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620(�35(/,0,1$5,(67KH� UHDGHU� ZLOO� EH� DZDUH� RI� WKH� H[LVWHQFH� RI� VWDWLF� HOHFWULFLW\�DVVRFLDWHG� ZLWK� FORWKLQJ� DQG� FDUSHWV� PDGH� IURP� DUWLILFLDO� ILEUHV� DQG�ZLOO� KDYH� DFTXLUHG� VRPH� NQRZOHGJH� RI� PDJQHWLF� ILHOGV� ZKLOH� SOD\LQJ�ZLWK� PDJQHWV� ZKHQ� D� \RXQJVWHU�� +LVWRULF� PDQ� ZDV� DOVR� DZDUH� RI� WKH�UHVXOWV� REWDLQHG� E\� VWURNLQJ� DQLPDO� IXU� ZLWK� YDULRXV� PDWHULDOV� DQG� WKDW�VRPH� VWRQHV� �FRQWDLQLQJ� PDJQHWLWH�� ZRXOG� DWWUDFW� LURQ�� 5HVHDUFK� LQWR�WKHVH� QDWXUDO� SKHQRPHQD� KDV� UHVXOWHG� LQ� WR�GD\V� HOHFWULFDO� DQG�HOHFWURQLFV� LQGXVWULHV�� :KDWHYHU� \RXU� ZRUN� \RX� ZLOO� � DW� VRPH� VWDJH��PDNH� XVH� RI� HOHFWULFDO� SURGXFWV� DQG� ZLOO� EH� KDQGLFDSSHG� ZLWKRXW� VRPH�NQRZOHGJH� RI� WKH� SURSHUWLHV� RI� WKHVH� QDWXUDO� IRUFHV�� 7KH� IROORZLQJ�QRWHV�ZLOO�SURYLGH�WKLV�LQIRUPDWLRQ�
(OHFWULFLW\� LQ�KDUQHVV� LV� DSSDUHQW�ZLWK�� IRU� H[DPSOH�� WKH�RSHUDWLRQ�RI�DQ�HOHFWULF� ILUH� RU� PRWRU DQG� WKH� JHQHUDWLRQ� RI� D� SLFWXUH� RQ� D� 79� VFUHHQ��7KH� ILUH� LV� WKH� UHVXOW� RI� D�EDVLF� HOHFWULF� FLUFXLW� DQG�DOWKRXJK�D�79�VHW� LV�PRUH� FRPSOH[� LW � WRR� FRQVLVWV� RI� PDQ\� VLPSOH� FLUFXLWV� DQG� LW � LV� VLPSOH�FLUFXLWV�WKDW�DUH�GHDOW�ZLWK�LQ�WKLV�WUHDWLVH�
(OHFWULFDO� DQG� PDJQHWLF� FLUFXLWV� DUH� XVXDOO\� DVVRFLDWHG� ZLWK� SULQWHG�FLUFXLW� ERDUGV� DQG� HOHFWULF� SRZHU� FDEOHV� EXW� WKH\� DOVR� H[LVW� LQ� RWKHU��SHUKDSV� XQH[SHFWHG�� HQYLURQPHQWV� VXFK� DV� WKH� KXPDQ�ERG\�� 6WXGHQWV� RI�WKH� OLIH� VFLHQFHV�� DV� ZHOO� DV� WKRVH� VWXG\LQJ� WKH� SK\VLFDO� VFLHQFHV��VKRXOG� WKHUHIRUH� XQGHUVWDQG� WKH� EDVLFV� RI� HOHFWULFDO� FLUFXLWV�� 7KH�IROORZLQJ� QRWHV� VKRXOG� EH� UHDG� FRQVHFXWLYHO\� DQG� ZLOO� VHUYH� DV� DQ�LQWURGXFWLRQ�WR�WKH�VXEMHFW�
:KHQ� GHDOLQJ� ZLWK� HOHFWULFLW\� YDVW� PHDVXUHPHQW� UDQJHV� DUH� LQYROYHG�VWUHWFKLQJ� IURP�PXFK� VPDOOHU� WKDQ� D�PLOOLRQWK� RI�� WR�PXFK� JUHDWHU� WKDQ�PLOOLRQV� RI� VRPH� TXDQWLW\� RU� YDOXH�� 6RPH� QDPHV� \RX� DUH� OLNHO\� WR� FRPH�DFURVV� WKDW� DUH�XVHG� WR� H[SUHVV�PXOWLSOHV� DQG� VXE�PXOWLSOHV�RI�YDOXHV�RU�TXDQWLWLHV�DUH�QRZ�OLVWHG�
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&+$5*(�$1'�',6&+$5*(&RQVLGHU� ILUVW� WKH�VLPSOH�SLFWXUH�RI�DQ�DWRP���YLVXDOLVHG� DV� D� QXFOHXV� ZLWK� RUELWLQJ�HOHFWURQV�� 7KHUH� LV� QR� QHHG� KHUH� WR� SRQGHU�WKH� PDNH� XS� RI� HLWKHU� WKH� HOHFWURQ� RU� WKH�QXFOHXV�� 7KH� FRQFHSW� VSHFLILHV� WKDW� WKH�HOHFWURQV� KDYH� D� QHJDWLYH� �²�� HOHFWULFDO�FKDUJH DQG� WKH� QXFOHXV� D SRVLWLYH� ���� RQH��2SSRVLWHV� LQ� OLIH� KDYH� WKH� DWWULEXWH� RI�DWWUDFWLQJ� HDFK� RWKHU� DQG� IRU� WKLV� FDVH� RI� SRVLWLYH� DQG� QHJDWLYH� FKDUJHV�WKH� PXWXDO� DWWUDFWLRQ� EHWZHHQ� WKHP� LV� FDOOHG� DQ� HOHFWULF� IRUFH� � ,Q�FRPELQDWLRQ�� WKH� QHJDWLYH� FKDUJHV� RI� WKH� HOHFWURQV� DQG� WKH� SRVLWLYH�FKDUJH� RI� WKH� QXFOHXV� FDQFHO� HDFK� RWKHU�� 7KXV�� WR� DQ� RXWVLGH� REVHUYHU�DQ� DWRP� ZLWK� LWV� IXOO� FRPSOHPHQW� RI� HOHFWURQV� LV� HOHFWULFDOO\� QHXWUDO��L �H�� LW � KDV� QR� HOHFWULF� FKDUJH�� 7KXV� DQ� LWHP� LV� ³HOHFWULILHG´� LI� LW � KDV�JDLQHG� RU� ORVW� LWV� QRUPDO� QXPEHU RI� HOHFWURQV�� (OHFWURQV� ILJXUH� KLJKO\�LQ� WKH� QH[W� IHZ�SDUDJUDSKV� EXW� EHFDXVH� WKH\� DUH� EDVLF� SDUWLFOHV� LW � LV� QRW�SRVVLEOH� WR� GHVFULEH� WKHP� LQ�PHDQLQJIXO� WHUPV��+RZHYHU�� XVLQJ� WKH� LGHD�RI� HOHFWURQV� DV�� RU� FDUU\LQJ�� QHJDWLYH� FKDUJHV� LW � LV� SRVVLEOH� WR� GHVFULEH�WKH� UHVXOWV�REWDLQHG�ZKHQ�WKH\�DUH�HQFRXUDJHG� WR�PRYH�IURP�RQH�DWRP�RU�PROHFXOH�WR�DQRWKHU�
6SDUNV�� VXFK� DV� WKRVH� VRPHWLPHV� JHQHUDWHG� ZKLOH� FRPELQJ� \RXU� KDLU��DUH� FDXVHG� E\� VWDWLF� HOHFWULFLW\�� 7KH� PHDQLQJ� RI� ³VWDWLF´� HOHFWULFLW\� DV�RSSRVHG� WR� ³PRYLQJ´� HOHFWULFLW\� ZLOO� EHFRPH� DSSDUHQW� VKRUWO\�� :KHQ� D�VSDUN� RFFXUV� D� GLVFKDUJH� LV� VDLG� WR� KDYH� WDNHQ� SODFH�� EXW� D� GLVFKDUJH�FDQQRW� RFFXU� XQOHVV� D� FKDUJH� LV� DOUHDG\� SUHVHQW�� +RZ� DUH� WKHVH� FKDUJHV�FUHDWHG"� ,W� LV� NQRZQ� WKDW� ZKHQ� WZR� GLVVLPLODU� PDWHULDOV� KDYH� EHHQ� LQ�FRQWDFW� DQG� DUH� WKHQ� LVRODWHG� IURP� HDFK� RWKHU�� RQH� RI� WKH�PDWHULDOV�ZLOO�KDYH� D� SRVLWLYH� FKDUJH� DQG� WKH� RWKHU� D� QHJDWLYH� RQH�� 7KLV� SKHQRPHQRQ�LV� NQRZQ� DV� WULER�HOHFWULILFDWLRQ�� 6RPH� FRPELQDWLRQV� RI� PDWHULDOV� ZLOO�SURGXFH� WKLV� HIIHFW� PRUH� VWURQJO\� WKDQ� RWKHUV�� ,W � VHHPV� WKDW� RQH� RI� WKH�PDWHULDOV� DFTXLUHV� HOHFWURQV� DW� WKH� H[SHQVH� RI� WKH� RWKHU�� 7KH� PDWHULDO�WKDW� KDV�JDLQHG� D�QXPEHU�RI�IUHH�� L �H�� HDVLO\�GLVORGJHG��HOHFWURQV� LV� VDLG�WR� EH� QHJDWLYHO\� FKDUJHG�� 7KLV� LV� EHFDXVH�� DV� PHQWLRQHG� HDUOLHU��HOHFWURQV� DUH� UHJDUGHG� DV� UHSUHVHQWLQJ� QHJDWLYH� FKDUJHV�� FRQVHTXHQWO\�WKH�RWKHU�PDWHULDO� LV� WKHQ�SRVLWLYHO\�FKDUJHG�EHFDXVH� LW �KDV� ORVW� VRPH�RI�LWV� HOHFWURQV�� $WRPV� WKDW� DUH� VKRUW� RI� WKHLU� QRUPDO� FRPSOHPHQW� RI�HOHFWURQV� DUH� FDOOHG� SRVLWLYH� LRQV�� 6XFK� D� VLWXDWLRQ� FDQ� H[LVW� ZKLOH�FRPELQJ� \RXU� KDLU�� ZLWK� WKH� FRPE� DQG� KDLU� UHSUHVHQWLQJ� WKH� WZR�PDWHULDOV�DFTXLULQJ�RSSRVLWH�FKDUJHV�



)LJ����� � � &KDUJHV�DFFXPXODWH�ZKHUH�WKH WZR�PDWHULDOV�VHSDUDWHG��$Q�DWWUDFWLQJ�HOHFWULF�ILHOG�WKHQ�H[LVWV�EHWZHHQ�WKH�RSSRVLWH�FKDUJHV�
$� VSDUN� RFFXUV� LI� HOHFWURQV� MXPS� DQ� DLU� JDS� WR� D� PDWHULDO� WKDW� KDV� D�VKRUWDJH� RI� WKHP�� 7KH\� GR� WKLV� EHFDXVH� RI� WKH� DWWUDFWLYH� HOHFWULF� IRUFH�EHWZHHQ� WKH� GLIIHUHQWO\� FKDUJHG� PDWHULDOV�� %HIRUH� D� GLVFKDUJH� WDNHV�SODFH� D� FKDUJH� UHSUHVHQWV� VWDWLF� HOHFWULFLW\� DQG� GXULQJ� D� GLVFKDUJH� WKDW�HOHFWULFLW\� LV� RQ� WKH�PRYH�DQG� LW � LV� WKH� HOHFWURQV� DQG�QRW� WKH�PXFK�PRUH�PDVVLYH� SRVLWLYH� LRQV� WKDW� DUH� DEOH� WR� MXPS� WKH� DLU� JDS��7KLV�PRYHPHQW�RI� HOHFWURQV� LV� FDOOHG� DQ� HOHFWULF� FXUUHQW� DQG� LWV� XQLW� RI�PHDVXUHPHQW� LV�FDOOHG� WKH� DPSHUH XVXDOO\� VKRUWHQHG� WR� DPS� �V\PERO� $��� )RU�PHDVXUHPHQW� SXUSRVHV� D� SDUWLFXODU� VL]H�RI� FKDUJH�PXVW�EH�JLYHQ�D�QDPH�DQG� LW � KDV� EHHQ� GHFLGHG� WKDW� DQ� HOHFWULFDO� FKDUJH� �V\PERO� 4�� EH�PHDVXUHG� LQ� FRXORPEV ZKHUH� �� FRXORPE� LV� ����[���� HOHFWURQV�� ,I� WKLV�QXPEHU� RI� HOHFWURQV� PRYHV� EHWZHHQ� DQ\� WZR� SRLQWV� LQ� RQH� VHFRQG� WKH�VLWXDWLRQ� UHSUHVHQWV� DQ� HOHFWULFDO� FXUUHQW �V\PERO� ,�� RI� RQH� DPS��ZULWWHQ� DV� �$�� �7KH� DPS� LV� QRW� GHILQHG� WKLV� ZD\��� 7KH� UDQJH� RI�HOHFWULFDO� FXUUHQW� PHW� LQ� HYHU\GD\� OLIH� LV� YHU\� ODUJH�� (OHFWURQV� MXPSLQJ�EHWZHHQ� FRPE� DQG� KDLU� UHSUHVHQW� D� IHZ� PLFUR� DPSV� �V\PERO�P$�� EXW� D�OLJKWQLQJ�GLVFKDUJH�LQYROYHV�WKRXVDQGV�RI�DPSV�$V� IUHH� HOHFWURQV� DFFXPXODWH� WR� IRUP� D� FKDUJH� DQRWKHU� SKHQRPHQRQ�FDOOHG� YROWDJH �V\PERO� 9�� LV� FUHDWHG� DQG� DV� WKH� FKDUJH� LQFUHDVHV� VR�GRHV� WKLV� YROWDJH��:KDW� LV� WKLV� YROWDJH� DQG�ZKHUH�GRHV� LW � FRPH� IURP"� ,W�UHVXOWV� IURP� WKH� ZRUN� GRQH�� L �H�� WKH� HQHUJ\� WKDW� ZDV� XVHG� WR� PRYH� WKH�HOHFWURQV� WKDW� QRZ� PDNH� XS� WKH� FKDUJH�� 7KDW� HQHUJ\� LV� QRZ� VWRUHG� LQ�WKH� FKDUJH� DV� SRWHQWLDO� HQHUJ\�� 9ROWDJH� LV� QRW� D� PHDVXUHPHQW� RI� WKH�DPRXQW� RI� HQHUJ\� VWRUHG� EXW� LW � LV� SURSRUWLRQDO� WR� LW � � 7KH� VLWXDWLRQ� LV�DQDORJRXV� WR� SXPSLQJ� XS� D� FDU� W\UH�� :RUN� KDV� WR� EH� GRQH�� L �H�� HQHUJ\�H[SHQGHG�� WR� DFKLHYH� WKDW� REMHFWLYH�� $V� PRUH� DLU� HQWHUV� WKH� W\UH� LWV� DLU�SUHVVXUH� LQFUHDVHV�� 7KH� PHDVXUHG� LQFUHDVH� FDQ� EH� TXRWHG� DV� EHLQJ�ZLWK�UHVSHFW� WR� D� YDFXXP� RU� WR� ORFDO� DWPRVSKHULF� SUHVVXUH�� $� YROWDJH�PHDVXUHPHQW� LV� DOVR� TXRWHG� DV� EHLQJ� UHODWLYH WR� VRPHWKLQJ�� ,I� FKDUJHV�DUH� FUHDWHG�ZKLOH� \RX� FRPE�\RXU� KDLU� WKH� FRPE�ZLOO� KDYH� VR�PDQ\�YROWV�ZLWK� UHVSHFW� WR� \RXU� KDLU�� $OWHUQDWLYHO\�� \RXU� KDLU� KDV� D� YROWDJH� ZLWK�UHVSHFW� WR� \RXU� FRPE�� :KLFKHYHU� ZD\� WKH� VLWXDWLRQ� LV� GHVFULEHG�� D�YROWDJH� H[LVWV� EHWZHHQ� KDLU� DQG� FRPE�� %HIRUH� D� VSDUN� RFFXUV� WKLV�YROWDJH� LV� FDOOHG� D�SRWHQWLDO�GLIIHUHQFH �V\PERO�SG���7KLV� LV� DQDORJRXV�WR� WKH�GLIIHUHQFH� LQ�DLU�SUHVVXUH�EHWZHHQ� WKDW� LQVLGH�DQ� LQIODWHG� W\UH�DQG�WKDW� RXWVLGH� RI� LW � � 7KLV� LV� QRW� WKH� VDPH� DV� WKH� DPRXQW� RI�HQHUJ\ VWRUHG�LQ� WKH� LQIODWHG� W\UH�� 2QFH� DQ� HOHFWULFDO� GLVFKDUJH� KDV� WDNHQ� SODFH� WKH�VXUSOXV� HOHFWURQV� RQ� RQH� RI� WKH�PDWHULDOV� DQG� WKH� GHILFLHQF\� RI� WKHP�RQ�WKH� RWKHU� QR� ORQJHU� H[LVWV�� WKHUHIRUH� QHLWKHU� GRHV� WKH� SRWHQWLDO�GLIIHUHQFH� WKDW� ZDV� VWULYLQJ� WR� UHVWRUH� WKH LPEDODQFH�� $Q� HOHFWULFDO�
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GLVFKDUJH� RI� WKH� W\SH� ZH� KDYH� EHHQ� GLVFXVVLQJ� LV� OLNH� D� KLJKO\� LQIODWHG�W\UH� WKDW� VXGGHQO\� EXUVWV�� 7KH� DLU� LQVLGH� WKH� W\UH� UHWXUQV� WR� WKH�VXUURXQGLQJ� DWPRVSKHUH� EXW�� REYLRXVO\�� QRW� WR� LWV� RULJLQDO� SRVLWLRQ� LQ�LW � � 6LPLODUO\�� IROORZLQJ�DQ�HOHFWULFDO�GLVFKDUJH��HOHFWURQV�GR�QRW� UHWXUQ� WR�WKH�DWRPV�RU�PROHFXOHV�WKH\�OHIW�
$V� DOUHDG\� VWDWHG�� DLU� SUHVVXUH� LQVLGH� D� YHVVHO� FDQ� EH� TXRWHG� DV� DQ�DEVROXWH� PHDVXUHPHQW�� L �H�� ZLWK� UHVSHFW� WR� D� YDFXXP�� RU� UHODWLYH� WR�ORFDO� DWPRVSKHULF� SUHVVXUH�� EXW� WKH� ODWWHU� YDULHV� IURP� GD\� WR� GD\� DQG�IURP� SODFH� WR� SODFH�� 6LPLODUO\�� YROWDJH� FDQ� EH� PHDVXUHG� EHWZHHQ� WZR�XQLTXH� SRLQWV� EXW� IRU� JHQHUDO� FRQYHQLHQFH� LW � LV� XVXDO� WR� TXRWH� YROWDJH�PHDVXUHPHQWV� DV� EHLQJ� ZLWK� UHVSHFW� WR� JURXQG� �HDUWK�� ZKLFK� LV�GHVLJQDWHG� DV EHLQJ�DW� ��YROWV�� -XVW� DV� DWPRVSKHULF�SUHVVXUH�YDULHV� IURP�SODFH� WR� SODFH� DQG� ZLWK� WLPH�� YROWDJH� GLIIHUHQFHV� WKDW� QDWXUDOO\� H[LVW�EHWZHHQ� GLIIHUHQW� SDUWV� RI� JURXQG� DOVR� YDU\� ZLWK� WLPH�� ,Q� WKH� QH[W�GLDJUDP��)LJ����$ UHSUHVHQWV� D�QHJDWLYH� FKDUJH� DQG�& D�SRVLWLYH� FKDUJH��7KH�YROWDJH�DVVRFLDWHG�ZLWK�FKDUJH�$ LV�² ���9�ZLWK� UHVSHFW� WR�JURXQG�DW� SRLQW�% � � &KDUJH�& KDV� ����9�ZLWK� UHVSHFW� WR� JURXQG� DW� SRLQW '� � �9�H[LVWV� EHWZHHQ� WKH� JURXQG� SRLQWV� % DQG� ' WKHUHIRUH� WKH� YROWDJH�EHWZHHQ� SRLQWV $ DQG ' LV� ���9� DQG� WKDW� EHWZHHQ� SRLQW�$ DQG� & LV����9�
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5HFDSSLQJ�� $� SRWHQWLDO� GLIIHUHQFH�� PHDVXUHG� LQ� YROWV�� LV� FUHDWHG�EHWZHHQ� WZR SODFHV� ZKHQ� RQH� RI� WKRVH� SODFHV� HLWKHU� KDV� D� VXUSOXV� RU� D�GHILFLHQF\� RI� HOHFWURQV�ZLWK� UHVSHFW� WR� WKH� RWKHU��7KH� SODFH�ZLWK� H[FHVV�HOHFWURQV�KDV� D�QHJDWLYH� FKDUJH� DQG� WKH�SODFH� WKDW�KDV� ORVW� HOHFWURQV�KDV�D� SRVLWLYH� FKDUJH�� $Q� HOHFWULF� WHQVLRQ� RI� DWWUDFWLRQ�� L �H�� YROWDJH�� H[LVWV�EHWZHHQ� WKHVH� FKDUJHV� DQG� WKLV� YROWDJH� ZDQWV� WR� UHVWRUH� WKH� LPEDODQFH�WR� D� QHXWUDO� VWDWH�� &KDUJHV� RI� WKH� VDPH� SRODULW\� ZRXOG� H[KLELW� WKH�RSSRVLWH� HIIHFW� L �H�� WKH\� ZRXOG� UHSHO� HDFK� RWKHU�� $� FROOHFWLRQ� RI� IUHH�HOHFWURQV� LV� PHDVXUHG� LQ� FRXORPEV� DQG� D� FRQFHUWHG� PRYHPHQW� RI�HOHFWURQV�LV�FDOOHG�DQ�HOHFWULF�FXUUHQW�



&$3$&,7$1&(�$1'�&$3$&,72565HWXUQLQJ� WR� GLVFXVVLQJ� D� FKDUJH�� HYLGHQWO\� WKLV� FDQQRW� H[LVW� LQ�LVRODWLRQ� �H[FHSW� PDWKHPDWLFDOO\�� EHFDXVH� WKH� YROWDJH� DVVRFLDWHG� ZLWK�LW � PXVW� EH� PHDVXUHG� EHWZHHQ� WZR� SRLQWV�� 7KH� UHODWLRQVKLS� EHWZHHQ� D�FKDUJH�DQG�WKLV�YROWDJH�FDQ�EH�ZULWWHQ�DV�
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ZKHUH� &� LV� VRPHWKLQJ� FDOOHG� FDSDFLWDQFH WKDW� LQYROYHV� WKH� FKDUJH¶V�HQYLURQPHQW�� ,W � LV� FRQYHQLHQW� WR� UHSODFH� WKH� UHSUHVHQWDWLRQ� RI� D� FKDUJH�DV� WKH� VSKHUH� XVHG� LQ� WKH� SUHYLRXV� VNHWFK� ZLWK� D� V\PERO� WKDW� HPERGLHV�WKDW� HQYLURQPHQW� DQG� WKH� SRLQWV� EHWZHHQ�ZKLFK� LWV� YROWDJH� LV�PHDVXUHG��7KLV� V\PERO� LV� WZR� SDUDOOHO� SODWHV� ZLWK� FRQQHFWLQJ� ZLUHV�� 7KH�FRPELQDWLRQ�LV�FDOOHG�D�FDSDFLWRU�

 FRQQHFWLQJ�WHUPLQDOV���WKHVH�DUH�RPLWWHG�LQ�FLUFXLW�GLDJUDPV�
5HIHUULQJ� WR� WKH�KDLU� FRPELQJ� VLWXDWLRQ�ZKHUH�RSSRVLWH� FKDUJHV� IRUP�RQ�WKH� KDLU� DQG� FRPE�� WKRVH� WZR� REMHFWV� PDNH� D� FDSDFLWRU� WKDW� KROGV� WKH�FKDUJH� FUHDWHG� GXULQJ� WKH� FRPELQJ� SURFHVV�� 2Q� D� JUDQGHU�VFDOH�� GXULQJ�WKXQGHU� VWRUP� FRQGLWLRQV� FKDUJHG� FORXGV� IRUP� KXJH� FDSDFLWRUV� WKDW�GLVFKDUJH� EHWZHHQ� HDFK� RWKHU� RU� WR� JURXQG�� &DSDFLWDQFH� KDV� XQLWV� RI�IDUDGV �V\PERO� )�� EXW� FRPPRQ� ZRUNLQJ� YDOXHV� DUH� OLNHO\� WR� EH� LQ�PLFUR� IDUDGV�� D� PLOOLRQ� WLPHV� VPDOOHU�� WKDW� LV� ����)� �ZULWWHQ� DV� P)���9DOXHV� RI� FDSDFLWDQFH� ����� WLPHV� VPDOOHU� VWLOO � DUH� FDOOHG� SLFD� IDUDGV��L �H�� ����)� �ZULWWHQ� DV� S)��� 6XSSRVH� WKDW� WKH� YDOXH� RI� D� FDSDFLWRU� &� LV����P)�DQG� WKH�YROWDJH�9�DFURVV� LW � LV� ��9� WKHQ� IURP�4� �9&� �VHH�DERYH��WKH� FKDUJH� KHOG� E\� WKH� FDSDFLWRU� LV� �� PLFUR� FRXORPE�� 6LQFH� �� FRXORPE�UHSUHVHQWV� DSSUR[LPDWHO\� �[���� HOHFWURQV� WKLV� SDUWLFXODU� FKDUJH�FRQVLVWV�RI�DERXW��[���� RI�WKHP�
&DSDFLWRUV� XVHG� LQ� HOHFWULFDO� FLUFXLWV� DUH� PDQ� PDGH� YDULDQWV� RI� WKRVH�FUHDWHG� E\� QDWXUH�� 7KH\� DUH� GHVLJQHG� WR� KROG� DQ� HOHFWULFDO� FKDUJH�� EXW��DV� \RX� ZRXOG� H[SHFW�� WKH� PHWKRG� XVHG� WR� FUHDWH� WKH� FKDUJH� LV� PRUH�VRSKLVWLFDWHG� WKDQ� WKH� FRPE� DQG� KDLU� WHFKQLTXH�� 6XFK� PHWKRGV� DUH�FRQVLGHUHG�D�OLWWOH�ODWHU�
6LQFH� DQ� HOHFWULFDO� FKDUJH� LV� D� QXPEHU� RI� HOHFWURQV� WHPSRUDOO\� QRW� WLHG�WR� DWRPV� DQG� KHOG� LQ� D� VXLWDEOH� VWRUH�� WKH� ODUJHU� WKDW� VWRUH� WKH� PRUH�HOHFWURQV� LW � FDQ� KROG�� ,I� WKH� SDUDOOHO� OLQHV� LQ� WKH� FDSDFLWRU� V\PERO�UHSUHVHQW� SDUDOOHO� SODWHV� LW � LV� UHDVRQDEOH� WR� VXSSRVH� WKDW� WKH� ODUJHU� WKH�DUHD� RI� WKRVH� SODWHV� WKH� ODUJHU� WKH� FKDUJH� WKDW� FDQ� EH� KHOG�� DQG� WKLV�WXUQV� RXW� WR� EH� WKH� FDVH�� 7KHVH� VR� FDOOHG� ³SODWHV´� FRXOG� EH� DQ\� VKDSH��IRU� H[DPSOH� WKH\� FRXOG� UHSUHVHQW� WZR� SDUDOOHO� HOHFWULFDO� FRQGXFWRUV�VXFK� DV� FRSSHU� ZLUH� RU� QHUYH� ILEUHV�� ,W � LV� IRXQG� WKDW� IRU� JLYHQ� VL]HG�



SODWHV� WKH� FORVHU� WKH\� DUH� WKH� KLJKHU� WKH� YDOXH� RI� FDSDFLWDQFH�� 7KLV�YDOXH� LV� DOVR� DIIHFWHG� E\� WKH� W\SH� RI� LQVXODWLQJ� PDWHULDO�� FDOOHG�GLHOHFWULF� � WKDW� H[LVWV� EHWZHHQ� WKRVH� SODWHV�� WKXV� WKH� SUHYLRXV� PHQWLRQ�RI�D�FKDUJH¶V�HQYLURQPHQW��
SODWHV

GLHOHFWULF
&+$5*,1*�$�&$3$&,725&RQVLGHU� DQ� HPSW\� FDSDFLWRU� WKDW� UHTXLUHV� FKDUJLQJ�� ,Q� OLQH� ZLWK� WKH�SUHYLRXV� GLVFXVVLRQ� LW � LV� QHFHVVDU\� WR� DUUDQJH� IRU� RQH� RI� LWV� SODWHV� WR�JDLQ� HOHFWURQV� DW� WKH� H[SHQVH� RI� WKH� RWKHU�� 'HYLFHV� WKDW� FDQ� FDXVH�HOHFWURQV� WR�PRYH� LQ� D� SDUWLFXODU� GLUHFWLRQ� DQG� WKXV� DEOH� WR� DFKLHYH� WKLV�DUH�� EDWWHULHV�� WKHUPRFRXSOHV�� VRODU� FHOOV�� GULYHQ� HOHFWULFLW\� JHQHUDWRUV��HWF�� ,W � LV� QHFHVVDU\� WR� KDYH� DQ� HOHFWULFDO� SDWK�� VXFK� DV� D� FRQGXFWLQJ�ZLUH�� DORQJ�ZKLFK� WKH� HOHFWURQV� FDQ� HDVLO\�PRYH�DQG� WKH�PHDQV� WR�PRYH�WKHP�LQVHUWHG�LQWR�WKLV�SDWK�
,Q� WKH� QH[W� GLDJUDP�� )LJ� ��� WKH� GHYLFH� FKRVHQ� WR� PRYH� HOHFWURQV� LV� D�EDWWHU\�� ,W � PRYHV� WKHP� LQ� RQH� GLUHFWLRQ� RQO\� DQG� WKHUHIRUH� LV� FDOOHG� D�VRXUFH� RI� GLUHFW� FXUUHQW� �GF��� 7KH� FDSDFLWRU�� EDWWHU\�� FORVHG� VZLWFK� DQG�FRQGXFWLQJ� ZLUH� FRQVWLWXWHV� D� FORVHG� ORRS� FDOOHG� DQ� HOHFWULFDO�FLUFXLW� �,I� WKH� VZLWFK� ZDV� RSHQ�� L �H�� RII�� WKHUH� ZRXOG� EH� DQ�RSHQ FLUFXLW DQG�HOHFWURQV� FRXOG� QRW� IORZ�� &ORVLQJ� WKH� VZLWFK� VKRZQ� LQ� WKH� GLDJUDP�DOORZV� WKH� EDWWHU\� WR� IRUFH� HOHFWURQV� WR� IORZ� DZD\� IURP� SODWH�$ RI� WKH�FDSDFLWRU� WRZDUGV� SODWH�%� RI� WKH� VDPH� FDSDFLWRU�� ,I� WKH� FRQQHFWLRQV� WR�WKH� EDWWHU\� ZHUH� UHYHUVHG� WKH� HOHFWURQV� ZRXOG� EH� IRUFHG� WR�PRYH� LQ� WKH�RSSRVLWH�GLUHFWLRQ�

)LJ�����&KDUJLQJ�D�FDSDFLWRU�

FDSDFLWRU

VZLWFKRSHQ

HOHFWURQIORZ VZLWFKFORVHG

EDWWHU\�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �



$V� ORQJ� DV� WKH� HOHFWURQV� FRQWLQXH� WR� PRYH�� WKH� FDSDFLWRU� FRQWLQXHV� WR�FKDUJH� DQG� WKH� YROWDJH� DFURVV� LW � WR� LQFUHDVH�� (YHQWXDOO\� WKH� YROWDJH�DFURVV� WKH� FDSDFLWRU� SODWHV� FORVHO\� DSSURDFKHV� WKH� YROWDJH� DFURVV� WKH�EDWWHU\� DQG� EHFDXVH� OLNH� FKDUJHV� UHSHO� HDFK� RWKHU� WKH� EDWWHU\� ILQGV� LW �LQFUHDVLQJO\� GLIILFXOW� WR� FRQWLQXH� WKH� FKDUJLQJ� SURFHVV�� 7KXV� LW � WDNHV�ORQJHU� WR� LQFUHDVH� WKH� EDWWHU\� FKDUJH� E\� D� JLYHQ� DPRXQW� WRZDUGV� WKH�HQG� RI� WKH� FKDUJLQJ� SURFHVV� WKDQ� LW � GLG� DW� WKH� VWDUW� RI� LW � � 7KLV� LV�GHPRQVWUDWHG� E\� WKH� QH[W� JUDSK�� )LJ� ��� (YHQWXDOO\� WKH� WZR� YROWDJHV�EHFRPH� HTXDO� DQG� FKDUJLQJ� FHDVHV� EXW� LI� WKH� EDWWHU\� YROWDJH� ZDV�LQFUHDVHG� WKH� FDSDFLWRU� ZRXOG� LQFUHDVH� LWV� FKDUJH� FRUUHVSRQGLQJO\� XQWLO �WKH� EDWWHU\� DQG� FDSDFLWRU� YROWDJHV� EHFDPH HTXDO� DJDLQ�� 7KH� FKDUJLQJ�UDWH� IRU� WKH� FDSDFLWRU� LV�� OLNH� VR�PDQ\� WKLQJV� LQ� QDWXUH�� H[SRQHQWLDO� DQG�WKH� WZR� YROWDJHV� EHFRPH� LGHQWLFDO� DIWHU� DQ� LQILQLWH� WLPH� LQWHUYDO�� 7KLV�LV� UDWKHU� LQFRQYHQLHQW� IRU� SUDFWLFDO� PHDVXUHPHQWV� WKHUHIRUH� WKH�FDSDFLWRU� LV� VDLG� WR� EH� IXOO\� FKDUJHG� ZKHQ� WKDW� FKDUJH� EHFRPHV�UHDVRQDEO\� FORVH� WR� LWV� ILQDO� YDOXH�� 7KH� WLPH� WKLV� WDNHV� GHSHQGV� RQ� DQ\�REVWDFOHV� SXW� LQ� WKH� ZD\� RI� WKH� HOHFWURQ� PRYHPHQW� DQG� RQ� WKH� VL]H� RI�WKH�FDSDFLWRU�

)LJ��� 7KH�JUDSK�VKRZV�WKDW�DV�WKH�FDSDFLWRU�FKDUJHV�WKH�YROWDJH�DFURVV�LWV�WHUPLQDOV�DSSURDFK�WKH�EDWWHU\�YROWDJH�
$W� RQH� WLPH� LW � ZDV� DVVXPHG� WKDW� HOHFWULFLW\� IORZHG� IURP� WKH� SRVLWLYH�WHUPLQDO� RI� D� EDWWHU\�� WKURXJK� WKH� FLUFXLW� � WR� LWV� QHJDWLYH� WHUPLQDO�� ,W � LV�QRZ� NQRZQ� WKDW� HOHFWURQ� IORZ� LV�� DV� DOUHDG\� H[SODLQHG�� LQ� WKH� RSSRVLWH�GLUHFWLRQ�� 7KXV� LQ� )LJ� �� WKH� GLUHFWLRQ� RI� FXUUHQW� IORZ�� EDVHG� RQ�FRQYHQWLRQ�� LV� LQ� WKH� RSSRVLWH� GLUHFWLRQ� WR� WKDW� VKRZQ� IRU� WKH� HOHFWURQ�IORZ�� /XFNLO\�� ZKHQ� FLUFXLW� FDOFXODWLRQV� EDVHG� RQ� FLUFXLW� GLDJUDPV� DUH�PDGH� LW � GRHV� QRW� PDWWHU� LI� WKH� GLUHFWLRQ� RI� FXUUHQW� IORZ� LV� WDNHQ� WR� EH�IURP� QHJDWLYH� WR� SRVLWLYH� RU� IURP� SRVLWLYH� WR� QHJDWLYH�� ,W � LV� PHUHO\�QHFHVVDU\� WR� EH� FRQVLVWHQW� ZLWK� WKH� FKRLFH� PDGH� WKURXJKRXW� WKH�FDOFXODWLRQV�� :KDW� LV� LPSRUWDQW� WR� UHPHPEHU� LV� WKDW� HOHFWURQV� PRYH�IURP�D�QHJDWLYH�WR�D�SRVLWLYH�SRWHQWLDO�
,I� WKH� EDWWHU\� VKRZQ� LV� GLVFRQQHFWHG� IURP� WKH� FLUFXLW� RQFH� WKH� FDSDFLWRU�KDG� EHFRPH� FKDUJHG� E\� RSHQLQJ� WKH� VZLWFK� WKHUH� LV� QR�ZD\� IRU� WKH� IUHH�

%DWWHU\�YROWDJH&DSDFLWRU�FKDUJHDQG�YROWDJH�DFURVV�LWV�WHUPLQDOV�

WLPH



HOHFWURQV� WR� UHFRPELQH� ZLWK� WKH� SODWH� WKH\� ZHUH� HQFRXUDJHG� WR� OHDYH�DQG� WKH� FDSDFLWRU� ZLOO� UHPDLQ� ZLWK� WZR� HTXDO� DQG� RSSRVLWH� FKDUJHV� RQ�LWV� SODWHV�� D� YROWDJH�ZLOO� EH�PDLQWDLQHG� EHWZHHQ� WKHP� DQG� D� TXDQWLW\� RI�HOHFWULFLW\�ZLOO� KDYH�EHHQ� VWRUHG��)RU� WKLV� UHDVRQ� LW � LV�XQZLVH� WR�SLFN�XS�D� FDSDFLWRU� FKDUJHG� WR� D� KLJK� YROWDJH�� 8QIRUWXQDWHO\� \RX� FDQQRW� WHOO � LI�D�FDSDFLWRU�LV�D�FKDUJHG�MXVW�E\�ORRNLQJ�DW�LW �
,Q� WKH� FDVH� RI� WKH� KDLU� DQG� FRPE� VLWXDWLRQ� WKH� DLU� GLHOHFWULF� EHWZHHQ�WKHP� EURNH� GRZQ� FDXVLQJ� VSDUNV�� )RU� RXU� H[DPSOH�ZLWK� WKH� EDWWHU\� DQG�FDSDFLWRU� WKH� ODWWHU� FDQ� EH� DVVXPHG� WR� KDYH� D� GLHOHFWULF� WKDW� FDQ�ZLWKVWDQG� WKH� EDWWHU\� YROWDJH�� /RRNHG� DW� DQRWKHU� ZD\�� WKH� EDWWHU\�YROWDJH� KDV� EHHQ� FKRVHQ� VR� WKDW� LW � GRHV� QRW� H[FHHG� WKH� GLHOHFWULF�VWUHQJWK� RI� WKH� FDSDFLWRU� EHLQJ� XVHG�� ,Q� SUDFWLFH�� D� FDSDFLWRU¶V�GLHOHFWULF� ZLOO� ³OHDN´� DQG� VRPH� W\SHV� RI� GLHOHFWULF� OHDN� PRUH� HDVLO\�WKDQ� RWKHUV�� 7KXV� ZLWK� WLPH� WKHVH� FKDUJHV� ZLOO� WHQG� WR� GLVVLSDWH�� 6RPH�RI� WKH� HOHFWURQV� RQ� WKH� QHJDWLYH� SODWH� RI� WKH� FDSDFLWRU�ZLOO� UHWXUQ� WR� WKH�SRVLWLYH� SODWH� E\� PLJUDWLQJ� WKURXJK� WKH� GLHOHFWULF�� 6RPH� ZLOO� WUDYHO�RYHU� WKH� VXUIDFH� RI� WKH� FDVLQJ� HQFORVLQJ� WKH� FDSDFLWRU� DQG� VRPH� RI� WKH�HOHFWURQV� ZLOO� FRPELQH� ZLWK� SRVLWLYH� LRQV� H[LVWLQJ� LQ� WKH� VXUURXQGLQJ�DLU��
/,1(6�2)�)25&($W� VRPH� WLPH� LQ� WKH� SDVW� WKH� UHDGHU� ZLOO� YHU\� OLNHO\� KDYH� SOD\HG� ZLWK��RU� KDYH� VHHQ� D� GHPRQVWUDWLRQ� RI�� WKH� UHVSRQVH� RI� LURQ� ILOLQJV� ZKHQ�SODFHG� LQ� D� PDJQHWLF� ILHOG�� 7KH\� OLQH� XS� DORQJ� ³OLQHV� RI� IRUFH´� DQG�PDNH� PDQLIHVW� WKH� H[LVWHQFH� RI� HQHUJ\� DURXQG� WKH� PDJQHW�� (QHUJ\� LV�WKH� FDSDFLW\� IRU� GRLQJ� ZRUN� DQG� LQ� WKLV� FDVH� LW � KDV� PRYHG� WKH� ILOLQJV�LQWR� D� SDWWHUQ�� ,W � DSSHDUV�� WKHQ�� WKDW� D� PDJQHW� VWRUHV� HQHUJ\ LQ� LWV�PDJQHWLF� ILHOG� RU� WKDW� WKH� ³ILHOG´� LV� WKH� HQHUJ\��0DJQHWV� DUH� QRW� XQLTXH�LQ� KDYLQJ� DQ� DVVRFLDWHG� HQHUJ\� ILHOG�� $� FKDUJHG� FDSDFLWRU� KDV� DQ�HOHFWULF� ILHOG�� L �H�� VWRUHG� HQHUJ\�� H[LVWLQJ� EHWZHHQ� LWV� FKDUJHG� SODWHV�WKDW� WULHV� WR� SXOO� WKRVH� SODWHV� WRZDUGV� HDFK� RWKHU� DV� LI� WKH\� DUH�FRQQHFWHG� ZLWK� WDXJKW� HODVWLF�� 7KLV� VKRXOG� EH� H[SHFWHG� EHFDXVH� RQH��� � �SODWH� FRQWDLQV� D� SRVLWLYH� FKDUJH� DQG� WKH� RWKHU� D� QHJDWLYH� FKDUJH� DQG�WKHVH�XQOLNH�FKDUJHV�DWWUDFW�HDFK�RWKHU�

$� SUDFWLFDO� XVH� IRU� WKH� HQHUJ\� H[LVWLQJ�EHWZHHQ� WZR� FKDUJHG� SODWHV� RI� RSSRVLWH�SRODULW\� LV� H[SORLWHG� LQ� WKH� FDWKRGH� UD\�WXEH� �&57�� WKDW� LV� XVHG�� IRU� H[DPSOH�� LQ�DQ� RVFLOORVFRSH�� &KDUJHG� KRUL]RQWDO� DQG�YHUWLFDO� GHIOHFWLRQ� SODWHV� DUH� XVHG� WR�SRVLWLRQ� HOHFWURQV� RQWR� D� SKRVSKRUXV�VFUHHQ� WR� JHQHUDWH� D� WUDFH�� (DFK� SDLU� RI� SODWHV� FRQVWLWXWHV� D� FDSDFLWRU�DQG� HOHFWURQV� JHQHUDWHG� HOVHZKHUH� LQ� WKH� &57� DUH� IRUFHG� WR� WUDYHO�WKURXJK� WKH� HOHFWULF� ILHOGV� WKDW� H[LVW� EHWZHHQ� WKRVH� SODWHV�� 7KRVH�HOHFWURQV� DUH� WKHQ� DWWUDFWHG� WRZDUGV� WKDW� SDUW� RI� WKH� FRPELQHG� ILHOGV�ZKLFK DW� DQ\� LQVWDQW� LV� WKH� PRVW� SRVLWLYH�� (OHFWURQV� FDQ� DOVR� EH�

(OHFWULF�ILHOG�EHWZHHQ�SODWHV�



FRQWUROOHG� ZLWK� PDJQHWLF� ILHOGV� DQG� FRPSOH[� GLVSOD\V� VXFK� DV� 79�SLFWXUHV�DQG�UDGDU�GLVSOD\V�XVH�WKLV�PHWKRG�
,1752'8&,1*�5(6,67$1&(7R� FRQWURO� WKH� UDWH� DW� ZKLFK� D� FDSDFLWRU� LV� FKDUJHG� LW � LV� QHFHVVDU\� WR�FRQWURO� WKH� QXPEHU� RI� HOHFWURQV� WKDW� PRYH� GXULQJ� D� JLYHQ� WLPH�� 7KLV�GRHV� QRW� PHDQ� DOWHULQJ� WKH� VSHHG� RI� WKH� HOHFWURQV�� EXW� KRZ� PDQ\� RI�WKHP�DUH�PRYHG�HDFK� VHFRQG��6LQFH�HOHFWURQV�PRYH�PRUH�HDVLO\� LQ� VRPH�VXEVWDQFHV� WKDQ� LQ� RWKHUV�� FRPSRQHQWV� FDQ� EH� PDQXIDFWXUHG� IURP� WKH�W\SHV� RI� PDWHULDO� WKDW� LPSHGH� WKHLU� IORZ�� 6XFK� FRPSRQHQWV� DUH� FDOOHG�UHVLVWRUV � � 7KH� PDWHULDOV� WKH\� DUH� PDGH� RI� KDYH� HOHFWURQV� PRUH� ILUPO\�DWWDFKHG� WR� WKHLU� FRQVWLWXHQW� DWRPV� WKDQ� PDWHULDOV� WKDW� DUH� JRRG�HOHFWULFDO� FRQGXFWRUV�� ,I� D� UHVLVWRU� �V\PERO� 5�� LV� LQVHUWHG� LQWR� WKH�FLUFXLW� VKRZQ� LQ� )LJ� �� WKH� QXPEHU� RI� HOHFWURQV� PRYHG� LQ� D� JLYHQ� WLPH�ZLOO� EH� UHGXFHG� DQG� WKH� FDSDFLWRU� ZLOO� WDNH� ORQJHU� WR� FKDUJH� WR� WKH�EDWWHU\� YROWDJH�� 7KH� KLJKHU� WKH� YDOXH� RI� WKH� UHVLVWRU� WKH� ORQJHU� LW � ZLOO�WDNH�IRU�WKH�FDSDFLWRU�WR�FKDUJH��7KLV�LV�VKRZQ�LQ�)LJ���

)LJ� �� 7KH� KLJKHU� WKH� UHVLVWRU� YDOXH� �5� WKH� ORQJHU� WKH� FDSDFLWRU� WDNHV�WR� FKDUJH�� L �H�� WKH� ORQJHU� LW � WDNHV� IRU� D� SDUWLFXODU� YROWDJH� WR� GHYHORS�DFURVV�LWV�WHUPLQDOV�

EDWWHU\�YROWDJHVPDOO��5 ODUJH��5
FDSDFLWRUFKDUJH�

FDSDFLWRU
HOHFWURQ�IORZ

UHVLVWRU EDWWHU\

VZLWFK

WLPH



5HVLVWRU� YDOXHV� DUH� JLYHQ� LQ� RKPV � � V\PERO : � DQG� WKHUH� LV� D�UHODWLRQVKLS� EHWZHHQ� RKPV�� YROWV� DQG� DPSV� NQRZQ� DV� 2KP¶V� ODZ�� 7KH�UHOHYDQW�IRUPXOD�LV�
9 ,5 DOWHUQDWLYHO\��� , 9�5 DQG�� 5 9�,

7KLV� IRUPXOD� VD\V�� D� FXUUHQW� WKURXJK� D� UHVLVWRU� ZLOO� UHVXOW� LQ� D� YROWDJH�IRUPLQJ� DFURVV� WKDW� UHVLVWRU� DQG� WKH� DPSOLWXGH� RI� WKH� YROWDJH� ZLOO� EH�SURSRUWLRQDO� WR� WKH� FXUUHQW�� 1RWH� WKDW� WKH� UHVLVWRU� LWVHOI� LV� QRW�JHQHUDWLQJ� D� YROWDJH�� &RPPRQO\� XVHG� HOHFWULFDO� LWHPV� VXFK� DV� KHDWHUV�DQG� ILODPHQW� ODPSV� DUH� EDVHG� RQ� UHVLVWRUV� WKDW� DUH� GHVLJQHG� WR� KHDW� XS�ZKHQ� VXIILFLHQW� FXUUHQW� IORZV� WKURXJK� WKHP�� ,W�GRHV�QRW�PDWWHU� LQ�ZKLFK�GLUHFWLRQ�FXUUHQW�IORZV�WKURXJK�D�UHVLVWRU�LQ�RUGHU�WR�JHQHUDWH�KHDW�

$OWHUQDWLYH�V\PEROIRU�D�UHVLVWRU�

)LJ� �� %DVLF� UHVLVWLYH� FLUFXLW� ZKHUH� ,�  � 9�5�� �%\� FRQYHQWLRQ�� FXUUHQW�IORZ�LV�UHSUHVHQWHG�DV�JRLQJ�LQ�WKH�RSSRVLWH�GLUHFWLRQ�WR�HOHFWURQ IORZ�
$V� DQ� H[DPSOH�� D� �� YROW� EDWWHU\�ZRXOG� FDXVH� ���� DPS� WR� IORZ� WKURXJK� D�UHVLVWRU� KDYLQJ� D� YDOXH� RI� ��� RKPV� EHFDXVH� , 9�5�� 7KLV� VXSSRVHV� WKDW�WKH� EDWWHU\� ZDV� DEOH� WR� GHOLYHU� WKDW� DPRXQW� RI� FXUUHQW�� (OHFWULF�JHQHUDWRUV� VXFK� DV� EDWWHULHV� DUH� GHVLJQHG� WR� SURYLGH� D� VSHFLILHG� YROWDJH�ZKLOH�ZRUNLQJ�RYHU�D�VSHFLILHG�FXUUHQW�UDQJH�
&RQVLGHU� DJDLQ� WKH� FDSDFLWRU� DQG� UHVLVWRU� FLUFXLW� LQ� WKH� SUHYLRXV�GLDJUDP�� ILJ� ��� DQG� OHW� WKH� EDWWHU\� YROWDJH� EH� FDOOHG�9% � WKH� YROWDJH�DFURVV� WKH� UHVLVWRU�Y5 DQG� WKH� YROWDJH� DFURVV� WKH� FDSDFLWRU�Y&� 6LQFH� WKH�YROWDJH� DSSOLHG� DFURVV� WKH� FLUFXLW� LV� WKH� EDWWHU\� YROWDJH� WKH� GLIIHUHQFH�EHWZHHQ� WKH� EDWWHU\� DQG� FDSDFLWRU� YROWDJHV� PXVW� UHSUHVHQW� WKH� YROWDJH�DFURVV�WKH�UHVLVWRU��L �H�

Y5  �9% � Y&�1RWLFH� WKH� XVH� RI� XSSHU� DQG� ORZHU� FDVH� V\PEROV�� ,W � LV� FRQYHQWLRQDO� WR�XVH� ORZHU� FDVH� OHWWHUV� WR� UHSUHVHQW� WKH� LQVWDQWDQHRXV�YDOXH�RI� D�TXDQWLW\�WKDW� LV� YDU\LQJ�� 7KXV� Y& DQG� Y5 UHSUHVHQW� YDOXHV� DW� D� SDUWLFXODU� WLPH� W�ZKHUHDV� WKH� EDWWHU\� YROWDJH� 9% ZKLFK� LV� FRQVWDQW� LV� UHSUHVHQWHG� LQ�XSSHU� FDVH�� 7KH� FXUUHQW� WKDW� IORZV� WKURXJK� WKH� EDWWHU\� DQG� WKH� UHVLVWRU�DOVR� IORZV� LQWR� WKH� FDSDFLWRU�� WKHUH� LV� QRZKHUH� HOVH� IRU� LW � WR� JR�� ,W � KDV�

UHVLVWRU



EHHQ�SRLQWHG�RXW� WKDW� WKH�YROWDJH�DFURVV�D� UHVLVWRU� LV�SURSRUWLRQDO� WR� WKH�FXUUHQW� IORZLQJ� WKURXJK� LW� WKHUHIRUH� WKH�JUDSK�RI� WKH�YROWDJH� DFURVV� WKH�UHVLVWRU� LQ� WKH� SUHYLRXV� GLDJUDP� LV� SURSRUWLRQDO� WR� WKH� FXUUHQW� LQWR�� DQG�WKHUHIRUH� FKDUJLQJ�� WKH� FDSDFLWRU�� 3ORWV� RI� YROWDJH� DFURVV� WKH� FDSDFLWRU�DQG� FXUUHQW� WKURXJK� WKH� UHVLVWRU� DV� WKH� FDSDFLWRU� FKDUJHV�� ZRXOG� UHVXOW�LQ�FRPSOHPHQWDU\�FXUYHV��WKXV�

)LJ��� :KHQ�WKH�FDSDFLWRU�LV�IXOO\�FKDUJHG�FXUUHQW�FHDVHV�WR�IORZ�
,I� QR� UHVLVWDQFH� ZDV� VKRZQ� LQ� WKH� FLUFXLW� GLDJUDP� LQ� )LJ� �� LW � PLJKW� EH�DVVXPHG� WKDW� FKDUJLQJ� WKH� FDSDFLWRU� ZRXOG� EH� DQ� LQVWDQWDQHRXV� DFW��+RZHYHU�� QR� FRPSRQHQW� LV� LGHDO� DQG� WKH� FDSDFLWRU�� EDWWHU\�� DQG�LQWHUFRQQHFWLQJ� FRQGXFWRUV� HDFK� KDYH� VRPH� UHVLVWDQFH�� 7KHVH�LQGLYLGXDO� UHVLVWDQFHV� DUH� LQ� VHULHV�� L �H�� WKH� HQG� RI� RQH� RI� WKHP� LV�FRQQHFWHG� WR� WKH� EHJLQQLQJ� RI� WKH� QH[W� VR� WKDW� WKH� VDPH� FXUUHQW� IORZV�WKURXJK� DOO� RI� WKHP�� 7KHLU� LQGLYLGXDO� YDOXHV� FDQ� EH� DGGHG� WRJHWKHU� DQG�UHSUHVHQWHG�DV�DQ�HTXLYDOHQW�VLQJOH�UHVLVWRU�
',6&+$5*,1*�$�&$3$&,7250RVW� RI� WKH� HQHUJ\� XVHG� WR� FKDUJH� D� FDSDFLWRU� ZLOO� EH� VWRUHG� LQ� WKDW�FDSDFLWRU�� )RU� WKH� H[DPSOH� ZH� KDYH� EHHQ� FRQVLGHULQJ� WKLV� HQHUJ\�RULJLQDWHG� IURP� WKH� EDWWHU\� WKDW� PRYHG� WKH� HOHFWURQV�� 'XULQJ� WKDW�SURFHVV� VRPH� ORVVHV� ZLOO� KDYH� EHHQ� LQFXUUHG�� $OWKRXJK� QRW� REYLRXV��WKHVH� ORVVHV� ZLOO� KDYH� EHHQ� LQ� WKH� IRUP� RI� KHDW� JHQHUDWHG� DV� HOHFWURQV�FROOLGHG� ZLWK� HDFK� RWKHU� DV� WKH\� ZHUH� IRUFHG� WKURXJK� WKH� FLUFXLW�UHVLVWDQFH�
$� ODUJH� FDSDFLWRU� FDQ� VWRUH� D� FRQVLGHUDEOH� DPRXQW� RI� HQHUJ\� DV�GHPRQVWUDWHG� E\� WKH� VSDUN� SURGXFHG� ZKHQ� VKRUW�FLUFXLWLQJ� WKH�FDSDFLWRU¶V� WHUPLQDOV� UDSLGO\� GLVFKDUJHV� WKLV� HQHUJ\�� 6XFK� SURFHGXUH� LV�QRW� UHFRPPHQGHG� EHFDXVH� WKH� UHVXOWLQJ� FXUUHQW� IORZ� FRXOG� GDPDJH� WKH�FDSDFLWRU�� 7KH� VWRUHG� HQHUJ\� FDQ� EH� GLVVLSDWHG� LQ D� JHQWOHU� ZD\� E\�DUUDQJLQJ� IRU� WKH� GLVFKDUJH� FXUUHQW� WR� IORZ� WKURXJK� D� UHVLVWRU�� 7KLV� LV�WKH� RSSRVLWH� WR� WKDW� ZKLFK� WDNHV� SODFH� ZKLOH� FKDUJLQJ� DQG� WKH� YROWDJH�DFURVV�WKH�FDSDFLWRU�ZLOO�GHFUHDVH�H[SRQHQWLDOO\�

DPSOLWXGH EDWWHU\��YROWDJH
YROWDJH�DFURVVWKH�FDSDFLWRU

YROWDJH�DFURVV�WKH�UHVLVWRUDQG�WKH�FXUUHQW�WKURXJK�LW
WLPH



$� FDSDFLWRU¶V� GLHOHFWULF KDV� WKH� DELOLW\� WR� ³VRDN� XS´� D� FKDUJH� DIWHU�ZKLFK� LW � LV� UHOXFWDQW� WR� UHOLQTXLVK� LW � WKHUHIRUH�D�PRPHQWDU\� VKRUW�FLUFXLW�DFURVV� D� FDSDFLWRUV� WHUPLQDOV� GRHV� QRW� ³VTXHH]H� RXW´� DOO� RI� LWV� FKDUJH��7KLV� DOORZV� WKH� FDSDFLWRU� WR� UHJDLQ� VRPH� RI� LWV� RULJLQDO� FKDUJH�DIWHU�UHPRYDO� RI� WKDW� VKRUW�� 6R� EHZDUH� RI� ³GLVFKDUJHG´� KLJK� YROWDJH�FDSDFLWRUV��7KLV�FKDUDFWHULVWLF�LV�FDOOHG�GLHOHFWULF�DEVRUSWLRQ�

)LJ� ��� &RQQHFWLQJ� D� UHVLVWRU� LQ� SDUDOOHO� �L �H�� DFURVV�� D� FKDUJHG���FDSDFLWRU�ZLOO �GLVVLSDWH�WKH�FKDUJH
7+(�5&�7,0(�&2167$177KH� WHUP� WLPH� FRQVWDQW �V\PERO�7�� LV� FRPPRQO\� XVHG� ZKHQ� UHIHUULQJ�WR� HOHFWULFDO� FLUFXLWV� DQG� DQ� H[SODQDWLRQ� IRU� LW � LV� DSSURSULDWH� DW� WKLV�VWDJH�� :KHUH� D� FLUFXLW� FRQWDLQV� D� UHVLVWRU� DQG� FDSDFLWRU� FRQQHFWHG� LQ�VHULHV� WKH� KLJKHU� WKH� YDOXH� RI� UHVLVWDQFH� WKH� VPDOOHU� WKH� FKDUJLQJ� �RU�GLVFKDUJLQJ�� FXUUHQW� DQG� WKHUHIRUH� WKH� ORQJHU� LW � WDNHV� WR� FKDUJH� �RU�GLVFKDUJH�� D� JLYHQ� VL]HG� FDSDFLWRU�� 6LPLODUO\�� WKH� ODUJHU� WKH� YDOXH� RI�WKH� FDSDFLWRU� WKH� ORQJHU� LW ZLOO� WDNH� WR� FKDUJH� �RU�GLVFKDUJH�� IRU�D�JLYHQ�YDOXH� RI� UHVLVWDQFH�� 7KH� SURGXFW� 5&�� ZKHUH� 5� LV� LQ� RKPV� DQG� &� LV� LQ�IDUDGV�� LV� FDOOHG� WKH� FLUFXLW¶V� WLPH� FRQVWDQW� DQG� LW � KDV� XQLWV� RI� VHFRQGV��,W � LV� XVHG� DV� D� JXLGH� WR� WKH� UHVSRQVH� WLPH� RI� D� FLUFXLW� � ,W � GRHV� QRW�UHSUHVHQW� WKH� WLPH� LW � WDNHV� WR� FKDUJH� D� FDSDFLWRU� EXW� LW � GRHV� UHSUHVHQW�WKH� WLPH� LW � ZRXOG� KDYH� WDNHQ� LI� WKH� VWDUW� XS� UDWH� RI� FKDUJH�� ZKLFK� LV�DSSUR[LPDWHO\� OLQHDU�� KDG� EHHQ�PDLQWDLQHG�� 7KLV� LV� GHPRQVWUDWHG� LQ� WKH�QH[W� GLDJUDP�� ,W� VR� KDSSHQV� WKDW� LI� D� FDSDFLWRU� LV� FKDUJLQJ� WRZDUGV� D�YROWDJH� 9� WKHQ� DW� WLPH� � 7�  � 5&� � WKH� YROWDJH� DFURVV� WKH� FDSDFLWRU� KDV�UHDFKHG� DSSUR[LPDWHO\� ���� RI� LWV� ILQDO� YDOXH�� L �H�� ����9�� :KHQ�GLVFKDUJLQJ�� WKH� YROWDJH� DFURVV� WKH� FDSDFLWRU� DW� WLPH�7� LV� DSSUR[LPDWHO\�����RI�LWV�LQLWLDO�YDOXH��ZKLFK�ZDV�9�

$Q�LVRODWHG�FKDUJHGFDSDFLWRU� 'LVFKDUJHFXUUHQW�



)LJ��D� &DSDFLWRU�FKDUJLQJ� )LJ��E� &DSDFLWRU�GLVFKDUJLQJ�,QLWLDO�FKDUJLQJ�JUDGLHQW�LV�2; � � � � � � � � �,QLWLDO�GLVFKDUJH�JUDGLHQW�LV�97 �
&855(17�7+528*+�$�&$3$&,725",I� FXUUHQW� GRHV� QRW� IORZ� WKURXJK� D FDSDFLWRU�� DQG� LW � GRHV� QRW� XQOHVV� LWV�GLHOHFWULF� EUHDNV� GRZQ�� KRZ� FDQ� WKH� DUUDQJHPHQWV� IRU� FKDUJLQJ� D�FDSDFLWRU� EH� FRQVLGHUHG� D FLUFXLW IRU� HOHFWURQV� DQG� KRZ� GR� VLJQDOV�³SDVV� WKURXJK´� D� FDSDFLWRU"� 7KH� IROORZLQJ� GLVFXVVLRQ� VKRXOG� UHPRYH�DQ\�SX]]OLQJ�WKRXJKWV�RQ�WKH�PDWWHU��
,Q� WKH� QH[W� GLDJUDP�� )LJ� ���� WKH� EDWWHU\� KDV� EHHQ� UHSODFHG�ZLWK� DQRWKHU�W\SH� RI� JHQHUDWRU� WKDW� UHSHDWHGO\� GLVSODFHV� HOHFWURQV� ILUVW� IURP� SODWH� $�RI� WKH� FDSDFLWRU� WRZDUGV� SODWH� %� DQG� WKHQ� UHYHUVHV� WKH� SURFHGXUH�� 7KLV�KDV� WKH� VDPH� HIIHFW� DV� FRQWLQXRXVO\� UHYHUVLQJ� WKH� EDWWHU\� FRQQHFWLRQV�LQ� SUHYLRXV� GLDJUDPV�� 7KH� VROLG� DUURZ�KHDGV� LQGLFDWH� WKH� GLUHFWLRQ� RI�HOHFWURQ�IORZ�

)LJ� ���� � ,Q� WKH� OHI W � KDQG� GLDJUDP� HOHFWURQV� I ORZ� IURP� SODWH� $� RI � WKH�FDSDFLWRU� WKURXJK� WKH� JHQHUDW RU� DQG� UHVLVWRU� WR� SODWH� %�� 7KXV� SODWH� %�EHFRPHV�QHJDWLYH�ZLWK� UHVSHFW � WR�SODWH�$��:KHQ� WKH�SRODULW\�RI � WKH�JHQHUDWRU�LV� UHYHUVHG� HOHFWURQV IORZ� LQ� WKH� RSSRVLWH� GLUHFWLRQ� DQG� SODWH� $� EHFRPHV�QHJDWLYH�
,I� WKH� JHQHUDWRU� VKLIWV� HOHFWURQV� LQ� RQH� GLUHFWLRQ� XQWLO � WKH� FDSDFLWRU� LV�YHU\� FORVH� WR� IXOO� FKDUJH� EHIRUH� LW � UHYHUVHV� SRODULW\� WKH� YROWDJH� DFURVV�

WLPH WLPH



WKH� FDSDFLWRU� ZLOO� DSSHDU� DV� VKRZQ� DW�$ LQ� )LJ� ���� +RZHYHU�� LI� WKH�JHQHUDWRU� UHYHUVHV� SRODULW\� EHIRUH� WKH� FDSDFLWRU� FDQ� IXOO\� FKDUJH� DQG�GLVFKDUJH� WKH� FDSDFLWRU� YROWDJH�ZLOO� DSSHDU� DV� VKRZQ� DW�% � � 7KH� FKDQJHV�RFFXU�DW�SRLQWV�VXFK�DV�WKRVH�ODEHOOHG�
�
)LJ����� $*HQHUDWRUYROWDJH
&DSDFLWRUYROWDJH
)LJ����� %*HQHUDWRUYROWDJH
&DSDFLWRUYROWDJH

WLPH
([FHSW�IRU�WKH�WLPHV�ZKHQ�WKH�FDSDFLWRU�LV�IXOO\�FKDUJHG�DQG�WKH�JHQHUDWRU�LV�QRW�FKDQJLQJ�GLUHFWLRQ��HOHFWURQV�IORZ�DURXQG�WKH�FLUFXLW�IURP�RQH�VLGH�RI�WKH�FDSDFLWRU�WR�WKH�RWKHU��L �H��LQ�RQH�GLUHFWLRQ�RU�WKH�RWKHU��7KLV�JLYHV�WKH�LOOXVLRQ�RI�D�FXUUHQW�SDWK�WKURXJK�WKH�FDSDFLWRU�DOWKRXJK�RQO\�WKH�YROWDJH�DFURVV�LW �LV�FKDQJLQJ��$OWKRXJK�WKH�JHQHUDWRU�YROWDJH�LV�UHFWDQJXODU�WKH�YROWDJH�DFURVV�WKH�FDSDFLWRU�LV�GLVWRUWHG�IURP�WKDW�VKDSH��7KLV�LV�GXH�WR�WKH�FDSDFLWRU�FKDUJLQJ�FKDUDFWHULVWLFV�H[SODLQHG�RQ�SUHYLRXV�SDJHV��'LVWRUWLRQ�ZRXOG�QRW�KDYH�WDNHQ�SODFH�LI�WKH�RQO\�FRPSRQHQW�LQ�WKH�FLUFXLW�KDG�EHHQ�D�UHVLVWRU��1RZ�FRQVLGHU�WKH�VDPH�FLUFXLW�GUDZQ�LQ�D�VOLJKWO\�GLIIHUHQW�IRUP�DV�JLYHQ�LQ�)LJ�����

)LJ���� )LJ����GUDZQ�LQ�D�GLIIHUHQW�IRUP�

7R�WKH�LQSXW�WHUPLQDOVRI�D�PHDVXULQJ�GHYLFH�



$V� XVXDO� WKH� RSHQ� DUURZ�KHDGV� GHQRWH� WKH� SRVLWLYH� YROWDJH� HQG� RI� D�FRPSRQHQW� ZLWK� UHVSHFW� WR� LWV� RWKHU� HQG� DQG� EHFDXVH� WKH� JHQHUDWRU�YROWDJH� LV� FRQWLQXRXVO\� FKDQJLQJ� WKH\� UHSUHVHQW� WKH� VLWXDWLRQ� DW� D�SDUWLFXODU� WLPH�� � 7KH� RQO\� VRXUFH� RI� YROWDJH� IRU� WKH� FLUFXLW� VKRZQ� LV�IURP� WKH� JHQHUDWRU� WKHUHIRUH� WKH� YROWDJHV� Y5 �� Y& PXVW� HTXDO� WKH�JHQHUDWRU� YROWDJH� 9*�� /HW� WKH� JHQHUDWRU� *� UHSUHVHQWV� D� VLJQDO� VRXUFH�WKDW� FRXOG�� IRU� H[DPSOH�� EH� D� YROWDJH� SURGXFHG� IURP� D� WUDQVGXFHU� VXFK�DV� D� YLGHR� FDPHUD�� RU� D� YROWDJH� REWDLQHG� IURP� D� SDLU� RI� HOHFWURGHV�DWWDFKHG� WR� D� SHUVRQ�� WKH� UDQJH�RI�SRVVLEOH� VLJQDO� VRXUFHV� LV� OHJLRQ��$V�ORQJ� DV� WKH� VLJQDO� YROWDJH� NHHSV� FKDQJLQJ�� HOHFWURQV� ZLOO� IORZ� LQWR� DQG�RXW� RI� WKH� FDSDFLWRU� DQG� WKXV� LQ� RQH� GLUHFWLRQ� RU� WKH� RWKHU� WKURXJK� WKH�UHVLVWRU�� 7KLV� FUHDWHV� D� YROWDJH� DFURVV� WKH� UHVLVWRU� WKDW� LV� SURSRUWLRQDO�WR� WKH� FKDQJLQJ� VLJQDO� DQG� WKLV� FDQ� EH� SUHVHQWHG� WR� WKH� LQSXW� WHUPLQDOV�RI� D� PHDVXULQJ� LQVWUXPHQW� DV� VKRZQ�� ,Q� WKH� ZRUOG� RI� HOHFWURQLFV� WKLV�DUUDQJHPHQW� LV� FDOOHG�FDSDFLWRU� FRXSOLQJ DQG� LV� RIWHQ� XVHG�ZKHUH� LW � LV�UHTXLUHG� WR� VHSDUDWH� D� FKDQJLQJ� VLJQDO� IURP� D� IL[HG� RQH�� $Q� H[DPSOH�ZRXOG�EH�D�VLJQDO�VXSHULPSRVHG�XSRQ�D�EDWWHU\�YROWDJH��
&,5&8,7�0$*1(7,607KH� GLVFRYHULHV� WR� EH� RXWOLQHG� LQ� WKH� QH[W� IHZ� VHFWLRQV� KDYH� OHG� WR� WKH�GHVLJQ� RI� HOHFWULF� PRWRUV� DQG� JHQHUDWRUV�� WUDQVIRUPHUV� DQG� UDGLR�WUDQVPLVVLRQ�� HWF�� 7KH\� PD\� DOVR� H[SODLQ� VRPH� XQGHVLUHG� HIIHFWV� WKH�QRYLFH� ZLOO� PHHW� GXULQJ� ODERUDWRU\� H[SHULPHQWV� ZKHQ� XVLQJ� HOHFWURQLF�DSSDUDWXV�
,W� LV� D� IDFW� RI� OLIH� WKDW�ZKHQHYHU� HOHFWURQV�� L �H�� DQ� HOHFWULF� FXUUHQW�� IORZ�WKURXJK�D� FRQGXFWRU� D�PDJQHWLF� ILHOG� LV�FUHDWHG�DURXQG� WKH�HQWLUH� OHQJWK�RI� WKDW� FRQGXFWRU�� 7KH� ODUJHU� WKH� FXUUHQW�� L �H�� WKH� PRUH� HOHFWURQV�PRYLQJ� SHU� VHFRQG�� WKH� VWURQJHU� WKDW� ILHOG� ZLOO� EH� DQG� WKHUHIRUH� WKH�JUHDWHU�DQG�IXUWKHU�LWV�LQIOXHQFH��
)LJ� ��� 7KH� GDVKHG�OLQHV� UHSUHVHQW� WKH�PDJQHWLF� ILHOG� DURXQG�D� FXUUHQW� FDUU\LQJ�FRQGXFWRU�� 7KLV� ILHOGH[WHQGV� DORQJ� WKH�HQWLUH� OHQJWK� RI� WKH�FRQGXFWRU�
7KLV� HOHFWULFDO� DQG� PDJQHWLF� DVVRFLDWLRQ� LV� FDOOHG� HOHFWURPDJQHWLVPDQG� WKH� OLQN� ZDV� GLVFRYHUHG� E\� 2HUVWHG� LQ� ������ $SSDUHQWO\� WKH� RULJLQ�RI� WKLV�PDJQHWLF� ILHOG� LV� GXH� WR� WKH� XQLIRUP�PRWLRQ� RI� HOHFWULF� FKDUJHV��L �H�� HOHFWURQV�� EHFDXVH� WKH� HIIHFW� LV� QRW� DSSDUHQW� ZLWK� VWDWLF� HOHFWULFLW\��$Q� H[SODQDWLRQ� IRU� WKH� REVHUYHG� FKDUDFWHULVWLFV� RI� D� SHUPDQHQW� PDJQHW�

,



FRXOG� WKHUHIRUH� EH� WKDW� HQRXJK� HOHFWURQV� LQ� D� PDWHULDO� KDYH� WKHLU�WUDMHFWRULHV� XQLIRUPO\� DOLJQHG�� 1RW� DOO PDWHULDOV� FDQ� PDLQWDLQ� WKDW�HOHFWURQ�FRQILJXUDWLRQ�
$�PDJQHWLF� ILHOG� H[LVWV� DORQJ� WKH� HQWLUH� OHQJWK� RI� D� FRQGXFWRU� FDUU\LQJ�FXUUHQW� DQG�ZKHQ� VXFK� D� FRQGXFWRU� LV� IRUPHG� LQWR� D� FRLO� WKH� DVVRFLDWHG�PDJQHWLF� ILHOG� EHFRPHV� FRQFHQWUDWHG� ZLWKLQ� WKDW� FRLO� � 7KH� UHVXOWDQW�ILHOG� LV� VLPLODU� WR� WKDW� REWDLQHG� ZLWK� D� EDU� PDJQHW� ZLWK� WKH� DGGHG�DGYDQWDJH� WKDW� LI� WKH� GLUHFWLRQ� RI� FXUUHQW� WKURXJK� WKH� FRLO� LV� UHYHUVHG�WKH� SRODULW\� RI� WKH� PDJQHWLF� ILHOG� UHYHUVHV�� VHH� WKH� QH[W� GLDJUDP�� )LJ����

)LJ���� 7KH�PDJQHWLFILHOG�UHYHUVHV�ZKHQ�WKHGLUHFWLRQ�RI�FXUUHQWUHYHUVHV�

,W� PD\� EH� UHPHPEHUHG� WKDW� WKH� WHUP� QRUWK� DQG� VRXWK� SROH� XVHG� IRU�PDJQHWV� RULJLQDWHG� IURP� WKH� XVH� RI� D� EDU�PDJQHW� LQ� D� FRPSDVV��7KH� HQG�WKDW� SRLQWV� WR� WKH� QRUWK� LV� FDOOHG� WKH� QRUWK� VHHNLQJ� SROH�� 7KLV� LV�VKRUWHQHG� WR� QRUWK� SROH�� 0DJQHWV� IRUPHG� E\� SDVVLQJ� FXUUHQW� WKURXJK� D�FRLO� UHVHPEOH� SHUPDQHQW� PDJQHWV� WKXV� WZR� VXFK� QRUWK� RU� VRXWK� SROHV�UHSHO�ZKLOH� SROHV� RI� RSSRVLWH� SRODULW\� DWWUDFW� HDFK� RWKHU��$OVR�� LI� D� FRLO�LV� ZRXQG� RQ� DQ� LURQ� FRUH� WKH� PDJQHWLF� ILHOG� FRQFHQWUDWHV�� L �H�� EHFRPHV�VWURQJHU��ZLWKLQ�WKDW�FRUH�
&RLOV� XVHG� WR� VKDSH� D� PDJQHWLF� ILHOG� IRU� D� SDUWLFXODU� DSSOLFDWLRQ� PD\�GLIIHU� FRQVLGHUDEO\� LQ� RXWOLQH� WR� WKH� VSLUDO� GUDZQ� LQ� WKH� SUHYLRXV�GLDJUDP� DQG� FRLOV� GHVLJQHG� WR� ZRUN� DW� ORZ� IUHTXHQFLHV� ZLOO� EH� EXON\�FRPSDUHG� ZLWK� WKRVH� GHVLJQHG� IRU� UDGLR� IUHTXHQFLHV�� $W� D� KLJK� HQRXJK�IUHTXHQF\� D� VLQJOH� WXUQ� RI� D� FRQGXFWRU� FDQ� EH� YHU\� LQIOXHQWLDO� LQ� D�FLUFXLW� � (DFK� WXUQ� RI� D� FRLO� LV� LQVXODWHG� IURP� HYHU\� RWKHU� WXUQ�� 7KLV� LV�DFKLHYHG� E\� XVLQJ� ZLUH� FRDWHG� ZLWK� DQ� LQVXODWLQJ� PDWHULDO�� $W� UDGLR�IUHTXHQFLHV� ZKHUH� RQO\� D� IHZ� WXUQV� DUH� UHTXLUHG� DLU� VSDFHG� WXUQV� PD\�EH� XVHG�� ,I� WKH� LQVXODWLRQ� EHWZHHQ� WZR� DGMDFHQW� WXUQV� EUHDNV� GRZQ� D�VKRUWHG�WXUQ LV�FUHDWHG�DQG�WKLV�FDQ�FDXVH�WKH�FLUFXLW�WR�PDOIXQFWLRQ�
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0$*1(7,&�,1'8&7,217HQ� \HDUV� DIWHU� 2HUVWHG
V� GLVFRYHU\�� )DUDGD\� IRXQG� WKDW� ZKLOH� WKH�FXUUHQW� LQ� D� FRLO� LV� FKDQJLQJ� LQ� DPSOLWXGH� DQ� DGMDFHQW� FRLO� FLUFXLW� ZLOO�KDYH� D� UHODWHG� FXUUHQW� LQGXFHG� LQWR� LW � DQG� LI� WKH� DGMDFHQW� FRLO� LV� RSHQ�FLUFXLW� D� YROWDJH� ZLOO� EH� GHYHORSHG� DFURVV� LWV� WHUPLQDOV�� 7KLV� LV�LOOXVWUDWHG�LQ�)LJ�����
)LJ����7KH FKDQJLQJ FXUUHQW�, WKURXJK� FRLO� $FUHDWHV� D� FKDQJLQJ�PDJQHWLF� ILHOG� WKDW�OLQNV� ZLWK� FRLO� % � �7KLV� ZLOO FDXVH� DQ�LQGXFHG� YROWDJH� 9DFURVV� WKH� RSHQ�FLUFXLW� WHUPLQDOV� RI�FRLO�% � � ,I � WKH� HQGV� RI�FRLO % DUH� FRQQHFWHG�D�FXUUHQW�ZLOO �I ORZ�WKURXJK�WKDW�FRLO�
([SHULPHQW� VKRZV� WKDW� WKH� YROWDJH� 9 FDQ� EH� LQFUHDVHG� E\� HLWKHU�LQFUHDVLQJ� WKH�QXPEHU�RI� WXUQV�RQ� WKH�DGMDFHQW�FRLO�%� E\� LQFUHDVLQJ� WKH�YDOXH� RI� FXUUHQW� ,� RU� LQFUHDVLQJ� WKH� UDWH� DW� ZKLFK� ,� FKDQJHV�� 7KLV�FLUFXLW� DUUDQJHPHQW� DOORZV� DQ� DSSOLHG� FXUUHQW� WKURXJK� D�SULPDU\ FRLO�WR� SURGXFH� D� VSHFLILF� FXUUHQW� WKURXJK� D�VHFRQGDU\ FRLO�� 2QH� YDOXH� RI�FXUUHQW� LV� WKXV� WUDQVIRUPHG� LQWR� DQRWKHU� YDOXH�� 7KH� DUUDQJHPHQW� LV�WKHUHIRUH� FDOOHG� D� WUDQVIRUPHU�� 6LPLODUO\�� D� SDUWLFXODU� YROWDJH� DSSOLHG�DFURVV� WKH� SULPDU\� FRLO� FDQ� EH� WUDQVIRUPHG� LQWR� DQRWKHU� YDOXH� DFURVV�WKH� WHUPLQDOV� RI� WKH� VHFRQGDU\� FRLO� � 1RWH� WKDW� WKHUH� FDQ� EH� QR� HQHUJ\�JDLQ�EHFDXVH�ORVVHV�RFFXU�ZLWK�WKH�WUDQVIRUPLQJ�SURFHVV�
)DUDGD\� DOVR� GLVFRYHUHG� WKDW� D� FXUUHQW�ZDV� SURGXFHG� LQ� D� FRLO� FLUFXLW� LI�WKHUH�ZDV� D� FKDQJH� LQ� D�PDJQHWLF� ILHOG� DORQJ� WKH� D[LV� RI� WKDW� FRLO� � 7KLV�FDQ� EH� GHPRQVWUDWHG� E\� PRYLQJ� D� EDU� PDJQHW� LQ� DQG�RXW� RI� D� FRLO� � 7KH�FXUUHQW� LV� RQO\� SURGXFHG� ZKLOH� WKH� PDJQHW� LV� PRYLQJ�� L �H�� ZKLOH� WKH�PDJQHWLF� ILHOG� DURXQG� WKH� PDJQHW� LV� ³FXWWLQJ´� WKH� WXUQV� RI� WKH� FRLO� � ,W �PDNHV� QR� GLIIHUHQFH�ZKHWKHU� LW � LV� WKH�PDJQHW� WKDW�PRYHV�ZKLOH� WKH� FRLO�UHPDLQV� VWDWLRQDU\� RU� LI� LW � LV� WKH� RWKHU� ZD\� DURXQG�� LW � LV� WKH� UHODWLYH�PRYHPHQW� EHWZHHQ� WKH� WZR� WKDW� LV� LPSRUWDQW�� 7KH� FXUUHQW� LV� LQFUHDVHG�E\�XVLQJ�D�VWURQJHU�PDJQHW�RU�E\�PRYLQJ�WKH�PDJQHW�IDVWHU�

,
9

$ %



)LJ� ��� 7KH� GLUHFWLRQ� RI� FXUUHQW� WKURXJK� WKH FRLO� GHSHQGV� RQ� WKH�GLUHFWLRQ� WKH� PDJQHW� LV� PRYLQJ�� $� VWDWLRQDU\�PDJQHW� GRHV� QRW� JHQHUDWH�FXUUHQW�
1RZ� VRPH�PRUH� QDPH�GURSSLQJ�� WKLV� WLPH� LW � LV�/HQ]��+H� FRQFOXGHG� WKDW�FXUUHQW� LQGXFHG� LQWR� D� FRLO� LV� LQ� VXFK� D�GLUHFWLRQ� WKDW� WKH�PDJQHWLF� ILHOG�WKDW� DFFRPSDQLHV� WKDW� LQGXFHG� FXUUHQW� RSSRVHV� WKH� PDJQHWLF� ILHOG� WKDW�LV� FUHDWLQJ� LW � � ,Q� RWKHU� ZRUGV�� DV� D� PDJQHW¶V� QRUWK� SROH� DSSURDFKHV� WKH�PLGGOH� RI� D� FRLO� WKH� FXUUHQW� LQGXFHG� LQWR� WKDW� FRLO�ZLOO� EH� LQ� D�GLUHFWLRQ�WR� FUHDWH� WKH� FRLO¶V� QRUWK� SROH� IDFLQJ� WKH� RQFRPLQJ� QRUWK� SROH� RI� WKH�PDJQHW�� 7KHVH� QRUWK� SROHV� RSSRVH� HDFK� RWKHU� DQG� WKHUHIRUH� ZRUN� PXVW�EH� GRQH� WR� RYHUFRPH� WKLV� RSSRVLWLRQ�� $V� WKH� PDJQHW� LV� ZLWKGUDZQ� WKH�FRLO 
V� FXUUHQW� UHYHUVHV� GLUHFWLRQ�� WKLV� FKDQJHV� ZKDW� ZDV� WKH� FRLO 
V� QRUWK�SROH� WR� D� VRXWK� SROH�� 7KH� ODWWHU� QRZ� DWWUDFWV� WKH� QRUWK� SROH� RI� WKH�GHSDUWLQJ� PDJQHW� WKXV� RSSRVLQJ� LWV� ZLWKGUDZDO�� 7KH� ZRUN� GRQH�� L �H��HQHUJ\�XVHG��LQ�PRYLQJ�WKH�PDJQHW�KDV�EHFRPH�HOHFWULFDO�HQHUJ\�
6(/)�,1'8&7,21&XUUHQW� WKURXJK� D� FRLO� SURGXFHV� D� PDJQHWLF� ILHOG� DURXQG� WKDW� FRLO�:KLOH� WKLV� FXUUHQW� DQG� LWV� DVVRFLDWHG� PDJQHWLF� ILHOG� DUH� FKDQJLQJ� QRW�RQO\� ZLOO� FXUUHQW� EH� LQGXFHG� LQWR� DQ\� DGMDFHQW� FLUFXLW� � WKH� FRLO� LWVHOI�ZLOO� EH� DIIHFWHG� E\� WKH� VDPH� PHFKDQLVP� DQG� ZLOO� SURGXFH� D� YROWDJH� RI�LWV� RZQ� ZKLFK� LV� RI� RSSRVLWH� SRODULW\� WR� WKH YROWDJH� DSSOLHG� WR� LW � � 7KLV�RSSRVLQJ� YROWDJH� LV� UHIHUUHG� WR� DV� D� VHOI� LQGXFHG� H�P�I� RU� D� EDFN�H�P�I� ZKHUH� H�P�I�� VWDQGV� IRU� HOHFWUR� PRWLYH� IRUFH�� 7KH� HIIHFWLYH�YROWDJH� DFURVV� WKH� FRLO� LV� WKHUHIRUH� WKH� DSSOLHG� YROWDJH� PLQXV� WKH� VHOI�LQGXFHG� YROWDJH��&RQVHTXHQWO\� OHVV� FXUUHQW� IORZV� WKDQ�ZRXOG� KDYH� GRQH�KDG� LW � QRW� EHHQ� IRU� WKLV� EDFN� H�P�I�� (QHUJ\� ORVVHV� SUHYHQW� WKH� EDFN�H�P�I�� EHLQJ� HQWLUHO\� VXFFHVVIXO� LQ� VWRSSLQJ� FXUUHQW� IORZ� FRPSOHWHO\�DQG� HYHQWXDOO\� WKH� DSSOLHG� YROWDJH� RYHUFRPHV� WKH� RSSRVLWLRQ� EXW� WKLV�WDNHV� D� ILQLWH� WLPH� WR� KDSSHQ� DV� VKRZQ� LQ� )LJ� ���� 2QFH� WKH� FXUUHQW�UHDFKHV� D� FRQVWDQW� VWHDG\� YDOXH� QR� EDFN� H�P�I�� LV� JHQHUDWHG�� DW� WKDW�VWDJH�FXUUHQW�LV�OLPLWHG�E\�UHVLVWDQFH�LQ�WKH�FLUFXLW�



)LJ� ��� :KHQ� VZLWFK�6 LV� FORVHG� FXUUHQW� LQFUHDVHV� WR� D�PD[LPXP� YDOXH�RI� , 9�5� ZKHUH� 5 LV� WKH� FLUFXLW� UHVLVWDQFH� ZKLFK� LQFOXGHV� WKH� FRLO¶V�UHVLVWDQFH� 7KH� YROWDJH� DFURVV� WKH� FRLO� �9F�� LV� WKH� EDWWHU\� YROWDJH�PLQXV�WKH�EDFN�H�P�I�
7KH� VLWXDWLRQ� MXVW� GHVFULEHG� DSSOLHV� WR� DQ� DLU� FRUHG� FRLO� � $Q� LURQ� FRUH�ZLOO� EH� UHODWLYHO\� VORZ� HVWDEOLVKLQJ� LWV� PDJQHWLF� ILHOG� EHFDXVH� LW � WDNHV�WLPH� IRU� WKH� LURQ� PROHFXOHV� WR� EHFRPH� DOLJQHG�� FRQVHTXHQWO\� D� EDFN�H�P�I�� LV� QRW� FUHDWHG� LPPHGLDWHO\� DW� VZLWFK�RQ� DQG� FXUUHQW� LV� LQLWLDOO\�OLPLWHG� RQO\� E\� DQ\� UHVLVWDQFH� LQ� WKH� FLUFXLW� � 7KLV� UHVXOWV� LQ� D� VKRUW� EXW�ODUJH� FXUUHQW� VXUJH� ZKHQ� WKH� VZLWFK� ILUVW� FORVHV�� 7KH� VZLWFK� XVHG� PXVW�EH�UDWHG�IRU�WKLV�VXUJH�
&RQVLGHU� QRZ� WKH� RSSRVLWH� VLWXDWLRQ� ZKHUH� D� VWHDG\� FXUUHQW� WKURXJK� D�FRLO� LV� VXGGHQO\� VWRSSHG�� 7KH� H[LVWLQJ� PDJQHWLF� ILHOG� WKDW� ZDV� GXH� WR�WKDW� FXUUHQW� ZLOO� VWDUW� WR� FROODSVH�� WKLV� FROODSVLQJ�� L �H�� FKDQJLQJ�� ILHOG�ZLOO� JHQHUDWH� D� YROWDJH� DFURVV� WKH� FRLO� LQ� ZKLFK� LW � LV� H[LVWLQJ�� 7KLV�LQGXFHG� YROWDJH� KDV� WKH� RSSRVLWH� SRODULW\� WR� WKDW� FUHDWHG�ZKHQ� WKH� ILHOG�ZDV� LQFUHDVLQJ�� ,W � QRZ� DLGV� WKH� FXUUHQW� DOUHDG\� IORZLQJ� UDWKHU� WKDQ�WU\LQJ� WR� SUHYHQW� LW � � :KHQ� WKH� FLUFXLW� ZDV� VZLWFKHG� RQ� WKH� RSSRVLWH�KDSSHQHG�� 7KXV� DV� WKH� VZLWFK� FRQWDFWV� RSHQ� WKLV� DGGHG� YROWDJH� HQDEOHV�WKH� FXUUHQW� WR� FRQWLQXH� IORZLQJ� EHWZHHQ� WKHP� WKXV� FUHDWLQJ� DQ� DUF�EHWZHHQ� WKRVH� FRQWDFWV�� (YHQWXDOO\� WKH� GLVWDQFH� EHWZHHQ� WKH� VZLWFK�FRQWDFWV� EHFRPHV� WRR� ODUJH� IRU� WKH� HOHFWURQV� WR� MXPS� DQG� WKH� DUF� VWRSV��7KH� VDPH� SURFHVV� JHQHUDWHV� WKH� LJQLWLRQ� VSDUN� LQ� D� SHWURO HQJLQH�� �$Q�HOHFWULF� VSDUN� LV� WKH� FROORTXLDO� QDPH� IRU� DUFLQJ� WKDW� LV� VHHQ� WR� ODVW� RQO\�D� UHODWLYHO\� VKRUW� WLPH��� 7KH� DUFLQJ� SUREOHP� LV� DJJUDYDWHG� E\� VZLWFK�FRQWDFWV� WHQGLQJ� WR� ERXQFH� EHWZHHQ� RSHQ� DQG� FORVHG� VWDWHV� IRU� VHYHUDO�PLOOLVHFRQGV�ZKLOH�RSHUDWLQJ� 7KLV�DUFLQJ�GDPDJHV�WKH�VZLWFK�FRQWDFWV�

$SSOLHG��HPI
FRLO�FXUUHQW�%DFN��HPI ,

WLPH



$UFLQJ�EHWZHHQ�VZLWFK�FRQWDFWV &RQWDFWV�� � � � �&RQWDFWVFORVH� RSHQ�
)LJ���� 9ROWDJH�DFURVV�VZLWFK�FRQWDFWV�LQ�DQ�LQGXFWLYH�FLUFXLW�
$775,%87(6�2)�$�&2,/$V� DOUHDG\� H[SODLQHG�� DQ� HQHUJLVHG� FRLO� KDV� D� VHOI� LQGXFHG� H�P�I�� � 6XFK�D� FRPSRQHQW� LV� VDLG� WR� EH� LQGXFWLYH RU� WR� SRVVHVV� LQGXFWDQFH DQG� LV�FDOOHG� DQ� LQGXFWRU� � ,W � LV� GHQRWHG� E\�/� DQG� WKH� DPRXQW� RI� LQGXFWDQFH� LW �UHSUHVHQWV� LV� PHDVXUHG� LQ�KHQU\V�� V\PERO�+ � � 7KXV� D� FRLO� ZLOO� KDYH� DQ�LQGXFWDQFH� RI� VR� PDQ\� KHQU\V�� :KHQ� D� FRLO¶V� PDJQHWLF� ILHOG� OLQNV� WR�DQRWKHU� FRLO� WKH� WZR� FRLOV� DUH� VDLG� WR� KDYH�PXWXDO� LQGXFWDQFH� � V\PERO�0� �7KLV�LV�LQ�DGGLWLRQ�WR�WKHLU�LQGLYLGXDO�LQGXFWDQFHV�
3URYLGLQJ� LW � ZLWK� DQ� LURQ� FRUH� FDQ� LQFUHDVH� WKH� LQGXFWDQFH� RI� D� FRLO� �7KH� DFWXDO� FRUH� PDWHULDO� LV� VHOHFWHG�� RU� GHYHORSHG�� WR� RSWLPLVH� WKH�SHUIRUPDQFH� RI� WKH� FRLO� IRU� D� JLYHQ� DSSOLFDWLRQ�� ,WV� HIIHFWLYHQHVV� IRU�WKH� WDVN� LV� D� PHDVXUH� RI� WKDW� PDWHULDOV� SHUPHDELOLW\�� V\PERO P� � 7KH�YDOXH� RI� P IRU� D� YDFXXP� LV� XQLW\�� 6RPH� PDWHULDOV� KDYH� D� SHUPHDELOLW\�RI� PDQ\� WKRXVDQG�� 1RWH� WKDW� XVLQJ� DQ� LURQ� FRUH� DOVR� LQWURGXFHV� QRQ�OLQHDU� FKDUDFWHULVWLFV� LQWR� DQ� LQGXFWLYH� FLUFXLW� � $Q� DLU� FRUHG� LQGXFWRU�NQRZQ�DV� D�VROHQRLG LV�XVHG� WR�RSHUDWH�D�PHFKDQLVP�DWWDFKHG� WR�DQ� LURQ�SOXQJHU�WKDW�LV�DWWUDFWHG�DORQJ�WKH�D[LV�RI�WKH�HQHUJLVHG�FRLO�
7+(�618%%(57KH� DUFLQJ� WKDW� RFFXUV� ZKLOH� RSHQLQJ� D� VZLWFK� LQ� DQ� LQGXFWLYH� FLUFXLW�ZLOO� GDPDJH� WKH� VZLWFK� FRQWDFWV� DQG� UDGLDWH� LQWHUIHUHQFH� RYHU� D� ZLGH�UDQJH� RI� IUHTXHQFLHV�� 2SHUDWLQJ� WKH� FRQWDFWV� IDVWHU� GRHV� QRW� UHGXFH�DUFLQJ� EHFDXVH� WKH� TXLFNHU� WKH� PDJQHWLF� ILHOG� FROODSVHV� WKH� KLJKHU� WKH�VHOI� LQGXFHG� H�P�I�� � 7KH� VLWXDWLRQ� FDQ� EH� FRQWUROOHG� WR� VRPH� H[WHQW� E\�DUUDQJLQJ� DQ� DOWHUQDWLYH�SDWK� IRU� WKH� DUFLQJ� FXUUHQW��7KLV� LV� DFKLHYHG�E\�XVLQJ� D� VQXEEHU� 0RVW� FRPPRQO\� WKLV� FRQVLVWV� RI� D� UHVLVWRU� DQG�FDSDFLWRU� FRQQHFWHG� LQ� VHULHV� DFURVV� WKH� VZLWFK� FRQWDFWV�� $V� WKH� VZLWFK�RSHQV�� WKH� HQHUJ\� WKDW� ZRXOG� KDYH� IRUPHG� WKH� DUF� LV� WKHQ� GLVVLSDWHG� LQ�WKH� UHVLVWRU� RI� WKH� DOWHUQDWLYH SDWK�� 7KH� YDOXHV� RI� WKH� FRPSRQHQWV� XVHG�IRU�WKH�VQXEEHU�GHSHQG�XSRQ�WKH�FXUUHQW�DQG�LQGXFWDQFH�WR�EH�VZLWFKHG�

7UDQVLHQW�YROWDJH�JHQHUDWHG�E\�FRLO�ZKHQ�VZLWFK�FRQWDFWV�RSHQ6ZLWFK�FRQWDFWV�RSHQ

_���������������?



7+(�/�5�7,0(�&2167$175HVLVWDQFH� LQ� VHULHV� ZLWK� DQ� LQGXFWRU� OLPLWV� WKH� DPRXQW� RI� FXUUHQW� WKDW�FRXOG� RWKHUZLVH� IORZ�� &RQVHTXHQWO\� WKH� PDJQHWLF�ILHOG� DVVRFLDWHG� ZLWK�WKH� FXUUHQW� ZLOO� DOVR� EH� UHGXFHG�� ,Q� WXUQ� WKLV� PHDQV� WKDW� D� VPDOOHU� VHOI�LQGXFHG� EDFN� H�P�I�� ZLOO� EH� JHQHUDWHG� DOORZLQJ� WKH� FXUUHQW� WR� DWWDLQ� LWV�ILQDO�VWHDG\�YDOXH�LQ�D�VKRUWHU�WLPH��VHH�)LJ����

)LJ� ���� 7KH� YDOXH� RI� UHVLVWDQFH� 5 GHWHUPLQHV� WKH� FLUFXLW� FXUUHQW� DW�VZLWFK�RQ�� )RU� FXUYH� % WKH� FLUFXLW� KDV� D� KLJKHU� YDOXH� RI� 5 WKDQ� IRU�FXUYH $ �
7KH� LQGXFWRU� DQG� UHVLVWRU� FLUFXLW� KDV�� OLNH� WKH� UHVLVWRU� DQG� FDSDFLWRU�FRPELQDWLRQ�� D� WLPH� FRQVWDQW� LQGLFDWLQJ� WKH� FLUFXLW¶V� SURJUHVV� WRZDUGV�LWV�ILQDO�VWDWH�DV�FXUUHQW�VWDUWV�WR�IORZ��,W�LV�H[SUHVVHG�DV�

7� �/�5
ZKHUH� /� LV� LQ� KHQU\V�� 5� LQ� RKPV� DQG� 7� LQ� VHFRQGV�� /LNH� WKH� VHULHV� 5&�FLUFXLW� WKLV�GHILQHV� WKH� WLPH� WR� UHDFK�����RI�WKH� FLUFXLWV�TXLHVFHQW� VWDWH�ZKLOH� DEVRUELQJ� HQHUJ\� DQG� ���� RI� WKDW� ILQDO� VWDWH� ZKHQ� H[SHQGLQJ� LW � �,I� QR� DGGLWLRQDO� UHVLVWDQFH� LV� SUHVHQW� LQ� DQ� LQGXFWLYH� FLUFXLW� � WKH� FLUFXLW�UHVLVWDQFH� ZLOO� FRPH� PDLQO\� IURP� WKH� ZLUH� PDNLQJ� XS� WKH� FRLO� � ,I� WKLV�KDV� RQO\� D� IHZ� WXUQV� WKDW� UHVLVWDQFH� ZLOO� EH� VPDOO� WKHUHIRUH� DIWHU� WKH�EDFN� H�P�I�� KDV� KDG� LWV� HIIHFW� D� ODUJH� VWHDG\� FXUUHQW� ZLOO� IORZ�� $W� KLJK�IUHTXHQFLHV� D� FKDUDFWHULVWLF� FDOOHG� VNLQ� HIIHFW� FRPHV� LQWR� SOD\� ZKLFK�LQFUHDVHV�WKH�FLUFXLWV�UHVLVWDQFH�
$127+(5�/22.�$7�&855(175HFDSSLQJ�� XQLIRUP� HOHFWURQ� PRYHPHQW�� LH� D� PRYLQJ� QHJDWLYH� FKDUJH��LV� DQ� HOHFWULF� FXUUHQW� DQG� WKLV� FKDUJH� LV�PHDVXUHG� LQ� FRXORPEV�ZKHUH� ��FRXORPE� UHSUHVHQWV� DSSUR[LPDWHO\� �� [� ���� HOHFWURQV��7KH�PRYHPHQW� RI�WKDW� PDQ\� HOHFWURQV� SDVW� D� JLYHQ� SRLQW� HYHU\� VHFRQG� UHSUHVHQWV� D�FXUUHQW� �,�� RI� �� DPSHUH�� �� DPS� IRU� VKRUW�� DQG� XVXDOO\� ZULWWHQ� DV� �$�� ,Q�HOHFWURQLFV� LW � LV� QRW�XQXVXDO� WR�EH�ZRUNLQJ�ZLWK�PLOOLDPSV� �P$��� WKDW� LV�����$�RU�ZLWK�PLFURDPSV� �P$�� L�H�� ����$�� UDWKHU� WKDQ� DPSV��:KHQ� ODUJH�

% $FXUUHQW

WLPH



FXUUHQWV� DUH� UHTXLUHG� D� ODUJH� QXPEHU� RI� IUHH� HOHFWURQV� KDYH� WR� EH�DYDLODEOH� WR� EH� PRYHG�� 0DWHULDOV� WKDW� TXDOLI\� LQ� WKLV� UHVSHFW� DUH� WKH�PHWDOV�� LQ� SDUWLFXODU� FRSSHU�ZKLFK� LV� UHODWLYHO\� LQH[SHQVLYH� DQG� KDV� WKH�UHTXLUHG� PDQXIDFWXULQJ� TXDOLWLHV�� � 7KH� HOHFWURQV� LQ� FRSSHU�� DV� LQ� RWKHU�JRRG� HOHFWULFDO� FRQGXFWRUV�� DUH� UDWKHU� UHVWOHVV�� 7KH\� DUH� FRQWLQXRXVO\�FDUHHULQJ� DERXW� IURP� PROHFXOH� WR� PROHFXOH� LQ� D� KDSKD]DUG� ZD\�� 7KHLU�UDQGRP� PRYHPHQWV� QHJDWH� D� VHOI� JHQHUDWHG� FXUUHQW� EXW� FDQ� EH�HQFRXUDJHG�� ZLWK� WKH� KHOS� RI� DQ� HOHFWULFDO� JHQHUDWRU�� WR� FRQFHQWUDWH�WKHLU� UHVWOHVVQHVV� LQ� RQH� GLUHFWLRQ� DQG� WKXV� FUHDWH� D� FXUUHQW�� 7KHUH� DUH������ [� ���� DWRPV� LQ�RQH� FXELF� FHQWLPHWUH�RI� FRSSHU� DQG� LI� DW� DQ\�JLYHQ�WLPH� HDFK� RI� WKRVH� DWRPV� LV� SHUVXDGHG� WR� DOORZ� MXVW� RQH� RI� LWV� HOHFWURQV�WR� VKXIIOH� DORQJ� WRZDUGV� DQ� DGMDFHQW� FXELF� FHQWLPHWUH� RI� FRSSHU�� WKDW�ZRXOG�UHSUHVHQW�D�FXUUHQW�RI��
QXPEHU�RI�DWRPV�LQ��FP� ��QXPEHU�RI�HOHFWURQV�LQ���FRXORPEL�H�� � � � � ������[����� �������[����� DPSV

7KLV�LV�RYHU�������$��,W�QHHG�QRW�EH�WKH�VDPH�HOHFWURQV�WKDW�HQWHU DQG�WKHQ�H[LW�WKDW�FXELF�FHQWLPHWUH�RI�FRSSHU�GXULQJ�WKDW���VHFRQG��7KH\�FDQ�VWRS�DORQJ�WKH�ZD\�EXW�RWKHUV�PXVW�FRQWLQXH�WKH�MRXUQH\�$� FXUUHQW� RI� ������$� ZLOO� EH� RXWVLGH� WKH� H[SHULHQFH� RI� PRVW� UHDGHUV�VRPH� RI� ZKLFK� ZLOO� EH� PRUH� LQWHUHVWHG� LQ� PLOOLDPSV� DVVRFLDWHG� ZLWK�FKHPLFDO�UHDFWLRQV�EXW�WKH�VDPH�SULQFLSOHV�DSSO\�
:KHQ� D� JHQHUDWRU� LV� LQVHUWHG� LQWR� D� FLUFXLW� LWV� DFWLRQ� LV� WR� UHSHO�HOHFWURQV� IURP� RQH� RI� LWV� WHUPLQDOV� DQG� UHSODFH� WKHP� ZLWK� HOHFWURQV�HQWHULQJ� LWV� RWKHU� WHUPLQDO�� 7KHVH� HOHFWURQV� DUH� QRW� �XVHG� XS�� DV� PLJKW�EH� DVVXPHG� IURP� WKH� H[SUHVVLRQ� �FXUUHQW� FRQVXPSWLRQ��� $QRWKHU�PLVFRQFHSWLRQ� LV� WR� WKLQN� RI� HOHFWURQV� PRYLQJ� URXQG� D� FLUFXLW� DW� WKH�VSHHG� RI� OLJKW�� $Q� LQGLYLGXDO� HOHFWURQ� ZLOO� QRW� WUDYHO� IDU� EHIRUH� LW �FROOLGHV� ZLWK� DQRWKHU� HOHFWURQ� DWRP� RU� PROHFXOH�� 7KH� LQVWDQWDQHRXV�UHVSRQVH�ZLWQHVVHG� DW� WKH� HQG� RI� D� FRQGXFWRU� LV� VLPLODU� WR� WKDW� REWDLQHG�ZKHQ� JHQWO\� KLWWLQJ� D� VQRRNHU� EDOO� LQWR� WKH� HQG� RI� D� VWUDLJKW� OLQH� RI�WRXFKLQJ� VQRRNHU� EDOOV�� 2Q� LPSDFW� WKH� EDOO� DW� WKH� IDU� HQG� RI� WKH� OLQH�PRYHV� VPDUWO\� DZD\� EXW� WKH� RWKHU� EDOOV� UHPDLQ� DOPRVW� VWDWLRQDU\�� ,W � LV�WKH� HQHUJ\� FRQWDLQHG� LQ� WKH� FXHG� EDOO� WKDW� LV� WUDQVPLWWHG� DORQJ� WKH� OLQH�RI� QHDU� VWDWLRQDU\� EDOOV�� 6LPLODUO\� LW � LV� WKH� HIIHFW� RI� HOHFWULFDO� HQHUJ\� LQ�D�FLUFXLW�WKDW�ZH�ZLWQHVV�
(0)�$1'�92/7$*(�'5235HWXUQLQJ� EULHIO\� WR� HOHFWULF� JHQHUDWRUV�� ZKHWKHU� WKH\� DUH� PDVVLYH�PHFKDQLFDO� GHYLFHV� LQYROYLQJ� PRYLQJ� PDJQHWLF� ILHOGV� RU� LQYROYH�FKHPLFDO� UHDFWLRQV� VXFK� DV� �EDWWHULHV��� WKH\� DOO� SURGXFH� D� YROWDJH�FDOOHG� DQ� HOHFWURPRWLYH� IRUFH �V\PERO� H�P�I��� WKDW� FDQ� PRYH� HOHFWURQV�DURXQG� D� FLUFXLW� � 7KLV� LV� QRW� D� GLIIHUHQW� NLQG� RI� YROWDJH� EXW� D� QDPH�JLYHQ� WR� WKH� YROWDJH� DFURVV� WKH� JHQHUDWRU� WHUPLQDOV� RQ� RSHQ� FLUFXLW� � L �H��ZKHQ� QR� FXUUHQW� LV� IORZLQJ�� 7KH� GLVWLQFWLRQ� LV� LPSRUWDQW� EHFDXVH� DOO�JHQHUDWRUV� KDYH� VRPH� LQWHUQDO� UHVLVWDQFH� DFURVV� ZKLFK� D� YROWDJH� ZLOO�IRUP� ZKHQ� FXUUHQW� IORZV� DQG� WKLV�YROWDJH� GURS � � DV� LW � LV� FDOOHG�� LV� QRW�



DYDLODEOH� IRU�XVH�RXWVLGH� WKDW�JHQHUDWRU��2Q ORDG � � WKDW� LV�ZKHQ�D�FXUUHQW�LV� IORZLQJ�� WKH� YROWDJH� DFURVV� D� JHQHUDWRU
V� WHUPLQDOV�� FDOOHG� LWV�WHUPLQDO� YROWDJH� ZLOO� EH� OHVV� WKDQ� LWV� H�P�I�� E\� WKH� DPRXQW� ORVW� DFURVV�LWV� RZQ� LQWHUQDO� UHVLVWDQFH�� 7KH� VLWXDWLRQ� LV� GHSLFWHG� LQ� )LJ�� ���� 7KXV��WKH� VPDOOHU� D� JHQHUDWRU
V� LQWHUQDO� UHVLVWDQFH� RU� WKH� VPDOOHU� WKH� ORDG�FXUUHQW�WKH�OHVV�WKLV�LQWHUQDO�YROWDJH�GURS�
6LPLODUO\�� HYHQ� D� JRRG� HOHFWULFDO� FRQGXFWRU� ZLOO� KDYH� VRPH� UHVLVWDQFH�GLVWULEXWHG� DORQJ� LWV� OHQJWK�� 7KXV� WKH� SDVVDJH� RI� FXUUHQW� WKURXJK� LW �ZLOO�UHVXOW� LQ� D� YROWDJH� GURS� DORQJ� LWV� OHQJWK� UHVXOWLQJ� LQ� OHVV� YROWDJH� EHLQJ�DYDLODEOH� DFURVV� WKH� ORDG�� VHH� )LJ�� ���� 9ROWDJH� GURS� DORQJ� D� OHQJWK� RI�FDEOH� FDQ� EH� DQ� LPSRUWDQW� FRQVLGHUDWLRQ� ZKHUH� ODUJH� FXUUHQWV� DUH�LQYROYHG�� ,W � FDQ� EH� UHGXFHG� E\� PDNLQJ� PRUH� HOHFWURQV� DYDLODEOH� DQG�WKDW�LV�GRQH�E\�LQFUHDVLQJ�WKH�FURVV�VHFWLRQDO�DUHD�RI�WKH�FRQGXFWRU��

*HQHUDWRU�RQ�RSHQ�FLUFXLW� � � � � � � � � � � � � � � � � �*HQHUDWRU�RQ�ORDG�
)LJ���� 9�UHSUHVHQWV�WKH�JHQHUDWRUV�H�P�I��DQG�U�LWV�LQWHUQDO�UHVLVWDQFH�

)LJ� ���� 7KH� YROWDJH� �9/��DFURVV� WKH� ORDG� ZLOO� EH� WKH�EDWWHU\� YROWDJH� PLQXV� WKH�YROWDJH� GURSV� LQ� WKH�FRQQHFWLQJ�OHDGV��LH��9/  ��9E�� �Y��Y���

*(1(5$725 *(1(5$725

7(50,1$/6



$QRWKHU� FRQVLGHUDWLRQ�ZKHQ� FKRRVLQJ� WKH� VL]H� RI� FDEOH� WR� XVH� IRU� ODUJH�FXUUHQWV� LV� WKH� DPRXQW� RI� KHDW� JHQHUDWHG� LQ� WKDW� FDEOH� GXH� WR� LWV�LQKHUHQW� UHVLVWDQFH� EHFDXVH� WKLV� UHSUHVHQWV� D� SRWHQWLDO� ILUH� KD]DUG�� 7KLV�VLWXDWLRQ� FDQ� H[LVW� LQ� GRPHVWLF� SUHPLVHV� ZKHUH� PDLQV� FDEOHV� DUH�WKHUPDOO\�LQVXODWHG�E\�EHLQJ�SODFHG��IRU�H[DPSOH��XQGHU�D�FDUSHW��
9$5<,1*�92/7$*(�$1'�&855(179ROWDJH� RU� FXUUHQW� VLJQDOV� EHLQJ�PRQLWRUHG� IRU�DQDO\VLV�ZLOO� EH� YDU\LQJ�ZLWK� WLPH�� SHUKDSV� LQ� D� UDQGRP� ZD\�� ([DPSOHV� RI� WKH� WZR� W\SHV� DUH�VKRZQ�LQ�)LJ������
DPSOLWXGH

WLPH
)LJ���D� $�VLJQDO�ZLWK�LWV�DPSOLWXGH�YDU\LQJ�UDQGRPO\�ZLWK�WLPH�
DPSOLWXGH�������������������������������������������������������������������������

)LJ���E� $ ZDYHIRUP�UHSHDWLQJ�LWV�VHOI�RYHU�WLPH�� WLPH
7KHVH ZDYHIRUPV ZRXOG� EH� VHHQ� ZLWK� DQ� RVFLOORVFRSH�� 7KH\� PD\�UHSUHVHQW� HLWKHU� YROWDJH� RU� FXUUHQW�� 5HIHUULQJ� WR� WKH� ORZHU� GLDJUDP� OHW�WKDW� SDUW� RI� WKH� ZDYHIRUP� DERYH�4 UHSUHVHQWV� FXUUHQW� IORZLQJ� LQ� RQH�GLUHFWLRQ� DQG� WKDW� EHORZ�4 FXUUHQW� IORZLQJ� LQ� WKH� RSSRVLWH� GLUHFWLRQ��7KH� QHDU� YHUWLFDO� OLQHV� LQGLFDWH� WKH� WUDQVLWLRQ� WLPH� EHWZHHQ� WKRVH� WZR�VWDWHV��$W�SRLQWV�ZKHUH� WKH�ZDYHIRUP�FURVVHV� OLQH�4� WKH�FXUUHQW� LV�]HUR��7KH� ZDYHIRUP� UHSHDWV� LWVHOI� DIWHU� D� WLPH� W FDOOHG� WKH� SHULRG RI� WKH�ZDYHIRUP�� )RU� WKH� FDVH� VKRZQ�� FXUUHQW� IORZV� LQ� HLWKHU� GLUHFWLRQ� IRU� DQ�HTXDO� DPRXQW� RI� WLPH� DQG� LV� WKHUHIRUH� FDOOHG� D� VTXDUH� ZDYH�� 3RLQWV�DORQJ� WKLV� ZDYHIRUP� FRLQFLGLQJ� ZLWK� OLQH� 4� UHSUHVHQW� �� YROWV� DQG�� E\�FRQYHQWLRQ�� SRLQWV� DERYH� WKDW� OLQH� DUH� UHJDUGHG� DV� SRVLWLYH� DQG� WKRVH�



EHORZ� LW� DV�QHJDWLYH�� ,I� WKH� OLQH�4� UHSUHVHQWHG� D�YROWDJH�RWKHU� WKDQ� ]HUR�WKHQ�WKH�ZDYHIRUP�ZRXOG�EH�VDLG�WR�EH�³VLWWLQJ�RQ´�WKDW�YROWDJH�
5HIHUULQJ� WKLV� ZDYHIRUP� WR� WKH� FLUFXLWV� LQ� )LJ� ���� JHQHUDWRU�* SXVKHV�FXUUHQW WKURXJK� UHVLVWRU�5 ILUVW� LQ� RQH� GLUHFWLRQ�� GLDJUDP� �D�� DQG� WKHQ�LQ� WKH� RSSRVLWH� GLUHFWLRQ�� GLDJUDP� �E��� %\� XVLQJ� SRLQW� 4 RQ� HDFK�GLDJUDP� DV� D� UHIHUHQFH� SRLQW�� LQ� GLDJUDP� �D��3 LV� SRVLWLYH� ZLWK� UHVSHFW�WR�4�EXW�ZKHQ� WKH� FXUUHQW� LV� UHYHUVHG�� GLDJUDP� �E���3 EHFRPHV�QHJDWLYH�ZLWK� UHVSHFW� WR�4 � � 1RWH� WKDW� WKH� XVH� RI� JURXQG� DV� D� UHIHUHQFH� LV� QRW�UHOHYDQW��WKH�FLUFXLW�FRXOG�EH�H[LVWLQJ�LQ�VSDFH�

�D��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��E��

)LJ� ��� 3RLQW� 3� FRXOG� HTXDOO\� ZHOO� KDYH� EHHQ� FKRVHQ� DV� D� UHIHUHQFH�SRLQW� DQG� LI � HLWKHU�4� RU� 3�ZDV� FRQQHFWHG� WR� JURXQG� WKHQ� WKH� YROWDJH� DW�WKH�RWKHU�SRLQW�FRXOG�EH�TXRWHG�DV�EHLQJ�ZLWK�UHVSHFW�WR�JURXQG�
$Q\� ZDYHIRUP� VKDSH� FDQ� EH� JHQHUDWHG�� 7KH� HOHFWULFLW\� VXSSO\� LQGXVWU\�UHTXLUHV� D� FRQWLQXRXVO\� FKDQJLQJ� FXUUHQW� IRU� LWV� WUDQVIRUPHUV� WR� ZRUN�DQG� XVHV� D� VLQXVRLGDO� ZDYHIRUP� L�H�� VLQH� ZDYH� DOVR� UHIHUUHG� WR� DV� DQ�DOWHUQDWLQJ� FXUUHQW� �DF��� 7KLV� VPRRWKO\� FKDQJLQJ� VKDSH� RYHUFRPHV�WUDQVLHQW�SUREOHPV�DVVRFLDWHG�ZLWK�ZDYHIRUPV�WKDW�FKDQJH�VXGGHQO\�

)LJ� ��� 6LQH� ZDYH� $ LV� WKH� ZDYHIRUP¶V� DPSOLWXGH� DQG W WKH� WLPH� IRU�RQH� FRPSOHWH� F\FOH�� RU� SHULRG�� �+]� �RQH� KHUW]�� LV� RQH� FRPSOHWH� F\FOH� RI�D� VLQXVRLGDO�ZDYHIRUP� LQ�RQH� VHFRQG��7KXV�D���+]� VXSSO\� FRPSOHWHV����SHULRGV�HYHU\�VHFRQG�
08/7,3/(�&,5&8,76�$1'�&20321(176$� SUHYLRXV� VHFWLRQ� H[SODLQHG� KRZ� D� FKDQJLQJ� FXUUHQW� LQ� RQH� FRLO� FRXOG�LQWURGXFH� D� FXUUHQW� LQ� DQ� DGMDFHQW� FRLO� � ,Q� HVVHQFH� WZR� FLUFXLWV� ZHUH�LQYROYHG�� ,Q�DOO� FLUFXPVWDQFHV�ZKHUH�D� VRXUFH�RI�FXUUHQW�FDQ�GLYLGH� LQWR�



WZR� RU� PRUH� URXWHV� WKHQ� PRUH� WKDQ� RQH� FLUFXLW� H[LVWV�� &LUFXLW�FRPSRQHQWV� FDQ� EH� FRQQHFWHG� LQ� VHULHV� RU� LQ� SDUDOOHO� DQG� LQ�FRPELQDWLRQV� RI� WKHVH� DUUDQJHPHQWV�� ,Q� WKH� IROORZLQJ� GLDJUDPV� WKH�UHFWDQJOHV� FDQ� UHSUHVHQW� UHVLVWRUV�� FDSDFLWRUV�� LQGXFWRUV� RU� D�FRPELQDWLRQ� RI� WZR� RU� PRUH� RI� WKRVH� FRPSRQHQW� W\SHV�� ,Q� WKH� ODWWHU�FDVH� WKH� QDPH� JLYHQ� WR� WKH� FRPELQDWLRQ¶V� LQIOXHQFH� RQ� FXUUHQW� IORZ� LV�FDOOHG� LPSHGDQFH� � V\PERO� =� ,PSHGDQFH� LV� PHDVXUHG� LQ� RKPV� EXW�XQOLNH� D�SXUH� UHVLVWDQFH� LWV� YDOXH� LV� IUHTXHQF\�GHSHQGHQW��7KH� LQIOXHQFH�RI� LQGXFWDQFH� DQG� FDSDFLWDQFH� RQ� FXUUHQW� IORZ� LQ� D� FLUFXLW� LV� FDOOHG�LQGXFWLYH� UHDFWDQFH �V\PERO� ;/�� DQG� FDSDFLWLYH� UHDFWDQFH �V\PERO�;&�� UHVSHFWLYHO\�� 7KH� UHDFWDQFH� RI� DQ� LQGXFWDQFH� LQFUHDVHV� ZLWK� WKH�IUHTXHQF\� RI� WKH� FXUUHQW� WKURXJK� LW � EXW� WKH� UHDFWDQFH� RI� D� FDSDFLWRU� LV�LQYHUVHO\� SURSRUWLRQDO� WR� WKH� IUHTXHQF\� RI� WKH� YROWDJH� DFURVV� LWV�WHUPLQDOV�

&RPSRQHQWV�� � � � � �&RPSRQHQWV�� � � � � � � � �=� LV�LQ�VHULHV�ZLWK�=� �DQG�=�LQ�VHULHV�� � � � � � � � � �,Q�SDUDOOHO� � � � � � � � � � � �ZKLFK�DUH�FRQQHFWHG�LQ�SDUDOOHO�9� �9� ��9� ,� �,� ��,� 9� �9� ��9� DQG�,� �,� ��,� �)LJ���� &RPPRQ�DUUDQJHPHQWV�IRU�FLUFXLW�FRPSRQHQWV�
7KH�WRWDO�YDOXH�RI�1�UHVLVWRUV�RU�LQGXFWRUV�FRQQHFWHG�LQ�VHULHV LV�5 5 5 57 1 � �� � ����DQG / / / /7 1 � �� � ����EXW�IRU�FDSDFLWRUV�LW �LV�REWDLQHG�E\�VROYLQJ��IRU�&7 � WKH�IUDFWLRQ�� � � �

� �& & & &7 1 � �����&7 ZLOO�EH�OHVV�WKDQ�DQ\�LQGLYLGXDO�YDOXH�RI�& LQ�WKH�FRPELQDWLRQ�
)RU SDUDOOHO FRQQHFWLRQV�57 DQG�/7 DUH�REWDLQHG�IURP�� � � �

� �5 5 5 57 1 � ��������
DQG � � � �

� �/ / / /7 1 � ��������ZKLOH & & & &7 1 � �� � ����)RU� WKH� SDUDOOHO� FDVH� LW � LV�57 DQG� /7� WKDW� ZLOO� EH� OHVV� WKDQ� DQ\� RI� WKH�LQGLYLGXDO� YDOXHV� LQ� WKH� FRPELQDWLRQ�� )RU� DOO� WKH� H[DPSOHV� 5� LV� LQ�RKPV�� /� LV� LQ� KHQU\V DQG� &� LV� LQ� IDUDGV�� 1RWH� WKDW &� DQG� /� GR� QRW�UHSUHVHQW� UHDFWDQFH WKH� GHWHUPLQDWLRQ� RI� ZKLFK� LV� EH\RQG� WKH� VFRSH� RI�WKLV�PRQRJUDSK�



/HW� WKH� ULJKW� KDQG� FLUFXLW� LQ� WKH� SUHYLRXV� GLDJUDP�� )LJ� ���� GHSLFW�VRPHWKLQJ� SUDFWLFDO�� =�� FRXOG� EH� WKH� LQSXW� LPSHGDQFH� RI�D� PHDVXULQJ�SUREH� DQG� =�� WKH� LPSHGDQFH� RI� D� FRQQHFWLQJ� FDEOH� EHWZHHQ� WKH� SUREH�DQG� D� PRQLWRULQJ� GHYLFH� WKDW� KDV� =�� FRQQHFWHG� DFURVV� LWV� LQSXW�WHUPLQDOV�� ,W � PD\� EH� QHFHVVDU\� WR� NQRZ�� GHWHUPLQH�� RU� EH� DZDUH� RI�� WKH�YDOXHV� RI� WKH� FRPSRQHQWV� LQ� WKH� DUUDQJHPHQW GHVFULEHG� WR� PDNH� D�VXFFHVVIXO�PHDVXUHPHQW�DQG�WR�PDNH�VHQVH�RI�ZKDW�LV�EHLQJ�REVHUYHG�
)URP� WKH� SUHYLRXV� IRUPXODH� LW � FDQ� EH� VHHQ� WKDW� ZKHQ� GHDOLQJ� ZLWK� D�QXPEHU� RI� FRPSRQHQWV� FRQQHFWHG� LQ� SDUDOOHO� LW � PD\� EH� XVHIXO� WR� ZRUN�GLUHFWO\� ZLWK� WKHLU� LQYHUVH�� ,Q SDUWLFXODU�� WKLV� LV� WKH� FRQYHQWLRQ� ZKHQ�GHDOLQJ� ZLWK� UDGLR� IUHTXHQFLHV�� 7KH� LQYHUVH� RI� UHVLVWDQFH� LV� FDOOHG�FRQGXFWDQFH�� V\PERO� 6 � � DQG� KDV� XQLWV� FDOOHG� VLHPHQV � � 7KXV� IRU� WKH�FDVH� RI� D� UHVLVWRU�� � 6 ��5� VR� WKDW� LI� 5 �� RKPV�� 6 ������ VLHPHQV��$QRWKHU� QDPH� \RX ZLOO� FRPH� DFURVV� LV�DGPLWWDQFH� � WKLV� LV� WKH� LQYHUVH�RI�LPSHGDQFH�DQG�LV�GHQRWHG�ZLWK�<��VR�WKDW�� �<� ���=�
7KHUH� LV� D� SDUWLFXODU� FRPELQDWLRQ� RI� UHDFWDQFH� WKDW� LV� VSHFLDO�� UHDGHUV�ZLOO� EH� IDPLOLDU�ZLWK� WKH� VRXQG�RI� FKXUFK�EHOOV� HDFK�RI�ZKLFK� ULQJV� DW� D�SDUWLFXODU� DXGLR� IUHTXHQF\� ZKHQ� ³HQHUJLVHG´� E\� EHLQJ� VWUXFN�� 7KH�DQDORJXH� RI� WKLV� LQ� WKH� HOHFWULFDO� ZRUOG� RFFXUV� ZKHQ� LQGXFWRUV� DQG�FDSDFLWRUV� FRH[LVW� LQ� WKH� VDPH� FLUFXLW� � 7KH\� DOVR�UHVRQDWH� ZKHQ� ³KLW´�ZLWK� D� SXOVH� RI� HOHFWULFDO� HQHUJ\� DQG� WKH� DVVRFLDWHG� ³ULQJ´� UHVXOWV� LQ� D�GDPSHG�RVFLOODWLQJ�FXUUHQW�ZDYHIRUP�DV�VKRZQ�LQ�)LJ����

DPSOLWXGH)LJ���� $�GDPSHG�HOHFWULFDO RVFLOODWLRQ��,WV�IUHTXHQF\��ZKLFK�GHSHQGV�RQ�WKH�YDOHV�RI /�DQG�&��7KH�UDWH�DW�ZKLFK�LWV DPSOLWXGH�GHFUHDVHV�GHSHQGV�RQWKH�YDOXH�RI�5�LQ�WKH�FLUFXLW�
WLPH

$&7,9(�$1'�3$66,9(5HVLVWRUV�� FDSDFLWRUV� DQG� LQGXFWRUV� DUH� FDOOHG� SDVVLYH HOHFWULFDO�FRPSRQHQWV�� (OHFWULFDO� JHQHUDWRUV� VXFK� DV� EDWWHULHV� DQG� GHYLFHV� WKDW�FDQ� FRQWURO� HOHFWURQ� VWUHDPV� DUH� NQRZQ� DV�DFWLYH FRPSRQHQWV�� $� ZHOO�NQRZQ� H[DPSOH� RI� WKH� ODWWHU� LV� WKH� WUDQVLVWRU�� 7KH� SURFHVVRUV� XVHG� LQ�GLJLWDO� FRPSXWHUV� DUH� PDGH� XS� RI� WKRXVDQGV�� VRPHWLPHV� PLOOLRQV�� RI�WUDQVLVWRUV� LQWHUFRQQHFWHG� LQ� D� KRVW� RI� FLUFXLWV� EXW� KDYLQJ� DQ� RYHUDOO�SDFNDJH� VL]H� RI� RQO\� D� IHZ� FHQWLPHWUHV� VTXDUH�� 6XFK� FRPSRQHQWV� DUH�FDOOHG� LQWHJUDWHG� FLUFXLWV��2Q�D� VPDOOHU� VFDOH�DUH� LQWHJUDWHG�FLUFXLWV� WKDW�SURYLGH� GLVWRUWLRQ� IUHH� DPSOLILFDWLRQ� RI� VLJQDOV�� 6XFK� FLUFXLWV� DUH� VDLG�



WR� EH� OLQHDU� &LUFXLWV� XVHG� LQ�� EXW� ZKLFK� DUH� QRW� H[FOXVLYH� WR�� GLJLWDO�FRPSXWHUV� DUH� FDOOHG� GLJLWDO FLUFXLWV�� ,Q� JHQHUDO�� DQ� HOHFWURQLF� V\VWHP�ZLOO�LQFRUSRUDWH�ERWK�W\SHV�
(1(5*<�$1'�32:(57KH� UHDGHU� ZLOO� EH� DZDUH� RI� HQHUJ\� ZKHUH� LW � LV� UHTXLUHG� WR� FRPSOHWH�VRPH�PDQXDO� WDVN�� EXW� HQHUJ\� LV� UHTXLUHG� WR� HIIHFW� DOO � FKDQJHV� DQG� WKLV�LQFOXGHV� HOHFWULFDO� DQG� PDJQHWLF� RQHV�� (QHUJ\� VKRXOG� QRW� EH� FRQIXVHG�ZLWK�SRZHU�WKHUHIRUH�OHW�XV�H[DPLQH�ZKDW�LV�PHDQW�E\�WKRVH�WZR�QDPHV�
(OHFWULFDO� JRRGV�� H�J�� KDLU� GU\HUV�� OLJKW EXOEV� HWF�� KDYH� D�ZDWWDJH UDWLQJ�DWWDFKHG� WR� WKHP�� 7KLV� LV� WKH� SDUW 
V� SRZHU� UDWLQJ� DQG� LQGLFDWHV� WKH�UDWHDW�ZKLFK�LW �XVHV�HQHUJ\��,Q�RWKHU�ZRUGV�SRZHU� ��HQHUJ\���W LPH���� � � �RU�� � � � � � � � �HQHUJ\� �SRZHU�[�W LPH
7KXV�� WKH� ORQJHU� \RX� XVH� DQ� HOHFWULFDO� DSSOLDQFH� WKH� PRUH� HQHUJ\� QRW�SRZHU� WKDW� LV� EHLQJ� FRQVXPHG�� 7KH� XQLW� RI� SRZHU� LV� WKH�ZDWW� V\PERO�:� � 7KLV� UHSUHVHQWV� HQHUJ\� EHLQJ� XVHG� DW� WKH� UDWH� RI� �� MRXOH� SHU� VHFRQG�ZKHUH� MRXOH� V\PERO�-� LV� WKH� XQLW� RI� HQHUJ\��5HIHUULQJ� WKLV� WR� HYHU\GD\�OLIH� HOHFWULFLW\� LV� FKDUJHG� IRU� E\� WKH� DPRXQW� RI� HQHUJ\� XVHG�� WKDW� LV�SRZHU� [� WLPH� ZKHUH� IRU� SUDFWLFDO� UHDVRQV� NLORZDWWV�� V\PERO�N:� � DUH�XVHG� LQVWHDG� RI� ZDWWV� DQG� KRXUV� LQVWHDG� RI� VHFRQGV�� 7KHVH� XQLWV� DUH�FDOOHG� NLORZDWW�KRXUV��ZULWWHQ� DV�N:K � �2QH�N:K� UHSUHVHQWV�RQH�XQLW RQ�\RXU� HOHFWULFLW\� ELOO � WKXV� D� RQH� N:� ������:�� ILUH� VZLWFKHG� RQ�FRQWLQXRXVO\� IRU� �� KRXU� XVHV� RQH� XQLW� RI� HOHFWULFLW\�� 6LQFH� �� ZDWW� LV� ��MRXOH�SHU�VHFRQG�LW �IROORZV�WKDW�WKH�QXPEHU�RI�MRXOHV�LQ��N:K�LV��

������ZDWWV�[�WKH�QXPEHU�RI �VHFRQGV�LQ�DQ�KRXU�L�H��� � � � � � � � � � � �������[����[����MRXOHV��WKDW� LV�� � � ������������RU������[���� MRXOHV�
<RX� PD\� QRW� EH� SD\LQJ� \RXU� HOHFWULFLW\� ELOOV� �\HW�� LQ� ZKLFK� FDVH� WKH�SUHYLRXV� SDUDJUDSK� PD\� IDLO� WR� HQJDJH� \RXU� IXOO� LQWHUHVW�� KRZHYHU� \RX�FRXOG� EH� FRQFHUQHG� ZLWK� FDORULHV�� 'LHWLFLDQV� H[SUHVV� IRRG� YDOXHV� ZLWK�NLORFDORULHV�� ZKLFK� DUH� WKH� XQLWV� UHIHUUHG� WR� LQ� WKH� SRSXODU� SUHVV� DV�FDORULHV�� DQG� RQH� NLORFDORULH� LV� ZRUWK� DERXW� ����� MRXOHV�� .QRZLQJ� WKDW�DERXW� �òN:K� RI� HQHUJ\� ZLOO� NHHS� D� SHUVRQ� JRLQJ� IRU� D� GD\� ZKLFK�ZRXOG� EH� WKH� FKHDSHVW� ZD\� RI� UHFHLYLQJ� WKDW� HQHUJ\�� IURP� WKH�HOHFWULFLW\�VXSSO\�FRPSDQ\�RU�IURP�D�VXSHU�PDUNHW"$QRWKHU� WHUP� XVHG� WR� GHQRWH� HQHUJ\� LV� WKH� HOHFWURQ� YROW� � 7KLV� LV� WKH�DPRXQW� RI� HQHUJ\� UHTXLUHG� WR� PRYH� DQ� HOHFWURQ� EHWZHHQ� WZR� SRLQWV�KDYLQJ� D� SRWHQWLDO� GLIIHUHQFH� RI� �� YROW� � ,W � WXUQV� RXW� WKDW� �� HOHFWURQ� YROW�UHSUHVHQWV�RQO\�����[������-�



(1(5*<�$1'�(/(&75,&$/�&20321(176$� UHVLVWRU� WXUQV� HOHFWULFDO� HQHUJ\� IURP� D� SULPDU\� VRXUFH� VXFK� DV� D�EDWWHU\� LQWR� KHDW� HQHUJ\�� 7KH� PDVV� RI� WKH� UHVLVWRU� PD\� VWRUH� KHDW� IRU� D�ZKLOH� DIWHU� WKH� SULPDU\� HQHUJ\� VRXUFH� KDV� EHHQ� GLVFRQQHFWHG� EXW� WKLV� LV�WR� GR� ZLWK� WKH� UHVLVWRUV� EXON� SURSHUWLHV�� <HW�� FKDUJHG� FDSDFLWRUV� DQG�LQGXFWRUV� FDUU\LQJ� FXUUHQW� KDYH� HQHUJ\� VWRUHG� LQ� WKHLU� ILHOGV��7KH�RULJLQ�RI� WKLV� VWRUHG� HQHUJ\� LV� WKH� SULPDU\� VRXUFH� IURP� ZKLFK� HQHUJ\� ZDV�WDNHQ� WR� EXLOG� XS� WKRVH� ILHOGV�� 7KH� DPRXQW� RI� VWRUHG� HQHUJ\� LQYROYHG�FDQ�EH�FDOFXODWHG�IURP�WKH�IROORZLQJ�
)RU�D�FDSDFLWRU� -� �ò&9� MRXOHV��� �)RU�DQ�LQGXFWRU -� �ò/,� MRXOHV

7KH� IROORZLQJ� H[DPSOHV� VKRXOG� FOHDU�XS� DQ\� GRXEWV� RQ� WKH� UHODWLRQVKLS�EHWZHHQ� SRZHU� DQG� HQHUJ\� DQG� SURYLGH� D� �IHHO�� IRU� WKH� LQIRUPDWLRQ� WKDW�KDV� EHHQ� JLYHQ�� &RQVLGHU� D� �����P)� FDSDFLWRU� ZLWK� ��9� DFURVV� LWV�WHUPLQDOV��7KHVH� DUH� W\SLFDO� YDOXHV� IRU� D� ORZ�YROWDJH�SRZHU� VXSSO\��7KH�HQHUJ\�VWRUHG�LQ�WKH�FDSDFLWRU�ZLOO�EH�
-� �ò��������[����� [����[���� ������MRXOHV

7KLV� DSSHDUV� PLQXVFXOH� FRPSDUHG� ZLWK� WKH� ���� [� ��� MRXOHV� DVVRFLDWHG�ZLWK� WKH� �N:� ILUH� PHQWLRQHG� HDUOLHU� EXW� WKDW� DPRXQW� RI� HQHUJ\� ZDV�VSUHDG� RYHU� DQ� HQWLUH� KRXU�� ,W � XVHG� MXVW� �� MRXOH� RI� HQHUJ\� HYHU\�PLOOLVHFRQG�� 6XSSRVH� WKDW� WKH� FDSDFLWRU� LV� GLVFKDUJHG� LQ� RQH�PLOOLVHFRQG� ��PV�� ZKLFK� LV� UHODWLYHO\� VORZ� LQ� HOHFWURQLF� FLUFXLWV�� WKH�SRZHU�LQYROYHG�ZLOO�EH�
SRZHU�� ��HQHUJ\���W LPH �������������� ����:

,I� WKH�GLVFKDUJH� WRRN�SODFH�D� WKRXVDQG� WLPHV� IDVWHU�� L �H�� LQ��PV��ZKLFK� LV�VWLOO � QRW� H[FHSWLRQDOO\� IDVW� LQ� HOHFWURQLF� FLUFXLW� WHUPV�� WKH� SRZHU�LQYROYHG� EHFRPHV� ��N:�� 7KLV� LQFUHDVH� LQ� SRZHU� VKRXOG� EH� H[SHFWHG�EHFDXVH�� IRU� H[DPSOH�� LI� \RX� KDYH� D� FDU� WKDW� FDQQRW�PRYH� IDVW� HQRXJK�IRU� \RXU� UHTXLUHPHQWV� \RX� ZRXOG� KDYH� WR� JHW� D�PRUH� SRZHUIXO� RQH�� )RU�FRPSHWLWLRQ� UDFLQJ� LW � ZRXOG� DOVR� EH� GHVLJQHG� IRU� WKDW� SXUSRVH��6LPLODUO\�� FDSDFLWRUV� FDSDEOH� RI� SURYLGLQJ� ODUJH� DPRXQWV� RI� HQHUJ\� LQ� D�VKRUW� SHULRG� ZLWKRXW� VHOI� GHVWUXFWLQJ� GXULQJ� WKH� SURFHVV� PXVW� DOVR� EH�GHVLJQHG�IRU�WKDW�DSSOLFDWLRQ�
$OO� HOHFWULFDO� FRPSRQHQWV� DQG� PHDVXULQJ� GHYLFHV� KDYH� PD[LPXP�UDWLQJV� IRU� YROWDJH�� FXUUHQW� DQG� ZDWWDJH� ZLWKLQ� ZKLFK� WKH\� PXVW� EH�RSHUDWHG�� ,JQRULQJ� WKHVH� UDWLQJV� ZLOO� FDXVH� GDPDJH� WR� FRPSRQHQWV� DQG�UHVXOW�LQ�XQUHOLDEOH�PHDVXUHPHQW�UHVXOWV�



0$.,1*�0($685(0(176$V� PLJKW� EH� H[SHFWHG�� D� GHYLFH� IRU� PHDVXULQJ� YROWDJH� LV� FDOOHG� D�YROWPHWHU EXW� RQH� IRU� PHDVXULQJ� FXUUHQW� LV� FDOOHG� DQ� DPPHWHU� � �QRW�DPSPHWHU��� $� YROWPHWHU� LV� FRQQHFWHG�DFURVV WKH� WHUPLQDOV� RI� D� FLUFXLW�RU�GHYLFH� WR�PHDVXUH� WKH�YROWDJH�EHWZHHQ� WKRVH� WZR�SRLQWV��$Q�DPPHWHU�LV� FRQQHFWHG� LQWR D� FLUFXLW� WR� PHDVXUH� WKH� FXUUHQW� IORZLQJ� LQ� WKDW�FLUFXLW� � ,W � LV� DOVR� SRVVLEOH� WR� PDNH� D� QRQ�LQYDVLYH� PHDVXUHPHQW� RI�FXUUHQW�YLD�WKH�PDJQHWLF�ILHOG�DVVRFLDWHG�ZLWK�LW �

)LJ���� $�YROWPHWHU�LV�FRQQHFWHG�DFURVV�D�FRPSRQHQW�RU�FRPSRQHQWV��DQ�DPPHWHU�LV�FRQQHFWHG�LQWR�D�FLUFXLW�
7KH� LGHDO� DPPHWHU� ZLOO� QRW� LPSHGH� FXUUHQW� IORZ�� L�H�� FKDQJH� LW � IURP�WKDW� YDOXH� WKDW� IORZV� ZLWKRXW� LWV� SUHVHQFH� DQG� DQ� LGHDO� YROWPHWHU� ZLOO�QRW� �ORDG�� D� FLUFXLW� � ZKLFK� PHDQV� LW � ZLOO� QRW� DOORZ� FXUUHQW� WR� IORZ�WKURXJK�LWVHOI�
$Q� DPPHWHU� PXVW� QRW� EH� FRQQHFWHG� GLUHFWO\� DFURVV� WKH� WHUPLQDOV� RI� D�JHQHUDWRU�� VXFK� DV� D� FDU� EDWWHU\�� WR��VHH� KRZ� PXFK� FXUUHQW� WKHUH� LV� LQ�WKDW�EDWWHU\��� ,I� \RX�KDYH� IROORZHG� WKH� VWRU\� VR� IDU�\RX�ZLOO�NQRZ� WKDW�D�EDWWHU\� GRHV� QRW� FRQWDLQ� FXUUHQW� EXW� JHQHUDWHV� LW � � )RU� WKH� VLWXDWLRQ� MXVW�FRQMHFWXUHG� WKH� EDWWHU\� ZRXOG� SUREDEO\� SURGXFH� VXIILFLHQW� FXUUHQW� WR�GDPDJH�WKH�PHWHU�
(OHFWURQLF� EDVHG� VFLHQWLILF� LQVWUXPHQWDWLRQ� DFWXDOO\� PHDVXUHV� YROWDJH��FXUUHQW� RU� DQ� HOHFWURPDJQHWLF� ILHOG� DOWKRXJK� WKH� RXWSXW� LV� FDOLEUDWHG� LQ�WHUPV� RI� VRPHWKLQJ� HOVH� VXFK� DV� WHPSHUDWXUH� RU� S+�� 7KH� VRXUFH� RI� WKH�VLJQDO�PD\�EH� D� WUDQVGXFHU�SURGXFLQJ� D�YROWDJH�RU� FXUUHQW� UHODWHG� WR� WKH�VXEMHFW� EHLQJ� PHDVXUHG�� $OWHUQDWLYHO\�� D� VHQVRU� PD\� IRUP� SDUW� RI� D� ��WHUPLQDO� GHYLFH�� VHH� )LJ� ���� WKDW� KDV� D� FRQVWDQW� YROWDJH� RU� FXUUHQW�DSSOLHG� WR� LW � � ,Q� WKLV� FDVH� WKH� VHQVRU� FKDQJHV� LWV� YDOXH�� H�J�� UHVLVWDQFH��LQ� V\PSDWK\� ZLWK� FKDQJHV� WR� WKH� VXEMHFW� EHLQJ� PHDVXUHG�� 7KLV� UHVXOWV�LQ� D� FKDQJH� LQ� WKH� RXWSXW� RI� WKH� �� WHUPLQDO� GHYLFH�� ,Q� VRPH� FDVHV� WKH�HOHFWULFDO�RU�PDJQHWLF�VLJQDOV�RI�LQWHUHVW�RFFXU�VSRQWDQHRXVO\�LQ�QDWXUH�

YROWPHWHU
DPPHWHU



:KDW� HYHU� WKHLU� VRXUFH�� VLJQDOV� XVXDOO\� UHTXLUH� VRPH� VRUW� RI� DWWHQWLRQ�EHIRUH� WKH\� FDQ� EH� YLHZHG��PHDVXUHG�� UHFRUGHG� RU� XVHG�� 7KLV� SURFHVV� LV�FDOOHG� VLJQDO� SURFHVVLQJ � � 7KLV� XVXDOO\� HQWDLOV� RSHUDWLRQV� VXFK� DV�HQODUJLQJ�� L �H�� DPSOLI\LQJ�� WKH� VLJQDO�� UHGXFLQJ� DFFRPSDQ\LQJ� XQZDQWHG�VLJQDOV� FDOOHG� QRLVH ZLWK� ILOWHUV� DQG� WKHQ� FKDQJLQJ� WKH� VLJQDO� LQWR� D�GLJLWDO� UHSUHVHQWDWLRQ� WKDW� LV� VXLWDEOH� IRU� D� FRPSXWHU�� 7KH� ODWWHU� LV�FDOOHG�DQDORJXH�WR�GLJLWDO SURFHVVLQJ�
),1$/<7KHVH�LQWURGXFWRU\�QRWHV�WR�HOHFWULFLW\�DQG�EDVLF�HOHFWULFDO�FLUFXLWV�ZLOO�KDYH�KHOSHG�WKRVH�ZKR�JHW�LQYROYHG�ZLWK�HOHFWURQLF�DSSDUDWXV�EXW�ZKRVH�PDLQ�VXEMHFWV�OD\�HOVHZKHUH��)RU�VXFK�UHDGHUV�WKH�VLVWHU�SXEOLFDWLRQ�0DNLQJ�(OHFWULFDO�&RQQHFWLRQV ZKLFK�GHDOV�ZLWK�LQWHUFRQQHFWLQJ�HOHFWULFDO�HTXLSPHQW�PD\�DOVR�EH�RI�LQWHUHVW��$OWHUQDWLYHO\��WKLV�PRQRJUDSK�PD\�KDYH�EHHQ�XVHG�DV�D�SURORJXH�WR�PRUH�VHULRXV�VWXG\�RI�WKH�VXEMHFW��,Q�HLWKHU�FDVH�LW �LV�KRSHG�WKDW�LW �KDV�EHHQ�KHOSIXO�
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WKHUPRFRXSOH

FRQVWDQWYROWDJH
)LJ���� )RU�HDFK�FDVH�WKH�YROWDJH�WR�EH�PHDVXUHG�LV�9� 7KH�WKHUPRFRXSOH�SURGXFHV�LWV�RZQ�YROWDJH��,Q�WKH�FDVH�RI�WKH��WHUPLQDO�EULGJH�FLUFXLW��HDFK�5 LV�IL[HG�DW�D�FRQVWDQW�YDOXH�DQG�5Y �WKH�VHQVRU��LV�D�YDULDEOH�WKDW�PRGXODWHV�WKH�YDOXH�RI�9�LQ�V\PSDWK\�ZLWK�ZKDW�LV�EHLQJ�PHDVXUHG�


	CHARGE AND DISCHARGE
	CAPACITANCE AND CAPACITORS
	CHARGING A CAPACITOR
	LINES OF FORCE
	INTRODUCING RESISTANCE
	DISCHARGING A CAPACITOR
	THE RC TIME CONSTANT
	CURRENT THROUGH A CAPACITOR?
	CIRCUIT MAGNETISM
	MAGNETIC INDUCTION
	SELF INDUCTION
	ATTRIBUTES OF A COIL
	THE L/R TIME CONSTANT
	ANOTHER LOOK AT CURRENT
	EMF AND VOLTAGE-DROP

