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� 0HHWLQJ�RQ�$VWHURLGV�DQG�&RPHWV�LQ�(XURSH�0D\�����19, 2002.    Višnjan, Croatia��
�6&,(17,),&�$1'�25*$1,=,1*�&200,77((���/XFLDQR�%LWWHVLQL���� �)DUUD�G
,VRQ]R�2EVHUYDWRU\��,WDO\��.RUDGR�.RUOHYLü���� (Višnjan Observatory) Croatia��-DLPH�1RPHQ���� � �$PHWOOD�GH�0DU�2EVHUYDWRU\��6SDLQ��3HWU�3UDYHF���� � �2QGUHMRY�2EVHUYDWRU\��&]HFK�5���+HUEHUW�5DDE���� � �/LQ]�2EVHUYDWRU\����$XVWULD�
 Jure Škvarc   � � �ýUQL�YUK�2EVHUYDWRU\��6ORYHQLD��6WHIDQR�6SRVHWWL���� �*QRVFD�2EVHUYDWRU\��6ZLW]HUODQG��5HLQHU�6WRVV���� � ��6WDUNHQEXUJ�2EVHUYDWRU\��*HUPDQ\��-XUDM�7RWK���� � ��0RGUD�2EVHUYDWRU\��6ORYDNLD��äHOMNR�$QGUHLü� � �3URFHHGLQJV�(GLWRU���,QVWLWXWH�5��%RVNRYLF��&URDWLD����/2&$/�25*$1,=,1*�&200,7((��.RUDGR�.RUOHYLü�3HWDU�5DGRYDQ�,YR�)DWRULü�0DULR�'REULORYLü�0DULQR�%UDYDU�5HLQHU�6WRVV�/XFLDQR�%LWWHVLQL�äHOMNR�$QGUHLü�,YR�7RSROQMDN�5RELQ�3DXORYLü�1HYLD�3RURSDW�3HWDU�'HNOLFK�
Jadranka Škropeta�3HWDU�3ROHWL�%UDYDU�(OHQD�0DULR�-XULü�,YDQ�7XUþLQ�$QD�%RQDFD�$QD�%HGDORY�3HWUD�.RUOHYLü�9DQMD�%UþLü�'DPLU�0DWNRYLü�9DOHQWLQD�'UOMDþD��
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*,$���*58332�,7$/,$12�$67520(75,67,���/XFLDQR�%,77(6,1,�&&$)�������)DUUD�2EVHUYDWRU\��,WDO\����$UJXPHQW�RI�WKLV�SUHVHQWDWLRQ�LV�WKH�,WDOLDQ�$VWURPHWULVWV�*URXS��DQ�LQIRUPDO�FOXE�RI�SXEOLF�DQG�SULYDWH�DPDWHXU�REVHUYDWRULHV�WKDW�DFWLYHO\�SDUWLFLSDWH�DW�WKH�DVWURPHWULF�ZRUN�LQ�WKH�ZRUOG��,�OLNH�WR�XQGHUOLQH��LQIRUPDO��EHFDXVH�WKHUH�LV�QRWKLQJ�WKDW�OLQNV�DOO�RI�XV��RWKHU�WKDQ�WKH�IULHQGVKLS��WKH�NLQG�RI�ZRUN�ZH�GR�DQG�WKH�ZRUG��*,$���7KLV�SDUWQHUVKLS�VWDUWHG�LQ�������ZKHQ�,�UHDG�RQ�D�,WDOLDQ�DVWUR�PDJD]LQH�DERXW�D�5RPDQ�WKDW�ZDV�VHDUFKLQJ�FORVH�WR�KLP�SHRSOH�WR�GR�DVWURPHWU\��,�KDG�D�ORW�RI�WLPH�WR�VSHQG�LQ�5RPH�GXULQJ�P\�VWDQG�E\�VHUYLFH��VR�,�FDOOHG�6LOYDQR�&$68//,�LQ�&ROOHYHUGH�DQG�ZH�VRRQ�EHFDPH�IDPLO\�IULHQGV���&$68//,�DW�WKDW�WLPH�ZDV�LQ�WRXFK�ZLWK�7RQLQR�9$*12==,�RI�6WURQFRQH�REVHUYDWRU\�DQG�ZLWK�(UPHV�&2/20%,1,�RI�6�9LWWRUH��LQ�,WDO\�WKH\�ZHUH�GRLQJ�SKRWRJUDSKLF�DVWURPHWU\�OLNH�-RKDQQ�%$85�DW�&KLRQV��8OLVVH�48$'5,�LQ�%DVVDQR�%UHVFLDQR�DQG�/XFLDQR�/$,�LQ�&DYULDQD��7KLV�JURXS�EHFDPH�QDWXUDOO\�WKH�VSULQJ�IURP�ZKHUH�ZH�VWDUWHG�WR�WDNH�H[SHULHQFHV��VRIWZDUH�DQG�RSHUDWLQJ�LQVWUXFWLRQV��WKLQN�WKDW�WKH�FRPSXWHUV�ZH�KDG�ZKHUH�WKH�ILUVWV�7H[DV��+3��&RPPRGRUH�RU�$SSOH�,,����0DQ\�RI�XV�EXLOW�WKH�EOLQN�FRPSDUDWRUV�WR�LGHQWLI\�WKH�PRYLQJ�REMHFWV�DQG�VRPH�PHDVXULQJ�PDFKLQHV�WR�GHULYH�WKH�SRVLWLRQV�EHWZHHQ�WKH�VWDUV��RWKHUV�VWDUWHG�ZULWLQJ�VRIWZDUH��,Q������VWDUWHG�WKH�UHYROXWLRQ�ZKHQ�ZH�ERXJKW�WKH�ILUVW�WKUHH�67�
V�WR�KDYH�D�EHWWHU�JXLGH�ZKLOH�WDNLQJ�SLFWXUHV�RI�IDLQW�PRYLQJ�REMHFWV��$IWHU�OHVV�WKDQ�D�\HDU�ZH�RUGHUHG�WKH�ILUVW�WZR�67�
V�DQG�WKHQ�ZH�VWDUWHG�RXU�DVWHURLG�ILJKW�VHQGLQJ�LQ�0DUFK������RXU�ILUVW�GLVFRYHU\�SRVLWLRQV��7KH�ILUVW�REVHUYDWRU\�ZH�WDON�DERXW�LV�&ROOHYHUGH�GL�*XLGRQLD��MXVW�RXWVLGH�WKH�ELJ�5RPH�KLJKZD\�ULQJ��6LOYDQR�&$68//,�ZRUNV�WKHUH�IURP�D�EDOFRQ\�DW��WK�IORRU�ZLWK�DQRWKHU�EDOFRQ\�DERYH�KLP��WKXV�KH�FDQ�VHH�RQO\�OHVV�WKDQ�KDOI�HDVW�VN\�ZLWK�D�ORW�RI�OLJKW�SROOXWLRQ�VRXWKZDUGV��1HYHUWKHOHVV�KH�FRQWLQXHV�WR�IROORZ�DQG�GLVFRYHU\�PLQRU�ERGLHV�UHDFKLQJ�PDJQLWXGHV�ZHOO�DERYH�����P�ZLWK����P�I�����1HZWRQ�DQG�67��67��FDPHUDV��-XVW�IHZ�NLORPHWHUV�DSDUW�OLHV�0HQWDQD�ZLWK�6WHIDQR�9$/(17,1,��VLQFH������KH�MRLQHG�*,$�JURXS�ZULWLQJ�D�ORW�RI�VRIWZDUH�IRU�DVWURPHWU\��KH�VWDUWHG�ZLWK�WKH�RQH�IRU�:LQGRZV�����DQG�WKHQ�PDGH�DQ�LQWHJUDWLRQ�RI�PDQ\�SDFNHWV�IRU�:LQGRZV�����QRZ�KH�KDV�PRUH�FRPSOH[�YHUVLRQ�DEOH�WR�GR�HYHQ�SUHFRYHULHV�RQ�ROG�SODWHV��DOO�WKLV�VRIWZDUH�LV�DYDLODEOH�WR�HYHU\�RQH�DVNV�LW�KLP��1H[W�REVHUYDWRU\�LV�6WURQFRQH��MXVW�DERYH�WKH�VRXWK�KLOOV�RI�7HUQL��DERXW�����NP�QRUWK�RI�5RPH��7RQLQR�9$*12==,�DQG�PDQ\�RWKHU�IULHQGV�KDG�EXLOW�KHUH�D�IXOO\�DXWRPDWLF�WHOHVFRSH�FDSDEOH�RI�KLJK�SHUIRUPDQFH�GXH�WR�VLWH�HOHYDWLRQ��DERXW�����PHWHUV�DQG�GXH�WR�WKH�DEVHQFH�RI�OLJKW�SROOXWLRQ�VRXWKZDUG��7KLV�VLWH�KDV�EHHQ�KRPH�RI�D�FRQWLQXRV�XSJUDGLQJ�RI�VRIWZDUH�ILOHV�WKDW�DOORZHG�DOO�*,$��VLQFH�������WR�UHDG�FDWDORJV��EOLQN�SLFWXUHV�DQG�FRPSXWH�SRVLWLRQV�LQ�D�YHU\�VRSKLVWLFDWHG�PDQQHU��B�����P�I�����5LWFKH\�&KUHWLHQ�67��67��)HZ�NLORPHWHUV�WR�WKH�HDVW�3ROLQR�WKDW�MXVW�VWDUWHG�DVWURPHWULF�ZRUN��B�����P�I���1HZWRQ�67��67��*RLQJ�QRUWKERXQG��RQ�WKH�$SSHQQLQL�FKDLQ�QRUWK�ZHVW�RI�)ORUHQFH�DQG�QRUWK�HDVW�RI�3LVD�\RX�PD\�ILQG�RQH�RI�WKH�WZR�REVHUYDWRULHV�RI�*,$�RSHQ�WR�WKH�SXEOLF��6��0DUFHOOR��7KHVH�REVHUYDWRULHV�PDNH�D�VWURQJ�DFWLYLW\�ZLWK�VWXGHQWV��VFKRRO�JURXSV�DQG�FRPPRQ�SHRSOH�RQ�D�UHJXODU�EDVLV�PRQWKO\�DQG�HYHQ�E\�DSSRLQWPHQW�ZLWK�WHDFKHUV��WKH\�KRVW�HYHQ��RSHQ�QLJKWV��GXULQJ�VHOHFWHG�DVWURQRPLFDO�HYHQWV��+HUH�KDV�EHHQ�GLVFRYHUHG�WKH�ILUVW�$PRU�LQ�,WDO\�������4&��B�����P�I���1HZWRQ�&DVVHJUDLQ�67��67��QHZ�WHOHVFRSH�DQG�GRPH�0RUH�FORVH�WR�)ORUHQFH�ZRUNV�RQH�RI�WKH�IHZ�ODGLHV�RI�WKH�*,$��0DXUD�720%(//,��ZKR�ZLWK�KLV�LQVWUXPHQW�DFWXDOO\�IROORZV�1(2V�DQG�FRPHWV��EXW�WLPH�DJR�ZRUNHG�ZLWK�6��0DUFHOOR�DQG�HYHQ�ZLWK�$VLDJR�REVHUYDWRU\��D�SURIHVVLRQDO�VWUXFWXUH�RI�3DGXD�8QLYHUVLW\��ZKHUH�VKH�FRQWULEXWHG�WR�GLVFRYHU�DERXW����REMHFWV��B�����P�I�����6FKPLGW�&DVVHJUDLQ�67��$QRWKHU�����NP�QRUWKERXQG��KDOI�RI�WKH�FOLPE�RI�WKH�KLOO�WKDW�RYHUVWD\V�%RORJQD��RSHUDWHV�WKH�ROGHU�VWDII�RI�WKH�LWDOLDQ�DVWURPHWULVWV��IRXQGHG�E\�&LUR�9$&&+,��WKDW�OHIW�DOO�RI�XV�WZR�\HDUV�DJR��PRUH�WKDQ�����ZLWK�D�VHYHUH�GHIRUPLW\�DW�KLV�OHJV�GXH�WR�D�SROLRP\HOLWLV�ZKLOH�\RXQJ��DQG�*LRUJLR�6$66,��KH�PRUH�WKDQ����WRR�DQG�VWLOO�DFWLYH��WRRN�&&'�SLFWXUHV�WKDW�(UPHV�&2/20%,1,��LQ�0RGHQD��LQWHUHVWHG�LQ�QXPHULFDO�FRPSXWDWLRQV�RI�RUELWV��LGHQWLILHV�DQG�FROOHFWV�GDWD�IURP���B�����P�I���1HZWRQ�����P�I�����6FKPLGW�67��,�OLNH�WR�UHPHPEHU�WKDW�9$&&+,�DQG�6$66,�SDVVHG�WKURXJK�DOO�WKH�VWHSV�RI�PDNLQJ�D�WHOHVFRSH��XSGDWLQJ�LW��DSSO\LQJ�HOHFWURQLFV��WDNLQJ�ILOP�SLFWXUHV��SURFHVVLQJ�WKHP��DSSO\LQJ�D�&&'��WDNLQJ�&&'�SLFWXUHV�ZLWK�D�FRPSXWHU�DQG�LQWHUIDFLQJ�DQG�RSHUDWLQJ�D�WHOHVFRSH�E\�FRPSXWHU��DOO�KDQGPDGH�E\�WKHP��,I�\RX�JR�WR�YLVLW�WKHP�\RX�PD\�UHFDS�DOO�WKH�KLVWRU\�RI�DVWURPHWU\��1RUWK�RI�0LODQ��EHWZHHQ�WKH�WZR�EUDQFKHV�RI�&RPR�ODNH��KXPDQLVWV�KHUH�PD\�UHPHPEHU�$OH[DQGHU�0$1=21,��D�IDPRXV�,WDOLDQ�ZULWHU�ZLWK�KLV��3URPHVVL�6SRVL���%HWURWKHG���DW�DERXW������P�RI�HOHYDWLRQ�VWD\V�D�GRPH�ZKHUH�WKH�WHDP�RI�6RUPDQR�PRVW�RI�WKH�WLPH�IROORZV�1(2V��(YHQ�KHUH�WKHUH�LV�SHRSOH�WKDW�GHYHORSV�VRIWZDUH�WR�IROORZ�IDVW�PRYLQJ�REMHFWV��WR�PDNH�D�SUHOLPLQDU\�LGHQWLILFDWLRQ��WR�FRPSXWH�HSKHPHULV�DQG�RUELWV��B�����P�I�����5LWFKH\�&KUHWLHQ�67��67��,Q�WKHLU�ZHE�VLWH�WKH\�KDYH�D�SDJH�GHGLFDWHG�WR�WKH�REMHFWV�WKDW�QHHG�PRUH�REVHUYDWLRQV�DQG�ZKHQ�WKH�REVHUYDWLRQ�DUF�LV�ELJ�HQRXJK�WKH\�FRPSXWH�WKH�UHDO�YDOXHV�RI�DSSURDFK�WR�WKH�(DUWK��02,'���IURP�WKH�SDVW�FHQWXU\�WR�WKH�QH[W�WZR��LQ�RUGHU�WR�PDNH�HDVLHU�WKH�SUHFRYHULHV�RQ�ROG�SODWHV��,Q�WKH�QH[W�\HDUV�WKH\�DUH�SODQQLQJ�D�QHZ�����PP�WHOHVFRSH�DQG�D�����[�����&&'��
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,I�ZH�JR�WR�WKH�HDVW�MXVW�VRXWK�RI�9HURQD�ZH�PHHW�WKH�REVHUYDWRU\�RI�/XFLDQR�/$,��DQRWKHU�RI�WKH��ILOP�DVWURPHWULVWV���+H�VWDUWHG�LQ�&DYULDQD�REVHUYDWRU\��������DERXW����NP�WR�WKH�ZHVW�RI�KLV�DFWXDO�VLWH��ZLWK�WKH�GLVFRYHU\�RI�9HURQD�DQG�ZLWK�D�-XSLWHU�REVHUYDWLRQ�SURJUDP�ERUQ�DIWHU�D�UHTXHVW�RI�WKH�)UHQFK�'UDJHVFR��WR�FRQWLQXH�DQ�ROGHU�SURJUDP�RI�/RZHOO�2EVHUYDWRU\��7KH�SURJUDP�HQGHG�DIWHU���\HDUV�ZLWK�WKH�DGYHQW�RI�SODQHWDU\�SUREHV�ZKHQ�DOO�LQVWUXPHQWV�ZKHUH�UHDG\�DQG�ZHOO�FDOLEUDWHG�WR�RSHUDWH��/$,�VDLG�WKDW�SUREDEO\�'UDJHVFR�PD\�KDG�VRPH�RWKHU�SUREOHPV�FDXVLQJ�KLV�ZLWKGUDZDO�IURP�WKH�SURMHFW��$IWHU�WKLV�UHVHDUFK�KH�PRYHG�WR�KLV�KRPH�LQ�'RVVREXRQR�ZKHUH�KH�FRQWLQXHV�H[SHULPHQWLQJ�ZLWK�RSWLFV��HOHFWURQLFV�DQG�&&'V�ZKLOH�GRLQJ�DVWURPHWU\��B�����P�1HZWRQ�I���67��67��3DVVLQJ�9HQLFH�HDVWZDUGV��DIWHU�����NP�ZH�UHDFK�5HPDQ]DFFR��8GLQH��ZKHUH�*LRYDQQL�6RVWHUR�WR�WKH�FRPHW�DVWURPHWU\�SUHIHUV�WR�GR��ZLWK�UHPDUNDEOH�UHVXOWV��SKRWRPHWU\�ZLWK�VWDQGDUG�%95,��DQG�LQWHUIHUHQFH�ILOWHUV��)HZ�NLORPHWHUV�HDVW�LV�)DUUD�ZKHUH�VWD\V�WKH�ODVW�,WDOLDQ�REVHUYDWRU\��ZH�DUH�RSHQ�WR�WKH�SXEOLF�OLNH�6��0DUFHOOR�DQG�RXU�DQQXDO�UDWH�RI�YLVLWRUV�LV�DERYH�������LQFOXGHG�PRUH�WKDQ����FODVVHV�RI�VFKRROV��ZH�KDYH�VWXGHQWV�YLVLWLQJ�XV�IURP�HOHPHQWDU\�WR�KLJK�VFKRRO���7KHUH�DUH�WZR�PDLQ�WHOHVFRSHV��WKH�RQH�\RX�VHH�LQ�WKH�VOLGH�EHORZ�D�GRPH�LV�WKH�IRUPHU�RQH�RI�0U��%DXU�DQG�PDNHV�DOO�WKH�DVWURPHWULF�ZRUN�ZKLOH�WKH�RWKHU��XQGHU�D�ER[�ZLWK�D�VOLGLQJ�URRI��LW
V�D�QHZ������FRPSOHWHO\�DXWRPDWLF��WKDW�ZLOO�EH�XVHG�IRU�YLVXDO�REVHUYDWLRQ�GXULQJ�YLVLWLQJ�WLPHV�DQG�IRU�DXWRPDWLF�UHVHDUFK�DW�WKH�HQG�RI�WKH�JXHVW�VHVVLRQV��B�����P�I�����1HZWRQ�&DVVHJUDLQ�����P�I���1HZWRQ�67��67��7KH�ODVW�RI�XV�LV�QRW�,WDOLDQ��LW�VWD\V�KHUH��.RUDGR�.25/(9,&�ZRUNHG�KDUG�WR�WHDFK�PDWKHPDWLFV�LQ�D�SRO\WHFKQLF�PLGGOH�VFKRRO��RUJDQL]LQJ�HYHU\�\HDU�PDQ\�VWDJHV�RI�DVWURQRP\�IRU�KLV�VWXGHQWV�DQG�IRU�DOO�RWKHUV�WKDW�FRPH�IURP�WKH�ZKROH�&URDWLD��DIWHU�WKH�ZDU�WKH\�UHPDLQHG�WKH�RQO\�ZRUNLQJ�REVHUYDWRU\�LQ�WKLV�FRXQWU\��1RZ�KH�OHIW�KLV�MRE�LQ�WKH�SXEOLF�HGXFDWLRQ�DQG�DFWV�DV�PHQWRU�IRU�KLJK�,4�VWXGHQWV�FODVVHV�KHOG�DW�WKH�REVHUYDWRU\��7KH\�SDUWLFLSDWH�WR�RXU�PHHWLQJV�DQG�DFWLYLWLHV�DQG�FRQWULEXWH�ZLWK�VRIWZDUH��WHOHVFRSH�LQWHUIDFLQJ�DQG�REVHUYLQJ�WLPH��,�OLNH�WR�UHPHQEHU�WKDW�LQ�WKH�VFRUHERDUG�RI�WKLV�REVHUYDWRU\�WKHUH�DUH�WKUHH�FRPHWVB�����P�I�����1HZWRQ�5RVV�67������[�����
�
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'(7(&7,1*�$1'�0($685,1*�)$,17�32,17�6285&(6�:,7+�$�&&'�
�+HUEHUW�5DDE � � ��� �$VWURQRPLFDO�6RFLHW\�RI�/LQ]��6WHUQZDUWHZHJ����$������/LQ]��$XVWULD���

 Herbert Raab, Schönbergstr. �������$������/LQ]��$XVWULD��KHUEHUW�UDDE#XWDQHW�DW���
6WDUV��$VWHURLGV��DQG�HYHQ�WKH��SVHXGR��QXFOHL�RI�FRPHWV��DUH�SRLQW�VRXUFHV�RI�OLJKW��,Q�UHFHQW�WLPHV��PRVW�REVHUYHUV�XVH�&&'V�WR�
REVHUYH�WKHVH�REMHFWV��VR�LW�PLJKW�EH�ZRUWKZKLOH�WR�WKLQN�DERXW�VRPH�GHWDLOV�RI�GHWHFWLQJ�DQG�PHDVXULQJ�SRLQW�VRXUFHV�ZLWK�D�
&&'��)LUVW��WKLV�SDSHU�GLVFXVVHV�WKH�SURSHUWLHV�RI�SRLQW�VRXUFHV��DQG�KRZ�WKH\�FDQ�GHVFULEH�WKHP�ZLWK�D�VPDOO�VHW�RI�QXPHULFDO�
YDOXHV��XVLQJ�D�3RLQW�6SUHDG�)XQFWLRQ��36)���7KHQ��WKH�VRXUFHV�RI�QRLVH�LQ�&&'�LPDJLQJ�V\VWHPV�DUH�LGHQWLILHG��%\�HVWLPDWLQJ�
WKH�VLJQDO�WR�QRLVH�UDWLR��615��RI�D�IDLQW�SRLQW�VRXUFH�IRU�VRPH�H[DPSOHV��LW�LV�SRVVLEOH�WR�LQYHVWLJDWH�KRZ�YDULRXV�SDUDPHWHUV�
�OLNH�H[SRVXUH�WLPH��WHOHVFRSH�DSHUWXUH��RU�SL[HO�VL]H��DIIHFW�WKH�GHWHFWLRQ�RI�SRLQW�VRXUFHV��)LQDOO\��WKH�SKRWRPHWULF�DQG�
DVWURPHWULF�SUHFLVLRQ�H[SHFWHG�ZKHQ�PHDVXULQJ�IDLQW�SRLQW�VRXUFHV��LV�HVWLPDWHG����

,QWURGXFWLRQ��0RGHUQ�&&'�WHFKQRORJ\�KDV�HQDEOHG�DPDWHXU�DVWURQRPHUV�WR�VXFFHHG�LQ�REVHUYDWLRQV�WKDW�ZHUH�UHVHUYHG�WR�SURIHVVLRQDO�WHOHVFRSHV�XQGHU�GDUN�VNLHV�RQO\�D�IHZ�\HDUV�DJR��)RU�H[DPSOH��D����P�WHOHVFRSH�LQ�D�EDFN\DUG�REVHUYDWRU\��HTXLSSHG�ZLWK�D�&&'��FDQ�GHWHFW�VWDUV�RI��� ��� � ��+RZHYHU��PDQ\�LQVWUXPHQWDO�DQG�HQYLURQPHQWDO�SDUDPHWHUV�KDYH�WR�EH�FRQVLGHUHG�ZKHQ�REVHUYLQJ�IDLQW�WDUJHWV��
�

3URSHUWLHV�RI�3RLQW�6RXUFHV�
�,n long exposures, point sources of light will be “smeared” E\�WKH�HIIHFWV�RI�WKH�DWPRVSKHUH��WKH�WHOHVFRSH�RSWLFV��YLEUDWLRQV�RI�WKH�WHOHVFRSH��DQG�VR�IRUWK��$VVXPLQJ�WKDW�WKH�RSWLFV�DUH�IUHH�RI�DEHUUDWLRQV�RYHU�WKH�ILHOG�RI�WKH�&&'��WKLV�FKDUDFWHULVWLF�GLstribution of light, called the “Point Spread 

Function” (PSF) is the same for all point sources in the LPDJH��8VXDOO\��WKH�36)�FDQ�EH�GHVFULEHG�E\�D�V\PPHWULF�*DXVVLDQ��EHOO�VKDSHG��GLVWULEXWLRQ��ILJXUH����>�@��
�
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	 �LV�WKH�LQWHQVLW\�DW�WKH�FRRUGLQDWHV��[�\���ZKLFK�FDQ�EH�PHDVXUHG�IRUP�WKH�LPDJH��%\�ILWWLQJ�WKH�36)�WR�WKH�SL[HO�YDOXHV�WKDW�PDNH�XS�WKH�LPDJH�RI�WKH�REMHFW��ILJXUH�����WKH�

TXDQWLWLHV�[ � ��\ � ��,��∂�DQG�%�FDQ�EH�IRXQG��ZKLFK�FKDUDFWHUL]H�
WKH�SRLQW�VRXUFH�DV�IROORZV���
• 3RVLWLRQ��7KH�SRVLWLRQ�RI�WKH�REMHFW�LQ�WKH�&&'�IUDPH�FDQ�EH�H[SUHVVHG�LQ�UHFWDQJXODU�FRRUGLQDWHV��[ � ��\� ���XVXDOO\�DORQJ�WKH�URZV�DQG�FROXPQV�RI�WKH�&&'��)LWWLQJ�D�36)�WR�WKH�LPDJH�ZLOO�DOORZ�WR�FDOFXODWH�WKH�SRVLWLRQ�RI�WKH�REMHFW�WR�D�IUDFWLRQ�RI�WKH�SL[HO�VL]H��

�
• ,QWHQVLW\�7KH�KHLJKW�RI�WKH�36)��+��LV�SURSRUWLRQDO�WR�WKH�PDJQLWXGH�RI�WKH�REMHFW��7KH�WRWDO�IOX[�RI�WKH�REMHFWV�FRUUHVSRQGV�WR�WKH�LQWHJUDWHG�YROXPH�RI�WKH�36)��OHVV�WKH�EDFNJURXQG�VLJQDO��VHH�EHORZ����

• :LGWK�,Q�HTXDWLRQ����WKH�ZLGWK�RI�WKH�*DXVVLDQ�36)�LV�FKDUDFWHUL]HG�E\�WKH�TXDQWLW\����,Q�DVWURQRP\��WKH�ZLGWK�RI�WKH�36)�LV�IUHTXHQWO\�VSHFLILHG�E\�WKH�VR�called “Full 
Width Half maximum” (FWHM). As the name implies, WKLV�LV�WKH�ZLGWK�RI�WKH�FXUYH�DW�KDOI�LWV�KHLJKW��7KH�
):+0�FRUUHVSRQGV�WR�DSSUR[LPDWHO\�������×�∂��
$OWKRXJK�D�QXPEHU�RI�IDFWRUV�FRQWURO�WKH�):+0��OLNH�IRFXVLQJ��WHOHVFRSH�RSWLFV��DQG�YLEUDWLRQV���LW�LV�XVXDOO\�GRPLQDWHG�E\�WKH�VHHLQJ��7KH�):+0�LV�WKH�VDPH�IRU�DOO�SRLQW�VRXUFHV�LQ�WKH�LPDJH��LI�RSWLFDO�DEHUUDWLRQV�FDQ�EH�QHJOHFWHG���0RVW�QRWDEO\��LW�LV�LQGHSHQGHQW�RI�WKH�EULJKWQHVV�RI�WKH�REMHFW��%ULJKW�VWDUV�DSSHDU�ODUJHU�RQ�WKH�LPDJH�RQO\�EHFDXVH�WKH�IDLQW�RXWHU�H[WHQVLRQV�RI�WKH�36)�DUH�YLVLEOH��)RU�IDLQW�VWDUV��WKHVH�SDUWV�GURZQ�LQ�WKH�QRLVH�DQG�DUH�WKHUHIRUH�QRW�YLVLEOH���

• %DFNJURXQG�'XULQJ�WKH�H[SRVXUH��WKH�&&'�QRW�RQO\�FROOHFWV�VLJQDO�IURP�WKH�REMHFW��EXW�DOVR�OLJKW�IURP�WKH�VN\�EDFNJURXQG�DQG�WKH�WKHUPDO�VLJQDO�JHQHUDWHG�ZLWKLQ�WKH�GHWHFWRU��7KHVH�VLJQDOV�UHVXOW�LQ�D�SHGHVWDO��%��RQ�ZKLFK�WKH�36)�LV�EDVHG��,GHDOO\��WKH�EDFNJURXQG�VLJQDO�LV�WKH�VDPH�RYHU�WKH�ZKROH�ILHOG�IRU�FDOLEUDWHG�LPDJHV��,Q�SUDFWLFH��KRZHYHU��LW�ZLOO�YDU\�VRPHZKDW�RYHU�WKH�ILHOG��

��
)LJXUH����,PDJH�RI�D�VWDU�RQ�D�&&'��OHIW���DQG�WKH�*DXVVLDQ�36)�ILWWHG�WR�WKH�LPDJH�GDWD��ULJKW���

�
6LJQDO�DQG�1RLVH�

�$V�EULHIO\�PHQWLRQHG�DERYH��WKH�&&'�QRW�RQO\�FROOHFWV�OLJKW�IURP�FHOHVWLDO�REMHFWV��EXW�DOVR�VRPH�XQZDQWHG�VLJQDOV��7KH�WKHUPDO�VLJQDO��IRU�H[DPSOH��FDQ�EH�VXEWUDFWHG�IURP�WKH�
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LPDJH�E\�DSSO\LQJ�D�GDUN�IUDPH�FDOLEUDWLRQ��EXW�WKH�QRLVH�RI�WKH�WKHUPDO�VLJQDO�UHPDLQV�HYHQ�LQ�WKH�FDOLEUDWHG�LPDJH��,Q�DGGLWLRQ�WR�WKH�WKHUPDO�QRLVH��WKH�UHDGRXW�QRLVH�LV�JHQHUDWHG�LQ�WKH�GHWHFWRU��([WHUQDO�VRXUFHV�RI�QRLVH�DUH�WKH�SKRWRQ�QRLVH�LQ�WKH�VLJQDO�IURP�WKH�VN\�EDFNJURXQG��DV�ZHOO�DV�WKH�SKRWRQ�QRLVH�LQ�WKH�VLJQDO�RI�WKH�REMHFW�XQGHU�REVHUYDWLRQ��7KH�3RLVVRQ�QRLVH�LQ�D�VLJQDO��WKDW�LV��WKH�VWDQGDUG�GHYLDWLRQ���RI�WKH�LQGLYLGXDO�PHDVXUHPHQWV�IURP�WKH�WUXH�VLJQDO��FDQ�EH�HVWLPDWHG�DV�WKH�VTXDUH�URRW�RI�WKH�VLJQDO��L�H��
�

� � N=σ � ����
�ZKHUH�6�LV�WKH�VLJQDO��IRU�H[DPSOH��WKH�WKHUPDO�VLJQDO���DQG�

σ�LV�WKH�QRLVH�OHYHO�LQ�WKDW�VLJQDO��LQ�WKDW�H[DPSOH��WKH�
WKHUPDO�QRLVH���7KH�WRWDO�QRLVH�IURP�WKH�IRXU�LQGHSHQGHQW�QRLVH�VRXUFHV�PHQWLRQHG�DERYH�DGG�LQ�TXDGUDWXUH�WR�JLYH�WKH�WRWDO�QRLVH��

�
� 2222

RTSB σσσσσ +++= � ����
�

ZKHUH�σ�LV�WKH�WRWDO�QRLVH��σ � �LV�WKH�EDFNJURXQG�QRLVH��σ  �LV�
WKH�REMHFW�QRLVH��σ � �LV�WKH�WKHUPDO�VLJQDO��DQG�σ � �LV�WKH�
UHDGRXW�QRLVH��7KH�6LJQDO�1RLVH�5DWLR��615��FDQ�EH�FDOFXODWHG�IURP��

�
�

σ
S

SNR = � ����
�:KHUH�6�LV�WKH�VLJQDO�IURP�WKH�REMHFW��DQG�σ�WKH�WRWDO�QRLVH��

%\�FRPELQLQJ�HTXDWLRQV���WR����LW�LV�SRVVLEOH�WR�FDOFXODWH�WKH�615�LQ�RQH�SL[HO��
�

�
2
RTBS

S
SNR

σ+++
= � ����

�+HUH��6�LV�WKH�VLJQDO�IURP�WKH�REMHFW�FROOHFWHG�LQ�WKH�SL[HO��%�WKH�VLJQDO�IURP�WKH�VN\�EDFNJURXQG�DQG�7�WKH�WKHUPDO�VLJQDO�
FROOHFWHG�E\�WKH�SL[HO��UHVSHFWLYHO\��DQG�σ � �LV�WKH�UHDGRXW�
QRLVH�IRU�RQH�SL[HO��,I�HTXDWLRQ���LV�DSSOLHG�WR�WKH�EULJKWHVW�SL[HO�LQ�WKH�LPDJH�RI�WKH�REMHFW��WKH�UHVXOW�LV�WKH��3HDN�615�IRU�WKDW�REMHFW��7KH�3HDN�615�LV�LPSRUWDQW��DV�VRIWZDUH��RU�KXPDQV��FDQ�GHWHFW�IDLQW�REMHFWV�RQO\�LI�DW�OHDVW�WKH�EULJKWHVW�SL[HO�KDV�D�615�RYHU�VRPH�WKUHVKROG�WKDW�LV�VHW�WR�DYRLG�IDOVH�GHWHFWLRQV�LQ�WKH�LPDJH�QRLVH��8VXDOO\��D�3HDN�615�RI�a��LV�FRQVLGHUHG�WR�EH�D�PDUJLQDO�GHWHFWLRQ��,Q�RWKHU�ZRUGV��WKLV�ZRXOG�FRUUHVSRQG�WR�WKH�OLPLWLQJ�PDJQLWXGH�RI�WKH�LPDJH��)RU�XQILOWHUHG�RU�EURDGEDQG�LPDJHV��WKH�GRPLQDQW�VRXUFH�RI�QRLVH�LV�XVXDOO\�WKH�VN\�EDFNJURXQG��HYHQ�XQGHU�YHU\�GDUN�VNLHV��:LWK�PRGHUQ��FRROHG�&&'V��WKH�LQVWUXPHQWDO�QRLVH�LV�JHQHUDOO\�OHVV�LPSRUWDQW��DQG�REMHFW�QRLVH�LV�RQO\�VLJQLILFDQW�IRU�YHU\�EULJKW�REMHFWV��

�

�)LJXUH����*URZWK�RI�6LJQDO��1RLVH��DQG�6LJQDO�WR�1RLVH�5DWLR�ZLWK�LQFUHDVLQJ�H[SRVXUH�WLPH��
�)LJXUH���VKRZV�WKH�JURZWK�RI�6LJQDO��1RLVH��DQG�6LJQDO�WR�1RLVH�5DWLR��615��ZLWK�LQFUHDVLQJ�H[SRVXUH�WLPH�W��1RWH�WKDW��LQ�WKLV�H[DPSOH��WKH�EDFNJURXQG�VLJQDO�%�LV�VWURQJHU�WKDQ�WKH�VLJQDO�6�IURP�WKH�REMHFW�XQGHU�REVHUYDWLRQ��7KH�

EDFNJURXQG�QRLVH�LV�σ � ��WKH�REMHFW�QRLVH�LV�σ � ��7KH�UHDGRXW�
QRLVH�LV�LQGHSHQGHQW�RI�WKH�H[SRVXUH�WLPH�DQG�LW�LV�WKHUHIRUH�QRW�GUDZQ���)RU�VN\�OLPLWHG�H[SRVXUHV��LW�FDQ�SUDFWLFDOO\�EH�QHJOHFWHG���7KH�VLJQDO�6�JURZV�OLQHDU�ZLWK�LQFUHDVLQJ�H[SRVXUH�WLPH��DV�GR�WKH�EDFNJURXQG�VLJQDO�%�DQG�WKH�WKHUPDO�VLJQDO�7��)RUWXQDWHO\��WKH�EDFNJURXQG�QRLVH�
�σ �  �√%��DQG�WKH�WKHUPDO�QRLVH��σ �  �√7��JURZ�VORZHU��
'RXEOLQJ�WKH�H[SRVXUH�WLPH�ZLOO�LQFUHDVH�DOO�VLJQDOV��6�%�7��
E\�D�IDFWRU�RI����EXW�WKH�QRLVH�OHYHOV��σ  ��σ � ��σ � ��σ��E\�D�
IDFWRU�RI�RQO\�√���VR�WKH�615�LQFUHDVHV�E\���÷�√�� �√���
:LWK�LQFUHDVLQJ�H[SRVXUH��WKH�IDLQW�REMHFW�ZLOO�REYLRXVO\�HPHUJH�IURP�WKH�QRLVH��HYHQ�WKRXJK�WKH�EDFNJURXQG�VLJQDO�LV�DOZD\V�VWURQJHU�WKDQ�WKH�VLJQDO�IURP�WKH�REMHFW�LQ�WKLV�H[DPSOH��

�
(VWLPDWLQJ�WKH�6LJQDO�WR�1RLVH�5DWLR�

�:LWK�D�IHZ��PRVWO\�YHU\�VLPSOH�FDOFXODWLRQV��LW�LV�SRVVLEOH�WR�HVWLPDWH�WKH�6LJQDO�WR�1RLVH�5DWLR�WKDW�FDQ�EH�H[SHFWHG�IRU�D�VWHOODU�REMHFW�RI�NQRZQ�PDJQLWXGH�ZLWK�D�FHUWDLQ�HTXLSPHQW��,Q�WKLV�FKDSWHU��RQH�H[DPSOH�LV�GHVFULEHG�LQ�VRPH�GHWDLO��)XUWKHU�H[DPSOHV�LQ�WKH�IROORZLQJ�FKDSWHU�ZLOO�EH�XVHG�WR�FRPSDUH�YDULRXV�WHOHVFRSH�VHWXSV��DQG�WKH�JDLQ��RU�ORVV��LQ�WKH�615��7KH�WHOHVFRSH�XVHG�LQ�WKLV�H[DPSOH�LV�D����P�I�����UHIOHFWRU��ZLWK�D�FHQWUDO�REVWUXFWLRQ�RI����P��$V�D�GHWHFWRU��D�&&'�
with 24µm square pixels (corresponding to 2.5”  at the focal OHQJWK�RI�����P���D�GDUN�FXUUHQW�RI�RQH�HOHFWURQ�SHU�VHFRQG�SHU�SL[HO��D�UHDGRXW�QRLVH�RI�WHQ�HOHFWURQV�SHU�SL[HO��DQG�D�PHDQ�TXDQWXP�HIILFLHQF\�RI�����RYHU�WKH�YLVLEOH�DQG�QHDU�LQIUDUHG�SRUWLRQ�RI�WKH�VSHFWUXP�����QP�WR����QP��LV�XVHG�>�@��:H�DVVXPH�D�VWHOODU�REMHFW�RI��� ��� � �DV�WKH�WDUJHW�RI�WKH�REVHUYDWLRQ��WKH�EULJKWQHVV�RI�WKH�VN\�EDFNJURXQG�WR�EH��� ��� � �SHU�VTXDUH�DUF�VHFRQG��DQG�WKH�):+0�RI�WKH�VWHOODU�
image to be 4” .  In that spectral range, we receive about 
�×�� � � �SKRWRQV�SHU�VHFRQG�SHU�VTXDUH�PHWHU�IURP�D�VWDU�RI�
� ��� � �>�@��$�GLIIHUHQFH�RI�� ��� � �FRUUHVSRQGV�WR�D�IDFWRU�RI�����
LQ�WKH�EULJKWQHVV��VR�WKHUH�ZLOO�EH�RQO\��×�� � � �÷���� � � ��RU�
DERXW�����SKRWRQV�SHU�VHFRQG�SHU�VTXDUH�PHWHU�IURP�RXU�WDUJHW��7KH�OLJKW�FROOHFWLQJ�DUHD�RI�WKH����P�WHOHVFRSH�LV�
0.25m2, so it will accumulate 11’000 photoQV�LQ�D�����
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VHFRQG�H[SRVXUH��:LWK�D�TXDQWXP�HIILFLHQF\�RI������WKLV�ZLOO�
generate about 7’700 electrons in the CCD.�$VVXPLQJ�WKDW�WKH�36)�RI�WKH�REMHFW�FDQ�EH�GHVFULEHG�ZLWK�HTXDWLRQ����DQG�WKDW�WKH�SHDN�EULJKWQHVV�LV�ORFDWHG�H[DFWO\�DW�WKH�FHQWUH�RI��RQH�SL[HO��WKLV�SL[HO�FROOHFWV�DERXW�����RI�WKH�
total light, or about 3’190 photons, which will generate 
2’233 electrons in that pixel. The Poisson noise of this 
VLJQDO�LV�√2’233�a�����
,Q�DQDORJ\�WR�WKH�VWHOODU�IOX[��ZH�FDQ�HVWLPDWH�WKH�IOX[�IURP�WKH�VN\�EDFNJURXQG���� ��� � �SHU�VTXDUH�DUF�VHFRQG��WR�EH�
�×�� � � �÷���� � � , or about 2’748 photons per second per 
square meter. The telescope therefore collects about 68’700 SKRWRQV�IURP�HDFK�VTXDUH�DUF�VHFRQG�GXULQJ�WKH�H[SRVXUH��(DFK�SL[HO�FRYHUV������VTXDUH�DUF�VHFRQGV��DQG�WKHUHIRUH��
about 429’375 photons from the sky background will be FROOHFWHG�GXULQJ�WKH�H[SRVXUH�LQ�HDFK�SL[HO��7KLV�ZLOO�
generate about 300’563 electrons, with a Poisson noise of  ~ ����HOHFWURQV��'XULQJ�WKH�H[SRVXUH��WKH�GDUN�FXUUHQW�ZLOO�JHQHUDWH�����HOHFWURQV�LQ�HDFK�SL[HO��DQG�WKH�GDUN�QRLVH�LV�WKHUHIRUH�
√���� �����7KH�UHDGRXW�DGGV�IXUWKHU����QRLVH�HOHFWURQV��
8VLQJ�HTXDWLRQ����WKH�WRWDO�QRLVH�LQ�WKH�EULJKWHVW�SL[HO�FDQ�EH�FDOFXODWHG�E\�DGGLQJ�WKH�REMHFW�QRLVH�LQ�WKH�EULJKWHVW�SL[HO��WKH�VN\�QRLVH��WKH�GDUN�QRLVH�DQG�WKH�UHDGRXW�QRLVH�LQ�
TXDGUDWXUH��L�H��√(472���5482���102���102) �a������7KH�3HDN�
Signal Noise Ratio is now found to be 2’233�÷�����a������2EYLRXVO\��WKH��� ��� � �REMHFW�LV�RQO\�PDUJLQDOO\�GHWHFWHG�LQ�WKLV�H[DPSOH��$OWKRXJK�WKLV�LV�D�VLPSOLILHG�FDOFXODWLRQ��H�J���QR�DWWHPSW�WR�FRUUHFW�IRU�DWPRVSKHULF�H[WLQFWLRQ�ZDV�PDGH��DQG�QR�DWWHQWLRQ�ZDV�JLYHQ�WR�WKH�VDWXUDWLRQ�RI�SL[HOV��HWF����LW�LV�VWLOO�D�UHDVRQDEOH�HVWLPDWH��6RPH�IXUWKHU�WHOHVFRSH�VHWXSV�ZLOO�EH�FRPSDUHG�LQ�WKH�QH[W�FKDSWHUV��DQG�WKH�UHVXOWV�DUH�FRPSDUHG��$OO�FDOFXODWLRQV�DUH�VXPPDUL]HG�LQ�WDEOH���LQ�WKH�$SSHQGL[��
� ([SRVXUH�7LPH��,Q�WKH�SUHYLRXV�FKDSWHU��D�VWDU�RI��� ��� � �LV�RQO\�PDUJLQDOO\�GHWHFWHG�ZLWK�D����P�I�����WHOHVFRSH�LQ�D�����VHFRQG�H[SRVXUH��,Q�WKH�QH[W�H[DPSOH��WKH�H[SRVXUH�WLPH�LV�H[WHQGHG�WR�����VHFRQGV�WR�LQFUHDVH�WKH�6LJQDO�1RLVH�5DWLR�RI�WKH�REMHFW��7KH�FDOFXODWLRQ��ZKLFK�LV�VXPPDUL]HG�DV�H[DPSOH���LQ�WDEOH���LQ�WKH�$SSHQGL[��VKRZV�WKDW�WKH�615�RI�WKH�EULJKWHVW�SL[HOV�LQFUHDVHV�IURP�����WR�������,W�KDV�EHHQ�QRWHG�SUHYLRXVO\�WKDW�LQFUHDVLQJ�WKH�H[SRVXUH�WLPH�E\�D�IDFWRU�RI�Q�
ZLOO�UDLVH�WKH�615�E\�D�IDFWRU�RI�√Q��,Q�WKLV�H[DPSOH��WKH�
H[SRVXUH�WLPH�KDV�EHHQ�LQFUHDVHG�E\�D�IDFWRU�RI����DQG�WKH�
615�ZDV�UDLVHG�E\�D�IDFWRU�RI�√��a��������
7KH�OLPLWLQJ�PDJQLWXGH�RI�DQ�LPDJH�FDQ�EH�GHILQHG�E\�WKH�EULJKWQHVV�RI�WKH�VWDUV�UHDFKLQJ�VRPH�PLQLPDO�615��IRU�H[DPSOH�������$�IDFWRU�RI�����LQ�EULJKWQHVV�FRUUHVSRQGV�WR�RQH�PDJQLWXGH��ZKLFK�FORVHO\�PDWFKHV�WKH�LQFUHDVH�LQ�615�GXH�WR�WKH�ORQJHU�H[SRVXUH��7R�LQFUHDVH�WKH�OLPLWLQJ�PDJQLWXGH�E\�RQH�IXOO�PDJQLWXGH��WKH�H[SRVXUH�WLPH�ZRXOG�KDYH�WR�EH�H[WHQGHG�E\�D�IDFWRU�RI�������L�H���WR�����VHFRQGV��3XVKLQJ�WKH�OLPLWLQJ�PDJQLWXGH�GRZQ�E\�RQH�PRUH�PDJQLWXGH��DQRWKHU�LQFUHDVH�E\�D�IDFWRU�RI������ZRXOG�EH�QHFHVVDU\��WKH�H[SRVXUH�WLPH�ZRXOG�LQFUHDVH�WR�DERXW������VHFRQGV��RU����PLQXWHV��ILJXUH�����

�

�)LJXUH����5HODWLYH�H[SRVXUH�WLPH�UHTXLUHG�IRU�LQFUHDVLQJ�WKH�OLPLWLQJ�PDJQLWXGH��
�

7HOHVFRSH�$SHUWXUH��,Q�WKH�QH[W�H[DPSOH��ZH�ZLOO�H[SDQG�WKH�WHOHVFRSH�DSHUWXUH�IURP����P��DV�XVHG�LQ�WKH�SUHYLRXV�H[DPSOHV��WR����P��ZLWK�D�FHQWUDO�REVWUXFWLRQ�RI����P�LQ�GLDPHWHU�DQG�D�IRFDO�OHQJWK�RI��P��)RU�WKH�HQYLURQPHQW��VN\�EDFNJURXQG��VHHLQJ��DQG�WKH�GHWHFWRU��WKH�VDPH�YDOXHV�DV�LQ�WKH�SUHYLRXV�H[DPSOHV�DUH�XVHG��DQG�D�H[SRVXUH�WLPH�RI�����VHFRQG��DV�LQ�H[DPSOH����DVVXPHG��7KH�UHVXOW�RI�WKH�FDOFXODWLRQ��ZKLFK��LV�VXPPDUL]HG�DV�H[DPSOH���LQ�WDEOH���LQ�WKH�$SSHQGL[��LV�VRPHZKDW�VXUSULVLQJ��$OWKRXJK�WKH����P�WHOHVFRSH�KDV������WLPHV�PRUH�OLJKW�FROOHFWLQJ�DUHD�WKDQ�WKH����P�LQVWUXPHQW��WKH�3HDN�615�LV�QRZ�RQO\������&RPSDUHG�WR�WKH�3HDN�615�RI�����WKDW�ZDV�IRXQG�IRU�WKH�����VHFRQG�LQWHJUDWLRQ�ZLWK�WKH����P�WHOHVFRSH��WKLV�LV�D�ORVV�RI�a��� ��� � �LQ�OLPLWLQJ�PDJQLWXGH��+RZ�FDQ�WKLV�EH"�'XH�WR�WKH�ORQJ�IRFDO�OHQJWK�RI�WKH�
WHOHVFRSH��HDFK�SL[HO�QRZ�FRYHUV�RQO\���71” �×�0.71” . 
&RPSDUHG�WR�WKH����P�WHOHVFRSH�IURP�WKH�SUHYLRXV�
examples (pixel  size 2.5” �×�2.5” ), this is only 8% of the 
DUHD��%\�FRPELQLQJ�WKH�LQFUHDVHG�OLJKW�FROOHFWLQJ�SRZHU��DQG�WKH�VPDOOHU�SL[HO�VFDOH��ZH�ILQG�WKDW�HDFK�SL[HO�UHFHLYHV�
RQO\�DERXW������×������≈�����WLPHV�WKH�OLJKW�FROOHFWHG�LQ�
RQH�SL[HO�RI�WKH�&&'�E\�WKH�VPDOOHU�WHOHVFRSH��$V�ERWK�WKH�OLJKW�IURP�WKH�REMHFW�DQG�IURP�WKH�VN\�EDFNJURXQG��WKH�GRPLQDQW�VRXUFH�RI�QRLVH�LQ�WKHVH�H[DPSOHV��GURS�E\�WKH�IDFWRU�RI������WKH�615�VKRXOG�GHFUHDVH�DSSUR[LPDWHO\�E\�D�
IDFWRU�RI�����÷�√����a������7KH�WUXH�IDFWRU�IRXQG�E\�
FRPSDULQJ�WKH�615�FDOFXODWHG�LQ�H[DPSOHV���DQG���LV�RQO\�DERXW������EHFDXVH�WKH�36)�LV�D�QRQ�OLQHDU�IXQFWLRQ��HTXDWLRQ�����FRQFHQWUDWLQJ�PRUH�OLJKW�LQ�WKH�FHQWUH�RI�WKH�SL[HO�WKDQ�LQ�WKH�RXWHU�UHJLRQV�WKDW�ZHUH�ORVW�GXH�WR�WKH�VPDOOHU�DQJXODU�VL]H�RI�WKH�SL[HOV�LQ�WKDW�H[DPSOH���'RHV�WKLV�PHDQ�WKDW�LW�PDNHV�QR�VHQVH�WR�XVH�ODUJHU�WHOHVFRSHV"�2I�FRXUVH�QRW��$SSDUHQWO\��WKH�SUREOHP�LV�UHODWHG�WR�WKH�SL[HO�VFDOH��VR�SL[HO�ELQQLQJ�PLJKW�EH�RI�VRPH�
KHOS��%\�XVLQJ���×���ELQQLQJ��H[DPSOH�����D�3HDN�615�RI��
����LV�REWDLQHG��ZKLFK�FRUUHVSRQGV�WR�DQ�LQFUHDVH�LQ�OLPLWLQJ�PDJQLWXGH�RI�DERXW���� ��� � �DV�FRPSDUHG�WR�WKH����P�WHOHVFRSH�LQ�H[DPSOH����RU�RI���� ��� � �DV�FRPSDUHG�WR�WKH����P�WHOHVFRSH�ZLWK�WKH�&&'�XVHG�ZLWKRXW�ELQQLQJ��H[DPSOH�����
Scaling the FWHM from 4”  to 2”  (by improving the WHOHVFRSH�RSWLFV��WKH�IRFXVLQJ��WKH�PHFKDQLFV�RU�WKH�VHHLQJ���LI�SRVVLEOH�LQ�VRPH�ZD\��ZRXOG�EH�HYHQ�EHWWHU�WKDQ�ELQQLQJ��7KH�SHDN�615�ZRXOG�JURZ�WR�������DQG�WKH�JDLQ�LQ�OLPLWLQJ�
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PDJQLWXGH�LV�DERXW���� ��� � ��DV�FRPSDUHG�WR�H[DPSOH����RU���� ��� � �DV�FRPSDUHG�WR�H[DPSOH����
�

3L[HO�6L]H�DQG�6DPSOLQJ��$SSDUHQWO\��WKH�UHODWLYH�VL]H�RI�WKH�SL[HO�WR�WKH�):+0�RI�WKH�VWHOODU�LPDJHV�LV�DQ�LPSRUWDQW�IDFWRU�LQ�REWDLQLQJ�WKH�KLJKHVW�SRVVLEOH�615��%\�SHUIRUPLQJ�FDOFXODWLRQV�VLPLODU�WR�WKH�615�HVWLPDWHV�LQ�WKH�SUHYLRXV�FKDSWHUV��LW�FDQ�EH�VKRZQ�WKDW�WKH�KLJKHVW�3HDN�615�LV�REWDLQHG�ZKHQ�WKH�SL[HOV�DUH�
DERXW�����×�):+0�LQ�VL]H��ILJXUH�����

�

�)LJXUH����9DULDWLRQ�RI�SHDN�615�IRU�YDULRXV�SL[HO�VFDOHV��7KH�SL[HO�VL]H�LV�PHDVXUHG�LQ�XQLWV�RI�):+0��
�:LWK�VXFK�ODUJH�SL[HOV��PRVW�RI�WKH�SKRWRQV�DUH�FROOHFWHG�E\�WKH�VLQJOH�SL[HO�RQ�ZKLFK�WKH�36)�RI�WKH�VWHOODU�LPDJH�LV�

centred, whilst only the fainter, noisy “ wings”  of the PSF IDOO�RQ�WKH�QHLJKERXULQJ�SL[HOV��UHVXOWLQJ�LQ�D�KLJK�615��+RZHYHU��ZLWK�DOPRVW�DOO�WKH�OLJKW�FRQFHQWUDWHG�LQ�D�VLQJOH�SL[HO��LW�ZRXOG�EH�YHU\�GLIILFXOW�WR�GLVWLQJXLVK�UHDO�REMHFWV�IURP�LPDJH�DUWHIDFWV��OLNH�KRW�SL[HOV�RU�FRVPLF�UD\�VWULNHV���DQG�LW�LV�LPSRVVLEOH�WR�FDOFXODWH�WKH�SUHFLVH�SRVLWLRQ�RI�WKH�REMHFW�WR�VXE�SL[HO�DFFXUDF\��7R�UHWDLQ�WKH�LQIRUPDWLRQ�RI�WKH�REMHFWV�RQ�WKH�&&'�LPDJH��WKH�VFDOH�PXVW�EH�FKRVHQ�VR�WKDW�WKH�):+0�RI�VWHOODU�VRXUFHV�VSDQV�DW�OHDVW�����WR���SL[HOV�>�@��7KLV�VFDOH�LV�FDOOHG�
“ critical sampling” , as it preserves just enough information WKDW�WKH�RULJLQDO�36)�FDQ�EH�UHVWRUHG�E\�VRPH�VRIWZDUH�DQDO\VLQJ�WKH�LPDJH��:LWK�HYHQ�ODUJHU�SL[HOV��L�H���OHVV�WKDQ�����SL[HOV�SHU�):+0���WKH�36)�FDQ�QRW�EH�UHVWRUHG�ZLWK�VXIILFLHQW�SUHFLVLRQ��DQG�DVWURPHWULF�RU�SKRWRPHWULF�GDWD�UHGXFWLRQ�LV�LQDFFXUDWH��RU�QRW�SRVVLEOH�DW�DOO��7KLV�VLWXDWLRQ�
is called “ undersampling” . In the other extreme 
(“ oversampling” ) the light of the object is spread over many SL[HOV��$OWKRXJK�WKH�36)�RI�VWHOODU�REMHFWV�FDQ�EH�UHVWRUHG�ZLWK�KLJK�SUHFLVLRQ�LQ�WKLV�FDVH��WKH�615�LV�GHFUHDVHG��ILJXUH�����&ULWLFDOO\�VDPSOHG�LPDJHV�ZLOO�JLYH�WKH�KLJKHVW�615�DQG�GHHSHVW�OLPLWLQJ�PDJQLWXGH�SRVVLEOH�ZLWK�D�JLYHQ�HTXLSPHQW�LQ�D�FHUWDLQ�H[SRVXUH�WLPH��ZLWKRXW�ORRVLQJ��LPSRUWDQW�LQIRUPDWLRQ�FRQWDLQHG�LQ�WKH�LPDJH��)RU�DSSOLFDWLRQV�WKDW�GHPDQG�WKH�KLJKHVW�SRVVLEOH�DVWURPHWULF�RU�SKRWRPHWULF�SUHFLVLRQ��RQH�PLJKW�FRQVLGHU�VRPH�RYHUVDPSOLQJ��7KH�VDPH�
is true for “ pretty pictures” , as stars on critically sampled LPDJHV�ORRN�UDWKHU�EORFN\���

�)LJXUH����8QGHUVDPSOHG��OHIW���FULWLFDOO\�VDPSOHG��FHQWHU��DQG�RYHUVDPSOHG��ULJKW��VWHOODU�LPDJHV��WRS�URZ���DQG�WKH�36)�ILWWHG�WR�WKH�LPDJH�GDWD��ERWWRP�URZ����
(UURU�(VWLPDWHV��)LWWLQJ�D�36)�SURILOH�WR�D�IDLQW��QRLV\�GHWHFWLRQ�LV�QDWXUDOO\�OHVV�SUHFLVH�WKDQ�IRU�EULJKW�VWHOODU�LPDJHV�ZLWK�D�KLJK�615��ILJXUH�����3RVLWLRQ�DQG�EULJKWQHVV�FDOFXODWHG�IRU�IDLQW�GHWHFWLRQV�DUH�WKHUHIRUH�H[SHFWHG�WR�EH�OHVV�SUHFLVH�WKDQ�IRU�EULJKW�REMHFWV���

�)LJXUH����*DXVVLDQ�36)�ILWWHG�WR�D�IDLQW��3HDN�615�a���DQG�D�EULJKW��3HDN�615�a�����VWHOODU�LPDJH���7KH�IUDFWLRQDO�XQFHUWDLQW\�RI�WKH�WRWDO�IOX[�LV�VLPSO\�WKH�UHFLSURFDO�YDOXH�RI�WKH�6LJQDO�WR�1RLVH�5DWLR����÷�615��VRPHWLPHV�DOVR�FDOOHG�WKH�1RLVH�WR�6LJQDO�5DWLRQ���%\�FRQYHUWLQJ�WKLV�XQFHUWDLQW\�WR�PDJQLWXGHV��ZH�JHW���
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�
+HUH��σ ������� �LV�WKH�RQH�VLJPD�UDQGRP�HUURU�HVWLPDWHG�IRU�WKH�
PDJQLWXGH�PHDVXUHG��DQG�615�LV�WKH�WRWDO�615�RI�DOO�SL[HOV�LQYROYHG��H�J���ZLWKLQ�D�V\QWKHWLF�DSHUWXUH�FHQWUHG�RQ�WKH�REMHFW���%\�PRGLI\LQJ�HTXDWLRQ����ZH�FDQ�ILQG�WKLV�YDOXH�IURP���

� ( )2
RTBnS

S
SNR

σ++×+
= � ����

�,Q�WKLV�IRUPXOD��6�LV�WKH�WRWDO�LQWHJUDWHG�VLJQDO�IURP�WKH�REMHFW�LQ�WKH�PHDVXUHPHQW��L�H���ZLWKLQ�WKH�DSHUWXUH���DQG�Q�LV�WKH�QXPEHU�RI�SL[HOV�ZLWKLQ�WKH�DSHUWXUH��7KH�RWKHU�TXDQWLWLHV�DUH�LGHQWLFDO�WR�HTXDWLRQ����,W�VKRXOG�EH�QRWHG�WKDW��DV�ERWK�6�DQG�Q�ZLOO�FKDQJH�ZLWK�WKH�GLDPHWHU�RI�WKH�DSHUWXUH��WKH�WRWDO�615�YDULHV�ZLWK�WKH�GLDPHWHU�RI�WKH�
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SKRWRPHWULF�DSHUWXUH��VR�SKRWRPHWU\�FDQ�EH�RSWLPLVHG�E\�FKRRVLQJ�WKH�DSSURSULDWH�DSHUWXUH�>�@���
�

�)LJXUH����7KH�SKRWRPHWULF�HUURU��LQ�VWHOODU�PDJQLWXGHV��H[SHFWHG�IRU�SRLQW�VRXUFHV�XS�WR�D�615�RI�����
�)LJXUH���VKRZV�WKH�H[SHFWHG�XQFHUWDLQW\�LQ�WKH�PDJQLWXGH�IRU�SRLQW�XS�WR�615�����DV�FDOFXODWHG�IURP�HTXDWLRQ����(TXDWLRQ���RQO\�HVWLPDWHV�WKH�UDQGRP�HUURU�LQ�SKRWRPHWU\�GXH�WR�LPDJH�QRLVH��,W�GRHV�QRW�DFFRXQW�IRU�DQ\�V\VWHPDWLF�HUURUV��OLNH�GLIIHUHQFHV�LQ�VSHFWUDO�VHQVLWLYLW\�RI�WKH�&&'�DQG�WKH�FRORXU�EDQG�XVHG�LQ�WKH�VWDU�FDWDORJXH��WKDW�PLJKW�DIIHFW�DEVROXWH�SKRWRPHWULF�UHVXOWV���3URYLGHG�WKDW�WKH�VWHOODU�LPDJHV�DUH�SURSHUO\�VDPSOHG��WKH�DVWURPHWULF�HUURU�FDQ�EH�HVWLPDWHG�XVLQJ�WKLV�HTXDWLRQ�>�@���

�
SNR

PSF
AST

σσ = � ����
�
+HUH��σ ����� �LV�WKH�HVWLPDWHG�RQH�VLJPD�HUURU�RI�WKH�SRVLWLRQ�
RI�WKH�REMHFW��σ ���
� �WKH�*DXVVLDQ�VLJPD�RI�WKH�36)��DV�LQ�
HTXDWLRQ�����DQG�615�LV�WKH�3HDN�6LJQDO�WR�1RLVH�5DWLR�RI�
WKH�REMHFW��1RWH�WKDW�σ ����� �ZLOO�EH�H[SUHVVHG�LQ�WKH�VDPH�XQLWV�
DV�σ � ��� ��XVXDOO\�DUF�VHFRQGV���DQG�WKDW�σ � ��� �FDQ�EH�FDOFXODWHG�
from FWHM÷2.355. �

�

�)LJXUH����7KH�DVWURPHWULF�HUURU��LQ�XQLWV�RI�WKH�):+0��H[SHFWHG�IRU�SRLQW�VRXUFHV�XS�WR�D�3HDN�615�RI�����
�)LJXUH���VKRZV�WKH�H[SHFWHG�XQFHUWDLQW\�LQ�WKH�SRVLWLRQ��LQ�XQLWV�RI�):+0��IRU�SRLQW�XS�WR�615�����DV�FDOFXODWHG�IURP�HTXDWLRQ����$JDLQ��HTXDWLRQ���RQO\�HVWLPDWHV�WKH�UDQGRP�

HUURU�LQ�WKH�VWHOODU�FHQWURLG�GXH�WR�LPDJH�QRLVH��,W�GRHV�QRW�DFFRXQW�IRU�DQ\�V\VWHPDWLF�HUURUV��LQWURGXFHG�E\�WKH�DVWURPHWULF�UHIHUHQFH�VWDU�FDWDORJXH��IRU�H[DPSOH��WKDW�PLJKW�DIIHFW�DEVROXWH�DVWURPHWULF�UHVXOWV��5HWXUQLQJ�WR�H[DPSOH����WKH�DVWURPHWULF�RQH�VLJPD�HUURU�H[SHFWHG�IRU�WKH�SRLQW�VRXUFH�ZLWK�D�3HDN�6LJQDO�WR�1RLVH�
Ratio of 4.1 and a FWHM of 4”  can now be estimated to 
~0.4” , using equation 8. Adopting a photometric aperture 
ZLWK�D�GLDPHWHU�RI���×�):+0��FRYHULQJ����SL[HOV���D�WRWDO�
6LJQDO�WR�1RLVH�5DWLR�RI�DERXW�����LV�IRXQG�E\�XVLQJ�HTXDWLRQ����)URP�HTXDWLRQ����WKH�SKRWRPHWULF�HUURU�LV�HVWLPDWHG�WR�a��� ��� � ���
An astrometric error of  ~1”  is acceptable, particularly if it LV�D�REVHUYDWLRQ�RI�D�PLQRU�SODQHW�ZLWK�D�XQFHUWDLQ�RUELWDO�VROXWLRQ�RU�D�ODUJH�VN\�SODQH�XQFHUWDLQW\��IRU�H[DPSOH��DV�LQ�WKH�FDVH�RI�ODWH�IROORZ�XS�RU�UHFRYHU\�REVHUYDWLRQV���2EVHUYDWLRQV�RI�WKH�OLJKW�FXUYH�RI�D�PLQRU�SODQHW�XVXDOO\�UHTXLUH�D�SUHFLVLRQ�RI����� ��� � �RU�EHWWHU��FRUUHVSRQGLQJ�WR�D�615�RI����RU�KLJKHU��2EYLRXVO\��SKRWRPHWULF�REVHUYDWLRQV�DUH�PXFK�PRUH�GHPDQGLQJ�WKDQ�DVWURPHWU\��

�
6XPPDU\�DQG�&RQFOXVLRQV�

�7KLV�SDSHU�ILUVW�GHVFULEHG�WKH�FKDUDFWHULVWLFV�RI�D�*DXVVLDQ�3RLQW�6SUHDG�)XQFWLRQ��DQG�WKH�VRXUFHV�RI�QRLVH�LQ�WKH�LPDJLQJ�V\VWHP��$�IHZ�H[DPSOHV��HVWLPDWLQJ�WKH�6LJQDO�WR�1RLVH�5DWLR�REWDLQHG�IRU�IDLQW�SRLQW�VRXUFHV�ZLWK�YDULRXV�WHOHVFRSH�VHWXSV��KLJKOLJKWHG�WKDW�HQYLURQPHQWDO�FRQGLWLRQV��WHOHVFRSH�HTXLSPHQW��DQG�&&'�GHWHFWRU�PXVW�KDUPRQLVH�WR�RSHUDWH�DW�SHDN�SHUIRUPDQFH��)LQDOO\��WKH�DVWURPHWULF�DQG�SKRWRPHWULF�HUURU�H[SHFWHG�ZKHQ�PHDVXULQJ�IDLQW�SRLQW�VRXUFHV�ZDV�HVWLPDWHG��8VHIXO�DVWURPHWULF�UHVXOWV�FDQ�EH�REWDLQHG�HYHQ�IRU�YHU\�IDLQW�WDUJHWV�DW�WKH�OLPLW�RI�GHWHFWLRQ��SDUWLFXODUO\�LI�WKH�VN\�SODQH�XQFHUWDLQW\�IRU�WKH�REMHFW�XQGHU�REVHUYDWLRQ�LV�ODUJH��)RU�SKRWRPHWULF�VWXGLHV��D�KLJKHU�615�LV�GHVLUDEOH���
5HIHUHQFHV�

����$XHU��/��+���YDQ�$OWHQD��:��)���'LJLWDO�LPDJH�FHQWHULQJ�,,��$VWURQRPLFDO�-RXUQDO����������������������
���6FLHQWLILF�,PDJLQJ�7HFKQRORJHV��,QF��6,7H�����×�����
6FLHQWLILF�*UDGH�&&'�����%HUU\��5��%XUQHOO��-���7KH�+DQGERRN�RI�$VWURQRPLFDO�,PDJH�3URFHVVLQJ��:LOOPDQQ�%HOO��,QF�������������+RZHOO��6��%���.RHKQ��%��%RZHOO��(���+RIIPDQ��0���'HWHFWLRQ�DQG�0HDVXUHPHQW�RI�SRRUO\�VDPSOHG�3RLQW�6RXUFHV�LPDJHV�ZLWK���'�$UUD\V��7KH�$VWURQRPLFDO�-RXUQDO����������������������������1D\ORU��7���$Q�RSWLPDO�H[WUDFWLRQ�DOJRULWKP�IRU�LPDJLQJ�SKRWRPHWU\��0RQWKO\�1RWLFHV�RI�WKH�5R\DO�$VWURQRPLFDO�6RFLHW\�������������������������1HXVFKDHIHU��/��:���:LQGKRUVW��5�$���2EVHUYDWLRQ�DQG�5HGXFWLRQ�0HWKRGV�RI�GHHS�3DORPDU�����LQFK���6KRRWHU�0RVDLFV��7KH�$VWURSK\VLFDO�-RXUQDO�6XSSOHPHQW�6HULHV���������������������
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!�"�#%$'&)( * $,+-&%.�/ $�#�0�132 45&�0 657 859 657 859 657 6:85; 657 < 6:= 657 < 6:=>@?%A%& +%/5B�0 C54D2 .E+-&%.�/ $%FG132 45&�0
3’190 H 19’140 H 1’865 H 7’184 H 7’184 H

>@?%A%& +%/3!I2 JG.�#�0I2 .K+-&%.�/ $%F-1�2 4�&-0
2’233 e– 13’394 e– 1’305 L –  5’029 e– 5’029 e–>@?%A%& +%/:MK*:2 N�&@2 .K+-&%.�/ $%F-1�2 4�&�0 =5; L – <�<GO L – P O L – ;I< L – ;I< L –Q #G+%RIJ $'* C�.�STBI0 C54

429’375 H-U V�W X�LGY 2'576’250 H-U V�W X5LGY 217’487 H-U V�W X�LGY 869’948 H-U V�W X�LGY 217’487 HGU V�W X�LGYQ #G+%RIJ $'* C�.�SZ!52 J .I#-0
300’648 e–U V�W X5LGY 1’803’375 e–U V�W X5LGY 152’241 e–U V�W X5LGY 608’964 e–U V�W X5LGY 152’241 e–U V�W X5LGYQ #G+%RIJ $'* C�.�S@MZ*:2 N�& [�=�\ L –U V�W X5LGY < P =�8 L –U V�W X5LGY P 9�6 L –U V�W X5LGY ;:\�6 L –U V�W X5LGY P 9�6 L –U V�W X5LGY] #%$ RK^,C�$ $'&%.�/ < 6�6 L –U V�W X5LGY O�6�6 L –U V�W X5LGY < 6�6 L –U V�W X5LGY =�6�6 L –U V�W X5LGY < 6�6 L –U V�W X5LGY] #%$ RTMK*:2 N�& < 6 L –U V�W X5LGY 85[ L –U V�W X5LGY < 6 L –U V�W X5LGY 856 L –U V�W X5LGY < 6 L –U V�W X5LGYMK*:2 N�&@2 .K+-&%.�/ $_FG1�2 4�&�0 [�[:6 L – < P =�8 L – P 9�8 L – ;:\ P L – P 95; L –1�&G#%RE!�MD` =57 < < 657 6 P 7 = O57 = <G8I7 ;

7DEOH����6XPPDU\�RI�WKH�615�FDOFXODWLRQV�PHQWLRQHG�LQ�WKH�WH[W��([DPSOH���LV�GHVFULEHG�LQ�VRPH�GHWDLO�LQ�WKH�SDSHU��1RWH�WKDW��
IRU�H[DPSOH����WKH�SL[HO�VL]H�OLVWHG�LQ�WKH�WDEOH�LV�QRW�WKH�SK\VLFDO�VL]H��EXW�WKH�VLWH�RI�WKH��×��ELQQHG�SL[HO��DQG�DOO�RWKHU�GDWD�
UHIHU�WR�WKH�ELQQHG�SL[HO��
�
�

6LJQDO�WR�1RLVH�5DWLR�(VWLPDWLRQ�a 4I#%bDc50 &Zd a 4I#%bDc50 &@e a 4I#%bDc50 &)f a 4I#%bDc50 &@g a 4I#%bDc50 &)hi &�0 &GN_+-* cI&j 2 $ $'* $ ] 2 #%bE&%/ &�$ 6�7 O�6Zk 6�7 O�6Zk < 7 [�6Zk < 7 [�6Zk < 7 [�6Zk>@?�N'/ $ C�+%/ 2 * . 6�7 856Zk 6�7 856Zk 6�7 [�6Zk 6�7 [�6Zk 6�7 [�6Zkl 2 J "�/3^m* 0 0 &G+%/ 2 .IJ)no$
&G#
0.25 m2 0.25 m2 1.57 m2 1.57 m2 1.57 m2l *:+G#�0 l &%.IJ / " < 7 9�\Zk < 7 9�\Zk ;:7 6�6Zk ;:7 6�6Zk ;:7 6�6ZkB�*�+G#�0:`T#%/ 2 * P 7 P 6 P 7 P 6 =57 O5; =57 O5; =57 O5;] &%/ &G+%/ * $1�2 4�&�0�!I2 p &
24 µm 24 µm 24 µm 48 µm 24 µm1�2 4�&�0�!�+G#�0 &

2.50 ”/Pixel 2.50 ”/Pixel 0.71 ”/Pixel 1.42 ”/Pixel 0.71 ”/Pixel] #%$ RK^,C�$ $'&%.�/ < L –U q
U rsW X5LGY < L –U q
U rsW X5LGY < L –U q
U rsW X5LGY = L –U q
U rsW X5LGY < L –U q
U rsW X�LGY`)&G#GS:* C�/:MK*:2 N�& < 6 L – < 6 L – < 6 L – 856 L – < 6 L –t@C�#%.�/ C�b a ('('2 +G2 &%.�+%u ;:6Ev ;:6Ev ;:6Ev ;:6Ev ;:6Evw .�/ &-J $�#%/ 2 *G. i 2 bE& < 6�6 q O�6�6 q < 6�6 q < 6�6 q < 6�6 q>x?%A�&G+%/3#%.ISZ!�R:u>@?%A%& +%/ j #-J .I2 / CIS:& 856oy3z'{ 856oy3z'{ 856oy3z'{ 856oy3z'{ 856oy3z'{!�R�u Q #G+%RIJ $
*GC�.�S <G\ y�z
{ U
| ”
<G\ y�z
{ U
| ”

<G\ y3z'{ U
| ”
<G9 y3z'{ U
| ”

<G9 y3z'{ U
| ”B�}�~ j
4” 4” 4” 4” 2”!�M�`�^x#�0 +%C50 #%/ 2 * .>@?%A%& +%/5B�0 C54 <�<�� 6�6�6 H 66’000 H 69’080 H 69’0

\�6 H 69’080 H>@?%A%& +%/3!I2 JG.�#�0
7’700 e– 46’200 e– 48’356 e– 48’356 e– 48’356 e–
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35(&,6,21�,1�$67520(75<�$1'�3+2720(75<���$1�$0$7(85�
$3352$&+�

�
� %HUQDUG�&KULVWRSKH�����%OG�GH�&RXUFHOOHV�������3DULV���)UDQFH��EFKULVWR#FOXE�LQWHUQHW�IU�����
$EVWUDFW������:KHQ�VWXG\LQJ�WKH�URWDWLRQ�RI�DVWHURLGV�LW�LV�QHFHVVDU\�WR�JHW�D�JUHDW�QXPEHU�RI�LPDJHV�RI�WKH�VDPH�VWDUV�ILHOG��,Q�IDFW��ZH�DOVR�KDYH�DFFHVV�WR�WKH�SUHFLVLRQ�LQ�WKH�PHDVXUHPHQW�RI�SRVLWLRQ�DQG�RI�PDJQLWXGH�RI�WKH�VWDUV�RI�WKH�ILHOG���,�ZRXOG�OLNH�WR�JLYH�VRPH�IXUWKHU�H[SODQDWLRQV���,QGHHG��LI�D�KXQGUHG�LPDJHV�RI�WKH�VDPH�DUHD�DUH�UHFRUGHG�DQG�LI�LW�LV�SRVVLEOH�WR�PHDVXUH��LQ�HDFK�SLFWXUH��D�KXQGUHG�VWDUV�E\�XVLQJ�VRIZDUH�OLNH�,5,6��DV�ZHOO�DV�WKH�8612�FDWDORJ��:H�GR�JHW��IRU�HDFK�VWDU�VKRZLQJ�RQ�VHYHUDO�LPDJHV��DQ�LQWHUHVWLQJ�QXPEHU�RI�PHDVXUHPHQWV�RI�SRVLWLRQV�DQG�PDJQLWXGH��&RQVHTXHQWO\��LW�LV�SRVVLEOH�WR�FDOFXODWH�WKH�DYHUDJH�DQG�WKH�UPV�RI�PHDVXUHG�5$��'H��0DJ�IRU�HDFK�RI�WKHVH�VWDUV��7KH�DYHUDJH�PHDVXUHPHQWV�FRXOG�EH�XVHG�WR�XSGDWH�FDWDORJV��ZKHUHDV�WKH�UPV�YDOXH�JLYHV�\RX�DQ�LQIRUPDWLRQ�RQ�WKH�REWDLQHG�SUHFLVLRQ��,�KDYH�SHUIRUPHG�WKLV�NLQG�RI�VXUYH\�ZLWK�����LPDJHV�RI�DQ�DUHD�VXUURXQGLQJ�WKH�$VWHURLG�����������78���5HVXOWV�
are not «�DEVROXWH�» but depend on how images were obtained. I will present some conclusions and raise some questions.����
3ULQFLSOHV�RI�WKH�PHDVXPHQWV���
�
���Let’ s make the assumption that we have 100 stars in the field of view, each sWDU�EHLQJ�DIIHFWHG�E\�VRPH�QRLVH��WKLV�QRLVH�LV�FDXVHG�E\�IOXFWXDWLRQV�RI�WKH�EDFNJURXQG��SL[HOLVDWLRQ��WXUEXOHQFHV��HWF�����,I�DOO�WKH�VWDUV�KDYH�WKH�VDPH�SRVLWLRQ�QRLVH���VD\���VHF�RI�DUF�UPV��WKH�JULG�GHILQHG�E\�WKH�����VWDUV�ZLOO�EHDU�DQ�UPV�SRVLWLRQ�QRLVH�RI�RQO\�����VHF�RI�DUF����VHF�RI�DUF�GLYLGHG�E\�WKH�URRW�RI��������1RZ�LI�,�FRPSDUH�WKH�SRVLWLRQ�RI�RQH�VWDU�ZLWK�WKH�JULG�GHILQHG�E\�WKH������WKH�UPV�PHDVXUHG�ZLOO�EH�D�OLWWOH�ELW�RYHU���VHF�RI�DUF��WKH�HUURU�FRPLQJ�WKURXJK�JULG�QRLVH�LV��QHJOLJHDEOH��,�FRPSDUH�SRVLWLRQV�ZLWK�WKH�8612�FDWDORJ�LQ�RUGHU�WR�JHW�PRUH�LQIRUPDWLRQV�EXW�LW�LV�QRW�UHDOO\�QHFHVVDU\�IRU�REWHQLQJ�PHDVXUHPHQW�SUHFLVLRQ��%\�XVLQJ�����SLFWXUHV��\RX�JHW�D�YHU\�JRRG�FRQILGHQFH�LQ�WKH�DYHUDJH�DQG�LQ�WKH�UPV�YDOXH�IRU�SRVLWLRQV�DQG�PDJQLWXGHV���
�
&RQGLWLRQV�RI�REVHUYDWLRQ�������,�XVHG�D�KRPH�PDGH�QHZWRQLDQ����FP�WHOHVFRSH������FP�IRFDO�OHQJWK��7KH�FRQGLWLRQV�RI�REVHUYDWLRQ�DUH����.P�1RUWK�RI�3DULV�DW�D�ORZ�DOWLWXGH��YHU\�QHDU�RI�ZKDW�\RX�FDQ�KDYH�LQ�D�SODLQ�DUHD���GXULQJ�WKHVH�REVHUYDWLRQV�WKH�VHHLQJ�ZDV�UDWKHU�JRRG����VHF�RI�DUF���WKH�WDUJHW�ZDV�QHDU�WKH�]HQLWK���7KH�&&'�FDPHUD�XVHG�LV�DQ�+L�VLV�����HTXLSHG�ZLWK�D�.RGDN�.DI�������QR�ILOWHU�DQG�ELQQLQJ�FRQILJXUDWLRQ������7KLV�JLYHV�D���VHF�RI�DUF�UHVROXWLRQ�DQG�D�ILHOG�RI�YLHZ�RI����PLQ�RI�DUF���([SRVXUH�WLPH�LV�FKRVHQ�DW����VHF�IRU�QRW�VDWXUDWLQJ�WKH���PDJ�VWDU�LQ�WKH�ILHOG�DQG�DOVR�WR�JHW�VKDUS�VWDUV�DQG�PD[LPL]H�WKH�VLJQDO�WR�QRLVH�UDWLR���
�
7DUJHW���
�
�� Observation of the rotation of 14923 1994TU3 Mag 15.6  21h23m29s  31°39 ( 2000 ) nHDU�G]HWD�&\JQL��)LJ����7KLV�$VWHURLG�ZDV�FKRVHQ�IRU�WKH�IROORZLQJ�UHDVRQ������QR�FXUYHV�RI�URWDWLRQ�ZHUH�DYDLODEOH�����LWV�DQJXODU�PRXYHPHQW�ZLOO�NHHS�LW�LQ�WKH�VPDOO�ILHOG�RI�YLHZ�GXULQJ�WKH���KRXU�WLPH�RI�REVHUYDWLRQ����LWV�SUHGLFWHG�PDJ�RI������LV�ZLWKLQ�D�UDQJH�RI�JRRG�SUHFLVLRQ��DV�ZH�ZLOO�VHH���
100 pictures were saved , Fig 2 shows one of these pictures (n°82 ). Fig 3 is the sum of all the pictures, on which we can see the PRXYHPHQW�RI�WKH�DVWHURLG�DQG�DOVR�VRPH�YHU\�ZHDN�VWDUV�DURXQG�PDJ�������)LJ���VKRZV�WKH�8612�$���VWDUV���DURXQG�������RI�WKH�VDPH�ILHOG�RI�YLHZ��
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&&'�FDPHUD�VRIZDUH��������,�XVH�4PLSV����WR�DFTXLUH�WKH�SLFWXUHV�DQG�,5,6�WR�SURFHVV�WKHP��(DFK�SLFWXUH�LV�FRUUHFWHG�IRU�RIIVHW�GDUN�DQG�IODW��$IWHU�WKDW�,�ZLOO�XVH�WKH�DXWRPDWLF�DVWURPHWULF�SURFHVV�RI�WKH�VRIWZDUH��:KHQ�RQH�SLFWXUH�KDV�EHHQ�SURFHVVHG��WKH�VRIWZDUH�ZLOO�GHOLYHU�D�OLVW�RI�WKH�GHWHFWHG�VWDUV�ZLWK�WKHLU�SRVLWLRQV�DQG�PDJQLWXGH��FRPSDUHG�ZLWK�WKH�8612�UHIHUHQFH�VWDUV����)LJ���JLYHV�DQ�H[HPSOH�RI�WKHVH�GHWHFWHG�VWDUV�OLVW�DQG�)LJ���JLYHV�WKH�FDWDORJ�UHIHUHQFH�VWDUV�OLVW���,5,6�DOVR�JLYHV�DFFHVV�WR�WKH�VLJQDO�WR�QRLVH�UDWLR�IRU�GLIIHUHQW�VWDUV���)LJ���VKRZV�6�1�FRPSDUHG�ZLWK�PDJQLWXGH��7KH�QRLVH�ZDV�DURXQG���/6%�DQG�WKH�G\QDPLF�UDQJH�RI�WKH����ELW�FDPHUD�LV�������$�VWDU�PDJ����LV�DW�WKH�OLPLW�RI�VDWXUDWLRQ�DQG�D�VWDU�PDJ����LV�GHWHFWHG�ZLWK�DQ�6�1�RI���������,�GHYHORSSHG�D�IHZ�VRIWZDUHV�LQ�%DVLF��WR�DJJUHJDWH�WKHVH�VWDUV�OLVWV��WR�PDWFK�VWDUV�DQG�IRU�HDFK�RQH�RI�WKH�FRPPRQ�VWDUV�RQ�WKH�����SLFWXUHV�WR�FDOFXODWH�����������������������������������������WKH�DYHUDJH�SRVLWLRQV�DQG�WKH�UPV���������������������������������������WKH�DYHUDJH�PDJQLWXGH�DQG�WKH�UPV����
5HVXOWV���
�
���)LJ���VKRZV�D�OLVW�RI�GLIIHUHQFHV�EHWZHHQ�WKH�UHIHUHQFH�SRVLWLRQV�RI�8612�VWDUV�DQG�WKH�DYHUDJH�SRVLWLRQ��REWDLQHG��7KHVH�GLIIHUHQFHV�DUH�TXLWH�ODUJH��VRPHWLPHV�RYHU�����VHF�RI�DUF��ZKLFK�PHDQV�WKDW�WKH�8612�FDWDORJ�LV�JHWWLQJ�ROG�DQG�VKRXOG�EH�WXQHG�XS������������������)LJ���JLYHV�WKH�UPV�RI�WKH�PHDVXUHG�5$�DQG�'H�YHUVXV�PDJQLWXGH������������������)LJ����JLYHV�WKH�UPV�YHUVXV�6�1����������������)LJ����JLYHV�WKH�UPV�RI�WKH�PHDVXUHG�PDJQLWXGH�YHUVXV�PDJQLWXGH����������������)LJ����JLYHV�WKH�UPV�YHUVXV�6�1���,�ZRXOG�OLNH�WR�HPSKDVL]H�WKDW��EHWZHHQ�PDJQLWXGH����DQG����DQG�IRU�DQ�REVHUYDWLRQ�WLPH�RI����V��ZH�REWDLQ�������������������UPV�YDOXH�LQ�5$�DQG�'H�EHWWHU�WKDQ�����VHF�RI�DUF�����������������UPV�YDOXH�LQ�0DJQLWXGH�EHWWHU�WKDQ������PDJ�������7KLV�PHDQV�WKDW�LI�ZH�WDNH�RQO\�RQH�SLFWXUH�DW�����RI�FRQILGHQFH�ZH�ZLOO�EH�DW���RU�������VHF�RI�DUF��DQG�DW���RU�–�����PDJ��DURXQG�PDJ����UHVSHFWLYHO\���RU�–�����VHF�RI�DUF�����RU�–�����PDJ��,I�ZH�LQFUHDVH�WKH�REVHUYDWLRQ�WLPH�RU�LI�ZH�WDNH�1�SLFWXUHV��WKHVH�SUHFLVLRQV�ZLOO�EH�LPSURYHG�E\�WKH�URRW�RI�1�������,I�ZH�ZDQW�WR�UHDFK�����PDJ��ZH�ZRXOG�QHHG�����V�DQG�IRU������VHF�RI�DUF��ZH�ZRXOG�QHHG������V�RI�REVHUYDWLRQ�WLPH���
�
&RQFOXVLRQV���
�
���,�WKLQN�WKDW�UHDFKLQJ�D�SUHFLVLRQ�RI�����VHF�RI�DUF�LQ�����V�RI�REVHUYDWLRQ�LV�D�YHU\�LQWHUHVWLQJ�DQG�HQFRXUDJLQJ�UHVXOW��7KLV�PHDQV�WKDW�DPDWHXU�DVWURQRPHU�FDQ�GR�D�ORW�RI�DVWURPHWULF�ZRUN��7R�GR�VR��ZH�QHHG�DQ�LPSURYHG�UHIHUHQFH�FDWDORJ��)RU�WKH�PDJQLWXGH�PHDVXUHPHQWV��WKH�GLVSHUVLRQ�LV�TXLWH�ODUJH�EHFDXVH�ZH�IDFH�PDQ\�SUREOHPV�DERXW�WKH�5�DQG�%�PDJ�RI�WKH�FDWDORJ�DQG�WKH�VSHFWUDO�&&'�UHVSRQVH���,Q�WKH�IXWXUH�,�KRSH�WKDW�ZH�ZLOO�JHW�D�FDWDORJ�ZLWK�QRW�RQO\�D�SRVLWLRQ�SUHFLVLRQ�RI������VHF�RI�DUF�EXW�DOVR�ZLWK�UHIHUHQFH�ILOWHUHG�PDJQLWXGHV���,�ZRXOG�OLNH�WR�FRPPHQW�WKH�DYDQWDJHV�RI�WKH�WHFKQLTXHV�DERYH�PHQWLRQQHG����������7KH\�DUH�TXLWH�VLPSOH�WR�LPSOHPHQW�DQG�WKH\�ZRXOG�HQDEOH�DQ\ERG\�WR�JHW�KLV�RZQ�SUHFLVLRQ�FXUYHV��������� It is also an absolute way of comparing different softwares, CCD, binning, etc…��7KHVH�UHVXOWV�UDLVH�VRPH�TXHVWLRQV����������$UH�WKH�FXUYHV�FRKHUHQW�ZLWK�WKH�UDWLR�VLJQDO�WR�QRLVH��VHH�WKH�DUWLFOH�E\�+HUEHUW�5DDE���"��������$re some other parameters significant (CCD uniformity ….)�"��������&DQ�ZH�LPSURYH�WKH�VLWXDWLRQ�"��������:KDW�VKRXOG�EH�GRQH�RQ�WKH�WHOHVFRSH�RQ�WKH�FDPHUD�RQ�WKH�VRIWZDUH�"���
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�
$'$6��$6,$*2�'/5�$67(52,'�6859(<����

&HVDUH�%DUELHULD��*LXOLDQR�3LJQDWDE��*HUKDUG�+DKQF��6WHIDQR�0RWWRODF��0DUWLQ�+RIIPDQQG��5LFFDUGR�&ODXGLE��6DUD�0DJULQD��
,YDQR�%HUWLQLD��/XFLDQR�6DOYDGRULD��0DVVLPR�&DOYDQLE�

�
D'HSDUWPHQW�RI�$VWURQRP\��8QLYHUVLW\�RI�3DGRYD��YLFROR�2VVHUYDWRULR����������3DGRYD��EDUELHUL#SG�DVWUR�LW�

�
E$VWURQRPLFDO�2EVHUYDWRU\�RI�3DGRYD�

�
F'/5�,QVWLWXWH�RI�6SDFH�6HQVRU�7HFKQRORJ\�DQG�3ODQHWDU\�([SORUDWLRQ��%HUOLQ��*HUPDQ\��

�
GInstitute for Geology, Geophysics and Geoinformatics, Freie Universität Berlin (Germany)�

��
$'$6�� WKH� $VLDJR�'/5� $VWHURLG� 6XUYH\�� LV� WKH� MRLQW� SURJUDP� DPRQJ� WKH� 'HSDUWPHQW� RI� $VWURQRP\� DQG� $VWURQRPLFDO�
2EVHUYDWRU\�RI�3DGRYD�DQG�WKH�'/5�%HUOLQ��GHGLFDWHG�WR�WKH�VHDUFK�RI�DVWHURLGV��7KH�0LQRU�3ODQHW�&HQWHU�KDV�DWWULEXWHG�WR��
$'$6�WKH�VXUYH\�FRGH������2Q�WKH�:HE��$'$6�LV�GHVFULEHG�LQ��KWWS���SODQHW�SG�DVWUR�LW�SODQHWV�DGDV��
�
7KH�SURMHFW�LV�FDUULHG�RXW�VLQFH�WKH�HQG�RI�'HFHPEHU������ZLWK�WKH�6�����FP�WHOHVFRSH�DW�$VLDJR���&LPD�(NDU�HTXLSSHG�ZLWK�
WKH�6&$0���FDPHUD�RI�'/5�� LQ�7LPH�'HOD\� ,QWHJUDWLRQ�PRGH�� LQ�D�VWULS� IURP�–5° to +15° around the celestial equator.�7KH�
camera has a front illuminated Loral chip of 2048x2048 pixels of 15 micrometers each, covering a field of 49’x49’ with a 
resolution of 1”.4/pixel.  �
�
7KLV�SDSHU�SUHVHQWV�WKH�PDLQ�UHVXOWV�REWDLQHG�WLOO�0DUFK�����������ZKHQ�WKH�WHOHVFRSH�KDV�EHHQ�FORVHG�IRU�D�FRPSOHWH�RYHUKDXO��
$'$6�ZLOO�UHVXPH�SUHVXPDEO\�DW�WKH�HQG�RI�-XQH�������

�
�
,QWURGXFWLRQ���7KH�SURMHFW�WR�DGDSW�D�&&'�FDPHUD�WR�WKH�6������FP�6FKPLGW�WHOHVFRSH�DW�&LPD�(NDU��)LJ�����LV�D�MRLQW�FROODERUDWLRQ�EHWZHHQ�WKH�'HSDUWPHQW�RI�$VWURQRP\�DQG�WKH�$VWURQRPLFDO�2EVHUYDWRU\�RI�3DGRYD�RQ�RQH�VLGH��DQG�'/5�%HUOLQ�RQ�WKH�RWKHU��7KH�PDLQ�VFLHQWLILF�GULYHU�LV�WKH�GLVFRYHU\�DQG�IROORZ�XS�RI�PRYLQJ�REMHFWV��DVWHURLGV��1(2V��1($V��712V��.%2V��HWF����+HQFH�WKH�QDPH�$'$6��$VLDJR�'/5�$VWHURLG�6XUYH\�JLYHQ�WR�WKH�SURMHFW��7KH�0LQRU�3ODQHW�&HQWHU�KDV�DWWULEXWHG�WR�$'$6�WKH�VXUYH\�
FRGH������$Q�XSGDWHG�YLHZ�RI�$'$6�FDQ�EH�IRXQG�RQ�WKH�:HE�VLWH��KWWS���SODQHW�SG�DVWUR�LW�SODQHWV�DGDV��2WKHU�VFLHQWLILF�SURJUDPV�ZLOO�EH�SRVVLEOH��QR�ILOWHU�LV�DW�PRPHQW�SURYLGHG��EXW�D�ILOWHU�ZKHHO�GHYLFH�LV�DYDLODEOH�DQG�LW�ZLOO�EH�PRXQWHG�LQ�WKH�QHDU�IXWXUH����'/5�KDV�SURYLGHG�WKH�6&$0���FDPHUD��ZKLFK�FDQ�EH�RSHUDWHG�ERWK�LQ�7LPH�'HOD\�,QWHJUDWLRQ�PRGH�DQG�LQ�QRUPDO�PRGH���WKH�VRIWZDUH� IRU� LPDJH� DFTXLVLWLRQ� DQG� TXLFN� ORRN� �$VWSK����� DQG� IRU� DVWURPHWU\� DQG� DXWRPDWLF� GHWHFWLRQ� RI�PRYLQJ� REMHFWV� E\�FRPSDULQJ���IUDPHV��5DFNLV��VHH�)LJ����������
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�

)LJ�����–�7KH�6&$0�FDPHUD�KHDG�DQG�LWV�HOHFWURQLFV�DWWDFKHG�WR�WKH�1:�VLGH�RI�WKH�6������FP�WHOHVFRSH�DW�&LPD�(NDU��
��

� � ��
)LJ����–�7KUHH�LPDJHV�IRU�WKH�GHWHFWLRQ�RI�DQ�DVWHURLG��
�
3KRWRPHWU\�DQG�FHQWURLGLQJ�RI� DOO� VWDUV�RQ� WKH� IUDPH� LV� DFFRPSOLVKHG�E\�XVLQJ�6H[WUDFWRU�� D�SXEOLF�GRPDLQ�VRIWZDUH�SDFNDJH�GHYHORSHG�E\�(��%HUWLQ�DQG�6��$UQRXWV��������>�@����7KH�WKLFN�IURQW�illuminated CCD is a grade A 2048x2048 LORAL chip with a pixel size of 15x15 µm (1” .437x1” .437 on the VN\��� DQG� FRYHUV� DQ� DUHD� RI� � ��[��� DUFPLQ� ������ VT�GHJ��� ,Q�7',�� WKH�HIIHFWLYH� H[SRVXUH� WLPH� IRU� HDFK� VWDU� LV�RI����V�DW� WKH�HTXDWRU�� 7KH� FDPHUD� LV� HTXLSSHG�ZLWK� D�9LQFHQW� ��� SUHFLVLRQ� VKXWWHU�� WKH� VKRUWHVW� H[SRVXUH� WLPH� EHLQJ� ���� VHF�� EHFDXVH� WKH�GLDPHWHU�RI� WKH�VKXWWHU� LV�RI����PP��D�VOLJKW�YLJQHWWLQJ� LV� LQWURGXFHG��7KH�FKLS� LV� UHIULJHUDWHG�E\�D� WZR�VWDJH�FRROLQJ�GHYLFH��ZKHUH�WKH�SULPDU\�VWDJH�LV�D�3HOWLHU�FRROHU�DQG�WKH�VHFRQGDU\�RQH�FRQVLVWV�RI�D�FORVHG�FLUFXLW�OLTXLG�UHIULJHUDWRU��7KH�DFKLHYHG�&&'�RSHUDWLRQDO�WHPSHUDWXUH�LV�–63 °C. A FRPSOHWH�FKDUDFWHUL]DWLRQ�RI�WKH�FKLS�DQG�LWV�HOHFWURQLFV�ZDV�SHUIRUPHG�WKDQNV�WR�WKH�NLQG�KHOS�RI�&DWDQLD�$VWURSK\VLFDO�2EVHUYDWRU\��&ODXGL�HW�DO�������VHH��)LJ�����>�@����
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��
)LJ����–�7KH�TXDQtum efficiency of the Loral chip. The continuous curve is the “ opacity”  of the BK7 dewar window (Claudi et DO��������
�
7KH�V\VWHP�REWDLQHG�XVHIXO�GDWD�VLQFH�'HFHPEHU��� � � �������7LOO�WKH�PLGGOH�RI�)HEUXDU\�������WKH�IRFDO�SODQH�ZDV�IROGHG�WR�WKH�&&'�FDPHUD�YLD�D��VOLJKWO\�XQGHUVL]HG��IODW�PHWDO�PLUURU�NLQGO\�SURYLGHG�E\�2IILFLQH�*DOLOHR��)LUHQ]H���WKH�PLUURU�LV�D�VSLQ�RII�RI�WKH�YHU\�VXFFHVVIXO�SURWRW\SH�EXLOW�IRU�WKH�+DOOH\�0XOWLFRORXU�&DPHUD�RQ�ERDUG�*,2772��QRZ�SURGXFHG�LQ�ODUJH�TXDQWLWLHV�IRU� VHYHUDO� QRQ�DVWURQRPLFDO� DSSOLFDWLRQV��$� QHZ� IODW�PLUURU� LQ� JODVV��ZLWK� ODUJHU� GLPHQVLRQV� LQ� RUGHU� WR� FROOHFW� DOO� WKH� OLJKW�EHDP��DQG�H[FHOOHQW�RSWLFDO�TXDOLW\��VHH�)LJ������ZDV�SURGXFHG�E\�2WWLFD�=(1��9HQH]LD���LW�ZDV�LQVWDOOHG�DW�WKH�WHOHVFRSH�WKH��� � � �RI�)HEUXDU\��������

��
)LJ����–�0�������V��XQILOWHUHG��

� �
6HYHUDO�WRROV�IRU�$'$6�KDYH�EHHQ�DGDSWHG�IURP�DYDLODEOH�VRIWZDUH�SDFNDJHV��7KH�DVWURPHWULF�UHVLGXDOV�DUH�HYDOXDWHG�E\�D�FRPSDULVRQ�ZLWK�WKH�DVWHURLGV�SRVLWLRQV��03&�IRUPDW��LQ�WKH�DVWHURLG�VHUYHU�GHYHORSHG�E\�-��6NYDUF�WKURXJK�WKH�ZHE�LQWHUIDFH��
KWWS���DVWUR�DJR�XQL�OM�VL�DVWHURLGV�UHVLGXDOV�KWPO��7KLV�VHUYLFH�XVHV�VHYHUDO�SURJUDPV�DQG�LQIRUPDWLRQ�VRXUFHV�GHYHORSHG�E\�GLIIHUHQW�SHRSOH��7KH�DVWHURLG�GDWDEDVH�LV�PDLQWDLQHG�DW�/RZHOO�2EVHUYDWRU\�E\�(��%RZHOO��3URSDJDWLRQ�RI�DVWHURLG�SRVLWLRQV�LV�GRQH�E\�D�SURJUDP�FDOOHG�2UEILW��SDUW�RI�D�1(2�LQIRUPDWLRQ�WRRO�1(2'\6�GHYHORSHG�E\�WKH�2UEILW�FRQVRUWLXP��,GHQWLILFDWLRQ�RI�WKH�DVWHURLGV�LV�PDGH�XVLQJ�WKH�03&�WRRO���

03&KHFNHU��KWWS���FIDSV��KDUYDUG�HGX�aFJL�&KHFN61"V P��
�7KH�DVWHURLG�SRVLWLRQV�DUH�UHIHUUHG�WR�WKH�8612�6$����DQG�WR�WKH�*6&�����$VWURPHWULF�&DWDORJXHV��

�

��–�7KH�)LUVW�3KDVH�����'HF�������–����)HE��������QRUPDO�LPDJLQJ�PRGH�
�7KH�ILUVW�SKDVH�RI�RXU�ZRUN��XVLQJ�WKH�PHWDO�PLUURU��ODVWHG�IURP�'HF�����������WKURXJK�)HE������������$OWKRXJK�WKH�RSWLFDO�TXDOLW\�KDG�QRW�UHDFKHG�LWV�RSWLPDO�YDOXH��WKH�OLPLWLQJ�PDJQLWXGH�ZDV�DOUHDG\�VXIILFLHQWO\�IDLQW�WR�JLYH�KRSH�WR�KDYH�D�FRPSHWLWLYH�V\VWHP��)RU�LQVWDQFH��WKH�IDLQWHVW�REVHUYHG�REMHFW�WKH�YHU\�ILUVW�QLJKW�ZDV������.1����9�-3/�� ��������WKHUH�LV�QR�
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ILOWHU�LQ�IURQW�RI�WKH�&&'��WKH�HIIHFWLYH�EDQG�LV�HVVHQWLDOO\�9�5���ZLWK�DQ�H[SRVXUH�WLPH�RI�����VHF��,Q�WKLV�ILUVW�SDUW�RI�WKH�$'$6�SURJUDP��ZH�KDYH�HVVHQWLDOO\�RSHUDWHG�LQ�JXLGHG�PRGH���
��
��–�7KH�6HFRQG�3KDVH��VLQFH����)HE�������WLOO����0DUFK�������7',�PRGH�
�7KH� VHFRQG�SKDVH� RI�$'$6� VWDUWHG� RQ���� )HE�������ZKHQ� WKH� QHZ� H[FHOOHQW� JODVV�PLUURU�ZDV�PRXQWHG��7KH�RSWLFDO�TXDOLW\�LPSURYHG� DQG� WKH� DOLJQPHQW� RI� WKH�&&'�FROXPQV�ZLWK� WKH�+RXU�$QJOH�ZDV� RSWLPL]HG�� VR� WKDW� WKH�7',� VFDQ�PRGH� FRXOG� EH�LPSOHPHQWHG����:LWK�WKH�7',�WHFKQLTXH�DQG����PLQ�ORQJ�VFDQV��ZH�FRYHU�D�ILHOG�RI������VT�GHJ�IRU���WLPHV�LQ�����KRXUV��DSSUR[LPDWHO\�����VT�GHJ�K��,Q�ZLQWHU�WLPH����K�REVHUYLQJ�UXQV���WKH�WRWDO�VXUYH\HG�ILHOG�KDV�EHHQ�RI������VT�GHJ��LQ�VXPPHU�WLPH���K�REVHUYLQJ�UXQV��WKH�WRWDO�VXUYH\HG�ILHOG�KDV�EHHQ�RI������VT�GHJ���7KH�LPDJH�TXDOLW\�FDQ�EH�PDLQWDLQHG�JRRG�RQO\�LQ�WKH�LQWHUYDO�RI�GHFOLQDWLRQ���5°,+10°), on higher declination the curvatuUH�RI�WKH� VN\� EHFRPHV� QRWLFHDEOH�� EXW� VHYHUDO� GDWD�ZHUH� QHYHUWKHOHVV� REWDLQHG� DW�+RXU�$QJOHV� QRW� WRR� IDU� IURP� WKH�PHULGLDQ��7KH�REVHUYLQJ�WLPH�ZDV�GLYLGHG�HVVHQWLDOO\�DPRQJ���GLIIHUHQW�SURJUDPV����� VXUYH\�RI�DVWHURLGV�DURXQG�WKH�PHULGLDQ��LQ�SDUWLFXODU�DURXQG�Saturn’ s Lagrangian points and near the opposition���� VXUYH\�RI�DVWHURLGV�DW�VPDOO�VRODU�HORQJDWLRQV��)RU�ERWK�SRLQW�ZH�JLYH�D�GHWDLOHG�DFFRXQW�LQ�SDUDJUDSK���DQG����
�7KH�DUHD�FRYHUHG��LQ�7',�PRGH�LV�VKRZQ�LQ�)LJ������
�

�
)LJ����–�$UHD�RI�VN\�FRYHUHG�LQ�7',�PRGH��WKH�ILHOGV�REVHUYHG�DW�VPDOO�VRODU�HORQJDWLRQ�DUH�UHG�FRORUHG�ZKLOH�WKH�ILHOGV�REVHUYHG�DURXQG�WKH�PHULGLDQ�DUH�JUHHQ��
�
7DEOH���JLYHV�WKH�VWDWLVWLFV�RI�WKH�UHVXOWV�REWDLQHG�WR�GDWH���
�

7DEOH���–�7KH�UHVXOWV�REWDLQHG�IURP�'HFHPEHU������WR�0DUFK�������
�

1HZ�'HVLJQDWLRQV������7RWDO�QXPEHU�RI�3RVLWLRQV��������1HZ�2EMHFWV
�3RVLWLRQV�������6LQJOH�1LJKW�3RVLWLRQV�������1HZ�RUELWV������
6SHFLDO�DVWHURLGV�GLVFRYHUHG����7URMDQV����
+LOGD����+XQJDULD����0DUV�FURVVHUV�������$1�������&6��

��
��–�2EVHUYLQJ�DURXQG�WKH�PHULGLDQ����7DEOH���JLYHV�WKH�UHVXOWV�REWDLQHG�E\�REVHUYLQJ�DW�+RXU�$QJOHV�FORVH�WR�WKH�PHULGLDQ��

�



� ���

7DEOH���–�2EVHUYDWLRQDO�VWDWLVWLFV�DURXQG�WKH�PHULGLDQ�
(FOLSWLF�/DWLWXGH� 6XUYH\HG��VT�GHJ�� 'HWHFWHG�DVWHURLGV� $VWHURLGV�SHU�VG�GHJ�

�15o < �����o� ������ ����� �����
β > 15o� ������ ���� �����

�WRWDO�QXPEHU�RI�GHWHFWHG�DVWHURLGV��������VXUYH\HG�DUHD��������VT�GHJ�DVWHURLGV�SHU�VT�GHJ�������VPDOOHVW�DQJXODU�GLVSODFHPHQW�UDWH������DUFVHF�K��VPDOOHVW�DQJXODU�GLVSODFHPHQW������DUFVHF�
�7KH�DVWURPHWULF�DQG�SKRWRPHWULF�SUHFLVLRQ�DFKLHYHG�FDQ�EH�EHVW�HVWLPDWHG�E\�FRPSDULQJ�RXU�SRVLWLRQV�DQG�PDJQLWXGH�ZLWK�WKRVH�RI�VRPH���������DVWURPHWULF�FDWDORJ�VWDUV��VHH��)LJ�����)LJ�����DQG����7DEOH������

���� ��
)LJ����–�'LVWULEXWLRQ�RI�DVWURPHWULF�UHVLGXDOV�UHODWLYH�WR�UHIHUHQFH�VWDUV��
�

�
�

)LJ����–�'LVWULEXWLRQ�RI�SKRWRPHWULF�UHVLGXDOV�UHODWLYH�WR�UHIHUHQFH�VWDUV��
�



� ���

�

�

7DEOH�����,QWHUQDO�HUURUV�RI�SKRWRPHWU\�DQG�DVWURPHWU\�
�

Rα ασ± � Rδ δσ± � mmR σ± �
0.00 0.62± � 0.00 0.49± � 46.001.0 ± �

��
�1RWLFH�WKDW�WKH�HUURUV�LQ�5$�DUH�ODUJHU�WKDQ�WKRVH�LQ�'HF�GXH�WR�WKH�7',�PRGH���&RPSDULQJ� WKH� SRVLWLRQV� ZLWK� WKRVH� JLYHQ� E\� WKH� 03&� IRU� WKH� QXPEHUHG� DVWHURLGV� LQ� FRPPRQ�� WKH� HUURUV� ZLOO� FRPSULVH�WKHUHIRUH� DOO� VRXUFHV� RI� LQWHUQDO� �LQFOXGLQJ� FHQWURLGLQJ� DQG� WLPLQJ� HUURUV� RQ� RXU� LPDJHV�� DQG� H[WHUQDO� IDFWRUV� �DVWURPHWULF�FDWDORJ�HUURUV��RUELWDO�XQFHUWDLQWLHV���7KH�UHVXOWV�IRU�REMHFWV�REVHUYHG�DURXQG�WKH�PHULGLDQ�DUH�JLYHQ�E\�7DEOH���DQG�)LJ�����

�

7DEOH����–�7KH�DVWURPHWULF�TXDOLW\�IRU�QXPEHUHG�DVWHURLGV�REVHUYHG�DURXQG�WKH�PHULGLDQ��
� 5HVLGXDOV��DUFVHF�� 1°�RI�REVHUYDWLRQV� 3HUFHQWDJH�

������ ���� �������
������ ����� �������
������ ����� �������
������ ����� �������
!����� ��� ������
$OO�REVHUYDWLRQV� ����� �

�
$YHUDJH�5$�UHVLGXDO� ������±������DUFVHF�
$YHUDJH�'(&�UHVLGXDO� �����±������DUFVHF�
$YHUDJH�WRWDO�UHVLGXDO� �����±������DUFVHF�

�
�

�
�

)LJ����–�7KH�GLVWULEXWLRQ�RI�WKH�DVWURPHWULF�UHVLGXDOV�RI�QXPEHUHG�DVWHURLGV�REVHUYHG�E\�$'$6�DURXQG�WKH�PHULGLDQ��
��)LJ����VKRZV�WKH�PDJQLWXGH�GLVWULEXWLRQ�RI�DOO�DVWHURLGV�GHWHFWHG�WLOO�QRZ���
�



� ���

�
�

)LJ����–�7KH�PDJQLWXGH�GLVWULEXWLRQ�RI�DOO�DVWHURLGV�GHWHFWHG�E\�$'$6�DURXQG�WKH�PHULGLDQ��
�
��–�2EVHUYLQJ�DW�VPDOO�VRODU�HORQJDWLRQV��
�6HYHUDO�VWXGLHV�KDYH�VKRZQ�WKH�SUHVHQFH�RI�D�ELDV�EHWZHHQ�WKH�REVHUYHG�$WHQ�1($�IUDFWLRQ�DQG�WKH�UHDO�RQH��%RDWWLQL�DQG�&DUXVL�������>�@���0LFKHO�HW�DO�������>�@���7KLV�ELDV�LV�GXH�WR�WKH�IDFW�WKDW�WKH�ODUJH�DVWHURLG�VXUYH\V�REVHUYH�QHDU�WKH�RSSRVLWLRQ��ZKHUH�$WHQV�VSHQG�WKH�OHDVW�RI�WKHLU�WLPH��0RUHRYHU�VRPH�VWXGLHV��7DEDFKQLFN�DQG�(YDQV�������>�@��KDYH�SRLQWHG�RXW�WKH�H[LVWHQFH�LQ�WKH�LQQHU�VRODU�V\VWHP�RI�TXLWH�VWDEOH�G\QDPLFDO�]RQHV��H�J��DURXQG�WKH�/DJUDQJLDQ�SRLQWV�RI�9HQXV�DQG�(DUWK���EXW�XQWLO�WRGD\�QR�DVWHURLG�ZLWK�RUELW�FRPSOHWHO\�LQQHU�WR�WKDW�RI�WKH�(DUWK�KDV�EHHQ�GLVFRYHUHG��WKLV�W\SH�RI�DVWHURLGV�FDQ�EH�GHWHFWHG�RQO\�ZLWK�REVHUYDWLRQV�DW�VPDOO�VRODU�HORQJDWLRQV��:H�KDYH�GUDZQ�LQ�)LJ�����DQG�LQ��D�VLPSOH�PRGHO�RI�PDJQLWXGH�YDULDWLRQ�RI�DQ\�JLYHQ�DVWHURLG�RI�PDJ��+�DV�IXQFWLRQ�RI�LWV�SRVLWLRQ�DQG�SKDVH�DQJOHV��1RWLFH�WKDW�WKH�REMHFWV�EHFRPH�IDLQWHU�DQG�IDLQWHU�JRLQJ�WR�VPDOOHU�HORQJDWLRQV��ZKLOH�WKH�H[SORUHG�YROXPH�RI�LQQHU�VRODU�V\VWHP�EHFRPHV�ODUJHU���

��
)LJ�����–�'LIIHUHQFH�EHWZHHQ�WKH�DEVROXWH�PDJQLWXGH�+�DQG�WKH�REVHUYHG�PDJQLWXGH�P�IRU�D�JLYHQ�DVWHURLG��DV�IXQFWLRQ�RI�LWV�SRVLWLRQ��UHSUHVHQWHG�ERWK�LQ����DQG�LQ���'��7KH�(DUWK�LV�LQ��������WKH�6XQ�LQ��������7KH�FXUYHV�DUH�VHSDUDWHG�E\�����PDJQLWXGHV����



� ���

� ��
)LJ�����–�6DPH�DV�LQ��)LJ������WRJHWKHU�ZLWK�WKH�UHIHUHQFH�OLQHV�VKRZLQJ�VRODU�HORQJDWLRQV��

�2Q�WKH�RWKHU�KDQG��WKH�VHDUFK�RI�REMHFWV�DW�VPDOO�VRODU�HORQJDWLRQV�LV�FDUULHG�RXW�XQGHU�QRQ�RSWLPDO�REVHUYLQJ�FRQGLWLRQV��DQG�LQ�VRPH�FDVHV�H[FOXGH�WKH�HFOLSWLF�SODQH��FRQVLGHUDEO\�ORZHULQJ�WKH�WRWDO�QXPEHU�RI�REVHUYDEOH�DVWHURLGV��7KROHQ�HW�DO�������>�@����7KLV�H[SHFWDWLRQ�LV�ERUQ�RXW�E\�WKH�DYDLODEOH�GDWD�DV�VKRZQ�LQ��7DEOH�������
7DEOH���–�2EVHUYDWLRQDO�VWDWLVWLF�DW�VPDOO�VRODU�HORQJDWLRQV�

�
(FOLSWLF�ODWLWXGH� 6RODU�HORQJDWLRQ�GHJ��

6XUYH\HG��VT�GHJ��

'HWHFWHG�DVWHURLGV�

$VWHURLGV�SHU�VG�GHJ�
>�����>� ���� �� �����
>�����>� ���� ��� �����
>�����>� ����� ��� �����
>�����>� ����� ��� �����
>�����>� ����� ��� �����

�15o < ���
15o�

>����>� ������ ���� �����
>�����>� ����� �� �����
>�����>� ����� �� �����
>�����>� ����� �� �����
>�����>� ����� �� �����
>�����>� ����� �� �����

β > 15o�

>����>� ������ ��� �����
�
WRWDO�QXPEHU�RI�GHWHFWHG�DVWHURLGV�������VXUYH\HG�DUHD��������VT�GHJ�DVWHURLGV�SHU�VT�GHJ��������
)LJ�����DQG�7DEOH���JLYH�WKH�DVWURPHWULF�SUHFLVLRQ��)LJ�����JLYHV�WKH�SKRWRPHWULF�GLVWULEXWLRQ����

�
)LJ�����–�7KH�GLVWULEXWLRQ�RI�WKH�DVWURPHWULF�UHVLGXDOV�RI�QXPEHUHG�DVWHURLGV�REVHUYHG�E\�$'$6�DW�VPDOO�VRODU�HORQJDWLRQV��

�



� ���

7DEOH���–�7KH�DVWURPHWULF�SUHFLVLRQ�RI�QXPEHUHG�DVWHURLGV�DW�VPDOO�VRODU�HORQJDWLRQV�
5HVLGXDOV��DUFVHF�� 1°�RI�REVHUYDWLRQV� 3HUFHQWDJH�
������ ��� ������
������ ��� �������
������ ���� �������
������ ���� �������
!����� ��� ������
$OO�REVHUYDWLRQV� ���� �
�

$YHUDJH�5$�UHVLGXDO� �����±������DUFVHF�
$YHUDJH�'(&�UHVLGXDO� �����±������DUFVHF�
$YHUDJH�WRWDO�UHVLGXDO� �����±������DUFVHF�

�

�
)LJ�����–�7KH�PDJQLWXGH�GLVWULEXWLRQ�RI�DOO�DVWHURLGV�GHWHFWHG�E\�$'$6�DW�VPDOO�VRODU�HORQJDWLRQV��
�
7KH�ORVV�LQ�DFFXUDF\�DQG�PDJQLWXGH�LV�SODLQO\�HYLGHQW��

�
�
����)XUWKHU�GHYHORSPHQWV��6HYHUDO�LPSURYHPHQWV�ZLOO�EH�FDUULHG�RXW�LQ�WKH�FHQWUDO�SDUW�RI����������� D�ILOWHU�ZKHHO�ZLWK�VHYHUDO�EURDG�EDQG�ILOWHUV�LV�XQGHU�FRQVWUXFWLRQ������ IXOO�DXWRPDWL]DWLRQ�RI�WKH�WHOHVFRSH�DQG�GRPH��1HZ�PRWRUV�DQG�FDEOLQJ�ZLOO�EH�LQVWDOOHG����� D�QHZ�FRQWURO�URRP�DW�WKH�JURXQG�IORRU��FDSDEOH�WR�KRVW�VHYHUDO�SHUVRQV��,W�LV�H[SHFWHG�WR�UHVXPH�WKH�REVHUYDWLRQV�LQ�-XQH�������

�
�

$FNQRZOHGJHPHQWV��7KDQNV�DUH�GXH�WR�WKH�WHFKQLFDO�VWDII�RI�WKH�3DGRYD�–�$VLDJR�2EVHUYDWRU\�IRU�WKH�H[FHOOHQW�ZRUN�RQ�WKH�WHOHVFRSH�DQG�GRPH��DQG�RI� WKH� &DWDQLD� $VWURSK\VLFDO� 2EVHUYDWRU\� IRU� WKH� NLQG� KHOSLQJ� FKDUDFWHUL]LQJ� WKH� &&'� DQG� DVVRFLDWHG� HOHFWURQLFV�� 7KH�GHYHORSPHQW�RI�WKH�FRQWURO�VRIWZDUH�IRU�WKH�ILOWHU�ZKHHO�LV�DOVR�XQGHU�SUHSDUDWLRQ�DW�&DWDQLD���0U��6��'DOOH�$YH�NLQGO\�KHOSHG�ZLWK�WKH�REVHUYDWLRQV��
�



� ���

5HIHUHQFHV������%HUWLQ��(���$UQRXWV��6��������6H[WUDFWRU��6RIWZDUH�IRU�VRXUFH�H[WUDFWLRQ��$VWURQ��	�$VWURSK\V��6XSSO��Y�������SS��������������&ODXGL�5�8���3LJQDWD��*���6WUD]]DERVFR��'���%RQDQQR��*���%Hlluso, M., Bruno, P., Cali, A., Cosentino, R., Timpanaro, M.C., 6FXGHUL�� 6�� ������&+$5$&7(5,=$7,21�2)� 7+(� ������ 6&+0,'7� 7(/(6&23(�&&'�3DGRYD� DQG�$VLDJR�2EVHUYDWRULHV��7HFKQLFDO�5HSRUW�Q������-DQXDU\���������� %RDWWLQL��$���&DUXVL��$��� �����$WHQ�� ,PSRUWDQFH� DPRQJ�1HDU�(DUWK�$VWHURLGV� DQG� VHDUFK� VWUDWHJLHV��9LVWDV� LQ�$VWURQRP\�9RO������1R�����SS������������
4. Michel, P., Zappala, V., Cellino, A., Tanga, P. 2000,  (VWLPDWHG�$EXQGDQFH�RI�$WHQ�DQG�DVWHURLGV�HYROYLQJ�RQ�RUELWV�EHWZHHQ�
(DUWK�DQG�6XQ��,FDUXV��9ROXPH������,VVXH����SS�������������� 7DEDFKQLFN�� 6��$���(YDQV�1��:�� ������ �$VWHURLGV� LQ� WKH� LQQHU� 6RODU� V\VWHP�–� ,��([LVWHQFH��0RQWKO\�1RWLFHV�RI� WKH�5R\DO�$VWURQRPLFDO�6RFLHW\��9ROXPH������,VVXH����SS������������� 7KROHQ�� '�� -��� :KLWHOH\�� 5�� -�� ������ 5HVXOWV� )URP� 1(2� 6HDUFKHV� $W� 6PDOO� 6RODU� (ORQJDWLRQ�� �$PHULFDQ� $VWURQRPLFDO�6RFLHW\��'36�PHHWLQJ��������������%XOOHWLQ�RI�WKH�$PHULFDQ�$VWURQRPLFDO�6RFLHW\��9RO������S��������� �
�



� ���

2&&8/7$7,21�35(',&7,216�2)�.%26�$1'�27+(5�81868$/�2%-(&76���
0LNH�.UHWORZ� �

� 0LFKDHO�$GULDQ�2EVHUYDWRU\��)LFKWHQVWUDVVH����'�������7UHEXU��*HUPDQ\��H�PDLO��PNUHWORZ#JP[�GH

.XLSHU�%HOW�2EMHFWV��.%2V� � �DUH�RI�VSHFLDO�LQWHUHVW�IRU�RXU�XQGHUVWDQGLQJ�RI��WKH�VRODU�V\VWHP�DQG�KLV�IRUPDWLRQ��:H�GR�QRW�
NQRZ�PDQ\�RI�WKHVH�REMHFWV�QRU�GR�ZH�NQRZ�YHU\�PXFK�DERXW��WKHP��WKHUHIRUH�D�.%2�IO\E\�RI�WKH�3OXWR�([SUHVV�VSDFH�PLVVLRQ�
LV�SODQQHG�LI�VXLWDEOH�FDQGLGDWHV�FRXOG�EH�IRXQG���7KH�REVHUYDWLRQ�RI�VWHOODU�RFFXOWDWLRQV�E\�.%2V�FRXOG�SURYLGH�XV�ZLWK�
YDOXDEOH�SK\VLFDO�GDWD�OLNH�WKHLU�GLDPHWHU��&DQGLGDWHV�RI�VXFK�HYHQWV�DUH�SUHVHQWHG������5� �-�o�G�5�:�x���:�����_���:�%�5� �m� ����� �:�K�o� ���G� � �T� �-�D�@� � ��
,QWURGXFWLRQ�
�,Q�RXU�FXUUHQW�JHQHUDO�XQGHUVWDQGLQJ�RI�WKH�VRODU�V\VWHP��WKH�UHJLRQ�EH\RQG�1HSWXQH�LV�SRSXODWHG�ZLWK�a�� � �.XLSHU�%HOW�2EMHFWV��.%2V��ZLWK�GLDPHWHU�'�!�����NP��-HZLWW��/XX��7UXMLOOLR��������7KLV�UHJLRQ�ZDV�ILUVW�SRVWXODWHG�E\�(GJHZRUWK�DQG�.XLSHU�LQ������DQG�������UHVSHFWLYHO\��,Q�������WKH�ILUVW�.%2�������4%���ZDV�GLVFRYHUHG��-HZLWW�DQG�/XX���������$W�SUHVHQW�RQO\�D�IUDFWLRQDO�SDUW�RI�WKHVH�
KBOs and of other “ unusual”  objects like Centaurs are NQRZQ����:LWK�H[FHSWLRQ�RI�&KLURQ��3OXWR�DQG�&KDURQ�QR�RFFXOWDWLRQ�E\�.%2V�RU�&HQWDXUV�KDV�HYHU�EHHQ�REVHUYHG��3K\VLFDO�GDWD��LQ�SDUWLFXODU�WKH�GLDPHWHU��FDQ�RQO\�HVWLPDWHG�E\�IRUPXODV�ZKHUH�WKH�JHRPHWULF�DOEHGR�KDV�WR�EH�DVVXPHG��LQ�JHQHUDO�����RU�ZDV�SURYLGHG�LQGHSHQGHQWO\�E\�FRPELQLQJ�WKHUPDO�DQG�YLVXDO�PHDVXUHPHQWV��%XW�EHFDXVH�ZH�GHDO�ZLWK�IDLQW�REMHFWV��P� �a���������WKLV�LV�D�GLIILFXOW�WDVN�DQG�ELJ�WHOHVFRSHV�DUH�QHHGHG��2QO\�IRU�D�IHZ�REMHFWV�OLNH�WKH�&HQWDXU���������&KDULNOR�DQG�WKH�.%2���������9DUXQD�GLUHFW�PHDVXUHPHQWV�RI�WKH�DOEHGR�ZHUH�SHUIRUPHG��7KH�REVHUYDWLRQV�RI�VWDU�RFFXOWDWLRQV�E\�VXFK�REMHFWV�FRXOG�JLYH�XV�YDOXDEOH�LQIRUPDWLRQ�DERXW�WKHLU�GLDPHWHU��ZLWK�KLJKHVW�DFFXUDF\���VKDSH��DOEHGR��FDQ�VLPSO\�EH�FDOFXODWHG�LI�WKH�GLDPHWHU�LV�NQRZQ��DQG�SHUKDSV�WKH�SUHVHQFH�RI�FRPSDQ\LQJ�PRRQV�RU�HYHQ�DQ�DWPRVSKHUH��$V�NQRZQ��WKH�SUHVHQW�DWPRVSKHUH�RI�3OXWR�ZDV�GLVFRYHUHG�GXULQJ�DQ�RFFXOWDWLRQ���
�
5HVXOWV�DQG�GLVFXVVLRQ��7KH�DXWKRU�VHDUFKHG�IRU�RFFXOWDWLRQV�E\�.%2V�DQG�RWKHU�XQXVXDO�REMHFWV�OLNH�&HQWDXUV�IRU�WKH�\HDUV������	�������7KHVH�SUHGLFWLRQV�ZHUH�FDUULHG�RXW�E\�DQ�RZQ�SURJUDP��ZKLFK�LV�DOVR�XVHG�IRU�WKH�DQQXDO�SUHGLFWLRQ�RI�RFFXOWDWLRQV�E\�PLQRU�SODQHWV��GLVWULEXWHG�E\�,27$�(6��,Q�D�ILUVW�VWHS��DOO�REMHFWV�ZHUH�VHOHFWHG�IURP�WKH�OLVW�RI�712V�DQG�

&HQWDXUV�SXEOLVKHG�RQ�WKH�ZHESDJH�RI�WKH�0LQRU�3ODQHW�&HQWHU��03&�������IRU�ZKLFK�DW�OHDVW���RSSRVLWLRQV�ZHUH�REVHUYHG��)RU�WKHVH�FDQGLGDWHV�IXOO�SHUWXUEHG��0�Y��DSSDUHQW�HSKHPHULV�ZHUH�FRPSXWHG��7KHQ�D�VHDUFK�IRU�RFFXOWDWLRQV�RI�7\FKR�FDWDORJ�VWDUV�ZDV�SHUIRUPHG�E\�D�VHFRQG�SURJUDP��'XULQJ�WKLV�FDOFXODWLRQ��DQ�HVWLPDWH�RI�WKH�GLDPHWHU��DVVXPLQJ�DQ�DOEHGR�RI�����DFFRUGLQJ�WR�WKH�IRUPXOD�JLYHQ�E\�7UXMLOOR�HW�DO���������ZDV�XVHG�IRU�WKH�FDOFXODWLRQ�RI�WKH�H[SHFWHG�RFFXOWDWLRQ�GXUDWLRQ��)URP�DOO�HYHQWV�IRXQG�E\�WKH�SURJUDP��WKRVH�ZHUH�VHOHFWHG�IRU�ZKLFK�WKH�REVHUYDWLRQ�FRQGLWLRQV�ZLOO�EH�UHDVRQDEOH��L�H��PDJQLWXGH�GURS�DW�OHDVW����PDJ�DQG�HORQJDWLRQ�IURP�WKH�6XQ�!����GHJ��7KH�UHVXOWV�ZLOO�EH�SXEOLVKHG�RQ�WKH�ZHE��.UHWORZ�������DQG�LQ�WKH�SURFHHGLQJV�RI�WKLV�PHHWLQJ����
&RQFOXVLRQV��7KH�REVHUYDWLRQ�RI�RFFXOWDWLRQV�RI�.%2V�&HQWDXUV�FRXOG�SURYLGH�XV�ZLWK�LPSRUWDQW�LQIRUPDWLRQ�DERXW�WKHLU�PDLQ�SK\VLFDO�SDUDPHWHUV��3RVVLEOH�FDQGLGDWHV�ZHUH�SUHVHQWHG��,W�VKRXOG�EH�PHQWLRQHG��WKDW�WKH�DFFXUDF\�RI�WKH�SUHGLFWLRQ�ZLOO�LQFUHDVH�VLJQLILFDQWO\��LI�ODVW�PLQXWH��RU�EHWWHU�ODVW�GD\V��DVWURPHWU\�RI�KLJK�DFFXUDF\�ZLOO�EH�DYDLODEOH�WR�WKH�FDOFXODWRUV��2Q�WKH�RWKHU�KDQG��WKH�ZLGWK�RI�WKH�JURXQG�WUDFN�LV�H[SHFWHG�WR�KDYH�D�ZLGWK�RI�VHYHUDO�KXQGUHG�NP��VR�KRSHIXOO\�DQ�RFFXOWDWLRQ�E\�D�.%2�FRXOG�EH�WLPHG�LQ�WKH�QHDU�IXWXUH���
5HIHUHQFHV��
-HZLWW�'���/XX�-���7UXMLOOR�&���$-������������������-HZLWW�'���/XX�-���1DWXUH������������������7UXMLOOR�&���/XX�-���%RVK�$�6���(OOLRW�-�/���$-������������������03&������� ��� �  �¡ ¢ ¢ £G¤'¥G¦ §T§o§E¨ ��¥%© ªI¥%©�«5¨ ¬G« �¢ ® ¥%�¢ ¯ ® °'� °'¢ ±³²�´s® °'� °�¨ �:� µK¯.UHWORZ��������KWWS���ZZZ�PLQRUSODQHWV�RUJ�
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��������������������������������������������7+(�0$*1,78'(�$/(57�352-(&7���0$3�����
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������WR������� �� � � � � � �
������WR������� �� ,QGHILQLWH� �� � � � �
8QQXPEHUHG�� ��� � � � � � �

� ���� � ���� � ���� � �
5HPDUNV�RQ�7DEOH����2Q�0DUFK���������RQO\����0$3�REMHFWV�KDG�D�NQRZQ�OLJKWFXUYH�������RI�WKH�0$3�2EMHFWV���:LWK�DQ�DYHUDJH�YDULDELOLW\�RI�����PDJQLWXGH�IRU�WKH�DVWHURLGV��WKH�GLVFUHSDQFLHV�GXH�WR�WKH�YDULDELOLW\�PD\�RIWHQ�FRQFHUQ�WKH�+�PDJQLWXGHV�IRU�DERXW�����PDJQLWXGH���KDOI�DPSOLWXGH�RI�WKH�YDULDELOLW\�����WKDQ�OHVV�WKH�ORZHU�0$3�OLPLW�RI�����PDJ�



� ���

��
7KH�WRROV�RI�WKH�PDS��7+(�0$3�$/(576��7KH�PHVVDJHV��0$3�$OHUWV��DUH�VHQW�E\�SDU�/DZUHQFH�*DUUHWW�WR�WKH�0$3�0HPEHUV�DQG�KDYH�EHHQ�SXW�RQ�WKH�:HEVLWH�RI�WKH�$/32�0LQRU�3ODQHW�6HFWLRQ�DW�WKH�DGGUHVV�������������������KWWS���ZZZ�OSO�DUL]RQD�HGX�aUKLOO�DOSR�PLQSODQ�KWPO�,Q�WKHVH�PHVVDJHV��/DZUHQFH�DQQRXQFHV�WKH�GLVFRYHU\�RI�QHZ�GLVFUHSDQFLHV�RI�DVWHURLG�PDJQLWXGHV��WKH�QHZ�0HPEHUV�DQG�YDULRXV�RWKHU�QHZV���7+(�0$3�2%6(59$7,21�352*5$0��
Made each month by Gérard Faure, it contains all the MAP Numbered Asteroids which are :���2EVHUYDEOH�GXULQJ�WKH�DFWXDO�OXQDWLRQ���'LVWDQW�IURP�PRUH�WKDQ���KRXUV�RI�5LJKW�$VFHQVLRQ�IURP�WKH�6XQ���%ULJKWHU�WKDQ�WKH�SUHGLFWHG�PDJQLWXGH�9�������7KH\�DUH�FODVVLILHG�E\�5LJKW�$VFHQVLRQ�IRU�WKH�'DWH�RI�WKH�1HZ�0RRQ��7KHUH�DOVR�DUH�EULJKW��VWDQGDUG��DVWHURLGV�ZLWK�YHU\�VPDOO�OLJKW�YDULDELOLW\�ZKLFK�SHUKDSV�ZLOO�SHUPLW�WR�ILQG�VWDQGDUG�GLVFUHSDQFLHV�EHWZHHQ�WKH�YDULRXV�W\SHV�RI�PHDVXUHV�FROOHFWHG�E\�WKH�0$3���7$%/(�������$%675$&7�2)�7+(��0$3�2%6(59$7,21�352*5$0���

�'DWD�LQFOXGHG�LQ�WKH�0RQWKO\�2EVHUYDWLRQ�0$3�3URJUDP�7KLV�0$3�3URJUDP�KDV�PDQ\�FROXPQV�ZLWK�LQWHUHVWLQJ�LQGLFDWLRQV�RQ�HDFK�DVWHURLG���1XP���������������7KH�$VWHURLG�QXPEHU�1DPH�1RP�����7KH�QDPH�RU�WKH�SURYLVRU\�GHVLJQDWLRQ�RI�WKH�DVWHURLG�+��������������������7KH�+�PDJQLWXGH�DFWXDOO\�XVHG�E\�WKH�03&�
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*��������������������7KH�*�VORSH�SDUDPHWHU�)DPLO\�)DPLOOH������7KH�HYHQWXDO�IDPLO\�RI�WKH�DVWHURLG�3���������������������7KH�VWDWH�RI�WKH�DVWHURLG�LQ�WKH�0$3�3URJUDP��������������������������0� ��0$3�2EMHFW�������������������������3� ���3RWHQWLDO�0$3�DVWHURLG�ZLWK�D�+�GLVFUHSDQF\�GLVFRYHUHG�EHIRUH�WKH�0$3�DQG�\HW�QRW�REVHUYHG��DJDLQ�������������������������6� ��6WDQGDUG�DVWHURLG�ZLWK�DQ�DFFXUDWH�+�PDJQLWXGH�DQG�D�VPDOO�YDULDELOLW\��������PDJQLWXGH��
                        A = Astéraude ( Asteroid discovered by the AUDE MePEHUV�����+������������������$YHUDJH�GLVFUHSDQF\�RI�PDJQLWXGH�REVHUYHG�E\�WKH�0$3�0HPEHUV��%�[�[�HW�)�[�[� �[�[�PDJ��EULJKWHU�RU�IDLQWHU��������������������������7KH�PDJQLWXGHV�IROORZHG�E\�D��"��GHILQH�WKH�SULRULW\�0$3�REMHFWV�ZLWK�DQ�DYHUDJH�GLVFUHSDQF\�QRW�VXUH��03%����������������,QGLFDWLRQ�RI�WKH�\HDU�DQG�WKH�PRQWK�SXEOLFDWLRQ�LQ�WKH�0LQRU�3ODQHW�%XOOHWLQ�������������������������7KHVH�REMHFWV�DUH�QRW�SULRULW\�REMHFWV�IRU�WKH�REWDLQLQJ�RI�QHZ�0$3�0HDVXUHV��3HULRG�+UV�������5RWDWLRQ�SHULRG�RI�WKH�DVWHURLG�LQ�KRXUV�9DULDE�������������$PSOLWXGH�RI�OLJKW�YDULDELOLW\�4���������������������4XDOLW\�RI�WKH�OLJKWFXUYH�SDUDPHWHUV��2ULJLQ��&$//�DQG�(03��2ULJLQ�2ULJLQ��0DLQ�2ULJLQV�RI�WKH�GDWD�OLJKWFXUYHV�������������������������5DRXO�%HKUHQG�:HEVLWH��������������������KWWS���REVZZZ�XQLJH�FK�aEHKUHQG�SDJHBFRX�KWPO������������������������&$//�:HEVLWH�IURP�%ULDQ�:DUQHU��KWWS���ZZZ�0LQRU3ODQHW2EVHUYHU�FRP�DVWOF�GHIDXOW�KWP������������������������+DUULV�&DWDORJ�RI�0DUFK�������������KWWS���FID�ZZZ�KDUYDUG�HGX�LDX�PSF�KWPO������������������������,FDUXV�UHYLHZ�������������������������������������KWWS���DVWURVXQ�WQ�FRUQHOO�HGX�,FDUXV�,FDUXV�KWPO������������������������0LQRU�3ODQHW�6HFWLRQ�RI�WKH�$/32��7KH�0LQRU�3ODQHW�%XOOHWLQ������������������������3HWU�3UDYHF�HW�DO��������������������������������KWWS���VXQNO�DVX�FDV�F]�aSSUDYHF�������������������������7KH�IROORZLQJ�UHOLDELOLW\�FRGHV���2ULJLQ�(03�DQG�&$//���DUH�XVHG�����������������������������5HVXOW�EDVHG�RQ�IUDJPHQWDU\�OLJKWFXUYH�V���PD\�EH�FRPSOHWHO\�ZURQJ�����������������������������5HVXOW�EDVHG�RQ�OHVV�WKDQ�IXOO�FRYHUDJH��VR�WKDW�WKH�SHULRG�PD\�EH�ZURQJ�E\����SHUFHQW�RU�VR��������������������������$OVR�XVHG�WR�LQGLFDWH�FDVHV�ZKHUH�DQ�DPELJXLW\�H[LVWV�DV�WR�WKH�QXPEHU�RI�H[WUHPD�EHWZHHQ�OLJKWFXUYHV�������������������������+HQFH�WKH�UHVXOW�PD\�EH�ZURQJ�E\�DQ��LQWHJHU�UDWLR�����������������������������6HFXUH�UHVXOW�ZLWK�QR�DPELJXLW\��IXOO�OLJKWFXUYH�FRYHUDJH�����������������������������,Q�DGGLWLRQ�WR�IXOO�FRYHUDJH��GHQRWHV�WKDW�D�SROH�SRVLWLRQ�LV�UHSRUWHG���0�03&�����������03&�0HDQ�DQRPDO\��0��RI�WKH�DVWHURLG���IRU�WKH�ODVW�03&25%�ILOH�GRZQORDGHG���2SS�'DWH�9���0RQWK�RI�WKH�HYHQWXDO�RSSRVLWLRQ�LQ�WKH�\HDU���2ULJLQ�(03���������������������������'D\�RI�WKH�HYHQWXDO�RSSRVLWLRQ�LQ�WKH�\HDU���2ULJLQ�(03���������������������������9�PDJQLWXGH�DW�WKH�RSSRVLWLRQ���2ULJLQ�(03���9�1/���������������9�PDJQLWXGH�IRU�WKH�GD\�RI�WKH�1HZ�0RRQ��2ULJLQ�*8,'(����5$�������������������+RXU�RI��������5LJKW�$VFHQVLRQ�IRU�WKH�GD\�RI�WKH�1HZ�0RRQ�DW���+�87��2ULJLQ�*8,'(�����������������������������0LQXWHV�RI��������5LJKW�$VFHQVLRQ�IRU�WKH�PRRQ�GD\�DW���+�87���2ULJLQ�*8,'(������'(&�������������'HJUHH�RI��������'HFOLQDWLRQ�IRU�WKH�GD\�RI�WKH�1HZ�0RRQ�DW���+�87���2ULJLQ�*8,'(�����������������������������0LQXWHV�RI��������'HFOLQDWLRQ�IRU�WKH�GD\�RI�WKH�1HZ�0RRQ�DW���+�87���2ULJLQ�*8,'(����&16�����������������&RQVWHOODWLRQ�ZKLFK�FRQWDLQV�WKH�DVWHURLG�RQ�WKH�GD\�RI�WKH�1HZ�0RRQ���2ULJLQ�*8,'(������7+(�0$3�'$7$%$6(��
Kept by Gérard Faure on an Excel File, it is updated about 3 times by year and contains:����)RU�HDFK�DVWHURLG�DOO�WKH�PHDVXUHV�PDGH�E\�WKH�0$3�0HPEHUV�DQG�VRPH�ROG�PHDVXUHV�RI�WKH�03%����)RU�HDFK�DVWHURLG��WKHUH�DUH�DOVR�WKH�FKURQRORJLFDO�DFFRXQW�RI�LWV�+�PDJQLWXGHV�VLQFH������DQG�WKH�DYHUDJHG�GLVFUHSDQF\�RI�������PDJQLWXGH����7KH�GHVFULSWLRQ�RI�DOO�WKH�PDJQLWXGH�W\SHV�XVHG�E\�WKH�0$3��� $�5HFDSLWXODWLYH�/,67�RI�0$3�DVWHURLGV�ZLWK�WKHLU�DFWXDO�+�PDJQLWXGH�GLVFUHSDQF\�������������
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7DEOH�����DEVWUDFW�RI�WKH�PDS�GDWDEDVH���

��&RQWHQW�RI�WKH�0$3�'DWDEDVH��,����'$7$�RI�REVHUYHG�0$3�REMHFWV�,,���5HFDSLWXODWLYH�/,67�RI�0$3�DVWHURLGV�ZLWK�WKHLU�DFWXDO�+�PDJQLWXGH�GLVFUHSDQF\��,����'DWD�RI�REVHUYHG�0$3�REMHFWV�'DWDEDVH�FROXPQV�DQG�LQGLFDWLRQV��
Year/Année              =     Year of the measure�0������������������������������ �����0RQWK�RI�WKH�PHDVXUH�'D\�-RXU������������������� �����'D\�DQG�IUDFWLRQ�RI�GD\�RI�WKH�PHDVXUH�1������������������������������� �����1HZ�PHDVXUH�VLQFH�WKH�ODVW�'DWDEDVH�XSGDWH��QRWHG�E\�D�1�RU�D�0��LI�WKH�PHDVXUH�ZDV�PRGLILHG��0DJ��������������������������� �����0$3�0DJQLWXGH�W\SH��
��������$0Y����������9LVXDO�PDJQLWXGH�ZLWK�DVWHURLG�FRPSDULVRQ���������*0Y����������9LVXDO�PDJQLWXGH�ZLWK�*6&�FRPSDULVRQ��������������������������������������������>1RW�XVHG�IRU�+�UHYLVLRQ@���������80Y����������9LVXDO�PDJQLWXGH�ZLWK�8612�FRPSDULVRQ���������80U����������8QILOWHUHG�&&'�PDJQLWXGH�ZLWK�8612�$��PDJ�5�FRPSDULVRQ���������>1RW�XVHG�IRU�+�UHYLVLRQ@���������*0X����������8QILOWHUHG�&&'�PDJQLWXGH�ZLWK�*6&�FRPSDULVRQ������������������������������>1RW�XVHG�IRU�+�UHYLVLRQ@���������/0X����������8QILOWHUHG�&&'�PDJQLWXGH�ZLWK�/21(26�RU�/$1'2/7�FRPSDULVRQ���������30X����������8QILOWHUHG�&&'��PDJQLWXGH�ZLWK�3*6&�FRPSDULVRQ���������80X����������8QILOWHUHG�&&'�PDJQLWXGH�ZLWK�8612�$��PDJ�9�FRPSDULVRQ���������70X����������8QILOWHUHG�&&'�PDJQLWXGH�ZLWK�7<&+2���PDJ�9�FRPSDULVRQ�
��������80%����������&&'�PDJQLWXGH�ZLWK�%OXH�ILOWHU�DQG�8612�FRPSDULVRQ��������������������>1RW�XVHG�IRU�+�UHYLVLRQ@���������805����������&&'�PDJQLWXGH�ZLWK�5HG�ILOWHU�DQG�8612�$��FRPSDULVRQ���������������>1RW�XVHG�IRU�+�UHYLVLRQ@���������*05����������&&'�PDJQLWXGH�ZLWK�5HG�ILOWHU�DQG�*6&�FRPSDULVRQ������������������������>1RW�XVHG�IRU�+�UHYLVLRQ@���������/09����������&&'�PDJQLWXGH�ZLWK�9�ILOWHU�DQG�/21(26�RU�/$1'2/7�FRPSDULVRQ���������309����������&&'�PDJQLWXGH�ZLWK�9�ILOWHU�DQG�3*6&�FRPSDULVRQ���������709����������&&'�PDJQLWXGH�ZLWK�9�ILOWHU�DQG�7<&+2���FRPSDULVRQ���������809����������&&'�PDJQLWXGH�ZLWK�9�ILOWHU�DQG�8612�$��FRPSDULVRQ���������2EV��������� ���������2EVHUYHG�PDJQLWXGH�
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����������0X������� ���������6WDQGDUG�GLVFUHSDQF\�RI��XQILOWHUHG�&&'�PHDVXUHV�DQG�YLVXDO�PHDVXUHV��������������������������������VRPH�80U�DQG�805�PHDVXUHV�ZLWK�VRODU�VWDUV�FRPSDULVRQ�DUH�WDNHQ�LQ�DFFRXQW�ZLWK�9 5��������������������������������������D��"��GHVLJQDWHV�D�SRVVLEOH�HUURQHRXV�PHDVXUH���������3UHG��������� ���������3UHGLFWHG�9�03&�0DJQLWXGH����������2�3������� ���������'LIIHUHQFH�RI�PDJQLWXGH�EHWZHHQ�2EVHUYHG�DQG�3UHGLFWHG�PDJQLWXGHV���0DJQLWXGH�GLIIHUHQFHV���������[�[�)����������[�[�PDJQLWXGH�IDLQWHU�WKDQ�SUHGLFWHG��������[�[�%����������[�[�PDJQLWXGH�EULJKWHU�WKDQ�SUHGLFWHG�������8QFHUW��������������������� ��0DJQLWXGH�8QFHUWDLQW\�RI�WKH�PHDVXUH�2EVHUYHU�2EVHUYDWHXU��� �2EVHUYHU�ILUVW�QDPH�DQG�QDPH�$YU�QLJKW���0R\�QXLW���� �DYHUDJH�PDJQLWXGH�GLVFUHSDQF\�IRU�D�VDPH�QLJKW��SXW�LQ�WKH�OLQH�RI�WKH�ILUVW�PHDVXUH�RI�WKH�QLJKW���9DULRXV�LQGLFDWLRQV���'LII�+� �[�[��ZLWK�D��"������8QFHUWDLQ�DYHUDJH�+�PDJQLWXGH�ZKLFK�UHTXLUHV�RWKHU�PHDVXUHV�
H = … . (EMP 1988 =>… . = History of the evolution of H magnitude since 1988�1RWD��7KH�*0Y�*0X�*05��80U��805�DQG�80%�DUH�QRW�XVHG�IRU�WKH�UHYLVLRQ�RI�0$3�$VWHURLG�+�PDJQLWXGHV��/LJKWFXUYH�SDUDPHWHUV��5RWDWLRQ�SHULRG�RI�WKH�DVWHURLG�LQ�KRXUV��0DLQ�2ULJLQV��:HEVLWHV�%HKUHQG��&$//�:DUQHU�DQG�,$8�&DW�+DUULV��$PSOLWXGH�RI�OLJKW�YDULDELOLW\��0DLQ�2ULJLQV��:HEVLWHV�%HKUHQG��&$//�:DUQHU�DQG�,$8�&DW�+DUULV����������������������KWWS���REVZZZ�XQLJH�FK�aEHKUHQG�SDJHBFRX�KWPO���������������������KWWS���ZZZ�0LQRU3ODQHW2EVHUYHU�FRP�DVWOF�GHIDXOW�KWP���������������������KWWS���FID�ZZZ�KDUYDUG�HGX�LDX�PSF�KWPO���7+(�38%/,&$7,216�2)�7+(�0$3�21�7+(�0,125�3/$1(7�%8//(7,1��7ZR�DUWLFOHV�DOUHDG\�KDYH�EHHQ�SXEOLVKHG�LQ��7KH�0LQRU�3ODQHW�%XOOHWLQ��RI�$SULO��������9ROXPH�����1XPEHU����$�'������$SULO�-XQH���DQG�2FWREHU��������9ROXPH�����1XPEHU����$�'������2FWREHU�'HFHPEHU�����7KH�ILUVW�RI�WKHP�FRQWDLQV����REMHFWV�PHDVXUHG�DW�OHDVW�E\�WZR�REVHUYHUV�ZKR�IRXQG�IDLUO\�VLPLODU�PDJQLWXGH�GLVFUHSDQFLHV��7KH�VHFRQG�DUWLFOH�JDYH�WKH�UHVXOWV�IRU����RWKHU�DVWHURLGV�DW�OHDVW�REVHUYHG�E\�WKUHH�REVHUYHUV��RIWHQ�GXULQJ�WZR�RU�PRUH�RSSRVLWLRQV��ZLWK�QHDUO\�VLPLODU�UHVXOWV�IRU�HDFK�RI�WKHP���7Ke range of the discrepancies of the individual measures ( Article N°1 ), or the list of the measures and the Observers was 
furnished ( Article N°2 ). A revision of the H absolute Magnitude also was proposed.��
7DEOH�����5HVXOWV�RI�WKH�VHFRQG�DUWLFOH�RI�RFWREHU���������6HH�WKH�WDEOH�RQ�WKH�QH[W�SDJH�����
7KH�DVWHURLG�PDJQLWXGHV�DQG�WKHLU�SUREOHPV�
�
All the asteroid magnitudes must be based on the V Band. It is not always the case… �7KH�VWHOODU�PDJQLWXGHV�XVHG�IRU�WKH�PHDVXUHV�RI�WKH�DVWHURLG�PDJQLWXGHV�PXVW�EH�LQ�WKH�9�%DQG��UDWKHU�WKDQ�LQ�WKH�5�%DQG�IUHTXHQWO\�XVHG�E\�WKH�&&'�2EVHUYHUV���$&78$/�)2508/$��)25�7+(�35(',&7,21�2)�7+(�$33$5(17�$67(52,'�0$*1,78'(6���2ULJLQ���(SKHPHULGHV�RI�0LQRU�3ODQHWV��IURP�WKH�,$$�RI�6W�3HWHUVEXUJ���5XVVLD����7KLV�IRUPXOD�ZDV�DGRSWHG�E\�,$8��&RPPLVVLRQ�������1HZ��'HOKL���1RYHPEHU�������WKH�0LQRU�3ODQHW�&LUFXODUV�������������,W�LV�EDVHG�RQ�WKH�$EVROXWH�PDJQLWXGH�RI�DQ�$VWHURLG�ORFDWHG�DW���DVWURQRPLFDO�8QLW�IURP�WKH�6XQ�DQG�WKH�(DUWK�����������������������PDJQLWXGH�+� ������ORJ�UGHOWD���������ORJ�>����*�SKL����*SKL��@��U��DQG��GHOWD�UHVSHFWLYHO\�DUH��WKH��KHOLRFHQWULF��DQG���JHRFHQWULF��GLVWDQFHV��DW�VRODU�SKDVH�DQJOH�3KDVH ��+��LV�WKH�DEVROXWH�PDJQLWXGH�LQ�WKH�9�EDQG�*�LV�WHUPHG�WKH�VORSH��SDUDPHWHU��� ������VL�*�XQNQRZQ���SKL��DQG�SKL��DUH�WZR�SKDVH�IXQFWLRQV�JLYHQ�E\�WKH�H[SUHVVLRQV���SKL�� �H[S>��3.33*(tan (beta/2) )0.63]����������������������������������������������������������������������������������������������������������SKL�� �H[S>��1.87*(tan (beta/2) )1.22]�7KH�IRUPXOD�SUHGLFWV�WKH�REVHUYHG�RSSRVLWLRQ�VXUJH�DQG�WKH�QRQ�OLQHDU�GURS�RII�LQ�EULJKWQHVV�DW�ODUJH�SKDVH�DQJOHV��DQG�LV�YDOLG�
for  0°< Phase <120°.��+��DQG��*��DUH�IXQGDPHQWDO�SKRWRPHWULF�SDUDPHWHUV�IRU�HDFK�PLQRU�SODQHW�����
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7DEOH�����UHVXOWV�RI�WKH�VHFRQG�DUWLFOH�RI�RFWREHU��������
� 03&� 5HYLVHG� &KDQJH� 7RWDO�RI� 7RWDO�RI� 7RWDO�RI��

0LQRU�3ODQHW� +�9DOXH� +�9DOXH� �PDJQLWXGH�� 0HDVXUHV� 2EVHUYHUV� 2SSRVLWLRQV�
� � � � � � �
� � � � � � �

�����$OOHJKDQLD� ����� ����� ����� ��� �� ��
�����-RYLWD� ����� ���� ����� �� �� ��
�����5RPLOGD� ����� ����� ����� ��� �� ��
�����2OEHUVLD� ����� ����� ����� ��� �� ��
�����/XQDULD� ������ ����� ����� ��� �� ��
�����6DNXQWDOD� ���� ���� ���� ��� �� ��
�����4XHWHOHWD� ����� ����� ����� ��� �� ��
�����$QGUHH� ����� ����� ���� �� �� ��
�����6SLULGRQLD� ������ ���� ����� �� �� ��
�����$SKURGLWH� ����� ����� ���� �� �� ��
�����3DQQRQLD� ���� ����� ���� �� �� ��
�����(XIRUER� ���� ���� ���� �� �� ��
�����$OPDPDWHU� ����� ����� ���� ��� �� ��
�����3HWRIL� ����� ����� ���� �� �� ��
�����7DJXFKL� ����� ����� ���� ��� �� ��
�����0DOLQ� ����� ����� ���� ��� �� ��
�����0DQDUD� ����� ����� ���� �� �� ��
����������*2� ����� ����� ���� ��� �� ��
�����9HUQH� ����� ����� ���� ��� �� ��
�����%LOOSLFNHULQJ� ����� ����� ���� �� �� ��
�����)XOWRQ� ����� ����� ���� �� �� ��
�����7DNHLVKL� ����� ����� ���� �� �� ��
�����%RUGRYLWV\QD� ����� ����� ���� ��� �� ��

� � � � � � �
��
0DLQ�FDXVHV�RI�K�PDJQLWXGH�HUURUV����,Q�WKH�3DVW��GXULQJ�WKH�3KRWRJUDSKLF�SHULRG�GLVFRYHULHV��%�SKRWRJUDSKLF�PDJQLWXGHV�ZHUH�RIWHQ�URXJKO\�HVWLPDWHG���7KH�FRQYHUVLRQ�IURP�WKH�%�EDQG�RI�WKH�ROG�V\VWHP�WR�WKH�9�EDQG�RI�WKH�QHZ�V\VWHP�ZDV�FDUULHG�RXW�XVLQJ�WKH�DSSUR[LPDWH�UHODWLRQVKLS����������������������������������+� �%����������PDJQLWXGH���7KH�PDJQLWXGHV�UHSRUWHG�ZLWK�WKH�DVWURPHWULF�PHDVXUHV�WR�WKH�03&�RIWHQ�DUH�LQFRUUHFW�DQG�VRPHWLPHV�IXUQLVKHG�ZLWKRXW�WKH�FRQFHUQHG�OLJKW�EDQG�FRQFHUQHG�OLJKW�EDQG���7KH�LQDFFXUDF\�RI�WKH�JUHDW�VWHOODU�FDWDORJXHV�DFWXDOO\�XVHG�\HW�LV�DQ�LPSRUWDQW�FDXVH�RI�WKH�HUURUV�RI�PDJQLWXGH���6RPH�PRGLILFDWLRQV�RI�+�0DJQLWXGHV�KDYH�EHHQ�PDGH�LQ������DQG������E\�WKH�03&��EXW�VLQFH�WKH�ODVW�GDWH��QR�RWKHU�FKDQJH�DSSHDUHG���7KH�03&�DFWXDOO\�LV�WRR�EXV\�ZLWK�WKH�KXJH�DPRXQW�RI�GDWD�JLYHQ�E\�WKH�$XWRPDWLF�2EVHUYDWRULHV�WR�GR�WKH�QHZ�PRGLILFDWLRQV��
�
7DEOH�����FDWDORJV�RI�VWHOODU�PDJQLWXGHV�DFWXDOO\�XVHG���
&DWDORJ�1DPH�� <HDU� 7RWDO� 5DQJH�RI� 3KRWRPHWULF� � 5HPDUNV�
RI�6WDU�PDJV�� RI�,VVXH� 6WDUV� 0DJQLWXGHV� ,QDFFXUDF\� � �

� � � � � � � �
/$1'2/7� ����� ���� �����WR������ ����%95,�UHIHUHQFHV� 9������WR��������(FOLSWLF�]RQH���
*63&� �����DQG��� a����� 9���WR���� ����������WR�����PDJ� ���PDJ�RQO\�IRU�IDLQWHVW�VWDUV�
*6&����� ����� ���0�� 9����WR���� !����PDJ��WR�!���PDJ�� � �
8612�$� ������������ ����0�� %�DQG�5������!�����PDJ��8S�WR��20° � !����PDJQLWXGH�VRXWK�RI��20°�
8612�6$� ������������ ���0�� %�DQG�5������������PDJQLWXGH� 6HOHFWLRQ�RQ�6RODU�W\SH�VWDUV�
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*8,'(�8612� �����DQG��� 55 a 488 M.� %�9�5������ ������WR�!�����PDJ�� � �
/21(26� �����DQG��� a������ ���WR���� ����%95,�UHIHUHQFHV� � �
8&$&��� ����� ���0�� 5������ !�����PDJ�� � 6RXWKHUQ�VWDUV�
7<&+2��� ����� ����0�� XS�WR�9������ ��������WR�����PDJ�� ���PDJ�RQO\�IRU�IDLQWHVW�VWDUV�

� � � � � � � �
��
7KH�PHWKRGV�RI�WKH�PDS�IRU�WKH�REWDLQLQJ�RI�WKH�UHYLVHG�K�PDJQLWXGHV�
�$Q�DVWHURLG�PD\�EH�LQFOXGHG�LQ�WKH�0$3�LI�LW�LV�DW�OHDVW�WKUHH�WHQWKV�RI�D�PDJQLWXGH�LQ�HUURU�IURP�LWV�SUHGLFWHG�YDOXH�LQ�WKH�(SKHPHULGHV��GXULQJ�WKH�ILUVW�QLJKW�RI�LWV�REVHUYDWLRQ�E\�D�0$3�0HPEHU���6RPHWLPHV��WKH�ODWHU�PHDVXUHV�PD\�VKRZ�D�OLJKW�YDULDELOLW\�RI�WKH�REMHFW��7KHQ��LI�WKHUH�LV�QRW�DOVR�D�VOLJKW�GLVFUHSDQF\�RI�+�PDJQLWXGH��WKH�DYHUDJH�GLIIHUHQFH�RI�WKH�PDJQLWXGH�VWDWLVWLFDOO\�GHFUHDVHV�WRZDUGV������:LWK�WKH�ODFN�RI�DFFXUDWH�VWHOODU�FDWDORJXHV��WKH�EHVW�PHWKRG�WR�PHDVXUH�WKH�PDJQLWXGH�GLVFUHSDQFLHV�����IRU�WKH�YLVXDO�2EVHUYHUV�LV�WR�FRPSDUH�$VWHURLGV�ZLWK�VLPLODU�SUHGLFWHG�PDJQLWXGHV����IRU�WKH�&&'�2EVHUYHUV��LV�WR�XVH�WKH�EHVW�VWHOODU�PDJQLWXGHV��DFWXDOO\�WKH�7\FKR���FDWDORJXH���7KH�VWHOODU�PDJQLWXGHV�XVHG�IRU�WKH�PHDVXUHV�RI�WKH�DVWHURLG�PDJQLWXGHV�PXVW�EH�LQ�WKH�9�%DQG���$V�VRRQ�DV�SRVVLEOH��WKH�DVWHURLG�PDJQLWXGHV�DOVR�PXVW�EH�EDVHG�RQ�WKH�9�%DQG���$V�ZH�KDYH�YDULRXV�W\SHV�RI�REVHUYHUV���YLVXDO�DQG�&&'���DQG�HYHQ�YDULRXV�XVHV�RI�WKH�&&'�FDPHUDV���8QILOWHUHG�RU�ILOWHUHG�PHDVXUHV�DQG�YDULRXV�W\SHV�RI�OLJKW�EDQG����LW
V�QRW�HDV\�WR join all the measures made for the MAP…  Then, we only use those ZKLFK�DUH�LQ�WKH�9�%DQG�RU�QHDU�LW���2I�FRXUVH��LW�LV�QHFHVVDU\�WR�KDYH�QXPHURXV�LVRODWHG�PHDVXUHV�WR�EH�VXUH�RI�WKH�DFFXUDF\�RI�+�PDJQLWXGH��,Q�WKLV�FDVH��WKH�QXPHURXV�PHDVXUHV�RIWHQ�PD\�VWDWLVWLFDOO\�UHGXFH�WKH�HYHQWXDO�HUURUV�RI�WKH�IHZ�LQDFFXUDWH�PHDVXUHV���7KH�WLPH�SDVVHG�E\�WKH�$VWHURLG�DW�WKH�PD[LPXP�RU�DW�WKH�PLQLPD�RI�OLJKW�LV�VKRUW��7KHQ��WKH�PHDVXUHV�DUH�RIWHQ�FRQFHUQHG�RQO\�E\�D�IUDFWLRQ�RI�WKH�KDOI�DPSOLWXGH�RI�OLJKW���,QGLYLGXDO�PHDVXUHV�DUH�QRUPDOO\�GLYLGHG�XS�DORQJ�WKH�DVWHURLG�OLJKWFXUYH�DQG�WKH�HIIHFW�RI�WKH�KDOI�DPSOLWXGH�LV�VWDWLVWLFDOO\�GLPLQLVKHG���)RU�HDFK�PHDVXUH��D�GLIIHUHQFH�RI�PDJQLWXGH�EHWZHHQ�WKH�SUHGLFWHG�DQG�WKH�REVHUYHG�PDJQLWXGHV�LV�FDOFXODWHG��7KHQ�IRU�HDFK�DVWHURLG��WKH�DYHUDJH�RI�WKH�GLIIHUHQFHV�RI�PDJQLWXGHV�LV�FDOFXODWHG��QLJKW�E\�QLJKW��)LQDOO\��WKH�GLIIHUHQFH�RI�+�PDJQLWXGH�LV�WKH�DYHUDJH�RI�DOO�WKH�DYHUDJHV�FDOFXODWHG�IRU�WKH�VDPH�DVWHURLG���$OO�WKH�PHDVXUHV�UHFHLYHG�E\�WKH�0$3�DUH�LQFOXGHG�LQ�WKH�0$3�'DWDEDVH��EXW�RQO\�VRPH�RI�WKHP�DUH�XVHG�WR�FDOFXODWH�WKH�DYHUDJH�GLIIHUHQFH�RI�WKH�+�PDJQLWXGHV����0$3�0DJQLWXGH�W\SHV���6HH�WKH�&RQWHQW�RI�WKH�0$3�'DWDEDVH�DOUHDG\�JLYHQ����

�
7KH�JRDOV�RI�WKH�PDS��7+(�3$67�$1'�)8785(�(92/87,21�2)�7+(�0$3�0(7+2'6��,Q�ILUVW��ZH�WRRN�DOO�WKH�PHDVXUHV�JLYHQ�E\�WKH�2EVHUYHUV�WR�HVWLPDWH�LI�LW�ZDV�SRVVLEOH�WR�REWDLQ�VLPLODU�UHVXOWV�ZLWK�YDULRXV�2EVHUYDWLRQ�PHWKRGV��,Q�VHFRQG��ZH�PDGH�DQDO\VHV�WR�GLVFRYHU�WKH�PDJQLWXGH�GLIIHUHQFHV�EHWZHHQ�WKHVH�YDULRXV�2EVHUYDWLRQ�0HWKRGV���YLVXDO�DQG�&&'�REVHUYHUV�DQG�EHWZHHQ�YDULRXV�W\SHV�RI�&&'�LPDJHV�DQG�OLJKW�EDQGV�XVHG����7KH�WKLUG�SKDVH�ZLOO�EH�WKH�XVH�RI�VWDQGDUG�GHYLDWLRQV�DQG�WKH�VHDUFK�RI�PHWKRGV�WR�SHUPLW�WKH�REWDLQLQJ�RI�JRRG�UHVXOWV�IRU�WKH�XQILOWHUHG�PHDVXUHV��EHFDXVH�LW�LV�JHQHUDOO\�GLIILFXOW�WR�DPDWHXUV�WR�REWDLQ�9�ILOWHU�PHDVXUHV�IRU�DVWHURLGV�IDLQWHU�WKDQ�9����7KH�0$3�'DWDEDVH�QRZ�FRQWDLQV�D�FROXPQ�IRU�WKH�IXWXUH�VWDQGDUG�GHYLDWLRQV��8S�WR�QRZ��RQO\�VRPH�5�PDJQLWXGHV�RI�VRODU�W\SH�VWDUV��ZLWK�D�GHYLDWLRQ�RI�������PDJQLWXGH�KDYH�EHHQ�XVHG�DIWHU�UHFWLILFDWLRQ��LQ�D�IHZ�FDVHV�RI�ODFN�RI�GDWD��WKH�0$3�GRHVQ
W�SUHWHQG�WR�REWDLQ�WKH�PRVW�DFFXUDWH�PDJQLWXGH�PHDVXUHV��EXW�DQ�DFFXUDF\�RI�DERXW�����PDJQLWXGH��EHWWHU�WKDQ�WKH�DFWXDO�LQDFFXUDF\�RI�QXPHURXV�QXPEHUHG�$VWHURLGV��LV�RIWHQ�SRVVLEOH��QRWDEO\�ZLWK�WKH�IXWXUH�XVH�RI�VWDQGDUG�GHYLDWLRQV�
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EHWZHHQ�GLIIHUHQW�OLJKW�EDQGV����
7KH�DQDO\VHV�RI�WKH�PDS�PHDVXUHV��7KH�%DVLV�RI�WKH�$QDO\VHV����2XU������ILUVW�PHDVXUHV���
7DEOH�����WKH�DQDO\VLV�RI�WKH�������ILUVW�PHDVXUHV���

� � � � � �
'LVWULEXWLRQ�RI�0DJQLWXGH�7\SHV�IRU�WKH������0$3�PHDVXUHV�PDGH�XS�WR�0DUFK���������
� � � � � �
� � � � � �
9LVXDO�PHDVXUHV��� � � � � �

$0Y� ���� � � � �
80Y� ��� � � � �
*0Y� ��� 1RW�XVHG�IRU�WKH�+�UHYLVLRQV� �
� � � � � �

8QILOWHUHG�&&'�PHDVXUHV��� � � � �
80X� ����� � � � �
*0X� ���� 1RW�XVHG�IRU�WKH�+�UHYLVLRQV� �
80U� ��� 1RW�XVHG�IRU�WKH�+�UHYLVLRQV� �
/0X� �� � � � �

� � � � � �
)LOWHUHG�&&'�PHDVXUHV��� � � � �

709� ��� � � � �
809� ��� � � � �
*09� ��� 1RW�XVHG�IRU�WKH�+�UHYLVLRQV� �
80%� �� 1RW�XVHG�IRU�WKH�+�UHYLVLRQV� �
805� �� 1RW�XVHG�IRU�WKH�+�UHYLVLRQV� �
/09� �� � � � �

� � � � � �
,QGHILQLWH�PDJQLWXGHV��� ���� 1RW�XVHG�IRU�WKH�+�UHYLVLRQV� �
� � � � � �
� ����� � � � �
� � � � � �
5HPDUNV���:LWK�WKH�GHOLYHU\�RI�QHZ�ELJ�VWDU�FDWDORJXHV��WKH�XVH�RI�WKHP�LQ�WKH�0$3�HYROYHG����$W�ILUVW��WKH�*6&�ZDV�XVHG�E\�WKH�&&'�2EVHUYHUV����7KHQ�WKH�OHVV�LQDFFXUDWH�8612�DQG�QRWDEO\�WKH�8612�6$��6RODU�W\SH�VWDUV���ZHUH�UHFRPPHQGHG����$FWXDOO\��WKH�EHVW�ELJ�VWHOODU�&DWDORJXH�LV�WKH�7\FKR�����7KH�GLVWULEXWLRQ�RI�WKH�0$3�PHDVXUHV�VKRZV�WKDW�WKHUH�LV�D�VPDOO�XVH�RI�ILOWHUV�DQG�RI�WKH�/DQGROW�RU�/RQHRV�VWDUV��7KH\�DUH�QRW�HDV\�WR�XVH���FRVW�RI�WKH�ILOWHUV��GHFUHDVH�RI�WKH�OLPLW�PDJQLWXGH��QR�DFFXUDWH�VWDU�QHDU�WKH�DVWHURLGV�WKHQ�GRXEOH�ZRUN�DQG�ODFN�RI�WLPH����8S�WR�WKH�DYDLODELOLW\�RI�WKH�7\FKR���IRU�WKH�&&'�9�PHDVXUHV��WKH�YLVXDO�RQHV�ZHUH�XVHG�DV�UHIHUHQFH��WR�HVWLPDWH�WKH�YDOLGLW\�RI�WKH�&&'�PHDVXUHV�UHFHLYHG�E\�WKH�0$3����
�7KUHH�GLIIHUHQW�DQDO\VHV�RI�WKH�PDS�GDWDEDVH�RI�PDUFK������
����$9(5$*(�2)�7+(�0($685(�',6&5(3$1&,(6�2)�7+(�0$,1�7<3(6����7KH�DYHUDJH�RI�DOO�WKH�GLVFUHSDQFLHV�RI�WKH�LQGLYLGXDO�PHDVXUHV�KDV�EHHQ�FDOFXODWHG�IRU�HDFK�W\SH�RI�WKH���PDLQ�W\SHV�RI�REWDLQHG�PHDVXUHV��7KLV�DYHUDJH�KDV�EHHQ�DIWHU�DMXVWHG�RQ�WKH�DYHUDJH�VWDQGDUG�GHYLDWLRQ�REWDLQHG�IRU�WKH�7\FKR���PHDVXUHV���709������
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� � � � � � � �
0DJQLWXGH� ��������7RWDO�RI�PHDVXUHV� � $YHUDJH�RI� � �����$GMXVWLQJ��

�W\SHV� � � � WKH�'LVFUHSDQFLHV� ������������������RQ�7\FKR���
� � � � � � � �
� � � � � � � �

$0Y� ���� PHDVXUHV� � ����PDJ�IDLQWHU� �����������������������
80X� ����� PHDVXUHV� � ���� � ����PDJ�EULJKWHU�
709� ��� PHDVXUHV� � ����PDJ�IDLQWHU� �����������������������
*0X� ���� PHDVXUHV� � ����PDJ�IDLQWHU� ����PDJ�EULJKWHU�
80U� ��� PHDVXUHV� � ����PDJ�EULJKWHU� ����PDJ�EULJKWHU�

� � � � � � � �
�����&203$5,621�%(7:((1�9,68$/�$1'�81),/7(5('�',))(5(1&(6���%<�$67(52,'��21�0$5&+����������7KH�FRPSDULVRQ�EHWZHHQ�WKH�YLVXDO�PHDVXUHV�DQG�WKH�XQILOWHUHG�&&'�PHDVXUHV�REWDLQHG�ZLWK�WKH�8612��DFFRUGLQJ�WR�WKH�LQGLYLGXDO�GLIIHUHQFHV�QRWHG�IRU�WKH�DVWHURLGV�IRU�ZKLFK�ZH�KDG�WKH�WZR�W\SHV�RI�PHDVXUHV���6HOHFWHG�2EMHFWV� �7KH�RQHV�IROORZHG�E\�DW�OHDVW���YLVXDO�2EVHUYHUV�DQG�LI�SRVVLEOH���&&'�2EVHUYHUV��
�����5HVXOW����*OREDO�$YHUDJH�'LIIHUHQFH��9LVXDO���8QILOWHUHG�&&'�� ������PDJQLWXGH�EULJKWHU�IRU�WKH�XQILOWHUHG�&&'�PHDVXUHV��
�$�SUHYLRXV�RWKHU�DQDO\VLV�W\SH�LQ������JDYH�D�UHVXOW�RI�������7KHQ�WKH�DYHUDJH�GLVFUHSDQF\�LV�DERXW�����WR�����PDJQLWXGH�������*/2%$/�$9(5$*(�',))(5(1&(�2)�($&+�0$*1,78'(�7<3(��EDVHG�RQ�WKH�GLIIHUHQFH�RI�WKH�DYHUDJH�GLIIHUHQFH�E\�HDFK�DVWHURLG�PHDVXUH�W\SH�E\�FRPSDULVRQ�WR�WKH�DFWXDO�DYHUDJH�GLIIHUHQFH�RI�+�PDJQLWXGH�RI�HDFK�$VWHURLG��
7KH�FDOFXODWLRQV�ZLOO�EH�PDGH�ZLWK�WKH�EHWWHU�PHDVXUHV�LQFOXGHG�LQ�WKH�0$3�'DWDEDVH�

��(DFK�DYHUDJH�KDV�EHHQ�DIWHU�DGMXVWHG�RQ�WKH�DYHUDJH�VWDQGDUG�GHYLDWLRQ�REWDLQHG�IRU�WKH�7\FKR���PHDVXUHV�����
� � � � � � � �
0DJQLWXGH� � $YHUDJH�RI�� � $YHUDJH�'LII�

���
� $GMXVWLQJ�� �

�7\SH� � GLIIHUHQFHV� � *OREDO�'LII�� � RQ�7\FKR��� �
� � � � � � � �

$0Y� � �����PDJ�IDLQWHU� �����PDJ�IDLQWHU� �����PDJ�IDLQWHU�
709� � �����PDJ�IDLQWHU� �����PDJ�EULJKWHU� ���� �
*0X� � �����PDJ�IDLQWHU� �����PDJ�IDLQWHU� �����PDJ�IDLQWHU�
80U� � �����PDJ�EULJKWHU� �����PDJ�EULJKWHU� �����PDJ�EULJKWHU�
80X� � �����PDJ�IDLQWHU� �����PDJ�EULJKWHU� �����PDJ�IDLQWHU�
80Y� � �����PDJ�IDLQWHU� �����PDJ�EULJKWHU� �����PDJ�IDLQWHU�
809� � �����PDJ�IDLQWHU� �����PDJ�IDLQWHU� �����PDJ�IDLQWHU�
805� � �����PDJ�EULJKWHU� �����PDJ�EULJKWHU� �����PDJ�EULJKWHU�

� � � � � � � �
��
&RQFOXVLRQV��$OO�WKH�9LVXDO��8QILOWHUHG�8612�6$��DQG�709�PHDVXUHV�DUH�LQFOXGHG�LQ�D�PD[LPXP�UDQJH�RI�����PDJQLWXGH��GHVSLWH�WKH�HIIHFW�RI�WKH�OLJKW�YDULDELOLW\�RI�WKH�DVWHURLGV�DQG�WKH�VOLJKW�LQDFFXUDF\�RI�WKH�PHDVXUHV���7KH�5�DQG�%�PHDVXUHV�DUH�WKH�PRVW�XQVXLWHG�OLJKW�EDQGV�DPRQJ�WKRVH�UHFHLYHG�E\�WKH�0$3��:H�KDYH�WKH�FRQILUPDWLRQ�WKDW�WKH�*6&�LV�WKH�PRVW�LQDFFXUDWH�VWDU�FDWDORJXH��:H�DOZD\V�KDYH�D�GHYLDWLRQ�RI�����WR�����PDJQLWXGH�EHWZHHQ�WKH�YLVXDO�PHDVXUHV�
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DQG�WKH�XQILOWHUHG�&&'�PHDVXUHV�PDGH�ZLWK�WKH�8612�DQG�WKH�7\FKR����7KH�YLVXDO�PDJQLWXGHV�VHHP�OHVV�JRRG�WKDQ�&&'�7\FKR�ILOWHUHG�PHDVXUHV��EXW�ZH�QRW�KDYH�\HW�D�JUHDW�QXPEHU�RI�7\FKR�PHDVXUHV�WR�EH�VXUH��,W�LV�QRZ�QHFHVVDU\�WR�XVH�WKH�7\FKR���DQG�WKH�9�VWDU�PDJQLWXGHV�UDWKHU�WKDQ�5�PDJQLWXGHV�DQG�WKH�8612�6$��:LWK�D�VWDQGDUG�GHYLDWLRQ��WKH�XQILOWHUHG�9�PDJQLWXGHV�ZRXOG�EH�ZLWK�DQ�DFFXUDF\�RI�D�WHQWK�RI�PDJQLWXGH��7KH�PDJQLWXGH�GLVFUHSDQFLHV�IRXQG�E\�WKH�0$3�RIWHQ�DUH�JUHDWHU�WKDQ�WKH�PDJQLWXGH�LQDFFXUDFLHV�IRXQG�LQ�WKH�0$3�DQDO\VHV����
7KH�IXWXUH�RI�WKH�PDS��7:2�0$,1�*2$/6���7KH�EHWWHU�DFFXUDF\�DQG�WKH�VLPSOLILFDWLRQ�RI�WKH�0($685(�0HWKRGV�E\����
• 7KH�XVH�RI�WKH�EHVW�DFFXUDWH�VWDU�FDWDORJXHV�DQG�9�ILOWHUV�LI�WKH�DVWHURLG�LV�QRW�WRR�IDLQW��
• 7KH�XVH�RI�0RQWKO\�/LVWV�RI�FRQMXQFWLRQV�EHWZHHQ�WKH�0$3�DVWHURLGV�DQG�WKH�/RQHRV��36*&�RU�7\FKR���VWDUV��HYHQ�IRU�WKH�YLVXDO�REVHUYHUV��
• 7KH�VHDUFK�DQG�WKH�XVH�RI��VWDQGDUG�GHYLDWLRQV��IRU�HDFK�&&'�FDPHUD�WR�SHUPLW�WKH�DFFXUDF\�RI�KLV�XQILOWHUHG�PHDVXUHV��
• 6RPH�WHVWV�RQ��VWDQGDUG�DVWHURLGV��ZLWK�VPDOO�YDULDELOLW\����������PDJQLWXGH���DQG�VXUH�+�PDJQLWXGH�WR�WU\�WKH�FRQILUPDWLRQ�RI�WKH�VWDQGDUG�GHYLDWLRQV�RI�YDULRXV�W\SHV�RI�&&'�PHDVXUHV��
• 7KH�QHZ�PHDVXUH�RI�WKH�ROG�&&'�LPDJHV�ZLWK�WKH�IXWXUH�EHVW�VWDU�&DWDORJXHV����
)LQDO�FRQFOXVLRQ��7KH�0$3�ZRUN�LV�XVHIXO����� 7R�GHWHFW�WKH�DVWHURLGV�ZLWK�HUURUV�RI�+�PDJQLWXGH�DQG�WR�VXJJHVW�WKH�UHYLVLRQ�RI�IDOVH�+�PDJQLWXGHV��HYHQ�ZLWK�D�VOLJKW�UHVLGXDO�LQDFFXUDF\���� 7R�SHUPLW�EHVW�IXWXUH�HSKHPHULGHV�DQG�VWDWLVWLFDO�ZRUNV�RQ�GLDPHWHUV���� 7R�GHWHFW�VRPHWLPHV�DVWHURLGV�ZLWK�D�JUHDW�OLJKW�DPSOLWXGH��DV�������������$0����� 7R�REWDLQ�D�URXJK�HVWLPDWH�RI�WKH�PDJQLWXGH�GHYLDWLRQV���� 7R�SHUPLW�D�VFLHQWLILF�ZRUN��ZLWKRXW�LPSRUWDQW�PHDQV�DQG�ZLWKRXW�ORQJ�REVHUYDWLRQV�IRU�HDFK�WDUJHW���8VHIXO�IRU�EDG�FOLPDWHV�RU�VKRUW�WLPHV�RI�REVHUYLQJ�����%LHQYHQXH�LQ�WKH�0$3�LI�\RX�ZLVK������
5HIHUHQFHV��
$8'(�:HEVLWH����������KWWS���ZZZ�FFGDXGH�FRP����
5DRXO�%HKUHQG����������:HEVLWH�RI�/LJKWFXUYHV���KWWS���REVZZZ�XQLJH�FK�aEHKUHQG�SDJHBFRX�KWPO����
&$//�������������������������KWWS���ZZZ�0LQRU3ODQHW2EVHUYHU�FRP�DVWOF�GHIDXOW�KWP����
$ODQ�+DUULV����������������/LJKWFXUYH�$VWHURLG�&DWDORJXH���KWWS���FID�ZZZ�KDUYDUG�HGX�LDX�OLVWV�/LJKWFXUYH'DW�KWPO����
,$$�–�5XVVLD��������������(SKHPHULGHV�RI�0LQRU�3ODQHWV��IURP������WR�������
0LQRU�3ODQHW�&HQWHU���9DULRXV�'DWD�RQ�$VWHURLGV���KWWS���FID�ZZZ�KDUYDUG�HGX�LDX�OLVWV�03/LVWV�KWPO����������������������������������������)LOHV�RI�2UELWDO�HOHPHQWV�RI�$VWHURLGV���KWWS���FID�ZZZ�KDUYDUG�HGX�SXE�03&25%�����
0LQRU�3ODQHW�6HFWLRQ���7KH�0LQRU�3ODQHW�%XOOHWLQ���IURP������WR������
RI�WKH�$/32���������������KWWS���ZZZ�OSO�DUL]RQD�HGX�aUKLOO�DOSR�PLQSODQ�KWPO�
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21�7+(�',6&29(5<�2)�1(:�)$,17�-83,7(5�752-$16��� (ULF�:��(OVW� �+ROEDFK�)RXQGDWLRQ��.DSHOOHQERVOHL����%������.DSHOOHQERV��%HOJLXP���HULFHOVW#KROEDFK�IRXQGDWLRQ�FRP���
5HIOHFWLRQV�DUH�PDGH�DERXW�WKH�GLVFRYHU\�RI�QHZ�IDLQW�7URMDQV��,W�VHHPV�LQGHHG�WKDW�ZH�DUH�DSSURDFKLQJ�WKH�HQG�LQ�GLVFRYHULQJ�
QHZ�-XSLWHU�7URMDQV��DV�IDU�DV�D�OLPLWLQJ�PDJQLWXGH�RI�9 �����LV�HQYLVDJHG��:KDW�FRXOG�EH�WKH�UHDVRQ�IRU�WKLV�"�$UH�ZH�UHDOO\�
DSSURDFKLQJ�DQ�HQG��DV�WKH�FRQVHTXHQFH�WKDW�WKHUH�VKRXOG�EH�D�NLQG�RI�JDS�EHWZHHQ�IDLQW�DQG�IDLQWHVW�7URMDQV��DVVXPLQJ�
DQ\ZD\�WKH�SUHsence of «�IDLQWHVW�» Trojans in L4 and L5��RU�LV�LW�MXVW�WKH�FRQVHTXHQFH�RI�WKH�IDFW�WKDW�SUHVHQW�LQVWUXPHQWV�DUH�
QRW�UHDFKLQJ�EH\RQG�WKH�OLPLWLQJ�PDJQLWXGH��IURP�ZKHUHRQ�ZH�PD\�H[SHFW��WR�GLVFRYHU�DJDLQ�QHZ�7URMDQV"��

�
�

,QWURGXFWLRQ��7URMDQV�DUH�IRU�PDQ\�UHDVRQV��LPSRUWDQW�REMHFWV�WR�LQYHVWLJDWH��DIWHU�WKHLU�GLVFRYHU\��7KH\�PD\�EH�UHODWHG�ZLWK��FRPHWV�FDSWXUHG�E\�WKH�JUDYLWDWLRQDO�ILHOG�RI�-XSLWHU���EXW�WKH\�FDQ�DOVR�EH�UHPQDQW�PDWHULDO�IURP�WKH�WLPH�RI�WKH�IRUPDWLRQ�RI�WKH�VRODU�V\VWHP��7KH�TXHVWLRQ�ZK\�-XSLWHU�7URMDQV�DUH�DFFXPXODWLQJ�DW�WZR�SDUWLFXODU�SODFHV�LQ�WKH�VRODU�V\VWHP���URXJKO\����GHJUHHV�DKHDG�DQG����GHJUHHV�EHKLQG�RQ�WKH�RUELW�RI��-XSLWHU��KDV�EHHQ�PDWKHPDWLFDOO\�GHPRQVWUDWHG�E\�/DJUDQJH���������UHDVRQ�ZK\�WKHVH��SDUWLFXODU�SRVLWLRQV��KDYH�EHHQ�FDOOHG�/DJUDQJH�OLEUDWLRQ�SRLQWV�/��DQG�/������
1HZ�LQYHVWLJDWLRQV��3UHVHQW�REVHUYDWLRQDO�GDWD�VKRZV�D�UDSLG�GHFOLQH�LQ�DEVROXWH�PDJQLWXGH��WRZDUGV�IDLQWHU�YDOXHV���ZKHQ���FRQVLGHULQJ�QHZO\��GLVFRYHUHG�7URMDQ�DVWHURLGV��7KLV�WHQGHQF\�LV�DOVR�FOHDUO\�VKRZQ�LQ�WKH�FXPXODWLYH�GLVWULEXWLRQ�FXUYHV�RI��-XSLWHU�7URMDQV��ZKLFK�DUH�PRQWKO\�SURYLGHG�E\�WKH�0LQRU�3ODQHW�&HQWHU�LQ�0DVVDFKXVHWWV��8�6�����/HW�XV�WKHUHIRUH�ORRN�DW�D�W\SLFDO�H[DPSOH�RI�VXFK�D�FXPXODWLYH�GLVWULEXWLRQ�FXUYH��)LJ���������

��������������������)LJ�����-XSLWHU�7URMDQV��GLVWULEXWLRQ�FXUYH��03&����:H�PD\�DVVVXPH�WKDW��GXULQJ�WKH�ODVW�WKUHH�\HDUV��HIIHFWLY�VN\�FRYHULQJ��KDV�EHHQ�QHDWO\�DFFRPSOLVKHG�E\�WKH�ODUJHU�DVWHURLG�VHDUFK�SURJUDPV��/,1($5��/21(26��6SDFHZDWFK��&DWDOLQD�DQG�1($7����
�

/,1($5�LV�FRYHULQJ�WKH�VN\�IURP�TXDGUDWXUH�WR�TXDGUDWXUH�DQG�IURP����GHJ�QRUWK�WR����GHJ�VRXWK�TXLWH�EHDXWLIXOO\�GRZQ�WR�
PDJ����RU�VR��7KHUH�DUH�VRPH�JDSV��QRWDEO\�LQ�WKH�-XO\�$XJXVW�UDLQ\�VHDVRQ��EXW�WKHUH�LV�H[FHOOHQW�QLJKW�WR�QLJKW�DQG�PRQWK�WR�
PRQWK�DQG�RSSRVLWLRQ�WR�RSSRVLWLRQ�OLQNDJH��DQG�WKH�VWURQJ�HIIHFW�RI�WKLV�RQ�WKH�QXPEHULQJ�RI�PLQRU�SODQHWV�LV�EHFRPLQJ�HYLGHQW��%ULDQ�0DUVGHQ��������SULYDWH�FRPPXQLFDWLRQ����)URP�)LJ���ZH�PD\�WKHUHIRUH�LQIHU�WKDW�GXULQJ�����������DOO�7URMDQV�ZLWK�DEVROXWH�PDJQLWXGHV�OHVV�WKDQ�+ �����KDYH�EHHQ�GLVFRYHUHG��VLQFH�WKH�ORFDWLRQ�RI�WKH�LQIOHFWLRQ�SRLQW��IURP�WKH�GLVWULEXWLRQ�FXUYH�LV�D�PHDVXUH�IRU�FRPSOHWHQHVV��(OVW���������
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+RZHYHU��7URMDQV�ZLWK�KLJK�LQFOLQDWLRQV�WHQG�WR�EH�GLVFRYHUHG�PXFK�ODWHU�GXULQJ�WKH�VHDUFKHV��6LQFH�WKH\�PD\�KDYH��RQO\�D�VPDOO�LQIOXHQFH�XSRQ�WKH�DVSHFW�RI�WKH�GLVWULEXWLRQ�FXUYH��WKH\��VKRXOG�WKHUHUHIRUH�QRW�KDYH�WR�EH�WDNHQ�LQWR�DFFRXQW��)LJ�����ZKLFK�VKRZV�WKH�QXPEHU�RI�-XSLWHU�7URMDQV�YHUVXV�$EVROXWH�0DJQLWXGH��LV�TXLWH�LQWHUHVWLQJ���VLQFH�LW�KDV�DOPRVW�*DXVVLDQ�VKDSH��FRQILUPLQJ�RXU�ILQGLQJV�IURP�WKH�FXPXODWLYH�GLVWULEXWLQJ�FXUYHV�����
� �

�� � � )LJ�����1XPEHU�RI�7URMDQV���$EVROXWH�0DJQLWXGH��03&����,QWHUHVWLQJ��DOVR�LV�WKH�XQH[SHFWHG�SHDN�DW�+ ������WKH�UHVXOW�IURP�LQWHQVLYH�VHDUFKHV�E\�/,1($5�GXULQJ��ODVW�)HEUXDU\�DQG�0DUFK��������LQGLFDWLQJ�SUREDEO\�WKH�SUHVHQFH�RI�D�FDVXDO�RU�UHDO�FOXVWHU�RI�/��7URMDQV�����REMHFWV��DW�+ ��������,Q�SURSRUWLRQ�ZLWK�LQFUHDVLQJ�OLPLWLQJ�PDJQLWXGH�WKH�VXPPLW�RI�WKLV�SORW�ZLOO�PRYH�WR�KLJKHU�YDOXHV��ZKLOH�PRYLQJ�DW�WKH�VDPH�WLPH�WR�IDLQWHU�DEVROXWH�PDJQLWXGHV���,W�ZLOO�EH�QHFHVVDU\�WR�ZDLW�IRU�WKH�IROORZLQJ�RSSRVLWLRQ�RI�/��7URMDQV��LQ�RUGHU�WR�LQWHUSUHWH�WKLV�DUWLIDFW�PRUH�DSSURSULDWHO\����,W��IROORZV�IXUWKHU�IURP�ILJ����E\�OLQHDU�H[WUDSRODWLRQ��WKDW�DERXW�����PRUH�7URMDQV�PD\�EH�GLVFRYHUHG���LI�WKH\�VKRXOG�EH�SUHVHQW��LQ�WKH�UDQJH�RI�+ ����–������UHPHPEHULQJ�WKDW�7URMDQV�DUH�ORFDWHG��DW�QHDUO\�WKH�VDPH�GLVWDQFH������$��8����(QKDQFLQJ�WKH�OLPLWLQJ�PDJQLWXGH�RI�WKH�VHDUFK�SURJUDPV�PD\�WKHUHIRUH�UHVXOW�LQ�WKH�GLVFRYHU\�RI��QHZ�IDLQW�7URMDQV����
5HIHUHQFHV����
Lagrange J. P., Le probleme des trois corps, Prix de l’ Académie Royale des Sciences de Paris, tome IX, 1772�(OVW�(�:���$UH�ZH�DSSURDFKLQJ�WKH�HQG�RI�DVWHURLG�GLVFRYHU\�"��3ODQHWDU\�DQG�6SDFH�6FLHQFH���������������������
�
$FNQRZOHGJHPHQWV��,W�LV�D�SOHDVXUH�WR�WKDQN�WKH�0LQRU�3ODQHW�&HQWHU��0DVVDFKXVHWWV���86��IRU�DOORZLQJ�XV�WR�XVH�VRPH�RI�WKHLU�ILJXUHV���� ��
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3+272(/(&7,5&�3+2720(75<�2)�0,125�3/$1(7������:7 ¶�· ��� 6HUJLR�)RJOLD��6HUDILQR�=DQL�$VWURQRPLFDO�2EVHUYDWRU\��8$,�0LQRU�3ODQHWV�6HFWLRQ��)��%LVOHUL�����,�������0LODQR��,WDO\�H�PDLO��V�IRJOLD#OLEHUR�LW���
3KRWRHOHFWULF� REVHUYDWLRQV� RI� 1HDU� (DUWK� $VWHURLG� ����� :7 ¸%¹ � ZHUH� PDGH� RQ� 'HFHPEHU� ������� ����� IURP� 6HUDILQR� =DQL�
$VWURQRPLFDO�2EVHUYDWRU\�ORFDWHG�LQ�/XPH]]DQH��,WDO\��03&�&RGH������XVLQJ�D����FP�5LWFKH\�&KUHWLHQ�WHOHVFRSH�ZLWK�D��3���
VLQJOH�FKDQQHO�SKRWRPHWHU��$�'&)������N+]�UDGLR�VLJQDO�UHFHLYHU�ZDV�XVHG�WR�GHWHUPLQH�8QLYHUVDO�7LPH��'XULQJ�WKLV�QLJKW�WKH�
JHRFHQWULF�GLVWDQFH�RI������:7 ¸%¹ �ZDV�RQO\�������$�8��DQG�LW�ZDV�YHU\�GLIILFXOW�WR�ILQG�FRPSDULVRQ
V�VWDUV�GXH�WR�WKH�IDVW�PRWLRQ�
RI� WKH� PLQRU� SODQHW�� 2EVHUYDWLRQDO
V� SHULRG� FRYHU� �� KRXUV� �IURP� GHFHPEHU� ���� ������ 8�7�� WR� GHFHPEHU� ���� ������ 8�7����
VSHFWUXP�DQDOLV\V�RI� WKH�REWDLQHG�GDWD�JLYHV�D�SUREDEOH�SHULRG�RI�URWDWLRQ�RI�������KRXUV��2EVHUYHG�DPSOLWXGH�LQ�WKH�9�EDQG�
ZDV�HQODUJHG�E\�WKH�EULJKWQHVV�RI�WKH�FRPSDULVRQ
V�VWDU�XVHG��
7KH�IROORZLQJ�LV�WKH�REWDLQHG�OLJKW�FXUYH�UHGXFHG�WR�WKH�9������PDJQLWXGH�XVLQJ�WKH�UHODWLRQ��
�
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&255(&7256�)25�:,'(�),(/'�&&'�,0$*,1*��KRZ�WR�GHVLJQ��PDQXIDFWXUH�DQG�XVH�WKHP�� äHOMNR�$QGUHLü�
�5X HU�%RãNRYLü�,QVWLWXWH��GLYLVLRQ�RI�0DWHULDOV�SK\VLFV��7KLQ�)LOPV�/DERUDWRU\��%LMHQLþND�����32%������=DJUHE��&URDWLD�DQGUHLF#UXGMHU�LUE�KU���

,Q�UHFHQW�WLPH��PDQ\�DGYDQFHG�DPDWHXUV�DQG�VPDOO�DVWURQRPLFDO�IDFLOLWLHV��KDYH�DFFHVV�WR���P�FODVV�WHOHVFRSHV��0RVW�RI�WKHVH�
WHOHVFRSHV�DUH�1HZWRQLDQV�RU�FODVVLFDO�&DVVHJUDLQV��ERWK�W\SHV�KDYLQJ�SDUDEROLF�SULPDU\�PLUURUV��7KHVH�LQVWUXPHQWV�DUH�HLWKHU�
VHOI�PDGH��RU�DUH�ROG�LQVWUXPHQWV�WKDW�DUH�QRW�SULPDU\�UHVHDUFK�LQVWUXPHQWV�DQ\PRUH��7R�DGDSW�WKHP�IRU�&&'�SKRWRJUDSK\��
RQH�XVXDOO\�QHHGV�D�ILHOG�FRUUHFWRU�ZKLFK�FRUUHFWV�WKH�RI�D[LV�FRPD�RI�WKH�SULPDU\�PLUURU�DQG��DW�WKH�VDPH�WLPH��IODWWHQV�WKH�
LPDJH�SODQH�VR�WKDW�WKH�ZKROH�&&'�VHHV�D�VKDUS�LPDJH��,I�WKLV�OHQV�V\VWHP�DOVR�VKRUWHQV�WKH�IRFDO�OHQJWK��LW�LV�XVXDOO\�FDOOHG�D�
WHOHFRPSUHVVRU���
�
,W�LV�VXSSRVHG�WKDW�VXFK�WHOHVFRSHV�ZLOO�EH�HTXLSSHG�Zith 1” CCDs, with a possible upgrade up to 2” in the years to come, as 
WKH�SULFHV�RI�VXFK�FDPHUDV�IDOO�ZLWK�WLPH��$OVR��D�SRLQW�VRXUFH��VWDU���LPDJH�RI�DERXW����µP�LV�WDNHQ�DV�WKH�XSSHU�OLPLW�RI�WKH�
DFFHSWDEOH�LPDJH�EOXU��/DUJHU�LQVWUXPHQWV��IRFDO�OHQJWK�RI�DEXW���P�XSZDUGV��ZLOO�KDYH�ODUJHU�VHHLQJ�EOXUV��VR����µP�EOXU�FDQ�
EH�WROHUDWHG�LQ�VXFK�D�FDVH��$�UHYLHZ�RI�VXLWDEOH�FRUUHFWRU�GHVLJQV�LV�SUHVHQWHG��VWDUWLQJ�IURP�D�VLQJOH�OHQV�ILHOG�IODWWHQHU��XS�WR�
D���OHQV�PXOWLSOH�JODVV�IRFDO�FRUUHFWRU���
,W�LV�IRXQG�WKDW�VLQJOH�OHQV�FRUUHFWRUV�KDYH�QR�VHQVH�LQ�VXFK�DQ�DUUDQJHPHQW��DV�WKH�LPDJH�LPSURYHPHQW�LV�PDUJLQDO�RU�QRQ�
H[LVWHQW��$W�WHOHVFRSHV�DURXQG�����P�LQ�GLDPHWHU��ILHOG�IODWWHQHUV�GR�LPSURYH�WKH�LPDJH�VKDUSQHVV�D�OLWWOH��EXW�WKLV�HIIHFW�LV�
FRPSOHWHO\�KLGGHQ�E\�WKH�RI�D[LV�FRPD��7KH�ILUVW�XVDEOH�FRUUHFWRU�GHVLJQ�LV�D�WZR�OHQV�5RVV�FRUUHFWRU��ZKLFK�LV�XVDEOH�DW�IRFDO�
UDWLRV�RI�DERXW�)���RU�ODUJHU��)RU�IDVWHU�PLUURUV��LW�IDLOV�WR�SURGXFH�VPDOO�HQRXJK�SRLQW�LPDJHV��DOWKRXJK�FRPD�LV�VWLOO�JUHDWO\�
UHGXFHG���
�
7KH�JUHDW�DGYDQWDJH�RI�D�5RVV�FRUUHFWRU�LV�WKDW�LW�LV�RQH�JODVV�GHVLJQ�ZLWK�UHOD[HG�WROHUDQFHV��VR�LW�FDQ�EH�SURGXFHG�E\�D�VNLOOHG�
DPDWHXU�RSWLFLDQ��0DQ\�DPDWHXU�WHOHVFRSH�EXLOGHU�DUH�VNLOOHG�HQRXJK�WR�DWWHPSW�VXFK�D�ZRUN��
�
7KH�ILUVW�UHDOO\�JRRG�FRUUHFWRU�LV�WKH�WKUHH�OHQV�:\QH�FRUUHFWRU��ZKLFK�LV�RIWHQ�XVHG�RQ�ODUJHU�WHOHVFRSHV��,W�LV�VWLOO�RQH�JODVV�
GHVLJQ��EXW�WKH�WROHUDQFHV�RI��LQGLYLGXDO�OHQV�VXUIDFHV�DUH�YHU\�WLJKW��$�VNLOOHG�RSWLFLDQ�LV�QHHGHG�WR�SURGXFH�VXFK�D�FRUUHFWRU�
VXFFHVVIXOO\���
�
/DVW��EXW�QRW�OHDVW��DQ�H[DPSOH�RI�PRGHUQ�PXOWLSOH�JODVV����OHQV�IRFDO�UHGXFHU�IRU�DQ�)���SDUDEROLF�PLUURU�LV�SUHVHQWHG��,WV�
WROHUDQFHV�DUH�QRW�VR�WLJKW�DV�WKH�RQHV�RI��WKH�:\QH�FRUUHFWRU��EXW�LW�UHTXLUHV���GLIIHUHQW�JODVVHV��DW�OHDVW�RQH�RI�ZKLFK�LV�GLIILFXOW�
WR�JULQG�DQG�SROLVK��$JDLQ��D�VNLOOHG�RSWLFLDQ�LV�WKH�EHVW�FKRLFH�IRU�PDQXIDFWXULQJ�RI�VXFK�D�FRUUHFWRU��
��
,QWURGXFWLRQ��
�7HOHVFRSHV�ZLWK�DSHUWXUHV�EHWZHHQ�����DQG�����P�DUH�QRW�FRQVLGHUHG�SULPDU\�UHVHDUFK�LQVWUXPHQWV�DQ\PRUH�DQG�DUH�RIWHQ�EHLQJ�FORVHG�RU�DFFHVV�LV�JUDQWHG�WR�VHULRXV�DPDWHXU�JURXSV��$W�WKH�VDPH�WLPH��PRUH�DQG�PRUH�DPDWHXUV�DUH�EXLOGLQJ�LQVWUXPHQWV�LQ�WKLV�VL]H�UDQJH��7KLV�DUWLFOH�LV�WDUJHWHG�WR�WKHP��DVVXPLQJ�WKDW�WKH�WHOHVFRSHV�ZLOO�EH�XVHG�IRU�&&'�LPDJLQJ��,Q�VXFK�D�FDVH��WKH�WHOHVFRSH�RSWLFV�DORQH�LV�QRW�FDSDEOH�RI�FRYHULQJ�WKH�&&'�FKLS��HYHQ�LW�LV�E\�PRGHUQ�PHDVXUHV�D�VPDOO�RQH��VD\������WR����RQH���7KDW�PHDQV�WKDW�VRPH�VRUW�RI�ILHOG�FRUUHFWRU��FRQVWUXFWHG�IURP�RQH�RU�VHYHUDO�OHQVHV�LV�QHHGHG�WR�IODWWHQ�WKH�ILHOG�DQG�WR�UHGXFH�WKH�RII�D[LV�DEHUDWLRQV�RI�WKH�WHOHVFRSH�RSWLFV��,Q�WKH�DQDO\VLV�SHVHQWHG�EHORZ��D���P�WHOHVFRSH�ZLWK�D�SDUDEROLF�PLUURU�ZLWK��D�IRFDO�UDWLR�RI���LV�DVVXPHG��7KH�UHDVRQ�IRU�WKLV�FKRLFH�LV�WKDW�IRU�VORZHU�PLUURUV��WKH�VDPH�FRUUHFWRUV�FDQ�EH�XVHG��DQG�WKH\�ZLOO�SURGXFH�D�EHWWHU�LPDJH�TXDOLW\�WKDQ�DW�IRFDO�UDWLR�RI����$QRWKHU�UHDVRQ�ZDV�PRUH�SUDFWLFDO��PRVW�RI�WKHVH�GHVLJQV�ZHUH�VWXGLHG�LQ�FRQQHFWLRQ�WR�WKH��QHZ�9LVQMDQ�2EVHUYDWRU\�WHOHVFRSH��ZKLFK�LV�D��P�)��LQVWUXPHQW��1RZ��IRU�WKH�FDVH�RI�D�SDUDEOLF�PLUURU��D�FRUHFWRU�GHVLJQHG�IRU�RQH�IRFDO�UDWLR�ZLOO�SHUIRUP�EHWWHU�DV�WKH�IRFDO�UDWLR�LV�LQFUHDVHG��2I�FRXUVH��WKH�GLVWDQFH�EHWZHHQ�

WKH�ODVW�FRUUHFWRU�VXUIDFH�DQG�WKH�IRFDO�SODQH�KDV�WR�EH�NHSW��DW�WKH�VDPH�YDOXH�DV�LQ�WKH�RULJLQDO�GHVLJQ��5&�KLSHUEROLF�SULPDULHV�DUH�QRW�VWXGLHG�LQ�GHWDLO��DV�WKH\�DUH�UHODWLYHO\�UDUH��EXW�WKH�IHZ�WULDOV�GRQH�LQGLFDWH�WKDW�VDPH�FRUUHFWRU�GHVLJQV�ZRUN�ZLWK�WKHP�DOVR��EXW�WKH\�KDYH�WR�EH�RSWLPLVHG��IRU�WKH�SDUWLFXODU�5&�PLUURU��DV�HDFK�5&�PLUURU�KDV�XQLTXH�VKDSH���,I�WKH�WHOHVFRSH�DSHUWXUH�LV�FKDQJHG��WKH�VFDOOLQJ�UXOHV�FDQ�EH�XVHG�WR�SUHGLFW�WKH�FRUUHFWRU�SHUIRUPDQFH��7KH�PRVW�LPSRUWDQW�VFDOOLQJ�UXOHV�IRU�RXU�FDVH�DUH�DV�IROORZV��
���� LI�DOO�GLPHQVLRQV�RI�DQ�RSWLFDO�V\VWHP�DUH�PXOWLSOLHG��VFDOHG��E\�D�IL[HG�IDFWRU��VSRW�GLDJUDPV�ZLOO�DOVR�EH�PXOWLSOLHG�E\�WKH�VDPH�IDFWRU������ LQ�VXFK�D�SURFHGXUH��ILHOG�DQJOHV�DUH�SUHVHUYHG��
7KH�ILUVW�UXOH�LPSOLHV�WKDW�LW�LV�TXLWH�VDIH�WR�UHGXFH�WKH�VL]H�RI�DQ�RSWLFDO�V\VWHP��DV�WKHQ�DOO�VSRWV�ZLOO�EH�UHGXFHG�E\�WKH�VDPH�IDFWRU��+RZHYHU��DV�UXOH���VWUHVVHV��WKH�ILHOG�DQJOHV�ZLOO�QRW�EH�FKDQJHG�E\�VXFK�D�VFDOOLQJ���7KXV��WKH�OLQHDU�ILHOG�RI�YLHZ�RI�WKH�RULJLQDO�GHVLJQ�ZLOO�DOVR�EH�UHGXFHG�E\�WKH�VFDOOLQJ�IDFWRU��,Q�WKLV�IDFW�OLHV�WKH�RQO\�GDQJHU�KLGGHQ�LQ�WKH�VFDOOLQJ�SURFHGXUH��LI�DIWHU�WKH�VFDOOLQJ�
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WKH�OLQHDU�ILHOG�RI�YLHZ�KDV�WR�EH�LQFUHDVHG��WKH�RII�D[LV�DEHUUDWLRQV�PD\�H[SORGH��2WKHUZD\V��LI�WKH�RSWLFDO�V\VWHP�LV�HQODUJHG�LQ�VL]H��WKH�DEHUDWLRQV�ZLOO�DOVR�EH�PDJQLILHG�E\�WKH�VDPH�IDFWRU��%XW��LI�WKH�VDPH�OLQHDU�ILHOG�RI�YLHZ�LV�UHTXLUHG��WKH�UHVXOWLQJ�GHFUHDVH�LQ�WKH�DQJXODU�ILHG�RI�YLHZ�

PD\�VWLOO�SURGXFH�VDWLVIDFWRU\�UHVXOWV��
����
�
)LJXUH����$Q��P�)��WHOHVFRSH�ZLWK�D�:\QH�FRUUHFWRU�KDV�EHHQ�VFDOHG�GRZQ�WR����FP�RI�DSHUWXUH��DQG�DIWHUZDUGV��WKH�OLQHDU�ILHOG�RI�YLHZ�KDV�EHHQ�IRUFHG�WR�VWD\�WKH�VDPH��7KH�UHVXOWLQJ�����IROG�LQFUHDVH�LQ�DQJXODU�ILHOG�UHVXOWHG�LQ�KXJH�RII�D[LV�DEHUUDWLRQV��DV�LV�LOOXVWUDWHG�ZLWK�WKH�VSRW�GLDJUDPV�IRU�WKH�HGJH�RI�WKH�ILOHG�RI�YLHZ�EHORZ�WKH�FRUUHVSRQGLQJ�WHOHVFRSH�VNHWFKHV��,Q�VXFK�D�FDVH��WKH�VFDOLQJ�UXOHV�IDLO�WR�GHOLYHU�WKH�UHTXLUHG�SHUIRUPDQFH��
�%HIRUH�ZH�VWDUW�DQDO\]LQJ�SRVVLEOH�FRUUHFWRU�FRQILJXUDWLRQV��ZH�QHHG�WR�GHWHUPLQH�VRPH�EDVLF�SDUDPHWHUV�RI�WKH�FRPSOHWH�LPDJLQJ�V\VWHP��IURP�VHHLQJ��WKURXJK�WKH�WHOHVFRSH�RSWLFV�DQG�XS�WR�WKH�&&'�VXUIDFH��7KH�W\SLFDO�VHHLQJ�H[SHULHQFHG�DW�VLWHV�XVHG�E\�DPDWHXUV�DQG�ROGHU�REVHUYDWRULHV�LQ�SRSXODWHG�DUHDV�RI�(XURSH�LV�QRW�DV�JRRG�DV�DW�WKH�EHVW�REVHUYDWRU\�VLWHV��:H�FDQ�VDIHO\�
assume that it will be about 1”  at best, values around 2”  EHLQJ�PXFK�PRUH�SUREDEOH��&RPELQLQJ�WKLV�ZLWK�IRFDO�

OHQJWKV�RI�VHYHUDO�PHWHUV�WKDW�ZH�HQFRXQWHU�LQ�WKH��P�FODVV�WHOHVFRSHV��ZH�DUULYH�WR�VHHLQJ�GLVFV�VHYHUDO�WHQV�RI�PLFURPHWHUV�LQ�GLDPHWHU��)LJ��������
�
�
�
�
�
7KH�SHUIRUPDQFH�RI�WKH�)��SDUDEROLF�SULPDU\�PLUURU��
�
�
�
�
�
��

&RQFOXVLRQV���
)LJXUH����%OXU�GLVN�VL]H�FDXVHG�E\�VHHLQJ�EHWZHHn 1”  
(lover line) and 2”  (upper line) as function of the telescope IRFDO�OHQJWK���7KH�UHTXLUHG�FRPSOH[LW\�RI�D�ILHOG�FRUUHFWRU�GHSHQGV�PRVWO\�RQ�WKH�UHTXLUHG�ILHOG�RI�YLHZ��ZKLFK�RQ�LWV�RZQ�LV�FOHDUO\�GHILQHG�E\�WKH�VL]H�RI�WKH�&&'�FKLS�ZH�ZDQW�WR�XVH��7KH�UHODWLRQ�EHWZHHQ�WKH�FKLS�VL]H�DQG�WKH�UHTXLUHG�

GLDPHWHU�RI�WKH�ILHOG�RI�YLHZ�LV�LOOXVWUDWHG�RQ�WKH�)LJ������
)LJXUH����UHODWLYH�VL]H�RI�&&'�FKLSV�XVHG�IRU�DPDWHXU�DQG�VHPL�URIHVVLRQDO�DVWURQRPLFDO�ZRUN��GUDZQ�SUR[LPDWHO\�WR�VFDOH���7KH�OHIW�RQH�LV�W\SLFDO�IRU�JRRG�DPDWHXU�&&'�
cameras, a 1”  chip is used by serious amateurs and 
proffesionals with a low budget alike, and 2”  may be ZLWKLQ�WKHLU�JUDVS�LQ�QH[W�ILYH�WR�WHQ�\HDUV��7KH�UHG�QXPEHUV�JLYH�WKH�UHTXLUHG�GLDPHWHU�RI�WKH�ZHOO�FRUUHFWHG�ILHOG�RI�YLHZ�RI�WKH�WHOHVFRSH��LQ�PLOOLPHWUHV�������7KH�&&'�FKLSV�KDYH�TXLWH�GLIIHUHQW�SL[HO�VL]HV��VRPHZKHUH�
EHWZHHQ���DQG����µP��ZLWK�WKH�WUHQG�JRLQJ�WRZDUGV�VPDOOHU�
SL[HOV��WKH�DYHUDJH�EHLQJ�FXUUHQWO\�DURXQG����µP��
&RPELQLQJ�WKLV�ZLWK�WKH�IDFW�WKDW�WKH�VWDU�LPDJH�KDV�WR�EH�DW�OHDVW�WZR�SL[HOV�LQ�GLDPHWHU��WR�DOORZ�SUHFLVH�DVWURPHWU\�DQG�SKRWRPHWU\��DQG�ZLWK�WKH�VL]H�RI�WKH�VHHLQJ�GLVF�GLVFXVVHG�EHIRUH��LW�LV�REYLRXV�WKDW�WKH�EOXU�FLUFOH�RI�WKH�FRUUHFWRU�QHHGV�QRW�WR�EH�PXFK�VPDOOHU�WKDQ�DERXW�WZHQW\�PLFURPHWHUV��6R��LQ�WKH�IROORZLQJ�DQDO\VLV��WKH�DFFHSWDEOH�
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VSRW�GLDJUDP�GLDPHWHU�ZDV�WDNHQ�WR�EH�DERXW����µP�LQ�WKH�
FHQWHU�RI�WKH�ILOHG��DQG�DERXW�WZLFH�RI�LW�DW�WKH�H[WUHPH�HGJH���/DVW�EXW�QRW�OHDVW��WKH�EURDG�VSHFWUDO�VHQVLWLYLW\�RI�&&'�WKDW�UDQJHV�IURP�QHDU�89������QP�FDQ�EH�VHW�DV�D�SUDFWLFDO�
OLPLW�IRU�ORZ�DOWLWXGH�REVHUYDWRULHV��WR�DERXW���µP�LQ�QHDU�
,5�UHTXLUHV�PRUH�DWWHQWLRQ�WR�EH�SXW�RQ�FURPDWLF�DEHUUDWLRQV�DV�LQ�WKH�FDVH�RI�YLVXDO�RU�SKRWRJUDSKLF�OHQVHV��$V�PRVW�&&'V�KDYH�WKHLU�SHDN�VHQVLWLYLW\�QHDU�����QP��WKLV�LV�VHW�WR�EH�WKH�FHQWUDO�ZDYHOHQJWK�IRU�WKH�UD\WUDFLQJ�DQG�RSWLPL]DWLRQ�DQDO\VLV�RI�WKH�FRUUHFWRUV�GLVFXVVHG�EHORZ��7KH�RWKHU�WZR�ZDYHOHQJWKV�ZHUH�VHW�WR�����DQG������QP���DW�WKH�SUDFWLFDO�OLPLWV�RI�WKH�UDQJH�LQ�ZKLFK�&&'V�DUH�VHQVLWLYH���6SRW�GLDJUDP�ZDV�FKRVHQ�DV�WKH�DQDO\WLFDO�WRRO�IRU�DVVHVVLQJ�WKH�FRUUHFWRU�SHUIRUPDQFH��$OWKRXJK�WKH�VSRW�GLDJUDP�ODFNV�SUHFLVH�TXDOLILFDWLRQ�RI�DEHUUDWLRQV�LQYROYHG�LQ�FUHDWLQJ�LW��LW�KDV�D�JUHDW�DGYDQWDJH�RI�EHLQJ�D�YLVXDO��HDV\�WR�XQGHUVWDQG�WRRO�IRU�GHPRQVWUDWLQJ�WKH�SHUIRUPDQFH�RI�DQ�RSWLFDO�V\VWHP��,Q�JHQHUDWLQJ�D�VSRW�GLDJUDP��WKH�HQWUDQFH�DSHUWXUH�RI�WKH�RSWLFDO�V\VWHP�LV�GLYLGHG�LQWR�D�ODUJH�QXPEHU�RI�HTXDO�SDUWV��DQG�D�OLJKW�UD\�IURP�WKH�REMHFW��LQ�RXU�FDVH�D�SRLQW�VRXUFH�ZKLFK�ZH�FDQ�LPDJLQH�DV�D�VWDU�DW�GHVLUHG�SODFH�LQ�WKH�ILHOG�RI�YLHZ��LV�VHQW�WKURXJK�HDFK�RI�WKHVH�SDUWV��7KH�SDWK�RI�HDFK�UD\��XVXDOO\�IRU�WKUHH�FRORUV��LV�FDOFXODWHG�DQG�WKH�SRLQW�ZKHUH�LW�FURVVHV�WKURXJK�WKH�LPDJH�SODQH�LV�PDUNHG�RQ�WKH�LPDJH�SODQH��7KH�FURVVLQJ�SRLQWV�IRU�RI�UD\V�JLYH�WKH�EOXU�FLUFOH�WKDW�VXFK�DQ�RSWLFDO�V\VWHP�ZRXOG�SURGXFH�E\�WKH�ODZV�RI�JHRPHWULFDO�RSWLFV�DORQH��L�H��WKH�GLIIUDFWLRQ�LV�QHJOHFWHG�����
D��
����������������
E��
����������

�
)LJXUH����D��$Q�H[DPSOH�RI�UD\�GLVWULEXWLRQ�RYHU�WKH�HQWUDQFH�DSHUWXUH�XVHG�WR�FDOFXODWH�D�VSRW�GLDJUDP��,Q�JHQHUDO��VHYHUDO�KXQGUHG�WR�VHYHUDO�WKRXVDQG�UD\V�DUH�GLVWULEXWHG�HYHQO\�RYHU�WKH�HQWUDQFH�DSHUWXUH��
E��WKH�UHVXOWLQJ�VSRW�GLDJUDP��ZLWK�D�WROHUDQFH�FLUFOH�SORWWHG�DURXQG�LW��1RWH�WKDW�WKH�UD\V�RI�WKUHH�GLIIHUHQW�ZDYHOHQJWKV�XVHG�LQ�WKH�FDOFXODWLRQV��DUH�FRGHG�E\�GLIIHUHQW�FRORUV��%OXH�LV�XVHG�IRU�WKH�VKRUWHVW��UHG�IRU�WKH�ORQJHVW�DQG�JUHHQ�IRU�WKH�PLGGOH�ZDYHOHQJWK��UHJDUGOHVV�RI�WKHLU�DFWXDO�FRORUV���$OO�UHVXOWV�SUHVHQWHG�LQ�WKLV�DUWLFOH�ZHUH�REWDLQHG�E\�WKH�IUHH�YHUVLRQ�RI�WKH�RSWLFDO�GHVLJQ�SURJUDP�26/2�/7��9�����ZKLFK�FDQ�EH�GRZQORDGHG�DW�WKH�IROORZLQJ�DGGUHVV���
������������KWWS���ZZZ�VLQRSW�FRP����
7KH�SHUIRUPDQFH�RI�WKH�SDUDEROLF�PLUURU�DORQH�
�

��� ��
()/ �����PP��)29 ���PP�GLD��
�
)LJXUH����3DUDEROLF�PLUURU���P�)���LQ�WKLV�FDVH��H[KLELWV�D�YHU\�VWURQJ�FRPD�ZKLFK�OLPLWV�WKH�XVDEOH�ILHOG�RI�YLHZ�WR�D�IHZ�PLOLPHWUHV�DURXQG�WKH�D[LV��
�7KH�SDUDEROLF�PLUURU�DORQH�LV�WRWDOO\�XQVXLWDEOH�IRU�SULPDU\��IRFXV�LPDJLQJ��7KH�ILHOG�RI�YLHZ�LV�OLPLWHG�E\�VHYHUH�FRPD�WR�D�FLUFOH�OHVV�WKDQ���FP�LQ�GLDPHWHU��7KH�VLWXDWLRQ�LV�D�OLWWOH�EHWWHU�DW�)����EXW�VWLOO�IDU�IURP�VDWLVIDFWRU\�RQH��

���PP�
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6LQJOH�OHQV�ILHOG�IODWWHQHU�
�

�
�
)LJXUH����$�VNHWFK�RI�WKH�RSWLPL]HG�VROXWLRQ�IRU�D�VLQJOH�OHQV�ILHOG�IODWWHQHU���
�$�VLQJOH�OHQV�ILHOG�IODWWHQHU�LV�SXW�LQ�IURQW�RI�WKH�IRFDO�SODQH�WR�FRUUHFW�WKH�FXUYDWXUH�RI�WKH�ILHOG��7KH�SRVVLELOLW\�WR�LQIOXHQFH�WKH�RWKHU�DEHUUDWLRQV�ZLWK�VXFK�D�OHQV�LV�PLQLPDO��7KH�PLQLPDO�LQFUHDVH�LQ�XVDEOH�ILHOG�RI�YLHZ�FDQ�EH�DWWULEXWHG�WR�D�VOLJKW�LQFUHDVH�LQ�HIIHFWLYH�IRFDO�OHQJWK�RI�WKH�FRPSOHWH�V\VWHP��DQG�LQ�P\�RSLQLRQ�LW�LV�QRW�ZRUWK�XVLQJ�LQ�WKLV�FODVV�RI�WHOHVFRSHV��,WV�HIIHFW�LV�PRUH�SURQRXQFHG�ZLWK�VPDOOHU�PLUURUV�DV�WKHQ�WKH�ILHOG�FXUYDWXUH�LV�ODUJHU�DQG�LWV�FRUUHFWLRQ�EULQJV�PRUH�WKDQ�ZLWK�VXFK�ODUJH�PLUURUV���
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()/ �����PP��)29 ����PP�GLD��
�
)LJXUH����WKH�VSRW�GLDJUDPV�IRU�D�VLQJOH�OHQV�ILHOG�IODWWHQHU��
�
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6LQJOH�OHQV�PHQLVFXV�FRUUHFWRU�
�

�
�
�
)LJXUH����$�VNHWFK�RI�WKH�RSWLPL]HG�VROXWLRQ�IRU�D�VLQJOH�OHQV�ILOHG�IODWWHQHU���
�$�VLQJOH�OHQV�PHQLVFXV�FRUUHFWRU�FDQ�FRPSHQVDWH�FRPD�TXLWH�ZHOO�RYHU�D�OLPLWHG�IOLHG�RI�YLHZ��$OWKRXJK�WKH�LQFUHDVH�LQ�XVDEOH�ILOHG�LV�QRW�DV�ODUJH�DV�RQH�ZRXOG�OLNH��WKH�UHVXOWLQJ�VSRW�GLDJUDPV�DUH�DOPRVW�URXQG��ZKLFK�LV�YHU\�GHVLUDEOH�IRU�DVWURPHWULF�DQG�SKRWRPHWULF�ZRUN��VR�WKLV�GHVLJQ�LV�SUHIHUUHG�WR�WKH�VLQJOH�OHQV�ILHOG�IODWWHQHU�GLVFXVVHG�DERYH��DQG�PDNHV�VHQVH�LI�RQH�KDV�D�VPDOO�&&'�FKLS��
�
�
�
�
�
�
�
�
�

�
()/ �����PP��)29 ����PP�GLD��
�
)LJXUH����WKH�VSRW�GLDJUDPV�IRU�D�VLQJOH�OHQV�PHQLVFXV�FRUUHFWRU��1RWH�WKDW�WKH�VSRW�GLDJUDPV�DUH�DOPRVW�URXQG��D�YHU\�GHVLUDEOH�IHDWXUH��6RPH�FRORU�VSUHDGLQJ��WKH�VR�FDOOHG�ODWHUDO�FRORU��LV�SUHVHQW�DW�WKH�HGJH�RI�WKH�ILHOG���
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5RVV�FRUUHFWRU��

��
)LJXUH�����$�VNHWFK�RI�WKH�RSWLPL]HG�VROXWLRQ�IRU�D�WZR�OHQV�5RVV�FRUUHFWRU����$�WZR�OHQV�5RVV�FRUUHFWRU�SURYLGHV�EHWWHU�FRUUHFWLRQ�RYHU�PXFK�ODUJHU�ILHOG��+RZHYHU��DW�)���LWV�SHUIRUPDQFH�LV�OLPLWHG�E\�KLJKHU�RUGHU�DEHUUDWLRQV��$W�)���LW�JLYHV�PXFK�EHWWHU�SHUIRUPDQFH�RYHU�ILOHG�RI�YLHZ�RI����PP�LQ�GLDPHWHU��2QH�DGYDQWDJH�RI�WKH�5RVV�FRUUHFWRU�GHVLJQ�LV�WKDW�ERWK�OHQVHV�DUH�PDGH�RI�WKH�VDPH�RSWLFDO�JODVV��DQG�LWV�W\SH�LV�QRW�FULWLFDO��8VXDOO\�WKH�VWDQGDUG�%.��JODVV�LV�XVHG��EXW�VHPL�RSWLFDO�JODVVHV�FDQ�DOVR�EH�XVHG�ZLWKRXW�DQ\�SUREOHP��$OVR��WKH�VXUIDFH�WROHUDQFHV�DUH�QRW�WRR�WLJKW��VR�WKLV�W\SH�RI�FRUUHFWRU�FDQ�EH�HDVLO\�SURGXFHG�E\�D�VNLOOHG�DPDWHXU�RSWLFLDQ�����������

�
()/ �����PP��)29 ����PP�GLD���
)LJXUH�����WKH�VSRW�GLDJUDPV�IRU�WKH�5RVV�FRUUHFWRU��7KH�UHVLGXDO�DEHUUDWLRQV�FDQ�QRW�EH�FRPSHQVDWHG�DW�)����EXW�DW�)���WKH�FRUUHFWLRQ�LV�PXFK�EHWWHU���
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7ZR�OHQV�IRFDO�UHGXFHU��

��
)LJXUH�����$�VNHWFK�RI�WKH�RSWLPL]HG�VROXWLRQ�IRU�D�WZR�OHQV��FHPHQWHG��IRFDO�UHGXFHU����7KH�IRFDO�UHGXFHU�DWWHPSWV�WR�UHGXFH�WKH�IRFDO�OHQJWK�DQG�WR�FRUUHFW�WKH�DEHUUDWLRQV�RI�WKH�WHOHVFRSH�RSWLFV�DW�WKH�VDPH�WLPH��7R�GHDO�ZLWK�FKURPDWLF�DEHUUDWLRQ��WZR�GLIIHUHQW�JODVVHV�PXVW�EH�XVHG��,Q�WKH�H[DPSOH�DERYH�JRRG�SHUIRUPDQFH�LV�DFKLHYHG�RYHU�D����PP�ILHOG�RI�YLHZ��7KH�OHQV�LV�VWLOO�HDV\�WR�PDNH�DQG�WROHUDQFHV�DUH�TXLWH�UHOD[HG����������������������

�
()/ �����PP��)29 ����PP�GLD���
)LJXUH�����WKH�VSRW�GLDJUDPV�IRU�WKH�WZR�OHQV�IRFDO�UHGXFHU�����
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:\QH�FRUUHFWRU�

���
)LJXUH�����$�VNHWFK�RI�WKH�RSWLPL]HG�VROXWLRQ�IRU�D�WKUHH�OHQV�:\QH�FRUUHFWRU����:\QH�FRUUHFWRU�LV�XVHG�RQ�PDQ\�ODUJHU�WHOHVFRSHV�ZLWK�ERWK�SDUDEROLF�DQG�K\SHUEROLF�SULPDU\�PLUURUV��,W�LV�D�WKUHH�OHQV�GHVLJQ��XVXDOO\�XVLQJ�WKH�VDPH�JODVV�IRU�DOO�OHQVHV��DOWKRXJK�PRUH�FRPSOH[�GHVLJQV�ZLWK�GLIIHUHQW�JODVVHV�DOVR�H[LVW��,W�DFKLHYHV�YHU\�ODUJH�ILHOGV�RI�YLHZ��DQG�LWV�PDLQ�GUDZEDFN�LV�WKDW�VXUIDFH�WROHUDQFHV�RI�FRUUHFWRU�OHQVHV�DUH�YHU\�WLJKW��VR�D�ZHOO�HTXLSSHG�SURIHVVLRQDO�RSWLFDO�IDFLOLW\�LV�QHHGHG�WR�SURGXFH�VXFK�D�FRUUHFWRU�������������������

�
()/ �����PP��)29 �����PP�GLD���
)LJXUH�����WKH�VSRW�GLDJUDPV�IRU�WKH�:\QH�FRUUHFWRU��1RWH�WKH�KXJH�ILHOG�RI�YLHZ�DQG�TXLWH�VPDOO�VSRW�GLDJUDPV���
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$�FRPSOH[�IRFDO�UHGXFHU�

��
)LJXUH�����$�VNHWFK�RI�WKH�RSWLPL]HG�VROXWLRQ�IRU�D�ILYH�OHQV�IRFDO�UHGXFHU�ZLWK�D�ODUJH�)29����$�FRPSOH[�IRFDO�UHGXFHU�LV�D�QHZ�GHVLJQ�GHYHORSHG�IRU�WKH�
Višnjan observatory 1m telescope. It is capable of covering 
a 2”  CCD at F/2.4 effective focal ratio. Again, seveUDO�RSWLFDO�JODVVHV�DQG�PDQ\�OHQV�VXUIDFHV�ZLWK�WLJKW�WROHUDQFHV�UHTXLUH�D�ZHOO�HTXLSSHG�SURIHVVLRQDO�RSWLFDO�IDFLOLW\�WR�SURGXFH�VXFK�D�FRUUHFWRU�����������������������

�
()/ �����PP��)29 ����PP�GLD���
)LJXUH�����WKH�VSRW�GLDJUDPV�IRU�WKH�QRYHO�ILYH�OHQV�IRFDO�UHGXFHU����
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&RQFOXVLRQV��7KH�PDLQ�SUREOHP�RI��P�FODVV�WHOHVFRSHV�LV�RII�D[LV�FRPD��FRPELQHG�ZLWK�D�UHODWLYHO\�ODUJH�DQJXODU�ILHOG�RI�YLHZ�
required to cover 1”  or 2”  CCD. At F/3, which we assume LV�WKH�ORZHU�SUDFWLFDO�OLPLW�IRU�WKH�SULPDU\�PLUURUV��VLQJOH�OHQV�FRUUHFWRUV�DUH�XQXVDEOH��DQG�D���OHQV�5RVV�FRUUHFWRU�SURGXFHV�PDUJLQDO�SHUIRUPDQFH�RYHU����PP�GLDPHWHU�ILHOG�RI�YLHZ��)RU�VXFK�D�WHOHVFRSH��PRUH�FRPSOH[���OHQV�:\QH�FRUUHFWRU�RU�HYHQ�PRUH�FRPSOLFDWHG�IRFDO�UHGXFHU�GHVLJQV�PXVW�EH�XVHG���,QFUHDVLQJ�WKH�)�QXPEHU�DOORZV�EHWWHU�LPDJH�TXDOLW\�DQG�VLPSOHU�FRUUHFWRUV��XVXDOO\�RYHU�ODUJHU�ILHOG�RI�YLHZ��$��MXPS�IURP�)���WR�)���SURGXFHV�GUDVWLF�LPSURYHPHQWV�LQ�SHUIRUPDQFH�RI�FRUUHFWRU�V\VWHPV���5LWFKH\�&UHWLHQ�SULPDULHV�ZHUH�QRW�VWXGLHG�LQ�GHWDLO�IRU�WKLV�DUWLFOH��EXW�VRPH�JHQHUDO�FRPPHQWV�FDQ�EH�JLYHQ��VXFK�PLUURUV�KDYH�RYHUFRUUHFWHG�VSKHULFDO�DEHUUDWLRQ�LQ�DGGLWLRQ�WR�FRPD��DQG�XVDEOH�ILHOG�RI�YLHZ�RI�FRUUHFWRUV�LV�UHGXFHG�E\���������$OVR��DV�HDFK�5&�SULPDU\�LV�XQLTXH��WKH�FRUUHFWRU�GHVLJQ�PXVW�EH�RSWLPL]HG�VSHFLILFDOO\�IRU�LW�DQG�LV�QRW�XVDEOH�RQ�RWKHU�5&�PLUURUV���6LPSOH�DQG�WZR�OHQV�FRUUHFWRUV�FDQ�EH�KRPH�PDGH�E\�D�VNLOOHG�DPDWHXU�RSWLFLDQ�ZLWK�PRGHVW�HTXLSPHQW��+RZHYHU��WKH�PRUH�FRPSOLFDWHG�:\QH�DQG�PXOWL�OHQV�FRUUHFWRUV�KDYH�

VWULFW�WROHUDQFHV�DQG�UHTXLUH�GHGLFDWHG�PHDVXULQJ�HTXLSPHQW�DQG�KLJKO\�VNLOOHG�RSWLFLDQV�WR�PDNH����
5HIHUHQFHV������%HWWHU�EXW�ELJJHU�SULPH�IRFXV�FRUUHFWRU�OHQVHV�IRU�5LWFKH\�&UHLWHQ�WHOHVFRSHV��5LFKDUGVRQ�(�+��+DUPHU�&�)�:�DQG�*UXQGPDQQ�:�$��0RQ��1RW��5��$VWU��6RF���������������������WKLV�DUWLFOH�LV�WKH�VRXUFH�IRU�WKH�LQLWLDO�:\QH�FRUUHFWRU�GDWD������7HOHVFRSH�RSWLFV��5XWWHQ�+�DQG�9DQ�9HQURRLM�0��:LOOPDQQ�%HOO��5LFKPRQG��86$��������YHU\�XVDEOH�LQWURGXFWLRQ�LQWR�DVWURQRPLFDO�RSWLFV�DQG�RSWLFDO�GHVLJQ��ZLWK�PDQ\�H[DPSOHV��,QLWLDO�GDWD�IRU�VLQJOH�OHQV�FRUUHFWRUV�ZHUH�WDNHQ�IURP�LW������/HQV�GHVLJQ�IXQGDPHQWDOV��.LQJVODNH�5��$FDGHPLF��2UODQGR��86$�������D�YHU\�JRRG�WH[WERRN�RQ�RSWLFDO�GHVLJQ�LQ�JHQHUDO��,QLWLDO�GDWD�IRU�WKH�5RVV�FRUUHFWRU�ZHUH�WDNHQ�IURP�WKLV�ERRN����
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$SSHQGL[���'HVLJQ�SDUDPHWHUV�RI��FRUUHFWRUV�GLVFXVVHG�LQ�WKH�DUWLFOH��2VOR�/7�IRUPDW���,Q�DOO�GHVLJQV��WKH�ILUVW�VXUIDFH�LV�SDUDEROLF�ZLWK�WKLV�HQWU\�SDUDPHWHUV���
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�
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E��VLQJOH�OHQV�PHQLVFXV�FRUUHFWRU���
65)������5$',86������7+,&.1(66���$3(5785(�5$',86�������*/$66��63(��127(�
�2%-�����������������������H�������������H����������������$,5������
�
�$67���������H�������������H������������������$�������5()/(&7�����
�
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F��5RVV�FRUUHFWRU���
65)������5$',86������7+,&.1(66���$3(5785(�5$',86�������*/$66��63(��127(�
�2%-�����������������������H�������������H����������������$,5������
�
�$67���������H�������������H������������������$�������5()/(&7�����
�
����������������������������������������������6�����������%.��&����
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G��DFKURPDWLF�IRFDO�UHGXFHU���
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�2%-�����������������������H�������������H����������������$,5������
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�2%-�����������������������H�������������H����������������$,5������
�
�$67���������H�������������H������������������$�������5()/(&7�����
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I��ILYH�OHQV�IRFDO�UHGXFHU���
65)������5$',86������7+,&.1(66���$3(5785(�5$',86�������*/$66��63(��127(�
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63(&7526&23,&�2%6(59$7,216�2)�&20(76�:,7+�$0$7(85�0($16���0LNH�.UHWORZ� º ��0DWWKLDV�-XQJ� »
º �0LFKDHO�$GULDQ�2EVHUYDWRU\��)LFKWHQVWUDVVH����'�������7UHEXU��*HUPDQ\��H�PDLO��PNUHWORZ#JP[�GH�

» �8QLYHUVLW\�RI�6LHJHQ�2EVHUYDWRU\��$GROI�5HLFKZHLQ�6WUDVVH��'�������6LHJHQ��*HUPDQ\��H�PDLO��PDWW�MXQJ#JP[�GH���
(YHQ�WRGD\��ZKHUH�KLJK�VRSKLVWLFDWHG�&&'�FDPHUDV�DQG�WHOHVFRSHV�ZLWK����P����P�DSHUWXUH�DUH�QRW�XQXVXDO�IRU�DPDWHXU�RU�
SXEOLF�REVHUYDWRULHV��VSHFWURVFRSLF�REVHUYDWLRQV��SDUWLFXODUO\�RI�FRPHWV��DUH�QRW�YHU\�FRPPRQ��2QH�UHDVRQ�FRXOG�EH��WKDW�
VXLWDEOH�VSHFWURJUDSKV�FDQQRW�EH�ERXJKW��RU�ZRXOG�EH�WRR�H[SHQVLYH�DQG�RU�WRR�ELJ�DQG�KHDY\���,Q�PRVW�FDVHV�WKH\�KDYH�WR�EH�
EXLOG��'HWDLOV�RI�RXU�VSHFWURJUDSKV�ZLOO�EH�JLYHQ�RQ�RXU�ZHESDJH��KWWS���DVWUR��SK\VLN�XQL�VLHJHQ�GH�XDVWUR�VSHNWUR���
�
:H�SUHVHQW�VSHFWURVFRSLF��REVHUYDWLRQV�RI�FRPHW�&������2���+DOH�%RSS���&������4���7DEXU��DQG�&������&���,NH\D�=KDQJ���
FDUULHG�RXW�ZLWK�VHOI�PDGH�VSHFWURJUDSKV�DWWDFKHG�WR�WKH����������PP�1HZWRQ�UHIOHFWRU�RI�WKH�6LHJHQ�8QLYHUVLW\�REVHUYDWRU\��
)RU�FRPHW�+DOH�%RSS�WKH�VRGLXP�HPLVVLRQ�WDLO�FRXOG�EH�FRQILUPHG�����
,QWURGXFWLRQ��,Q������ZH�VWDUWHG�RXU�ILUVW�DWWHPSWV�LQ�VSHFWURVFRSLF�REVHUYDWLRQV�RI�FRPHWV��7KHUHIRUH�ZH�EXLOW�D�VOLW�VSHFWURJUDSK��<$663���XVLQJ�DQ�$PLFL�SULVP��)LJ�������
�

��¼s½ ¾�¿3À-ÁoÂ�Ã�ÄEÄ5Å Æ Ç È�ÉDÄ�Ê�Å Æ ËDÌEÆ Í Í
ÎGÍ�È�ÏÑÐ-ÎGÒ�Ç Í
Î ÅIÎ�Ð%Ó5Å Ô%Í
È�ÉÕÐ-Î�Å Å Æ ÌÖÔ%Ç Î ÍÅ ×%Ò�Ø_È�ÙÛÚ:Æ Ø'ËI×%Í�Ø�Æ ÎGÒDË�Í'Æ Ø
ÌEÈ�ÜÕÆ ÌÖÔ-Ý:Æ ÒIÝoÅ ×%Ò�ØsÞ Î Í�Ú:Æ Ò�Ô%Í ßTË�àIÎ Ç ÎTÅ ×%Ò�Ø
á_â
�:LWK�WKLV�VSHFWURJUDSK�ZH�REVHUYHG�FRPHW�7DEXU�LQ�2FWREHU�������$�FRXSOH�RI�PRQWKV�ODWHU��ZH�PDGH�D�PHFKDQLFDO�UH�GHVLJQ�RI�WKLV�VSHFWURJUDSK��EXW�HVVHQWLDOO\��RSWLFDO�SDUWV��LW�ZDV�WKH�VDPH��7KLV�VSHFWURJUDSK��<$663���ZDV�XVHG�IRU�REVHUYDWLRQV�RI�FRPHW�+DOH�%RSS�LQ�������%HFDXVH�RI�GLIIHUHQW�SUREOHPV�ZLWK�WKLV�QHZ�FRQFHSW�DQG�RWKHU�WDVNV��ZH�FRXOG�QRW�JHW�YHU\�PXFK�GDWD�RI�UHDVRQDEOH�TXDOLW\��7KHVH�VSHFWURJUDSKV�KDG�D�SL[HOVFDOH�RI�RQO\�DERXW�����QP���S[���,Q�����������D�WKLUG�VSHFWURJUDSK��<$663���ZDV�EXLOW�E\�0�-XQJ��1RZ��D�EOD]H�JUDWLQJ�������OLQHV�PP��ZDV�XVHG�DQG�WKH�RSWLF�ZDV�RSWLPL]HG�IRU�WKH�I�����IRFDO�UDWLR�RI�RXU�WHOHVFRSH���:DYHOHQJWK�FDOLEUDWLRQ�LV�SRVVLEOH�XVLQJ���RU���EDFNJURXQG�OLQHV��+J��EHFDXVH�RI�WKH�OLQHDU�GLVSHUVLRQ�IXQFWLRQ��7KH�OLQHDU�GLPHQVLRQ�RI�WKH�VSHFWUD�LV�DERXW�

25mm. The pixelscale is about 5A / px. Now we use the .$)�����(�DQG�����(�GHYLFHV��$XGLQH�FDPHUDV���ZKLFK�KDYH�D�EHWWHU�UHVSRQVH��HVSHFLDOO\�LQ�WKH�EOXH�SDUW��2Q������$SU����D�ILUVW�VSHFWUXP�RI�FRPHW�,NH\D�=KDQJ�ZDV�REWDLQHG��
�
5HVXOWV�DQG�GLVFXVVLRQ�
�)LJXUH���VKRZV�WKH�ILQDO�VSHFWUXP�RI�FRPHW�7DEXU��REWDLQHG�RQ������2FW����ZLWK�<$663���,W�ZDV�WDNHQ�ZLWK�RXU����PP�1HZWRQ�UHIOHFWRU�DQG�D�&&'�FDPHUD�UXQQLQJ�WKH�.$)������GHYLFH�LQ��[��ELQQLQJ�PRGH��)RU�ZDYHOHQJWK�FDOLEUDWLRQ�ZH�XVHG�VSHFWUD�RI�VWUHHWOLJKWV��ZKLFK�FRXOG�EH�HDVLO\�WDNHQ��EHFDXVH�WKH�REVHUYDWRU\�LV�ORFDWHG�LQ�WKH�FLW\�DQG�WKH�GRPH�LV�VXUURXQGHG�E\�
streetlights and buildings … �$W�WKH�WLPH�RI�REVHUYDWLRQ�WKH�FRPHW�KDG�D�YLVXDO�WRWDO�PDJQLWXGH�RI�DERXW����PDJ��)RU�WKH�UHGXFWLRQ�D�EDFNJURXQG�LPDJH�ZLWK�WKH�VDPH�LQWHJUDWLRQ�WLPH�ZDV�VXEWUDFWHG��1R�IOX[�FDOLEUDWLRQ�ZDV�PDGH��WKXV�WKH�VSHFWUXP�LV�IROGHG�ZLWK�WKH�&&'�UHVSRQVH�IXQFWLRQ���7KH�HPLVVLRQ�OLQHV�ZHUH�LGHQWLILHG�E\�>�@���

�

��
)LJXUH����ã ×GÚ Ó�Ð-×GÚDØ'ËI×GÐ%Ç Í Ó�ÌäÎ:åæÐ-Î ÌK×%Ç�çæÔ%è�Ó�Í�Æ ÒDÇ àI×mÍ�Ô%Ò5Ý:×Ô%Ë�Ë�Í'Î�é�â�ê�ë�ìTÒ�ÌíÇ Î�î�ì�ìTÒ:ÌÛâ
�6RPH�PRQWKV�ODWHU�ZH�REVHUYHG�FRPHW�+DOH�%RSS�RQ�VHYHUDO�QLJKWV�ZLWK�RXU�VHFRQG�VSHFWURJUDSK��)LJXUH���VKRZV�D�VDPSOH�RI�WKUHH�QLJKWV��2Q������$SU����ZH�JRW�WKH�PHVVDJH��WKDW�D�VRGLXP�WDLO�ZDV�GLVFRYHUHG�DW�/D�3DOPD�REVHUYDWRU\���VHH�,$8&�������DQG�ZH�FRXOG�FRQILUP�WKLV�RQ�WKH�VDPH�QLJKW��5H�FKHFNLQJ�RXU�SUHYLRXV�WDNHQ�VSHFWUD�
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ZH�IRXQG�D�ZHDN�HPLVVLRQ�OLQH�DW����QP�RQ�DQ�LPDJH�RI������$SU�����IRU�ZKLFK�ZH�EHOLHYH�WKDW�WKLV�LV�D�1D�HPLVVLRQ�IURP�WKH�FRPHW�DQG�QRW�IURP�WKH�EDFNJURXQG��ZH�VKRXOG�QRWH��WKDW�VXEWUDFWLRQ�RI�WKH�EDFNJURXQG�LPDJH�GRHV�QRW�DOZD\V�HOLPLQDWH�WKH�EDFNJURXQG�FRPSOHWH��EHFDXVH�WKH�LPDJLQJ�FRQGLWLRQV�OLNH�VHHLQJ��WUDQVSDUHQF\�HWF��PD\�FKDQJH����2Q������$SU����D�&&'�VSHFWUXP�RI�FRPHW�,NH\D�=KDQJ�ZDV�WDNHQ�ZLWK�WKH�QHZ�<$663��VSHFWURJUDSK��VHH�)LJ������$JDLQ��WKLV�ZDV�PDGH�ZLWK�WKH���������PP�1HZWRQ�UHIOHFWRU�DW�6LHJHQ�REVHUYDWRU\�DQG�D�VHOI�PDGH�$XGLQH�&&'�FDPHUD�UXQQLQJ�WKH�.$)�����(�GHYLFH�LQ��[��ELQQLQJ�PRGH����

��

��
)LJXUH�����5DZ�&&'�VSHFWUD�RI�FRPHW�,NH\D�=KDQJ�RQ������$SU����LQ�WKH�UDQJH�DSSUR[������QP�–�����QP��7RS��ZLWK�EDFNJURXQG��WKH�������������������QP�0HUFXU\�OLQHV�DUH�YLVLEOH���%RWWRP��EDFNJURXQG�VXEWUDFWHG����$�SUHOLPLQDU\�UHGXFWLRQ�RI�WKLV�VSHFWUXP�LV�JLYHQ�LQ�)LJXUH����)RU�WKH�ZDYHOHQJWK�FDOLEUDWLRQ��WKH�WKUHH�0HUFXU\�EDFNJURXQG�OLQHV�DW������QP�������QP�DQG������QP�ZHUH�ILWWHG�DJDLQVW�D�OLQHDU�IXQFWLRQ��EXW�QR�IOX[�FDOLEUDWLRQ�KDV�EHHQ�GRQH��/LQHV�ZHUH�\HW�QRW�LGHQWLILHG�E\�ZDYHOHQJWK��EXW�WKH�& ï �6ZDQ�EDQGV�DQG�DOVR�VRPH�1+ ï �HPLVVLRQV�FDQ�EH�UHFRJQL]HG��1R�1D�HPLVVLRQ�LV�YLVLEOH��%XW�LW�VKRXOG�QRWHG��WKDW�WKH�VRGLXP�HPLVVLRQ�ZDV�GHWHFWHG�E\�0��)XMLL�XVLQJ�D�����P�DQG�����P�WHOHVFRSH�RQ�0DUFK����,$8&���������
&RQFOXVLRQV��:H�WKLQN��WKDW�LW�LV�SRVVLEOH�IRU�DPDWHXUV�WR�PDNH�XVHIXO�FRQWULEXWLRQV��WR�WKH�H[SORUDWLRQ�RI�FRPHWV��H�J��E\�LQYHVWLJDWLQJ�WKH�VSHFWUDO�HYROXWLRQ�RYHU�ZHHNV��ZKDW�LQ�JHQHUDO�FDQQRW�EH�GRQH�DW�SURIHVVLRQDO�REVHUYDWRULHV��(YHQ�ZLWK�VPDOO�LQVWUXPHQWV��'�������P��FRPHWV�RI�����PDJ�DQG�EULJKWHU�FDQ�EH�REVHUYHG���
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��)LJXUH����7KLV�FRPSRVLWH�LPDJH�VKRZV�WKUHH�UDZ�&&'�LPDJHV��2Q�$SULO�����WKH�1D�HPLVVLRQ�LV�YLVLEOH��7KH�LPDJH�WDNHQ�RQ�$SU����VKRZV�DOVR�D�YHU\�ZHDN�HPLVVLRQ�RQ�WKH�VDPH�SRVLWLRQ��SUREDEOH�QRW�YLVLEOH�KHUH�LQ�WKH�SDSHU��VHH�>�@����

�)LJXUH����3UHOLPLQDU\�UHGXFHG�VSHFWUXP�RI�FRPHW�&������&���,NH\D�=KDQJ���WDNHQ�RQ������$SU����ZLWK�WKH�<$663��VSHFWURJUDSK�RQ�D���������PP�1HZWRQ�UHIOHFWRU��7KH�VOLW�ZDV�FHQWHUHG�RQ�WKH�KHDG�RI�WKH�FRPHW��7KH�LQWHQVLW\�LV�VFDOHG�WR������IRU�WKH�VWURQJHVW�HPLVVLRQ��& ÿ �DW����QP����6RPH�RI�WKH�VPDOOHU�SHDNV�EHWZHHQ����QP�DQG����QP�VKRXOG�EHORQJ�WR�1+ ÿ �DQG�SUREDEOH�WR�+ ÿ 2 � ��EXW�DSSDUHQWO\�QR�VRGLXP�HPLVVLRQ�LV�GHWHFWDEOH��
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$�QHZ����FP�WHOHVFRSH�IRU�WKH�ýUQL�9UK�2EVHUYDWRU\��
+��0LNXåD��%��'LQWLQMDQDE��6��0DWLþLþF��-��6NYDUþG���'��äJDYHFH��

D3UHGJULåH���D��6,������ýUQL�9UK�QDG�,GULMR��6ORYHQLD��KHUPDQ�PLNX]#XQL�OM�VL��KWWS���ZZZ�IL]�XQL�OM�VL�DVWUR�FRPHWV����E=HPOMHPHUVND�����6,������/MXEOMDQD��ERMDQ�GLQWLQMDQD#XQL�OM�VL���F&HVWD����PDMD�����6,������/RJDWHF��VWDQLVODY�PDWLFLF#JXHVW�DUQHV�VL���GTovarniška c. 14, SI������/RJDWHF��MXUH�VNYDUF#LMV�VL���HýUQL�9UK�����6,������ýUQL�9UK�QDG�,GULMR��GXVDQ�]JDYHF#LPS�NOLPD�VL���
'HVLJQ�RI�D�IXOO\�DXWRPDWL]HG����FP��I�����WHOHVFRSH�EXLOW�IRU�DVWHURLG�VXUYH\�DQG�IROORZ�XS�LV�GHVFULEHG��7KH�WHOHVFRSH�LV�
UHSODFLQJ�WKH�SUHYLRXV����FP��I�����WHOHVFRSH�ZKLFK�ZDV�QRW�FDSDEOH�RI�GHWHFWLRQ�RI�IDVW�DQG�IDLQW�DVWHURLGV���([FHSW�IRU�WKH�
RSWLFV��WKH�FRPSOHWH�SODQV�IRU�WKH�WHOHVFRSH�DUH�PDGH�E\�WKH�JURXS�PHPEHUV��DQG�WKH�WHOHVFRSH�SDUWV�ZHUH�EXLOW�LQ�ORFDO�
ZRUNVKRSV���&RPSOHWH�FRPSXWHU�FRQWURO�ZDV�DFKLHYHG�RI�DOO�UHOHYDQW�SDUWV��ERWK�WHOHVFRSH�D[LV��ILOWHU�ZKHHO��IRFXVHU��DQG�
PLUURU�IODSV���7KH�WHOHVFRSH�LV�UHDG\�IRU�IXOO\�DXWRPDWLF�REVHUYDWLRQV��
�,QWURGXFWLRQ��7KH�H[WHQVLYH�VN\�FRYHUDJH�E\�SURIHVVLRQDO�URERWLF�VXUYH\V�LV�SURGXFLQJ�DVWHURLG�GLVFRYHULHV�DW�HYHU�GHHSHU�PDJQLWXGHV��([LVWLQJ�WHOHVFRSHV�DW�ýUQL�9UK�2EVHUYDWRU\�ZHUH�QRW�VXIILFLHQW�DQ\PRUH�WR�EH�FRPSHWLWLYH�ERWK�IRU�IROORZ�XS�DQG�DVWHURLG�GLVFRYHU\��7R�FRPSO\�ZLWK�LQFUHDVLQJ�WHFKQLFDO�UHTXLUHPHQWV�IRU�VXFFHVVIXO�DVWHURLG�DQG�FRPHW�REVHUYDWLRQV��ZH�EXLOW�D����FP��I�����'HOWDJUDSK�WHOHVFRSH���7KH����FP�'HOWDJUDSK�LV�D�FXVWRP�PDGH��DGYDQFHG�WHFKQRORJ\��ZLGH�ILHOG�LPDJLQJ�V\VWHP��GHVLJQHG�IRU�VN\�VXUYH\�DSSOLFDWLRQV��$OO�IXQFWLRQV��SRLQWLQJ��LPDJLQJ��IRFXVLQJ��ILOWHU�H[FKDQJH��DUH�FRQWUROOHG�E\�D�VLQJOH�FRPSXWHU�SURJUDP�DQG�WKH�V\VWHP�FDQ�ZRUN�XQDWWHQGHG���
6\VWHP�'HVLJQ���7KH�WHOHVFRSH�SURMHFWV�ZHUH�PDGH�ZLWK�D�KHOS�RI�DGYDQFHG�FRPSXWHU�SURJUDPV�WKDW�VXSSRUW���'�GHVLJQ�DQG�VWUXFWXUDO�DQDO\VLV�DV�ZHOO�DV�YDULRXV�VLPXODWLRQV��ILJ�������7KLV�OHW�XV�FDUHIXOO\�GHVLJQ�DOO�WHOHVFRSH�SDUWV�ZLWK�ILQDO�SURSHUWLHV�EHLQJ�ZHOO�NQRZQ�LQ�DGYDQFH��,Q�WKDW�ZD\�ZH�DYRLGHG�FRQVWUXFWLRQ�HUURUV�DQG�UHGXFHG�WKH�PDQXIDFWXULQJ�WLPH�DQG�WKH�RYHUDOO�FRVWV���

�)LJXUH������'�FRPSXWHU�PRGHO�RI�WKH����FP�WHOHVFRSH���

�7KH�WHOHVFRSH�GHVLJQ�LV�FRPSDFW�DQG�RI�ORZ�ZHLJKW��:H�XVHG�D�VKHHW�PHWDO�WR�REWDLQ�WKH�VWUXFWXUH�RI�D�VXIILFLHQW�VWUHQJWK��IUHH�RI�IOH[XUH�DQG�YLEUDWLRQV��ZKLOH�NHHSLQJ�WKH�RYHUDOO�ZHLJKW�WR�PLQLPXP��6WDLQOHVV�VWHHO�DQG�DOXPLQXP�ZHUH�XVHG�IRU�RSWLFDO�WXEH�DVVHPEO\�DQG�PDQ\�RWKHU�GHOLFDWH�SDUWV�IRU�PLQLPXP�PDLQWHQDQFH�DQG�ORZHU�PDVV��7KH�RYHUDOO�ZHLJKW�RI�D�ZRUNLQJ�WHOHVFRSH�LV�RQO\�����NJ��7R�DFKLHYH�WHPSHUDWXUH�VWDELOLW\�RI�WKH�WXEH�DVVHPEO\�VWUXFWXUH�ZH�XVHG�FDUERQ�WXEHV��7KLV�KHOSV�WR�NHHS�WKH�GLVWDQFH�EHWZHHQ�WKH�PLUURU�DQG�WKH�FRPD�FRUUHFWRU�DV�FRQVWDQW�DV�SRVVLEOH��LQ�RUGHU�WR�DYRLG�IRFXV�FKDQJHV�GXH�WR�QLJKWO\�WHPSHUDWXUH�YDULDWLRQV��$�PRWRUL]HG�IRFXVLQJ�GHYLFH�DOORZV�DXWRPDWLF�UHIRFXVLQJ�RI�WKH�V\VWHP�DW�DQ\�WLPH�GXULQJ�WKH�REVHUYLQJ�VHVVLRQ����7KH�FRPSOHWHG�WHOHVFRSH�LV�VKRZQ�LQ�ILJ������

�)LJXUH����)LQDO�DSSHDUDQFH�RI�WKH����FP�'HOWDJUDSK����
�
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2SWLFV���7KH�'HOWDJUDSK�LV�D�ZLGH�ILHOG�RSWLFDO�V\VWHP�DQG�FRQVLVWV�RI�D�����PP��I���SDUDEROLF�PLUURU�DQG�D���OHQV�:\QQH�FRUUHFWRU�ZKLFK�SURGXFH�LPDJHV�IUHH�RI�FRPD�DQG�RWKHU�DEHUUDWLRQV�RYHU�WKH�ZDYHOHQJWK�UDQJH�����QP�WR�����QP��2SWLFDO�FRPSRQHQWV�ZHUH�GHVLJQHG�E\�$VWURRSWLN�����DQG�PDGH�E\�/202��6W��3HWHUVEXUJ���$FFRUGLQJ�WR�VSRW�GLDJUDPV��ILJ������ZH�REWDLQ�VWHOODU�LPDJHV�RI�OHVV�WKDQ����P�GLDPHWHU�LQVLGH�WKH�ILHOG�UDGLXV�RI����PP�DQG�OHVV�WKDQ�����P�GLDPHWHU�DW�WKH�ILHOG�UDGLXV�RI����PP��6WHOODU�VSRWV�DUH�WKXV�PXFK�VPDOOHU�WKDQ�&&'�SL[HOV�DFURVV�WKH�PDMRULW\�RI�����PP�ILHOG�GLDPHWHU��7KH�EDFN�IRFXV�LV�UDWKHU�VKRUW�������PP��ZKDW�LPSOLHV�WKH�XVDJH�RI�D�YHU\�WKLQ�ILOWHU�ZKHHO���
�

�)LJXUH����6SRW�GLDJUDP�IRU�WKH����FP��I�����RSWLFDO�V\VWHP��
%R[�VL]HV�DUH����µP�[����µP��2XU�FXUUHQW�&&'�SL[HOV�DUH�
���µP�[����µP�ZKDW�LPSOLHV�WKDW�WKH�RSWLFDO�UHVROXWLRQ�RI�
WKH����FP�V\VWHP�LV�QRW�IXOO\�H[SORLWHG��'LDJUDP�FRXUWHV\�3��.HOOHU��$VWURRSWLN�&R���
�
7HOHVFRSH�0RXQW�DQG�7XEH�$VVHPEO\���,PDJLQJ�RI�DVWHURLGV��FRPHWV��1(2V�DQG�RWKHU�REMHFWV�DFURVV�WKH�VN\�UHTXLUHV�D�PRXQW�GHVLJQ�WKDW�LV�DEOH�WR�DFFHVV�DQ\�SDUW�RI�WKH�YLVLEOH�VN\�ZLWK�D�PLQLPXP�WLPH�GHOD\��$QRWKHU�UHTXLUHPHQW�ZDV�WKDW�WKH�WHOHVFRSH�WUDFNLQJ�V\VWHP�VKRXOG�EH�DEOH�WR�IROORZ�WKH�REMHFWV�ZLWK�WKH�DFFXUDF\�RI�������DUF�VHF�RYHU�WKH�SHULRG�RI����PLQXWHV��2WKHUZLVH�ZH�ZRXOG�QHHG�DQRWKHU�V\VWHP�IRU�SUHFLVH�WHOHVFRSH�JXLGLQJ�ZKLFK�ZRXOG�LQFUHDVH�WKH�FRVWV�DQG�PDNH�WKH�V\VWHP�PRUH�GLIILFXOW�WR�XVH���
7R�PHHW�WKHVH�GHPDQGV��ZH�PDGH�D�WHOHVFRSH�PRXQW�ZLWK�D�IRUN�W\SH�IULFWLRQ�GULYH�V\VWHP�DQG�ZLWK�VHUYR�PRWRUV�RQ�ERWK�D[HV��HQDEOLQJ�SUHFLVH�WUDFNLQJ�DV�ZHOO�DV�IDVW�VOHZLQJ�
ZLWK�XS�WR��°�VHFRQG��7KH�SRODU�DQG�HTXDWRULDO�GLVNV�DUH�
GULYHQ�E\������DQG������UROOHUV��UHVSHFWLYHO\��WKURXJK�������ZRUP�JHDUV�DQG�VHUYR�PRWRUV��8QJXLGHG�H[SRVXUHV�RI�XS�WR����PLQXWHV�GXUDWLRQ�DUH�SRVVLEOH���
7R�SURWHFW�WKH�PLUURU�IURP�GXVW�DQG�PRLVWXUH�ZKHQ�WKH�WHOHVFRSH�LV�QRW�LQ�XVH��ZH�DGGHG�PRWRUL]HG�IODSV��7KH�PRXQW�EDVH��IRUNV�DQG�ORZHU�SDUW�RI�27$�ZHUH�PDGH�RI�WKLQ�VKHHW�VWHHO�DQG�VKDSHG�RQ�D�&1&�PDFKLQH�IRU�D�

PD[LPXP�SUHFLVLRQ���
�([WUD�FDUH�KDV�EHHQ�GHYRWHG�WR�WKH�SHUSHQGLFXODULW\�RI�WKH�SRODU�DQG�WKH�HTXDWRULDO�D[HV�ZKLFK�KDYH�EHHQ�FDUHIXOO\�DGMXVWHG�WR���������DUF�PLQ��XVLQJ�ODVHU�WHFKQLTXH����7KH�SULPDU\�IRFXV�DVVHPEO\�FRQWDLQV�DQ�RSWLFDO�FRUUHFWRU�KRXVLQJ��D�PRWRUL]HG�IRFXVLQJ�GHYLFH��D�IRXU�SRVLWLRQ�ILOWHU�ZKHHO�DQG�D�&&'�FDPHUD����7R�DFKLHYH�WKH�GHVLUHG�GHJUHH�RI�LPDJH�FRUUHFWLRQ�WKH�KRXVLQJ�KDV�EHHQ�PLOOHG�WR�KLJK�WROHUDQFHV���DVVXULQJ�SURSHU�FRUUHFWRU�OHQV�GLVWDQFHV����:H�XVH�WKH�VWDQGDUG�%HVVHOO�%95��:�����PP�GLDPHWHU�ILOWHU�VHW�IURP�WKH�2PHJD�2SWLFDO������$�VSHFLDO�IRFXV�FDUULDJH�GHYLFH�LV�GULYHQ�E\�D�VWHSSHU�PRWRU�DQG�FDUULHV�WKH�ILOWHU�ZKHHO�DQG�WKH�&&'�FDPHUD��$OVR��WKH�ILOWHU�ZKHHO�FRQWURO�LV�IXOO\�PRWRUL]HG�DQG�FRPSXWHU�FRQWUROOHG��7KH��N�[��N�)LQJHU�/DNH�,QVWUXPHQWV�����&&'�FDPHUD�KDV�D�WKLQQHG��EDFN�VLGH�LOOXPLQDWHG�VHQVRU��0DLQ�WHOHVFRSH�VSHFLILFDWLRQV�DUH�VXPPDUL]HG�LQ�WDEOH������
�3ULPDU\�PLUURU���� ����PP��I���SDUDERORLG�
&RPD�FRUUHFWRU� :\QQH���OHQV�ZLWK����[�RSWLFDO�SRZHU�
'LDPHWHU�RI�FRUUHFWHG�ILHOG�� ����PP�
6\VWHP�IRFDO�OHQJWK� �����PP�
6\VWHP�UHVROXWLRQ�� ����DUFVHF�ZLWK����µP�SL[HOV�
�)LHOG�RI�YLHZ�RQ��N�[��N�&&'� ����°�[����°�
7HOHVFRSH�PRXQW�� IRUN�W\SH��IULFWLRQ�GULYH���VHUYR�PRWRUV�
/LPLWLQJ�PDJQLWXGH�� LQ���PLQ��H[SRVXUH�����P�ZLWK�9�ILOWHU�
�
7DEOH����%DVLF�WHOHVFRSH�FKDUDFWHULVWLFV���
7HOHVFRSH�(OHFWURQLFV�
�7KH�PDLQ�SXUSRVH�RI�WKH�HOHFWURQLFV�LV�WR�DFFHSW�FRPPDQGV�IURP�WKH�PDLQ�FRPSXWHU�DQG�WR�FRQWURO�WKH�VHUYR�PRWRUV�DQG�RWKHU�PRWRUV��,W�FRQVLVWV�RI�VHYHUDO�XQLWV��7KH�SRZHU�VWDJHV�RI�WKH�VHUYRV�DUH�WZR�(SVLORQ�(E�'LJLWDO�6HUYR�'ULYHV�IURP�(PHUVRQ�0RWLRQ�&RQWURO��7KH�PDLQ�IHDWXUH�IURP�WKH�FRQVWUXFWRU�SRLQW�RI�YLHZ�LV�WKDW�WKH\�DUH�FRQWUROOHG�LQ�WKH�VDPH�ZD\�DV�VLPSOH�VWHSSLQJ�PRWRU�FRQWUROOHUV���E\�D�GLUHFWLRQ�VLJQDO�DQG�D�VWHS�SXOVH��6R�WKH�UHVW�RI�HOHFWURQLFV�GRHV�QRW�QHHG�WR�ZRUU\�DERXW�WKH�GHWDLOV�RI�VHUYRV�DQG�FDQ�EH�XVHG�IRU�VWHSSHUV�ZLWKRXW�DQ\�FKDQJH��7KH�PDLQ�SURFHVVLQJ�XQLW�LV�EXLOW�DURXQG�WKH�5DEELW������PLFURFRQWUROOHU��ZKLFK�KDV�D�FRPPDQG�VHW�EDVHG�RQ�WKH�ROG�=���SURFHVVRU��7KH�SURJUDP�IRU�LW�ZULWWHQ�LQ�WKH�'\QDPLF�&�ODQJXDJH�ZKLFK�LV�DQ�H[WHQVLRQ�RI�&�DQG�DOORZV�H[HFXWLRQ�RI�VHHPLQJO\�SDUDOOHO�SURJUDPV��7KH�5DEELW�SURFHVVRU�FRPPXQLFDWHV�ZLWK�WKH�PDLQ�FRPSXWHU�XVLQJ�HLWKHU�56�����RU�56�����LQWHUIDFH��2Q�D�VHSDUDWH�ERDUG��RQ�ZKLFK�WKH�PDLQ�XQLW�LV�SLJJ\�EDFNHG��WKHUH�DUH�IXUWKHU�WKUHH�$WPHO�$7��6�����PLFURFRQWUROOHUV�ZKLFK�DUH�XVHG�DV�LQWHOOLJHQW�SUHFLVLRQ�SXOVH�JLYHUV���RQH�IRU�WKH�VLGHUHDO�FORFN�DQG�WKH�RWKHU�WZR�IRU�WKH�ULJKW�DVFHQVLRQ�DQG�GHFOLQDWLRQ�D[LV��$QRWKHU�FLUFXLW�ERDUG�XVLQJ�$7��6�����



� ���

RQO\�WDNHV�FDUH�RI�VZLWFKLQJ�WKH�WHOHVFRSH�HOHFWURQLFV�RQ�DQG�RII�WKURXJK�D�VROLG�VWDWH�UHOD\��7KH�WHOHVFRSH�FDQ�EH�VZLWFKHG�RQ�DQG�RII�HLWKHU�XVLQJ�SXVK�EXWWRQV�RQ�WKH�IURQW�SDQHO�RU�UHPRWHO\�E\�FRPSXWHU��7KLV�ERDUG�DOVR�KDV�LQSXW�IRU�WKH�'DOODV�'6��6���WHPSHUDWXUH�VHQVRU�WR�FRQWURO�WKH�SRVVLEOH�RYHUKHDWLQJ�RI�WKH�HOHFWURQLFV���
,Q�D�VHSDUDWH�ER[�FORVH�WR�WKH�WHOHVFRSH�WKHUH�DUH�DQRWKHU�WZR�$WPHO�PLFURFRQWUROOHUV�ZKLFK�DUH�UHVSRQVLEOH�IRU�WKH�ILOWHU�ZKHHO��WKH�IRFXVHU�PRWRU��WKH�PLUURU�IODSV�DQG�IRU�WKH�PLUURU�YHQWLODWRU��7KH\�FRPPXQLFDWH�GLUHFWO\�ZLWK�WKH�PDLQ�FRPSXWHU�XVLQJ�WKH�56�����LQWHUIDFH���
$OO�LQ�DOO��WKHUH�DUH���PLFURFRQWUROOHUV�LQ�WKH�V\VWHP��ZKLFK�FRQWURO�DOO�WRJHWKHU���PRWRUV�DQG�KROG�WKH�LQWHUQDO�VWDWH�RI�WKH�WHOHVFRSH�VR�WKDW�WKH�FRQWURO�SURJUDP�UXQQLQJ�RQ�WKH�PDLQ�FRPSXWHU�DFWXDOO\�GRHV�QRW�QHHG�WR�NHHS�WUDFN�RI�DQ\�FXUUHQW�SDUDPHWHUV�RI�WKH�V\VWHP����7KH�VFKHPDWLF�GLDJUDP�VKRZLQJ�WKH�FRPPXQLFDWLRQ�SDWKV�EHWZHHQ�GLIIHUHQW�GHYLFHV�LV�SUHVHQWHG�LQ�ILJ�����

�
)LJXUH����6FKHPDWLF�GLDJUDP�RI�WKH�WHOHVFRSH�HOHFWURQLFV�DQG�WKH�FRPSXWHU�HOHFWURQLFV�FRPPXQLFDWLRQ�SDWKV��
�
6\VWHP�2SHUDWLRQ�DQG�6RIWZDUH��
�)RU�WKH�FRPSXWHU�FRQWURO�RI�WKH�WHOHVFRSH�ZH�XVH�D�FRQFHSW�RI�VHUYHUV�ZKLFK�FRPPXQLFDWH�ZLWK�WKH�KDUGZDUH�WKURXJK�GULYHUV��ZULWWHQ�VSHFLILFDOO\�WR�FRPPXQLFDWH�ZLWK�H[WHUQDO�GHYLFHV���7KH�SURJUDPV�ZKLFK�DFWXDOO\�VHQG�FRPPDQGV�DUH�FOLHQWV�ZKLFK�GR�QRW�QHHG�WR�NQRZ�DQ\WKLQJ�DERXW�WKH�KDUGZDUH�GHWDLOV��7KH�WHOHVFRSH�VHUYHU�DFFHSWV�FRPPDQGV�IURP�WKH�7&3�,3�QHWZRUN�DQG�H[HFXWHV�WKHP��:KHQ�ZH�ZDQW�WR�PRYH�WKH�WHOHVFRSH�WR�D�GHVLUHG�SRVLWLRQ��ZH�VLPSO\�VHQG��SRLQW��FRPPDQG�ZLWK�5$�DQG�'HF�FRRUGLQDWHV�DQG�WKH�WHOHVFRSH�VOHZV�WR�WKH�GHVLUHG�SRVLWLRQ��,Q�WKH�VDPH�ZD\�ZH�VHQG�FRPPDQGV�WR�D�&&'�FDPHUD�WR�REWDLQ�LPDJHV��7KH�),76�KHDGHU�RI�HDFK�LPDJH�FRQWDLQV�YDULRXV�GDWD�VXFK�DV�WKH�GDWH�WLPH�RI�DFTXLVLWLRQ��WKH�H[SRVXUH�WLPH��WKH�ILOWHU�XVHG��WKH�:&6�ILHOG�FRRUGLQDWHV�DQG�RWKHU�LQIRUPDWLRQ�DERXW�WKH�REVHUYDWLRQ�ZKLFK�DUH�DTXLUHG�IURP�WKH�WHOHVFRSH�FRQWURO�VHUYHU���
7KHVH�FRPPDQGV�FDQ�EH�XVHG�LQ�D�SURJUDP�VFULSW�WR�SHUIRUP�VSHFLILF�WDVNV��VXFK�DV�DXWRPDWLF�LPDJH�FDOLEUDWLRQ�DFTXLVLWLRQ���IODW��GDUN��ELDV���IRFXVLQJ��ILOWHU�H[FKDQJH��ILHOG�VFDQQLQJ�IRU�VHDUFKLQJ�DVWHURLGV�DQG�FRPHWV��7KH�RSHUDWLRQ�RI�DQ�LPDJLQJ�V\VWHP�LV�FRQWUROOHG�E\�D�

�ZDWFKGRJ��SURJUDP�ZKLFK�DOHUWV�WKH�RSHUDWRU�LQ�FDVH�RI�DQ\�KDUGZDUH�DQG�VRIWZDUH�PDOIXQFWLRQV��RU�D�VXGGHQ�FORXG�FRYHU���
�7HOHVFRSH�3HUIRUPDQFH��'XH�WR�WKH�H[WHQGHG�SHULRG�RI�EDG�ZHDWKHU�DIWHU�WKH�FRPSOHWLRQ�RI�WKH�WHOHVFRSH�ZH�FRXOG�QRW�PDNH�DOO�WHVWV�RI�WKH�WHOHVFRSH�\HW���+HUH�ZH�RQO\�SUHVHQW�SUHOLPLQDU\�UHVXOWV�RI�WKH�OLPLWLQJ�PDJQLWXGH�GHWHUPLQDWLRQ���:H�WRRN�DQ�LPDJH�RI�D�VWHOODU�ILHOG�FHQWHUHG�DW�5$ ���������'HF ����������RQ�1RYHPEHU����������ZLWK��N�[��N�&&'�DQG�9�ILOWHU��([SRVXUH�WLPH�ZDV����VHFRQGV��&DPHUD�
FRROLQJ�ZDV�VHW�WR����°�&��$IWHU�WKH�FDOLEUDWLRQ�ZLWK�
7\FKR���FDWDORJXH��ZH�REWDLQHG�WKH�IUDPH�9�OLPLWLQJ�PDJQLWXGH�FORVH�WR����P���7KH�JUDSK�LQ�ILJ����VKRZV�H[SHULPHQWDO�HUURU�HVWLPDWHV�DORQJ�ZLWK�WKH�WKHRUHWLFDO�FXUYHV�IRU�QRLVH�IRUPDWLRQ�GXH�WR�GLIIHUHQW�VRXUFHV��

�)LJXUH����&&'�SKRWRPHWU\�VWDWLVWLFV�IRU�D�VWHOODU�ILHOG�DW�5$ ����������'HF �����������7KH�VWDQGDUG�GHYLDWLRQ�PDJQLWXGH�HUURU�LV�SORWWHG�DJDLQVW�WKH�9�-RKQVRQ�VWDQGDUG�PDJQLWXGH���7KH�WKHRUHWLFDOO\�SUHGLFWHG�FXUYHV�IRU�SKRWRQ��VN\�DQG�FDPHUD�QRLVHV�DUH�SORWWHG�LQ�WKH�VDPH�GLDJUDP��7KH�UHG�FXUYH�UHSUHVHQWV�DOO�WKHRUHWLFDO�QRLVHV�VXPPHG�WRJHWKHU��7KH�PHDVXUHG�GDWD�FRQIRUP�ZHOO�WR�WKH�WKHRUHWLFDO�FXUYH���$FNQRZOHGJPHQW��
�7KH�DXWKRUV�JUDWHIXOO\�WKDQN�WKH�3ODQHWDU\�6RFLHW\�IRU�WKH�6KRHPDNHU�JUDQW������DZDUGHG�WR�+��0���ZKLFK�JUHDWO\�KHOSHG�WKH�VXFFHVVIXO�FRQFOXVLRQ�RI�WKH�WHOHVFRSH�EXLOGLQJ�SURMHFW���
5HIHUHQFHV�����$VWURRSWLN�&RPSDQ\���������ZZZ�DVWURRSWLN�FRP�����2PHJD�2SWLFDO�,QF����������ZZZ�RPHJDILOWHUV�FRP�����)LQJHU�/DNHV�,QVWUXPHQWDWLRQ���������ZZZ�IOL�FDP�FRP
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�

2EVHUYDWRULR�$VWURQRPLFR�RI�0DOORUFD�
&DPL�GH�O
REVHUYDWRUL�V�Q��������&RVWLW[��0DOORUFD��6SDLQ��DVWURDP#ELWHO�HV�

�
�

�
,Q�WKH�ODWHVW�\HDUV��WKH�LQFUHPHQW�DQG�HIILFLHQF\�RI�WKH�ELJ�VXUYH\V�DUH�IDFLOLWDWLQJ�WKH�GLVFRYHU\�RI��
D�JUHDWHU�QXPEHU�RI�1(2�DVWHURLGV��LQ�JHQHUDO��ZLWK�IDLQWHU�PDJQLWXGHV��7KH�WUDGLWLRQDO�IROORZ�XS�WDVN�PDGH�E\�REVHUYDWRULHV�
ZLWK�PHGLXP�DSHUWXUH�WHOHVFRSHV�LV�UHVXOWLQJ�PRUH�DQG�PRUH�GLIILFXOW�DQG��LQ�PDQ\�FDVHV��LV�JHWWLQJ�LPSRVVLEOH���
�
:H�DUH�LQ�IURQW�RI�D�SDUDGR[�LQ�ZKLFK�PDQ\�RI�WKH�QHZ�GLVFRYHULHV�RI�1(2V�FDQQRW�EH�FRQILUPHG�QHLWKHU�FDUU\�RXW�WKH�FRUUHFW�
IROORZ�XS�WKH�QH[W�GD\V�E\�WKHVH�REVHUYDWRULHV�XVXDOO\�GHGLFDWHG�WR�VXFK�WDVN��DQG�LV�IUXVWUDWLQJ��WKHUHIRUH�WKH�LPSURYH�LQ�WKH�
HTXLSPHQW�LQ�PDQ\�RI�WKRVH�REVHUYDWRULHV�ZLWK�PHGLXP�VL]H�WHOHVFRSHV�LV��FRPPRQO\��FRVWO\�DQG�QRW�HDV\�WR�ILQDQFH���
�
7KH�SUHVHQW�SURMHFW�LV�ERUQ�RQ�WKH�LQWHUHVW�RI�WKH�PHPEHUV�RI�WKH�REVHUYDWRU\�RI�0DOORUFD�LQ�DUUDQJLQJ��VRPH�WHOHVFRSHV�RI�
JUHDWHU�DSHUWXUH�WR�FRQWLQXH�ZLWK�WKH�ZRUN�RI�1(2�IROORZ�XS�WKDW�WUDGLWLRQDOO\�KDV�FRPH�FDUU\LQJ�RXW�WKH�ODVW�\HDUV��)RU�WKDW��
DIWHU�D�ILUVW�H[SHULPHQWDO�SKDVH�DORQJ���\HDUV��LQ�ZKLFK���6FKPLGW�FDPHUDV�RI����FPV�ZHUH�DOUHDG\�EXLOW��SUDFWLFDOO\�RQO\�ZLWK�
WKHLU�RZQ�PHDQV��WKH�FRQVWUXFWLRQ�RI���QHZ�WHOHVFRSHV�RI����FPV�KDV�EHHQ�LQLWLDWHG��DOVR�PRVWO\�XQGHUWDNHQ�ZLWK�WKH�RSWLFDO��
WHFKQLFDO��PHFKDQLFDO��HOHFWURQLF�DQG�GDWD�SURFHVVLQJ�UHVRXUFHV�RI�WKH�WHDP�DQG�WKH�FROODERUDWRUV�RI�WKH�REVHUYDWRU\����
�
�7KH�QHZ�WHOHVFRSHV�KDYH�VRPH�YHU\�FKDUDFWHULVWLF�SUHPLVHV��WKDW�FRXOG�WXUQ�RXW�WKH�SURMHFW�LQWHUHVWLQJ�DQG�DWWUDFWLYH�DOVR�IRU�
RWKHU�REVHUYDWRULHV�ZLWK�PHGLXP�DSHUWXUHV�DQG�OLPLWHG�HFRQRPLF�UHVRXUFHV��7KRVH�JRDOV�DUH���9HU\�HFRQRPLFDO�WRWDO�FRVW��
DXWRPDWHG�REVHUYDWLRQ��ORZ�ZHLJKW��YHU\�UHGXFHG�VL]H�WR�ILW�LQ�VPDOO�GRPHV��among others.  It’ s described and justified the 
GHVLJQ�DQG�FRQVWUXFWLRQ��RQ�WKH�EDVLV�RQ�WKH�SUHYLRXV�H[SHULHQFH��
�
�
,QWURGXFWLRQ�
�
,Q�WKH�SUHVHQW�ZRUN���ZH�ZLOO�MXVWLI\�WKH�GHVLJQ�DQG�FRQVWUXFWLRQ�RI�RXU�QHZ�SURMHFW���7KUHH�FRPSDFW���
���FP�.OHYWVRY�WHOHVFRSHV�EDVHG�RQ�WKH�ODVW�WKUHH�\HDU�H[SHULHQFH�ZRUNLQJ�LQ�DVWURPHWU\�ZLWK�WKUHH����FP�6FKPLGW�FDPHUDV��
DOVR�EXLOG�SUDFWLFDOO\�E\�RXU�PHDQV��.QRZLQJ�WKDW�RWKHU�REVHUYDWRULHV�KDYH�VLPLODU�SURMHFWV�RU�DUH�DOUHDG\�ZRUNLQJ�RQ�WKDW��WKH�
REVHUYDWRU\�RI�0DOORUFD�KDV�DOVR�WKH�QHHG�RI�LPSURYLQJ�WKH�WRROV�WR�EH�DEOH�WR�FRQWLQXH�ZLWK�WKH�DVWURPHWULF�ZRUN��HVSHFLDOO\�
UHIHUHG�WR�WKH�1(2�FRQILUPDWLRQ��IROORZ�XS�DQG�UHFRYHU\��7KHUH�LV�DQ�HYLGHQW�IDFW��7KH�HIILFLHQF\�DQG�LQFUHDVH�RI�WKH�ELJ�
VXUYH\V�LV�SURGXFLQJ�DQ�HYHU\�WLPH�PRUH�QXPEHU�RI�1(2�GLVFRYHULHV�DQG��DW�WKH�VDPH�WLPH��RI�IDLQWHU�PDJQLWXGHV���$OVR��WKH�
0HGLXP�$SHUWXUH�2EVHUYDWRULHV�DUH�KDYLQJ�DQ�HYHU\�WLPH�JUHDWHU�GLIILFXOW\�FRQILUPLQJ�DQG�IROORZLQJ�XS�WKHP����SURGXFLQJ��
JHQHUDOO\��D�OHVV�TXDOLW\�DVWURPHWU\��GXH�WR�WKH�ZHDN�VLJQDO�REWDLQHG�ZKHQ�REVHUYLQJ�WKH�IDLQWHVW�DQG�WKH�IDVWHVW�REMHFWV��*LYHQ�
WKDW�VLWXDWLRQ��D�QXPEHU�RI�DOWHUQDWLYHV�KDYH�EHHQ�RIWHQ�GLVFXVVHG�LQ�GLIIHUHQW�IRUXPV��VXFK�DV�WKH�0LQRU�3ODQHW�0DLOLQJ�/LVW���
%HLQJ�WKH�PRVW�FRPPRQ�����$�SUHIHUHQWLDO�GHGLFDWLRQ�WR�WKH�SKRWRPHWU\���7KH�UHFRYHU\�RI�XQGHU�XVHG��ROG�GLQRVDXUHV��
WHOHVFRSHV�E\�JURXSV�RI�REVHUYHUV�ZRUNLQJ�LQ�VKLIWV��7KH�SXUFKDVH�RI�FRPPHUFLDO�WHOHVFRSHV��D�UHDOO\�FRVWO\�RSWLRQ��LI�DSHUWXUHV�
DUH�RYHU����FP����$QG�ILQDOO\�WKH�FRQVWUXFWLRQ�RI�JUHDWHU�WHOHVFRSHV�PDLQO\�E\�PHDQV�RI�RZQ�UHVRXUFHV��PHDQLQJ�DQ�LPSRUWDQW�
FRVW�UHGXFWLRQ��,Q�RXU�FDVH��ZH�KDYH�FKRRVHQ�WKLV�ODVW�RSWLRQ��
�
�
0DWHULDOV�DQG�PHWKRGV���RXU�SUHYLRXV�SURMHFW�
�
$OWKRXJKW�GXULQJ�PDQ\�\HDUV�ZH�KDYH�EXLOW�VHYHUDO�WHOHVFRSHV��LW�ZDV�LQ������ZKHQ�ZH�ILQLVKHG�WKH�FRQVWUXFWLRQ�RI�WKUHH�����FP�
6FKPLGW�FDPHUDV��PDLQO\�DLPHG�DW�REVHUYLQJ�DVWHURLGV��%RWK�WKH��
SULPDU\�PLUURUV�DQG�IURQW�FRUUHFWLYH�SODWHV�ZKHUH�JULQGHG�DQG�SROLVKHG�E\�-RDQ�*XDUUR�PHPEHU�RI�WKH�2EVHUYDWRU\�RI�0DOORUFD��
DQG�ZH�WHVWHG�ZLWK�WKHP�GLIIHUHQW�PRXQWLQJV���$OWD]LPXWK��*HUPDQ��DQG�)RUNV�RQHV��DQG�VHYHUDO�HOHFWURQLF�DQG�FORFN�GULYHU�
PHFKDQLVPV��7KUHH�$XGLQH�.DI�����(�&&'V�ZHUH�DFTXLUHG�������
:LWK�DOO�WKHP�ZH�KDYH�FDUULHG�RXW�WKH�PDMRULW\�RI�WKH�DVWURPHWULF�REVHUYDWLRQV�GXULQJ�WKH�ODVW�WKUHH��
\HDUV�IURP�����0DOORUFD������$PHWOOD�GH�0DU��DQG�����3LHUD��,Q�D�PRPHQW�RXU�LQWHQWLRQ�ZDV�HYHQ�WR�HVWDEOLVK�D�VPDOO�MRLQWHG�
VXUYH\�IURP�WKH�WKUHH�VWDWLRQV��VLQFH�WKH�FRYHUHG�ILHOG�����[����PLQXWHV��DQG�WKH�RSWLFDO�V\VWHP�VSHHG��PDGH�XV�VXSSRVH�WKH�
SRVVLELOLW\�WR�FRYHU�H[WHQVLYH�DUHDV�RI�WKH�VN\�SHU�QLJKW���
��)LJXUH����
�
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)LJXUH����7KH�WKUHH�6FKPLGW�FDPHUDV�RI�����$PHWOOD�GH�0DU������3LHUD�DQG�����0DOORUFD�
�
�
5HVXOWV�DQG�GLVFXVVLRQ���DIWHU�ODVW���\HDUV�
�
$IWHU�WKHVH�ODVW�WKUHH�\HDUV�ZH�KDYH�REWDLQHG�VRPH�H[SHULHQFH�DQG�UHVXOWV�RI�JUHDW�LPSRUWDQFH�IRU�XV�EHIRUH�EHJLQLQJ�WKH�
FRQVWUXFWLRQ�RI�WKH�QHZ����FP�WHOHVFRSHV��6RPH�RI�WKH�PRVW�LPSRUWDQW�SRLQWV�DUH�GLVFXVVHG��
&&'V��3HUKDSV�RQH�RI�RXU�PDLQ�HUURUV�ZDV�WKLQNLQJ��DW�WKDW�PRPHQW��WKDW�D�FRQVLGHUDEOH�VL]HG�FKLS�FRXOG�QHYHU�EH�DIIRUGDEOH���
�
7KH�QHHG�RI�REWDLQLQJ�D�ZLGH�ILHOG�PDGH�XV�FRQVLGHU�D�YHU\�VKRUW�IRFDO�OHQJKW��FHQWHUHG�RQ�)�������FP�6FKPLGW�FDPHUDV��WKDW�LV��
RQO\����FP�RI�IRFDO�OHQJKW��6RPH�QHJDWLYH�FRQVHTXHQFHV�UHIHULQJ�WR�WKH�ORZ�FRQWUDVW�DQG�WR�WKH�KLJK�DUFVHF�SL[HO�UDWLR�
DSSHDUHG��RU�LQ�RWKHU�ZRUGV��QRW�DOORZLQJ�WR�UHDFK�IDLQW�PDJQLWXGHV�DQG�WKH�DVWURPHWU\�TXDOLW\�QRW�EHLQJ�WKH�PRVW�DFFXUDWH���
�
7HFQRORJ\�GHYHORSV��DQG�IRU�WKH�FRVW�RI�RXU�$XGLQHV�.DI�����(�&&'V��ZH�FDQ�REWDLQ�SUHVHQWO\�FDPHUDV�ZLWK�PRUH�H[WHQVLYH�
DQG�VHQVLWLYH�FKLSV��DQG�WKHUHIRUH��WKH�QHHG�RI�YHU\�VKRUW�IRFDO�OHQJKWV�UHPDLQ�LQ�JUHDW�SDUW�GLVFDUWHG��
�
5HIHULQJ�WR�WKH�02817,1*6��ZH�LQVWDOOHG�RXU���6FKPLGW�FDPHUDV�RYHU�WKH�GLIIHUHQW�NLQGV�RI�PRXQWLQJV�EXLOW�E\�RXUVHOYHV�RU�
E\�VRPH�FROODERUDWRUV�RI�WKH�2EVHUYDWRU\�RI�0DOORUFD���7KH\�ZHUH�DXWRPDWHG�E\�PHDQV�RI�WKH�IUHH�KDUG�VRIW�SURMHFW�RI�0HO�
%DUWHOV������DQG�FRQWUROOHG�E\�SURJUDPV�GHYHORSHG�E\�XV�WKURXJK�/;����FRPPDQGV��2XU�H[SHULHQFH�PDGH�XV�GHFLGH�WRZDUGV�
WKH�HOHFWLRQ�RI�IRUN�PRXQWLQJV�IRU�RXU�QHZ�SURMHFW��EHFDXVH�WKH\�DUH��LQ�RXU�RSLQLRQ��WKH�HDVLHVW�WR�DXWRPDWL]H��ZLWKRXW�*(0�
IOLSV�RU�ILHOG�URWDWLRQV��DQG�ZH�WKLQN�WKDW�WKH\�DUH�WKH�RQHV�SUHVHQWLQJ��LQ�JHQHUDO��EHWWHU�DFFXUDWH�WUDFNLQJ�DQG�WKH�HDVLHVW�WR�
QHXWUDOL]H�WKHLU�HUURUV�E\�3(&��7KHVH�JUDSKV��)LJXUH����VKRZ�WKH�3HULRGLF�(UURU�&RUUHFWLRQV�SURGXFHG�E\�WZR�RI�RXU�PRXQWLQJV�
FDUU\LQJ�VLPLODU����cm Schmidt tubes.  The PEC curves are the average for three different azimuth, 135o,  155o and 175o.   The 
SHULRG�RI�WKH�;�D[LV�LV�HLJKW�PLQXWHV��DOWKRXJK�WKH�QXPEHUV�VKRZ�FRUUHFWLRQ�VWHSV��,Q�WKH�<�D[LV�WKH�SHULRGLF�HUURU�LV�UHSUHVHQWHG�
LQ�WHQWKV�RI�DUFVHFRQGV���
�
,W�LV�LPSRUWDQW�WR�SRLQW�RXW�WKDW��WKH�FORVHU�ZH�JHW�WR�WKH�PHULGLDQ��WKH�PRUH�UHJXODU�DQG�H[SHFWHG�WKH�3(&�LV�EHFRPLQJ��KRZHYHU��
WKH�IDUWKHU�ZH�JHW����WKH�PRUH�WKH�FXUYH�LV�DOWHUHG�DQG�FKDQJHG��$OVR�WKH�FXUYHV�DSSHDU�FRPSOHWHO\�KRUL]RQWDOO\�LQYHUWHG�DIWHU�
PDNLQJ�D�PHULGLDQ�)OLS�RQ�*HUPDQ�RQHV��:H�EHOLHYH�WKHVH�HIIHFWV�DUH�SURGXFHG�HVSHFLDOO\�GXH�WR�VPDOO�GHILFLHQFLHV�LQ�WKH�
FRXQWHUEDODQFLQJ��GHSHQGLQJ�RQ�WKH�WXEH�RULHQWDWLRQ��LQ�RXU�RSLQLRQ�WKLV�LV�PRUH�FULWLFDO�LQ�*HUPDQ�PRXQWLQJV��,V�LPSRUWDQW�WR�
SRLQW�RXW�WKDW�WKH\�RQO\�VKRZ�VRPH�UHVXOWV�WHVWLQJ�RXU�RZQ�PRXQWLQJV��
�
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)LJXUH����3HULRGLF�(UURU�&RUUHFWLRQV�DW�WKUHH�D]LPXWK��/HIW�WR�Uight: 135o, 155o and 175o of two different mountings with similar 
GULYH�PHFKDQLVP�DQG�RSWLFDO�WXEHV��7KH�$PHWOOD�GH�PDU�*HUPDQ�PRXQWLQJ�RQ�WKH�XSSHU�SDUW�DQG�WKH�0DOORUFD�IRUN�PRXQWLQJ�
RQ�WKH�ERWWRP��
�
5HODWLQJ�WR�WKH�237,&$/�'(6,*1��'HVSLWH�FRQVLGHULQJ�WKDW�RXU�6FKPLGW�FDPHUDV��GLG�QRW�KDYH�WRR�ODUJH�WXEHV��ZH�EHOLHYH�
WKDW�D�PRUH�FRPSDFW�RSWLFDO�VFKHPH�VKRXOG�EH�RQH�RI�WKH�PDLQ�REMHFWLYHV��
WR�DFKLHYH��EHFDXVH�WKLV�LQYROYHV�VPDOO�DQG�OLJKW�PRXQWLQJV����HDV\�WR�EH�LQVWDOOHG�LQ�VPDOO�GRPHV��RU�QRW�SURYLGHG�ZLWK�VSHFLDO�
IRXQGDWLRQV���DQG�PRXQWLQJV�ZLWK�OHVV�IOH[LRQV�DQG�ILQDOO\��UHDVRQDEO\�SULFHG��
$QRWKHU�GLVDGYDQWDJH��UHIHULQJ�WR�WKH�RSWLFDO�VFKHPH��ZH�KDYH�EHHQ�XVLQJ�GXULQJ�WKHVH�WKUHH�\HDUV��LV�WKDW�VXFK�D�VKRUW�IRFDO�
UDWLR�UHGXFHV�LQ�JUHDW�PHDVXUH�WKH�FRQWUDst, especially considering that our sky doesn´t have the best clearness.  Our Schmidt 
FDPHUDV�DUH�YHU\�IDVW�DQG�LQ�D�ELW�PRUH�WKDQ����VHFRQGV�UHDFK����PDJ��KRZHYHU��LQ�ORQJHU�H[SRVXUHV��RI�VHYHUDO�PLQXWHV��WKH\�
don´t overpass the 18.5 mag aproximately.�
:LWK�UHIHUHQFH�WR�RXU�H[SHULHQFH�FRQFHUQLQJ�WKH�237,&$/�78%(��ZH�KDYH�EHHQ�YHU\�OXFN\�WR�EHQHILW�IURP�WKH�DGYDQWDJHV�RI�
KDYLQJ�D�FORVH�WHOHVFRSHV��ZLWK�WKH�&&'�FDPHUDV�LQVLGH��,Q�RXU�PHGLWHUUDQHDQ�KXPLG�ZHDWKHU�WKH�RSWLFDOV�VXIIHU�LQ�JHQHUDO�JUHDW�
HQYLURQPHQWDO�GHJUDGDWLRQ���
�
*LYHQ�WKDW�WKH�FORVH�WXEHV�UHSUHVHQW�D�JUHDW�DGYDQWDJH��LQ�ELJJHU�WHOHVFRSHV��GXH�WR�KLJK�WHFKQLFDO�FRPSOH[LW\�DQG�KLJK�FRVW��WKH�
front correcting plates shall be discarted.  To solve this problem, we have successfully tested Turbofilm ™ sheets, a plastic 
SROLPHU�ZKLFK�JHWV�SHUIHFW�KRPRJHQHLW\�DQG�SHUIRUPV�HTXDO�WR�RQH�WHQWK��������ZDYH�SODQH�SDUDOOHO�RSWLFDO�ZLQGRZ���7XUERILOP�
™ protects the optical equipment, closing the telescope tube against dust and humidity and greatly reduces air currents, all 
ZLWKRXW�ORVW�WKH�RSWLFDO�TXDOLW\�RI�WKH�WHOHVFRSH�LPDJH������
�
)RU�WKH�EHIRUH�PHQWLRQHG�UHDVRQV�ZH�SUHIHU�FORVH�VWUXFWXUH�WXEHV��DOWKRXJK�WKH\�PD\�EH�KHDYLHU��
7KH�7(/(6&23(�&21752/�KDUG�VRIW�GHYHORSHG�E\�0HO�%DUWHOV�KDV�SURYHG�WR�EH�YHU\�VXFFHVVIXO�LQ��
WKH�ODVW�WKUHH�\HDUV��7KLV�LV�D�YHU\�HFRQRPLFDO�V\VWHP��HDV\�WR�SHUIRUP��DQG�FDQ�EH�FRQWUROOHG�IURP�RXU�RZQ�SURJUDP�LQ�D�VHFRQG�
FRPSXWHU��DW�WKH�VDPH�WLPH��WKURXJK�D�VHULDO�SRUW�E\�/;����FRPPDQGV���)LJXUH�����
�
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)LJXUH����7HOHVFRSH�FRQWURO�VFKHPH�
�
�'XH�PDLQO\�WR�WKH�ODFN�RI�FRQWUDVW�DQG�WKH�ODFN�RI�WKH�PRVW�VXLWDEOH�DUFVHF�SL[HO�UDWLR��ZH�VKDOO�VXPDUL]H�VD\LQJ�WKDW�WKRVH�WKUHH�
���FP�)��6FKPLGW�WHOHVFRSHV�EXLOW��DUH�EDVLFDOO\�H[FHSWLRQDO�IRU�WKH�VXUYH\�RI�EULJKW�REMHFWV��DQG�WKLV�FDQ�RQO\�EH�DFKLHYHG��
QRZDGD\V��EHIRUH�WKH�VXQULVH�DQG�DIWHU�WKH�VXQVHW�DQG�SRODU�UHJLRQV���VHDUFKLQJ�IRU�EULJKW�FRPHWV���7KLV�ZLOO�EH�SUREDEO\�WKH�
RQO\�PDLQ�WDVN�RI�WKRVH�WHOHVFRSHV�RQFH�ZH�KDYH�WKH�QHZ����FP�ZRUNLQJ��
�
,Q�VRPH�RFDVLRQV��WKH\�KDYH�EHHQ�UHDOO\�XVHIXO�ZLWK�IDVW�DQG�EULJKW�1(2V��DV�LW�KDSSHQHG�ZLWK������'=����DQ�$SROOR�
GLVFRYHUHG�E\�/,1($5�DQG�FRQILUPHG�IURP�����$PHWOOD�GH�0DU��ZKHQ�LW�PRYHG�DW�����DUFVHJ�PLQXWHV�DQG������9�PDJQLWXG�
������:LWK�RQO\���VHFRQGV�H[SRVLWLRQ��LW�ZDV�IL[HG�RQ�WKH�LPDJHV��)LJXUH�����
�
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)LJXUH���������'=����$SROOR��PDJ������DQG�PRYLQJ�����DUFVHF�PLQ��:DV�IL[HG�RQO\�ZLWK�D���VHFRQGV�H[SRVXUH��7KH�VWULSH�RQ�
WKH�ERWWRP�EHORQJV�WR�D�VDWHOOLWH��
�
�)XUWKHUPRUH��WKH\�DUH�YHU\�JRRG�WHOHVFRSHV�WDNLQJ�LPDJHV�VXFK�DV�WKH�RQH�VKRZQ�LQ�WKH�IROORZLQJ�ILJXUH��)LJXUH�����+RZHYHU�
ZH�FRQVLGHU�WKDW�QRZDGD\V�WKH\�DUH�QRW�WKH�PRVW�DSURSULDWH�IRU�RXU�ZRUN�LQ�DVWHURLGV�IROORZ�XS��
�
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)LJXUH����&RPHW�,NH\D�Zhang on  March 20, 2002.  Mosaic of 5 images of  60’ x40’  taken with one of the 40�FP�I��6FKPLGW�
FDPHUDV��([SRVXUH�WLPHV�EHWZHHQ����DQG����VHFRQGV��������$PHWOOD�GH�0DU����*UHDW�SDUW�RI�LWV�UHVROXWLRQ�ZDV�ORVW�DIWHU�
UHGXFLQJ�WKH�VFDOH���
�
�
&RQFOXVLRQV��DSSOLHG�WR�WKH�EXLOGLQJ�RI�WKH�QHZ����FP�WHOHVFRSHV�
�
:KLFK�DUH�WKH�FRQFOXVLRQV�UHDFKHG�ZKHQ�VWDUWLQJ�WKH�FRQVWUXFWLRQ�RI�WKH�QHZ����FP�WHOHVFRSHV"���
,I�ZH�IRXQG�D�YHU\�FRPSDFW�RSWLFDO�GHVLJQ���UHODWLYHO\��HDV\�WR�SHUIRUP��ZLWK�IRFDO�UDWLRV�EHWZHHQ�����DQG�������WKLV�ZRXOG�RIIHU�
DOO�WKH�DGYDQWDJHV�DOUHDG\�PHQWLRQHG��VXFK�DV��VPDOO�PRXQWLQJV��IHZHU�VWUXFWXUH�IOH[LRQV��ORZHU�ZHLJK��DQG�VPDOOHU�HFRQRPLF�
FRVW��2QH�SRVLEOH�VROXWLRQ�FKRRVHQ�E\�VRPH�RWKHU�SURMHFWV�LV�GHOWDJUDSK�GHVLJQV�������KRZHYHU���DQRWKHU�SRVVLEOH�VROXWLRQ��WKH�
RQH�WKDW�ZH�KDYH�ILQDOO\�RSWHG�LV�WKH�.OHYWVRY�GHVLJQ������������
�
,Q������<XUL�.OHYWVRY�GHVLJQHG�DQ�RULJLQDO�WHOHVFRSH�EDVHG�RQ�DOO�VSKHULFDO�VXUIDFHV���$�SULPDU\�PLUURU���$�TXDVL�DIRFDO�
PHQLVFXV���DQG�D�VHFRQGDU\�QHJDWLYH�OHQV�DOXPLQL]HG�RQ�WKH�RSSRVLWH�VLGH��+H�DFKLHYHG�D�VLPSOH�DQG�YHU\�FRPSDFW�V\VWHP������
%HVLGHV�WKH�DOUHDG\�PHQWLRQHG�IHDWXUHV��VXFK�XV�WKH�YHU\�FRPSDFW�GHVLJQ�DQG�WKH�ORZ�SURGXFWLRQ�FRVW�JLYHQ�WKH�VSKHULFDO�
VXUIDFHV��,W�SURYLGHV�H[FHOOHQW�RSWLFDO�SHUIRUPDQFH��GXH�SDUWO\�WR�WKH�UHGXFHG�FRUUHFWLQJ�OHQV�GLDPHWHU��ORZHU�WKDQ�RQH�WKLUG��
������RI�WKH�SULPDU\�GLDPHWHU����)LJXUH�����
�



� ���

�)LJXUH����7KH�.OHYWVRY�RSWLFDO�GHVLJQ�RI�WKH����FP�QHZ�WHOHVFRSHV��
�
,W�LV�LPSRUWDQW�WR�VWUHVV�WKH�IDFW�WKDW�IRU�RXU�SULPDU\����FP�PLUURUV���LQ�RQO\�����FP�GLVWDQFH�EHWZHHQ�JODVVHV��DOO�WKH�RSWLFDO�
V\VWHP�FDQ�EH�LQFOXGHG��
�
&RQWUDULO\��ZH�DUH�IDFHG�ZLWK�DQ�RSHQ�IURQW�WXEH�GHVLJQ��H[SRVHG�WR�RXU�KXPLG�PHGLWHUUDQHDQ�ZHDWKHU���,Q�RUGHU�WR�SUHYHQW�WKDW��
we are going to use the before mentioned Turbofilm ™ sheets.�
�
:H�KDYH�EHHQ�ZRUNLQJ�IRU�DSUR[LPDWHO\�RQH�\HDU��ILUVW�LQ�WKH�GHVLJQ�DQG�ODWHU�LQ�WKH�VHWWLQJ�XS�RI�WKH�QHZ����FP�.OHYWVRY���
3UHVHQWO\��RQ������0D\��WKH�WKUHH�QHZ�PRXQWLQJV�DUH�YHU\�DGYDQFHG��DQG�WKH�WKUHH�SULPDU\�PLUURUV��%9&��9LWULILHG�&HUDPLF���
EODQNV�DFTXLUHG��URXJKO\�SUHFXUYHG�����DUH�DOUHDG\�ILQLVKHG�E\�PHPEHUV�RI�WKH�REVHUYDWRU\�RI�0DOORUFD�������7KH�IDFW�RI�WKHLU�
VSKHULF�VKDSH�KDV�SHUPLWHG�DQ�HDVLHU�DQG�IDVWHU�HODERUDWLRQ���)LJXUH����
�

��
)LJXUH����7KH�WKUHH�SULPDU\�I�����VSKHULFDO�PLUURUV�DOUHDG\�ILQLVKHG��
�
7KH�FRUUHFWRU�.OHYWVRY�OHQV�KDYH�EHHQ�RUGHUHG�WR�DQ�DOLHQ�)UHQFK�FRPSDQ\��9$/0(&$�6$5/��������IROORZLQJ�WKH�SUHYLRXV�
UD\WUDFLQJ�GHVLJQ�E\��0U�*HUDUGR�$YLOD��IURP�WKH�2SWLFDO�,QVWUXPHQW�*URXS�RI�WKH�(XURSHDQ�6RXWKHUQ�2EVHUYDWRU\��
�
7KUHH�&&'�7KLQQHG��6LWH�����[���������PLFURQV��)LQJHU�/DNHV�������ZHUH�DOUHDG\�DFTXLUHG�IRU�WKHP��
7KHVH�WHOHVFRSHV�ZLOO�EH�LQVWDOOHG�LQ�WKH�����0DOORUFD������$PHWOOD�GH�0DU��DQG�����3LHUD�REVHUYDWRULHV��
:H�H[SHFW�WKHP�WR�EH�RSHUDWLYH�DW�WKH�HQG�RI�������
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$SSHQGL[�
�
�
,Q�WKH�IROORZLQJ�LPDJHV��WKH�GLIIHUHQW�VWHSV�RI�VXFK�FRQVWUXFWLRQ�DUH�VKRZQ����)LJXUHV������
�
�

��
)LJXUH������'�&$'�GUDIWV�RI�WKH�QHZ����FP�WHOHVFRSHV��$�YHU\�VLPSOH�DQG�OLJKW�GHVLJQ��
�
�
�

��
)LJXUH����%XOGLQJ�WKH�QHZ�PRXQWLQJV���$OO�WXEXODU�VWUXFWXUH��VLPSOH��HDV\��OLJKW�DQG�ORZ�FRVW�
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5HIHUHQFHV�
�
��� $XGLQH�&&'�FDPHUDV��KWWS���ZZZ�DVWURVXUI�FRP�DXGLQH�LQGH[��KWP�
��� 0HO�%DUWHOV�VRIW�HOHFWURQLF����KWWS���ZZZ�EEDVWURGHVLJQV�FRP�FRW�FRW�KWPO�
��� 7XUERILOP��KWWS���ZZZ�NHQGULFN�DL�FRP�EDDGHUBWHFK�KWPO�
��� 0LQRU�3ODQHW�(OHFWURQLF�&LUFXODU������'���������'=����KWWS���FIDZZZ�KDUYDUG�HGX�PSHF�.���.��'���KWPO�
��� KWWS���ZZZ�DSP�XV�FRP�SURIHVVLRQDO�GHOWDJUDSK�KWP�
��� <X�$��.OHYWVRY��8665�,QYHQWRU
V�&HUWLILFDWH�1R����������%\XOO��,]REUHW���1R��������������
��� <X�$��.OHYWVRY���7HOHVFRSH�RI�QRYHO�GHVLJQ���=HPO\D�9VHOHQ���1R�����������������
��� <X��$��.OHYWVRY��'HVFULSWLRQ�RI�WKH�QRYHO�FDWDGLRSWULF�WHOHVFRSH�GHVLJQ�E\�.OHYWVRY�DQG�LW
V�FRPSDULVRQ�ZLWK�RWKHU�

FRPSRXQG�V\VWHPV��2SWLFKHVNLM�=KXUQDO��������������)HEUXDU\�������'HVLJQ�(QJLQHHULQJ�,QVWLWXWH�RI�$SSOLHG�
0LFURHOHFWURQLFV��5XVVLDQ�$FDGHP\�RI�6FLHQFHV��6LEHULDQ�%UDQFK��1RYRVLELUVN�
KWWS���ZZZ�WHOHVFRSHV�UX�DUWLFOHV�DUWLFOH��SKWPO�

��� $60�3URGXFWV������&KHPLQ�GH�OD�0RQWDJQH��0RQW�6W��+LODLUH��4XHEHF��&DQDGD��-�*��6���
KWWS���SDJHV�LQILQLW�QHW�DVPSURG�JODVV�KWPO����6LHYD#YLGHRWURQ�FD��

���� KWWS���ZZZ�RDP�HV�RDP�XQLFRUQ�QLQVWUXPHQWDOBHQ�KWP�
���� 9$/0(&$�6$5/��6HUJH�'HFRQLKRXW���/DQWHOPH�������38,0,&+(/��)UDQFH����
���� )LQJHU�/DNHV�&DPHUDV���KWWS���ZZZ�IOL�FDP�FRP��
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$&&85$&<�2)�7+(�:25/'�$67(52,'�&&'�2%6(59$7,216�2%7$,1('�%<�$0$7(85�
$1'�352)(66,21$/�2%6(59$725,(6�,1�����������<56��

�
�

2�3�%\NRY���9�1�/
YRY��,�6�,]PDLORY�����DQG�1�.�6XP]LQD�����
�

�����3XONRYR�$VWURQRPLFDO�2EVHUYDWRU\��6W��3HWHUVEXUJ��5XVVLD�
�����,QVWLWXWH��RI�$SSOLHG�$VWURQRP\���6W��3HWHUVEXUJ��5XVVLD�

�
H�PDLO����ROHJ#2%�����VSE�HGX�

�
�
3RVLWLRQV�RI�WKH�1XPEHUHG�0LQRU�3ODQHWV��103V��ZKLFK�KDYH�EHHQ��VHQW�E\�REVHUYHUV�WR�WKH�0LQRU�3ODQHW�&HQWHU�LQ������–�
�����\UV�ZHUH�DXWRPDWLFDOO\�DQDO\VHG�E\�PHDQV�RI�FDOFXODWLRQ�RI���2��&��YDOXHV�ZLWK�WKH�KHOS�RI�WKH�(326�6RIWZDUH�3DFNDJH�
FUHDWHG�LQ�3XONRYR�$VWURQRPLFDO�2EVHUYDWRU\���0RUH�WKHQ����PLOOLRQV�LQGLYLGXDO�SRVLWLRQV�RI�WKH�1XPEHUHG�0LQRU�3ODQHWV�
REWDLQHG�E\�SURIHVVLRQDO�DQG�DPDWHXU�REVHUYDWRULHV�ZHUH�WDNHQ�LQWR�FRQVLGHUDWLRQ���,QWHUQHW�DFFHVVLEOH�YHUVLRQ�RI�%RZHOO
V�
2UELWDO�&DWDORJXH�FRQWDLQLQJ�PRUH����WKRXVDQG�RUELWV�RI�103V�ZDV�XVHG�IRU�FDOFXODWLRQV�RI�WKHLU�WKHRUHWLFDO�SRVLWLRQV�DQG�
FRPSDULVRQV�ZLWK�WKH�REVHUYHG�RQHV���7KH�YDOXHV�RI��0HDQ�HUURU�RI�D�VLQJOH�REVHUYDWLRQ��ZHUH�FDOFXODWHG�IRU�WKH�PRVW�RI�
FRQVLGHUHG�REVHUYDWRULHV�GXULQJ�WKLV�SHULRG��7KHVH�HUURUV�VKRZ�WKH�DFFXUDF\�RI�REVHUYDWLRQV�DQG�SURFHVVLQJ�IRU�HDFK�WHOHVFRSH�LQ�
WKH�DVVXPSWLRQ�WKDW�WKH�DFFXUDF\�RI�WKH�WKHRU\�RI�PRWLRQ�RI�HDFK�1XPEHUHG�0LQRU�3ODQHW�LV�KLJKHU�WKDQ�WKDW�RI�LWV�REVHUYDWLRQV���
:KHQ�ZH�DQDO\VH�WKH��2��&��UHVLGXDOV�IRU�RQH�QLJKW�DVWHURLG�SRVLWLRQV�ZH�REWDLQH�DQ��LQWHUQDO��HVWLPDWLRQ�RI�DQ�DFFXUDF\�RI�
REVHUYDWLRQV��PDUNHG�E\�V\PERO��LQW���LQ�WKH�7DEOH����,I�RXU��2��&��UHVLGXDOV�DUH�FDOFXODWHG�IRU�DVWHURLG�SRVLWLRQV�REWDLQHG�
GXULQJ�VHYHUDO�FORVH�QLJKWV�RI�REVHYDWLRQV�ZH�FDQ�GHULYH�DQ��H[WHUQDO��HVWLPDWLRQ�RI�WKHLU�DFFXUDF\��PDUNHG�E\�V\PERO��H[W���LQ�
WKH�7DEOH����2I�FRXUVH��ZH�PXVW�KDYH�D�ORW�RI�REVHUYDWLRQV�RI�YDULRXV�103V�LQ�WKH�VHW�IRU�HDFK�REVHUYDWRU\�XQGHU�FRQVLGHUDWLRQ��
$Q�H[DPSOH�RI�RXU�DQDO\VLV�LV�JLYHQ�LQ�WKH�7DEOH�ZKLFK�UHSUHVHQWV�WKH�(XURSHDQ�REVHUYDWRULHV�REVHUYLQJ�WKH�1HDU�(DUWK�2EMHFWV�
DQG���DV��E\�SURGXFW����WKH�1XPEHU�0LQRU�3ODQHWV�DOVR���7DEOH�FRQWDLQV�WKH�QXPEHU�RI�REVHUYHG�0LQRU�3ODQHWV��WKH�QXPEHU�RI�
DQDO\VHG�SRVLWLRQV��WKH�LQVWUXPHQWDO�DQG�DFFXUDF\�SDUDPHWHUV�DQG�VWDU�FDWDORJ�XVHG�IRU�DVWURPHWULà�UHGXFWLRQV���7KHVH�7DEOHV�
ZHUH�REWDLQHG�E\�DXWKRUV�IRU�HDFK�RI�����ZRUNLQJ�REVHUYDWRULHV�DV�SURIHVVLRQDO��DV�DPDWHXUV���$VWURQRPLFDO�FRPPXQLW\�LQFOXGHV�
QRZ�D�ORW�RI�DPDWHXU�VWDWLRQV�FDUULQJ�RXW�SRVLWLRQDO�&&'�DVWHURLG�DQG�FRPHW�REVHUYDWLRQV�ZLWK�DGYDQFHG�WHFKQLTXH�DQG�KLJK�
TXDOLW\���7KHLU�MRE�PD\�EH�XVHG�IRU�D�GHFLVLRQ�RI�VHYHUDO�VFLHQWLILF�SUREOHPV��
2XU�LQYHVWLJDWLRQ�VHHPV�WR�EH�WKH�ILUVW�RI�WKDW�NLQG�IRU�WKH�03&�GDWD���,W�FRXOG�EH�FRQWLQXHG�LQ�IXWXUH�DQG�EH�H[SDQFHG�WR�WKH�
8QQXPEHUHG�0LQRU�3ODQHWV��
�
&$/&8/$7('�ZLWK�(326�62)7:$5(��3XONRYR�2EVHUYDWRU\��
�
$FFXUDF\�RI�WKH�:RUOG�103�REVHUYDWLRQV�LQ������������DQG������\UV��IRU�(XURSHDQ�REVHUYDWRULHV�
����������������������������������������������������������������������������������� ������	�
��� ��������� ����� ��������������� ������	�������������� �
! ��"���#���$�����%���
����� &�� ! ��$'&(#�) $ ! ��*���+-,�*���./,���$���. $��(	�0�*��1�(��$�����%���
�����	
2������ 3 �54 ����
���*6�7	���
�$�
�����	�$98�: ��;��
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����������������������������������������������<�=?> ��*�0��(���@+ AB�DC�EGF�AIHKJ�EMLNAO�QP�R < E S�P'AO� = F AB� < F

��	�

P�P�P/T !�! *�� = � < U�V �
<�= < S <�<�< AO�DF�C'AB� = CW��	�

= A�A�A C X�F AB�DF�P'AO� = JW��H�

<�= J�F = C = AO�YJ�A'AB� = P9��	�

= A�A < =�= < C�E AB�YS�PZAB�[X = ��H�


J�S/��\(� !(] 8���,^��+ AB�[E�X < S_H < A6L < �YC�R J�C < X�F AO� = J'AB� < C
��	�

< P�P�Pa`�*���
 F6�DA T V ��# S F�X AO� = C'AB� = E
��H�

J�S F�E < J = AO� =�= AB� < P9��	�


= A�A�A E = E AB� < SZAB�YA�P9��H�

J�S S = = E = AO� < PZAB�[F�JW��	�


= A�A < J = X AB� < J'AB� < EZ��H�

J�P V�b ��"���	c+ < �DA'F�E HdF�EML < �YA�R J�P < X = AO� = J'AB� < P
��	�

< P�P�Pa`�%���$�
���������0 T V ��# < E X�C AO�DF = AB� = A
��H�

J�P < P < C�S�SZAB� = A AO� =�= �(	�


= A�A�A E�F F�S�C AO�YJ�X AB� = Pe��H�

J�P E =�<'< C < X AB� = P'AO�DF < �(	�


= A�A < < F = S(F�E AB�YJ�F AO�DF�P9��H�

X </> ��*�0���������+ AB�[E�A < X H = A6LfFB�DX�R S = C AO�DF�SZAB�[E�A
��	�
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< P�P�Pg����
�����	���* #���$6� < �[X U�V � F < P'AO�DF�PZAB�DJ =
��H�

X < <(= X�C AO�DX�J'AB�[X�JW��	�


= A�A�A F F = AB�YP�C'AB�DE�JW��H�

< A�J�h(
���*�c+ V ��	 AB�DJ�A =�< H =�< L = �DE�R < J S(F AO�DF�PZAB�[F =
�(	�

< P�P�Pi����� !�! ��*�*�� = �DA U�V � S J = < �DX�F AB�DC =
��H�

< A�J�h(
���*�c+ V ��	 < E S(F AO�DE�J'AB� = X
�(	�

= A�A�Ag����� !�! ��*�*�� J = S'AO�QS�SZAB�DJ�X
��H�

< A�J�h(
���*�c+ V ��	 X�C = P�S'AO�DE�A'AB�[F�S
�(	�

= A�A < ����� !�! ��*�*�� =�= <�< C AO�DF�PZAB�[E�A
��H�

< A�S V *��(%���	�����+ AB�[F�S?F�S_HdF�SBL = �YA�RWF�A�E < A�A�F AO�YJ�C'AB�DJ�E
�(	�

< P�P�P/����	�� %�� ] = �DJ T V ��# E = = F < AO�DE�F AB�DJ�C
��H�

< A�S E�F <W=�<�< C'AB�YJ�A AO�DF�E'�(	�

= A�A�A <(= P X < X AB�DF�X AO�DF�CW��H�

< A�S E�S�C = A�C�X AB�YJ < AO�DF�JZ�(	�

= A�A < < S�J P = F AB�YJ = AO�DF�JW��H�

< A�C�h(
���*�c+ AB�[F�A =�< X�S'AO�YC�PZAB�DC�J
�(	�

< P�P�Pi����	�
���*���,�� < �[X U�V � P F�P'AO�DX�J'AB�YS�C
��H�

< A�C C F�F AB�DJ�E AB�DE < �(	�

= A�A�A
<�< F U ���Y�c��	�c+ AB�[E�A < F H < A6L = R <(= J�X AO� < X AB� = J
�(	�

< P�P�P V !(] ��	����(��	�	 = �[F T V ��# E = E AO�YJ�X AB�[E =
��H�

<�< F = A < F�S'AO�DE�F AB� = CW��	�

= A�A�A X E�PZAB�[F < AB� = CW��H�

<�< F = E < S(X AO�DF�J'AB� = S9��	�

= A�A <
<�< X U ���Y�c��	�c+ AB� = A < E H <�< L = �DE�R = S F =�= < �DF�X AB�DC�E
�(	�

= A�A�A V ��	�"�*��(	�0 = �DA U�V � < P F�F < < �QS�X < � < C
��H�

<�< X < S < S = AO�DF�X AB�[E = ��	�

= A�A < < J < S < AO�QP = < �[F�Se��H�

<�< C V *��(%���j�����+ AB�[E�X < JIH < A6LNAO�QS�R = S < F�A AO� =�= AB� < S
�(	�

< P�P�Pi����"���� F6�[F T V ��# J = = S = AO�DF�X AB�[F�A
��H�

<�< C < J E�J AO� = A'AB� < CW��	�

= A�A�A = A <�=�= AO�DF < AB� = C9��H�

<�< C = A X�X AO� < C'AB� =�< ��	�

= A�A < <�< S�A AO� = PZAB�[F�FW��H�

<(= Ak��������
����c+ AB�DJ < E < HdE < L = �YC�RWF�J�A < F�P�P'AO�DE < AB�[F�E
�(	�

< P�P�Pg)���$�	�l���	 < �DC T V ��# F < J = A�A�C AO�DE�C'AB�DJ�A
��H�

<(= A = E�X <�< F�F AB�QS�J AO�YJ�AZ�(	�

= A�A�A < C�C < F�A�SZAB�QS = AO�DF�P9��H�

<(= A C�F = P(X AO�YC�A'AB�DJ�EZ��	�

= A�A < F�J < J�P'AO�DX�E AB�DJ�XW��H�

<(=�< T�j�������	��c+ AB�[X�A < AIHKCBL = R <�< C�S'AO�YJ�SZAB�[E�X
�(	�

< P�P�Pa` ] ����j��(%mT�	���%n� = �DC U�V � J S�P'AO�QS < AB�[X =
��H�

<(=�< P < A�SZAB�[F�SZAB�DF�PW�(	�

= A�A�A X <�< E AB�YS = AB�DE�P9��H�

<(=�< F =�< AB�[E�F AB�YJ�CZ�(	�

= A�A < F = F AB�[F�C'AB�YJ < ��H�

<(=�= &�����	 ! ��+ AB�DJ�A J < P'AO�YJ�A'AB�DJ�F
�(	�

= A�A < ����$(��$I#���$6� < �YP T V ��#
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<(= X U ���Y�c��	�c+ AB� < P = AIHdF�A6L = �YJ�R C F�S'AO� < J'AB�DA�C
�(	�

< P�P�P > ���(	 ] ���Q� AB�DC U�V � <(= S < AO�DF�X AB�DJ�C
��H�

<(= X X F�C'AB�DA�C'AB� < E'�(	�

= A�A�A S F�J'AB�[F�X AB�YJ < ��H�

<(= X < P < A�S'AO� < SZAB� < EZ��	�

= A�A < =�< < J�X AO�YJ�A'AB�[F�EW��H�

< F�A�h(
���*�c+ AB�DJ < E H < A6L < � = R < A J�A AO�DF�E AB� = X
�(	�

< P�P�Pao��(����\�\���	�� = �YS T V ��#
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Štefan Gajdoš��$GULán Galád, Leonard Kornoš, Juraj Tóth, Jozef Világi, PDYRO�=LJR�
�
$VWURQRPLFDO�,QVWLWXWH��)DFXOW\�RI�0DWKHPDWLFV��3K\VLFV�DQG�,QIRUPDWLFV��&RPHQLXV�8QLYHUVLW\��%UDWLVODYD��6ORYDN�5HSXEOLF��H�

PDLO��DJR#IPSK�XQLED�VN�
�
�
$�VXPPDU\�RI�DVWURPHWU\�DQG�SKRWRPHWU\�RI�DVWHURLGV�SHUIRUPHG�DW�WKH�$VWURQRPLFDO�2EVHUYDWRU\��$2��LQ�0RGUD�LV�SUHVHQWHG��
%ULHI�UHVXOWV�RI�DVWURPHWU\��LQFOXGLQJ�WKH�1(2�IROORZ�XS�DQG�FRQILUPDWLRQ�SURJUDP�DUH�KLJKOLJKWHG��5HFHQWO\��DQ�HIIRUW�WRZDUGV�
PLQRU�SODQHWV�SKRWRPHWU\�LV�H[SHQGHG��ZLWK�WKH�DLP�RI�1(2�LQYHVWLJDWLRQ��6RPH�SUHOLPLQDU\�UHVXOWV�EDVHG�RQ�RXU�QHZ�
SKRWRPHWU\�VRIWZDUH�DUH�SUHVHQWHG��:H�SODQ�WR�UHQHZ�WKH�DSHUWXUH�SKRWRPHWU\�RI�FRPHWV��WRR��
�
�
���,QWURGXFWLRQ�
�
7KH�$VWURQRPLFDO�2EVHUYDWRU\� �$2�� DW�0RGUD� EHORQJV� WR� WKH�$VWURQRPLFDO� ,QVWLWXWH� RI� WKH� )DFXOW\� RI�0DWKHPDWLFV�� 3K\VLFV�
DQG�,QIRUPDWLFV��&RPHQLXV�8QLYHUVLW\�%UDWLVODYD� �6ORYDNLD��DQG�UHVHDUFK�PDGH�WKHUH�LV�DLPHG�DW�WKH�LQWHUSODQHWDU\�PDWWHU�DQG�
WKH�6XQ��
�
7KH�REVHUYDWLRQV�RI�DVWHURLGV�DQG�FRPHWV�DUH�SHUIRUPHG�ZLWK�D�����P�I�����&DUO�=HLVV�UHIOHFWRU��&&'�6%,*�67���FDPHUD��XS�WR�
-XO\������LW�ZDV�67���FDPHUD��LQ�LWV�SULPDU\�IRFXV�PDNHV�LV�XVHG�IRU�DVWURPHWU\�DQG�SKRWRPHWU\�RI�VRODU�V\VWHP�ERGLHV��'HWDLOV�
DERXW�WKH�WHOHVFRSH�DQG�FDPHUD�FRQILJXUDWLRQ�DUH�GHVFULEHG�LQ�.DOPDQþRN�HW�DO� (1994, 1995), and in Kornoš and Zigo (1997). �
�
�
���$VWURPHWU\�

�
7KH�ILUVW�WHVWV�RI�DVWURPHWULF�REVHUYDWLRQV�ZHUH�SHUIRUPHG�DW�WKH�HQG�RI�������)URP������UHJXODU�REVHUYDWLRQV�XQGHU�WKH�0LQRU�
3ODQHW�&HQWHU�REVHUYDWRU\�FRGH�����KDYH�EHHQ�FRQGXFWHG��7KH�GDWD�SURFHVVLQJ�LV�PDGH�XVLQJ�$VWURPHWULFD�VRIWZDUH��DXWKRU�+��
5DDE�� DQG� 8612� VWDU� FDWDORJXH� �SUHYLRXVO\� *6&��� 7KH� SULPDU\� REVHUYDWLRQ� SURJUDP� VWDUWHG� ZLWK� WKH� PDLQ�EHOW� DVWHURLGV�
LQFOXGLQJ� ,7$� �,QVWLWXWH� RI� 7KHRUHWLFDO�$VWURQRP\�� 3HWHUVEXUJ�� 5XVVLD�� DVWHURLGV�� ,W� FRQWLQXHG�ZLWK� UHFRYHU\� RI� VHYHUDO� RQH�
RSSRVLWLRQ�PDLQ�EHOW� DVWHURLGV�� IROORZ�XS�RI� WKH�1HDU�(DUWK�$VWHURLGV� �1($V�� IURP� WKH�0LQRU�3ODQHW�&LUFXODUV��DQG�IURP�LWV�
HOHFWURQLF� YHUVLRQ� �� 0�3�(�&��� ZLWK� PRQWKO\� OLVWV� RI� REVHUYDEOH� REMHFWV� �FULWLFDO� DQG� XQXVXDO� OLVW�� DQG� OLVW� RI� FRPHWV��� )RU�
LQVWDQFH�� LQ� ����� 03&� UHFHLYHG� WKH� ODUJHVW� DPRXQW� RI� DVWURPHWULF� REVHUYDWLRQV� RI� FRPHWV� IURP� 0RGUD�� 2EMHFWV� IURP� WKH�
2EVSODQQHU�6HUYLFH�RI�03&�ZHUH�DOVR�LQFOXGHG�WR�WKH�REVHUYDWLRQV�VRRQ�WR�VSHHG�XS�QXPEHULQJ�UDWHV��$�QLFH��E\�SURGXFW��RI�
WKH�SURJUDP�ZDV�GLVFRYHU\�RI�VHYHUDO�GR]HQV�RI�QHZ�DVWHURLGV�EHORQJLQJ�PRVWO\�WR�WKH�PDLQ�EHOW��7KH�GLVFRYHU\�UDWH�LQFUHDVHG�
XS�WR�������7KH�GHFUHDVH��ZKLFK�IROORZHG��ZDV�FDXVHG�QRW�RQO\�E\�FKDQJLQJ�WKH�FDPHUD��67��ZLWK�ODUJHU�ILHOG�RI�YLHZ�ZDV�OHVV�
VHQVLWLYH� WKDQ�67����EXW�DOVR�E\� WKH� IDFW� WKDW�SRZHUIXO�VXUYH\� WHOHVFRSH�/,1($5�EHJDQ� LWV�RSHUDWLRQ��&XUUHQWO\����QXPEHUHG�
DVWHURLGV�ZHUH�GLVFRYHUHG�DW�0RGUD��)URP������DVWURPHWULF�REVHUYDWLRQV�KDYH�EHHQ�FRQFHQWUDWHG�RQ�QHZ�1($V�FRQILUPDWLRQ�
DQG�IROORZ�XS��
�
�
���1(2�REVHUYDWLRQ�SURJUDP�
������
2ZLQJ�WR�D�SURJUHVV�LQ�WKH�ILHOG�RI�PLQRU�ERGLHV�DVWURPHWU\�LQ�����������ZH�GHFLGHG�WR�DSSO\�IRU�7KH�3ODQHWDU\�6RFLHW\�1(2�
*UDQW��LQ�WKH�FDWHJRU\�RI�WKH�1HDU�(DUWK�2EMHFWV��1(2V��IROORZ�XS�DQG�FRQILUPDWLRQ�REVHUYDWLRQV��7R�VXSSRUW�HQKDQFHPHQW�RI�
RXU� 1(2� DFWLYLW\� ZH� ZHUH� DZDUGHG� E\� UHFHLYLQJ� 7KH�*HQH� 6KRHPDNHU� 1(2�*UDQW� IRU� ������ 7KH� REMHFWLYH� RI� RXU� RIILFLDO�
SURJUDP� LV� WR� VXSSRUW� DQG�H[WHQG� WKH�RUELWDO� DQG�SK\VLFDO� FKDUDFWHULVWLFV�RI� WKH�NQRZQ�1(2�SRSXODWLRQ�DQG�FRQWULEXWH� WR� WKH�
LQWHUQDWLRQDO�DFWLYLW\�LQ�WKH�ILHOG��7KLV�LQFOXGH��
�

D���FRQILUPDWLRQ� RI� QHZO\�GLVFRYHUHG� XQXVXDO� REMHFWV� �PRVWO\� 1($V� DQG� FRPHWV�� IURP� WKH� 1(2� &RQILUPDWLRQ� 3DJH�
�1(2&3���

E���IROORZ�XS�RI�1($V�ZLWK�SRRUO\�GHWHUPLQHG�RUELWV��WR�ORZHU�XQFHUWDLQW\�SDUDPHWHU���
F���EULJKW�1($V�SKRWRPHWU\��D�VWDQGDUG�SURJUDP�IRU�GDWD�SURFHVVLQJ�LV�XQGHU�SUHSDUDWLRQ���

�
�
���5HVXOWV�
�
$V�D�UHVHDUFK�HGXFDWLRQDO�REVHUYDWRU\��WKH�$2�LQ�0RGUD�LPSOHPHQWHG�WKH�DLPHG�1(2�IROORZ�XS�SURJUDP�VRRQ�DQG�FDQ�XWLOL]H�
WKH� DGYDQtages of a “ small observatory”  equiped with a low��PHGLXP�VL]HG�GHYLFH��$FFRUGLQJ� WR�0DUVGHQ� DQG�6WHHO� ��������
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HDFK� DFWLYH� REVHUYDWRU\�ZLWK�PRGHVW�VL]HG� LQVWUXPHQWDWLRQ� LV� QHHGHG� � “ … such (NEO) astrometry being absolutely necessary 
RYHU� DQ� H[WHQGHG� SHULRG� VR� WKDW� WKH� RUELWDO� SDUDPHWHUV�PD\� EH�ZHOO� GHWHUPLQHG� �� D� EDWWHU\� RI� IROORZ�XS� LQVWUXPHQWV�ZLOO� EH�
needed” . As the powerful NEO surveys produce a lot of NEO discoveries, the role of follow�XS�SURJUDPV�LV�VWLOO�LQFUHDVLQJ��
�

� �������3RVLWLRQV�RI�PLQRU�SODQHWV� 1(2V�IURP�
<HDU� 'LVF�� 0%� 1(2� 2WKHU� 7RWDO� WRWDO�VXP�
����� ��� ���� ��� ��� ���� �������
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������� �� ���� ����� ��� ����� ��������

�
�7DEOH����7KH�SRVLWLRQV�VWDWLVWLFV�RI�PLQRU�SODQHWV�IURP������XQWLO������DW�0RGUD��
�
�
)LJXUH����
�
�
�
)LJXUH����
�
�
�
�

�
)LJXUH����
�
)LJXUHV�����VKRZ�PRQWKO\�UDWHV�RI�REVHUYDWLRQV�RI�1(2V�IURP�WKH�1(2�&RQILUPDWLRQ�3DJH�RI�WKH�,$8�0LQRU�3ODQHW�&HQWHU��DV�

REVHUYHG� DW� WKH�$VWURQRPLFDO�2EVHUYDWRU\� LQ�0RGUD�� 7KH� UDWHV� UHIHU� WR� REMHFWV� EHIRUH� SUHOLPLQDU\� GHVLJQDWLRQ�� RQO\��$OO� WKH�
REMHFWV�RI�FRPHWDU\�RULJLQ��DIWHU�UHFRJQLWLRQ��DUH�H[FOXGHG��DV�ZHOO�DV� WKH�PDLQ�EHOW�DVWHURLGV��'HVLJQDWLRQ�REMHFWV�GHQRWHV�WKH�
QXPEHU� RI� LQGLYLGXDO� REMHFWV�� /HJHQG� SRVLWLRQV� GHQRWHV� WKH� QXPEHU� RI� SUHFLVH� SRVLWLRQV� RI� WKHVH� REMHFWV�� ,W� FRYHUV� UHSHDWHG�
REVHUYDWLRQV�RI�WKH�VDPH�REMHFW��

�
$V�D�UHVXOW�RI� WKH�1(2�SURJUDP��PDQ\�PLQRU�SODQHWV�SUHFLVH�SRVLWLRQV�ZHUH�REWDLQHG��ZLWK�D�ULVLQJ�UDWLR�RI� WKH�1(2V�DPRQJ�
WKHP��VHH�7DEOH�����7KH�QXPEHU�RI�REVHUYHG�REMHFWV�IURP�WKH�1(2&3�EHIRUH�WKH\�ZHUH�JLYHQ�SURYLVLRQDO�GHVLJQDWLRQV��DV�ZHOO�
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DV� WKH� QXPEHU� RI� UHSRUWHG� SUHFLVH� SRVLWLRQV� LQ� ������ ����� DQG� ������ DUH� VKRZQ� LQ� )LJV���3. The term „observed objects“  
GHQRWHV�WKH�QXPEHU�RI�GLIIHUHQW�REMHFWV��QRW�UHSHDWHG�REVHUYDWLRQV�RI�WKH�VDPH�REMHFW�WKDW�UHPDLQHG�DW�1(2&3�IRU�VHYHUDO�GD\V��
)URP� ����� WKH� QXPEHU� RI� DVWURPHWULF� SRVLWLRQV� GHFUHDVHG� GXH� WR� SKRWRPHWULF� REVHUYDWLRQV�� 7KH� GHWDLOV� RI� PLQRU� ERGLHV�
DVWURPHWry at Modra can be found in Gajdoš HW�DO. (1998), Galád HW�DO. (2000) and Kornoš HW�DO����������
�
$ORQJ�ZLWK� WKH�0RGUD�1(2�REVHUYDWLRQV�� VHYHUDO�REMHFWV� DW�1(2&3�ZHUH� LGHQWLILHG�ZLWK� SUHYLRXVO\�NQRZQ�DVWHURLGV��7KUHH�
LGHQWLILFDWLRQV�ZHUH�PDGH�DIWHU� UHFHLYLQJ� SURYLVLRQDO�GHVLJQDWLRQ�������52�� ������61 � � �0�3�(�&�������7����03&����������
�����/6�� ������/(���0�3�(�&�������/����������7*�� ������<3����0�3�(�&�������$�����
�
�
���3KRWRPHWU\�
�
7KH�&&'�67��FDPHUD�DW�0RGUD�LV�HTXLSSHG�ZLWK�VWDQGDUG�%95,�SKRWRPHWULF�ILOWHUV��0DLQO\�5�ILOWHU�LV�XVHG�IRU�SKRWRPHWU\�RI�
DVWHURLGV��7ZR�EULJKW�PDLQ�EHOW�REMHFWV�ZLWK�ZHOO�NQRZQ�URWDWLRQDO�DQG�DPSOLWXGH�FKDUDFWHULVWLFV��QDPHO\������DQG�������ZHUH�
FKRVHQ�IRU�WHVWV��7KHLU�EULJKWQHVV�DOORZHG�XV�WR�UHDFK�DERXW������PDJQLWXGH�SUHFLVLRQ��7KH�OLJKW�FXUYHV�ZHUH��KRZHYHU��UHODWLYH��
QRW� DEVROXWH� �H�J�XVLQJ�/DQGROW� VWDUV��� 6RPH� WHVWV�ZHUH� GRQH� HYHQ� RQ� D� GLPPHU�0%�REMHFW� �������ZLWK�XQNQRZQ�SHULRG�DQG�
VHYHUDO�1($V�XS�WR�9 �� � ��7KHLU�OLVW�LV�DV�IROORZV���������������������������������78��������&%���������5%���������<%���
�����(4���$OO�RI� WKHP�FKDQJHG� WKH� VWDU� ILHOG�TXLFNO\��)LJXUH���FRQWDLQV�OLJKW�FXUYHV�IURP�WZR�QLJKWV�RI� ��������6RPH�RI�WKH�
RWKHU� UHVXOWV� ZLOO� EH� DYDLODEOH� DV� VRRQ� DV� RXU� -DYD� VRIWZDUH� IRU� GDWD� JDWKHULQJ� DQG� SURFHVVLQJ� ZLOO� EH� ILQQLVKHG�� ,W� XVHV�
GLIIHUHQWLDO�DSHUWXUH�SKRWRPHWU\�WR�REWDLQ�WKH�EULJKWQHVV�RI�WKH�REMHFW�UHODWLYH�WR�D�VHOHFWHG�FRPSDULVRQ�VWDU��

�)LJXUH����7KH�OLJKW�FXUYHV�RI��������REVHUYHG�DW�0RGUD��
�
�
$FNQRZOHGJHPHQWV�
�
7KLV�ZRUN�ZDV�VXSSRUWHG�E\�WKH�6ORYDN�6FLHQWLILF�*UDQW�$JHQF\�9(*$��1R�������������DQG�E\�7KH�3ODQHWDU\�6RFLHW\�*HQH�
6KRHPDNHU�1(2�*UDQW��

�
�
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�7KH�2EVHUYLQJ�&DPSDLJQ�DW�WKH�'DYLGVFKODJ�2EVHUYDWRU\�
�

(ULFK�0H\HU � 	 
 ��+HUEHUW�5DDE � 	 �
�� �$VWURQRPLFDO�6RFLHW\�RI�/LQ]��6WHUQZDUWHZHJ����$������/LQ]��$XVWULD�
 �(ULFK�0H\HU��)HUG��0DUNO�6WU��������$������/LQ]��$XVWULD��HULFK�PH\HU#RRHQHW�DW��

 Herbert Raab, Schönbergstr. 23/21, A������/LQ]��$XVWULD��KHUEHUW�UDDE#XWDQHW�DW�
�
�
7KH�SULYDWH�2EVHUYDWRU\�LQ�'DYLGVFKODJ��QHDU�/LQ]��$XVWULD��,$8�2EVHUYDWRU\�&RGH�������KDV�EHHQ�DFWLYH�LQ�DVWURPHWU\�RI�
PLQRU�SODQHWV�DQG�FRPHWV�VLQFH�������$IWHU�D�VKRUW�RYHUYLHZ�RYHU�WKH�SDVW�ZRUN�DQG�WKH�GHYHORSPHQW�RI�WKH�REVHUYDWRU\��ZH�
GHVFULEH�RXU�FXUUHQW�REVHUYLQJ�FDPSDLJQ��FRQFHQWUDWLQJ�RQ�ODWH�IROORZ�XS�RI�1(2V��)ROORZ�XS�REVHUYDWLRQV�RI�YHU\�IDVW�PRYLQJ�
DVWHURLGV��DQG�UHFRYHULHV�RI�XQXVXDO�REMHFWV�LQ�D�VHFRQG�DSSDULWLRQ�DUH�RWKHU�DFWLYLWLHV��7ZR�UHFHQW�FDVH�VWXGLHV�������$& �� �DQG�
�����%* ��� ��DV�H[DPSOHV�IRU�RXU�ZRUN��DQG�WKH�WDEOHV�LQ�WKH�DSSHQL[�OLVW�VRPH�REMHFWV�REVHUYHG�GXULQJ�WKH�UHFHQW��\HDUV��
�
�

+LVWRU\�RI�WKH�REVHUYDWLRQDO�SURJUDP�
�
7KH� SULYDWH� REVHUYDWRU\� RI� (ULFK� 0H\HU� DQG� (UZLQ�
Obermair is located in Davidschlag (48° 26’  33”  N, 14° 16’  
31”  E, 815m above sea level), near Linz, Austria. Soon 
DIWHU� FRQVWUXFWLRQ� ZRUNV� RQ� WKH� REVHUYDWRU\� ZHUH�
FRPSOHWHG� LQ� ������ ZH� SUHSDUHG� IRU� DVWURPHWULF�
REVHUYDWLRQV�RI�PLQRU�SODQHWV��7KH�ILUVW�SUHFLVH�SRVLWLRQV�RI�
D�PLQRU� SODQHW�ZHUH� DFFHSWHG� E\� WKH�0LQRU�3ODQHW�&HQWHU�
LQ� ������ DQG� WKH� REVHUYDWRU\� ZDV� UHZDUGHG� ZLWK� WKH�
REVHUYDWRU\�FRGH�������
�

��
)LJXUH����7KH�'DYLGVFKODJ�2EVHUYDWRU\�DW�GXVN��7KH����P�
I�����UHIOHFWRU�LV�YLVLEOH�LQVLGH�WKH����P�SODVWLF�GRPH��

�
+RZHYHU�� WKH� RSWLFV� RI� WKH� ���P� I����� 1HZWRQLDQ� EDGO\�
VXIIHUHG� IURP� FRPD�� DQG� JHWWLQJ� SUHFLVH� SRVLWLRQV� ZDV� D�
GLIILFXOW� WDVN�� 7KHUHIRUH�� WKH� 1HZWRQLDQ� UHIOHFWRU� ZDV�
UHSODFHG� E\� D� ���P� I����� 6FKPLGW�&DVVDJUDLQ� WHOHVFRSH� LQ�
������ ,Q� ������ D� FRPSXWHU�ZLWK� FXVWRP� VRIWZDUH� UHSODFHG�
WKH�SURJUDPPDEOH�SRFNHW�FDOFXODWRU� WKDW�ZDV�XVHG�IRU�GDWD�
UHGXFWLRQ� LQ� DVWURPHWU\�� :H� FRQFHQWUDWHG� RQ� IROORZ�XS�
REVHUYDWLRQV�RI�QHZ�FRPHWV��DQG�E\�WKH�HQG�RI�������DERXW�

����DVWURPHWULF�SRVLWLRQV�ZHUH�REWDLQHG�ZLWK�D�KRPH�PDGH�
PHDVXULQJ�HQJLQH��
�
,Q� HDUO\� ������ D� &&'� FDPHUD� �6%,*� 67���� UHSODFHG�
SKRWRJUDSKLF� ILOPV�� :LWK� WKH� QHZ� GHWHFWRU�� DQG� WKH�
“ Astrometrica”  software that we have developed to� FDUU\�
RXW� RXU� DVWURPHWULF� FDPSDLJQ��ZH�ZHUH� DEOH� WR�SDUWLFLSDWH�
LQ� IROORZ�XS� REVHUYDWLRQV� RI�1(2V��:LWKLQ� WKH� ILUVW� \HDU��
DERXW� ���� DVWURPHWULF� REVHUYDWLRQV� ZHUH� REWDLQHG�–� PRUH�
WKDQ� WKH� WRWDO� REVHUYDWLRQ� LQ� WKH� ��� SUHYLRXV� \HDUV� XVLQJ�
ILOPV��
�
&RQVWUXFWLRQ� ZRUNV� RQ� D� QHZ�� ODUJHU� WHOHVFRSH� DQG� D�
LQQRYDWLYH� IRUN� PRXQW� EHJDQ� LQ� HDUO\� ������ 7KH� PRXQW��
called “ Austrian Mount”  by its constructor R. Pressberger, 
IHDWXUHV� IULFWLRQ� GULYHV� LQ� ERWK� D[HV�� ZKLFK� DYRLGV� DQ\�
SHULRGLF� HUURU�� )XUWKHUPRUH�� WKHUH� LV� QHLWKHU� D� 5LJKW�
$VFHQVLRQ� D[LV�� QRU� D� 'HFOLQDWLRQ� D[LV�� DQG� QR� EDOO�
EHDULQJV� DUH� XVHG�� ,QVWHDG�� WKH� IRUN� UHVWV� RQ� D� VWHHO� EDOO��
ZKLFK�LV�ORFDWHG�LQVLGH�WKH�IRUN��5LJKW�$VFHQVLRQ���DQG�WZR�
VPDOOHU� VWHHO� EDOOV� KROG� WKH� WHOHVFRSH� LQ� WKH� IRUN�
�'HFOLQDWLRQ��� 7KLV� GHVLJQ� KHOSV� VR� VDYH� ZHLJKW�� DQG�
HQDEOHG� WR� EXLOG� D� OLJKWZHLJKW�� FRPSDFW� DQG� YHU\� VWLII�
PRXQW�>�@��$W�WKH�VDPH�WLPH��WKH�LPSURYHG�DVWURPHWULF�GDWD�
reduction software “ Astrometrica for Windows”  was 
GHYHORSHG� � >�@�� $IWHU� RQO\� WHQ� PRQWKV�� WKH� ���P� I�����
UHIOHFWRU� DQG� LWV� LQQRYDWLYH�� FRPSXWHU� FRQWUROOHG� IRUN�
mount received “ first light” . Up to now, we still use the 
67�6 CCD camera, which covers a field of 10’  x 15’ , with 
the pixel size corresponding to 2.4”  x 2.8” .�
�
&XUUHQW�$FWLYLW\�
�
7KH�KLJK�UDWH�RI�1(2�GLVFRYHULHV�LQ�WKH�SDVW�\HDUV�UHTXLUH�
LQWHQVLYH� IROORZ�XS�REVHUYDWLRQV� >�@�ZKLFK�DUH�FDUULHG�RXW�
E\�D�VPDOO�QXPEHU�RI�SURIHVVLRQDO�REVHUYDWRULHV�DV�ZHOO�DV�
DPDWHXU� DVWURQRPLFDO� VLWHV�� %XW� ZKLOH� QHZ� GLVFRYHULHV��
SRVWHG� RQ� WKH� 1(2� &RQILUPDWLRQ� 3DJH�� UHFHLYH� KLJK�
DWWHQWLRQ�E\� WKH�1(2�FRPPXQLW\�� ODWHU� IROORZ�XS�DQG�DUF�
H[WHQGLQJ� REVHUYDWLRQV� DUH� IUHTXHQWO\� QHJOHFWHG�� $V� D�
UHVXOW��PDQ\�1(2V�DUH�REVHUYHG�RYHU�D�YHU\�VKRUW�DUF�RQO\��
DQG� WKH� RUELWDO� HOHPHQWV� DUH� WKHUHIRUH� KLJKO\� XQFHUWDLQ��
PDNLQJ�D�WDUJHWHG�UHFRYHU\�DW�D�VXEVHTXHQW�DSSDULWLRQ�YHU\�
GLIILFXOW�� RU� HYHQ� LPSRVVLEOH�� &XUUHQWO\� ������ 0D\� �����
WKHUH� DUH� ���� VLQJOH�RSSRVLWLRQ� 1(2V� LQ� WKH� 03&25%�
GDWDEDVH�>�@��2I�WKHVH��������������ZHUH�REVHUYHG�RYHU�DQ�



� ���

DUF�RI����GD\V�RU�OHVV��������������ZHUH�REVHUYHG�RYHU����
GD\V�RU� OHVV��DQG�IRU�����1(2V���������� WKH�REVHUYHG�DUF�
ZDV����GD\V�RU�OHVV���7KHUH�DUH�����REMHFWV����������ZKLFK�
ZHUH�REVHUYHG�IRU�RQO\�ILYH�GD\V�RU�OHVV��
�
5HFRJQL]LQJ� WKH� QHHG� IRU� ODWH� IROORZ�XS�� RXU� REVHUYLQJ�
FDPSDLJQ� FRQFHQWUDWHV� RQ� DUF�H[WHQGLQJ� REVHUYDWLRQV� RI�
1(2V�� $� VHOHFWLRQ� RI� REMHFWV� VXFFHVVIXOO\� REVHUYHG� LV�
OLVWHG� LQ� WDEOH� �� RI� WKH� DSSHQGL[�� 0DQ\� RI� WKHVH� PLQRU�
SODQHWV� ZHUH� DUH� WKH� UDQJH� RI� �� ��� � � WR� �� ��� � �� ZLWK� WKH�
IDLQWHVW� WDUJHWV� DURXQG� �� ��� � �� 1RWH� WKDW� ZH� ZHUH� DEOH� WR�
H[WHQG� WKH� REVHUYHG� DUF� VLJQLILFDQWO\� IRU� DOO� RI� WKH�REMHFWV�
OLVWHG�LQ�WKDW�WDEOH��$V�WKH�VN\�SODQH�XQFHUWDLQW\�RI�D�VLQJOH�
DSSDULWLRQ� DVWHURLG� DW� D� ODWHU� WLPH� LV� DSSUR[LPDWHO\�
LQYHUVHO\�SURSRUWLRQDO�WR�WKH�VTXDUH�RI�WKH�REVHUYHG�DUF�>�@��
LQFUHDVLQJ� WKH� DUF� E\� ����� �L�H��� GRXEOLQJ� WKH� REVHUYHG�
DUF�� UHGXFHV� WKH� XQFHUWDLQW\� LQ� WKH� SRVLWLRQ� RI� WKH� PLQRU�
SODQHW� DW� DQ\� ODWHU� WLPH� DSSUR[LPDWHO\�E\�D� IDFWRU�RI� IRXU��
:LWK� WKHVH� DUF� H[WHQVLRQV�� WKH� VN\�SODQH� XQFHUWDLQW\� IRU�
IXUWKHU�REVHUYDWLRQV�GXULQJ�WKH�VDPH�DSSDULWLRQ��DW�D�IXWXUH�
UHFRYHU\� RSSRUWXQLW\�� RU� IRU� D� SUHFRYHU\� VHDUFK� LQ� LPDJH�
DUFKLYHV��LV�WKHUHIRUH�VLJQLILFDQWO\�UHGXFHG��
�
2WKHU�WDUJHWV�RI�KLJK�SULRULW\�DUH�1(2V�DW�FORVH�DSSURDFKHV�
ZLWK� KLJK� DSSDUHQW� PRWLRQ�� 7KH� FRPSXWHU� FRQWURO� RI� WKH�
QHZ� ���P� WHOHVFRSH� LV� DEOH� WR� WUDFN� PRYLQJ� REMHFWV�� D�
IHDWXUH� WKDW� LV� XQDYDLODEOH� DW� PRVW� DPDWHXU� DVWURQRPLFDO�
REVHUYDWRULHV��$� VHOHFWLRQ�RI� IDVW�PRYLQJ�REMHFWV�REVHUYHG�
DW�RXU�REVHUYDWRU\�LV�OLVWHG�LQ�WDEOH���RI�WKH�DSSHQGL[��
�

��
)LJXUH����$VWHURLG������8. ��� �LQ�D�����VHFRQG�&&'�

H[SRVXUH��WDNHQ�RQ������1RYHPEHU���ZLWK�WKH����P�I�����
UHIOHFWRU�DW�'DYLGVFKODJ��7KLV�$WHQ�DVWHURLG��HVWLPDWHG�WR�
EH�OHVV�WKDQ���P�LQ�VL]H��SDVVHG�RQO\������$�8��IURP�(DUWK�
at that time. Shining at 18.4mag, it moved about 0.6° per 
KRXU��$���� ��� � �VWDU�MXVW�HQWHUV�WKH�ILHOG�DW�ORZHU�ULJKW��

�
2FFDVLRQDOO\�� ZH� DOVR� SHUIRUPHG� UHFRYHU\� REVHUYDWLRQV� RI�
IDLQW� 1(2V�� 6XFFHVVIXO� UHFRYHULHV� RI� 1(2V� DUH� OLVWHG� LQ�
WDEOH���RI�WKH�DSSHQGL[��
�

7ZR�UHFHQW�FDVH�VWXGLHV�
�
7KH�$SROOR�W\SH�DVWHURLG������$& �� �ZDV�GLVFRYHUHG�E\�WKH�
/,1($5�SURMHFW�RQ�-DQXDU\����������DW�DERXW����� ��� � ��7KH�
GLVFRYHU\�ZDV�SXEOLVKHG�RQ�-DQXDU\����>�@��ZLWK�WKH�RUELWDO�

HOHPHQWV� FDOFXODWHG� IURP� ��� REVHUYDWLRQV� RYHU� DQ� DUF� RI�
WKUHH�GD\V��2QO\�WKUHH�DGGLWLRQDO�SRVLWLRQV�IURP�-DQXDU\����
IURP� D� VLQJOH� REVHUYDWRU\� ZHUH� UHSRUWHG� DIWHUZDUGV��
H[WHQGLQJ�WKH�DUF�WR�HLJKW�GD\V��:H�REVHUYHG������$& �� �RQ�
)HEUXDU\�����87�DW����� ��� � ��H[WHQGLQJ�WKH�DUF�E\�IXUWKHU����
GD\V�� 7KH� IRUPDO� VN\�SODQH� XQFHUWDLQW\� DW� WKDW� WLPH� ZDV�
only about ±30”  (3σ���EXW�RXU�REVHUYDWLRQV�VKRZHG�WKDW�WKH�
object was already 4’  off track. About 24 hours later, we 
FRQILUPHG� RXU� SUHYLRXV� SRVLWLRQV� ZLWK� DGGLWLRQDO�
REVHUYDWLRQV�� :LWK� WKH� DGGLWLRQDO� SRVLWLRQV�� WKH� RUELW� ZDV�
VLJQLILFDQWO\� LPSURYHG� �H�J��� WKH� VHPLPDMRU� D[LV� FKDQJHG�
IURP������$8�WR������$8���/DWHU��WKH�-DQXDU\����SRVLWLRQV�
ZHUH�UHYLVHG�E\�WKH�REVHUYHU��QRZ�DOVR�ILWWLQJ�WKH�LPSURYHG�
RUELW��
�
7KH� 3+$� �����%* ��� � ZDV� GLVFRYHUHG� E\� WKH� /,1($5�
SURMHFW� RQ� -DQXDU\� ���� ����� DW� DERXW� ���� ��� � �� 7KH�
GLVFRYHU\� ZDV� SXEOLVKHG� RQ� -DQXDU\� ���� ZLWK� WKH� RUELWDO�
HOHPHQWV� FDOFXODWHG� IURP� ��� REVHUYDWLRQV� RYHU� DQ� DUF� RI�
VOLJKWO\�PRUH�WKDQ�RQH�GD\�>�@��7KH�HSKHPHULV�VKRZHG�WKDW�
D� FORVH� DSSURDFK� WR� �����$8�ZRXOG� RFFXU� RQ� )HEUXDU\� ���
1HYHUWKHOHVV�� QR� DGGLWLRQDO� REVHUYDWLRQV� ZHUH� UHSRUWHG�
XQWLO� )HEUXDU\� ��� ZKHQ� WKH� VN\� SODQH� XQFHUWDLQW\� KDG�
already grown to ±3° (3σ��� :H� ZHUH� DEOH� WR� UHFRYHU�
�����%* ���  on February 1.9 UT about 35’  from the 
HSKHPHULV�SRVLWLRQ��6XEVHTXHQWO\�� WKH� LPSURYHG�HSKHPHULV�
SURPSWHG� D� ODUJH� QXPEHU� RI� DGGLWLRQDO� REVHUYDWLRQV� E\�
PDQ\� DPDWHXU� DQG� SURIHVVLRQDO� DVWURQRPHUV�� DQG� ILQDOO\�
HYHQ�5DGDU�REVHUYDWLRQV�DW�$UHFLER�RQ�)HEUXDU\����
�
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IWS���FID�IWS�KDUYDUG�HGX�SXE�03&25%�
�
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6SDFH�6FLHQFH������1R��������������������
�
���6SDKU��7���0LQRU�3ODQHW�(OHFWURQLF�&LUFXODU��
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�
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�



$SSHQGL[�
�

$UF�([WHQVLRQV�RI�1(2V�
'HVLJQDWLRQ� 7\SH� 0DJQLWXGH�DW�

2EVHUYDWLRQ�
2EVHUYHG�DUF��
EHIRUH�2EV��

�'D\V��
2EVHUYHG�DUF��
DIWHU�2EV��
�'D\V��

([WHQVLQ�RI�DUF�
�3HUFHQW��

�����59 ��� � 3+$� ����� ��� ��� ����
�����6% ��� $PRU� ����� ��� ��� ����
�����6) � � $PRU� ����� �� ��� ����
�����6* � � $SROOR� ����� ��� ��� ����
�����6- � � $PRU� ����� ��� ��� ����
�����62 � � � $SROOR� ����� �� ��� ����
�����65 ��� � $PRU� ����� �� ��� �����
�����65 ��� � $PRU� ����� ��� ��� ����
�����7. � � $SROOR� ����� �� ��� ����
�����:4 �  � $SROOR� ����� ��� ��� ����
�����:/ � � � $PRU� ����� ��� ���� ����
�����:0 � ��� � $PRU� ����� �� ��� ����
�����:2 � � � � 3+$� ����� �� ��� ����
�����:2 � � � � 3+$� ����� ��� ��� ����
�����<0 �� � $PRU� ����� ��� ��� ����
�����<1 �� � 3+$� ����� �� ��� ����
�����$2 � � $PRU� ����� ��� ��� ���
�����$2 � � $PRU� ����� ��� ���� ���
�����$8 ��� � $SROOR� ����� �� ��� ����
�����') ��� � 3+$� ����� ��� ��� ����
�����(% � � � $PRU� ����� �� ��� ����
�����)) � � $PRU� ����� ��� ���� ���
�����)2 � � � 3+$� ����� �� �� ���
�����)5 ��� � $WHQ� ����� �� �� ����
�����)5 � ��� � $SROOR� ����� �� ��� �����
�����+%� 3+$� ����� �� �� ����
�����+: � � $PRU� ����� ��� ��� ����
�����+= � � 3+$� ����� �� ��� ����
�����+= � � 3+$� ����� ��� ��� ���
�����-9 � � $SROOR� ����� ��� ��� ����
�����1= � � $PRU� ����� ��� ��� ����
�����2( � � $PRU� ����� ��� ��� ���
�����3.  � $PRU� ����� �� ��� ���
�����30  � 3+$� ����� �� ��� ���
�����4% ��� � $PRU� ����� ��� ��� ���
�����5( � � $PRU� ����� ��� ��� ���
�����5= ��� � $PRU� ����� ��� ��� ���
�����5< ��� � $WHQ� ����� ��� ��� ���
�����6$ � ��� � $PRU� ����� �� ��� ����
�����6$ � ��� � $PRU� ����� ��� ��� ���
�����6- ����� � $PRU� ����� �� ��� ���
�����6- ����� � $PRU� ����� ��� ��� ���
�����6- ��� � � $PRU� ����� �� �� ����
�����6; ���� � $PRU� ����� �� ��� ����
�����6( ����� � $PRU� ����� �� ��� ����
�����6* ����� � 3+$� ����� ��� ��� ����
�����61 ���� � 3+$� ����� ��� ��� ����
�����7< ��� � $PRU� ����� ��� ��� ���
�����73 � ��� � $PRU� ����� ��� ��� ����
�����83 � � � $PRU� ����� �� ��� ����
�����89 � � � $PRU� ����� ��� ��� ���
�����8: � � � $PRU� ����� �� ��� ����
�����8* � � � $PRU� ����� �� �� ����
�����:5 � � $PRU� ����� �� ��� ����
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�����;3� $SROOR� ����� �� �� ����
�&RQWLQXHG�IURP�SUHYLRXV�SDJH��

�
�����;< � � � $WHQ� ����� ��� ��� ���
�����;2 ��� � $SROOR� ����� �� ��� ����
�����$2 � � $PRU� ����� ��� ��� ����
�����$& �  � 3+$� ����� �� ��� ����
�����%* ��� � 3+$� ����� �� �� ����
�����&(� 3+$� ����� �� ��� ����
�����&3 � � $PRU� ����� �� ��� ����
�����&8 � � � $SROOR� ����� ��� ��� ����
�����&; ��� � 3+$� ����� �� ��� ����
�����&9 � � � $PRU� ����� �� �� ����
�����'2 � � 3+$� ����� �� ��� ����
�����(1 � � $SROOR� ����� �� �� ����
�����(1 � � $SROOR� ����� �� ��� ����
�����(= ��� � 3+$� ����� �� ��� ���
�����)% � � 3+$� ����� �� ��� ����
�����)4 � � $PRU� ����� �� ��� ����
�����)4 � � 3+$� ����� �� ��� ����
�����)8 � � 3+$� ����� �� �� ����
�����+( � � $PRU� ����� ��� ��� ���
�����-&� $WHQ� ����� �� �� ����
�����-'  � $SROOR� ����� �� �� ����
�����-(  � 3+$� ����� �� �� ����
�
7DEOH����$�VHOHFWLRQ�RI�DUF�H[WHQGLQJ�REVHUYDWLRQV�SHUIRUPHG�DW�����/LQ]��%HVLGHV�VRPH�LQIRUPDWLRQ�RQ�WKH�
REMHFWV�REVHUYHG��WKH�WDEOH�OLVWV�WKH�DUF�FRYHUHG�E\�WKH�REVHUYDWLRQV�SXEOLVKHG�EHIRUH�RXU�REVHUYDWLRQV�ZHUH�
PDGH��WKH�H[WHQGHG�DUF�DIWHU�RXU�REVHUYDWLRQV��DQG�WKH�H[WHQVLRQ�RI��WKH�DUF�LQ�SHUFHQW��
�

)DVW�PRYLQJ�1(2V�
'HVLJQDWLRQ� 7\SH� 0DJQLWXGH�DW�

2EVHUYDWLRQ�
$SSDUHQW�0RWLRQ�
DW�2EVHUYDWLRQ�

(“/min)�
'LVWDQFH�

IURP�(DUWK�
��$8��

�����-) � � 3+$� ����� ��� ������
�����3+ � � $WHQ� ����� ��� ������
�����60 � � � $SROOR� ����� ���� ������
�����8. ��� � $WHQ� ����� ��� ������
�����(& � � � $SROOR� ����� ��� ������
�����)2 � � � 3+$� ����� ��� �����
�����)5 ��� � $WHQ� ����� ��� ������
�����*4 � � 3+$� ����� ��� ������
�����.% � � � 3+$� ����� ��� ������
�����27� $WHQ� ����� ��� ������
�����83� $WHQ� ����� ��� ������
�����8& � � $PRU� ����� ��� ������
�����8) � � $SROOR� ����� ��� ������
�����88 � � � $PRU� ����� ��� ������
�����9%� 3+$� ����� ��� �����
�����%* ��� � 3+$� ����� ��� ������
�
7DEOH����$�VHOHFWLRQ�RI�IDVW�PRYLQJ�1(26�REVHUYHG�DW�����/LQ]��%HVLGHV�VRPH�LQIRUPDWLRQ�RQ�WKH�REMHFWV�
REVHUYHG��WKH�WDEOH�OLVWV�WKH�DSSDUHQW�PRWLRQ�DQG�WKH�GLVWDQFH�RI�WKH�REMHFW�DW�WKH�WLPH�RI�WKH�REVHUYDWLRQ��
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�
5HFRYHULHV�RI�1(2V�

'HVLJQDWLRQ� 7\SH� 0DJQLWXGH�DW�
2EVHUYDWLRQ�

�����/:� $PRU� �����
�����68 � � � $SROOR� �����
�����8/ � � $PRU� �����
�����&7 � � $PRU� �����
�����7/ � � � $SROOR� �����
�����<$� $SROOR� �����
�����*; � � � � $SROOR� �����
�����-+ � � $SROOR� �����
�
7DEOH����6XFFHVVIXO�UHFRYHULHV�RI�1(2V�SHUIRUPHG�DW�����/LQ]��
�
�
�
�
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-RKDQQ�3DOLVD��WKH�PRVW�VXFFHVVIXO�YLVXDO�GLVFRYHUHU�RI�DVWHURLGV�
�

+HUEHUW�5DDE � 	 

�� �$VWURQRPLFDO�6RFLHW\�RI�/LQ]��6WHUQZDUWHZHJ����$������/LQ]��$XVWULD�


 Herbert Raab, Schönbergstr. 23/21, A������/LQ]��$XVWULD��KHUEHUW�UDDE#XWDQHW�DW�
�
�
3DUW�RI�WKH�3URJUDPPH�RI�0$&(������ZDV�D�WULS�WR�WKH�UHPQDQWV�RI�WKH�ROG�3ROD�REVHUYDWRU\��$PRQJ�PLQRU�
SODQHW�REVHUYHUV��WKLV�REVHUYDWRU\�LV�PRVWO\�NQRZQ�IRU�WKH�ZRUN�RI�-RKDQQ�3DOLVD��7KLV�SDSHU�SURYLGHV�D�VKRUW�
ELRJUDSK\�RI�-RKDQQ�3DOLVD��DV�ZHOO�DV�VRPH�LQIRUPDWLRQ�DERXW�KLV�GLVFRYHULHV��
3DOLVD�ZDV�GLUHFWRU�RI�WKH�3ROD�REVHUYDWRU\�IURP������XQWLO�������+H�GLVFRYHUHG����PLQRU�SODQHWV�DQG�RQH�
FRPHW� GXULQJ� WKDW� WLPH�� ,Q� ������ KH� WRRN� D� SRVLWLRQ� DW� WKH� QHZ� 9LHQQD� REVHUYDWRU\�� +HUH�� KH� GLVFRYHUHG�
IXUWKHU�����PLQRU�SODQHWV��DOO�E\�YLVXDO�REVHUYDWLRQV��+LV�PRVW� IDPRXV�GLVFRYHU\� LV�SUREDEO\�WKH�$PRU�W\SH�
DVWHURLG�������$OEHUW��7RGD\��3DOLVD�UHPDLQV�WKH�PRVW�VXFFHVVIXO�YLVXDO�GLVFRYHUHU�RI�DVWHURLGV��
�
�
$�VKRUW�ELRJUDSK\�RI�-RKDQQ�3DOLVD�
�
-RKDQQ�3DOLVD�ZDV�ERUQ�RQ�'HFHPEHU���������LQ�7URSSDX��6LOHVLD��QRZ�&]HFK�5HSXEOLF��
>���@��)URP������WR������KH�VWXGLHG�PDWKHPDWLFV�DQG�DVWURQRP\�DW�WKH�8QLYHUVLW\�RI�
9LHQQD��EXW�GLG�QRW�JUDGXDWH�XQWLO�������$OUHDG\�LQ�������KH�EHFDPH�DVVLVWDQW�DW�WKH�
8QLYHUVLW\�REVHUYDWRU\�LQ�9LHQQD��DQG�LQ�WKH�IROORZLQJ�\HDU��KH�WRRN�D�SRVLWLRQ�DW�WKH�
REVHUYDWRU\�LQ�*HQHYD��
�
2QO\����\HDUV�ROG��3DOLVD�EHFDPH�GLUHFWRU�RI�WKH�$XVWULDQ�1DYDO�2EVHUYDWRU\�LQ�3ROD�LQ�
������3ROD��QRZ�3XOD��ZDV�KDUERU�RI�WKH�$XVWULDQ�1DY\�IURP������XQWLO�WKH�HPSLUH�RI�
$XVWULD�+XQJDU\�FROODSVHG�DW�WKH�HQG�RI�:RUOG�:DU�,��

�

��
)LJXUH����7KH�3ROD�2EVHUYDWRU\�LQ�WKH���WK�FHQWXU\��

�
3DOLsa discovered his first asteroid, (136) Austria [3], at Pola on 1874 March 18, using a 6”  
UHIUDFWRU��+H�VXEVHTXHQWO\�GLVFRYHUHG�IXUWKHU����PLQRU�SODQHWV�DQG�RQH�FRPHW�DW�3ROD�ZLWK�
WKLV�VPDOO�LQVWUXPHQW��
�
:KHQ�WKH�QHZ�9LHQQD�REVHUYDWRU\�ZDV�LQDXJXUDWHG�LQ������E\�HPSHURU�)UDQ]�-RVHSK�,��KH�
was offered a position as “ Adjunkt” , comparable to a modern night assistant. Palisa gave up 
KLV�SRVLWLRQ�DV�GLUHFWRU�RI�WKH�1DYDO�2EVHUYDWRU\�DQG�DFFHSWHG�WKH�VXERUGLQDWH�HPSOR\PHQW��
RQO\�EHFDXVH�KH�ZDV�DEOH�WR�URXWLQHO\�Xse the large 27”  refractor in Vienna, at that time the 
ODUJHVW�WHOHVFRSH�LQ�WKH�ZRUOG��7R�KDQGOH�WKLV�WHOHVFRSH�RI������P�IRFDO�OHQJWK��DQG�WKH�
GRPH����P�LQ�GLDPHWHU��WZR�DVVLVWDQWV�ZHUH�XVXDOO\�SURYLGHG�WR�DLG�WKH�REVHUYHU��7KH�VWRU\�
JRHV�WKDW�3DOLVD�XVHG�WR�VHQG�KLV�DVVLVWDQWV�WR�EHG�DW�PLGQLJKW��EXW�FRQWLQXHG�WR�REVHUYH�
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XQWLO�WKH�EUHDN�RI�GDZQ��KDQGOLQJ�WKH�LQVWUXPHQW�DOO�DORQH��3DOLVD�GLVFRYHUHG�IXUWKHU����
asteroids at Vienna, all by visual observations, using the 27”  and the 12”  refractor.  In 
DGGLWLRQ��3DOLVD�GLVFRYHUHG�HLJKW�REMHFWV�WKDW�ZHUH�LQFOXGHG�E\�'UH\HU�LQ�WKH�1*&�
FDWDORJXH��DV�ZHOO�DV�IRXU�QHEXODH�OLVWHG�LQ�WKH�,&��>�@�
�

�
�

)LJXUH����3RUWUDLW�RI�-RKDQQ�3DOLVD��
�

,Q�������KH�MRLQHG�WKH�H[SHGLWLRQ�RI�WKH�)UHQFK�DFDGHP\�WR�REVHUYH�WKH�WRWDO�VRODU�HFOLSVH�
RQ�0D\���RI�WKDW�\HDU�>�@��'XULQJ�WKH�HFOLSVH��KH�VHDUFKHG�IRU�WKH�SURSRVHG�SODQHW�9XOFDQ��
ZKLFK�ZDV�VXSSRVHG�WR�FLUFOH�WKH�VXQ�ZLWKLQ�WKH�RUELW�RI�0HUFXU\��,Q�DGGLWLRQ�WR�REVHUYLQJ�
WKH�HFOLSVH��3DOLVD�FROOHFWHG�LQVHFWV�IRU�WKH�1DWXUDO�+LVWRU\�0XVHXP�LQ�9LHQQD��:KHQ�KH�
UHWXUQHG��KH�QDPHG�PLQRU�SODQHW�������&DUROLQD�DIWHU�WKH�DWROO�RI�WKH�/LQH�LVODQGV������PLOHV�
QRUWKZHVW�RI�7DKLWL��ZKHUH�WKLV�H[SHGLWLRQ�VHW�XS�WKH�LQVWUXPHQWV�WR�REVHUYH�WKH�HFOLSVH��
�
,Q�������3DOLVD�RIIHUHG�WR�VHOO�WKH�QDPLQJ�ULJKW�for minor planet (244) for L50 to raise funds 
IRU�KLV�H[SHGLWLRQ�WR�WKH�WRWDO�VRODU�HFOLSVH�RI�$XJXVW�����������$SSDUHQWO\��WKLV�ZDV�QRW�
VXFFHVVIXO��DV�3DOLVD�GLG�QRW�WUDYHO�WR�WKH�HFOLSVH��DQG�WKH�PLQRU�SODQHW�ZDV�ODWHU�QDPHG�DIWHU�
WKH�,QGLDQ�JRGGHVV�6LWD��

�
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��
)LJXUH����View of the 27”  Grubb Refractor at Vienna.�

,PDJH�FRXUWHV\�9LHQQD�8QLYHUVLW\�2EVHUYDWRU\��
�

$W�WKDW�WLPH��WKHUH�ZHUH�QR�VWDU�FKDUWV�DYDLODEOH�WR�VXSSRUW�KLV�VHDUFK�IRU�QHZ�PLQRU�SODQHWV��
VR�3DOLVD�XVHG�WR�GUDZ�WKH�PDSV�RQ�KLV�RZQ��$W�WKH�HQG�RI�WKH���WK�FHQWXU\��-RKDQQ�3DOLVD�
DQG�0D[�:ROI�LQ�+HLGHOEHUJ�MRLQHG�IRUFHV�DQG�ZRUNHG�RQ�WKH�3DOLVD�:ROI�6WHUQNDUWHQ��
7KLV�ZRUN��ZKLFK�LV�WKH�ILUVW�SKRWRJUDSKLF�VWDU�DWODV��ZDV�SXEOLVKHG�EHWZHHQ������DQG�������
7ZR�\HDUV�ODWHU��3DOLVD�SXEOLVKHG�KLV�6WHUQHQOH[LNRQ��D�VWDU�FDWDORJXH�FRYHULQJ�WKH�VN\�
EHWZHHQ�GHFOLQDWLRQV��1° and +19°. In 1908, Palisa became vice director of the Vienna 
REVHUYDWRU\��
�
+H�UHWLUHG�LQ�������ZLWK�WKH�ULJKW�WR�FRQWLQXH�KLV�REVHUYDWLRQV�DW�WKH�REVHUYDWRU\��)RU�KLV�
ZRUN��3DOLVD�ZDV�DZDUGHG�ZLWK�WKH�*UHDW�3ULFH�RI�WKH�3DULV�$FDGHP\��+H�ZDV�DOVR�
KRQRXUHG�E\�PLQRU�SODQHW�������3DOLVDQD��GLVFRYHUHG�DQG�QDPHG�E\�0D[�:ROI��DQG�E\�D�
OXQDU�FUDWHU���NP�LQ�GLDPHWHU��3DOLVD�GLHG�LQ�9LHQQD�RQ�0D\����������
:LWK�����PLQRU�SODQHWV��3DOLVD�LV�VWLOO�WKH�PRVW�VXFFHVVIXO�$XVWULDQ�GLVFRYHUHU�RI�DVWHURLGV��
DV�ZHOO�DV�WKH�PRVW�VXFFHVVIXO�YLVXDO�GLVFRYHUHU�LQ�WKH�KLVWRU\�RI�PLQRU�SODQHW�UHVHDUFK��

�
7KH�GLVFRYHULHV�RI�-RKDQQ�3DOLVD�

�
Palisa’ s discoveries remain targets of modern research: Minor planet (153) Hilda LV�WKH�
SURWRW\SH�RI�WKH�+LOGD�DVWHURLGV��RUELWLQJ�WKH�VXQ�LQ�����UHVRQDQFH�ZLWK�-XSLWHU��$VWHURLG�
������.OHRSDWUD�KLW�WKH�KHDGOLQHV�LQ�������ZKHQ�REVHUYDWLRQV�ZLWK�WKH�$UHFLER�3ODQHWDU\�
5DGDU�IRXQW�LW�WR�KDYH�DQ�XQXVXDO�GRJ�ERQH�VKDSH��,Q�������WKH�*DOLOHR�VSDFHFUDIW�IOHZ�E\�
������,GD��WKH�1($5�VSDFHFUDIW�SDVVHG�E\�������0DWKLOH�LQ�������DQG�DVWHURLG�������6LZD�
ZLOO�EH�IO\�by target of ESAs Rosetta mission in 2008. Palisa’ s most famous discovery is 
SUREDEO\�DVWHURLG�������$OEHUW��%HLQJ�RQO\�WKH�VHFRQG�1($�IRXQG��LW�ZDV�ORVW�RQO\�D�IHZ�
GD\V�DIWHU�LWV�GLVFRYHU\��7KH�$PRU�W\SH�DVWHURLG�ZDV�ILQDOO\�UHFRYHUHG�LQ������E\�WKH�
6SDFHZDWFK�SURMHFW��
�
�
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$SSHQGL[�
�
�
7DEOH�����OLVWV�DOO�VRODU�V\VWHP�REMHFWV�GLVFRYHUHG�E\�3DOLVD��LQ�WKH�RUGHU�RI�WKH�GDWH�RI�
GLVFRYHU\��
�

�
2EMHFW�
'HVLJQDWLRQ�

'DWH�RI�
'LVFRYHU\�

3ODFH�RI�
'LVFRYHU\��

������$XVWULD�� ����������� 3ROD��
������0HOLERHD� ����������� 3ROD��
������6LZD� ����������� 3ROD��
������3RODQD� ����������� 3ROD�
������$GULD�� ����������� 3ROD��

������$EXQGDQWLD� ����������� 3ROD��
������+LOGD�� ����������� 3ROD��
������6F\OOD� ����������� 3ROD��

������;DQWKLSSH�� ����������� 3ROD��
������%HOLVDQD� ����������� 3ROD��
������(OVD� ����������� 3ROD��
������,VWULD� ����������� 3ROD��

������'HMRSHMD� ����������� 3ROD��
������1DXVLNDD� ����������� 3ROD��
������(XU\NOHLD�� ����������� 3ROD��
������$UHWH�� ����������� 3ROD��

������3HQHORSH� ����������� 3ROD��
&������4���3DOLVD�� ����������� 3ROD��
������.DOOLVWR� ����������� 3ROD��
������0DUWKD� ����������� 3ROD��
������+HGGD�� ����������� 3ROD��

������/DFULPRVD�� ����������� 3ROD��
������,VDEHOOD� ����������� 3ROD��
������,VROGD� ����������� 3ROD��
������0HGHD�� ����������� 3ROD��
������$VFKHUD�� ����������� 3ROD��
������.OHRSDWUD�� ����������� 3ROD��
������%LDQFD� ����������� 3ROD��

������7KXVQHOGD�� ����������� 3ROD��
������6WHSKDQLD�� ����������� 9LHQQD��

������(RV�� ����������� 9LHQQD��
������/XFLD�� ����������� 9LHQQD��
������5RVD� ����������� 9LHQQD��
������2FHDQD� ����������� 9LHQQD��
������+HQULHWWD�� ����������� 9LHQQD��
������:HULQJLD� ����������� 9LHQQD��
������$JDWKH� ����������� 9LHQQD��
������$GHOLQGD� ����������� 9LHQQD��
������9LQGRERQD�� ����������� 9LHQQD��
������5XVVLD� ����������� 9LHQQD��
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������&DUROLQD� ����������� 9LHQQD��
������+RQRULD�� ����������� 9LHQQD��
������&RHOHVWLQD� ����������� 9LHQQD��
������$GUDVWHD� ����������� 9LHQQD�
������.ULHPKLOG�� ����������� 9LHQQD��

������,GD�� ����������� 9LHQQD��
������6LWD� ����������� 9LHQQD��

������/DPHLD� ����������� 9LHQQD��
������%HWWLQD�� ����������� 9LHQQD��
������6RSKLD� ����������� 9LHQQD��
������0DWKLOGH� ����������� 9LHQQD��
������$XJXVWD�� ����������� 9LHQQD��
������2SSDYLD�� ����������� 9LHQQD��
������:DOSXUJD� ����������� 9LHQQD��
������6LOHVLD�� ����������� 9LHQQD��
������+XEHUWD�� ����������� 9LHQQD��
������9DOGD�� ����������� 9LHQQD��
������'UHVGD� ����������� 9LHQQD��
������$QQD� ����������� 9LHQQD��
������$OLQH�� ����������� 9LHQQD��
������-XVWLWLD� ����������� 9LHQQD��
������$WURSRV�� ����������� 9LHQQD��
������3KLODJRULD� ����������� 9LHQQD��
������6DSLHQWLD�� ����������� 9LHQQD��
������$GHOKHLG� ����������� 9LHQQD��
������3DXOLQD�� ����������� 9LHQQD��
������7KXOH�� ����������� 9LHQQD��
������3KLOLD� ����������� 9LHQQD��
������/XFUHWLD� ����������� 9LHQQD��
������,FOHD�� ����������� 9LHQQD��
������%UXQD�� ����������� 9LHQQD��
������$OLFH�� ����������� 9LHQQD��

������/XGRYLFD� ����������� 9LHQQD��
������7KHUHVLD� ����������� 9LHQQD��
������7KRUD�� ����������� 9LHQQD��
������%DYDULD�� ����������� 9LHQQD��
������2OJD� ����������� 9LHQQD��

������)UDWHUQLWDV�� ����������� 9LHQQD��
������&KDOGDHD� ����������� 9LHQQD��
������&RQVWDQWLD� ����������� 9LHQQD��
������.DWKDULQD�� ����������� 9LHQQD��
������)ORUHQWLQD� ����������� 9LHQQD��
������%DPEHUJD� ����������� 9LHQQD��
������7DPDUD� ����������� 9LHQQD��
������0LVD� ����������� 9LHQQD��

������.ORWLOGH� ����������� 9LHQQD��
������-XELODWUL[� ����������� 9LHQQD��
������&DUQHJLD� ����������� 9LHQQD��
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��������'HIR\� ����������� 9LHQQD�
������7LQHWWH�� ����������� 9LHQQD��
������0HODQLH�� ����������� 9LHQQD��
������=LWD� ����������� 9LHQQD��
������1RHPL�� ����������� 9LHQQD��
������*HUWUXG�� ����������� 9LHQQD��
������0DUPXOOD� ����������� 9LHQQD��
������%HUNHOH\� ����������� 9LHQQD��
������(ULGD�� ����������� 9LHQQD��
������$OEHUW� ����������� 9LHQQD��
������)ULHGD� ����������� 9LHQQD��

������+DPPRQLD� ����������� 9LHQQD��
������+DSDJ�� ����������� 9LHQQD��
������$PDQGD� ����������� 9LHQQD��
������/HRQLVLV� ����������� 9LHQQD��
������$WKDQDVLD�� ����������� 9LHQQD��
������%HQGD�� ����������� 9LHQQD��
������2VNDU�� ����������� 9LHQQD��

������0RQWHILRUH� ����������� 9LHQQD��
������1RUD� ����������� 9LHQQD��
������,UHQDHD�� ����������� 9LHQQD��
������)LQL� ����������� 9LHQQD��
������3LFND�� ����������� 9LHQQD��

������:ROILDQD� ����������� 9LHQQD��
������/LQGHPDQQLD� ����������� 9LHQQD��
������.RYDFLD�� ����������� 9LHQQD��
������6FRWW�� ����������� 9LHQQD��

������3URELWDV� ����������� 9LHQQD��
������1HDOOH\�� ����������� 9LHQQD��
������+RRYHULD� ����������� 9LHQQD��
������0XUUD\� ����������� 9LHQQD��
������6XEDPDUD� ����������� 9LHQQD��
������3HUVHYHUDQWL� ����������� 9LHQQD��
������+LODULWDV�� ����������� 9LHQQD��
�������*HOOLYDUD�� ����������� 9LHQQD��

�
7DEOH����7KLV�WDEOH�OLVWV�DOO�VRODU�V\VWHP�REMHFWV�GLVFRYHUHG�E\�-RKDQQ�3DOLVD��>���@�

�
�

5HIHUHQFHV�
�

���3ODQN��6���6HLQHU]HLW�6SH]LDO��-RKDQQ�3DOLVD�
KWWS���ZZZ�DVWUR�XQLYLH�DF�DW�aZXFKWHUO�.XIIQHU�������VHLQHU]HLWBVSH]LDO�KWPO�
�
���$OEUHFKW��5���0DLW]HQ��+��0���6FKQHOO��$���(DUO\�DVWHURLG�UHVHDUFK�LQ�$XVWULD��3ODQHWDU\�
DQG�6SDFH�6FLHQFH���������������������
�
���6FKQHOO��$���+aupt, H.: Kleine Planeten, deren Namen einen Österreichbezug aufweisen, 
Sitzungeberichte der Österr. Akademie der Wissenschaften, Abt. II, 204, 185������������
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�
���6WHLQLFNH��:���/LVW�RI�1*&�,&�REVHUYHUV�
KWWS���ZZZ�QJFLF�FRP�REVHUYHUV�SHUVRQV�KWP�
�
���3DOLVD, J.: Bericht über die während der totalen Sonnenfinsternis vom 6. Mai 1883 
HUKDOWHQHQ�%HREDFKWXQJHQ��6LW]XQJVEHULFKW�GHU�NDLVHUOLFKHQ�$NDGHPLH�GHU�:LVVHQVFKDIWHQ��
���$EW������������
�
���0LQRU�3ODQHW�&HQWHU��'LVFRYHU\�&LUFXPVWDQFHV�RI�1XPEHUHG�0LQRU�3ODQHW�
KWWS���FID�ZZZ�KDUYDUG�HGX�LDX�OLVWV�1XPEHUHG03V�KWPO�
�
���0H\HU��0���&DWDORJXH�RI�&RPHW�'LVFRYHULHV�
KWWS���ZZZ�FRPHWKXQWHU�GH�FRFG�����KWPO�

�
�
��
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2EVHUYDWLRQV�RI�&RPHWV��7RROV�DQG�3HUVSHFWLYHV�
�

Gyula Szabó�
8QLYHUVLW\�RI�6]HJHG��'HSW��RI�([SHULPHQWDO�3K\VLFV�
H6720 Szeged, Dóm tér 9, +XQJDU\��V]J\#PFVH�KX�

�
���,QWURGXFWLRQ�
�
7KH� ZHOO�HTXLSSHG� DVWURQRPHU�� KDYLQJ�PDGH� FRPHW� REVHUYDWLRQV� RI� H[FHOOHQW� TXDOLW\�� � ZLVK� WR� H[WUDFW� WKH�
PRVW�FKDUDFWHULVWLF�DQG�EHVW�PHDVXUDEOH�SDUDPHWHUV��7KH�DLP�LV�WR�KDYH�ORQJ�WHUP�REVHUYDWLRQV�RI�FRPSDUDEOH�
SDUDPHWHUV� WKDW� ZHOO� VKRZ� WKH� HYROXWLRQ� RI� FRPHWV�� WKH� FRPD� DQG� WDLO�� GXVW� DQG� JDV� SURGXFWLRQ� GXULQJ� WKH�
YLVLELOLW\�� $V� ZH� ZLVK� WR� FKDUDFWHUL]H� WKH� FRPHW� LWVHOI�� HDVLO\�PHDVXUDEOH� SDUDPHWHUV� DUH� UHTXLUHG� WKDW� DUH�
LQGHSHQGHQW� HLWKHU� RQ� WKH� HTXLSPHQWV� XVHG� RU� RQ� WKH� JHRPHWULFDO� FRQILJXUDWLRQ� RI� WKH� 6XQ�(DUWK�&RPHW�
V\VWHP�GXULQJ�WKH�REVHUYDWLRQV��
�
:H� UHYLHZ� VL]H� DQG�EULJKWQHVV� FKDUDFWHUL]DWLRQV� RI� WKH�FRPD�DQG� WDLO� E\� VXUIDFH�SKRWRPHWU\��ZKLOH� WKH� VR�
FDOOHG� $IUKR� TXDQWLW\� ZLOO� KHOS� XV� PHDVXUH� WKH� GXVW� SURGXFWLRQ� LQGHSHQGHQWO\� RQ� WKH� REVHUYDWLRQ�
FLUFXPVWDQFHV�� 7KH� ILOWHULQJ� DQG� FDOLEUDWLRQ� SUREOHPV� GR� QRW� VHHP� WR� VXSSO\� WKH� DPDWHXU� QDURZEDQG�
SKRWRPHWU\�� KRZHYHU�� ZH� VKRUWO\� UHYLHZ� WKLV� WHFKQLTXH� DV� ZHOO�� 6SHFLDOO\� SURFHVVHG� LPDJHV� HPSKDVLVH�
VHYHUDO�ORFDO�GHWDLOV�LQ�WKH�FRPD��DQG�DV�WKH\�UHVXOW�UHSUHVHQWDWLYH�LPDJHV��WKLV�WRRO�FDQ�EH�YHU\�SURPLVLQJ�LQ�
IXWXUH�DPDWHXU�DVWURQRP\��WRR��)LQDOO\��ZH�VKRZ�WKH�QHFHVVLW\�RI�DQ�DUFKLYDWLRQ�V\VWHP�WKDW�ZLOO�PDLQWDLQ�WKH�
LPDJHV�� FDOLEUDWLRQV� DQG� UHGXFWLRQV� VR� WKDW� WKH� YDOXDEOH� REVHUYDWLRQV� ZLOO� QRW� WR� EH� ORVW� IRU� WKH� GHWDLOHG�
H[DPLQDWLRQV��
�
�
���6L]HV��EULJKWQHVVHV�DQG�SURILOHV�
�
%RWK� WKH� FRPD� DQG� WKH� WDLO� RI� D� FRPHW� GLPLQLVKHV� WR� WKH� HGJHV�� WKDW� LV� ZK\� WKH� VL]H� DQG� EULJKWQHVV�
GHWHUPLQDWLRQV�DUH�DPELJXRXV��7KH�YLVXDO�REVHUYHU�VHH�EULJKWHU�DQG�ELJJHU�FRPHWV�ZLWK�VPDOOHU�WHOHVFRSHV��VR�
VHYHUDO� HPSLULFDO� UH�FDOLEUDWLRQV� DUH� UHTXLUHG� ZKLOH� PHUJLQJ� WKH� GDWD� RI� GLIIHUHQW� REVHUYHUV�� 7KLV� LV� ZKLOH�
YLVXDO� REVHUYHUV� GHWHFW� WKH� FRPD� DQG� WKH� WDLO� H[WHQGLQJ� D� SRLQW�ZKHUH� WKH� FKDUDFWHULVWLF� VXUIDFH� EULJKWQHVV�
GLPLQLVKHV�XQGHU�WKHLU�OLPLW�VXUIDFH�EULJKWQHVV�PDJQLWXGH��6XUIDFHV�IDLQWHU� WKDQ�WKLV�FDQQRW�EH�GLVWLQJXLVKHG�
IURP�WKH�VN\�EDFNJURXQG��7KLV�OLPLW�PDJQLWXGH��FHUWDLQO\��KLJKO\�GHSHQGV�RQ�WKH�REVHUYDWLRQ�FLUFXPVWDQFHV��
WKH�VN\�DQG�WKH�WHOHVFRSH��VR�GLIIHUHQW�REVHUYHUV�VHH�TXLWH�GLIIHUHQW�SDUWV�RI�WKH�VDPH�REMHFW��
�
:LWK�KHOS�RI�GLJLWDO�LPDJH�SURFHVVLQJ��XQDPELJXRXV�FKDUDFWHUL]DWLRQ�RI�WKH�FRPD�VL]H�LV�VWUDLJKWIRUZDUG��RQH�
VHOHFWV�D�VXUIDFH�EULJKWQHVV�WKDW�LV�ZHOO�PHDVXUDEOH�RQ�WKH�LPDJH�EXW�LV�IDLQW�HQRXJK�WR�VKRZ�WKH�IDLQW�KDOR�RI�
WKH�FRPD��$V� WKH�FXVWRP���������DQG����PDJQLWXGHV�SHU�VTXDUH�DUFVHFRQGV�DUH�XVHG��ZLWK�RWKHU�YDOXHV�DOVR�
DFFHSWDEOH��7KH�REVHUYHG�SDUDPHWHU�LV�WKH�H[WHQVLRQ�RI�WKH�FRPHW�VXUIDFH�ZKHUH�WKH�VXUIDFH�EULJKWQHVV�LV�RYHU�
WKH�VHOHFWHG�OLPLW��WKLV�LV�IXUWKHU�UHIHUUHG�DV��IRU�H[DPSOH�����PDJQLWXGH�VL]H��,Q�SUDFWLFH��WKH�EULJKWQHVV�RI�WKH�
FRPHW� LV� PHDVXUHG� E\� LQFUHDVLQJ� VHULD� RI� FLUFXODU� DSHUWXUHV�� VR� WKH� IOX[HV� RI� WKH� LQGLYLGXDO� VKHOOV� FDQ� EH�
PHDVXUHG��7KH�IOX[�RI�WKH�TXLWH�H[WHQGHG�VXUIDFHV�DUH�GLYLGHG�E\�WKHLU�VL]H��UHVXOWLQJ�WKH�IOX[�RI�WKH�XQLW�DUHD�
�VTXDUH�DUFVHFRQG���7KH�DYHUDJH�VXUIDFH�EULJKWQHVV�LV�FDOFXODWHG�ZLWK�KHOS�RI�WKH�FRPSDULVRQ�VWDU��
�
:H� KDYH� WR� QRWH� WKDW� VXUIDFH� EULJKWQHVV�� UHIHUULQJ� WR� D� UHDOO\� H[WHQGHG� VXUIDFH�� LV� LQ� SUDFWLFH�PHDVXUHG� LQ�
FRQVLGHUDEO\�ODUJH�DSHUWXUHV��VR�WKH�TXDQWLW\�FDQ�EH�PXFK�EHWWHU�PHDVXUHG�DV�VWDUV��)RU�H[DPSOH��LI�ZH�KDYH�
DQG� LPDJH�ZKHUH� VWDUV� RI� ���PDJQLWXGHV�DUH�PHDVXUDEOH�ZLWK� OHVV� WKDQ� VRPH� WHQWK� RI�PDJQLWXGH�HUURU��ZH�
PD\�KRSH�WKDW�HYHQ�WKH����PDJQLWXGH�VL]H�LV�WR�EH�PHDVXUHG�TXLWH�ZHOO��+RZHYHU��WKH�VN\�VXUIDFH�EULJKWQHVV�
LV�UDUHO\�IDLQWHU�WKHQ����PDJQLWXGHV�LQ�WKH�RSWLFDO��VR�ZH�RIWHQ�KDYH�WR�PHDVXUH���RU���PDJQLWXGHV�EHORZ�WKH�
VN\�EDFNJURXQG��7KDW�LV�ZK\�ZH�HPSKDVLVH�WKDW�WKHVH�PHDVXUHPHQWV�UHTXLUH�TXLWH�SUHFLVH�FDOLEUDWLRQV��
�
)RU�D�PRUH�GHWDLOHG�DQDO\VLV��RQH�FDQ�H[WUDFW�FURVV�VHFWLRQV�IURP�WKH�LPDJHV��)RU�WKLV��D�SURPLVLQJ�WRRO�LV�WR�
XVH�D�FRGH�IRU�VSHFWUDO�UHGXFWLRQ��7KH�ZLQGRZ�LV�WUDFHG�DORQJ�WKH�FRPHW��H�J��RQ�WKH�UDGLDO�OLQH�WKDW�GLUHFWV�WR�
WKH�6XQ��)OX[�QHHGV�FRQYHUWLQJ�LQWR�PDJQLWXGHV�DV�GHVFULEHG�DERYH��2Q�WKLV�GLDJUDPV��RQH�FDQ�VHH�QRW�RQO\�
WKH�H[WHQVLRQ�RI�WKH�FRPHW��EXW�D�VHFWLRQ�RI�LWV�VXUIDFH�EULJKWQHVV�PDS��OHW�XV�VD\�LWV�EULJKWQHVV�SURILOH��ZKLFK�
FDQ�LQFOXGH�VRPH�XVHIXO�FKDUDFWHULVWLF�GHWDLOV��H�J��VRODU�MHWV�WKDW�FDQQRW�EH�UHFRJQL]HG�E\�WKH�GHWHUPLQHG�VL]H�
LWVHOI�� ,I� ZH�PHDVXUH� WKH� GXVW� DQG� JDV� FRPSRQHQWV� VHSDUDWHO\�� H�J�� ZLWK� QDURZEDQG� ILOWHUV� RU� DW� ODVW� XVLQJ�
-RKQVRQ�,�DQG�9��WKH�SURILOH�RI� WKH�WZR�FRPSRQHQWV�FDQ�EH�FRPSDUHG��'XVW�FRPSRQHQWV�ZLOO�RIWHQ�GHFUHDVH�
IDVWHU� WRZDUG� WKH� 6XQ�� WKH� HIIHFW� RI� WKH� UDGLDWLRQ� SUHVVXUH� DQG� WKH� VRODU� ZLQG� LV� UHVSRQVLEOH� IRU� WKLV�
SKHQRPHQRQ��
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�
7RWDO� EULJKWQHVV� RI� WKH�FRPD� LV�SURSHUO\�PHDVXUHG�ZLWKLQ� WKH� VSHFLILHG�FRPD� UDGLXV�� H�J�� WKH����PDJQLWXGH�
VL]H�� 7KRXJK� LW� LV� VLPSOH� WR� EH�PHDVXUHG�� WKLV� EULJKWQHVV� GHSHQGV� RQ� WKH� GLVWDQFHV� LQ� WKH�(DUWK�6XQ�FRPHW�
JHRPHWU\� �YLD� WKH�YLVLEOH�EULJKWQHVV�RI� WKH�6XQ�DW� WKH�SRVLWLRQ�RI� WKH�FRPHW��� VR�LW�GRHV�QRW�FKDUDFWHUL]H�WKH�
FRPHW�WKH�EHVW��
�
�
���&RPD�PRUSKRORJ\�
�
6XUIDFH� SKRWRPHWU\� RI� LPDJHV� FDQ� DGGUHVV� FRPD�PRUSKRORJ\� �VXFK� DV� UDGLDO� FRPD� SURILOHV� DQG� QRQ�UDGLDO�
IHDWXUHV�� DOVR� FDOOHG� DV� FRPD� SURILOHV� DQG� D]LPXWKDOO\� UHQRUPDOL]HG� LPDJHV�� VHH� � H�J�� /HGHUHU� HW� DO� ������
/DUVRQ�	�6ODXJhter 1991), and also may yield estimated nuclear radii (e.g. Luu & Jewitt 1992, Lamy & Tóth 
������/RZU\�HW�DO����������$Q�DSSURSULDWH�VHOHFWLRQ�RI��PHGLXP��DQG�QDUURZ�EDQG�ILOWHUV�FHQWHUHG�RQ�GLIIHUHQW�
ZDYHOHQJWKV�FDQ�VHSDUDWH�WKH�GXVW�FRQWLQXXP�IURP�HPLVVLRQ�E\�JDV��'LIIHUHQFHV�LQ�JDV�DQG�GXVW�FRPSRQHQWV�
UHYHDO� WKH� HIIHFW� RI� UDGLDWLRQ� SUHVVXUH� RQ� GLIIHUHQW� W\SHV� RI� SDUWLFOHV� �D� JRRG� H[DPSOH� RI� FRPELQHG�
TXDQWLWDWLYH�FRPD�DQDO\VLV�FDQ�EH�IRXQG��H�J��LQ�6FKXO]�HW�DO���������
�
7KH�FRPD�LV�EXLOW�XS�E\�WKH�JDV�MXVW�EORZLQJ�RXW�RI�WKH�QXFOHXV��+DYLQJ�FRQVLGHUHG�WKH�LGHDO�FRPD��QDPHO\�D�
VSKHULFDOO\�V\PPHWULF�DQG�KRPRJHQHRXV�IORZ�ZLWK�VHHLQJ�HIIHFWV�QHJOLJDWHG��VLPSO\�SURYHV�WKDW�WKH�VORSH�RI�
WKH� ORJDULWKPLF�FRPD�SURILO� �G� >ORJ� VXUIDFH�EULJKWQHVV�RQ�5� UDGLXV@� ��G� >ORJ�5@��RU�G� ORJ�%�5�� ��G� ORJ�5�� LV�
H[DFWO\�����2U��LI�\RX�H[SUHVV�WKH�SURILO�DV�WKH�GLIIHUHQFLDWH�RI�VXUIDFH�EULJKWQHVV�LQ�PDJQLWXGHV�WR�WKH�QDWXUDO�
ORJDULWKP�RI�WKH�VDPSOLQJ�UDGLXV��WKH�VORSH�LV��������
�
,Q� SUDFWLFH�� FRPHWV� KDYH� QDUURZHU� SURILOHV� WKDQ� WKH� LGHDO� FDVH� RI� ���� XVXDOO\� EHWZHHQ� ��� DQG� ���� 7KDW� LV�
EHFDXVH� WKH� VRODU�ZLQG� DQG� UDGLDWLRQ� SUHVVXUH� SXVK� WKH�PDWWHU� WRZDUG� WKH� DQWLVRODU� GLUHFWLRQ� DQG�PDNH� WKH�
FRPD�PRUH�FRPSDFW��
�
$V�LW�KDV�EHHQ�VHHQ��WKRXJK�VXUIDFH�EULJKWQHVV�FDQ�EH�VLPSO\�PHDVXUHG�LQ�WKH�FRPD��WKLV�YDOXH�GHSHQGV�RQ�WKH�
UDGLXV�WKDW�ZH�XVHG�IRU�WKH�GHWHUPLQDWLRQ��)LQDOO\��ZH�DUH�WR�ILQG�D�QHZ�SDUDPHWHU��WKH�$IUKR��6HFWLRQ��������
ZKLFK�ZLOO�EH�VXLWDEOH�IRU� ODWHU�H[DPLQDWLRQV��7KH�FRPD�SURILOH�DQG�WKH�ORJDULWKPLF�SURILOH�RI� WKH�$IUKR�DUH�
VLPSO\�FRQQHFWHG�� DV� WKH�$IUKR�SURILOH� LV�H[DFWO\��� IRU� WKH� LGHDO�FRPD��DQG� WKHLU�GLIIHUHQFH� LV�H[DFWO\��� IRU�
HYHU\�NLQG�RI�FRPDH��
�
,I� RQH� KDV� GHWHUPLQHG� WKH� FRPD� SURILOH�� WKH� PRGHOHG� FRPD� FDQ� EH� EXLOW� XS�� +RQHVWO\�� WKDW� ZLOO� JR� RQ� DQ�
LQYHUVH� SUREOHP�DV� WKH�REVHUYHG�FRPD� LV� VRPHZKDW�PRUH�GLIIXVH� DV� WKH� UHDO�RQH�EHFDXVH�RI� WKH� VPRRWKLQJ�
HIIHFW� RI� VHHLQJ� DQG� WKH� PRWLRQ� RI� WKH� FRPHW� GXULQJ� WKH� H[SRVXUH�� 6R� RQH� KDV� WR� FDOFXODWH� F\OLQGULFDOO\�
V\PPHWULF� FRPDH� DQG� DV� WKH�VHFRQG�VWHS��EOXU�DQG� WUDFH� WKHP�E\� WKH�VHHLQJ��GHGXFHG� IURP�VWHOODU�SURILOHV��
DQG�WKH�PRWLRQ��FDOFXODWHG�IURP�WKH�DSSDUHQW�YHORFLW\�DQG�WKH�H[SRVXUH�WLPH���:KHQ�WKH�UHVXOWHG�SURILOH�ILWV�
WKH�REVHUYHG�RXWHU�FRPD��WKH�PRGHO�FRPD�LV�DFFHSWHG��
�
7KLV� FRPD� XVXDOO\� GRHV� QRW� ILW� WKH� LQQHU� FRPD�� EXW� XQGHUHVWLPDWHV� WKH� IOX[�� 7KDW� LV� FDXVHG� E\� WKH� VROLG�
QXFOHXV� LWVHOI��6R�� WKH�FRPSDULVRQ�RI� WKH�FRPD�PRGHO� DQG� WKH�REVHUYDWLRQV�ZLOO� UHVXOW� WKH�PDJQLWXGH�RI� WKH�
QXFOHXV�DV� WKH�VXSHUIOXRXV� OLJKW� LQ�WKH�LQQHU�FRPD�� ,Q�SUDFWLFH�� WKH�GLUHFW�ZD\�LV�SUHIHUUHG�� WKH�PRGHO�FRPD�
FRQWDLQV�D�QXFOHXV�ZLWK�LWV�EULJKWQHVV�DV�D�IUHH�SDUDPHWHU��7KH�PRGHO�QXFOHXV�LV�VXJJHVWHG�WR�EH�D�EOXUUHG�DQG�
WUDFHG�SRLQW�VRXUFH�KDYLQJ� WKH�DSSURSULDWH�PDJQLWXGH��7KLV�ZD\�� WKH�IUHH�SDUDPHWHUV�RI� WKH�FRPD�PRGHO�DUH�
LWV�WRWDO�EULJKWQHVV��LWV�VORSH�DQG�WKH�EULJKWQHVV�FRQWULEXWLRQ�IURP�WKH�QXFOHXV��
�
�
�����7KH�$IUKR�
�
7KHUH� H[LVWV� DQ� REVHUYDEOH�ZKLFK� LV� LQGHSHQGHQW� RI� WKH� REVHUYDWLRQ� FLUFXPVWDQFHV�� QDPHO\� WKH�$IUKR�� ,W� LV�
GHILQHG�DV�WKH�UHODWLYH�OLQHDU�ILOOLQJ�IDFWRU�RI�GXVW�DORQJ�WKH�REVHUYDWLRQ�GLUHFWLRQ�ZLWK�UKR�FROOLVLRQ�SDUDPHWHU�
WR�WKH�QXFOHXV��6R��ZH�FDQ�ZULWH�
�
$IUKR>FP@� �)�FRPHW���'5� � �)�VXQ���UKR�
�
ZKHUH�'� DQG�5� VLJQV� JHRFHQWULF� DQG�KHOLRFHQWULF� UDGLXV� WR� WKH� FRPHW�� )�VXQ�� LV� WKH� �WHUUHVWULDOO\� REVHUYHG��
IOX[� RI� WKH� 6XQ� LQ� WKH� VHOHFWHG� ZDYHEDQG�� )�FRPHW�� LV� WKH� GHWHFWHG� IOX[� RI� WKH� FRPHW�� ZKLOH� UKR� LV� WKH�
FROOLVLRQDO� OHQJWK� RI� WKH� REVHUYDWLRQ� OLQH� �WKH� GLVWDQFH� EHWZHHQ� WKH� GLUHFWLRQ� RI� WKH� REVHUYDWLRQ� DQG� WKH�
QXFOHXV�LWVHOI���
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�
,Q�WKH�FDVH�RI� WKH�LGHDO�FRPD��WKH�$IUKR�GRHV�QRW�GHSHQG�RQ�WKH�UKR�UDGLXV��,Q�WKLV�FDVH�� WKH�REVHUYHU�FRXOG�
KDYH� XVHG� RQO\� RQH� $IUKR� SDUDPHWHU�� HYHQ�� ZLWKRXW� WKH� UHIHUULQJ� UKR� VSHFLILHG�� ,Q� SUDFWLFH�� $IUKR� GRHV�
VOLJKWO\� GHSHQG�RQ� UKR�� DV� LW� LV�PHQWLRQHG�DERYH�� WKH� ORJDULWKPLF� VORSH�RI�$IUKR� LV�H[DFWO\���PRUH� WKDQ� WKH�
RQH� RI� WKH� ORJDULWKPLF� FRPD�SURILOH��6R� WKH� FRPHW� LV�RSWLPDOO\�FKDUDFWHUL]HG�E\� WKH� VHW� RI� VRPH� UKR�$IUKR�
GDWD� SDLUV� FRYHULQJ� WKH�ZKROH� FRPD��7LPH�GHYHORSPHQW� RI�$IUKR�ZLOO� VKRZ� WKH�YDU\LQJ�PDWWHU�SURGXFWLRQ��
ZKLOH�WKH�VSDWLDO�GHULYDWHV�RI�$IUKR�UHIHU�WR�WKH�SK\VLFDO�VWDWH�RI�WKH�FRPHW��
�
�
���&RPSOH[�H[DPLQDWLRQV�
�
6HOHFWHG�H[DPSOHV�ZLOO�KHOS�XV�VKRZ�VRPH�GHWDLOHG�H[DPLQDWLRQV�RI�FRPHWV��7KH�VHULRXV�PD\�VHOHFW�VSOHQGLG�
RI� WRROV� WR� REVHUYH� WKH� FRPHW� HYROXWLRQ�� 7KH�PRVW� LPSRUWDQW� LV� WR� KDYH� KRPRJHQHRXV� DQG� FRQWLQRXV� WLPH�
FRYHUDJH�� VR� LW�ZRXOG� EH� DGYLVDEOH� WR� REVHUYH� OHVV� FRPHWV� LQ�PRUH�GHWDLOV� FRQWLQRXVO\� LQVWHDG�RI� FROOHFWLQJ�
IHZ�GDWD�RI�VHYHUDO�FRPHWV��
�
+HUHDIWHU�� ZH� SUHVHQW� VRPH� WRROV� FRPPRQO\� XVHG� LQ�� H�J��� JDOD[\�PRUSKRORJ\� �VHH� HJ��5DYLQGUDQDWK� HW� DO��
�����IRU�UHFHQW�GLVFXVVLRQ���3UHVHQWHG�GDWD�ZHUH�REWDLQHG�DW�&DODU�$OWR�2EVHUYDWRU\�������P�WHOHVFRSH��*XQQ�
ILOWHUV� DQG� VHOHFWHG� LQWHUIHUHQFH�FRPHW� ILOWHUV� VXFK�DV�&1��EOXH���&���&2���7HOHVFRSH�ZDV� WUDFNHG�RQWR� WKH�
FRPHW� LQVWHDG�RI�VLGHUHDO� WUDFNLQJ�VR� WKH�DSSDUHQW�PRWLRQ�RI� WKH�FRPHW�GRHV�QRW�DIIHFW� WKH� UHVXOWV��6R�DV� WR�
HOLPLQDWH�WKH�VWDUU\�EDFNJURXQG��LPDJHV�ZHUH�ILUVW�SURFHVVHG�ZLWK�WKH�VWHOODU�PRGHO�VXEWUDFWLRQ�WRRO�RI�,5$)�
�LQ�SUDFWLFH�ZH�PDGH�D�36)�SKRWRPHWU\��DQG�XVHG�WKH�UHVXOWDQW�LPDJHV�DV�VWDU�IUHH�RQHV���DQG�DV�WKH�VHFRQG�
VWHS�� WKH� DSSURSULDWH� LPDJHV�ZHUH�PHGLDQ�FRPELQHG��$IUKR�ZDV�PHDVXUHG� LQ�*XQQ� U��ZKHUH� IHZ� HPLVVLRQ�
OLQHV� DIIHFW� WKH� GXVW� FRQWLQXXP�� VR� WKH� GHWHFWHG� IOX[� LV� FRQVLGHUHG� WR� EH� SURSRUWLRQDO� WR� WKH� GXVW� GHQVLW\��
2EVHUDYWLRQ� RI� JDV� HYROXWLRQ� LQFOXGHG� WKH� FDOFXODWLRQ� RI� WKH� LQGLYLGXDO� JDV� SURGXFWLRQ� UDWHV� ZLWK� KHOS� RI�
VSHFWURSKRWRPHWU\��DQG��RQ�WKH�RWKHU�KDQG��FRPSDULVRQ�RI�WKH�JDV�DQG�GXVW�SURILOHV��2EVHUYDWLRQV�ZHUH�PDGH�
LQ�$XJXVW��������)RU�IXUWKHU�GHWDLOV�RQ�FLUFXPVWDQFHV��DQG�FDOLEDUWLRQV�RI interference filters see Szabó et al., 
������
�
7R� H[WUDFW� WKH� VXUIDFH� EULJKWQHVV� FKDQJH� DFURVV� WKH� QXFOHXV�� ZH� XVHG� WKH� DSH[WUDFW� WDVN� IURP� WKH�
7:2'63(&� SDFNDJH� LQ� ,5$)�� $� ��DUFVHFRQG�ZLGH� DSHUWXUH� ZDV� VKLIWHG� WKURXJK� WKH� FRPD� DFURVV� WKH�
QXFOHXV� LQ� WZR� VDPSOLQJ� GLUHFWLRQV�� 2QH� RI� WKHP�ZDV� WKH� VRODU�DQWLVRODU� OLQH� �KHUHDIWHU� UHIHUUHG� DV� UDGLDO�
VHFWLRQ���WKH�RWKHU�SHUSHQGLFXODU�WR�WKH�UDGLDO�GLUHFWLRQ��KHUHDIWHU�UHIHUUHG�DV�WDQJHQWLDO�VHFWLRQ���
�
$]LPXWKDOO\� UHQRUPDOL]HG� LPDJHV� DUH� VLPLODU� WR� WKH� UHVLGXDO� LPDJHV� GHILQHG�E\� WKH� GLIIHUHQFH� RI� WKH�FRPD�
LPDJH�DQG�DQ�DQDO\WLF� UDGLDO�SURILOH��+HUH�� LQVWHDG�RI�DQ�DQDO\WLF�ILW��ZH�VLPSO\�XVHG�WKH�UDGLDO�FRPD�LPDJH�
UHVXOWLQJ�IURP�DQ�D]LPXWKDOO\�DYHUDJHG�FRPD�LPDJH��7KH\�DUH�DOVR�VLPLODU� WR�WKH�6HNDQLQD�VHFWLRQV�DV�ZHOO��
%ULJKW� SRVLWLYH� DUHDV� LQ� WKH� UHVLGXDO� LPDJH� UHIHU� WR�PDWWHU� H[FHVV�ZKLOH�GDUN�QHJDWLYH�YDOXHV� VKRZ� WHQXRXV�
DUHDV��7KLV�PHWKRG�HPSKDVL]HV�WKH�SUHVHQWDWLRQ�RI�VSHFLDO�SKHQRPHQD��VXFK�DV�WKH�HOOLSWLFLW\�RI�WKH�FRPD��MHW�
RU� VSLQ� VWUXFWXUHV�� 7R� GHVFULEH� WKHVH� IHDWXUHV�� ZH� H[WUDFWHG� � VXUIDFH� EULJKWQHVV� SURILOHV� IURP� WKH� UHVLGXDO�
LPDJHV��MXVW�DV�ZH�GLG�IRU�WKH�RULJLQDO�LPDJHV���
�
)RU� SK\VLFDO� FRQFOXVLRQV�� WKH� VWUHQJWK� RI� VSDWLDO� YDULDWLRQV� PXVW� EH� FKDUDFWHUL]HG�� :H� FDOFXODWHG� � ORFDO�
LQWHQVLW\� UDWLRV� IRU� WKH�QHJDWLYH�DQG�SRVLWLYH�SHDNV�RI�D]LPXWKDOO\� UHQRUPDOL]HG� LPDJHV�� �7KH\�DUH�JLYHQ�E\�
WKH�SHDN�LQWHQVLWLHV�ZLWK�UHVSHFW�WR�WKH�QRUPDOLVHG�FRPD�LQWHQVLW\�DW�WKH�VDPH�SRVLWLRQ���
�
7KH�LPDJHV�DUH�URWDWHG�LQ�D�VXFK�ZD\�WKH�VRODU�GLUHFWLRQ�LV��WR�WKH�ULJKW��7KH�OHIW�VXESDQHOV�VKRZ�WKH�REVHUYHG�
LPDJHV�� ZKLOH� WKH� ULJKW� VXESDQHOV� DUH� D]LPXWKDOO\� UHQRUPDOL]HG� LPDJHV�� *UDSKV� VKRZ� UDGLDO� VHFWLRQV� RI�
VXUIDFH� EULJKWQHVV� SURILOHV� �PLGGOH�� LQ� VWDQGDUG� *XQQ� U� DQG� &��� � &�� LV� SORWWHG� ZLWK� UHVSHFW� WR� WKH� ]HUR�
PDJQLWXGH�RI�*XQQ�J��1RUPDOL]HG�LQWHQVLW\�RI�VSDWLDO�YDULDWLRQV�LV�VKRZQ�LQ�WKH�ERWWRP��/RFDO�LQWHQVLW\�UDWLR�
�OF��RI� VSDWLDO�YDULDWLRQV� LV� H[SUHVVHG� LQ�SHUFHQWV� DW�SRVLWLYH� DQG�QHJDWLYH�SHDNV��&URVVHV� UHIHU� WR� WKH� UDGLDO�
VHFWLRQ�ZKLOH�VROLG�OLQH�VKRZV�WKH�WDQJHQWLDO�VHFWLRQ��7KH�LPDJHV�DUH�����DUFVHF�WLPHV�����DUFVHF�IRU���3�DQG�
����DUFVHF�WLPHV�����DUFVHF�IRU���3�DQG�&������$����
�
6R� DV� MXVW� WR� LOOXVWUDWH� WKH� HIILFLHQF\� RI� WKHVH� WRROV��ZH� VXPPDUL]H� RXU� FRQFOXVLRQV� LQ� WKH� IROORZLQJV�� 7KH�
FLWHG� OLWHUDWXUH� �PDLQO\� ,$8�&LUFXODUV��KHOSHG�XV�RYHUYLHZ�WKH�HYROXWLRQ�RI�FRPHWV�DQG�SUHVHQW�RXU�GDWD�DV�
the result of the previous history. For quantitatively detailed discussion and comparisons, see Szabó et al. 
������
�
�������3�%RUUHOO\�
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�
7KLV� FRPHW�EHORQJV� WR� WKH� -XSLWHU� IDPLO\��ZLWK�DQ�RUELWDO�SHULRG�RI� DERXW���\HDUV�� ,W� LV� WKH�SURWRW\SH�RI� WKH�
%RUUHOO\�W\SH� FODVV� RI� FRPHWV� �GHILQHG� E\� )LQN� HW� DO�� ������� NQRZQ� IRU� LWV� ORZ� &�� SURGXFWLRQ�� 7KH� �����
SHULKHOLRQ�ZDV� VWXGLHG� E\�$
�+HDUQ� ��������ZKR�GHWHUPLQHG� VHYHUDO� SURGXFWLRQ� UDWHV��$�GHWDLOHG� VWUXFWXUDO�
DQDO\VLV�RI� LWV�FRPD�DQG�QXFOHXV� LV�SUHVHQWHG�E\�/DP\�HW�DO�� �������EDVHG�RQ�REVHUYDWLRQV�WDNHQ�GXULQJ�WKH�
VDPH�DSSDULWLRQ��7KH\�KDYH�GHWHUPLQHG�D�SURODWH�VSKHURLG�QXFOHXV�PRGHO�ZLWK����� WLPHV�����NP�VHPL�D[HV��
7KH�HVWLPDWHG�IUDFWLRQDO�DFWLYH�DUHD�LV������2XU�REVHUYDWLRQV�ZHUH�PDGH�DERXW�WZR�PRQWKV�EHIRUH�WKH�'HHS�
6SDFH���VSDFHFUDIW�HQFRXQWHUHG�WKLV�FRPHW�LQ�6HSWHPEHU���������
�
,PDJHV�DW� UHODWLYH�KLJK�DLUPDVVHV�DQG�XQGHU�SUH�WZLOLJKW�FRQGLWLRQV�ZHUH� WDNHQ�EHFDXVH�RI� WKH� �XQIDYRUDEOH�
HORQJDWLRQ��7KH�QLJKW�RI� WKH�EHVW� WUDQVSDUHQF\�FRQGLWLRQV�ZDV�VHOHFWHG�IRU�REVHUYDWLRQV��DOWKRXJK� WKH�VHHLQJ�
ZDV�ODUJHU�WKDQ���DUFVHF��
�
$OWKRXJK�WKH�VORSH�RI�WKH�SURILOH���������VXJJHVWV�DQ�LVRWURSLF�DQG�VWHDG\�VWDWH�FRPD��WKH�LQQHU�VWUXFWXUH�ZDV�
TXLWH�FRPSOH[��7KH�QXFOHXV�ZDV�IDU�IURP�WKH�FRPD�FHQWHU��VKLIWHG�WR�WKH�DQWLVRODU�GLUHFWLRQ��'XVW�FRPSRQHQWV�
IRUPHG�D�FRPSDFW�FORXG� LQ� WKH� LQQHU����DUFVHF�DURXQG� WKH�FRPD�DQG�IRUPHG�DQ�LPSUHVVLYH�WDLO�ZLWK�IRUNHG�
VWUXFWXUH��*DV� FRPSRQHQWV� IORZHG� WR� WKH� VRODU� GLUHFWLRQ��ZLWK� DOPRVW� QR� JDV� REVHUYHG� LQ� WKH� WDLO�� � 6XUIDFH�
SKRWRPHWU\�VKRZHG�WKDW�WKH�VXUIDFH�EULJKWQHVV�RI�WKH�LQQHU�FRPD�GHFUHDVHG�IDVWHU�LQ�WKH�DQWLVRODU�GLUHFWLRQ����
PDJQLWXGHV� LQ�����DUFV�RQ� WKH� U� LPDJHV�� DQG� VORZHU� WRZDUG� WKH�6XQ� ���PDJQLWXGHV�LQ����DUFVHF���7KH�RXWHU�
FRPD�EHFDPH�TXLWH�UHJXODU���LW�IDGHG�E\���PDJQLWXGHV�LQ����DUFVHF��WR�WKH�DQWLVRODU�GLUHFWLRQ�DQG����DUFVHF��WR�
WKH�VRODU�RQH��
�
$V�WKH�D]LPXWKDOO\�UHQRUPDOL]HG�LPDJH�VKRZV��WKH�EHKDYLRU�RI�WKH�LQQHU�FRPD�LV�GXH�WR�D�MHW�OLNH�RXWIORZ�WR�
WKH�DQWLVRODU�GLUHFWLRQ�FRQWDLQLQJ�����RI�WKH�WRWDO� IOX[��7KLV�IHDWXUH� LV�GHWHFWDEOH� WKURXJK����DUFVHF� �RQ�WKH�
UDGLDO�FURVV�VHFWLRQ��ZKLFK�LPSOLHV�D�SURSHU�OHQJWK�RI�������NP��RQ�WKH�DVVXPSWLRQ�WKDW�WKH�MHW�LV�WKLQ�DQG�OLHV�
RQ�WKH�VRODU�UDGLXV��$�FRPSDULVRQ�EHWZHHQ�WKH�*XQQ�U�DQG�&RPHW�&��SURILOHV�VXJJHVWV�WKDW�LW�FRQVLVWV�VROHO\�
RI�JDVHRXV�FRPSRQHQWV��7KH�WDLO�LV�TXLWH�ORQJ�DQG�FRXOG�EH�GHWHFWHG�HYHQ�EH\RQG�WKH�ERUGHU�RI�WKH�LPDJH��
�
�
��3�6FKZDVVPDQQ�:DFKPDQQ���
�
7KLV� XQXVXDO� FRPHW� LV� ZHOO�NQRZQ� IRU� LWV� XQSUHGLFWDEOH� RXWEXUVWV� �VHH� (Q]LDQ� HW� DO�� ����� DQG� UHIHUHQFHV�
WKHUHLQ���7KH�QXFOHXV�VHHPV�WR�EH�SHUKDSV�WKH�ODUJHVW�RQH�NQRZQ�LQ�WKH�6RODU�6\VWHP��ZKLOH�LWV�DOEHGR�LV�RIWHQ�
HVWLPDWHG� WR� EH� RYHU� ��?�� �� much higher than is measured for ‘c0’ sual'’ nuclei (Jewitt 1990). Jets of the 
FRPHW�LQ�RXWEXUVW�VXJJHVW�URWDWLRQDO�HIIHFWV��6HYHUDO�REVHUYHUV�KDYH�WULHG�WR�GHWHUPLQH�WKH�URWDWLRQ�SHULRG��WKH�
PRVW�UHFHQWO\�SXEOLVKHG�YDOXHV�DUH����DQG����KRXUV��0HHFK�HW�DO�����������
�
:H�REVHUYHG�WKH�FRPHW�GXULQJ�LWV������RXWEXUVW��ZKLFK�ZDV�ILUVW�GHWHFWHG�E\�1DNDPXUD�HW�DO��������RQ�0D\�
������������� �'XULQJ�RXU�REVHUYDWLRQV�DQG� UHGXFWLRQV�� WKH�PDLQ� GLIILFXOW\�ZDV� WKH�FURZGHG�VN\�ILHOG� LQ� WKH�
0LON\�:D\�� � 2XU� VWDU�VXEWUDFWLRQ� SURFHGXUH� UHPRYHG� DERXW� ����� VWDUV� EULJKWHU� WKDQ� DERXW� ���PDJQLWXGHV�
IURP�WKH����DUFPLQ�WLPHV����DUFPLQ�ILHOG��
�
7KUHH� PRQWKV� DIWHU� WKH� RXWEXUVW� WKH� FRPHW� ZDV� ������ PDJQLWXGHV� LQ� *XQQ� U�� WKDQNV� WR� LWV� SRVLWLRQ� DW�
RSSRVLWLRQ� DQG� KLJK� DFWLYLW\�� 'XH� WR� WKH� GLVWDQFH� WR� WKH� (DUWK�� LWV� FRPD� ZDV� TXLWH� FRPSDFW�� LWV� VXUIDFH�
EULJKWQHVV�GHFUHDVHG���PDJQLWXGHV�LQ����DUFVHF�DQG���PDJQLWXGHV�LQ���DUFVHF��7KH�ODWWHU�YDOXH�FRUUHVSRQGV�WR�
D�GLDPHWHU� RI��������NP��2Q� WKH� � D]LPXWKDOO\� UHQRUPDOL]HG� LPDJH�� WKH�ZHOO�NQRZQ� MHW� VKRZV�D�VSLUDO�OLNH�
PDWWHU�ULFK�DQG�PDWWHU�SRRU�SDUW��ZLWK�ORFDO�FRQWULEXWLRQV������DQG�������UHVSHFWLYHO\��7KH�VSLQQLQJ�VKDSH�
LV�DWWULEXWHG�WR�URWDWLRQ�RI�WKH�QXFOHXV���
�
$�ULQJ�OLNH�VWUXFWXUH��DOVR�YLVLEOH�ZLWK�KHOS�RI�VXUIDFH�SKRWRPHWU\��LV�QRW�LQFOXGHG�LQ�WKH�QRQ�UDGLDO�SDUW�DV�LW�
YDQLVKHV� E\� VXEWUDFWLQJ� WKH� D]LPXWKDO� DYHUDJH� IURP� WKH� FRPD� LPDJH�� 7KH� MHW� HQGV� DW� ��� DUFVHF��ZKLOH� WKLV�
IDLQW� ULQJ� LV� VXVSHFWHG� WR� EH� DW� �� DUFPLQ� � GLVWDQFH� IURP� WKH� QXFOHXV�� KDYLQJ� ���PDJ�VTXDUHDUFVHF� VXUIDFH�
EULJKWQHVV��:H� EHOLHYH� WKDW� WKH� ORZ� FRXQWV� LQ� &1�� &2�� DQG�&�� ILOWHUV� RULJLQDWH� IURP� WKH� FRQWLQXXP�� DQG�
FRQVLGHULQJ�WKH�HVWLPDWHG�HUURUV��RQO\�KLJKHU�OLPLWV�RI�WKH�HPLVVLRQ�UDWHV�FDQ�EH�UHSRUWHG��
�
&������$���/,1($5��
�
7KH�FRPHW�ZDV�LQ�WKH�YHU\�IRFXV�RI�WKH�VFLHQWLILF�LQWHUHVW�GXULQJ�WKH�VXPPHU�RI�������DV�RI�6HSWHPEHU��������
WKHUH� KDYH� EHHQ���� ,$8�&LUFXODUV� LVVXHG�GHVFULELQJ� WKH�HYROXWLRQ�RI� WKLV� LQWHUHVWLQJ�FRPHW�� �$W� WKH�HQG�RI�
0DUFK��WKH�FRPHW�EULJKWHQHG���PDJQLWXGHV�LQ���GD\V��0DWWLD]]R�HW�DO����������%\�WKH�HQG�RI�$SULO��D�GRXEOH�
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QXFOHXV� ZDV� GHWHFWHG� �+HUJHQURWKHU� HW� DO��� ������� )XUWKHU� IUDJPHQWDWLRQ� ZDV� UHSRUWHG� E\� 6FKXHW]� HW� DO��
�������� � DQG� D� &1� MHW� ZDV� UHSRUWHG� E\� :RRGQH\� HW� DO�� �������� $W� WKH� VHFRQG� KDOI� RI� -XO\�� WKH� FRPHW�
GLPLQLVKHG� �� PDJQLWXGHV� DQG� UDSLG� OLJKW� YDULDWLRQV� ZHUH� REVHUYHG�� WKHVH� DUH� H[SODLQHG� E\� .LGJHU� HW� DO��
�������DV�WKH�VHSDUDWLRQ�RI�VPDOO��VKRUW�OLYHG�VSOLQWHUV�WKDW�PD\�QRW�KDYH�EHHQ�GLUHFWO\�REVHUYDEOH��
�
%\�WKH�WLPH�RI�RXU�REVHUYDWLRQV��WKH�WRWDO�DSSDUHQW�PDJQLWXGH�GHFUHDVHG�EHORZ�HOHYHQWK�PDJQLWXGH��DQG�QRQH�
RI�WKH�PXOWLSOH�QXFOHL�ZDV�GHWHFWDEOH�RQ�RXU�LPDJHV��'HVSLWH�WKH�FDOP�EHKDYLRU�VXJJHVWHG�E\�WKH�UXQ�$�D��RQ�
��WK�$XJXVW�������87���D�VOLJKW�LQFUHDVH�RI�DFWLYLW\�ZDV�GHWHFWHG�RQ�$�E�LPDJHV��RQ���WK�$XJXVW�������87���
'XULQJ� WKH�$�F�UXQ��RQ���WK�$XJXVW�������87`��SURGXFWLRQ�UDWHV�RI�&1�DQG�&��LQFUHDVHG�E\�D�IDFWRU�RI����
ZKLOH� GXVW� SURGXFWLRQ� DQG� $IUKR� GLG� QRW� YDU\� PXFK�� 7KH�PRVW� VXUSULVLQJ� HYHQW� EHWZHHQ� WKH� QLJKWV� LV� WKH�
YDULDWLRQ�RI�WKH�VKDSH�RI�&��SURILOH��7KH�UDGLDWLRQ�SUHVVXUH�GRPLQDWHG�SURILOH�ZLWK�QDUURZ�FHQWHU�WXUQHG�LQWR�
D�TXLWH�H[WHQGHG��V\PPHWULF�SURILOH�ZLWK�OLWWOH�FHQWUDO�KXPS��6RPH�SDUWV�RI�WKH�&��VXUIDFH�ZHUH�EULJKWHU�WKDQ�
WKH�*XQQ� U� FRQWLQXXP��7KDW� VXJJHVWV�D�VLPLODU�RXWEXUVW�RI�DFWLYLW\� LQ�&��DQG�&1�DV�ZDV� UHSRUWHG�E\�PDQ\�
REVHUYHUV�GXULQJ�WKH�SUHYLRXV�ZHHNV��.LGJHU�HW�DO���������
�
7KH�*XQQ� U�SURILOH�GLG�QRW�FKDQJHG�VLJQLILFDQWO\�EHWZHHQ� WKH� WZR�UXQV�� ,Q� WKH�FHQWUDO���DUFVHF�� WKH�VXUIDFH�
EULJKWQHVV�IDOOV�E\���PDJQLWXGHV���ZKLOH�RQ�WKH�VRODU�VLGH�LW�GHFUHDVHV�E\�PRUH�WKDQ���PDJQLWXGHV�LQ�DERXW����
DUFVHF��2Q�WKH�DQWLVRODU�VLGH�WKH�FRPD�HYROYHV�LQWR�DQ�LPSUHVVLYHO\�EULJKW�DQG�ZLGH��9�VKDSHG�WDLO��ZKLFK�LV��
EULJKWHU�WKDQ����PDJ�VTXDUHDUFVHF�ZKHQ�LW�OHDYHV�WKH�ILHOG�RI�YLHZ��$V�WKH�WDLO�FKDUDFWHU�VXJJHVWV�PHUHO\�GXVW�
FRPSRQHQWV�� WKH�WDLO� LWVHOI�KDV�DOVR�QRW�EHHQ�GLVWXUEHG�PXFK�E\�WKH�REVHUYHG�VPDOO�RXWEXUVW��$OWRJHWKHU��WKH�
JHQHUDO�PRUSKRORJ\� RI�&������$�� LV� TXLWH� VLPLODU� WR� WKH� REVHUYHG�EHKDYLRU� RI� ��3�%RUUHOO\��$Q� LPSRUWDQW�
GLIIHUHQFH� LV� WKDW� LQ� WKH� FDVH� RI� &������ $��� QHLWKHU� W\SH� RI� MHW� KDV� EHHQ� GHWHFWHG�� DQG� WKH� D]LPXWKDOO\�
UHQRUPDOL]HG�LPDJH�VKRZV�D�WDLO�ULFK�LQ�GXVW�DQG�GHWHFWDEOH�XQWLO�WKH�QXFOHXV��
�
$OWKRXJK�WKH�FRQWULEXWLRQ�RI�VSDWLDO�YDULDWLRQV�SDUWV�VOLJKWO\�GHFUHDVHG��GXULQJ�WKH�RXWEXUVW��WKH�UDWLR�RI�ORFDO�
FRQWULEXWLRQV�DW�PLQLPXP�DQG�PD[LPXP�UHPDLQHG�FRQVWDQW��L�H��������������YV���������������ZLWKLQ�DQ�HUURU�
RI�����7KDW�PD\�EH�H[SODLQHG�E\�D�VSKHULFDOO\�V\PPHWULF�RXWEXUVW��,Q�WKLV�FDVH��WKH�DEVROXWH�YDOXHV�RI�QRQ�
UDGLDO� SDUWV� GR� QRW� YDU\�� EXW� WKHLU� FRQWULEXWLRQ� GHFUHDVHV� DV� WKH� DEVROXWH� YDOXH� RI� WKH� UDGLDO� SDUW� LQFUHDVHV��
4XDQWLWDWLYHO\��WKH�UDGLDO�SDUW�RI�WKH�GXVW�FRPD�LV�LQFUHDVHG�E\������,Q�WKLV�FDVH��WKH�EULJKWQHVV�RI�WKH�LQQHU�
FRPD�VKRXOG�LQFUHDVH��������WKDW�DJUHHV�ZLWK�WKH�REVHUYHG�YDOXH���������ZLWKLQ�WKH�H[SHFWHG�HUURUV���
�
$� VSKHULFDO�RXWEXUVW�PLJKW�EH�FDXVHG�E\�XQLIRUPO\� LQFUHDVLQJ�DFWLYLW\�RQ� WKH�ZKROH� VXUIDFH�RI� WKH�QXFOHXV��
WKRXJK� WKH� OLWWOH� IUDFWLRQV� RI� DFWLYH� DUHD� FRPPRQO\� REVHUYHG� LQ� FRPHWV� VHHP� WR� FRQWUDGLFW� WKLV� YLHZ��
$OWHUQDWLYHO\��PDWWHU�HMHFWHG�LQ�IDQV�DERYH�WKH�DFWLYH�DUHD��FDQ�EH�EOHQGHG�WR�JOREXODU�VKDSH�LI�ZH�DVVXPH�D�
IDVW�URWDWLQJ�QXFOHXV��7KH�DVVXPSWLRQ�RI� D� IDVW�URWDWLQJ�QXFOHXV�DJUHHV�ZLWK� WKH�REVHUYHG�EUHDN�XS�RI�VPDOO�
IUDFWLRQV�RI� WKH�QXFOHXV��7KH�PHDVXUHG����������FP�$IUKR� LV�VPDOOHU� WKDQ�����FP�PHDVXUHG�E\�6FKOHLFKHU�
��������ZKLFK�LV�VLPSO\�H[SODLQHG�E\�WKH�ORZHU�OHYHO�RI�DFWLYLW\��
�
�
���'LVFXVVLRQ�
�
&RPHW� PRUSKRORJ\� LV� D� SURJUHVVLYH� ILHOG� RI� SURIHVVLRQDO� DVWURQRP\� DQG� RIIHUV� SURPLVLQJ� UHVXOWV� IRU� WKH�
DPDWHXU� DV�ZHOO��+RZHYHU�� WKH� SURIHVVLRQDO� DVWURQRPHU� UDUHO\� JHWV� WLPH�RQ� ODUJH� WHOHVFRSHV�HQRXJK� IRU� WKH�
GHWDLOHG� VWXG\�� LQFOXGLQJ� VSHFWURSKRWRPHWU\� DQG� VSHFWUDO�UHVROYHG�PRUSKRORJ\�� +RZHYHU�� WKH� KRPRJHQHRXV�
WLPH�FRYHUHG�DPDWHXU�REVHUYDWLRQV�PD\�PRGLI\��HYHQ�VLJQLILFDQWO\�DOWHU� WKH� UHVXOWV�RI�GHWDLOHG�REVHUYDWLRQV��
9LFH� YHUVD�� WKH� GHWDLOHG� REVHUYDWLRQV� FDQ�PDQ\� WLPHV� KHOS� LQ� XQGHUVWDQGLQJ� WKH� SUHYLRXV� HYROXWLRQ� RI� WKH�
FRPHW��HYHQ�ZKHQ�LW�LV�SUHVHQWHG�E\�IHZ�DQG�PRGHUDWH�TXDOLW\�SUHYLRXV�REVHUYDWLRQV��
�
7KHUHIRUH��ZH�HQFRXUDJH�WKH�SXEOLF�REVHUYDWRULHV�DQG�WKH�DPDWHXUV�WR�FRQWLQXRXVO\�SXEOLVK�KRPRJHQRXV�GDWD�
RQ� FRPHWV�� )RU� WKLV�� WKH� HYROXWLRQ� RI� UKR�$IUKR� TXDQWLW\� SDLUV� VHHPV� WR� EH� WKH� EHVW� REVHUYDEOH�� ,WV� WLPH�
HYROXWLRQ� VKRZV� WR� WKH�GXVW� �VR� WKH�PDWWHU�SURGXFWLRQ�� RI� WKH�FRPHW��ZKLOH� WKH�VSDWLDO�GLIIHUHQFHV�RI�$IUKR�
�L�H�� LWV� UKR�GHSHQGHQFH�� GHVFULEH� WKH� FRPD� SURILOH�� DQG� RIIHUV� VWXG\� WKH� HIIHFW� RI� WKH� VRODU� ZLQG� DQG� WKH�
UDGLDWLRQ� SUHVVXUH�� 7KH� PRVW� LQWHUHVWHG� REVHUYHU� FDQ� WU\� WR� GR� VXUIDFH� SKRWRPHWU\�� VSHFLDOO\� SURFHVVHG�
LPDJHV��VXUIDFH�VHFWLRQV�RU�HPLVVLRQ�H[SORUDWLRQ�ZLWK�QDURZEDQG�ILOWHUV��
�
+RZHYHU��LW�ZRXOG�EH�XVHIXO�WR�KDYH�D�IUHH�DFFHVV�DUFKLYDWLRQ�V\VWHP�ZKHUH�WKHVH�GDWD�DUH�FROOHFWHG��2ULJLQDO�
DQG�SURFHVVHG� LPDJHV�RIWHQ�FRQWDLQ� LPSRUWDQW�DGGLWLRQDO�GDWD��MHWV��VSLQQLQJ�IDQV��DQWLWDLOV��HWF��� WKDW�FDQQRW�
EH�H[SUHVVHG�VR�VLPSO\�DV�H�J��WKH�$IUKR��7KDW�LV�ZK\�WKH�DUFKLYDWLRQ�RI�WKH�REVHUYHG�LPDJHV�VHHPV�WR�EH�DOVR�
QHFHVVDU\��
�
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6R� DV� WR� KHOS� WKH� DPDWHXU�SURIHVVLRQDO� FRRSHUDWLRQ�� QRZ�ZH� DUH� WR� GHVLJQ� VXFK�DQ� DUFKLYDWLRQ��:H�SODQ� WR�
FROOHFW�DOO�WKH�FDOLEUDWLRQ�GDWD�DQG�WKH�UKR�$IUKR�SDLUV�LQWR�D�ELJ�WDEOH��7KH�DYDLODEOH�LPDJHV�DUH�WR�EH�FURVV�
UHIHUUHG�WR�WKH�WDEOH�YLD�OLQNV��,Q�VSULQJ��������KRSHIXOO\�WKH�ILUVW�VWHSV�RI�WKH�SURMHFW�ZLOO�EH�PDGH��8QWLO�WKH�
DUFKLYDWLRQ�LV�UHDG\��,�ZRXOG�OLNH�WR�DVN�WKH�FRPHW�REVHUYHUV�WR�E\�D�ILOWHU�VHW�IRU�FRPHWV��H�J��D�-RKQVRQ�ILOWHU�
VHW�DQG�D�&��ILOWHU��WKDW�ODWWHU�LV�����DW�/XPLFRQ���DQG�WR�JHW�IDPLOLDU�ZLWK�$IUKR��$�FRGH��ZULWWHQ�E\�$QWRQLR�
0LODQL��ZKLFK�FDOFXODWHV�WKH�$IUKR�EDVHG�RQ�FDOLEUDWLRQ�GDWD�DQG�IOX[HV�LV�QRZ�DYDLODEOH�XSRQ�D�UHTXHVW�WR�WKH�
DXWKRU��V]J\#PFVH�KX���
�
$V� WKH� IXUWKHU� SHUVSHFWLYH�� ,� FRQVLGHU� D� FORVHU� FRRSHUDWLRQ� RI� REVHUYHUV� ZKR� ZRUN� RQ� FRPHW� PRUSKRORJ\��
4XLWH�VRRQ��DOO� WKHVH�REVHUYDWRULHV�RXJKW� WR�HVWDEOLVK�D� ILOWHU�VHTXHQFH�ZKLFK� LV� WUDQVIRUPDEOH� WR�D�VWDQGDUG�
V\VWHP��7KLV�LV� WKH�SULQFLSDO�FRQGLWLRQ�RI�PDNLQJ�KRPRJHQHRXV�GDWD��,I�WKHVH�REVHUYDWRULHV�EX\�VRPH�FRPHW�
ILOWHUV�DV�ZHOO��DQG�JDV�SURGXFWLRQ�SDUDPHWHUV�ZLOO�EH�DOVR�PHDVXUHG��WKH\�VKRXOG�DOVR�KDYH�LQFOXGHG�LQWR�WKH�
DUFKLHYHV��:H�KRSH�WKDW�WKHVH�REVHUYDWLRQV�ZLOO�EH�IUHTXHQWO\�XVHG�E\�WKH�SURIHVVLRQDO�DQDO\VHV�DV�ZHOO��DQG�
ZLOO�KHOS�LQ�EHWWHU�XQGHUVWDQGLQJ�RI�FRPHWV��
�
����/LWHUDWXUH�
�
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