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0DQNLQG�KDV�OHDUQHG�WR�H[SODLQ�WKH FKDQJHV RI WKH�VXUURXQGLQJ�ZRUOG�ZLWK�WKH�KHOS�RI�IRUFHV�UHSUHVHQ W�
LQJ�LQWHUDFWLRQ�RI�RQH�ERG\�RQ�DQRWKHU���+RZHYHU��LQ�WKH��� �WK�FHQWXU\�LQ�PLFUR � DQG�D�PDFURFRVP��PDQ\�QHZ�
SKHQRPHQD�ZHUH�FRQVLGHUHG�ZLWKRXW�DSSOLFDWLRQ�RI�WKH�FRQFHSW�R I�IRUFH���)RU�WKHLU�H[SODQDWLRQ�YD ULRXV�RWKHU�
K\SRWKHVHV�ZHUH�XVHG���7KHU HIRUH�VXFK�H[SODQDWLRQV�RI�WKH�ZRUOG�DUH�K\SRWKHWLFDO�RQHV�LQVWHDG�RI�UHDO�RQHV���

7KH�5HDO�)RUFHV�
7KH� IRUFHV� RI� LQWHUDFWLRQ� RI� VRPH� ERGLHV� RQ� RWKHUV� DUH� UH�

FHLYHG� LQ� WKH�PHFKDQLFV� DV� D� UHVXOW� RI� WKHLU�PHDVXUHPHQW�� � )RU�
H[DPSOH�� WKH� IRUFH� RI� JUDYLWDWLRQDO� LQWHUDFWLRQ� RI� RQH� ERG\� RQ�
DQRWKHU��ZLWK�PDVVHV� m 1 DQG� m 2 ��LV�UHFHLYHG�DV�WKH�ODZ�RI�JUD�
YLWDWLRQ�RI�1HZWRQ

F12  k R12 / R12
3 � ���

DQG� RQH� FKDUJHG� ERG\� ZLWK� D� FKDUJH� q1 RQ� DQRWKHU� ZLWK� D�
FKDUJH� q2 LV�DV�&RXORPE�ODZ������ZKHUH�R12 LV�WKH�UDGLXV�YHFWRU�
IURP� WKH� ILUVW� ERG\� XS� WR� WKH� VHFRQG�� IRU� WKH� 1HZWRQ� ODZ� RI�
k  kg  �Gm 1m 2 ��DQG�G LV�WKH�JUDYLWDWLRQDO�FRQVWDQW��IRU�&RX�
ORPE·V� ODZ�� k  ke  q1q2 / H �� DQG� H LV�GLHOHFWULF�SHUPLWWLYLW\�RI�
WKH�PHGLXP�

)RUFH�����LV�UHFHLYHG�IRU�WKH�PRWLRQOHVV�FKDUJHG�ERGLHV��EXW�LQ�
WKH� FDVH�RI�RFFXUUHQFH�RI�PRYHPHQW�RI�RQH�ERG\�UHODWLYH� WR�DQ�
RWKHU�� WKHUH� LV�D�QHZ�NLQG�RI� LQWHUDFWLRQ�� � ,W� LV� VDLG� WKDW�PRYLQJ�
FKDUJH�FUHDWHV�D�FXUUHQW��DQG�WKH�FXUUHQW�FUHDWHV�D�PDJQHWLF�ILHOG���
$V�WKLV�FKDUJHG�ERG\�PRYHV��WKH PDJQHWLF�ILHOG�FKDQJHV��DQG�LWV�
FKDQJH��LW�LV�VDLG��FUHDWHV�DQ�HOHFWULF�ILHOG��L�H��DGGLWLRQDO�DFWLRQ�RQ�
WKH�FKDUJHG�ERG\�

7KH� H[SHULPHQWDO�%LRW�6DYDUW�/DSODFH�/DZ� IRU� D� FXUUHQW� HOH�
PHQW� DQG� WKH� )DUDGD\� ,QGXFWLRQ� /DZ� GHVFULEH� ODVW� WZR� HIIHFWV���
:LWK�WKHLU�DFFRXQW��LQ������� �����,�KDYH�UHFHLYHG�WKH�GLIIHUHQWLDO�
HTXDWLRQ� IRU� IRUFH� RI� LQWHUDFWLRQ� RI� RQH� FKDUJHG� SDUWLFOH� RQ� DQ�
RWKHU��DIWHU� VROYLQJ�ZKLFK� ,�KDYH� IRXQG� IRUFH�H[SUHVVLRQV� LQ�WKH�
IRUP�>�@� � �
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ZKHUH ���� FY&
&  E �� c1  c PH ���+HUH� P LV�PDJQHWLF�SHUPHDELOLW\�

RI� WKH� PHGLXP�� c1 LV� VSHHG� RI� SURSDJDWLRQ� RI� HOHFWURPDJQHWLF�
LQWHUDFWLRQ� LQ�WKH�PHGLXP��DQG v12 LV WKH�YHORFLW\�YHFWRU�RI� WKH�
VHFRQG�SDUWLFOH�UHODWLYH�WR�WKH�ILUVW�RQH���

7KH� IRUFH� RI� LQWHUDFWLRQ� EHWZHHQ� SROHV� RI� WKH� PDJQHWL]HG�
ERGLHV�LV�GHILQHG�E\�VLPLODU�H[SUHVVLRQ�>�@���7KHVH�IRUFHV�GHSHQG�
QRW�RQO\�RQ� WKH�GLVWDQFH� R12 EHWZHHQ�ERGLHV��EXW�DOVR�RQ� WKHLU�
UHODWLYH�VSHHG v12 ���$W�OLJKW�YHORFLW\�RI�WKH�SDUWLFOH� v12  c1 ��L�H��rE  1 ��WKH�IRUFH�RI�LQWHUDFWLRQ�RQ�LW�LV�HTXDO�WR�]HUR�
+\SRWKHVLV�DERXW�3DUWLFOHV�RI�/LJKW

5DGLR�ZDYHV�DQG�OLJKW�DOVR�FRQVWLWXWH�LQWHUDFWLRQ�RI�RQH�ERG\�
RQ�DQRWKHU���$V�D�UHVXOW�RI�DSSOLFDWLRQ�RI�YDULRXV�HOHFWURPDJQHWLF�
ZDYHV� LW�ZDV�GHGXFHG� WKDW� WKH\�DUH�SURSDJDWHG�ZLWK�VSHHG� c1 ���
%\�UHVHDUFKLQJ�RI�SK\VLFDO�SURSHUWLHV�RI� OLJKW� LW�ZDV�HVWDEOLVKHG�
WKDW� OLJKW� LV� DOVR� DQ� HOHFWURPDJQHWLF� LQWHUDFWLRQ�� DQG� LV� SURSD�
JDWHG�ZLWK�VSHHG� c1 ���7KH�IRUFH�RI�VXFK�LQWHUDFWLRQ�RI�D�ERG\�RQ�
WKH� FKDUJHG� SDUWLFOH� LV� GLUHFWHG� SHUSHQGLFXODUO\� WR� LWV� GLVWDQFH�
IURP� D� ERG\� DQG� IOXFWXDWHV� DURXQG� D� ]HUR� YDOXH�� � 6R�� OLJKW�� DV�
ZHOO�DV�UDGLR�ZDYHV��LV�QRW�REMHFW�RI�D�SDUWLFXODWH�QDWXUH���/LJKW�LV�
D� SURSHUW\� RI� ERGLHV�� ZKLFK� FRQVLVWV� LQ� DFWLRQ� RI� RQH� ERG\� RQ�
DQRWKHU�� �7KH�YHORFLW\�RI�ERG\�PRYHPHQW�DQG�WKH�VSHHG�RI�OLJKW�
SURSDJDWLRQ�LV�QRW�WKH�VDPH���7KH�DERYH�PHQWLRQHG�ODZV�RI�HOHF�
WURPDJQHWLVP�GHWHUPLQH� WKH�SURSHUWLHV�RI�SURSDJDWLRQ�VSHHG�RI�
LQWHUDFWLRQ���7KH\�GLIIHU�IURP�SURSHUWLHV�RI�PRYHPHQW�YHORFLW\�RI�
ERGLHV���7KHVH�GLIIHUHQFHV�FDXVH�PLVXQGHUVWDQGLQJV�PDQ\�RSWLFDO�
H[SHULPHQWV�LQYLOYLQJ�OLJKW�SURSDJDWLRQ�EHWZHHQ�PRYLQJ�ERGLHV�
+\SRWKHVLV�$ERXW�WKH�/LJKW�6SHHG�RI�*UDYLWDWLRQ

,I�JUDYLWDWLRQ�ZRXOG�EH�SURSDJDWHG�ZLWK�VSHHG� c1 ��WKH�JUDYL�
WDWLRQDO�LQWHUDFWLRQ�EHWZHHQ�WZR�ERGLHV�ZRXOG�EH�GHILQHG�E\�WKH�
IRUPXOD� ����� � 6LQFH� ,�� 1HZWRQ�� PDQ\� UHVHDUFKHUV LQYROYHG� WKH�
K\SRWKHVLV� DERXW� WKH� ILQLWH� SURSDJDWLRQ� VSHHG� RI� JUDYLWDWLRQ���
+RZHYHU��DIWHU�PRUH�FDUHIXO� LQWHJUDWLRQ�RI� WKH�PRYHPHQW�HTXD�
WLRQV�LQ�YLHZ�RI�LQWHUDFWLRQ�EHIRUH�QRW�WDNHQ�LQWR�DFFRXQW�ERGLHV��
FDOFXODWLRQV� XQGHU� WKH� WKHRU\� RI� 1HZWRQ� JUDYLWDWLRQ� EHJDQ� WR�
FRLQFLGH� ZLWK� REVHUYDWLRQV�� � 7KHUHIRUH�� 1HZWRQ·V� ODZ� ZDV� DI�
ILUPHG��DQG�WKH�K\SRWKHVHV�ZHUH�UHMHFWHG�

$W�OLJKW�VSHHG�RI�JUDYLWDWLRQ�WKH�FDOFXODWLRQV�ZLWK�IRUFH�����DW�
k  kg JLYHV�UHVLGXDO�GLVSODFHPHQW�RI�WKH�0HUFXU\�SHULKHOLRQ LQ�
����WLPHV�VPDOOHU�WKDQ�WKH�REVHUYDEOH�RQH��L�H���WKH�OLJKW�VSHHG�RI�
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6PXOVN\��)RUFHV�DQG�+\SRWKHVHV 9RO�����1R����
JUDYLWDWLRQ� GRHV� QRW� SURYH� WR� EH� WUXH�� � ([FHSW� IRU� WKH�0HUFXU\�
SHULKHOLRQ�� WKHUH� DUH� RWKHU� GLVFUHSDQFLHV� EHWZHHQ� FDOFXODWLRQV�
XQGHU� WKH�1HZWRQ�JUDYLWDWLRQ� ODZ� ���� DQG�REVHUYDWLRQV�� �+RZ�
HYHU�� LQ� WKH����WK�FHQWXU\�UHVHDUFK� LQWR�WKH�UHDVRQV�RI� WKHVH�GLV�
FUHSDQFLHV�ZDV�QRW� FDUULHG�RXW�� �5HQHZHG� UHVHDUFKHV�DUH�QHFHV�
VDU\�� �:LWKRXW� WKHP�� WKH�EDVHV� IRU� ILQDO� VSHHG�RI�JUDYLWDWLRQ�GR�
QRW�H[LVW�
+\SRWKHVLV�$ERXW�%ODFN�+ROHV

7R�RYHUFRPH�WKH�(DUWK�JUDYLWDWLRQ�IRUFH�RQ�D�SDUWLFOH�LW�LV�QH�
FHVVDU\� WR� JLYH� WKH�SDUWLFOH� VSDFH� YHORFLW\� v2c  ����� NP�V�� DQG�
IRU�RYHUFRPLQJ�RI�WKH�6XQ�JUDYLWDWLRQ�WR�JLYH� v2c  ����NP�V���,W�
LV� SRVVLEOH� WR� LPDJLQH� VXFK� VWDU�� IRU� ZKLFK� v2c LV� HTXDO� WR� WKH�
VSHHG�RI�OLJKW���,I�WR�DFFHSW�D�K\SRWKHVLV�WKDW�OLJKW�FRQVLVWV�RI�SDU�
WLFOHV��VXFK�SDUWLFOHV�FDQQRW�RYHUFRPH�D�VWDU�JUDYLWDWLRQ��DQG�IRU�
WKH� IDU� REVHUYHU�� WKH� VWDU� ZLOO� EH� DSSHDU� DV� D� GDUN� ERG\�� L�H�� D�
EODFN�KROH�� ,W�LV�SRVVLEOH��LI�WKH�IRUFHV�RI�JUDYLWDWLRQ�DUH�GHVFULEHG�
WKH� 1HZWRQ� ODZ� ����� � ,Q� WKH� FDVH� RI� OLJKW� VSHHG� RI� JUDYLWDWLRQ�
SURSDJDWLRQ��WKH�IRUFH�LV�GHVFULEHG�E\�H[SUHVVLRQ�������,WV�YDOXH�LV�
PXFK�OHVV�WKDQ�WKH�IRUFH�RI�1HZWRQ�JUDYLWDWLRQ��DQG�DW�WKH�SDUWL�
FOH� YHORFLW\� HTXDO� WR� VSHHG� RI� OLJKW�� WKH� VWDU� GRHV� QRW� DFW� XSRQ�
VXFK�D�SDUWLFOH��DQG�D�SDUWLFOH�IURP�FRQVLGHUHG�VWDU�ZLOO�UHDFK�WKH�
REVHUYHU�

6R�� WKH� K\SRWKHVLV� DERXW� EODFN� KROH� KDV� QR� EDVLV�� DQG� IURP�
GLIIHUHQW�SRLQWV�RI�YLHZ� LV� HUURQHRXV�� � )LUVWO\�� OLJKW LV�QRW�SDUWL�
FOHV�� �$QG�� VHFRQGO\��SDUWLFOHV�RI� OLJKW� DW� OLJKW� VSHHG�RI�JUDYLWD�
WLRQ�SURSDJDWLRQ�GR�QRW�FKDQJH�WKHLU�YHORFLW\�
+\SRWKHVLV�$ERXW�D�'HYLDWLRQ�RI�/LJKW

$FFRUGLQJ� WR� WKH� *HQHUDO� 7KHRU\� RI� 5HODWLYLW\� �*75�� WKH�
EHDP�RI�OLJKW�WKDW�LV�SDVVLQJ�QHDU�WR�D�VWDU��IRU�H[DPSOH�WKH�6XQ��
VKRXOG�EHQG���%HQGLQJ�LV�SRVVLEOH�LQ�FDVH�OLJKW�FRQVLVWV�RI�ZHLJK�
W\�SDUWLFOHV��DQG�WKH�IRUFH�RI�JUDYLWDWLRQ�LV�GHVFULEHG�WKH�1HZWRQ�
ODZ� ����� �$W� WKH�JUDYLWDWLRQ�VSHHG�DFFHSWHG� LQ�*75�� OLJKW� VSHHG��
WKH�DFWLRQ�RI�D�VWDU�RQ�D�SDUWLFOH�PRYLQJ�ZLWK�VSHHG�RI�OLJKW�GRHV�
QRW�DOVR�DSSHDU�DQG�WKH�SDUWLFOH�JRHV�UHFWLOLQHDUO\�ZLWKRXW�D�FXU�
YDWXUH���6R��WKLV�K\SRWKHVLV�LV�HUURQHRXV�IRU�WKH�VDPH�WZR�UHDVRQV�
DV�WKH�SUHYLRXV�RQH�ZDV���
+\SRWKHVLV�$ERXW�*UDYLWDWLRQDO�:DYHV

7KH� GHSHQGHQFH� RI� HOHFWURPDJQHWLF� IRUFH� F DFFRUGLQJO\� RI�
IRUPXODV�����IURP�SDUWLFOH�PRYHPHQW�YHORFLW\� v LW�LV�UHFHLYHG�DV�
D�UHVXOW�RI�WKH�VROYLQJ�RI�WKH�GLIIHUHQWLDO�HTXDWLRQV��ZKLFK�VSHFLDO�
FDVH�RI� VROYLQJ� LV�DOVR� WKH�HTXDWLRQ�RI�DQ�HOHFWURPDJQHWLF�ZDYH���

,I�IRUFH F GRHV�QRW�GHSHQG�RQ�YHORFLW\� v �� WKHQ�WKH�YDULDEOH�LQ�
WHUDFWLRQ�SURSDJDWLQJ�ZLWK�VSHHG� c1 LV�QRW�SUHVHQW���7KH�JUDYLWD�
WLRQDO� LQWHUDFWLRQ�GRHV�QRW�GHSHQG�RQ�YHORFLW\��KHQFH��WKH�JUDYL�
WDWLRQDO�ZDYHV�DUH�QRW�SUHVHQW�
+\SRWKHVLV�$ERXW�WKH�([SDQGLQJ�8QLYHUVH

$FFRUGLQJ�WR�WKH�'RSSOHU�HIIHFW��WKH�OLJKW�VSHFWUXP�RI�DQ�RE�
MHFW� WKDW� UHFHGHV� IURP� WKH� REVHUYHU�� LV� VKLIWHG� WR� WKH� UHG� VLGH���
$FFRUGLQJ� WR�REVHUYDWLRQ�� WKH� IXUWKHU� IURP�XV� WKHUH� LV�D�JDOD[\��
WKH�PRUH� LWV� VSHFWUXP�RI� OLJKW� LV� GLVSODFHG� WR� WKH� UHG� VLGH�� �2Q�
WKLV� EDVLV� LW� LV� FDPH� WR� D� FRQFOXVLRQ� DERXW� WKH� H[SDQGLQJ� 8QL�
YHUVH�

+RZHYHU��E\�YLUWXH�RI�PXWXDO�JUDYLWDWLRQ� LQ�H[SDQGLQJ�V\V�
WHPV�RI�ERGLHV�� WKHLU�YHORFLWLHV� VKRXOG�GHFUHDVH�ZLWK� LQFUHDVH�RI�
GLVWDQFH�>���@���2QO\�WKH�IRUFHV�RI�UHSXOVLRQ�EHWZHHQ�ERGLHV�PD\�
FUHDWH�GLVWULEXWLRQ�RI� LQFUHDVHG�VSHHGV�ZLWK�GLVWDQFH�� �$V�IRUFHV�
RI�UHSXOVLRQ�EHWZHHQ�ERGLHV�DUH�QRW�SUHVHQW��YHORFLWLHV�RI�ERGLHV�
PD\�QRW�LQFUHDVH� WKHUHIRUH�WKH�8QLYHUVH�GRHV�QRW�H[SDQG���5HG�
GHQLQJ�RI�OLJKW�ZLWK�UHPRYDO�IURP�LWV�VRXUFH�LV�QRW�H[SODLQHG�E\�
'RSSOHU�HIIHFW�EXW�E\�RWKHU�UHDVRQV���7KH\�PD\�EH�HVWDEOLVKHG�DW�
UHVHDUFK�RI�WKLV�SKHQRPHQRQ�ZLWKRXW�XVH�RI�K\SRWKHVHV�
+\SRWKHVLV�$ERXW�WKH�%LJ�%DQJ

$W�H[WUDSRODWLRQ�RI�D�K\SRWKHVLV�RI�WKH�H[SDQGLQJ�8QLYHUVH�LQ�
WKH�SDVW�LW�LV�FRPH�WR�D�FRQFOXVLRQ�WKDW�DOO�LWV�VXEVWDQFH�ZDV�FRQ�
FHQWUDWHG� LQ�RQH�SRLQW��DQG� WKH�%LJ�%DQJ�KDV�UHVXOWHG�LQ�H[SDQ�
VLRQ� RI� WKH� 8QLYHUVH�� � $V� WKH� 8QLYHUVH� GRHV� QRW� H[SDQG�� WKDW��
QDWXUDOO\�� WKHUH�ZDV�QR�%LJ�%DQJ�� �$OO� FRQVHTXHQFHV��ZKLFK� IRO�
ORZ�IURP�D�K\SRWKHVLV�RI�WKH�%LJ�%DQJ��DOVR�DUH�HUURQHRXV�
5HIHUHQFHV
>���@ 6PXOVN\��-�-���������7KH�(OHFWURPDJQHWLF�DQG�*UDYLWDWLRQDO�$FWLRQV�

�7KH�1RQ�5HODWLYLVWLF�7UDFWDWHV����1RYRVLELUVN���6F LHQFH��3XEOLVKHU��
����S��KWWS���ZZZ�VPXO��QHZPDLO�UX� � �,Q�5XVVLDQ���

>���@ 6PXOVN\�-�-�� 7KH� 7KHRU\� RI� ,QWHUDFWLRQ �� �1RYRVLELUVN�� 3XEOLVKLQJ�
KRXVH� RI� 1RYRVLELUVN� 8QLYHUVLW\�� 6FLHQWLILF� 3XEOLVKLQJ� &HQWHU� RI�
8QLWHG� ,QVWLWXWH� RI� *HRORJ\� DQG� *HRSK\VLFV� 6LEHULDQ� %UDQFK� RI�
5XVVLDQ�$FDGHP\�RI�6FLHQFHV������� ²����S��
KWWS���ZZZ�VPXO��QHZPDLO�UX� � �,Q�5XVVLDQ��

>���@ -�-��6PXOVN\��7KH�7KHRU\�RI�,QWHUDFWLRQ �(NDWHULQEXUJ��3XEOLVKLQJ�
KRXVH�´&XOWXUDO�,QIRUPDWLRQ�%DQNµ�� ² ������² ����S��
KWWS���ZZZ�VPXO��QHZPDLO�UX� � �,Q�(QJOLVK��
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