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$GYDQFH� LQ� RSWRHOHFWURQLF�� ILEHU� RSWLFDO
DQG�PLFURSURFHVVRU�HQJLQHHULQJ�KDV�PDGH�LW
SRVVLEOH�WR�UHGXFH�LQVWUXPHQWDO�HUURUV�RI�RS�
WLFDO� WKHUPRPHWU\� WR� WKH� OHYHO� RI� WKRVH� RI
FRQWDFW�WHPSHUDWXUH�PHDVXUHPHQWV�RI�PHWDO
PHOWV�� 7KH� HUURUV� RI� RSWLFDO� WKHUPRPHWU\
DUH� PDLQO\� GHILQHG� E\� V\VWHPDWLF� DQG� UDQ�
GRP� FRPSRQHQWV� ZKLFK�� LQ� WKHLU� WXUQ�� GH�
SHQG� RQ� WKH� UDGLDWLYH� DELOLW\� RI� WKH� PHOWV
�H�� DQG� WKH� WUDQVPLVVLRQ� RI� LQWHUPHGLDWH
PHGLD��7���LQ�RXU�FDVH�WKLV�LV�VDSSKLUH��

7KH� SURFHVVHV� RI�PHOWLQJ� DQG� FDVWLQJ� RI
PHWDOV�DUH�RSWLPL]HG�LQ�DFFRUGDQFH�ZLWK�WKH
VFDOH� RI� UHDO� WHPSHUDWXUHV�� 7R� SDVV� WR� WKH
ODWWHU��LW�LV�QHFHVVDU\�WR�NQRZ�WKH�YDOXHV�RI
H�DQG�7�DQG�WR�PDNH�WKH�FRUUHVSRQGLQJ�FRU�
UHFWLRQV� IRU� WKH� LQGLFDWLRQV� RI� S\URPHWULF
V\VWHPV�� 7KLV� FDQ� EH� DFKLHYHG� � RQO\� LQ� WKH
FDVH�ZKHQ�VXFK�FRUUHFWLRQV� DUH� VWDEOH�� ,W� LV
LPSRVVLEOH�WR�UHDOL]H�PHWURORJLFDO�FRQWURO�RI
UDGLDWLRQ� S\URPHWU\� LQ� LQGXVWU\� ZLWKRXW
VWXG\LQJ� RSWLFDO� WKHUPRPHWULF� FKDUDF�
WHULVWLFV� RI� PHOWV� DQG� OLJKW� JXLGHV� XQGHU
SDUWLFXODU� FRQGLWLRQV�� 7KHUHIRUH�� LQYHVWLJD�
WLRQV�LQ�WKLV�ILHOG�ZHUH�VWDUWHG�LPPHGLDWHO\

DIWHU� WKH� LQWURGXFWLRQ� RI� ILUVW� S\URPHWHUV
LQWR�PHWDOOXUJ\�>�Ü�@����

7KH�XVH�RI�LPPHUVLRQ�OLJKW�JXLGHV�HVVHQ�
WLDOO\�UHGXFHV��RU��LQ�LGHDO�FDVHV��SUDFWLFDOO\
H[FOXGHV� PHWKRGRORJLFDO� HUURUV� RI� RSWLFDO
WKHUPRPHWU\�� ,Q� >�Ü�@� DQG� LQ� RWKHU� ZRUNV
WKH� LQIOXHQFH� RI� WHPSHUDWXUH� RQ� WKH� WUDQV�
PLVVLRQ� RI� VDSSKLUH� LV� VWXGLHG�� DQG� VRPH
GHVLUHG�� WKRXJK� LQVXIILFLHQW�� WKHUPRPHWULF
GDWD�DUH�REWDLQHG��+RZHYHU��HIIHFWLYH�UDGLD�
WLRQ� S\URPHWU\� XVLQJ� OLJKW� JXLGHV� UHTXLUHV
PRUH� GHWDLOHG� LQIRUPDWLRQ� RQ� WKH� LQIOXHQFH
RI�WKH�FRQGLWLRQV�RI�WKH��JURZWK�DQG�XVH�RI
VDSSKLUH�FU\VWDOV�RQ�WKH�WKHUPRPHWULF�FKDU�
DFWHULVWLFV�RI�VDSSKLUH�OLJKW�JXLGHV���

$� VWDWLRQDU\� LPPHUVLRQ� OLJKW� JXLGH
ZRUNV� XQGHU� WKH� FRQGLWLRQV� RI� FRQVLGHUDEOH
WHPSHUDWXUH� JUDGLHQWV� LQ� WKH� GHSWK� RI� WKH
OLQLQJ�� 6KRZQ� LQ� )LJ���� LV� WKH� GLVWULEXWLRQ
RI� WHPSHUDWXUHV� LQ� WKH� GHSWK� RI� TXDUW]LWH
OLQLQJ� RI� WKH�ZDOO� RI� WKH� LQGXFWLRQ� IXUQDFH
,&K7����DW�ILOOLQJ�RI�WKH�FUXFLEOH�ZLWK�PHWDO
�cs�� DQG� LQ� WKH� VWHDG\�VWDWH� UHJLPH� �65��
WKH�PHOW�WHPSHUDWXUH�EHLQJ������&��7KH�GLV�
WULEXWLRQ�SDWWHUQ� LV� GHILQHG�E\� WKH� WKHUPDO
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FKDUDFWHULVWLFV� RI� WKH� OLQLQJ� ]RQHV�� LQQHU
�,=���WUDQVLHQW��7=��DQG�EXIIHU��%=���DQG�E\
WKHLU�WKHUPDO�DQG�WHPSHUDWXUH�FRQGXFWLYLW\�
7KH�OLJKW�JXLGH�RSHUDWHV�XQGHU�WKH�DFWLRQ�RI
YDU\LQJ�WHPSHUDWXUH�DQG��FRQVHTXHQWO\��PH�
FKDQLFDO�IDFWRUV��$W�VHOHFWLYH�UHJLVWUDWLRQ�RI
WKH�UDGLDWLRQ�ZLWKLQ�WKH�VROLG�DQJOH�RI�YLHZ
�� RI� WKH� FRQYHUWHU� ��� WKH� RXWSXW� VLJQDO� RI
WKH� GHWHFWRU� LV� GHILQHG� E\� WKH� LQWHQVLW\� RI
WKH� RZQ�� UHIOHFWHG�� DEVRUEHG� DQG� VFDWWHUHG
UDGLDWLRQ� RI� WKH� HQGV������ DQG�RI� WKH� OLJKW
JXLGH�VLGH�VXUIDFH����DV�ZHOO�DV�E\�WKH�GHQ�
VLW\�RI�FROORLGDO�DQG�PROHFXODU�RSWLFDO�LQKR�
PRJHQHLWLHV���DQG����RI�WKH�OLJKW�JXLGH��

7KH� PHQWLRQHG� FKDUDFWHULVWLFV� FKDQJH
XQGHU� WKH� YDU\LQJ� PHFKDQLFDO� ORDGV� DQG
WHPSHUDWXUH�JUDGLHQW�ZKLFK�DIIHFW�WKH�OLJKW
JXLGH� LQ� WKH� SURFHVV� RI� LWV� RSHUDWLRQ�� 7KH\
LQIOXHQFH� WKH� LQWHQVLW\�� SRODUL]DWLRQ�� VSHF�
WUDO� DQG� VSDWLDO� UDGLDWLRQ� GLVWULEXWLRQ�� 7KH
UHIOHFWLRQ� FRHIILFLHQW� GHSHQGV� RQ� WKH� UDWLR
RI� WKH� UHIUDFWLYH� LQGH[� RI� WKH�PHGLXP� VXU�
URXQGLQJ�WKH�RXWHU�OLJKW�JXLGH��HQG��WR�WKH
UHIUDFWLYH�LQGH[�RI�WKH�OLJKW�JXLGH��$W�QRQ�
XQLIRUPO\� YDU\LQJ� GLVWULEXWLRQ� RI� VWUHVVHV
DQG� WHPSHUDWXUHV�� WKH� UHIUDFWLYH� LQGH[
FKDQJHV� DORQJ� WKH� OLJKW� JXLGH� OHQJWK�� WRR�
DQG�WKLV�LQIOXHQFHV�WKH�LQWHQVLW\�DQG�VSDWLDO
GLVWULEXWLRQ� RI� WKH� WUDQVPLWWHG� UDGLDWLRQ�

0ROHFXODU� VFDWWHULQJ� RI� WKH� UDGLDWLRQ� LQ
OLJKW� JXLGHV� OLQHDUO\� GHSHQGV� RQ� WKH� WHP�
SHUDWXUH�� $V� LV� NQRZQ�� WKH� OLJKW� VFDWWHUHG
E\� FU\VWDO� ODWWLFH� GHIHFWV� LV� SURSRUWLRQDO� WR
WKH�DEVROXWH� WHPSHUDWXUH� >�@��7KH�SURFHVVHV
RI� OLJKW� VFDWWHULQJ� LQ�QRQ�XQLIRUPO\�KHDWHG
OLJKW� JXLGHV� DUH� PXFK� PRUH� FRPSOH[� WKDQ
WKRVH� LQ� LVRWKHUPDO�PHGLD��$W� QRQ�XQLIRUP
KHDWLQJ�WKH�LQWHQVLW\�RI�EXON�PROHFXODU�VFDW�
WHULQJ� GHSHQGV� RQ� WKH� WHPSHUDWXUH� DQG� LWV
GLVWULEXWLRQ�ZLWKLQ�WKH�FU\VWDO��,Q�UHDO�OLJKW
JXLGHV� PROHFXODU� VFDWWHULQJ� LV� FRPSOH�
PHQWHG�E\�PRUH�HVVHQWLDO�VFDWWHULQJ�RQ�FRO�
ORLG�RSWLFDO�LQKRPRJHQHLWLHV��

1RZ� FRQVLGHU� WKH� PDLQ� FRPSRQHQWV� RI
WKH� UDGLDWLRQ� H[WUDFWHG� E\� D� F\OLQGULFDO
OLJKW�JXLGH�ZLWK�IODW�HQGV�LQ�WKH�VROLG�DQJOH
RI� YLHZ� �)LJ������ 7KH� LQWHQVLW\� RI� WKH� RZQ
UDGLDWLRQ� RI� WKH� LPPHUVLRQ� HQG� �,(��� WKH
VLGH� VXUIDFH� �66�� DQG� WKH� RSWLFDO� LQKRPR�
JHQHLWLHV� �2,�� LV� GHILQHG� E\� WKHLU� WHPSHUD�
WXUH� DQG� UDGLDWLYH� DELOLW\�� ,(� �I�7LW�� HLW��
66¹� �I�7¹��H¹���2,� �I�7RL��HRL��3URFHHGLQJ� IURP� WKH� DERYH�VDLG� DQG� WDN�
LQJ� LQWR� DFFRXQW� WKH� FRQGLWLRQV� ZKHQ� WKH
OLJKW�JXLGH�ZRUNV�LQ�D�OLQLQJ��LW�LV�GLIILFXOW
WR�HVWLPDWH�WKH�LQIOXHQFH�RI�HDFK�FRPSRQHQW
RQ� WKH� WUDQVPLVVLRQ�� 7KHUHIRUH�� WKH� OLJKW

)LJ�����6FKHPH�RI�PHOW� WKHUPRPHWU\�XVLQJ�LPPHUVLRQ� OLJKW�JXLGH����Û�PHOW����Û�IXUQDFH� OLQLQJ�
��Û�OLJKW�JXLGH����Û�VROLG�DQJOH�RI�YLHZ����Û�UDGLDWLRQ�FRQYHUWHU����Û�LPPHUVLRQ�OLJKW�JXLGH�HQG�
��Û� RXWHU� OLJKW� JXLGH� HQG����Û� VLGH� OLJKW� JXLGH� VXUIDFH�� ������Û� FROORLGDO� DQG�PROHFXODU� OLJKW
JXLGH�LQKRPRJHQHLWLHV��
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JXLGH� WUDQVPLVVLRQ� VKRXOG� EH� HVWLPDWHG� E\
WKH� HIIHFWLYH� YDOXH� RI� WKLV� SDUDPHWHU� 3HI�ZKLFK� LQFOXGHV� DOO� WKH� FRPSRQHQWV�� 7KH
YDOXH� LQIRUPDWLYH� IRU� WKHUPRPHWU\� LV� WKH
UDGLDWLRQ� RI� WKH� LPPHUVLRQ� HQG� ZLWKLQ� WKH
ILHOG�RI�YLHZ�RI�WKH�SULPDU\�SDUDPHWULF�FRQ�
YHUWHU�3=��

7KH�OLJKW�JXLGH�3HI�LV�DOVR�GHILQHG�E\�WKHORVV�GXH�WR�OLJKW�VFDWWHULQJ�RQ�RSWLFDO� LQKR�
PRJHQHLWLHV�� OLJKW� DEVRUSWLRQ� E\� WKH� OLJKW
JXLGH�� LQWHUQDO� UHIOHFWLRQ�� WKH� )UHVQHO� UH�
IOHFWLRQ� IURP� WKH� RXWHU� HQG� DQG� WKH� RZQ
UDGLDWLRQ�RI�WKH�LQKRPRJHQHLWLHV���

$V�IRXQG�ZKLOH�DQDO\]LQJ�WKH�ZRUN�RI�WKH
OLJKW� JXLGH� LQ� D� OLQLQJ�� WKH� PHWURORJLFDO
FKDUDFWHULVWLFV� RI� WKHUPRPHWU\� XVLQJ� OLJKW
JXLGH� DUH� HVVHQWLDOO\� GHSHQGHQW� RQ� WKH� LQ�
LWLDO� RSWLFDO� FKDUDFWHULVWLFV� RI� VDSSKLUH�
ILUVW� RI� DOO�� RQ� LWV� WUDQVPLVVLRQ� ZLWKLQ� WKH
ZRUNLQJ� VSHFWUDO� UDQJH�� 7KH� LQLWLDO� WUDQV�
PLVVLRQ� LV� WKH� LQWHJUDWHG� FKDUDFWHULVWLF� RI
WKH�TXDQWLW\�DQG�SURSHUWLHV�RI�RSWLFDO� LQKR�
PRJHQHLWLHV� LQ� WKH� OLJKW� JXLGH� EXON� ZKLFK
GHILQHV�WKH�OHYHO�RI�ORVVHV�LQ�WKH�OLJKW�JXLGH
UDGLDWLRQ�� 7KH� LQLWLDO� OLJKW� JXLGH� WUDQVPLV�
VLRQ� GHILQHV� WKH� LQWHQVLW\� RI� WKH� LQFLGHQW
UDGLDWLRQ�DQG��FRQVHTXHQWO\��WKH�RXWSXW�VLJ�
QDO� RI� WKH� GHWHFWRU� DQG� WKH� LQVWUXPHQWDO
HUURU�RI�WKH�S\URPHWULF�V\VWHP���

7R�PHDVXUH�WKH�WHPSHUDWXUH�RI�)H±&�DQG
&X�PHOWV�E\�PHDQV�RI�OLJKW�JXLGH��WKHUH�DUH
VLOLFRQ� SKRWRQ� UDGLDWLRQ� GHWHFWRUV� ZRUN� LQ
SKRWRGLRGH�DQG�JHQHUDWRU�UHJLPHV���

9DOLG�IURP�WKH�YLHZSRLQW�RI�PHWURORJ\�LV
WKH� UHJLPH� RI� VKRUW� FLUFXLW�� 7R� UHDOL]H� WKH
ODWWHU�� WKH� RXWSXW� VLJQDO� RI� WKH� GHWHFWRU� LV
WR� EH� LQFUHDVHG� E\� UDLVLQJ� WKH� LQLWLDO� OLJKW
JXLGH� WUDQVPLVVLRQ��:KHQ� WKH� VLJQDO� LV� LQ�
FUHDVHG�WZRIROG�LQ�WKH�UHDO�UDQJH��WKH�EDVLF
HUURU� RI� WKH� VHFRQGDU\� FRQYHUWHU� EHFRPHV
OHVV�SUDFWLFDOO\�E\�KDOI��

$W� SUHVHW� SDUDPHWHUV� RI� WKH� UDZ� PDWH�
ULDO�� WKH� VWXII� XVHG� IRU� WKH� FUXFLEOH� DQG
VKDSHU�� DV� ZHOO� DV� WKH� FRPSRVLWLRQ� RI� WKH
DWPRVSKHUH��WKH�WUDQVPLVVLRQ�RI�VDSSKLUH�LV
GHILQHG� E\� WKH� JURZWK� FRQGLWLRQV� DQG� WKH
FU\VWDOORJUDSKLF� IHDWXUHV� �)LJ������ 6DSSKLUH
URGV� ZLWK� D� GLDPHWHU� RI� ���� PP� DQG� D
OHQJWK� RI� ���� PP� ZHUH� JURZQ� E\� WKH
6WHSDQRY�PHWKRG� DW� D� UDWH� RI� ��Ü���PP�K
LQ� WKH� FU\VWDOORJUDSKLF� GLUHFWLRQV� �����!
DQG� ����

BB
�!�� 7KH� WUDQVPLVVLRQ� ZDV� PHDV�

XUHG�ZLWKLQ�WKH�VSHFWUDO�UDQJH�IURP�����PP
WR�����PP�RYHUODSSLQJ�WKH�ZRUNLQJ�UDQJH�RI
VLOLFRQ�GHWHFWRUV�����Ü����PP��

7KH�6WHSDQRY�PHWKRG�DOORZV�WKH�JURZWK�RI
VDSSKLUH� URGV�DW�D� UDWH�XS� WR�Q�a�����PP�K�
7KH�PRVW� HVVHQWLDO� LQIOXHQFH� RI� WKH� JURZWK
UDWH� LV� REVHUYHG� ZLWKLQ� ��Ü��� PP�KU� LQ�

WHUYDO�� $W� Q�!����PP�KU�WKH�WUDQVPLVVLRQ
GLPLQLVKHV� GRZQ� WR� LQDGPLVVLEOH� YDOXHV�
$W� Q������ PP�KU� WKH� WUDQVPLVVLRQ� FRHIIL�
FLHQW� H[SRQHQWLDOO\� ULVHV� WR� D� VPDOO� H[WHQW�
7KH�FU\VWDOORJUDSKLF�GLUHFWLRQV������!�DQG
����

BB
�!� DUH� PXWXDOO\� SHUSHQGLFXODU�� 0RUH

SUHIHUDEOH� IRU� WKHUPRPHWU\� XVLQJ� OLJKW
JXLGHV�LV�WKH�GLUHFWLRQ������!��,Q�WKLV�FDVH
WKH� OLJKW� JXLGH� JHRPHWULFDO� D[LV� FRLQFLGHV
ZLWK� WKH� SULQFLSDO� RSWLFDO� D[LV� RI� WKH� FU\V�
WDO��DQG�ELUHIULQJHQFH�LV�DEVHQW��7KLV�VLPSOL�
ILHV� WKH� RSWLFDO� MXQFWLRQ� RI� WKH� OLJKW� JXLGH
ZLWK� WKH� SULPDU\� S\URPHWULF� FRQYHUWHU� RU
WKH�IRFXVHU�RI�WKH�S\URPHWULF�V\VWHP��0RUH�
RYHU��DW�WKH�JURZWK�RI�WKH�FU\VWDO�DORQJ�WKH
GLUHFWLRQ�����

BB
�!�WKH�EDVDO�SODQH�LV�SDUDOOHO

WR�WKH�JURZWK�GLUHFWLRQ��,Q�FRPSDULVRQ�ZLWK
RWKHU�SODQHV��WKH�EDVDO�SODQH�LV�HDVLO\�IDFHW�
WHG�ZLWK�VXEVHTXHQW�IRUPDWLRQ�RI�D�SODQH�RQ
WKH� OLJKW� JXLGH� VLGH� VXUIDFH�� 7R� SUHYHQW
VXFK� D� IDFHWLQJ�� SURFHVV� HQJLQHHUV� PXVW
WDNH�VSHFLDO�PHDVXUHV���

7KH� ULVH� RI� WKH�JURZWK� UDWH� OHDGV� WR� WKH
LQFUHDVH� RI� WKH� GHQVLW\� RI� GLVORFDWLRQV�� YD�
FDQF\�FHQWHUV�DQG�WKHLU�DJJUHJDWHV��9DFDQF\
FRDJXODWLRQ� JLYHV� ULVH� WR� WKH� IRUPDWLRQ� RI
VFDWWHULQJ�FHQWHUV�DQG��FRQVHTXHQWO\��GLPLQ�
LVKHV� WKH� WUDQVPLVVLRQ� RI� VDSSKLUH�� 1DWX�
UDOO\�� WKLV� GLPLQXWLRQ� LV� REVHUYHG� DW� WKH
JURZWK� RI� VDSSKLUH� FU\VWDOV� LQ� DQ\� FU\VWDO�
ORJUDSKLF�GLUHFWLRQ�

7KH� GHSHQGHQFH� RI� WKH� WUDQVPLVVLRQ� RQ
WKH� FU\VWDOORJUDSKLF� GLUHFWLRQ� LV� OHVV� REYL�
RXV�� ,Q� WKH� OLWHUDWXUH� VXFK� GDWD� DUH� DEVHQW
>��@�� 7KH�PHDVXUHPHQW� RI� WKH� WUDQVPLVVLRQ

