photometric Variations of the Minor
Planets 55 Pandora and 173 Ino during the Opposition
in 1977: Light Curves and Rotation Periods. Astron-
omy and Astrophysics Supplement Series, 34, 377-381.

Searle, G, 1858, New Planet discovered. Monthly Notices
of the Royal Astronomical Society, 18, 302.

Shevchenko, V.G, Krugly, YN., Lupishko, D.F., Harris,
AW, and Chernova, GP, 1993, Lightcurves and phase
relations of asteroid 55 Pandora. Astronomicheskii Vest-
nik, 27, 75-80.

Zappala, V. and Martino, M., 1986, Rotation axes of aster-
oids via the amplitude-magnitude method: Results for
10 objects. Icarus, 68, 40-50.

Zellner, B., Bowell, E., 1977, Asteroid compositional types
and their distributions. In: Comets, asteroids, meteor-
ites: Interrelations, evolution and origins; Proceedings of
the Thirty-ninth International Colloquium, Lyons, France,
August 17-20, 1976. (A78-19751 06-88) Toledo, Ohio,
University of Toledo, 1977, 185-195, Discussion, 195-
197.

20074 59 308 FF
20079 7¥€ 149 FAHYL HF
20073 8¢ 3¢ A9



