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7KH *DPH RI /LIH KDV EHHQ VWXGLHG IRU \HDUV� 1HYHUWKHOHVV� PRVW VWDEOH VWDWHV RI�
 ]

WKH LQILQLWH V\VWHP UHPDLQ D P\VWHU\� ,Q D VLPLODU YHLQ� WKH HUJRGLF FODVVLILFDWLRQV RI PDQ\ RI

WKH /W/ UXOHV FRQWLQXH WR EH DQ HQLJPD� +RZHYHU� WKH H[SORUDWLRQ RI LQYDULDQW FRQILJXUDWLRQV

DQG LQYDULDQW PHDVXUHV HQDEOHV XV WR VD\ VRPHWKLQJ ULJRURXV DERXW WKH LQILQLWH V\VWHPV RI HYHQ

WKH PRVW QRQOLQHDU UXOHV� ,Q WKLV FKDSWHU ZH SUHVHQW VRPH RI WKH UHVXOWV RI RXU H[SORUDWLRQV

DORQJ WKHVH OLQHV�

	»� %RXQGV DQG DSSOLFDWLRQV

3HUFRODWLQJ WKURXJK WKH ,QWHUQHW DV HOHFWURQLF IRONORUH ZHUH H�PDLO FRUUHVSRQGHQFHV

DPRQJ -RKQ &RQZD\� 'HDQ +LFNHUVRQ� DQG +DUWPXW +RO]ZDUW� 7KH PHVVDJHV GLVFXVVHG D

FRXSOH RI ERXQGV IRU WKH *DPH RI /LIH� 7KH ILUVW WZR WKHRUHPV RI WKLV VHFWLRQ DUH LQ WKH VSLULW

RI WKH HOHFWURQLF IRONORUH� EXW IRUPXODWHG PDWKHPDWLFDOO\ LQ WHUPV RI PHDVXUHV DQG JHQHUDOL]HG

WR WKH /W/ IDPLO\ RI UXOHV�

/HW EH SURGXFW PHDVXUH ZLWK GHQVLW\ � 5XQQLQJ WKH GHWHUPLQLVWLF &$ UXOH RQ� �� !�

WKLV UDQGRP LQLWLDO VWDWH \LHOGV D VWRFKDVWLF SURFHVV� ZLWK XSGDWHV GHWHUPLQHG E\

­ ¼ ¼ ¼ ¼ ®� � � � � �� � � � !� PD\ EH WKRXJKW RI DV D 0DUNRY SURFHVV VLQFH WKH VLWHV XSGDWH

LQGHSHQGHQWO\ IURP DOO SUHFHGLQJ WLPHV H[FHSW WKH FXUUHQW RQH� 7KH 0DUNRY SURFHVV LV

GHJHQHUDWH VLQFH WKH WUDQVLWLRQV DUH GHWHUPLQLVWLF� 1HYHUWKHOHVV� LW KDV D FRPSDFW VWDWH VSDFH�
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� VR WKHUH H[LVWV D PHDVXUH WKDW LV LQYDULDQW XQGHU WKH UXOH� �6HH >/LJ@� 7KHRUHP�

���I�� 6LQFH WKH G\QDPLFV DUH WUDQVODWLRQ LQYDULDQW� FDQ EH FKRVHQ VR��

7KHRUHP ���� �� /HW EH D WUDQVODWLRQ LQYDULDQW PHDVXUH IRU WKH /W/ UXOH� � ZKLFK LV� �!

GHWHUPLQHG E\ � /HW EH WKH SUREDELOLW\ PHDVXUH LQGXFHG E\ � /HW­ ¼ ¼ ¼ ¼ ® 7� � � � � �� � � � �
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:H FRPSXWH DQ XSSHU ERXQG IRU WKH OHIW�KDQG VLGH RI WKH DERYH�
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�7KH LQHTXDOLW\ LQ KROGV EHFDXVH LI � WKHQ VLQFH LV D DW WLPH DQG D DW WLPH LW­�® � y � & � � � �¼

VHHV DW PRVW DW WLPH ,I � WKHQ VLQFH UHPDLQV D DW WLPH � LW VHHV DW PRVW��
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8VLQJ WKH DERYH LQ WKH RUGHU WKH\ DSSHDU \LHOGV�
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&RPELQLQJ WKLV ERXQG ZLWK WKH XSSHU ERXQG DWWDLQHG DERYH \LHOGV�
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DQG KHQFH WKH GHVLUHG LQHTXDOLW\� �

:KDW GRHV 7KHRUHP VD\ DERXW WKH LQYDULDQW PHDVXUHV RI VSHFLILF UXOHV" /HW XV	»�»�

PHQWLRQ WZR H[DPSOHV� ,W VD\V WKDW WKH GHQVLW\ RI DQ\ WUDQVODWLRQ LQYDULDQW PHDVXUH IRU WKH�

*DPH RI /LIH VDWLVILHV� )RU WKH UDQJH /W/ UXOH LW VD\V WKDW� | �«��» � ­�¼ �¼ �¼ 	¼ 	®

� | 
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7KHRUHP REWDLQV DQ XSSHU ERXQG RQ WKH GHQVLW\ RI DQ LQYDULDQW PHDVXUH� �	»�»� �

:KDW DERXW PHDVXUHV IRU ZKLFK WKH WLPH DYHUDJH GHQVLWLHV RI DQ\ WUDMHFWRU\ RI WKH UXOH DUH

FRQVWDQW" ,Q RWKHU ZRUGV� FDQ ZH ILQG DQ XSSHU ERXQG RQ WKH GHQVLW\ RI D IL[HG� RU VWLOO OLIH

PHDVXUH VWLOO OLIH" 7KH DQVZHU LV \HV� DQG ZH SURYH LW LQ 7KHRUHP � ILUVW OHW XV GHILQH D	»�»�

PHDVXUH�

'HILQLWLRQ �	»�»� $ LV D IL[HG PHDVXUH � 7KDW LV� VWDUWLQJ IURP � WKHVWLOO OLIH PHDVXUH � �

G\QDPLFV UHPDLQ IL[HG IRU DOO WLPH� IRU DOO �� �
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7KHRUHP �	»�»� EH D VWLOO OLIH PHDVXUH� /HW DQG/HW � � � �� y ­ ­%® y �® y 7 ­ ­%® y �®� �
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ZKHUH WKH PD[LPXP QXPEHU RI OLYH QHLJKERUV FDQ KDYH DW WLPH ZKHQ �� �y % ! y � ­%® y ��

� �GHSHQGV RQ VLQFH LW LV GHWHUPLQHG E\ FRPSXWLQJ WKH PD[LPXP QXPEHU RI OLYH VLWHV WKDW�

FDQ FR�H[LVW LQ ZLWKRXW RYHUFURZGLQJ RQH DQRWKHU�% ]D

3URRI� /HW %¼ & � $� 7KHQ�
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&RPELQLQJ WKLV ERXQG ZLWK WKH HTXDOLW\ RQ WKH ILUVW OLQH \LHOGV�
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DQG KHQFH WKH GHVLUHG LQHTXDOLW\��

7KHRUHP VD\V WKDW WKH GHQVLW\� RI DQ\ VWLOO OLIH PHDVXUH IRU WKH *DPH RI /LIH	»�»� �

VDWLVILHV �VLQFH LPSOLHV WKDW � VHH $SSHQGL[ ,�� )RU WKH UDQJH /W/ UXOH� | y � y 
 �
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DQG WKLV LV WKH FDVH WKDW � 2EVHUYH WKDW IRURFFXUV ZKHQ � � �y � ­ ] �®
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7KH ODWWHU TXDQWLW\ LV WKH ERXQG DWWDLQHG LQ 7KHRUHP �	»�»�

1RZ OHW XV VKRZ WKDW WKH ERXQG ZH REWDLQ LQ 7KHRUHP LV DWWDLQHG E\ DQ HQWLUH	»�»�

VHW RI /W/ UXOHV� 7R GR WKLV ZH QHHG WKH IROORZLQJ SURSRVLWLRQ�

3URSRVLWLRQ 	»�»�» /HW EH D FRQILJXUDWLRQ FRQVLVWLQJ RI LQILQLWH VWULSV RI � HDFK ZLWK$ �  
Z

ZLGWK � DQG VHSDUDWHG E\ LQILQLWH VWULSV RI � HDFK ZLWK ZLGWK � 7KDW LV�� �  �
Z
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7KHQ LV D VWLOO OLIH XQGHU DQ\ UDQJH /W/ UXOH VXFK WKDW DQG$ � � � �� ^ � � ¯ ¼ °�
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3URRI� 6XSSRVH 7KHQ� �� �y ­%® y �»$ DQG

O­% ] ® l O y ­�D �� � � �] �® ^ �­� ] �® y � ^ �� � �ZH JHW HTXDOLW\ EHFDXVH DOO RI WKH

RFFXSLHG VLWHV VHH H[DFWO\ WZR VWULSV RI �� 7KXV� E\ K\SRWKHVLV��  
Z � �� �­%® y �» ­%® y �,I �

WKHQ O­% ] ® l O y ­�D �� � � � �] �® ^ ­� ] �® y � ­� ] �®�
� 7KXV� E\ K\SRWKHVLV�
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DQG LW JRHV WR DV :H SRLQW RXW WKDW7KH GHQVLW\ RI LV � ZLOO DFWXDOO\$ � $
�
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EH IL[HG XQGHU DQ\ WZR�VWDWH &$ UXOH� QRW UHVWULFWHG WR WKH /W/ IDPLO\� SURYLGHG D VXUYLYHV�

ZKHQ LW VHHV DQG D GRHV QRW EHFRPH D ZKHQ LW VHHV �� ^ � �  � � � ­� ] �® �  � � �
� Z Z

2QH FDQ FRQVWUXFW PDQ\ LQILQLWH VWLOO OLIHV VLPLODU WR � IL[HG XQGHU GLIIHUHQW /W/$

UXOHV� 7KLV LV GRQH E\ YDU\LQJ WKH ZLGWKV RI WKH LQILQLWH VWULSV RI DQG � :H DUH�  �  
Z Z

LQWHUHVWHG LQ WKH RQH IURP 3URSRVLWLRQ EHFDXVH LW SURYLGHV DQ H[DPSOH ZKRVH GHQVLW\ LV	»�»�

FORVH WR WKH ERXQG REWDLQHG LQ 7KHRUHP � /HW XV VKRZ KRZ LWV GHQVLW\ FRPSDUHV WR RXU	»�»�

ERXQG� 7KH ERXQG LV EHVW LI � DQG KHQFH LV VPDOO� VR OHW XV GR WKH FDVH ZKHQ� ��
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�y � ^ �» } � y � ­ ] �® ^ �,Q WKDW FDVH� LI WKHQ �VHH $SSHQGL[ ,�� 7KXV� E\

7KHRUHP �	»�»�
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,Q UDQJH WKH ERXQG LV DWWDLQHG E\ DOO UXOHV ZLWK DQG VLQFH WKH� y �	 �� � ¯ ¼ °� � � $� � �

IURP 3URSRVLWLRQ LV DQ LQILQLWH VWLOO OLIH IRU DOO VXFK UXOHV� 7KXV� LI LV WKH VWLOO OLIH	»�»� �

PHDVXUH GHWHUPLQHG E\ � WKHQ LW KDV WKH ODUJHVW SRVVLEOH GHQVLW\ RI DQ\ VXFK PHDVXUH�$

:H SRLQW RXW� KRZHYHU� WKDW VWDUWLQJ D UXOH IURP D UDQGRP LQLWLDO VWDWH PD\ RIWHQ \LHOG

D GHQVLW\ WKDW LV D ORW VPDOOHU� )RU H[DPSOH� LI ZH UXQ WKH UXOH VWDUWLQJ IURP­�¼ ��¼ ��¼ 
¼ �	®



��

SURGXFW PHDVXUH ZLWK GHQVLW\ IRU WLPH VWHSV� WKH UHVXOW LV DSHULRGLF G\QDPLFV ZLWK D�»	 ���

GHQVLW\ WKDW LV DSSUR[LPDWHO\ � ,I ZH WDNH WKDW FRQILJXUDWLRQ DQG SODFH D SRUWLRQ RI�»�� $

�GHSLFWHG LQ WKH IROORZLQJ SLFWXUHV E\ EODFN DQG ZKLWH VWULSHV� RYHU SDUW RI LW DQG WKHQ UXQ WKH

UXOH� WKH DSHULRGLF G\QDPLFV EHDW XS RQ WKH VWLOO OLIH SRUWLRQ� 7KH IROORZLQJ ILJXUHV VKRZ WKDW�

E\ WLPH � WKH VWLOO OLIH SRUWLRQ KDV EHHQ DOPRVW FRPSOHWHO\ GHVWUR\HG E\ WKH DSHULRGLF	�

G\QDPLFV�

WLPH WLPH� 	�

WLPH �	

:H VHH WKDW� E\ WLPH � DOO RI KDV EHHQ FRPSOHWHO\ GHVWUR\HG DQG WKH FRQILJXUDWLRQ ORRNV DV�	 $

LW GLG EHIRUH ZDV LQVHUWHG� 1RZ OHW XV YDU\ WKH SDUDPHWHUV� WR WKH UXOH � DQG$ ­�¼ 	¼ �
¼ �¼ ��®

SODFH D SRUWLRQ RI RQ WKH DSHULRGLF FRQILJXUDWLRQ JHQHUDWHG E\ WKDW UXOH DIWHU EHLQJ UXQ IRU$

��� �»��WLPH VWHSV RQ D UDQGRP LQLWLDO FRQILJXUDWLRQ ZLWK GHQVLW\ � ,Q WKLV FDVH� WKH SRUWLRQ RI

$ JURZV� WKRXJK YHU\ VORZO\� DQG HYHQWXDOO\ ORFNV LQWR SHULRGLFLW\ ZKHUH WKH WZR SURSDJDWLQJ

HGJHV PHHW �ZH XVHG ZUDS�DURXQG ERXQGDU\ FRQGLWLRQV�� ,Q WKH LQILQLWH V\VWHP� LW ZRXOG ILOO

LQ WKH ODWWLFH WR \LHOG DQ H[DFW FRS\ RI �$
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WLPH WLPH� 	�

WLPH ���

7KH WKLUG DQG ILQDO H[DPSOH ZH JLYH LV WKH UXOH $JDLQ ZH UXQ WKH­�¼ �¼ ��¼ ��¼ ��®»

UXOH RQ DQ LQLWLDO SURGXFW PHDVXUH� ZLWK GHQVLW\ LQ WKLV FDVH� 7KHQ ZH LQVHUW D SRUWLRQ RI�
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DQG XVH WKDW DV WLPH � ,Q WKLV FDVH� KRZHYHU� QHLWKHU � QRU WKH RWKHU FRQILJXUDWLRQ �ZLQV��� $

5DWKHU� WKH HYHQWXDO VWDWH LV ORFDOO\ SHULRGLF� ZLWK PXFK RI LW IL[HG LQ D WLOH�OLNH SDWWHUQ WKDW

DSSHDUV WR EH DQ DSSUR[LPDWLRQ RI � ,I ZH KDG OHW WKLV UXQ LQGHILQLWHO\� IURP WKH UDQGRP$

LQLWLDO VWDWH� LW DOVR ZRXOG KDYH \LHOGHG D ORFDOO\ SHULRGLF OLPLWLQJ VWDWH �WKRXJK SUREDEO\ QRW

VXFK D ODUJH FKXQN WLOHG E\ SHUIHFW VWULSHV��
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WLPH WLPH� �	

WLPH �	�

:H LOOXVWUDWHG WKH FDVHV DERYH WR VKRZ WKDW ILUVW� DOWKRXJK WKH H[SHULPHQWDO GHQVLW\ RI

D UXOH PD\ EH ORZ� WKHUH PD\ H[LVW LQYDULDQW VHWV ZLWK KLJK GHQVLWLHV WKDW GR QRW DULVH RXW RI

UDQGRP LQLWLDO VWDWHV� 6HFRQG� WKHVH H[DPSOHV VKRZ WKDW� ZKHQ VWDUWHG IURP UDQGRP LQLWLDO

FRQILJXUDWLRQV� WKH OLPLWLQJ VWDWHV IRU UXOHV ZKLFK DGPLW LQYDULDQW PHDVXUHV FRQVLVWLQJ RI

YHUWLFDO VWULSHV� YDU\ GUDPDWLFDOO\� 7KH ODVW H[DPSOH ZH JDYH ZRXOG VHHP WR EH WKH RQO\

�OLNHO\� FDQGLGDWH IRU VXFK DQ LQYDULDQW PHDVXUH�

/HW XV GHVFULEH WKUHH PRUH LQILQLWH VWLOO OLIHV� RQH ZLWK D GHQVLW\ WKDW FDQ EH DV FORVH WR

� �DV ZH OLNH� RQH ZLWK GHQVLW\ � DQG WKH WKLUG ZLWK D GHQVLW\ DV FORVH WR DV ZH OLNH��

�

3URSRVLWLRQ �����» /HW EH D FRQILJXUDWLRQ FRQVLVWLQJ RI LQILQLWH VWULSV RI � HDFK ZLWK$ �  
Z

ZLGWK � � DQG VHSDUDWHG E\ LQILQLWH VWULSV RI � HDFK ZLWK ZLGWK � 7KDW LV�� � } � �  ��
Z
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7KHQ LV D VWLOO OLIH XQGHU DQ\ UDQJH /W/ UXOH VXFK WKDW ERWK DQG$ � � �� ­� ] �®

­� ] �® � ¯ ¼ ° � ­� ] �® � ¯ ¼ °� � � � � � ��
� � � �DQG �

3URRI� 6XSSRVH 7KHQ� � D �� � �y ­%® y �» O­% ] ® l O y ­�$ � � �DQG RU] �® � ­� ] �®�

�ZH JHW HTXDOLW\ EHFDXVH DOO RI WKH RFFXSLHG VLWHV VHH HLWKHU ]HUR RU RQH VWULSV RI ��  
Z

UHVSHFWLYHO\�� 7KXV� E\ K\SRWKHVLV� � �� �­%® y �» ­%® y �,I � WKHQ
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� 7KXV� E\ K\SRWKHVLV� � �

7KH GHQVLW\ RI WKH LQILQLWH VWLOO OLIH IURP 3URSRVLWLRQ ���� LV � ZKLFK JRHV WR DV� � �
�

�]�

JRHV WR � �1RWH WKDW LPSOLHV WKDW DXWRPDWLFDOO\ JRHV WR DV WKH UDQJH GRHV��B � } � � B�

6LQFH KHRUHP \LHOGV WKH ERXQG�� � � ��
� �y ­� ] �® y ­� ] �®� �VHH $SSHQGL[ ,�� DQG 7 	»�»�

� | � »�VR RXU H[DPSOH DJUHHV ZLWK WKH WKHRUHP�

3URSRVLWLRQ 	»�»�» /HW EH D FRQILJXUDWLRQ FRQVLVWLQJ RI LQILQLWH VWULSV RI � HDFK ZLWK$ �  
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7KH GHQVLW\ RI WKH LQILQLWH VWLOO OLIH IURP SURSRVLWLRQ LV � ZKLFK JRHV WR DV� � �
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JRHV WR � �1RWH WKDW LPSOLHV WKDW DXWRPDWLFDOO\ JRHV WR DV WKH UDQJH GRHV��B � } � � B�

5XOHV WKDW DGPLW ILQLWH VWLOO OLIHV DOVR DGPLW D ODUJH QXPEHU RI VWLOO OLIH PHDVXUHV� 7KLV LV

SDUW RI WKH UHDVRQ ZH FDOO WKHP VWLOO OLIH PHDVXUHV �� XVLQJ ILQLWH VWLOO OLIHV� ZH DUH DEOH WR

FRQVWUXFW D KXJH QXPEHU RI VWLOO OLIH PHDVXUHV� 7R LOOXVWUDWH WKLV SRLQW� OHW XV GR RQH VXFK

FRQVWUXFWLRQ�
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7KH UHPDLQLQJ WLOHV DUH LGHQWLFDOO\ RULHQWHG� VR WKDW WKH VLWHV LQ HDFK WLOH VHH WKH HTXLYDOHQW RI

WKH DVVXPHG SHULRGLF ERXQGDU\ FRQGLWLRQV �VHH WKH IROORZLQJ ILJXUH�� 7KHQ WKH WLOLQJ� ZKLFK

ZH GHQRWH E\ � LV IL[HG XQGHU �
a
$ � � �! 7KHUH DUH GLVWLQFW VKLIWV RI WKH WLOLQJ� )RUP WKH� �

DYHUDJH RI DOO WKH VKLIWV�

� $
� �

� ­ ®
�

� �

�
#�

#

H

�
a

�

ZKHUH LV D YHFWRU LQ � DQG# y � � � �� � � � � �
#� ] � ­� | z � y �¼ �®� � LV WKH VKLIW RSHUDWRU� $
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7KHRUHPV DQG JLYH XSSHU ERXQGV IRU YDULRXV QRQ�WULYLDO LQYDULDQW	»�»� 	»�»�

PHDVXUHV� $OO PHDQLQJIXO UXOHV DGPLW WKH WULYLDO VWLOO OLIH PHDVXUH VLQFH DQ\ ILQLWH VHW FRQVLVWLQJ

RI DOO LV IL[HG IRU DOO VXFK UXOHV� 7KH TXHVWLRQ WKXV DULVHV� &DQ ZH REWDLQ ORZHU ERXQGV IRU�  
Z

WKH QRQ�WULYLDO LQYDULDQW PHDVXUHV" )RU VWDUWHUV� 3URSRVLWLRQ VKRZV WKDW IRU DQ\ UXOH	»�»�
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GHQVLW\ WKDW FDQ EH DV VPDOO DV ZH OLNH� E\ WDNLQJ WKH QXPEHU RI LQILQLWH VWULSV RI LQ WR EH�  
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DV ODUJH DV ZH OLNH� :H FDQ DOVR VKRZ WKDW WKHUH DUH PRUH UXOHV IRU ZKLFK ZH FDQ FRQVWUXFW