)LJ�����7UDQVPLVVLRQ�RI�VDSSKLUH�OLJKW�JXLGHV
GHSHQGLQJ� RQ� WKHLU� RULHQWDWLRQ� DQG� JURZWK
UDWH�
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RI� D� VDSSKLUH� FXEH� LQ� GLIIHUHQW� GLUHFWLRQV
GRHV� QRW� VKRZ� QRWLFHDEOH� GLVWLQFWLRQV�� $W
WKH�VDPH�WLPH��WKH�WUDQVPLVVLRQ�RI�WKH�OLJKW
JXLGHV� JURZQ� DORQJ� WKH� GLUHFWLRQ� RI� WKH
SULQFLSDO� RSWLFDO� D[LV� DW� Q� ���Ü���PP�K
�&XUYHV� ��� ��� LV� ORZHU� LQ� FRPSDULVRQ� ZLWK
WKDW� RI� WKH� FU\VWDOV� ZLWK� WKH� RULHQWDWLRQ
����

BB
�!� �&XUYHV� ��� ���� 7KLV� LV� FRQQHFWHG

ZLWK� WKH� IDFW� WKDW� LQ� WKH� IRUPHU� FDVH� WKH
FU\VWDOOL]DWLRQ� IURQW� FRLQFLGHV� ZLWK� WKH
SODQH� ������� ZKLFK� LV� PRVW� FORVHO\� SDFNHG�
7KH� JURZWK� UDWH� LQ� WKLV� GLUHFWLRQ� LV� PLQL�
PDO��DQG�WKH�FU\VWDO�WHQGV�WR�RYHUJURZ�ZLWK
DGMDFHQW� FU\VWDO� SODQHV�� 7KLV� LQFUHDVHV� WKH
GHQVLW\�RI�VFDWWHULQJ�FHQWHUV�DQG�GLPLQLVKHV
WKH� OLJKW� JXLGH� WUDQVPLVVLRQ�ZKLFK� LV� HVSH�
FLDOO\� QRWLFHDEOH� ZKHQ� WKH� OHQJWK� RI� WKH
FU\VWDO� FRQVLGHUDEO\� H[FHHGV� LWV� GLDPHWHU�
$W�Qt���PP�KU� WKH�TXDQWLW\�RI�RSWLFDO� LP�
KRPRJHQHLWLHV� ULVHV�� WKH� LQIOXHQFH� RI� WKH
JURZWK� UDWH� EHFRPHV� GRPLQDWLQJ� DQG� HYHQ
VXSSUHVVHV� � WKH� LQIOXHQFH� RI� FU\VWDO�
ORJUDSKLF�GLUHFWLRQ���

,Q� WKH� VKRUWHU�ZDYH� SDUW� RI� WKH� VWXGLHG
VSHFWUDO� UDQJH� WKH� WUDQVPLVVLRQ� IRU� DOO� WKH
FU\VWDOORJUDSKLF� GLUHFWLRQV� GHFUHDVHV�� DV
VDSSKLUH�DEVRUEV�WKH�WHVWLQJ�HOHFWURPDJQHWLF
UDGLDWLRQ���

7KXV�� WKHUH� DUH� GHWHUPLQHG� WKH� FRPSR�
QHQWV� RI� WKH� UDGLDWLRQ� H[WUDFWHG� E\� LPPHU�
VLRQ�F\OLQGULFDO�OLJKW�JXLGHV�PRXQWHG�LQ�WKH
OLQLQJ� RI� PHWDOOXUJLFDO� IXUQDFHV�� 6KRZQ� LV
WKH�LQIOXHQFH�RI�WKH�ZRUNLQJ�UHJLPHV�RI�WKH
OLJKW�JXLGHV�RQ�WKHLU�HIIHFWLYH�WUDQVPLVVLRQ�
7R�GLPLQLVK� WKH�PHWKRGRORJLFDO� DQG� LQVWUX�
PHQWDO� HUURUV� RI� WKH� WHPSHUDWXUH�PHDVXUH�

PHQWV�UHDOL]HG�XVLQJ�OLJKW�JXLGHV��LW�LV�QHF�
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WKH� YLVLEOH� DQG� QHDU� LQIUDUHG� VSHFWUDO� UH�
JLRQV� RSWLPDO� IRU� WKHUPRPHWU\� XVLQJ� OLJKW
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