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5REHUW�'��6WHSKHQV�

&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��&6����8����

5DQFKR�&XFDPRQJD��&$��86$�

'DQLHO�*XLPDUDHV�7HGHVFR�

&DUORV�+HQULTXH�GH�2OLYHLUD�%DUUHWR�

5HPRWH�2EVHUYDWRU\�RI�&DPSRV�GRV�*R\WDFD]HV��52&*��<�����

,QWHUQDWLRQDO�8QLYHUVLW\�&HQWHU�

8QLQWHU��%5$=,/�

�5HFHLYHG�������2FWREHU������5HYLVHG�������1RYHPEHU�����

,Q�UHVSRQVH�WR�D�FDOO�IRU�SKRWRPHWULF�REVHUYDWLRQV�RI�WKH�

-XSLWHU�7URMDQ�ELQDU\�DVWHURLG������3DWURFOXV�0HQRHWLXV��

ZH� IRUPHG� D� FROODERUDWLRQ� RI� REVHUYHUV� LQ� WKH� 8QLWHG�

6WDWHV��,WDO\��%UD]LO��DQG�$XVWUDOLD��7KH�REVHUYDWLRQV�ZHUH�

WR� FRLQFLGH� ZLWK� WKH� ���������� PXWXDO� HYHQWV� VHDVRQ��

ZKLFK�ZRXOG�DOORZ�UHILQLQJ�WKH�SDUDPHWHUV�RI�WKH�V\VWHP�

LQ�SUHSDUDWLRQ�IRU�1$6$¶V�/XF\�IO\�E\�PLVVLRQ�LQ������

0DUFK��:H�UHFRUGHG�SDUWV�RI�QLQH�GLIIHUHQW�HYHQWV�IURP�

�����6HSWHPEHU����WKURXJK�2FWREHU�����$QDO\VLV�IRXQG�

D�SHULRG�RI�����������������K�IRU�WKH�SDLU�ZKHQ�LQFOXGLQJ�

WKH� HYHQWV��7KH� SHULRG�ZLWKRXW� HYHQWV�ZDV� IRXQG� WR� EH�

��������������K�ZLWK�DQ�DPSOLWXGH�RI�������������PDJ��

:KLOH�ZH�SUHVHQW�DQDO\VLV�RI�RXU�GDWD�IRU�SHULRG�DQG�HYHQW�

GHWDLOV�� ZH� RIIHU� QR� LQWHUSUHWDWLRQ� UHJDUGLQJ� WKH�

SDUDPHWHUV� RI� WKH� V\VWHP� EH\RQG� WKH� URWDWLRQ�RUELWDO�

SHULRG��$GGLWLRQDO�REVHUYDWLRQV�ZLOO�FRQWLQXH�IRU�DV�ORQJ�

DV�SRVVLEOH��

,Q������0DUFK��1$6$¶V�/XF\�PLVVLRQ�ZLOO�IO\�E\�WKH�-XSLWHU�7URMDQ�

���� 3DWURFOXV� DQG� LWV� ELQDU\� FRPSDQLRQ�� 0HQRHWLXV�� 0LVVLRQ�

SODQQLQJ��UHTXLUHV��KDYLQJ��DQ�DFFXUDWH��GHWHUPLQDWLRQ�RI�WKH�RUELWDO�

SHULRG�� WKH� URWDWLRQ� SHULRG� RI� WKH� V\VWHP� �VOLJKWO\� GLIIHUHQW� LI�

H[FOXGLQJ�HYHQWV�IURP�DQDO\VLV���DQG�WKH�RUELWDO�SDUDPHWHUV��$�FDOO�

ZDV�SXW�RXW�IRU�SKRWRPHWULF�REVHUYDWLRQV�RI�WKH�V\VWHP�GXULQJ�WKH�

PXWXDO�HYHQWV�VHDVRQ�LQ�PLG������WR�PLG�������H�J���%LQ]HO���������

7KH�WLPLQJ��GHSWKV��DQG�VKDSHV�RI�WKH�HYHQWV�ZRXOG�SURYLGH�FULWLFDO�

LQIRUPDWLRQ�QHHGHG�IRU�PLVVLRQ�SODQQLQJ��

%UR]RYLF�HW�DO�� �������SXEOLVKHG�D� OLVW�RI�SUHGLFWLRQV� IRU�VXSHULRU�

DQG� LQIHULRU� HYHQWV�� 7KH� IRUPHU� LV� ZKHQ� 3DWURFOXV� LV� LQ� IURQW� RI�

0HQRHWLXV�DQG�WKH�ODWHU�ZKHQ�WKH�SRVLWLRQV�DUH�UHYHUVHG��:H�XVHG�

WKRVH�SUHGLFWLRQV�WR�SODQ�REVHUYDWLRQV�RI�HYHQWV�YLVLEOH�IURP�HDFK�

REVHUYDWRU\��:DUQHU�REVHUYHG�HYHU\�FOHDU�QLJKW�EHWZHHQ������6HS�

���DQG�2FW�����H[FHSW�WZR��LW�VHHPV�WKDW�LW�LV�LPSRUWDQW�WR�UHPHPEHU�

WR�VWDUW�WKH�DXWRPDWLRQ�VFULSW���VR�WKDW�D�SHULRG�FRXOG�EH�IRXQG�ZKHQ�

H[FOXGLQJ� HYHQW� GDWD��:H� SURGXFHG�PRUH� WKDQ� ������ GDWD� SRLQWV�

XVHG�IRU�DQDO\VLV��

�

�

2EVHUYLQJ�DQG�5HGXFWLRQ�0HWKRGRORJ\�

,Q�RUGHU�WR�DYRLG�ZRUNLQJ�ZLWK�GLIIHUHQFHV�DPRQJ�V\VWHPV�DV�PXFK�

DV�SRVVLEOH��DOO�REVHUYHUV�XVHG�HLWKHU�D�FOHDU�RU�6ORDQ�U��ILOWHU�LQ�WKH�

RSWLFDO� WUDLQ� RI� WKH� WHOHVFRSH� DQG� &&'� FDPHUD�� 'LIIHUHQWLDO�

SKRWRPHWU\�XVHG�$7/$6�UHIFDW���7RQU\�HW�DO���������PDJQLWXGHV�RI�

WKH� FRPS� VWDUV�� 7KH� PDJQLWXGHV� �U��� DUH� RQ� WKH� 3DQ�67$556�

/HDG� 2EVHUYDWRU\� 7HO� 03&� 'DWHV��PP�GG�

'XUNHH� 6KHG�RI�6FLHQFH� ����� 9��� ������

)DXHUEDFK� 5RTXH�GH�ORV�0XFKDFKRV� ����� ���� ������

� &HUUR�7ROROR�,QWHU�$P�� ����� ���� ������

*HEDXHU� 0F&DUWK\� ����� ���� ������

1DVWDVL� *DOKDVVLQ�5RERWLF� ����� /��� �������������
� 7HOHVFRSH� � � �������������

� :LGH�ILHOG�0XIDUD� ���� 0��� ������
� 7HOHVFRSH�

2H\� %OXH�0RXQWDLQV� ����� 4��� ������

7HGHVFR� 5HPRWH�2EVHUYDWRU\� ����� <��� ������������
� &DPSRV�GRV�*R\WDFD]HV� � � �������������

6WHSKHQV� &6��8��� ����� 8��� ������

:DUQHU� &6��8��� ����� 8��� ������������

7DEOH�,��/LVW�RI�REVHUYHUV�DQG�GDWHV�RI�FRQWULEXWHG�GDWD��7KH�³7HO´�
FROXPQ�JLYHV�WKH�WHOHVFRSH�DSHUWXUH��LQ�PHWHUV��

6XSHULRU�(YHQWV

PO Partial Occultation 
PE Partial Eclipse 
PO+PE Partial Occultation and Partial  

Eclipse with overlap 
PO_PE Partial Occultation and Partial Eclipse 

without overlap 
TO Total Occultation 
TE Total Eclipse 
 

,QIHULRU�(YHQWV�

PO Partial Occultation 
PE Partial Eclipse 
PO+PE Partial Occultation and Partial Eclipse 

with overlap 
PO_PE Partial Occultation and Partial Eclipse 

without overlap 
AO Annular Occultation 
AO+PE Annular Occultation and Partial Eclipse 

with overlap 
AE Annular Eclipse 

7DEOH� ,,�� /LVW� RI� DEEUHYLDWLRQV� IRU� VXSHULRU� DQG� LQIHULRU� PXWXDO�
HYHQWV�DV�GHILQHG�E\�%UR]RYLF�HW�DO����������
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SKRWRPHWULF�V\VWHP��ZKLFK�FORVHO\�IROORZV�WKH�ROGHU�6ORDQ��6'66��

V\VWHP��7KH�WZR�GR�QRW�KDYH�D�VLPSOH� OLQHDU�FRQYHUVLRQ�EHWZHHQ�

WKHP�EXW��IRU�WKHVH�SXUSRVHV��WKH\�DUH�³FORVH�HQRXJK�´�7KH�UHVSRQVH�

RI� WKH�&&'�FDPHUDV�IDYRUHG� WKH�UHG�HQG�RI� WKH�YLVLEOH�VSHFWUXP��

DQG�VR��E\�VHOHFWLQJ�FRPS�VWDUV�RI�QHDU�VRODU�DVWHURLG�FRORU��LW�ZDV�

SRVVLEOH� WR�PHUJH� WKH�GDWD�ZLWK�PLQLPDO�DGMXVWPHQWV� WR� WKH�]HUR�

SRLQW��$OVR�KHOSIXO�ZDV�KDYLQJ�DOO�LPDJHV�PHDVXUHG�E\�RQH�SHUVRQ�

XVLQJ� WKH� VDPH� VRIWZDUH��2QO\�RFFDVLRQDO� WZHDNV� RI��� �����PDJ�

PDWFKHG� DOO� EXW� WZR� VHVVLRQV�� 7KRVH� WZR� ZHUH� SURYLGHG� DV� SUH�

PHDVXUHG�GDWD�XVLQJ�MPO Canopus�Y���ZLWK�GLIIHUHQW�ILOWHU�FDWDORJ�

VHWWLQJV��(YHQ�VR��WKH\�ZHUH�HDVLO\�ILWWHG�EHIRUH�DQDO\VLV�EHJDQ��

([SRVXUHV� YDULHG� IURP� REVHUYDWRU\� WR� REVHUYDWRU\�� :DUQHU�� IRU�

H[DPSOH�� XVHG� ��PLQXWH� H[SRVXUHV� RQ� D� ����PHWHU� WHOHVFRSH� DQG�

6%,*� 67/�����(� �.RGDN� .$)�����(� ����î����î���PLFURQ�

FKLS�� WR� JHW� D� KLJK� 615� �VHYHUDO� KXQGUHG�� IRU� WKH� DVWHURLG� DQG�

HQRXJK�IRU�WKH�FRPSV�LQ�WKH�ILHOG��7KH�DVWHURLG�ZDV�PRYLQJ�WKURXJK�

UHODWLYHO\� VSDUVH� ILHOGV��PHDQLQJ� WKDW� WKHUH�ZDV�D� OLPLWHG�QHHG� WR�

UHMHFW� LPDJHV�ZKHQ� WKH�DVWHURLG�PHUJHG�ZLWK�D�VWDU��EXW� WKLV�DOVR�

PHDQW�QRW�DOZD\V�ILQGLQJ�WKH�PD[LPXP�DOORZHG�QXPEHU�RI�FRPS�

VWDUV� WKDW�PHW� WKH� UHTXLUHPHQWV� IRU� FRORU� DQG� QRW� EHLQJ� WRR� QHDU�

VDWXUDWLRQ�RU�WRR�IDLQW��

,Q� RWKHU� FDVHV�� HVSHFLDOO\� ZKHQ� XVLQJ� PRGHUQ� &026� RU� VLPLODU�

FDPHUDV��LW�ZDV�KDUGHU�WR�NHHS�WKH�DVWHURLG�IURP�VDWXUDWLQJ��JRLQJ�

LQWR�WKH�QRQ�OLQHDU�UHVSRQVH�RI�WKH�$'8��ZKLOH�XVLQJ�VXIILFLHQWO\�

ORQJ� H[SRVXUHV� WR� DYRLG� SUREOHPV�ZLWK� VFLQWLOODWLRQ� QRLVH�� 6RPH�

WULDO�DQG�HUURU�LPDJLQJ�OHG�WR�WKH�FRUUHFW�H[SRVXUH�OHQJWK��

$OO�REVHUYHUV�PDGH�WKHLU�RULJLQDO�LPDJHV�DYDLODEOH�WR�:DUQHU�YLD�D�

FORXG�DFFRXQW��7KLV�LQFOXGHG�OLJKW��IODW��GDUN��DQG�ELDV�IUDPHV��8VLQJ�

MPO Canopus� Y����:DUQHU� FUHDWHG�D�PDVWHU� GDUN�� IODW�� DQG�ELDV�

LPDJHV� ZKHQ� RQO\� VXEPDVWHUV� ZHUH� DYDLODEOH�� 7KHVH� master 

processing frames�ZHUH�DSSOLHG�RQ�WKH�IO\�GXULQJ�PHDVXULQJ�VR�WKDW�

WKH�RULJLQDO�LPDJHV�ZHUH�QRW�DOWHUHG��

7KH� LPDJHV� ZHUH� DOO� PHDVXUHG� XVLQJ�MPO Canopus� Y��� ZKLFK�

DOORZV� XVLQJ� WKH� U�� �35�� PDJQLWXGHV� IURP� WKH� $7/$6� UHIFDW��

FDWDORJ�IRU�WKH�XS�WR����FRPS�VWDUV�XVHG�IRU�GLIIHUHQWLDO�SKRWRPHWU\��

$V�QRWHG�DERYH��WKH�FRPS�VWDUV�ZHUH�UHVWULFWHG�WR�WKRVH�RI�QHDU�VRODU�

DQG�DVWHURLG�FRORU�WR�PLQLPL]H�HUURUV�GXH�WR�FRORU�GLIIHUHQFHV��

3HULRG� DQDO\VLV� ZDV� GRQH� ZLWK� MPO Canopus� Y��� ZKLFK�

LQFRUSRUDWHV�WKH�)$/&�)RXULHU�DQDO\VLV�DOJRULWKP�ZULWWHQ�E\�$ODQ�

+DUULV��+DUULV�HW�DO����������2QFH�HYHQWV�ZHUH�LQFOXGHG�LQ�WKH�GDWD�

VHW��WKH�SHULRG�VHDUFK�XVHG���WK�RUGHU�DQDO\VLV�EHFDXVH�RI�WKH�YHU\�

GHHS�DQG�VKDUS�PLQLPXPV��7KH�RULJLQDO�SHULRG�VHDUFK�ZDV�FRQILQHG�

WR���������KRXUV�EDVHG�RQ�WKH�������KRXU�SHULRG�RQ�WKH�VXPPDU\�

OLQH� RI� WKH� DVWHURLG� OLJKWFXUYH� GDWDEDVH� �/&'%�� :DUQHU� HW� DO���

������� :LWK� HDFK� QHZ� GDWD� VHW�� WKH� SHULRG� VHDUFK� UDQJH� ZDV�

QDUURZHG�WR�IRFXV�RQ�WKH�PHUJLQJ�SHULRG�VROXWLRQ��

3HULRG�$QDO\VLV�ZLWK�(YHQWV�

7KH�SHULRG�VSHFWUXP�VKRZV�WKH�H[SHFWHG�PLQLPXP�QHDU�����KRXUV��

*LYHQ� WKH� VKDSH� RI� WKH� OLJKWFXUYH� DQG� GHSWK� RI�PLQLPXPV� DORQJ�

ZLWK� WKH� NQRZQ� QDWXUH� RI� WKH� DVWHURLG�� QR� DWWHPSW� ZDV� PDGH� WR�

VHDUFK�IRU�VKRUWHU�RU�ORQJHU�DOLDV�SHULRGV��

�

�

�

7KH�UDZ�SORW�VKRZV�WKH�LQGLYLGXDO�HYHQWV�DQG��ZKHQ�H[SDQGHG��WKH�

VORZ�SHULRGLF�QDWXUH�RI� WKH�OLJKWFXUYH�RXWVLGH�HYHQWV��7KH�SKDVHG�

SORW� LV�ILW� WR�WKH�DGRSWHG�SHULRG�RI�����������������K��7KLV� LV� WKH�

IRUPDO�HUURU�UHSRUWHG�E\�WKH�)$/&�DOJRULWKP��$�EHWWHU�HVWLPDWH�LV�

WKH�HUURU�LQ�WKH�SHULRG�WKDW�ZRXOG�VKLIW�WKH�GDWD�IURP�WKH�LQLWLDO�PDWFK�

E\������WR������SKDVH��WKH�ODWWHU�EHLQJ�WKH�VR�FDOOHG�2% rule���8VLQJ�

�����SKDVH�IRU�WKH�JDXJH��D�PRUH�UHDVRQDEOH�HUURU�LV������K��

To save space and repetition, the legend, zero-point JD, and period 

are included in the common plot above, which applies to all but the 

two plots where the period was found when excluding events.�

7KH�OHJHQG��-'�]HUR�SRLQW��DQG�GHULYHG�SHULRG�IRU�WKH�SKDVHG�SORW�ZLWK�HYHQWV�LQFOXGHG��7KH�SORWV�ZLWK�H[FOXGHG�HYHQWV�DUH�EDVHG�RQ�D�VXEVHW�
RI�WKH�IXOO�GDWD�VHW�DQG�KDYH�WKHLU�RZQ�OHJHQGV��]HUR�SRLQW��DQG�XQGHILQHG�SHULRG��6HVVLRQ�QXPEHUV�DUH�PRVWO\��EXW�QRW�DOZD\V��LQ�GDWH�RUGHU��
$�V\PERO�VL]H�FRORU�FRPELQDWLRQ�FDQ�DSSHDU�PRUH�WKDQ�RQFH�GXH�WR�WKH�OLPLWHG�QXPEHU�RI�VROLG�FRORUV�DQG�V\PERO�VKDSHV��
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7KH�&RPELQHG�(YHQWV�

6XSHULRU� (YHQW�� 7KH� VXSHULRU� HYHQW� RFFXUV� ZKHQ� WKH� VHFRQGDU\��

0HQRHWLXV�� goes behind the primary�� 3DWURFOXV�� $V� DQ� DVLGH��

0HQRHWLXV�ZDV�3DWURFOXV¶�IDWKHU��VR�³GDG´�LV�WDNLQJ�D�EDFN�VHDW�LQ�

WKLV�FDVH��7KH�³6XSHULRU´�SORW�VKRZV�D�FORVH�XS�WKH�VXSHULRU�HYHQW��

=RRPLQJ�LQ�HYHQ�PRUH�VKRZV�WKDW� WKH�PXOWLSOH�VHVVLRQV�FRYHULQJ�

WKH�HYHQW�GR�QRW�KDYH�TXLWH�WKH�VDPH�VKDSH��7KLV�FRXOG�EH�GXH�WR�

V\VWHPDWLF� HUURUV� DPRQJ� WKH� GDWD� RU�� SRVVLEO\�� HYROXWLRQ� RI� WKH�

PXWXDO�HYHQWV�ZLWK�FKDQJLQJ�YLHZLQJ�DVSHFW��

�

,QIHULRU�(YHQW��:KHQ�0HQRHWLXV�passes in front RI�3DWURFOXV��WKLV�LV�

DQ�LQIHULRU�HYHQW��7KH�GHSWK�RI�DERXW������PDJ�LQ�WKH�³,QIHULRU´�SORW�

OHDGV� WR�DQ�HVWLPDWHG�HIIHFWLYH�GLDPHWHU� UDWLR�EHWZHHQ�0HQRHWLXV�

DQG�3DWURFOXV�RI�DW�OHDVW��������������7KLV�LV�FORVH�WR�WKH������EDVHG�

RQ� WKH� SXEOLVKHG� HIIHFWLYH� GLDPHWHUV� RI� WKH� WZR� ERGLHV� �/&'%��

:DUQHU�HW�DO���������

�

7KHUH�DUH�PXFK�JUHDWHU�GLIIHUHQFHV�DPRQJ�WKH�VHVVLRQV�FRYHULQJ�WKH�

LQIHULRU� HYHQW�� +HUH� DJDLQ�� LW� FRXOG� EH� V\VWHPDWLF� HUURUV� RU� DQG�

HYROYLQJ� OLJKWFXUYH�� 'HWDLOHG�PRGHOLQJ�ZLOO� KHOS� GHWHUPLQH� KRZ�

PXFK�RI�HDFK�LV�D�FRQWULEXWRU��

7KH�,QGLYLGXDO�(YHQWV�

)RU�HDFK�HYHQW��WKH�GDWH�DQG�W\SH�DUH�JLYHQ��8VH�7DEOH�,,�WR�LQWHUSUHW�

WKH� HYHQW� W\SHV��$Q� HYHQW� LQ� EROG� WH[W� LV� WKH� RQH� WKDW� FDXVHV� WKH�

JUHDWHVW�PDJQLWXGH�GURS��6LQFH�WKH�IXOO�LQGLYLGXDO�HYHQWV�ZHUH�QRW�

REVHUYHG�LQ�WKHLU�HQWLUHW\��RQO\�VRPH�RI�WKH�PXWXDO�FLUFXPVWDQFHV�

RI�DQ�HYHQW�ZHUH�FRYHUHG��

,W�LV�GLIILFXOW�WR�GHWHUPLQH�ZKHQ�WKH�HQWLUH�HYHQW�EHJLQV�DQG�RU�HQGV�

EHFDXVH�WKHUH�LV�QR�VKDUS�VKRXOGHU�SRLQW��,Q�WKLV�FDVH��D�EHVW�JXHVV�

GDWD�SRLQW�ZDV�FKRVHQ�IRU�WKH�HQG�RI�WKH�HYHQW��)RU�HYHQWV�WKDW�ZHUH�

VKDUSO\� GHILQHG� RQ� ERWK� VLGHV� RI� WKH� PLQLPXP�� WKH� 7LPH� RI�

0LQLPXP�0D[LPXP�IHDWXUH�RI�MPO Canopus�ZDV�XVHG�WR�HVWLPDWH�

WKH�WLPH�RI�PLQLPXP��

7KH�DOJRULWKP�LV�EDVHG�RQ� WKH�PHWKRG�GHYHORSHG�E\�+HUW]VSUXQJ�

�������DV�GHVFULEHG�E\�+HQGHQ�DQG�.DLWFKXFN���������7KLV�UHOLHV�

RQ�VHYHUDO�GDWD�SRLQWV�RQ�HLWKHU�VLGH�RI�WKH�PLQLPXP��(DFK�SRLQW�RQ�

RQH� VLGH� RI� WKH�PLQLPXP� LV� ³FRQQHFWHG´� WR� DQRWKHU� DW� DERXW� WKH�

VDPH�DPSOLWXGH�RQ�WKH�RWKHU�VLGH��$Q�LWHUDWLRQ�SURFHVV�HYHQWXDOO\�

ILQGV�WKH�EHVW�HVWLPDWH�IRU�WKH�WLPH�RI�PLQLPXP��,Q�RXU�FDVH��DERXW�

WHQ� SDLUV� ZHUH� LQLWLDOO\� XVHG� WR� VWDUW� WKH� FDOFXODWLRQV�� 6LQFH� WKH�

LQWHUYDO� EHWZHHQ� H[SRVXUHV�ZDV�XVXDOO\� RQO\� D� IHZ�PLQXWHV�� WKLV�

DOORZHG�IRU�D�IDLUO\�SUHFLVH�HVWLPDWH�RI�WKH�WLPH�RI�PLQLPXP��

,W¶V�LPSRUWDQW�WR�QRWH�WKDW�WKH�YDOXHV�IRU�UDZ�GDWD��QRW�SKDVHG�WR�D�

SHULRG�QRU�IURP�D�)RXULHU�FXUYH��ZHUH�XVHG�LQ�WKH�DQDO\VLV��1RLVH�LQ�

WKH�GDWD�OLNHO\�KDG�D�QRWLFHDEOH�HIIHFW�RQ�RXU�HVWLPDWHG�WLPHV��$OVR�

LPSRUWDQW� LV� WKDW� OLJKW�WLPH� FRUUHFWHG� -'� ZHUH� XVHG� LQ� WKH�

FDOFXODWLRQV�IRU�PLQLPXP��,QGLYLGXDO�UDZ�GDWD�SRLQWV�ZHUH�LQ�87��

7R�FRPSDUH�WR�%UR]RYLF�HW�DO����������WKH�WLPHV�RI�PLQLPXP�ZHUH�

DGMXVWHG� WR�JHRFHQWULF�87�XVLQJ�D�FRQVWDQW�RI����������G�DX�DQG�

FRPSXWLQJ�WKH�GLVWDQFH�WR�XQLWV�RI��������DX��7KLV�DOVR�PHDQV�WKDW�

WKH�GDWH�WLPH�RI�SRLQWV�RQ�WKH�SORWV�DUH�OLJKW�WLPH�FRUUHFWHG�DQG�WKDW�

WKH�FRUUHFWLRQ�PXVW�EH�UHYHUVHG�WR�JHW�WKH�87�YDOXH��

7KH� GHVFULSWLRQ� IRU� FRPSXWLQJ� WKH� HUURU� RI� WKH� HVWLPDWH�ZDV� QRW�

LQFOXGHG� LQ�+HQGHQ�DQG�.DLWFKXFN��+RZHYHU�� WKH� ODWWHU�SURYLGHG�

WKH�QHFHVVDU\�GHWDLOV�LQ�D�SULYDWH�FRPPXQLFDWLRQ��

�����6HSWHPEHU�����,QIHULRU�±�32�32�3(��3(���7KLV�ZDV�REVHUYHG�

E\�:DUQHU� �8�����7KH�HVWLPDWHG�HQG�RI� WKH�HYHQW�ZDV�������87�

�������G�RQ� WKH�SORW���%UR]RYLF�HW� DO�� �������SUHGLFWHG�������87�

�������G���

�

����� 6HSWHPEHU� ��� �6XSHULRU� ±� 32� 32�3(�� 3(��� 2EVHUYHG� E\�

:DUQHU�DW��8�����7KH�HVWLPDWHG�WLPH�RI�PLQLPXP�IURP�RXU�GDWD�LV�

������87� �������G�RQ� WKH�SORW���%UR]RYLF�HW� DO�� �������SUHGLFWHG�

������87��������G��IRU�WKH�GHHSHVW�PLQLPXP��
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�

����� 6HSWHPEHU� ��� �,QIHULRU� ±� 32� 32�3(�� 3(��� 2EVHUYHG� E\�

:DUQHU��8�����%DVHG�RQ�KLV�GDWD��WKH�HVWLPDWHG�WLPH�IRU�WKH�VWDUW�RI�

WKH�HYHQW�LV�������87��������G�RQ�WKH�SORW���%UR]RYLF�HW�DO���������

JDYH�������87��RU�DERXW�������G�RQ�WKH�SORW��

�

����� 6HSWHPEHU� ��� �,QIHULRU� ±� 32� 32�3(�� 3(��� 2EVHUYHG� E\�

7HGHVFR��<�����$�YHU\�URXJK�HVWLPDWH�IRU�WKH�VWDUW�RI�WKH�HYHQW�LV�

6HS����DW�������87��������G�RQ� WKH�SORW���%UR]RYLF�HW�DO�� �������

SUHGLFWHG�6HS����DW�������87��������G���7KH�OHIW�PRVW�GDWD�SRLQW�LQ�

WKH�SORW�LV�RQ�6HS����������87��������G���

�

����� 6HSWHPEHU� ��� �6XSHULRU� ±� 32� 32�3(�� 3(��� 2EVHUYHG� E\�

:DUQHU��8�����7KH�HVWLPDWHG�WLPH�IRU�WKH�HQG�RI�WKH�HYHQW�LV�������

87� �������G�RQ� WKH�SORW���%UR]RYLF�HW� DO�� �������SUHGLFWHG�������

�������G����

�

�����6HSWHPEHU�����,QIHULRU�±�32�32�3(��$2�3(��32�3(��32���

2EVHUYHG� E\�:DUQHU� �8���� UHG� FLUFOHV��� 6WHSKHQV� �8���� EOXH� XS�

WULDQJOHV���DQG�'XUNHH��9����EODFN�GRZQ�WULDQJOHV���7KH�ILUVW�SORW�

VKRZV�KRZ�ZHOO�WKH�GDWD�RYHUODSSHG�DQG��LI�QRWKLQJ�HOVH��FRQILUPHG�

QR�VLJQLILFDQW�DQRPDOLHV�LQ�DQ\�RQH�GDWD�VHW��

8VLQJ�:DUQHU¶V� GDWD� DORQH�� WKH� HVWLPDWHG� WLPH� RI�PLQLPXP�ZDV�

������ 87�� 6WHSKHQV¶� GDWD� JDYH� ������ 87� ZKLOH� 'XUNHH¶V� JDYH�

������87��2I�WKH�WKUHH��WKH�6WHSKHQV¶�GDWD�JDYH�WKH�VWURQJHVW�VLJQV�

RI�D�WRWDO�HYHQW��IODW�ERWWRP���ZKLFK�VHHPV�WR�FRQILUP�WKH�DQQXODU�

RFFXOWDWLRQ�DQG�SDUWLDO�HFOLSVH�ZLWK�RYHUODS�SUHGLFWHG�E\�%UR]RYLF�

HW�DO�� ��������7KHLU�SUHGLFWLRQ�IRU�GHHSHVW�PLQLPXP�ZDV�DW�������

87�������G�RQ�WKH�SORW���

6WDUW� WLPH�EDVHG�RQ�:DUQHU¶V�GDWD�ZDV�������87��������G�RQ�WKH�

SORW��� ������ 87� ������� G�� IURP� 6WHSKHQV¶� GDWD�� DQG� ������ 87��

�������G��IURP�'XUNHH¶V��%UR]RYLF�HW�DO���������SUHGLFWHG�������87�

�������G�RQ�WKH�SORW���7KH�GLIIHUHQFHV�DUH�SUREDEO\�PRVWO\�GXH�WR�

WKH�XQFHUWDLQW\�LQ�HVWLPDWLQJ�WKH�VWDUW�WLPH��

�

����� 2FWREHU� �� �,QIHULRU� ±� 32� 32�3(�� $2�3(�� 32�3(�� 32���

2EVHUYHG�E\�)DXHUEDFK��������RXU�HVWLPDWH�RI�HYHQW�HQG�LV�������

87��������G�RQ�WKH�SORW���%UR]RYLF�HW�DO���������SUHGLFWHG�HQG�RI�

HYHQW�IRU��������������G���7KH�PLQLPXP�LV�QRW�IXOO\�GHILQHG��7KH�

HDUOLHVW�GDWD�SRLQW� LV�RQ�2FW���DW�������87��������G�RQ� WKH�SORW���

%UR]RYLF�HW�DO���������SUHGLFWHG�������87��DERXW�������G���



���

�

0LQRU�3ODQHW�%XOOHWLQ�����������

�

�����2FWREHU��������6XSHULRU�±�3(�32�3(��72��32�3(��32���7KH�

VWDUW�DQG�DSSDUHQW�PLQLPXP�RI�WKLV�HYHQW�ZHUH�REVHUYHG�E\�1DVWDVL�

�/�����%HFDXVH�RI�RFFDVLRQDO�SHULRGV�RI�GLPLQLVKHG�WUDQVSDUHQF\��

WKH�HVWLPDWH�IRU�WKH�VWDUW�WLPH�LV�PRUH�XQFHUWDLQ�WKDQ�LQ�RWKHU�FDVHV��

2XU�EHVW�HVWLPDWH�LV�RQ�2FW����DW�������87��������G�RQ�WKH�SORW���

%UR]RYLF�DW�DO��SUHGLFWHG�������87��������G���2XU�HVWLPDWH�IRU�WKH�

WLPH�RI�PLQLPXP��EDVHG�RQ�WKH�ODVW�GDWD�SRLQW�DW�WKH�ORZ�SRLQW��LV�

2FW����DW�������87��������G�RQ� WKH�SORW���%UR]RYLF�HW�DO�� �������

SUHGLFWHG�������87��������G���

7KH�HQG�RI�WKH�HYHQW�LV�QRW�GHILQHG��EXW�WKH�GDWD�IURP�:DUQHU��8����

DURXQG�WKDW� WLPH�LQGLFDWH�DSSUR[LPDWH�V\PPHWU\�LQ�WKH�PLQLPXP�

SRLQW� EHWZHHQ� VWDUW� DQG� HQG�� 7KH� ILUVW� GDWD� SRLQW� LQ� WKH�:DUQHU�

VXEVHW� LV� DW�������87� �������RQ� WKH�SORW���%UR]RYLF� HW� DO�� �������

SUHGLFWHG�������87��������G��IRU�HYHQW�HQG��

�

�����2FWREHU�����,QIHULRU�±�3(�32�3(��32���2EVHUYHG�E\�:DUQHU�

�8�����WKH�HVWLPDWHG�WLPH�RI�PLQLPXP�LV�������87��������G�RQ�WKH�

SORW���%UR]RYLF�HW�DO���������OLVWHG�������87��������G��IRU�PLQLPXP�

DQG�������87��������G��IRU�HQG�RI�HYHQW��&RYHUDJH�DW�WKH�HQG�ZDV�

QRW�FRPSOHWH��EXW�RXU�EHVW�HVWLPDWH�LV�������87��������G���

�

����� 2FWREHU� ��� �6XSHULRU� ±� 3(� 32�3(�� 32��� 2EVHUYHG� E\�

)DXHUEDFK��������ZKRVH�GDWD�VWDUWHG�FORVH�WR�WKH�VWDUW�RI�WKH�HYHQW�

DW�������87��������G�RQ�WKH�SORW���ZKLFK�LV�WKH�VDPH�WLPH�JLYHQ�E\�

%UR]RYLF�HW�DO����������:DUQHU��8����DOVR�REVHUYHG�WKH�VDPH�HYHQW��

ZLWK�KLV�GDWD�VWDUWLQJ�DERXW����PLQXWHV�HDUOLHU��7KRVH�GDWD�JLYH�DQ�

HVWLPDWHG�HYHQW�VWDUW�RI�������87��������G���

�

3HULRGV�$QDO\VLV�6DQV�(YHQWV�

�
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,W�PLJKW��PD\EH�HYHQ�VKRXOG��EH�H[SHFWHG�WKDW� WKH�SHULRG�GHULYHG�

ZKHQ�XVLQJ�WKH�GDWD�ZLWK�DQG�ZLWKRXW�WKH�HYHQWV�ZRXOG�EH�WKH�VDPH�

RU�ZLWKLQ�D�FRXSOH�VLJPDV��:KHQ�H[FOXGLQJ�WKH�HYHQWV��WKH�SHULRG�

IRXQG�E\�MPO Canopus�ZDV���������������K��PDNLQJ� WKH� ORZHU��

��VLJPD� UHVXOW� DERXW� ������� K�� 7KH� UHVXOW� XVLQJ� WKH� HYHQWV� ZDV�

�������� �� ������ K�� ,I� XVLQJ� WKH�PRUH� UHDOLVWLF� ��VLJPD� YDOXH� RI��

�����K��WKH�PD[LPXP�EHFRPHV�DERXW���������K��:H�OHDYH�WR�RWKHUV�

WR�UHFRQFLOH�WKH�GLIIHUHQFHV��ZKLFK�PD\�EH�WR�GR�WR�ZLWK�LQVXIILFLHQW�

GDWD�RXWVLGH�WKH�HYHQWV��L�H���QRW�HQRXJK�RYHUODSSLQJ�VHFWLRQV�RI�WKH�

OLJKWFXUYH�� VKDGRZLQJ� HIIHFWV�� OLJKWFXUYH� HYROXWLRQ�� RU� D�

SHUPXWDWLRQ�RI�WKH�WKUHH��

5HPDUNV�

:H� SODQ� DGGLWLRQDO� REVHUYDWLRQV� DV� WKH� PXWXDO� HYHQW� VHDVRQ�

FRQWLQXHV� LQWR� �����PLG�-DQXDU\��0RVW� REVHUYHUV�ZLOO� OLPLW� WKHLU�

REVHUYDWLRQV�WR�GDWHV�DQG�WLPHV�WKDW�FDQ�FRYHU�VRPH�SRUWLRQ�RI�DQ�

HYHQW��:DUQHU�ZLOO�ZRUN�WKH�DVWHURLG�HYHU\�SRVVLEOH�QLJKW�XQWLO�WKH�

REVHUYLQJ� UXQV� DUH� FXW� WRR� VKRUW� DV� WKH� DVWHURLG�PRYHV�ZHVWZDUG�

DFURVV�WKH�VN\��$OO�WKH�GDWD�XVHG�LQ�WKH�DQDO\VLV�ZLOO�EH�XSORDGHG�WR�

WKH�$VWHURLG� /LJKWFXUYH�'DWD� ([FKDQJH� )RUPDW� �$/&'()��ZHE�

VLWH�DW�https://alcdef.org�DIWHU�SXEOLFDWLRQ�RI�WKH�IROORZ�XS�SDSHU��

$FNQRZOHGJHPHQWV�

7KLV� UHVHDUFK� KDV� PDGH� XVH� RI� WKH� $VWURSK\VLFV� 'DWD� 6\VWHP��

IXQGHG� E\� 1$6$� XQGHU� &RRSHUDWLYH� $JUHHPHQW�

��166&��0������� 7KLV� ZRUN� KDV� PDGH� XVH� RI� 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\��:H�WKDQN�Minor Planet Bulletin�HGLWRU��

5LFKDUG�%LQ]HO��DQG�SURGXFHU��3HGUR�$��9DOGpV�6DGD��IRU�H[WHQGLQJ�

WKH�XVXDO�VXEPLVVLRQ�GHDGOLQH�IRU�WKLV�LVVXH�VR�WKDW�ZH�FRXOG�REVHUYH�

DQG� UHSRUW� RQ� DV�PDQ\� HYHQWV� DV� SRVVLEOH��:DUQHU� DQG� 6WHSKHQV�

WKDQN� WKH�3ODQHWDU\�6RFLHW\� IRU� ����� DQG������6KRHPDNHU�1(2�

JUDQWV�ZKLFK�KHOSHG�SXUFKDVH�VRPH�RI�WKH�HTXLSPHQW�XVHG�LQ�WKLV�

HIIRUW��,Q�DGGLWLRQ��:DUQHU�WKDQNV�5REHUW�'���³%RE´��6WHSKHQV��KLV�

ORQJ�WLPH� REVHUYLQJ� FRKRUW� DQG� RFFDVLRQDO� RQ�VLWH� PDLQWHQDQFH�

HQJLQHHU�� IRU� KLV� KHOS� WKURXJKRXW� WKH� \HDUV�� 7HGHVFR� WKDQNV� WKH�

:LOVRQ�3LFOHU�)RXQGDWLRQ�IRU�WKHLU�VXSSRUW��

5HIHUHQFHV�

%LQ]HO�� 5�3�� �������� ³&DOO� IRU�2EVHUYDWLRQV� RI� WKH� 3DWURFOXV� DQG�

0HQRHWLXV�0XWXDO�(YHQWV��6XSSRUW�IRU�WKH�1$6$�/XF\�0LVVLRQ�WR�

WKH�7URMDQ�$VWHURLGV�´�Minor Planet Bull.����������

%UR]RYLF��0���-DFREVRQ��5�$���3DUN��5�6���'HVFDPSV��3���%HUWKLHU��

-���3LQLOOD�$ORQVR��1���3RSHVFX��0���/LFDQGUR��-����������³2UELW�RI�

3DWURFOXV�0HQRHWLXV� %LQDU\� 6\VWHP� DQG� 3UHGLFWLRQV� IRU� WKH�

����������0XWXDO�(YHQWV�6HDVRQ�´�Astron. J.������$�����

+DUULV��$�:���<RXQJ��-�:���%RZHOO��(���0DUWLQ��/�-���0LOOLV��5�/���

3RXWDQHQ��0���6FDOWULWL��)���=DSSDOD��9���6FKREHU��+�-���'HEHKRJQH��

+���=HLJOHU��.�:����������³3KRWRHOHFWULF�2EVHUYDWLRQV�RI�$VWHURLGV�

����������������DQG�����´�Icarus��������������

+HQGHQ��$�$���.DLWFKXFN��5�+����������Astronomical Photometry: 

A Text of and Handbook for the Advanced Amateur and 

Professional Astronomer��SS�����������:LOOPDQQ�%HOO��5LFKPRQG��

9$��86$��

+HUW]VSUXQJ��(�� ��������³2Q� WKH�FKDUDFWHU�RI� WKH�YDULDWLRQ�RI�6;�

$XULJDH�´�Bull. Astr. Inst. Netherlands�������������$YDLODEOH�IURP�

WKH�6$2�$VWURSK\VLFV�'DWD�6\VWHP��$'6���� �

https://articles.adsabs.harvard.edu/pdf/1928BAN.....4..178H�

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

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

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

$�����

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

/LJKWFXUYH�'DWDEDVH�´�Icarus���������������8SGDWHG������$XJXVW��

https://www.minorplanet.info/php/lcdb.php 

3DUDPHWHUV� 7KLV�3DSHU %UR]RYLF�HW�DO�� 'LIIHUHQFH������

Rotational�Period�with�Events�(h)� 102.873�±�0.006� 102.876�±�0.005� 0.003�h�����
Rotational�Period�without�Events�(h)� 103.09�±�0.04� 103.08�±�0.03� 0.01�h������
Minimum�Depth�(Superior,�mag)� 0.79�±�0.03� 0.76� 0.03�mag����
Maximum�Depth�(Inferior,�mag)� 0.60�±�0.03� 0.61� 0.01�mag����
Effective�Diameter�Ratio�(Menoetius/Patroclus)� 0.86�±�0.03� 0.92� 0.06�±�0.06�

2EVHUYHG�(YHQWV� 7KLV�3DSHU� %UR]RYLF�HW�DO��� 87�%UR]RYLF�
� 87� 87� PLQXWHV�

Sep�13�–�Inferior�(end)� 08:46� 08:31� +15�
Sep�15�–�Superior�(minimum)� 08:09� 07:56� +14�
Sep�17�–�Inferior�(start)� 09:32� 09:06� +26�
Sep�26�–�Inferior�(start)� 23:34� 23:02� +32�
Sep�28�–�Superior�(end)� 07:48� 07:30� +18�

Sep�30�–�Inferior�(start)� 06:14� 06:00� +14�
������������������(minimum)� 08:47� 08:38� +9��

Oct�09�–�Inferior�(minimum�–�Oct�8)� 22:44� 22:26� +18�
������������������(end)� 01:16� 01:05� +11�

Oct�10�–�Superior�(start)� 22:50� 23:08� ^18�
������������������(minimum�–�Oct�11)� 01:47� 01:45� +2�
������������������(end�–�Oct�11,�earliest�time)� 04:35� 04:08� +27�

Oct�13�–�Inferior�(minimum)� 05:37� 05:24� +13�
������������������(end�–�ill^defined)� 08:07� 08:03� +4��

Oct�15�–�Superior�(start�–�earliest�time)� 05:47� 05:52� ^5��

7DEOH�,,,��$�OLVWLQJ�RI�WKH�REVHUYHG�HYHQWV��JLYLQJ�WKH�HVWLPDWHG�87�IURP�WKLV�SDSHU��WKH�87�SUHGLFWHG�E\�%UR]RYLF�HW�DO����������DQG�WKH�GLIIHUHQFH�
EHWZHHQ�RXU�HVWLPDWH�DQG�%UR]RYLF�HW�DO�����������$OO�WLPHV�LQ�WKLV�WDEOH�DUH�(DUWK�FHQWULF��


