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3RODUL]DWLRQ�PRGH�GLVSHUVLRQ�PHDVXUHPHQW�WHFKQLTXHV
IRU�VLQJOH�PRGH�RSWLFDO�ILEUHV

)25(:25'

�� 7KH�,(&��,QWHUQDWLRQDO�(OHFWURWHFKQLFDO�&RPPLVVLRQ��LV�D�ZRUOGZLGH�RUJDQL]DWLRQ�IRU�VWDQGDUGL]DWLRQ�FRPSULVLQJ
DOO� QDWLRQDO� HOHFWURWHFKQLFDO� FRPPLWWHHV� �,(&� 1DWLRQDO� &RPPLWWHHV��� 7KH� REMHFW� RI� WKH� ,(&� LV� WR� SURPRWH
LQWHUQDWLRQDO�FR�RSHUDWLRQ�RQ�DOO�TXHVWLRQV�FRQFHUQLQJ�VWDQGDUGL]DWLRQ�LQ�WKH�HOHFWULFDO�DQG�HOHFWURQLF�ILHOGV��7R
WKLV� HQG� DQG� LQ� DGGLWLRQ� WR� RWKHU� DFWLYLWLHV�� WKH� ,(&� SXEOLVKHV� ,QWHUQDWLRQDO� 6WDQGDUGV�� 7KHLU� SUHSDUDWLRQ� LV
HQWUXVWHG� WR� WHFKQLFDO� FRPPLWWHHV�� DQ\� ,(&� 1DWLRQDO� &RPPLWWHH� LQWHUHVWHG� LQ� WKH� VXEMHFW� GHDOW� ZLWK� PD\
SDUWLFLSDWH� LQ� WKLV� SUHSDUDWRU\� ZRUN�� ,QWHUQDWLRQDO�� JRYHUQPHQWDO� DQG� QRQ�JRYHUQPHQWDO� RUJDQL]DWLRQV� OLDLVLQJ
ZLWK� WKH� ,(&� DOVR� SDUWLFLSDWH� LQ� WKLV� SUHSDUDWLRQ�� 7KH� ,(&� FROODERUDWHV� FORVHO\� ZLWK� WKH� ,QWHUQDWLRQDO
2UJDQL]DWLRQ� IRU� 6WDQGDUGL]DWLRQ� �,62�� LQ� DFFRUGDQFH� ZLWK� FRQGLWLRQV� GHWHUPLQHG� E\� DJUHHPHQW� EHWZHHQ� WKH
WZR�RUJDQL]DWLRQV�

�� 7KH� IRUPDO� GHFLVLRQV� RU� DJUHHPHQWV� RI� WKH� ,(&� RQ� WHFKQLFDO� PDWWHUV� H[SUHVV�� DV� QHDUO\� DV� SRVVLEOH�� DQ
LQWHUQDWLRQDO�FRQVHQVXV�RI�RSLQLRQ�RQ�WKH�UHOHYDQW�VXEMHFWV�VLQFH�HDFK�WHFKQLFDO�FRPPLWWHH�KDV�UHSUHVHQWDWLRQ
IURP�DOO�LQWHUHVWHG�1DWLRQDO�&RPPLWWHHV�

�� 7KH� GRFXPHQWV� SURGXFHG� KDYH� WKH� IRUP� RI� UHFRPPHQGDWLRQV� IRU� LQWHUQDWLRQDO� XVH� DQG� DUH� SXEOLVKHG� LQ� WKH
IRUP�RI� VWDQGDUGV�� WHFKQLFDO� VSHFLILFDWLRQV�� WHFKQLFDO� UHSRUWV� RU� JXLGHV�DQG� WKH\�DUH�DFFHSWHG�E\� WKH�1DWLRQDO
&RPPLWWHHV�LQ�WKDW�VHQVH�

�� ,Q� RUGHU� WR� SURPRWH� LQWHUQDWLRQDO� XQLILFDWLRQ�� ,(&� 1DWLRQDO� &RPPLWWHHV� XQGHUWDNH� WR� DSSO\� ,(&� ,QWHUQDWLRQDO
6WDQGDUGV� WUDQVSDUHQWO\� WR� WKH� PD[LPXP� H[WHQW� SRVVLEOH� LQ� WKHLU� QDWLRQDO� DQG� UHJLRQDO� VWDQGDUGV�� $Q\
GLYHUJHQFH� EHWZHHQ� WKH� ,(&� 6WDQGDUG� DQG� WKH� FRUUHVSRQGLQJ� QDWLRQDO� RU� UHJLRQDO� VWDQGDUG� VKDOO� EH� FOHDUO\
LQGLFDWHG�LQ�WKH�ODWWHU�

�� 7KH� ,(&� SURYLGHV� QR�PDUNLQJ� SURFHGXUH� WR� LQGLFDWH� LWV� DSSURYDO� DQG� FDQQRW� EH� UHQGHUHG� UHVSRQVLEOH� IRU� DQ\
HTXLSPHQW�GHFODUHG�WR�EH�LQ�FRQIRUPLW\�ZLWK�RQH�RI�LWV�VWDQGDUGV�

���� $WWHQWLRQ�LV�GUDZQ�WR�WKH�SRVVLELOLW\�WKDW�VRPH�RI�WKH�HOHPHQWV�RI�WKLV�WHFKQLFDO�VSHFLILFDWLRQ�PD\�EH�WKH�VXEMHFW
RI�SDWHQW�ULJKWV��7KH�,(&�VKDOO�QRW�EH�KHOG�UHVSRQVLEOH�IRU�LGHQWLI\LQJ�DQ\�RU�DOO�VXFK�SDWHQW�ULJKWV�

7KH� PDLQ� WDVN� RI� ,(&� WHFKQLFDO� FRPPLWWHHV� LV� WR� SUHSDUH� ,QWHUQDWLRQDO� 6WDQGDUGV�� ,Q
H[FHSWLRQDO�FLUFXPVWDQFHV��D�WHFKQLFDO�FRPPLWWHH�PD\�SURSRVH�WKH�SXEOLFDWLRQ�RI�D� WHFKQLFDO
VSHFLILFDWLRQ�ZKHQ

