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DUH SUHIHUHQWLDOO\ DGVRUEHG RQ WKH OHVV FRRUGLQDWHG 3W DWRPV RI WKH VXUIDFH ZLWK KH[DJRQDO VWUXFWXUH� ZKLFK DFW

DV DFWLYH VLWHV� 'RPDLQV RI WKH DGVRUEDWHV JURZ SDUDOOHO WR WKH VWULSH VWUXFWXUH RI WKH UHFRQVWUXFWHG VXUIDFH EH�

FDXVH RI ORZHU PLJUDWLRQ HQHUJ\ LQ WKLV GLUHFWLRQ� 7KH H[WUD 3W DWRPV SURGXFHG IURP DGVRUEDWH�LQGXFHG UHVWUXF�

WXULQJ JLYH ULVH WR DQLVRWURSLF LVODQGV RQ WKH �� × �� VXUIDFH� (DFK RI WKH DGVRUEHG 12 PROHFXOHV DW ORZ

FRYHUDJHV LV DWRPLFDOO\ UHVROYHG GXULQJ 670REVHUYDWLRQ� +RZHYHU� WKH VSRWV RI WKH DGVRUEHG &2 DUH LQYLVLEOH�

6XFK D EHKDYLRU LV SUREDEO\ H[SODLQHG LQ WHUPV RI GLIIHUHQW LQWHUDFWLRQV EHWZHHQ WKH DGVRUEDWHV�

,QWURGXFWLRQ

6XUIDFH SURFHVVHV RI FDUERQ PRQR[LGH �&2� DQG QLWURJHQ

PRQR[LGH �12� JDVHV RQ SODWLQXPPHWDO VXUIDFHV DUH RI LQWHU�

HVW DQG LPSRUWDQFH LQ VXUIDFH FKHPLVWU\ UHODWHG WR WKH DUHD RI

DLU SROOXWLRQ FRQWURO DV ZHOO DV LQ IXQGDPHQWDO VXUIDFH VFL�

HQFH� 7KH DGVRUSWLRQ RI PROHFXOHV LV RQH RI WKH PRVW HOH�

PHQWDU\ VXUIDFH SURFHVVHV� $ YDULHW\ RI LQWHUHVWLQJ DGVRUSWLRQ

SURFHVVHV RULJLQDWH IURP WKH JHRPHWULF SURSHUWLHV RI PHWDO

VXUIDFHV� 3DUWLFXODUO\� WKH ����� VXUIDFH DPRQJ WKH ORZ LQGH[

VXUIDFHV IRU D IFF 3W FU\VWDO KDV UHFHLYHG FRQVLGHUDEOH DWWHQ�

WLRQ IURP VHYHUDO DVSHFWV� $ FOHDQ 3W����� VXUIDFH LV UHFRQ�

VWUXFWHG WR VKRZ D VWUXFWXUH �RU 3W������KH[ 5���R

VWUXFWXUH�� VR FDOOHG D KH[DJRQDO VWUXFWXUH���� ,WV GHWDLOHG

VWUXFWXUH ZLOO EH SUHVHQWHG ODWHU� 7KHUHIRUH� WKH DWRPV RI WKH

UHFRQVWUXFWHG ����� VXUIDFH KDV D YDULHW\ RI WKH FRRUGLQDWLRQ

QXPEHU ZLWK WKH DWRPV RI WKH VHFRQG OD\HU GXH WR PLVPDWFK�

LQJ EHWZHHQ WKH WRSPRVW OD\HU �ZLWK KH[DJRQDO VWUXFWXUH�

DQG WKH VHFRQG WRS �� × �� OD\HU�

$GVRUSWLRQ RI &2�������� DQG 12������� RQ D 3W����� VXEVWUDWH

