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([SHULPHQWDO�DQG�FDOFXODWHG�HOHFWURQ�GHQVLW\�GLVWULEXWLRQV�GHWHUPLQHG�IRU�R[LGH�DQG�VLOLFDWH�FU\V-
WDOV�DQG�VLOR[DQH�PROHFXOHV�SURYLGH�D�QHZ�EDVLV�IRU�DGGUHVVLQJ�WKH�FODVVLF�IRXQGDWLRQ�RI�WKH�FU\VWDO�
FKHPLVWU\�RI�VLOLFDWHV��LQFOXGLQJ�DWRPLF�LRQLF�UDGLL��WKH�UDGLXV�UDWLR�UXOH�DQG�WKH�QH[XV�EHWZHHQ�WKH�
3DXOLQJ¶V�ERQG�VWUHQJWK��UHVRQDQFH�ERQG�QXPEHU��DQG�ERQG�OHQJWK��7KH�GLVWULEXWLRQV�LQGLFDWH�WKDW�
WKH�FKDUJH�GHQVLW\�RI�D�ERQGHG�R[\JHQ�DWRP�LV�KLJKO\�GLVWRUWHG�ZLWK�LWV�ERQGHG�UDGLXV�GHFUHDVLQJ�
V\VWHPDWLFDOO\�IURP������c�ZKHQ�ERQGHG�WR�KLJKO\�HOHFWURSRVLWLYH�DWRPV�OLNH�VRGLXP�WR�a�����c�ZKHQ�
ERQGHG�WR�KLJKO\�HOHFWURQHJDWLYH�DWRPV�OLNH�QLWURJHQ��5DWKHU�WKDQ�D�VLQJOH�UDGLXV��WKH�DWRP�KDV�DV�
PDQ\�ERQGHG�UDGLL�DV�LW�KDV�ERQGHG�LQWHUDFWLRQV��%RQGHG�UDGLL�GHWHUPLQHG�IRU�WKH�PHWDO�DWRPV�PDWFK�
WKH�6KDQQRQ�HIIHFWLYH�LRQLF�UDGLL�IRU�WKH�PRUH�HOHFWURSRVLWLYH�DWRPV��EXW�WKH\�GHSDUW�DQG�GHFUHDVH�
V\VWHPDWLFDOO\�DV�WKH�HOHFWURQHJDWLYLW\�RI�WKH�0�DWRPV�LQFUHDVHV��3DXOLQJ¶V�¿UVW�UXOH�LV�FRQVLGHUHG�WR�
EH�LUUHOHYDQW�JLYHQ�WKH�DVSKHULFLW\�DQG�WKH�UDQJH�RI�WKH�ERQGHG�UDGLL�GLVSOD\HG�E\�WKH�2�DWRP�

$� SRZHU� ODZ� UHJUHVVLRQ� H[SUHVVLRQ� LV� IRUPXODWHG� EHWZHHQ� WKH� DYHUDJH�0�2� ERQG� OHQJWKV��
�5�0�2�!��DQG�WKH�DYHUDJH�YDOXH�RI�WKH�HOHFWURQ�GHQVLW\���ȡ�rc�!� �U>������5�0�2�!@4.76��DW�WKH�ERQG�
critical point, rc��EHWZHHQ�SDLUV�RI�ERQGHG�0�2�DWRPV��7KH�H[SUHVVLRQ�DSSOLHV�WR�D�KRVW�RI�FU\VWDOV�DQG�
PROHFXOHV�FRPSULVLQJ�0�DWRPV�IRU�DOO�URZV��U��RI�WKH�SHULRGLF�WDEOH��7KH��ȡ�rc�!�YDOXHV�FRUUHODWH�ZLWK�
ERQG�VWUHQJWK�DQG�UHVRQDQFH�ERQG�VWUHQJWK�IRU�WKH�0�2�ERQGHG�LQWHUDFWLRQV�RQ�D�RQH�WR�RQH�EDVLV��
GHPRQVWUDWLQJ�WKDW�WKH�3DXOLQJ�ERQG�VWUHQJWK�LV�D�GLUHFW�PHDVXUH�RI�WKH�HOHFWURQ�GHQVLW\�LQYROYHG�
LQ�D�ERQGHG�LQWHUDFWLRQ�DQG�WKH�DFFXPXODWLRQ�RI�WKH�HOHFWURQ�GHQVLW\�EHWZHHQ�WKH�ERQGHG�SDLU��7KH�
ZLGHVSUHDG�DSSOLFDWLRQV�RI�WKH�%URZQ�6KDQQRQ�ERQG�YDOHQFH�PRGHO�LQ�WKH�(DUWK�VFLHQFHV�DQG�PDWHULDO�
VFLHQFH�RZHV�PXFK�RI�LWV�VXFFHVV�WR�WKH�GLUHFW�FRQQHFWLRQ�WKDW�H[LVWV�EHWZHHQ�ERQG�VWUHQJWK�DQG�WKH�
TXDQWXP�PHFKDQLFDO�REVHUYDEOH��WKH�HOHFWURQ�GHQVLW\�GLVWULEXWLRQ��&RPSHOOLQJ�HYLGHQFH�LV�SUHVHQWHG�
WKDW�VXSSRUWV�WKH�DUJXPHQW�WKDW�WKH�6L�2�ERQGHG�LQWHUDFWLRQV�ZLWKLQ�VLOR[DQH�PROHFXOHV�DQG�VLOLFDWH�
FU\VWDOV�DUH�IXQGDPHQWDOO\�WKH�VDPH��DQG�WKDW�WKH�ORFDO�6L�2�ERQGHG�LQWHUDFWLRQV�FRPSULVLQJ�PROHFXOHV�
DUH��DW�WKH�YHU\�FRUH��HTXLYDOHQW�WR�WKH�6L�2�ERQGHG�LQWHUDFWLRQV�REVHUYHG�LQ�VLOLFDWH�FU\VWDOV��%RQG�
SDWKV�EHWZHHQ�WKH�2�DWRPV�FRPSULVLQJ�VKDUHG�SRO\KHGUDO�HGJHV�DUH�FRQVLVWHQW�ZLWK�3DXOLQJ¶V�WKLUG�
UXOH��WKH�VKRUWHU�WKH�2�2�VKDUHG�HGJHV��WKH�JUHDWHU�WKH�DFFXPXODWLRQ�RI�WKH�HOHFWURQ�GHQVLW\�EHWZHHQ�
WKH�2�DWRPV��WKH�JUHDWHU�WKH�VWDELOL]DWLRQ�RI�WKH�VKDUHG�HGJHV�
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“Only one thing is certain: that nothing is certain.” 0LFKDHO�GH�0RQWDLJQH
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7RZDUG� WKH� HQG� RI� WKH� ��WK� FHQWXU\�� JHRORJLVWV¶� LQWHUHVWV�
KDG�WDSHUHG�RII�IURP�JRQLRPHWULF�VWXGLHV�RI�WKH�RXWHU�IDFHV�RI�
FU\VWDOV�DQG�WKHLU�LQWHUIDFLDO�DQJOHV�IRFXVLQJ�LQVWHDG�RQ�WKH�LQQHU�
DUUDQJHPHQWV�RI�WKH�DWRPV�ZLWKLQ��ZLWK�WKH�DPDWHXU�JHRORJLVW�
:LOOLDP�%DUORZ��������������VSHFXODWLQJ�WKDW�WKH�DWRPV�LQ�D�
FXEH�RI�URFN�VDOW�DUH�QRW�RQO\�VSKHULFDO��EXW�WKH\�DUH�DUUDQJHG�
LQ�D�SHULRGLF�FKHVVERDUG�SDWWHUQ�LQ��'�VSDFH��%DUORZ¶V�LQVLJKW-
IXO�FRQMHFWXUH�WKDW�WKH�DWRPV�DUH�DUUDQJHG�LQ�D�SHULRGLF�WKUHH�
GLPHQVLRQDO�SDWWHUQ�ZDV�YHULILHG����\HDUV�ODWHU�E\�WKH�IDPRXV�
;�UD\� GLIIUDFWLRQ� SDWWHUQV� UHFRUGHG� IRU� ]LQFEOHQGH� FU\VWDOV�

�)ULHGULFK�HW�DO���������6LU�/DZUHQFH�%UDJJ�DQG�KLV�IDWKHU�6LU�
:LOOLDP�+��%UDJJ�ZHUH�TXLFN�WR�UHFRJQL]H�WKH�VLJQLILFDQFH�RI�
%DUORZ¶V�FRQMHFWXUH�DQG� WKH�;�UD\�SDWWHUQV��3ULPHG�ZLWK� WKH�
NQRZOHGJH�WKDW�WKH�DWRPV�LQ�FU\VWDOV�DUH�DUUDQJHG�LQ�SHULRGLF�
SDWWHUQV�LQ��'�VSDFH��DQG�WKDW�WKH�GLPHQVLRQV�RI�WKH�DWRPV�DUH�
FRPSDUDEOH�ZLWK�WKH�ZDYHOHQJWK�RI�DQ�;�UD\�EHDP��WKH�\RXQJHU�
%UDJJ��������EXLOW�D�VLQJOH�FU\VWDO�GLIIUDFWRPHWHU�DQG�UHFRUGHG�
D�VHW�RI�GLIIUDFWLRQ�GDWD�IRU�D�FXEH�RI�URFN�VDOW�WKDW�FRQILUPHG�
%DUORZ¶V�EULOOLDQW�VSHFXODWLRQV�

%XW��FRQWUDU\�WR�%DUORZ¶V�VSHFXODWLRQV�DQG�%UDJJ¶V�UHVXOWV��
WKH�PDMRULW\�RI�WKH�FKHPLVWV�DQG�SK\VLFLVWV�DW�WKH�WLPH�ZHUH�RI�
WKH�PLQGVHW�WKDW�URFN�VDOW�LV�D�PROHFXODU�FU\VWDO��FRPSRVHG�RI�
GLVFUHWH�GLDWRPLF�1D�&O�PROHFXOHV�ERQGHG�E\�ORQJ�UDQJH�YDQ�
GHU�:DDOV¶�IRUFHV��7KH�IDPRXV�FKHPLVW�+�(��$UPVWURQJ�ZDV�VR�
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