� WKH� UHTXLUHG�VXSSRUW� FDQQRW�EH�REWDLQHG� IRU� WKH�SXEOLFDWLRQ�RI�DQ� ,QWHUQDWLRQDO�6WDQGDUG�
GHVSLWH�UHSHDWHG�HIIRUWV��RU

� WKH� VXEMHFW� LV� VWLOO� XQGHU� WHFKQLFDO� GHYHORSPHQW� RU� ZKHUH�� IRU� DQ\� RWKHU� UHDVRQ�� WKHUH� LV
WKH�IXWXUH�EXW�QR�LPPHGLDWH�SRVVLELOLW\�RI�DQ�DJUHHPHQW�RQ�DQ�,QWHUQDWLRQDO�6WDQGDUG�

7HFKQLFDO� VSHFLILFDWLRQV� DUH� VXEMHFW� WR� UHYLHZ� ZLWKLQ� WKUHH� \HDUV� RI� SXEOLFDWLRQ� WR� GHFLGH
ZKHWKHU�WKH\�FDQ�EH�WUDQVIRUPHG�LQWR�,QWHUQDWLRQDO�6WDQGDUGV�

,(&� ������� ZKLFK� LV� D� WHFKQLFDO� VSHFLILFDWLRQ�� KDV� EHHQ� SUHSDUHG� E\� VXEFRPPLWWHH� ��$�
)LEUHV�DQG�FDEOHV��RI�,(&�WHFKQLFDO�FRPPLWWHH�����)LEUH�RSWLFV�

7KH�WH[W�RI�WKLV�WHFKQLFDO�VSHFLILFDWLRQ�LV�EDVHG�RQ�WKH�IROORZLQJ�GRFXPHQWV�

(QTXLU\�GUDIW 5HSRUW�RQ�YRWLQJ

��$�����&'9 ��$�����59&

)XOO� LQIRUPDWLRQ�RQ� WKH�YRWLQJ� IRU� WKH�DSSURYDO�RI� WKLV� WHFKQLFDO�VSHFLILFDWLRQ�FDQ�EH� IRXQG� LQ
WKH�UHSRUW�RQ�YRWLQJ�LQGLFDWHG�LQ�WKH�DERYH�WDEOH�
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7KLV�SXEOLFDWLRQ�KDV�EHHQ�GUDIWHG�LQ�DFFRUGDQFH�ZLWK�WKH�,62�,(&�'LUHFWLYHV��3DUW���

$QQH[HV�$�WR�+�DUH�IRU�LQIRUPDWLRQ�RQO\�

7KH� FRPPLWWHH� KDV� GHFLGHG� WKDW� WKH� FRQWHQWV� RI� WKLV� SXEOLFDWLRQ� ZLOO� UHPDLQ� XQFKDQJHG
XQWLO������

$W�WKLV�GDWH��WKH�SXEOLFDWLRQ�ZLOO�EH

� UHFRQILUPHG�

� ZLWKGUDZQ�

� UHSODFHG�E\�D�UHYLVHG�HGLWLRQ��RU

� DPHQGHG�
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3RODUL]DWLRQ�PRGH�GLVSHUVLRQ�PHDVXUHPHQW�WHFKQLTXHV
IRU�VLQJOH�PRGH�RSWLFDO�ILEUHV

�� 6FRSH�DQG�REMHFW

7KLV�WHFKQLFDO�VSHFLILFDWLRQ�GHVFULEHV�WKUHH�WHVW�PHWKRGV�IRU�PHDVXULQJ�WKH�SRODUL]DWLRQ�PRGH
GLVSHUVLRQ��30'��RI�VLQJOH�PRGH�RSWLFDO�ILEUHV�RI�W\SH�%�

0HWKRG�$��)L[HG�DQDO\]HU�PHWKRG

0HWKRG�%��-RQHV�PDWUL[�HLJHQ�DQDO\VLV�VWDWH�RI�SRODUL]DWLRQ�PHWKRG

0HWKRG�&��,QWHUIHURPHWULF�PHWKRG

7KHVH�PHWKRGV� FDQ� EH� DSSOLHG� WR� ERWK� VKRUW� DQG� ORQJ� ILEUHV� LQ� WKH� OLPLWV� RI� ERWK� ]HUR� DQG
VWURQJ�SRODUL]DWLRQ�PRGH�FRXSOLQJ�

7KHVH�PHWKRGV�DUH� UHVWULFWHG� WR�ZDYHOHQJWKV�JUHDWHU� WKDQ�RU�HTXDO� WR� WKDW�DW�ZKLFK� WKH� ILEUH
LV� HIIHFWLYHO\� VLQJOH�PRGH�� 7KH� FXW�RII� ZDYHOHQJWK� RI� DQ� XQFDEOHG� ILEUH� PD\� EH� GHWHUPLQHG
E\�PHWKRG�,(&���������&�$�RI�,(&������������ZKLOH�WKH�FXW�RII�ZDYHOHQJWK�RI�D�FDEOHG�ILEUH
PD\�EH�GHWHUPLQHG�E\�PHWKRG�,(&���������&�%�RI�,(&�����������

30'�FDXVHV�DQ�RSWLFDO�SXOVH� WR�VSUHDG� LQ� WKH� WLPH�GRPDLQ��7KLV�GLVSHUVLRQ�FRXOG� LPSDLU� WKH
SHUIRUPDQFH�RI�D� WHOHFRPPXQLFDWLRQV�V\VWHP��7KH�HIIHFW�FDQ�EH�UHODWHG� WR�GLIIHUHQWLDO�SKDVH
DQG�JURXS�YHORFLWLHV�DQG�FRUUHVSRQGLQJ�DUULYDO� WLPHV�dt� RI� GLIIHUHQW�SRODUL]DWLRQ�FRPSRQHQWV
RI�WKH�VLJQDO��)RU�D�VXIILFLHQWO\�QDUURZ�EDQG�VRXUFH��WKH�HIIHFW�FDQ�EH�UHODWHG�WR�D�GLIIHUHQWLDO
JURXS� GHOD\� �'*'�� WLPH� Dt� EHWZHHQ� SDLUV� RI� RUWKRJRQDOO\� SRODUL]HG� SULQFLSDO� VWDWHV� RI
SRODUL]DWLRQ��363��

363� DUH� VXFK� WKDW� QR� SXOVH� VSUHDGLQJ� GXH� WR� 30'� RFFXUV� ZKHQ� RQH� �DQG� RQO\� RQH�� RI
WKH�363V�LV�H[FLWHG��7KH�PD[LPXP�SXOVH�VSUHDGLQJ�GXH�WR�30'�RFFXUV�ZKHQ�ERWK�WKH�363V
DUH� HTXDOO\� H[FLWHG� DQG� LV� UHODWHG� WR� WKH� GLIIHUHQFH� LQ� WLPHV� RI� IOLJKW� DVVRFLDWHG� WR� WKH� WZR
363V��7KH�30'�RI�D� ILEUH� LV�FRPSOHWHO\�FKDUDFWHUL]HG�E\� WKH�'*'�EHWZHHQ� WKH�363V�ZKLFK
YDULHV�UDQGRPO\�ZLWK�RSWLFDO�IUHTXHQF\�DQG�WLPH�

,Q� ORQJ� ILEUH� VSDQV�� 30'� LV� D� UDQGRP� HIIHFW� VLQFH� LW� GHSHQGV� RQ� WKH� GHWDLOV� RI� WKH
ELUHIULQJHQFH�DORQJ� WKH�HQWLUH� ILEUH� OHQJWK�� ,W� LV�DOVR�VHQVLWLYH� WR� WLPH�GHSHQGHQW� WHPSHUDWXUH
DQG�PHFKDQLFDO�SHUWXUEDWLRQV�RQ�WKH�ILEUH��)RU�WKLV�UHDVRQ��D�XVHIXO�ZD\�WR�FKDUDFWHUL]H�30'
LQ� ORQJ� ILEUHV� LV� LQ� WHUPV�RI� WKH�H[SHFWHG�YDOXH��Dt! �JLYHQ�E\� WKH�506�SXOVH�EURDGHQLQJ�RU
WKH�PHDQ�'*'�EHWZHHQ�363V��,Q�SULQFLSOH��WKH�H[SHFWHG�YDOXH��Dt! �GRHV�QRW�XQGHUJR�ODUJH
FKDQJHV�IRU�D�JLYHQ�ILEUH�IURP�GD\�WR�GD\�RU�IURP�VRXUFH�WR�VRXUFH��XQOLNH�WKH�SDUDPHWHUV�dt
RU�Dt��,Q�DGGLWLRQ���Dt! �LV�D�XVHIXO�SUHGLFWRU�RI�OLJKWZDYH�V\VWHP�SHUIRUPDQFH�

7KH�WHUP��30'��LV�XVHG�ERWK�LQ�WKH�JHQHUDO�VHQVH�RI�WZR�SRODUL]DWLRQ�PRGHV�KDYLQJ�GLIIHUHQW
JURXS�YHORFLWLHV��DQG�LQ�WKH�VSHFLILF�VHQVH�RI�WKH�H[SHFWHG�YDOXH��Dt! ��7KH�'*'�Dt�RU�SXOVH
EURDGHQLQJ�dt� FDQ�EH�DYHUDJHG�RYHU�ZDYHOHQJWK��\LHOGLQJ��Dt! l��RU� WLPH��\LHOGLQJ��Dt! W��RU
WHPSHUDWXUH�� \LHOGLQJ� �Dt!7�� )RU�PRVW� SXUSRVHV�� LW� LV� QRW� QHFHVVDU\� WR� GLVWLQJXLVK� EHWZHHQ
WKHVH�YDULRXV�RSWLRQV�IRU�REWDLQLQJ��Dt! �
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7KH�FRXSOLQJ� OHQJWK� OF� LV� WKH� OHQJWK�RI� ILEUH� RU� FDEOH� DW�ZKLFK� DSSUHFLDEOH� FRXSOLQJ� EHWZHHQ
WKH�WZR�SRODUL]DWLRQ�VWDWHV�EHJLQV�WR�RFFXU��,I�WKH�ILEUH�OHQJWK�/�VDWLVILHV�WKH�FRQGLWLRQ�/����OF�
PRGH� FRXSOLQJ� LV� QHJOLJLEOH� DQG� �Dt! � VFDOHV� ZLWK� ILEUH� OHQJWK�� 7KH� FRUUHVSRQGLQJ� 30'
FRHIILFLHQW�LV

�VKRUW�OHQJWK��30'�FRHIILFLHQW� ��Dt! �/� ���

)LEUHV� LQ� SUDFWLFDO� V\VWHPV� DUH� QHDUO\� DOZD\V� LQ� WKH� /� !!� OF�� UHJLPH� DQG� PRGH� FRXSOLQJ� LV
VWURQJ��,I�PRGH�FRXSOLQJ�LV�DOVR�IRXQG�WR�EH�UDQGRP���Dt! �VFDOHV�ZLWK�WKH�VTXDUH�URRW�RI�ILEUH
OHQJWK��DQG

�ORQJ�OHQJWK��30'�FRHIILFLHQW� ��Dt! � / ���

7KH� WH[W� SURYLGHV� PHDQV� IRU� GHFLGLQJ� ZKHQ� LW� LV� DSSURSULDWH� WR� XVH� HTXDWLRQV� ���� RU� ���� WR
FDOFXODWH� WKH� 30'� FRHIILFLHQW�� 7\SLFDO� XQLWV� DUH� SV� IRU�Dt�� NP� IRU� /�� SV�NP� IRU� VKRUW�OHQJWK
30'�� DQG� SV� km � IRU� ORQJ�OHQJWK� 30'�� 6HH� DQQH[� $� IRU� PRUH� GHWDLO� RQ� GHWHUPLQLQJ� WKH
PRGH�FRXSOLQJ�UHJLPH�

7KHVH� PHWKRGV� FDQ� PHDVXUH� 30'� RQ� OHQJWKV� RI� ILEUH� OLPLWHG� RQO\� E\� WKH� HTXLSPHQW
UHVROXWLRQ�RU�G\QDPLF� UDQJH�� ,Q�JHQHUDO��SHUIRUPLQJ� WKHVH�PHDVXUHPHQWV�RQ� OHQJWKV�RI� ILEUH
!��NP�LV�UHFRPPHQGHG�WR�FKDUDFWHUL]H�D�ILEUH¶V�SHUIRUPDQFH�LQ�D� ORQJ�KDXO�QHWZRUN��6DPSOH
OHQJWKV� LQ� WKH� WUDQVLWLRQ� UHJLRQ� /� a� OF� PD\� UHTXLUH� DGGLWLRQDO� DQDO\VLV� PHWKRGV� EH\RQG� WKH
VFRSH�RI�WKRVH�SUHVFULEHG�KHUH�

)RU�PHWKRG� $�� FDOFXODWLRQV�PD\� EH�PDGH� LQ� WKH� IUHTXHQF\� GRPDLQ� �F\FOH� FRXQWLQJ�� RU� WLPH
GRPDLQ� �)RXULHU� DQDO\VLV��� :KHQ� F\FOH� FRXQWLQJ� LV� XVHG�� �Dt! � LV� WKH� DYHUDJH� RYHU� WKH
PHDVXUHPHQW�ZDYHOHQJWK� UDQJH�� DV� VKRZQ� LQ� HTXDWLRQ� ������ ,Q� WKH�/� ��� OF� OLPLW�� �Dt! � �Dt�
L�H��WKH�30'�HTXDOV�WKH�'*'��:KHQ�)RXULHU�DQDO\VLV�LV�XVHG��DQG�LQ�WKH�OLPLW�RI�/����OF���Dt!
LV� REWDLQHG� VLPSO\� IURP� WKH� FHQWURLG� YDOXH� RI� WKH�dt� YDOXHV� REWDLQHG� RYHU� WKH�PHDVXUHPHQW
ZDYHOHQJWK� UDQJH��)RU� WKH�/�!!� OF� OLPLW���Dt! � LV�GHWHUPLQHG� IURP� WKH�VHFRQG�PRPHQW�RI� WKH
GLVWULEXWLRQ�3�dt��RI�dt�YDOXHV�REWDLQHG�RYHU�WKH�PHDVXUHPHQW�ZDYHOHQJWK�UDQJH�

0HWKRG�%�PHDVXUHV�'*'�Dt�DV�D� IXQFWLRQ�RI�ZDYHOHQJWK��DQG�30'� LV�H[SUHVVHG�DV��Dt! l�
'*'�l�� FDQ� EH�PHDVXUHG� E\� XVLQJ� D� -RQHV�PDWUL[� GHWHUPLQDWLRQ� �HLJHQ�DQDO\VLV�� �-0(�� E\
H[DPLQLQJ� WKH� YDULDWLRQ� RI� WKH� 6WDWH� RI� 3RODUL]DWLRQ� �623�� ZLWK� VSHFLILF� SRODUL]DWLRQ� VWDWH
LQSXWV� RYHU� D� UDQJH� RI� LQSXW� OLJKW� ZDYHOHQJWKV�� ,Q� WKH� 623� PHWKRG�� '*'� LV� PHDVXUHG� E\
DQDO\]LQJ� WKH�HYROXWLRQ� RI� WKH� 623� RI� WKH� OLJKW� H[FLWLQJ� WKH� ILEUH� XQGHU� WHVW� ZKHQ� WKH
ZDYHOHQJWK� RI� WKH� ODXQFKHG� OLJKW� LV� YDULHG� IRU� FRQVWDQW� 623�� ,Q� WKLV� FDVH�� ZKHQ� WKH� RSWLFDO
IUHTXHQF\� RI� WKH�ODXQFKHG� OLJKW� LV� YDULHG�� WKH� SRODUL]DWLRQ� VWDWHV� DW� WKH� RXWSXW� RI� WKH� ILEUH�
UHSUHVHQWHG� RQ� WKH�3RLQFDUp� VSKHUH�� URWDWH� DURXQG� WKH� D[LV� FRLQFLGLQJ� ZLWK� WKH� GLUHFWLRQ� RI
WKH�363V�DW�D�UDWH�GHSHQGHQW�RQ�WKH�30'�GHOD\��WKH�JUHDWHU�WKH�GHOD\��WKH�IDVWHU�WKH�URWDWLRQ�
7KHUHIRUH�� E\�PHDVXULQJ� WKH� URWDWLRQ� DQJOH� Dq� RI� WKH� UHSUHVHQWDWLYH� SRLQW� RQ� WKH� 3RLQFDUp
VSKHUH�FRUUHVSRQGLQJ�WR�DQJXODU�IUHTXHQF\�YDULDWLRQ�Dw�WKH�30'�GHOD\�Dt�LV�REWDLQHG�DV�

Dt = |Dq/Dw | ���

0HWKRG� &� GHWHUPLQHV� 30'� IURP� WKH� DXWRFRUUHODWLRQ� RU� FURVVFRUUHODWLRQ� IXQFWLRQ� RI� WKH
HPHUJLQJ� HOHFWURPDJQHWLF� ILHOG� DW� RQH� ILEUH� HQG�ZKHQ� LOOXPLQDWHG� E\� D� EURDGEDQG� VRXUFH� DW
WKH� RWKHU� HQG�� ,Q� WKH� FDVH� RI� WKH� DXWRFRUUHODWLRQ� W\SH� LQVWUXPHQW�� WKH� LQWHUIHURJUDP� KDV� D
FHQWUDO�FRKHUHQFH�SHDN�FRUUHVSRQGLQJ�WR�WKH�DXWRFRUUHODWLRQ�RI�WKH�RSWLFDO�VRXUFH�

PD IEC TS 61941:2000

7

Full document details: PD IEC TS 61941:2000

http://www.avadocuments.com/doc/pd-iec-ts-61941-2000
http://www.avadocuments.com/doc/pd-iec-ts-61941-2000


