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����������������K�DQG�DQ�DPSOLWXGH������PDJ��7KH�RUELWDO�

SHULRG�RI� WKH�VHFRQGDU\�PDWFKHV�ZKDW�ZH�GHGXFH�DV� LWV�

RZQ�URWDWLRQ�SHULRG�����������������K��

2EVHUYDWLRQV� RI� WKLV� PHPEHU� RI� WKH� 3KRFDHD� G\QDPLFDO� IDPLO\�

�1HVYRUQ\��������1HVYRUQ\�HW�DO���������ZHUH�PDGH�DW�WKH�&HQWHU�

IRU� 6RODU� 6\VWHP� 6WXGLHV� LQ� ����� 0D\�� (LWKHU� D� �����P� f����

6FKPLGW�&DVVHJUDLQ�DQG�)/,�0LFUROLQH�&&'�FDPHUD�RU�D�����P�f����

5LWFKH\�&KUHWLHQ�DQG�)/,�3UROLQH�&&'�FDPHUD�ZDV�XVHG�WR�DFTXLUH�

LPDJHV�� %RWK� FDPHUDV� XVH� D� .$)�����(� FKLS�� ZKLFK� KDV� D�

����î����î��P�DUUD\�RI�SL[HOV��

$OO�OLJKWFXUYH�REVHUYDWLRQV�ZHUH�XQILOWHUHG�VLQFH�D�FOHDU�ILOWHU�FDQ�

FDXVH�D���������PDJ�ORVV��7KH�H[SRVXUH�GXUDWLRQ�UDQJHG�IURP�����

WR� ���� VHFRQGV�� GHSHQGLQJ� RQ� WKH� DVWHURLG¶V� EULJKWQHVV� DQG� VN\�

PRWLRQ��

0HDVXUHPHQWV�ZHUH�PDGH� XVLQJ�MPO Canopus�� 7KH�&RPS�6WDU�

6HOHFWRU�XWLOLW\�LQ�MPO Canopus�IRXQG�XS�WR�ILYH�FRPSDULVRQ�VWDUV�

RI� QHDU� VRODU�FRORU� IRU� GLIIHUHQWLDO� SKRWRPHWU\�� 7R� UHGXFH� WKH�

QXPEHU� RI� DGMXVWHG� QLJKWO\� ]HUR� SRLQWV� DQG� WKHLU� DPRXQWV�� WKH�

DQDO\VLV�RI� WKH�GDWD�XVHG� WKH�$7/$6�FDWDORJ� U�� �65��PDJQLWXGHV�

�7RQU\� HW� DO��� ������� 7KH� UDUH� ]HUR�SRLQW� DGMXVWPHQWV� RI��

t�������PDJ�PD\�EH�UHODWHG�LQ�SDUW�WR�XVLQJ�XQILOWHUHG�REVHUYDWLRQV��

SRRU�FHQWURLGLQJ�RI�WKH�UHIHUHQFH�VWDUV��QRW�FRUUHFWLQJ�IRU�VHFRQG�

RUGHU�H[WLQFWLRQ��RU�VHOHFWLQJ�D�VWDU�WKDW�LV�DQ�XQUHVROYHG�SDLU��

7KH�<�D[LV�YDOXHV�DUH�$7/$6�65�³VN\´��FDWDORJ��PDJQLWXGHV��7KH�

WZR�YDOXHV�LQ�WKH�SDUHQWKHVHV�DUH�WKH�SKDVH�DQJOH��D��DQG�WKH�YDOXH�

RI�G�XVHG�WR�QRUPDOL]H�WKH�GDWD�WR�WKH�FRPSDULVRQ�VWDUV�XVHG�LQ�WKH�

HDUOLHVW� VHVVLRQ�� 7KLV�� LQ� HIIHFW�� FRUUHFWHG� DOO� WKH� REVHUYDWLRQV� WR�

VHHP�WR�KDYH�EHHQ�PDGH�DW�D�VLQJOH�IL[HG�GDWH�WLPH�DQG�SKDVH�DQJOH��

OHDYLQJ� DQ\� YDULDWLRQV� GXH� RQO\� WR� WKH� DVWHURLG¶V� URWDWLRQ� DQG�RU�

DOEHGR�FKDQJHV��7KH�;�D[LV�VKRZV�URWDWLRQDO�SKDVH�IURP�������WR�

������,I�WKH�SORW�LQFOXGHV�WKH�DPSOLWXGH��H�J���³$PS������´��WKLV�LV�

WKH�DPSOLWXGH�RI� WKH�)RXULHU�PRGHO�FXUYH�DQG�not necessarily the 

adopted amplitude for the lightcurve��
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GHYLDWLRQV�IURP�WKH�)RXULHU�FXUYH�VXJJHVWLYH�RI�D�ELQDU\�DVWHURLG��

%HFDXVH�RI�LQWHUIHUHQFH�IURP�KLJK�ZLQGV�DQG�D�QHDU�)XOO�0RRQ��WKH�

HUURU� EDUV� IRU� VHYHUDO� VHVVLRQV�ZHUH� ODUJHU� WKDQ�GHVLUHG��7KH�SORW�

ODEHOHG� ³1R6XE´� VKRZV� WKH� UDZ� SORW� ZLWK� VXJJHVWLRQV� RI� D�

VHFRQGDU\�IUHTXHQF\�LQ�VHYHUDO�VHVVLRQV��
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$IWHU����0D\��WKH�OLJKWFXUYH�VWDUWHG�WR�HYROYH�DV��RYHU�WKH�FRXUVH�RI�

REVHUYDWLRQV��WKH�SKDVH�DQJOH�LQFUHDVHG�IURP�����WR������2Q�WKH�ODVW�

QLJKW�RI�REVHUYDWLRQV�� WKH�PXWXDO�HYHQW��GHHS�PLQLPXP��DW�SKDVH�

����� GLVDSSHDUHG�� OHDYLQJ� MXVW� WKH� VHFRQGDU\� OLJKWFXUYH� IURP� WKH�

HORQJDWLRQ�RI�WKH�VDWHOOLWH��

�
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7KLV� OLJKWFXUYH� HYROXWLRQ�� SURGXFLQJ� ERWK� PXWXDO� HYHQWV�� ZKLFK�

HYHQWXDOO\�YDQLVKHG��DQG�ZKDW�ZH�GHGXFH�DV�WKH�VHFRQGDU\¶V�RZQ�

URWDWLRQ��DOORZV�XV�WR�GHWHUPLQH�ERWK�WKH�VHFRQGDU\¶V�RUELWDO�SHULRG�

DQG�WKH�VHFRQGDU\¶V�URWDWLRQDO�SHULRG�� �7KHVH�YDOXHV�DSSHDU� WR�EH�

V\QFKURQRXV�� L�H��� WKH� VDWHOOLWH¶V� RUELWDO� SHULRG� PDWFKHV� LWV��

������� �� ������ K� URWDWLRQ�� 7KH� VDWHOOLWH�WR�SULPDU\� HIIHFWLYH�

GLDPHWHU�UDWLR�LV�'V�'S�t��������������

/RRNLQJ�DKHDG��WKH������-XO\��������������LV�WKH�QH[W�JRRG�FKDQFH�

IRU� REVHUYDWLRQV��+RZHYHU�� WKH� DVWHURLG�ZLOO� EH� HPEHGGHG� LQ� WKH�

JDODFWLF�EXOJH�DW�WKDW�WLPH��

$FNQRZOHGJHPHQWV�

7KH�DXWKRUV�JUDWHIXOO\�DFNQRZOHGJH�6KRHPDNHU�1(2�*UDQWV�IURP�

WKH�3ODQHWDU\�6RFLHW\� ��������������7KHVH�ZHUH�XVHG� WR�SXUFKDVH�

VRPH�RI�WKH�WHOHVFRSHV�DQG�&&'�FDPHUDV�XVHG�LQ�WKLV�UHVHDUFK���7KLV�

ZRUN�LQFOXGHV�GDWD�IURP�WKH�$VWHURLG�7HUUHVWULDO�LPSDFW�/DVW�$OHUW�

6\VWHP��$7/$6��SURMHFW��$7/$6�LV�SULPDULO\�IXQGHG�WR�VHDUFK�IRU�

QHDU� HDUWK� DVWHURLGV� WKURXJK� 1$6$� JUDQWV� 11��$5��*��

��166&��.������DQG���166&��.������E\SURGXFWV�RI�WKH�1(2�

VHDUFK� LQFOXGH� LPDJHV� DQG� FDWDORJV� IURP� WKH� VXUYH\� DUHD�� 7KH�

$7/$6� VFLHQFH� SURGXFWV� KDYH� EHHQ� PDGH� SRVVLEOH� WKURXJK� WKH�

FRQWULEXWLRQV�RI�WKH�8QLYHUVLW\�RI�+DZDLL�,QVWLWXWH�IRU�$VWURQRP\��

WKH� 4XHHQ
V� 8QLYHUVLW\� %HOIDVW�� WKH� 6SDFH� 7HOHVFRSH� 6FLHQFH�

,QVWLWXWH��DQG�WKH�6RXWK�$IULFDQ�$VWURQRPLFDO�2EVHUYDWRU\��

5HIHUHQFHV�

+DUULV�� $�:��� <RXQJ�� -�:��� 6FDOWULWL�� )��� =DSSDOD�� 9�� ��������

³/LJKWFXUYHV�DQG�SKDVH�UHODWLRQV�RI�WKH�DVWHURLGV����$ONPHQH�DQG�

����*\SWLV�´�Icarus��������������
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1(69251<)$0�9�����

1HVYRUQ\��'��� %UR]��0��� &DUUXED��9�� �������� ³,GHQWLILFDWLRQ� DQG�

'\QDPLFDO� 3URSHUWLHV� RI�$VWHURLG� )DPLOLHV�´� ,Q�Asteroids IV� �3��

0LFKHO��)��'H0HR��:�)��%RWWNH��5��%LQ]HO��(GV����8QLY��RI�$UL]RQD�

3UHVV��7XFVRQ��DOVR�DYDLODEOH�RQ�DVWUR�SK��

7RQU\�� -�/��� 'HQQHDX�� /��� )OHZHOOLQJ�� +��� +HLQ]H�� $�1��� 2QNHQ��

&�$���6PDUWW��6�-���6WDOGHU��%���:HLODQG��+�-���:ROI��&����������³7KH�

$7/$6�$OO�6N\�6WHOODU�5HIHUHQFH�&DWDORJ�´�Ap. J.������$�����

:DUQHU�� %�'��� +DUULV�� $�:��� 3UDYHF�� 3�� �������� ³7KH� $VWHURLG�

/LJKWFXUYH�'DWDEDVH�´� Icarus������ ���������8SGDWHG� ����� -XQH��
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1XPEHU� 1DPH� ������PP�GG� 3KDVH� /3$%� %3$%� 3HULRG�K�� 3�(�� $PS� $�(�� *US�'V'S�

 29606 1998 QN94 05/02-05/21 25.9,30.1 192 26 2.8965 0.0001 0.17 0.01 PHO 

       19.666 0.004 0.21 0.02 t0.29  

7DEOH�,,��2EVHUYLQJ�FLUFXPVWDQFHV��7KH�ILUVW�OLQH�JLYHV�WKH�SULPDU\�RU�GRPLQDQW�SHULRG�IRU�WKH�V\VWHP��7KH�DGGLWLRQDO�OLQH�JLYHV�WKH�VHFRQGDU\�

SHULRG�V���7KH�SKDVH�DQJOH��D�� LV�JLYHQ�DW�WKH�VWDUW�DQG�HQG�RI�HDFK�GDWH�UDQJH��/3$%�DQG�%3$%�DUH��UHVSHFWLYHO\�WKH�DYHUDJH�SKDVH�DQJOH�
ELVHFWRU�ORQJLWXGH�DQG�ODWLWXGH��VHH�+DUULV�HW�DO����������


