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7KH�JHRPHWU\�RI�WKH�WRZFDU�LV�VKRZQ�LQ�)LJXUH���
$VVXPLQJ� WKH�VWHHULQJ�JHRPHWU\� WR�FRQIRUP�ZLWK�$FNHUPDQ�SULQFLSOHV�� WKH�QRUPDOV�IURP�WKH�WZR�IURQW�ZKHHOV�ZLOO�LQWHUVHFW�DW�D�SRLQW�RQ�WKH�OLQH�RI�WKH�UHDU�D[OH��3RLQW�2�LQ�)LJXUH�����$OO�SRLQWV�RQ�WKH�WRZFDU�ZLOO�URWDWH�DERXW�WKLV�SRLQW��,W�LV�QHFHVVDU\�WR�FDOFXODWH�WKH�SRVLWLRQ�RI�WKLV�SRLQW�DW�IXOO�ORFN��DQG�WKHQFH�WR�GHWHUPLQH�WKH�SDWK�RI�WKH�WRZEDOO�
,Q�)LJXUH����$�LV�WKH�FHQWUHSRLQW�RI�WKH�IURQW�RXWHU�ZKHHO
V�FRQWDFW�SDWFK�DQG�&�LV�WKH�FRUUHVSRQGLQJ�SRLQW�IRU�WKH�UHDU�RXWHU�ZKHHO��RU��LQ�WKH�FDVH�RI�XQHTXDO�IURQW�DQG�UHDU�WUDFNV��LV�D�SRLQW�RQ�WKH�UHDU�D[OH�FHQWUHOLQH��DW�WKH�VDPH�GLVWDQFH�DV�3RLQW�$�IURP�WKH�YHKLFOH
V�ORQJLWXGLQDO�FHQWUHOLQH���%�LV�WKH�FHQWUH�RI� WKH� WRZEDOO�� DQG�'� LV� WKH� FHQWUH�SRLQW� RI� WKH� UHDU� D[OH�� >$OO� SURMHFWHG�RQWR�D�KRUL]RQWDO�SODLQ@
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/HW�XV�GHILQH�N DV�WKH�NHUE�WR�NHUE�WXUQLQJ�FLUFOH��G DV�WKH�GLVWDQFH�RI�WKH�WRZEDOO�EHKLQG�WKH�UHDU�D[OH��RYHUKDQJ���I DV�WKH�W\UH�ZLGWK��Z DV�WKH�ZKHHOEDVH�DQG�W DV�WKH�WUDFN��RU��LQ�WKH�FDVH�RI�XQHTXDO�IURQW� DQG� UHDU� WUDFNV�� DV� WKH� )URQW� WUDFN��� >$OO� RI� WKHVH� VKRXOG� EH� DYDLODEOH� IURP� D� YHKLFOH
V�VSHFLILFDWLRQ@�
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7XUQLQJ�&LUFOH�RI�RXWHU�IURQW�ZKHHO
7XUQLQJ�&LUFOH�RI�7RZEDOO

,I�WKH�GLVWDQFH�2'�LV�UG��WKLV�FDQ�WKHQ�EH�FDOFXODWHG�E\�VXEWUDFWLQJ�KDOI�WKH�WUDFN��YL]�
�WUU FG � (TQ��

7KH�UDGLXV�RI� WKH�SDWK�IROORZHG�E\�WKH�WRZEDOO�UE�FDQ�WKHQ�EH�FDOFXODWHG�E\�3\WKDJRUDV��XVLQJ�WKH�RYHUKDQJ�G��%'�LQ�)LJXUH�����YL]�
�� GUU GE � (TQ���
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7KH�GLUHFWLRQ�RI�WUDYHO�RI�WKH�WRZEDOO�LV�WDQJHQWLDO�WR�WKH�FLUFOH�FHQWUHG�RQ�SRLQW�2��DQG�WKXV�PDNHV�DQ�DQJOH�RI�D ZLWK�WKH�WRZFDU
V�ORQJLWXGLQDO�D[LV��ZKHUH�
GUG�WDQ� D (TQ��

7KH�JHRPHWU\�RI�WKH�WUDLOHU�LV�VKRZQ�LQ�)LJXUH���
,I�D�IRUFH�LV�DSSOLHG�WR�WKH�KLWFK��3RLQW�%��DW�DQ�DQJOH�RI�E WR�WKH�ORQJLWXGLQDO�D[LV�RI�WKH�WUDLOHU��WKH�WUDLOHU�ZLOO�PRYH�DURXQG�3RLQW�3�± ZKLFK�LV�DW�WKH�LQWHUVHFWLRQ�RI�WKH�QRUPDO�WR�WKH�IRUFH�ZLWK�WKH�OLQH�RI�WKH�D[OH�
7KH�WZR�H[WUHPH�FDVHV�RI�WKLV�DUH�
�L��)RUFH�LQ�OLQH�ZLWK�ORQJLWXGLQDO�D[LV��L�H��E  ���,Q� WKLV�FDVH�� WKH�QRUPDO� LV�SDUDOOHO�ZLWK� WKH�D[OH�DQG�RQO\� LQWHUVHFWV� LW�DW� LQILQLW\��7KH� WUDLOHU� WKXV�PRYHV�LQ�DQ�DUF�RI�LQILQLWH�UDGLXV�± L�H��LQ�D�VWUDLJKW�OLQH�EDFNZDUGV
�LL��)RUFH�QRUPDO�WR�ORQJLWXGLQDO�D[LV��L�H��E  ���R�,Q�WKLV�FDVH��WKH�QRUPDO�WR�WKH�IRUFH�LV�LQ�OLQH�ZLWK�WKH�ORQJLWXGLQDO�D[LV��DQG�LQWHUVHFWV�WKH�D[OH�DW�LWV�PLG�SRLQW��3RLQW�*�LQ�)LJXUH�����7KH�WUDLOHU�WKXV�URWDWHV�DERXW�3RLQW�*��DQG�WXUQV�URXQG�ZLWKLQ�LWV�RZQ�OHQJWK�
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7KH�FRPELQHG�HIIHFW�RI�WKH�JHRPHWULHV RI�WKH�WRZFDU�DQG�WUDLOHU�DUH�VKRZQ�LQ�)LJXUHV������DQG����,Q�DOO�FDVHV��WKH�WUDLOHU�LV�DW�DQ�DQJOH�ZLWK�WKH�WRZFDU��DQG�WKH�WRZFDU�LV�XVLQJ�IXOO�ORFN�LQ�DQ�DWWHPSW�WR�FKDVH� WKH� WUDLOHU� DQG� VWUDLJKWHQ�XS�� ,Q� DOO� FDVHV�� WKH�GLUHFWLRQ�RI� WKH� IRUFH�DSSOLHG� WR� WKH� WUDLOHU� LV�WDQJHQWLDO�WR�WKH�WRZEDOO
V�WXUQLQJ�FLUFOH��DV�GHILQHG�E\�WKH�WRZFDU
V�JHRPHWU\�
,Q�)LJXUH����WKH�DQJOH�EHWZHHQ�WKH�WRZFDU�DQG�WUDLOHU�LV�VXFK�WKDW�3RLQW�3�LV�RXWERDUG�RI�3RLQW�2�± VR�WKDW� WKH� WUDLOHU�PRYHV� WKURXJK�D� ODUJHU�DUF� WKDQ� WKH� WRZFDU��7KXV� WKH� WRZFDU�KDV�D�KLJKHU�DQJXODU�
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$V�FDQ�EH�VHHQ�IURP�)LJXUH����WKH�FULWLFDO�DQJOH�
EDI � (TQ���

ZKHUH�D LV�DV�GHULYHG�LQ�(TQ����DQG�ZKHUH�
EUO�VLQ � E (TQ���

O LV�WUDLOHU�D[OH�WR�KLWFK�GLVWDQFH��%*�LQ�)LJXUH�����DQG�UE LV�DV�GHULYHG�LQ�(TQ����
,W�ZLOO�EH�VHHQ�WKDW�E KDV�QR�VROXWLRQ�LI�O !�UE��7KLV�UHSUHVHQWV�WKH�FDVH�ZKHUH�WKH�WUDLOHU�KLWFK�WR�D[OH�GLVWDQFH�LV�JUHDWHU�WKDQ�WKH�UDGLXV�RI�WUDYHO�RI�WKH�WRZEDOO��VR�WKDW�WKHUH�LV�QR�FULWLFDO�DQJOH�
*UDSK���VKRZV�WKH�FULWLFDO�DQJOHV�IRU�WRZFDUV�ZLWK�D�WXUQLQJ�FLUFOH�RI�����������DQG����PHWUHV�ZKHQ�SXOOLQJ� WUDLOHUV� ZKRVH� D[OH� WR� KLWFK� GLVWDQFH� UDQJHV� EHWZHHQ� �� DQG� ���� PHWUHV�� ,Q� DOO� FDVHV�� WKH�WRZFDU
V� ZKHHOEDVH�� WUDFN� DQG� W\UH� ZLGWK� KDV� EHHQ� WDNHQ� WR� EH� ����� ���� DQG� ������ PHWUHV�UHVSHFWLYHO\��DQG�WKH�UHDU�D[OH�WR�WRZEDOO�RYHUKDQJ�KDV�EHHQ�WDNHQ�DV���PHWUH�
,W�ZLOO�EH�QRWHG�WKDW�ZLWK�D�ODUJH�WXUQLQJ�FLUFOH�DQG�VKRUW�WUDLOHU��WKH�FULWLFDO�DQJOH�FDQ�EH�OHVV�WKDQ���R ± PDNLQJ�PDQRHXYULQJ�YHU\�GLIILFXOW��2Q�WKH�RWKHU�KDQG��ZLWK�D�ORQJ�WUDLOHU��WKHUH�LV�HLWKHU�QR�FULWLFDO�DQJOH�RU�LW�LV�YHU\�ODUJH�± PDNLQJ�PDQRHXYULQJ�YHU\�PXFK�HDVLHU�
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7XUQLQJ�&LUFOH���0HWUHV7XUQLQJ�&LUFOH����0HWUHV7XUQLQJ�&LUFOH����0HWUHV7XUQLQJ�&LUFOH����0HWUHV

(YHQ�ZKHUH� WKHUH� LV� QR� FULWLFDO� DQJOH� ± RU�ZKHUH� WKHUH� LV D� FULWLFDO� DQJOH� EXW� WKH� WUDLOHU� LV� EHLQJ�RSHUDWHG�ZHOO�ZLWKLQ�LW�± WKH�HDVH�RI�PDQRHXYULQJ�LQ�UHYHUVH�LV�VWLOO�WR�VRPH�H[WHQW�GHWHUPLQHG�E\�WKH� JHRPHWU\��7KLV� LV� EHFDXVH� WKH� GLVWDQFH�ZKLFK� KDV� WR� EH� WUDYHOOHG� LQ�RUGHU� WR� DFKLHYH� D�JLYHQ�DQJXODU�FKDQJH�GHSHQGV�RQ�WKH�VHSDUDWLRQ�EHWZHHQ�3RLQWV�2�DQG�3��,W�ZLOO�EH�UHPHPEHUHG�WKDW�ZKHQ�WKHVH� SRLQWV� DUH� FR�LQFLGHQW�� WKH� RXWILW� PRYHV� LQ� D� FRQVWDQW� DUF� ± QHLWKHU� MDFN�NQLILQJ� QRU�VWUDLJKWHQLQJ��,I�3RLQW�3�LV�RQO\�MXVW�RXWERDUG�RI�3RLQW�2��WKH�UDWH�RI�VWUDLJKWHQLQJ�ZLOO�EH�YHU\�VPDOO�± DQG�WKH�PDQRHXYUDELOLW\�YHU\�SRRU��EHFDXVH�PRUH WKDQ�D�VOLJKW�GHSDUWXUH�IURP�IXOO�ORFN�ZLOO�UHVXOW�LQ�D�MDFN�NQLIH�
$� UHDVRQDEOH� PHDVXUH� RI� PDQRHXYUDELOLW\� ZRXOG� EH� DPRXQW� RI� VWUDLJKWHQLQJ� SHU� XQLW� GLVWDQFH�WUDYHOOHG�
,Q�)LJXUH����WKH�DQJOH�EHWZHHQ�WKH�WRZFDU�DQG�WUDLOHU�LV�T��,I�UW LV�WKH�WXUQLQJ�UDGLXV�RI�WKH�WRZEDOO�DERXW�3RLQW�3��3%�LQ�)LJXUH�����WKHQ�

EFRVHFOUW  (TQ���
ZKHUH� DTE � (TQ���
,I�WKH�WRZEDOO�PRYHV�D�GLVWDQFH�G[ DORQJ�WKH�WDQJHQW�WR�WKH�FLUFOH�FHQWUHG�RQ�3RLQW�2��WKH�SODQ�YLHZ�DQJOH�RI�WKH�WRZFDU�ZLOO�FKDQJH�E\�G[ � UE �UDGLDQV���7KH�SODQ�YLHZ�DQJOH�RI�WKH�WUDLOHU�ZLOO�FKDQJH�E\�G[ � UW��7KH�DPRXQW�RI�VWUDLJKWHQLQJ��GT��LV�WKXV� � �

EW
EW

WE UU UU[U[U[ � � GGGGT (TQ����
,I�GLYLGHG�E\�G[��WKLV�\LHOGV�WKH�DPRXQW�RI�VWUDLJKWHQLQJ�SHU�XQLW�GLVWDQFH�WUDYHOOHG�
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7KH� SDUDPHWHUV� DIIHFWLQJ� QRQ�MDFN�NQLILQJ� PDQRHXYUDELOLW\� FDQ� PRVW� HDVLO\� EH� LOOXVWUDWHG� E\�UHIHUHQFH� WR� VRPH� UHDO�OLIH� H[DPSOHV�� *UDSK� �� EHORZ� VKRZV� WKH� UDWH� RI� VWUDLJKWHQLQJ� YV�WRZFDU�WUDLOHU� DOLJQPHQW� DQJOH� IRU�YDULRXV� OHQJWKV�RI� WUDLOHU�DWWDFKHG� WR�D�9ROYR�9��� �ROG� VKDSH���7KH�IROORZLQJ�EDVH�GDWD�KDYH�EHHQ�XVHG�:KHHOEDVH� �����PHWUHV7UDFN� �����PHWUHV7XUQLQJ�&LUFOH� �����PHWUHV7\UH�ZLGWK� ������PHWUHV�>����������W\UHV@7RZEDOO�GLVWDQFH�EHKLQG�D[OH� ����PHWUHV
8VLQJ�WKHVH�GDWD��YDOXHV�RI�������PHWUHV�DQG������R DUH�REWDLQHG�IRU�UE DQG�D UHVSHFWLYHO\�
,W�ZLOO�EH�QRWHG�IURP�WKH�JUDSK�WKDW�WKH�UDWH�RI�VWUDLJKWHQLQJ�IDOOV�ZLWK�LQFUHDVLQJ�DOLJQPHQW�DQJOH�±YHU\� UDSLGO\� LQ� WKH� FDVH� RI� VKRUW� WUDLOHUV� ± DQG� WKDW� DOO� WKH� FXUYHV� LQWHUVHFW� DW� DQ� DOLJQPHQW� DQJOH�HTXDO�WR�D�
,W�ZLOO�DOVR�EH�REVHUYHG�WKDW�± IRU�WKH�SDUW�RI�HDFK�FXUYH�EHORZ�WKH�;�D[LV�± WKH�UDWH�RI�VWUDLJKWHQLQJ�LV�QHJDWLYH�± PHDQLQJ� WKDW� WKH�DOLJQPHQW�DQJOH� LV� LQFUHDVLQJ�UDWKHU� WKDQ�GHFUHDVLQJ��UHVXOWLQJ�LQ�D�MDFN�NQLIH� VLWXDWLRQ�� 7KH� SRLQW� DW� ZKLFK� HDFK� FXUYH� FURVVHV� WKH�;� D[LV� LV�� RI� FRXUVH�� WKH� FULWLFDO�DQJOH�
$V�KDV�DOUHDG\�EHHQ�VWDWHG��D�ORZ�SRVLWLYH�UDWH�RI�VWUDLJKWHQLQJ�PDNHV�PDQRHXYULQJ�YHU\�GLIILFXOW� ±HYHQ� LI� LW� GRHVQ
W� UHVXOW� LQ� D� MDFN�NQLIH�� ,W� LV� VXJJHVWHG� WKDW� ��R SHU� PHWUH� WUDYHOOHG� VKRXOG� EH�UHJDUGHG�DV�D�PLQLPXP�IXOO�ORFN�VWUDLJKWHQLQJ�UDWH�IRU�DFFHSWDEOH�PDQRHXYUDELOLW\��,Q�WKH�H[DPSOH�VKRZQ��WKLV�ZRXOG�OLPLW�WKH�XVHDEOH�DOLJQPHQW�DQJOH�WR�DERXW���R IRU�D�PHGLXP�VL]HG�FDUDYDQ��DQG�WR�DERXW���R IRU�D�VPDOO�FDPSLQJ�WUDLOHU�
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