��%6,��������

�� 6\PEROV

� LV�VHW�WR��IRU�H[DPSOH�Q� ���PHDQV�³YDULDEOH�Q�LV�VHW�WR�D�YDOXH�RI��´

D WKUHVKROG�OHYHO�IRU�FKL�VTXDUHG�WHVW

$ PXOWLSOLHU�IRU�SUREDELOLW\�IXQFWLRQ

$PHGLDQ PHGLDQ�YDOXH�RI�$

DM�P� SRO\QRPLDO�ILW�FRHIILFLHQW

EM SRO\QRPLDO�ILW�FRHIILFLHQW

F� YHORFLW\�RI�OLJKW�LQ�YDFXXP

F, SRO\QRPLDO�ILW�FRHIILFLHQW

GL SRO\QRPLDO�ILW�FRHIILFLHQW

' URRW�PHDQ�VTXDUH�HUURU

H FRXQWHU�XVHG�LQ�VHF�������

( QXPEHU�RI�H[WUHPD��PD[LPD�SOXV�PLQLPD��LQ�5�l�

) IUHTXHQF\�RI�FRVLQH�ZDYH�5� �l�

IL LWK�PHDVXUHG�YDOXH�RI�5�l�

J VSLNH�QXPEHU

K ZDYHOHQJWK�VSDFLQJ�EHWZHHQ�SRLQWV

L FRXQWHU�XVHG�LQ�DQQH[�&

M FRXQWHU�XVHG�LQ�FDOFXODWLRQ�DQG�DQQH[�&

. FRXQWHU�XVHG�LQ�DQQH[�&

N PRGH�FRXSOLQJ�IDFWRU

/ OHQJWK�RI�ILEUH�ILEUH�FDEOH�WHVW�VDPSOH

/F VRXUFH�FRKHUHQFH�OHQJWK

OF PRGH�FRXSOLQJ�OHQJWK

P QXPEHU�RI�PHDVXUHG�YDOXHV�XVHG�LQ�SRO\QRPLDO�ILW

0� QXPEHU�RI�GDWD�SRLQWV�LQ�)RXULHU�WUDQVIRUP�GDWD�DERYH�D�WKUHVKROG�OHYHO�7��ZLWKLQ�D
VSLNH��J

0� QXPEHU�RI�VLJQLILFDQW�GDWD�SRLQWV�LQ�)RXULHU�WUDQVIRUP�GDWD�DERYH�WKUHVKROG�OHYHO�7�
IRU�VWURQJO\�FRXSOHG�FDVH

Q QXPEHU�RI�GLVFUHWH�ZHDNO\�FRXSOHG�GHYLFHV�XQGHU�WHVW

1 QXPEHU�RI�WLPHV�WKH�ILEUH�LV�PHDVXUHG

3$��l� RSWLFDO�SRZHU�UHFRUGHG�ZLWK�DQDO\]HU�LQ�SODFH

3527�l� RSWLFDO�SRZHU�UHFRUGHG�ZLWK�DQDO\]HU�URWDWHG����

3727�l� RSWLFDO�SRZHU�UHFRUGHG�ZLWK�DQDO\]HU�UHPRYHG

3�dt� SUREDELOLW\�IXQFWLRQ�RI�)RXULHU�WUDQVIRUP�GDWD

3� �dt� SUHGLFWHG�YDOXH�RI�SUREDELOLW\�IXQFWLRQ�RI�)RXULHU�WUDQVIRUP�GDWD
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5� �l� UDWLR�GDWD��WKHRU\��IRU�VLPSOH�ELUHIULQJHQW�ILEUH

5�l� RXWSXW�UDWLR�IURP�30'�PHDVXUHPHQW�V\VWHP

7� ILUVW�WKUHVKROG�OHYHO�IRU�3�dt��GDWD

7� VHFRQG�WKUHVKROG�OHYHO�IRU�3�dt��GDWD

WF RSWLFDO�VRXUFH�FRKHUHQFH�WLPH��PHWKRG�&�

; FULWHULRQ�IRU�QXPEHU�RI�YDOLG�SRLQWV�RI�3�dt��EHORZ�7�

DI IUHTXHQF\�YDULDWLRQ�LQ�PHWKRG�%

dt UHODWLYH�SXOVH�GHOD\�DUULYDO�WLPH

dtODVW dt YDOXH�DW� WKH� ODVW�VLJQLILFDQW�SRLQW�RI�3��GHILQHG�DV� WKH� ILUVW�3�SRLQW� WKDW� LV�DERYH
7���EXW�ZKLFK�LV�DOVR�IROORZHG�E\�WKUHH�RU�PRUH�SRLQWV�IDOOLQJ�EHORZ�7���dtODVW� �dt0�

dtPD[ PD[LPXP�dt�YDOXH�WKDW�FDQ�EH�PHDVXUHG

dtPLQ PLQLPXP�dt�YDOXH�WKDW�FDQ�EH�PHDVXUHG

DQ ILEUH�PRGDO�ELUHIULQJHQFH�SHU�XQLW�OHQJWK

Dt� GLIIHUHQWLDO�JURXS�GHOD\�YDOXH

�Dt! DYHUDJH�H[SHFWHG�30'�RYHU�ZDYHOHQJWK�VFDQ�UDQJH

dl ZDYHOHQJWK�VWHS�VL]H

Dl RSWLFDO� VRXUFH� VSHFWUDO� ZLGWK� �)XOO�:LGWK�+DOI�0D[LPXP� >):+0@� XQOHVV� RWKHUZLVH
QRWHG�

dn� RSWLFDO�IUHTXHQF\�VWHS�VL]H

Dq URWDWLRQ�DQJOH�RQ�3RLQFDUp�VSKHUH

Dw DQJXODU�IUHTXHQF\�YDULDWLRQ�LQ�PHWKRG�%

l WHVW�ZDYHOHQJWK�XVHG�WR�PHDVXUH�30'

l� FHQWUDO�ZDYHOHQJWK�RI�WKH�OLJKW�VRXUFH

l� ILUVW�ZDYHOHQJWK�LQ�VHW�RI�WHVW�ZDYHOHQJWKV��RU�SRVLWLRQ�RI�ILUVW�PD[LPXP�RU�PLQLPXP
LQ�5�l��

l� ODVW�ZDYHOHQJWK�LQ�VHW�RI�WHVW�ZDYHOHQJWKV��RU�SRVLWLRQ�RI�ODVW�PD[LPXP�RU�PLQLPXP
LQ�5�l��

l&& FXW�RII�ZDYHOHQJWK�RI�ILEUH�FDEOH�XQGHU�WHVW

l&) FXW�RII�ZDYHOHQJWK�RI�ILEUH�XQGHU�WHVW

s5 VHFRQG�PRPHQW�RI�)RXULHU�WUDQVIRUP�GDWD

n RSWLFDO�OLJKW�IUHTXHQF\

C � FKL�VTXDUHG�YDULDEOH

gM �P� FRHIILFLHQW�GHILQHG�E\�HTXDWLRQ��&���
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�� $SSDUDWXV