KDV EHHQ H[WHQVLYHO\ VWXGLHG E\ XVH RI ORZ HQHUJ\ HOHFWURQ

GLIIUDFWLRQ �/(('�� SKRWRHOHFWURQ VSHFWURVFRS\ �3(6�� HOHF�

WURQ HQHUJ\ ORVV VSHFWURVFRS\ �((/6�� WKHUPDO GHVRUSWLRQ

VSHFWURVFRS\ �7'6�� LQIUDUHG UHIOHFWLRQ DEVRUSWLRQ VSHFWURV�

FRS\ �,5$6�� FDORULPHWU\� ZRUN IXQFWLRQ PHDVXUHPHQW� 5XWK�

HUIRUG EDFNVFDWWHULQJ� PROHFXODU EHDP VFDWWHULQJ� DQG VFDQQLQJ

WXQQHOLQJ PLFURVFRS\ �670�� +RZHYHU� PRVW ZRUNV KDYH EHHQ

FRQFHUQHG ZLWK D SKDVH WUDQVLWLRQ IURP D KH[DJRQDO VWUXFWXUH

WR D �� × �� VWUXFWXUH� LQGXFHG E\ &2 RU 12 DGVRUSWLRQV� 7KH

LQLWLDO DGVRUSWLRQ VWDWHV RI PROHFXOHV RQ D 3W ����� VXUIDFH

KDV KDUGO\ EHHQ VWXGLHG� GHVSLWH WKH IDFW WKDW WKH DGVRUSWLRQ

VWDWHV KDYH LPSRUWDQW LQIRUPDWLRQ DERXW WKH LQWHUDFWLRQV RI

JDVHV ZLWK VXEVWUDWHV DV ZHOO DV EHWZHHQ DGVRUEDWHV�

670 KDV EHHQ H[WHQVLYHO\ XVHG WR GHWHUPLQH GHWDLOHG

VWUXFWXUH RI DGOD\HUV FKHPLVRUEHG RQ PHWDO VXUIDFHV ZLWK

DWRPLF UHVROXWLRQ� DOWKRXJK DGVRUEHG PROHFXOHV ZHUH VRPH�

WLPHV GLVWRUWHG RU HYHQ LQYLVLEOH LQ 670 LPDJHV� GXH WR WKH

HOHFWULF ILHOG E\ WKH WLS RQ DQ DGVSHFLHV� VXUIDFH PLJUDWLRQ�

DQG WKH IUXVWUDWHG WUDQVODWLRQV RU URWDWLRQV RI DQ DGVRUEDWH���

,Q WKLV DUWLFOH� ZH GHVFULEH 670 REVHUYDWLRQ RI WKH &2 RU

12�FRYHUHG 3W����� VXUIDFHV DW �� . LQ 8+9 HQYLURQPHQWV�

([SHULPHQWDO 6HFWLRQ

7KH DSSDUDWXV DQG WKH VDPSOH SUHSDUDWLRQ SURFHGXUH KDYH

EHHQ GHVFULEHG HOVHZKHUH����� 7KH H[SHULPHQWV ZHUH FDUULHG

RXW LQ DQ XOWUD�KLJK YDFXXP FKDPEHU ZLWK D EDVH SUHVVXUH RI

� × ��−� 3D� 7KH V\VWHP ZDV HTXLSSHG ZLWK D UHIOHFWLRQ

KLJK�HQHUJ\ HOHFWURQ GLIIUDFWRPHWHU �5+(('�� D TXDGUXSROH

PDVV VSHFWURPHWHU� D YDULDEOH OHDN YDOYH DQG 670 �-(2/�

-670������ LQ WKH 670 REVHUYDWLRQ FKDPEHU� DV ZHOO DV DQ

$U� LRQ VSXWWHULQJ JXQ DQG DQ 2� JDV YDULDEOH OHDN YDOYH LQ

WKH VDPSOH WUHDW FKDPEHU� $OO 670 LPDJHV SUHVHQWHG KHUH

ZHUH REWDLQHG LQ D FRQVWDQW KHLJKW PRGH XVLQJ WXQJVWHQ WLSV�

7KH WLS ZDV SUHSDUHG E\ HOHFWURFKHPLFDO HWFKLQJ RI D WXQJ�

VWHQ ZLUH ZLWK D GLDPHWHU RI � PP DW �� 9 GF LQ D � 1 1D2+

VROXWLRQ� DQG ZDV FOHDQHG E\ KHDWLQJ LQ D YDFXXP DQG E\

ILHOG HYDSRUDWLRQ ZKLOH WXQQHOLQJ� 7KH ELDV YROWDJH ZDV

UHIHUUHG WR WKH VDPSOH YROWDJH ZLWK UHVSHFW WR WKH WLS�

7KH VLQJOH FU\VWDO 3W����� VDPSOH ZDV RULHQWHG WR ZLWKLQ

�R DFFXUDF\ E\ XVLQJ WKH /DXH PHWKRG DQG ZDV SROLVKHG

XVLQJ FRQYHQWLRQDO PHWDOORJUDSKLF WHFKQLTXH� ,W ZDV DSSUR[L�

PDWHO\ � × � PP� LQ VTXDUH DQG � PP WKLFN� 7KH VDPSOH

ZDV DEOH WR EH KHDWHG ZLWK DQ HOHFWURQ EHDP KHDWHU DQG ZDV

FRROHG WR �� . E\ ILOOLQJ D FU\RVWDW ZLWK OLTXLG QLWURJHQ� 7KH

3W VDPSOH VXUIDFH ZDV FOHDQHG E\ UHSHDWHG F\FOHV RI $U� LRQ

VSXWWHULQJ� DQQHDOLQJ LQ WKH SUHVHQFH RI R[\JHQ RI � × ��−�

3D DQG IODVKLQJ IRU �� VHFRQGV� 7KH FOHDQOLQHVV DQG RUGHU RI

WKH VXUIDFH ZHUH FKHFNHG E\ 5+((' DQG 670� &2 DQG 12

JDVHV ZHUH LQWURGXFHG LQWR WKH FKDPEHU E\ PHDQV RI WKH JDV

YDULDEOH OHDN YDOYH� &2 DQG 12 PROHFXOHV ZHUH QRQ�GLVVR�

FLDWLYHO\ DGVRUEHG RQ D FOHDQ 3W������KH[ 5���R VXUIDFH

5HVXOWV DQG 'LVFXVVLRQ

&2 DGVRUSWLRQ� $ FOHDQ� KH[DJRQDOO\ UHFRQVWUXFWHG 3W�����
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VXUIDFH ZLWK D VLQJOH GRPDLQ ZDV REVHUYHG RYHU ZLGHU UHJLRQV

WKDQ ��� × ��� QP� DUHD�� $IWHU H[SRVLQJ WKH 3W VXUIDFH WR

&2 JDV RI � / DW �� .� ZH REWDLQHG DQ 670 LPDJH RI WKH

&2�FRYHUHG 3W����� VXUIDFH� VKRZQ LQ )LJXUH �� %ULJKW �FRU�

UHVSRQGLQJ WR KLJKHU WXQQHOLQJ FXUUHQWV�� QDUURZ GRPDLQV

DVVRFLDWHG ZLWK &2 DGVRUSWLRQ UXQ SDUDOOHO ZLWK WKH UHFRQ�

VWUXFWHG VWULSH �WKH >�� �@ GLUHFWLRQ RI ORQJHU SHULRGLFLW\ RI

WKH KH[DJRQDOO\ UHFRQVWUXFWHG VXUIDFH�� 'LVWDQFH EHWZHHQ

WKH GRPDLQV DORQJ WKH >−� �@ GLUHFWLRQ ZDV PDLQO\ �D RU ��D�
ZKHUH D LV WKH OHQJWK RI D 3W�������� × �� VXUIDFH XQLW FHOO�

(DFK RI 3W VXEVWUDWH DWRPV EHWZHHQ WKH EULJKW GRPDLQV LV

FOHDUO\ YLVLEOH RQ WKH DWRPLFDOO\ UHVROYHG 670 LPDJH DQG

KDV VWLOO UHPDLQHG WKH KH[DJRQDO VWUXFWXUH� 7KH UHVXOW LQGL�

FDWHV WKDW &2�LQGXFHG OLIWLQJ RI KH[�5���R SKDVH WR �� × ��

SKDVH GRHV QRW RFFXU DW DOO� XQGHU VXFK D ORZ FRYHUDJH� 7KLV

DJUHHV ZLWK WKH SUHYLRXV ,5$6 VWXG\�� 7KHUHIRUH� WKH EULJKW

GRPDLQV UHSUHVHQW FOXVWHUV RI WKH DGVRUEHG &2 PROHFXOHV

UDWKHU WKDQ 3W DWRPV� &2 DGPROHFXOHV LQVLGH WKH GRPDLQV DUH

QRW DEOH WR EH DWRPLFDOO\ UHVROYHG GXH WR D IDVW PLJUD�

WLRQ�������� +RZHYHU� DSSHDUDQFH RI DQ DQLVRWURSLF VKDSH RI

WKH &2 FOXVWHUV VHHPV WR UHIOHFW DQ DQLVRWURSLF GLIIXVLRQ�

7KH GLIIXVLRQ UDWH LV IDVW GXH WR ORZ FRUUXJDWLRQ RI WKH >�� �@

GLUHFWLRQ DV FRPSDUHG ZLWK WKH >−� �@ GLUHFWLRQ RI VKRUWHU

SHULRGLFLW\� DV SUHYLRXVO\ REVHUYHG LQ $X�$X������ 3W�3W������

12�3W����� �SUHVHQW SDSHU� DQG 6P�3W����� V\VWHPV����������

)LJXUH ��D� VKRZV DQ 670 LPDJH WDNHQ DIWHU DQ DPRXQW RI

&2 H[SRVXUH ZDV LQFUHDVHG WR � /� 7KH LPDJH LV GLYLGHG LQWR

WKUHH GLIIHUHQW DUHDV DV UHJLRQV �,�� �,,� DQG �,,,�� GHSHQGLQJ

RQ WKH FRYHUDJH RI DGVRUEHG &2 PROHFXOHV� 6WULSH VWUXFWXUHV

KDYH VWLOO UHPDLQHG RQ UHJLRQV RI �,� DQG �,,�� $ FXUUHQW YV�

GLVWDQFH FXUYH DORQJ WKH OLQH �PDUNHG E\ WKH ZKLWH OLQH� SHU�

SHQGLFXODU WR WKH GLUHFWLRQ RI WKH WZR VWULSHV LV SORWWHG RXW LQ

)LJXUH ��E�� $ PRGHO RI KH[DJRQDO VWUXFWXUH RI D FOHDQ

3W����� VXUIDFH LV VKRZQ LQ )LJXUH ��F����� 7KH ULJKW SDUW RI

)LJXUH ��F� GLVSOD\V FURVV�VHFWLRQ DORQJ WKH WZR DUURZV�

6ROLG DQG RSHQ FLUFOHV LQGLFDWH 3W DWRPV LQ WKH WRSPRVW �KH[�

VXUIDFH DQG LQ WKH VHFRQG �� × �� OD\HU� UHVSHFWLYHO\� 7KH

WKUHH VXUIDFH DWRPV LQ �$� RI )LJXUH ��F� ORFDWH ULJKW DERYH

WKH VHFRQG WRS OD\HU DWRPV� ZKHUHDV WKRVH LQ �%� LQ EHWZHHQ

VHFRQG OD\HU DWRPV� 7KHUHIRUH� DQ 670 LPDJH IRU WKH FOHDQ

3W����� VXUIDFH KDYLQJ KH[DJRQDO VWUXFWXUH H[KLELWV VWULSH

VWUXFWXUHV� LQ ZKLFK WKH UHJLRQV RI �$� DQG �%� DUH REVHUYHG

DV EULJKWHU DQG GDUNHU URZV� UHVSHFWLYHO\� 7KH VWULSH VWUXF�

WXUH WKDW LV REVHUYHG LQ WKH UHJLRQ �,� VKRZV D EDUH� UHFRQ�

VWUXFWHG VXUIDFH� VLQFH WKH LPDJH RI WKH UHJLRQ �,� ZDV

LGHQWLFDO ZLWK DQ 670 LPDJH RI D FOHDQ 3W������KH[ 5���R

VXUIDFH�� +RZHYHU� WKH SRVVLELOLW\ IRU D &2�FRYHUHG VXUIDFH

ZLWK DQ H[WUHPHO\ ORZ FRYHUDJH FDQ QRW EH UXOHG RXW EHFDXVH

D UDSLG PLJUDWLRQ RI &2 PROHFXOHV RYHU WKH VXUIDFH PDGH

GLIILFXOW WR GHWHFW &2 PROHFXOHV�

7KH RWKHU VWULSH VWUXFWXUH FDQ EH REVHUYHG LQ WKH UHJLRQ

�,,� LQ )LJXUH ��D�� &RPSDULQJ WZR VWULSH VWUXFWXUHV LQ �,� DQG

�,,� UHJLRQV� ZH FDQ GHULYH WKH IROORZLQJV IURP WKH FXUUHQW

YV� GLVWDQFH FXUYH RI )LJXUH ��E�� ��� 7KH FRUUXJDWLRQ RI WKH

VWULSH RI WKH UHJLRQ �,,� LV PXFK ODUJHU WKDQ WKDW RI WKH UHJLRQ

�,� RI WKH FOHDQ VXUIDFH� ��� 7KHUH LV QR SKDVH GLIIHUHQFH LQ

WKH FRUUXJDWLRQ EHWZHHQ WKH UHJLRQV RI �,� DQG �,,�� ��� 'LV�

WDQFHV EHWZHHQ EULJKW URZV DUH HTXDO WR �D RQ ERWK UHJLRQV�

7KH WKUHH IDFWV UHYHDO WKDW DW DQ LQLWLDO VWDJH RI DGVRUSWLRQ

&2 PROHFXOHV DUH SUHIHUHQWLDOO\ DGVRUEHG RQ WKH VXUIDFH 3W

DWRPV RI WKH UHJLRQ �$� VKRZQ LQ )LJXUH ��F�� ,Q WKLV UHVSHFW�

ZH UHFDOO WKH UHVXOW RI :DQGHOW©V ORFDO ZRUN IXQFWLRQ��� WKDW

DQ DGVRUEHG &2 PROHFXOH LV VWURQJO\ ERXQG WR DQ DFWLYH VWHS

VLWH �RU RWKHU GHIHFW VLWHV�� 7KLV PHDQV WKDW WKH VXUIDFH DWRPV

LQ �$� DUH DEOH WR DFW DV DFWLYH VLWHV EHFDXVH WKHVH DUH OHVV

)LJXUH �� 670 LPDJH RI &2 PROHFXOHV DGVRUEHG RQ D 3W������
KH[ 5���R VXUIDFH DIWHU &2 H[SRVXUH RI � / DW �� . ����� × ����
QP��� 7XQQHOLQJ FRQGLWLRQ� VDPSOH ELDV YROWDJH  −����� 9 DQG
WXQQHOLQJ FXUUHQW  ���� Q$�

)LJXUH �� �D� 670 LPDJH RI &2 DGVRUEHG RQ 3W����� WDNHQ DIWHU
&2 H[SRVXUH RI � / DW �� . ����� × ���� QP��� 7XQQHOLQJ FRQGL�
WLRQ� VDPSOH ELDV YROWDJH  ����� 9 DQG WXQQHOLQJ FXUUHQW  ����
Q$� �E� &XUUHQW YV� GLVWDQFH FXUYH DORQJ WKH VROLG OLQH LQ )LJXUH
��D�� �F� $ PRGHO RI KH[DJRQDO VWUXFWXUH RI D FOHDQ� UHFRQVWUXFWHG
3W ����� VXUIDFH� 6ROLG DQG RSHQ FLUFOHV LQGLFDWH DWRPV LQ WKH
WRSPRVW �KH[� VXUIDFH DQG WKH VHFRQG WRS �� × �� OD\HU� UHVSHFWLYHO\�
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FRRUGLQDWHG WKDQ LQ �%��

7KH LPDJH RI WKH UHJLRQ �,,,� LV QRW FOHDU EXW RXU ]RRP�RXW

LPDJH� GLVSOD\V WKDW WKH OLIWLQJ RI D KH[DJRQDO VXUIDFH WR D

IODW �� × �� VXUIDFH LV LQGXFHG E\ &2 DGVRUSWLRQ� 7KH DGVRUEHG

&2 PROHFXOHV JLYH ULVH WR D F�� �5��R VWUXFWXUH

ZLWK D FRYHUDJH RI ������

)LJXUH ��D� VKRZV DQ 670 LPDJH REWDLQHG DW �� . EXW

DIWHU KHDWLQJ WKH VXUIDFH �WKH WZR UHJLRQV RI �,� DQG �,,�� RI

)LJXUH ��D� XS WR ��� .� 7KH VWULSH VWUXFWXUH WKDW ZDV

REVHUYHG LQ WKH UHJLRQ �,� RI )LJXUH ��D� KDV VWLOO UHPDLQHG

XQFKDQJHG� 7KH UHVXOW UHYHDOV WKDW VWUXFWXUDO FKDQJH KDV QRW

RFFXUUHG RQ WKH EDUH VXUIDFH HYHQ DIWHU KHDWLQJ� 2Q WKH FRQ�

WUDU\� WKH &2�FRYHUHG UHJLRQ �,,� RI )LJXUH ��D� ZDV UHVWUXF�

WXUHG WR D �� × �� SKDVH KDYLQJ IODW VWUXFWXUH� ,Q DGGLWLRQ� D

ODUJH QXPEHU RI FOXVWHUV ZHUH REVHUYHG RQ WKH IODW VXUIDFH�

2Q D FORVHU LQVSHFWLRQ� WKHUH DUH WZR NLQGV RI FOXVWHUV RQ WKH

�� × �� VXUIDFH� RQH LV DQ HORQJDWHG FOXVWHU DORQJ WKH >�� �@

GLUHFWLRQ �RU >���@ GLUHFWLRQ� DQG WKH RWKHU LV UHODWLYHO\ DQ

LVRWURSLF RQH� )LJXUH ��E� GLVSOD\V WKH H[SDQGHG 670 LPDJH

IRU WKH VTXDUH DUHD �FRUUHVSRQGLQJ WR WKH ODWWHU FOXVWHU� LQ

)LJXUH ��D�� 7KH &2 PROHFXOHV KDYH D � × �5��R �RU

F�� × ��� VXSHUVWUXFWXUH URWDWHG E\ ��R IURP WKH >���@ GLUHF�

WLRQ� ZLWK D FRYHUDJH RI ���� 7KH VWUXFWXUH ZDV SUHYLRXVO\

REVHUYHG E\ /(('��7KH IRUPHU �HORQJDWHG FOXVWHU� LV SURE�

DEO\ DWWULEXWHG WR WKH LVODQGV IRUPHG E\ WKH ¨H[WUD© 3W DWRPV�

VLQFH WKH GLVWDQFHV EHWZHHQ WKH QHDUHVW QHLJKERU VSRWV DUH

DERXW D� 7KH SUHVHQFH RI WKH H[WUD 3W DWRPV FDQ EH H[SODLQHG

E\ WKH GLIIHUHQFH RI WKH 3W DWRP VXUIDFH GHQVLW\� 7KH 3W DWRP

GHQVLW\ RI WKH KH[DJRQDO VXUIDFH LV ODUJHU �DSSUR[LPDWHO\

���� WKDQ WKDW RI WKH �� × �� VXUIDFH��� $V D UHVXOW� WKH H[WUD

3W DWRPV ZHUH SURGXFHG RQ WKH IODW VXUIDFH EHFDXVH RI WKH

UHVWUXFWXULQJ RI WKH KH[ VXUIDFH WR GXH WR WKH �� × �� VXUIDFH�

12 DGVRUSWLRQ� )LJXUH ��D� DQG ��E� VKRZ 670 LPDJHV

RI 12�FRYHUHG 3W����� VXUIDFH DIWHU ORZ ���� /� DQG KLJKHU

�� /� H[SRVXUHV RI 12 DW �� .� UHVSHFWLYHO\� $W WKH ORZ FRY�

HUDJH� WKH VWULSH VWUXFWXUH LQGLFDWLQJ WKH EDUH� UHFRQVWUXFWHG

VXUIDFH ZLWK D ZLGWK RI �D ZDV DOVR REVHUYHG RYHU WKH ZLGH

UHJLRQ RI )LJXUH ��D�� 12�FRYHUHG GRPDLQV� ZKLFK H[KLELWHG

PXFK KLJKHU WXQQHOLQJ FXUUHQWV� RQ WKH KH[DJRQDO VXUIDFH

ZHUH REWDLQHG DW WKH FHQWHU DQG WKH ULJKW SDUWV RI )LJXUH ��D��

'XULQJ 12 DGVRUSWLRQ� WKH DGVRUEHG 12 PROHFXOHV IRUPHG

D WZR�GLPHQVLRQDO VWUXFWXUH� RI ZKLFK WKH 12 GRPDLQV FRQ�

WDLQ PDLQO\ VHYHQ �SDUDOOHO WR WKH >�� �@ GLUHFWLRQ� DQG WKUHH

PROHFXOHV �WKH >−� �@ GLUHFWLRQ�� FRUUHVSRQGLQJ WR WKH VL]H RI
WKH XQLW FHOO RI D 3W������KH[ 5���R VXUIDFH� 6XFK D WZR�

GLPHQVLRQDO VWUXFWXUH DSSHDUV WR VWURQJO\ UHIOHFW WKH UHFRQ�

VWUXFWHG VXUIDFH� 0HDVXULQJ WKH GLVWDQFH IURP WKH VWULSH

VWUXFWXUH RI WKH EDUH VXUIDFH DORQJ WKH >−� �@ GLUHFWLRQ� WKHVH
WKUHH 12 PROHFXOHV DUH DVVLJQDEOH WR WKH PROHFXOHV ERXQG

WR WKH VXUIDFH 3W DWRPV ORFDWLQJ RQ�WRS DQG EULGJLQJ VLWHV RQ

WKH VHFRQG WRS OD\HU� 7KH UHDVRQ ZK\ 12 PROHFXOHV DUH

VHOHFWLYHO\ DGVRUEHG RQ WKH ORZ�FRRUGLQDWHG 3W DWRPV LV VLP�

LODU WR WKH FDVH RI WKH &2 DGVRUSWLRQ� $ VWUXFWXUDO PRGHO FRU�

UHVSRQGLQJ WR WKH WZR�GLPHQVLRQDO VWUXFWXUH LV VKRZQ LQ

)LJXUH ��F�� 7KH 12 DGPROHFXOHV DUH VKRZQ DV ODUJH VKDGHG

FLUFOHV� VPDOO VROLG DQG RSHQ FLUFOHV LQGLFDWH UHFRQVWUXFWHG

ILUVW�OD\HU DWRPV DQG VHFRQG�OD\HU DWRPV RI 3W VXEVWUDWH�

UHVSHFWLYHO\� 7KH DGVRUEHG 12 PROHFXOHV JLYH D VWUXFWXUH RI

S�� × �� RU TXDVL�F�� × �� ZLWK UHVSHFW WR WKH KH[DJRQDO RU

WKH �� × �� VXUIDFHV� UHVSHFWLYHO\��� 7KH IDFW WKDW D S�� × ��

� �×

� �

)LJXUH �� �D� 670 LPDJH REWDLQHG DW D VDPSOH WHPSHUDWXUH RI ��
. DIWHU DQQHDOLQJ WKH VXUIDFH RI )LJXUH ��D� XS WR ��� . ����� ×
���� QP��� �E� $Q HQODUJHG 670 LPDJH RI WKH VTXDUH DUHD LQ )LJXUH
��D� ����� × ���� QP��� 7XQQHOLQJ FRQGLWLRQ� VDPSOH ELDV YROWDJH  
����� 9 DQG WXQQHOLQJ FXUUHQW  ���� Q$�

)LJXUH �� 670 LPDJHV RI 12�FRYHUHG 3W����� VXUIDFH DW �D� ORZ
DQG �E� KLJKHU H[SRVXUHV RI 12 DW �� .� 7XQQHOLQJ FRQGLWLRQV IRU
�D� DQG �E� ZLWK LPDJH VL]HV RI ����� × ���� QP�� DQG ����� × ����
QP��� VDPSOH ELDV YROWDJH  ����� DQG ����� 9� DQG WXQQHOLQJ
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$W WKH KLJK H[SRVXUH� WKH V\PPHWU\ RI DQ 12�FRYHUHG

VXUIDFH LV FKDQJHG WR D IODW �� × �� VXUIDFH DV VKRZQ DW WKH

OHIW SDUW RI )LJXUH ��E�� ,Q DGGLWLRQ� WKH IODW LVODQGV �IRUPHG
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