6FKHPDWLF�GLDJUDPV� IRU� W\SLFDO�HTXLSPHQW�DUUDQJHPHQWV� IRU�PHWKRGV�$��%�DQG�&�DUH�VKRZQ
LQ�ILJXUHV���WR���UHVSHFWLYHO\�

���� /LJKW�VRXUFH

)RU� PHWKRG� $�� D� OLJKW� VRXUFH� LV� XVHG� ZKLFK� HPLWV� UDGLDWLRQ� DW� WKH� LQWHQGHG� PHDVXUHPHQW
ZDYHOHQJWKV�� VXFK� DV� D� EURDGEDQG� ODPS�� OLJKW� HPLWWLQJ� GLRGH�V��� RU� WXQDEOH� ODVHU�V��� ,W� VKDOO
EH�VWDEOH� LQ� LQWHQVLW\�DQG�VSHFWUDO�GLVWULEXWLRQ�RYHU�D� WLPH�SHULRG� ORQJ�HQRXJK�WR�SHUIRUP�WKH
PHDVXUHPHQW�

)RU�PHWKRG�%��D�VLQJOH�OLQH� ODVHU�RU�QDUURZ�EDQG�VRXUFH� LV�XVHG�ZKLFK� LV� WXQDEOH�DFURVV� WKH
LQWHQGHG�PHDVXUHPHQW� ZDYHOHQJWK� UDQJH�� 7KH� VSHFWUDO� GLVWULEXWLRQ� VKDOO� EH� QDUURZ� HQRXJK
VR� WKDW� OLJKW� HPHUJLQJ� IURP� WKH� WHVW� ILEUH� UHPDLQV� SRODUL]HG� XQGHU� DOO� FRQGLWLRQV� RI� WKH
PHDVXUHPHQW�� $� GHJUHH� RI� SRODUL]DWLRQ� �'23�� RI� ����� RU� JUHDWHU� LV� SUHIHUUHG�� DOWKRXJK
PHDVXUHPHQWV�PD\�EH�SHUIRUPHG�ZLWK� YDOXHV�DV� ORZ�DV������ZLWK� UHGXFHG�SUHFLVLRQ��)RU� D
JLYHQ�YDOXH�RI�'*'�Dt��WKH�ORZHVW�GHJUHH�RI�SRODUL]DWLRQ�ZKLFK�FDQ�UHVXOW�LV�JLYHQ�E\

�

�,Q���

�
�
�

�

H����'23
Ü
Ü

Ý

Û

Ì
Ì

Í

Ë DDp
-

�=

F

���

DVVXPLQJ�D�*DXVVLDQ�VSHFWUXP�RI�ZLGWK�Dl ()XOO�:LGWK�+DOI�0D[LPXP��):+0��FHQWUHG�DW�l�
�F��LV�WKH�YHORFLW\�RI�OLJKW�LQ�IUHH�VSDFH���'23�LV�H[SUHVVHG�LQ�SHUFHQW�

)RU�PHWKRG�&��D�EURDGEDQG�OLJKW�VRXUFH�LV�XVHG�WKDW�HPLWV�UDGLDWLRQ�DW�WKH�LQWHQGHG�PHDVXUH�
PHQW�ZDYHOHQJWKV�� VXFK� DV� D� OLJKW� HPLWWLQJ� GLRGH� RU� D� VXSHUIOXRUHVFHQW� VRXUFH�� 7KH� FHQWUDO
ZDYHOHQJWK�l��VKDOO�EH�ZLWKLQ�WKH�������QP�RU�������QP�ZLQGRZ��7KH�VSHFWUDO�VKDSH�VKDOO�EH
DSSUR[LPDWHO\� *DXVVLDQ�� ZLWKRXW� ULSSOHV� WKDW� FRXOG� LQIOXHQFH� WKH� DXWRFRUUHODWLRQ� IXQFWLRQ� RI
WKH�HPHUJLQJ�OLJKW��7KH�VSHFWUDO�VRXUFH�OLQH�ZLGWK�PXVW�EH�NQRZQ�WR�FDOFXODWH�FRKHUHQFH�WLPH
WF�

7KH�FRKHUHQFH�WLPH�WF�LV�GHWHUPLQHG�IURP�WKH�HTXDWLRQ

F
W

�D
=

l

l �
�

F ���

ZKHUH

l���LV�WKH�FHQWUDO�ZDYHOHQJWK�RI�WKH�VRXUFH�

Dl �LV�WKH�):+0�RI�WKH�VRXUFH�

F� �LV�WKH�YHORFLW\�RI�OLJKW�LQ�IUHH�VSDFH�

���� 2SWLFDO�VLJQDO�DGMXVWPHQWV

������ 0HWKRG�$

�������� 0RQRFKURPDWRU

)RU�PHWKRG�$��D�VSHFLILHG�VHW�RI�WHVW�ZDYHOHQJWKV�LV�REWDLQHG�E\�ILOWHULQJ�WKH�OLJKW�VRXUFH�ZLWK
D�PRQRFKURPDWRU�DV�LQ�ILJXUH��D��RU�E\�XVLQJ�DQ�RSWLFDO�VSHFWUXP�DQDO\]HU�DV�WKH�GHWHFWRU��DV
LQ�ILJXUH� �E�� 7KLV� ILOWHULQJ� LV� QRW� QHHGHG�ZKHQ� WKH� VRXUFH� LV� D� WXQDEOH� ODVHU� �VHH� ILJXUH� �F��
7KH� VSHFWUDO� GLVWULEXWLRQ�PXVW� EH� QDUURZ�HQRXJK� WR� DYRLG�PDMRU� GHSRODUL]DWLRQ� RI� WKH� VLJQDO
XQGHU� WKH� LQIOXHQFH� RI� WKH� 30'� RI� WKH� ILEUH� XQGHU� WHVW� �VHH� FODXVH� �� IRU� FDOFXODWLRQV��� $
SRODUL]HU�DW�WKH�ILEUH�LQSXW�LV�QHHGHG�RQO\�LI�WKH�ODXQFK�EHDP�LV�QRW�DOUHDG\�SRODUL]HG��XVXDOO\
D���G%�H[WLQFWLRQ�UDWLR�LV�VXIILFLHQW��
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/DPS

0RQRFKURPDWRU

3RODUL]HU
7HVW�ILEUH

$QDO\]HU

'HWHFWRU

&RPSXWHU
/RFN�LQ
DPSOLILHU

&KRSSHU

)LJXUH��D

%URDGEDQG
VRXUFH

2SWLFDO
VSHFWUXP
DQDO\]HU

3RODUL]HU $QDO\]HU

6SOLFH 6SOLFH7HVW�ILEUH

7XQDEOH
ODVHU

3RODUL]HU

7HVW

)LJXUH��E

)LJXUH��F

,(&����������

,(&����������

,(&����������

)LJXUH���±�6FKHPDWLF�GLDJUDP�IRU�0HWKRG�$��)L[HG�$QDO\]HU�0HWKRG�
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������ 0HWKRG�%

�������� 3RODUL]DWLRQ�DGMXVWHU

)RU� WKH� -0(�PHWKRG� D� SRODUL]DWLRQ� DGMXVWHU� IROORZV� WKH� ODVHU� DQG� LV� VHW� WR� SURYLGH� URXJKO\
FLUFXODUO\�SRODUL]HG�OLJKW�WR�WKH�SRODUL]HUV��VR�WKDW�WKH�SRODUL]HUV�QHYHU�FURVV�SRODUL]DWLRQ�ZLWK
WKHLU� LQSXW� OLJKW��7KH�SRODUL]DWLRQ� LV�DGMXVWHG�DV� IROORZV��7KH� WXQDEOH� ODVHU�ZDYHOHQJWK� LV�VHW
WR� WKH� FHQWUH� RI� WKH� UDQJH� WR� EH�PHDVXUHG��(DFK� RI� WKH� WKUHH� SRODUL]HUV� LV� LQVHUWHG� LQWR� WKH
EHDP�� DQG� WKUHH� FRUUHVSRQGLQJ� SRZHU� PHDVXUHPHQWV� DUH� SHUIRUPHG� DW� WKH� RXWSXW� RI� WKH
SRODUL]HUV�� 7KH� VRXUFH� SRODUL]DWLRQ� LV� DGMXVWHG� YLD� WKH� SRODUL]DWLRQ� DGMXVWHU� VXFK� WKDW� WKH
WKUHH�SRZHUV�IDOO�ZLWKLQ�DSSUR[LPDWHO\�D���G%�UDQJH�RI�RQH�DQRWKHU��,Q�DQ�RSHQ�EHDP�YHUVLRQ
RI�WKH�VHW�XS��D�ZDYHSODWH�PD\�SHUIRUP�WKH�SRODUL]DWLRQ�DGMXVWPHQW�

)RU�WKH�623�PHWKRG��WKH�SRODUL]DWLRQ�FRQWUROOHU�LV�VHW�VR�DV�WR�RSWLPL]H�WKH�FRQGLWLRQV�IRU�WKH
GHWHUPLQDWLRQ�RI�WKH�URWDWLRQ�DQJOH�RQ�WKH�3RLQFDUp�VSKHUH��LI�QHFHVVDU\�

�������� 3RODUL]HUV

)RU� WKH� -0(� PHWKRG�� WKUHH� OLQHDU� SRODUL]HUV� DW� UHODWLYH� DQJOHV� RI� DSSUR[LPDWHO\� ���� DUH
DUUDQJHG�WR�EH�LQVHUWHG�LQWR�WKH�OLJKW�EHDP�LQ�WXUQ��7KH�DFWXDO�UHODWLYH�DQJOHV�VKDOO�EH�NQRZQ�
)RU� WKH� 623�PHWKRG� D� SRODUL]DWLRQ� FRQWUROOHU� LV� SODFHG� EHWZHHQ� WKH� RSWLFDO� VRXUFH� DQG� WKH
ILEUH�XQGHU�WHVW�

7XQDEOH
ODVHU

3RODUL]DWLRQ
DGMXVWHU

�� ��� ���

3RODULPHWHU

7HVW�ILEUH

,(&����������

)LJXUH���±�6FKHPDWLF�GLDJUDP�IRU�0HWKRG�%
�-RQHV�0DWUL[�(LJHQDQDO\VLV�0HWKRG�
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������ 0HWKRG�&

�������� 3RODUL]HU

7KH� SRODUL]HU� VKDOO� SRODUL]H� RYHU� WKH� IXOO� ZDYHOHQJWK� UDQJH� RI� WKH� VRXUFH�� 7KH� SRODUL]HU
H[WLQFWLRQ�UDWLR�RYHU�WKH�VRXUFH�VSHFWUDO�UDQJH�VKRXOG�EH�!���G%�

�������� %HDP�VSOLWWHU

7KH� EHDP� VSOLWWHU� RI� WKH� LQWHUIHURPHWHU� LV� XVHG� WR� VSOLW� WKH� LQFLGHQW� SRODUL]HG� OLJKW� LQWR� WZR
FRPSRQHQWV� SURSDJDWLQJ� LQ� WKH� LQWHUIHURPHWHU¶V� DUPV�� 7KH� VSOLWWHU� FDQ� EH� DQ� RSWLFDO� ILEUH
FRXSOHU�RU�D�FXEH�EHDP�VSOLWWHU�

�������� ,QWHUIHURPHWHU

7KH� LQWHUIHURPHWHU� FDQ� EH� DQ� DLU� SDWK� W\SH� RU� D� ILEUH� W\SH�� ,W� FDQ� EH� RI�0LFKHOVRQ� RU�0DFK�
=HKQGHU� W\SH��DQG� LW�FDQ�EH� ORFDWHG�DW� WKH�VRXUFH�RU�DW� WKH�GHWHFWRU�HQG�RI� WKH�GHYLFH�XQGHU
WHVW�� $� TXDUWHU� ZDYH� SODWH�� IRU� H[DPSOH�� FDQ� EH� XVHG� WR� UHPRYH� WKH� DXWRFRUUHODWLRQ� SHDN
UHVSRQVH�RI�WKH�LQWHUIHURPHWHU�

���� ,QSXW�RSWLFV��DOO�PHWKRGV�

$Q�RSWLFDO� OHQV�V\VWHP�RU�VLQJOH�PRGH� ILEUH�SLJWDLO�PD\�EH�HPSOR\HG� WR�H[FLWH� WKH� WHVW� ILEUH�
7KH�SRZHU�FRXSOHG�LQWR�WKH�ILEUH�VKDOO�EH�VWDEOH�IRU�WKH�GXUDWLRQ�RI�WKH�WHVW�

������ )LEUH�SLJWDLO

,I� SLJWDLOV� DUH� XVHG�� LQWHUIHUHQFH� HIIHFWV� GXH� WR� UHIOHFWLRQV� VKRXOG� EH� DYRLGHG�� 7KLV� PD\
UHTXLUH�LQGH[�PDWFKLQJ�PDWHULDOV�RU�DQJOHG�FOHDYHV��7KH�SLJWDLOV�VKDOO�EH�VLQJOH�PRGH�

������ 2SWLFDO�OHQV�V\VWHP

,I� DQ� RSWLFDO� OHQV� V\VWHP� LV� XVHG�� VRPH� VXLWDEOH�PHDQV�� VXFK� DV� D� YDFXXP� FKXFN�� VKDOO� EH
XVHG�WR�VWDEO\�VXSSRUW�WKH�LQSXW�HQG�RI�WKH�ILEUH�

������ &ODGGLQJ�PRGH�VWULSSHU

$Q\�FODGGLQJ�PRGH�SRZHU�VKRXOG�EH�UHPRYHG�IURP�WKH�WHVW�ILEUH��8QGHU�PRVW�FLUFXPVWDQFHV�
WKH� ILEUH�FRDWLQJ�ZLOO�SHUIRUP� WKLV� IXQFWLRQ��RWKHUZLVH��HPSOR\�D�GHYLFH� WKDW�H[WUDFWV�FODGGLQJ
PRGH�SRZHU�
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&RQWUROOHU

)LEUH

&RQQHFWRU�RU�VSOLFH

3RODUL]HU
0LUURU

&RXSOHU 0RYLQJ�PLUURU

)ULQJH�HQYHORSH
GHWHFWLRQ

2SWLFDO
VRXUFH

,(&����������

)LJXUH��D�±�0LFKHOVRQ�,QWHUIHURPHWHU

3RODUL]HU

0LUURU

'HWHFWLRQ

2SWLFDO
VRXUFH

)LEUH

&RQQHFWRU�RU�VSOLFH

&RQWUROOHU

0RYLQJ�DUP

l�� %HDP�VSOLWWHU

%HDP�VSOLWWHU

0LUURU

0RYHDEOH�FXEH
FRUQHU l��

,(&����������

)LJXUH��E�±�0DFK�=HKQGHU�,QWHUIHURPHWHU

)LJXUH���±�6FKHPDWLF�GLDJUDP�IRU�0HWKRG�&��,QWHUIHURPHWULF�0HWKRG�
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���� 2XWSXW�RSWLFV

7KH�SRZHU�HPLWWHG�IURP�WKH�WHVW�ILEUH�PXVW�EH�FRXSOHG�RQWR�WKH�DFWLYH�UHJLRQ�RI�WKH�GHWHFWLRQ
V\VWHP� �VHH� ILJXUHV� �� WR� ���� $Q� RSWLFDO� OHQV� V\VWHP�� D� EXWW� VSOLFH� WR� D� VLQJOH�PRGH� ILEUH
SLJWDLO��RU�DQ� LQGH[�PDWFKHG� ILEUH�WR�ILEUH�FRXSOLQJ�PDGH�GLUHFWO\� WR� WKH�GHWHFWLRQ�V\VWHP�DUH
H[DPSOHV�RI�PHDQV�WKDW�PD\�EH�XVHG�

���� 6LJQDO�GHWHFWLRQ

)RU�VLJQDO�GHWHFWLRQ��DQ�RSWLFDO�GHWHFWRU� LV�XVHG�ZKLFK� LV� OLQHDU�DQG�VWDEOH�RYHU� WKH� UDQJH�RI
LQWHQVLWLHV� DQG�PHDVXUHPHQW� WLPHV� WKDW� DUH� HQFRXQWHUHG� LQ� SHUIRUPLQJ� WKH�PHDVXUHPHQW�� $
W\SLFDO�V\VWHP�PLJKW� LQFOXGH�V\QFKURQRXV�GHWHFWLRQ�E\�D�FKRSSHU�ORFN�LQ�DPSOLILHU��DQ�RSWLFDO
SRZHU�PHWHU��RSWLFDO�VSHFWUXP�DQDO\]HU��RU�D�SRODULPHWHU��7R�XVH�WKH�HQWLUH�VSHFWUDO�UDQJH�RI
WKH� VRXUFH�� WKH� GHWHFWLRQ� V\VWHP� PXVW� KDYH� D� ZDYHOHQJWK� UDQJH� ZKLFK� LQFOXGHV� WKH
ZDYHOHQJWKV�SURGXFHG�E\�WKH�OLJKW�VRXUFH�

���� &RPSXWDWLRQDO�HTXLSPHQW

$� GLJLWDO� FRPSXWHU�PD\� EH� XVHG� IRU� SXUSRVHV� RI� HTXLSPHQW� FRQWURO�� GDWD� DFTXLVLWLRQ� DQG�RU
QXPHULFDO�HYDOXDWLRQ�RI�WKH�GDWD�

���� 2XWSXW�VLJQDO�SRODUL]DWLRQ�DGMXVWPHQWV

Method A – Polarizer and analyzer

7KH�DQJXODU�RULHQWDWLRQ�RI�WKH�SRODUL]HUV�LV�QRW�FULWLFDO��EXW�VKRXOG�UHPDLQ�IL[HG�WKURXJKRXW�WKH
PHDVXUHPHQW��:LWK� ZHDN�PRGH� FRXSOLQJ�� VRPH� DGMXVWPHQW� RI� WKH� SRODUL]HU� RULHQWDWLRQ�PD\
EH�KHOSIXO� LQ�PD[LPL]LQJ� WKH� DPSOLWXGH� RI� WKH� RVFLOODWLRQV� LQ� ILJXUH� ��� $OWHUQDWLYHO\�� WKLV�PD\
EH�DFKLHYHG�E\�URWDWLRQ�RI�WKH�ILEUH�V��DW�VSOLFHV�RU�FRQQHFWRUV�

7KH�DQDO\]HU�LV�QRW�QHHGHG�ZKHQ�D�SRODULPHWHU�LV�XVHG�IRU�VLJQDO�GHWHFWLRQ�
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