VWLOO OLIH PHDVXUHV ZLWK GHQVLWLHV WKDW DUH DV VPDOO DV ZH OLNH� 7R LOOXVWUDWH WKLV� OHW XV VKRZ

KRZ RQH FDQ FRQVWUXFW D VWLOO OLIH PHDVXUH� ZLWK GHQVLW\ DV VPDOO DV ZH OLNH� IURP D ILQLWH VWLOO

OLIH�

/HW EH D ILQLWH VWLOO OLIH XQGHU � 7KHQ � � DQG WKHUH H[LVWV D! � ! � !! !
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,I KDV SHULRGLF ERXQGDU\ FRQGLWLRQV DQG LV SDLQWHG DV GHVFULEHG DERYH� WKHQ HYHU\WKLQJ LQ LW$

LV IL[HG XQGHU � 7KXV� ZH FDQ XVH WR FRQVWUXFW D VWLOO OLIH PHDVXUH �� $ �!

2EVHUYH WKDW� IRU HDFK IL[HG SDLU � ZKHUH LV D ILQLWH VWLOO OLIH XQGHU � WKHUH LV D­ ¼ ®� ! ! �! !

IDPLO\ RI VWLOO OLIH PHDVXUHV� HDFK RI ZKLFK LV GHWHUPLQHG E\ WKH VL]H RI WKH UHFWDQJOH � ZKLFK$

LV GHVFULEHG DERYH� DQG WKH SODFHPHQW RI LQVLGH � :H FDQ PDNH WKH GHQVLWLHV RI WKHVH! $

PHDVXUHV DV VPDOO DV ZH OLNH E\ LQFUHDVLQJ WKH ZLGWK� � RI WKH EDQG RI VXUURXQGLQJ LQ$ �  
Z !

$ ! $ �� +HQFH� IRU D IL[HG � D UHFWDQJOH � DQG WKH VWLOO OLIH PHDVXUH� � WKDW WKH\ GHWHUPLQH�

VLPSO\ LQFUHDVLQJ WKH GLPHQVLRQV RI \LHOGV DQRWKHU VWLOO OLIH PHDVXUH WKDW KDV VPDOOHU$ ��

GHQVLW\� 7KXV� WKHUH LV QR SRVLWLYH ORZHU ERXQG RQ WKH GHQVLWLHV RI VWLOO OLIH PHDVXUHV�

7KH DERYH GLVFXVVLRQ VKRZV WKDW LQYDULDQW PHDVXUHV IRU UXOHV ZKLFK DGPLW VWLOO OLIHV GR

QRW KDYH ORZHU ERXQGV� 6XSSRVH ZH ORRN DW D VHW RI UXOHV ZKLFK GR QRW DGPLW VWLOO OLIHV� 'R

WKHLU LQYDULDQW PHDVXUHV KDYH ORZHU ERXQGV" :H FODLP WKDW WKH DQVZHU LV \HV� LI ZH DGG WKH

FRQGLWLRQ WKDW WKH VHW RI UXOHV DGPLW QHLWKHU SHULRGLF REMHFWV� QRU EXJV� +RZ GRHV RQH FRPH

XS ZLWK HYHQ RQH VXFK UXOH" ,W LV QHFHVVDU\ WR FKHFN WKDW IRU VXFK D FDQGLGDWH UXOH� DQ\ VHHG

VWDUWHG RQ D EDFNJURXQG RI HLWKHU VKULQNV DQG HYHQWXDOO\ GLHV� RU JURZV IRUHYHU� FRYHULQJ�  
Z

j
� ZLWK DOO RU VRPH SDWWHUQ� ZLWK GHQVLW\ OHVV WKDQ � RI � :H KDYH GLVFRYHUHG D FRXSOH�  � �  
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RI UXOHV ZKLFK DSSHDU WKURXJK HPSLULFDO GDWD WR KDYH WKHVH SURSHUWLHV� +RZHYHU� ZH DUH QRW

\HW FRQYLQFHG WKDW WKH UXOHV DUH LQGHHG H[DPSOHV�

:H FRQFOXGH WKLV FKDSWHU ZLWK WKH FRQVWUXFWLRQ RI D SHULRG WZR PHDVXUH DORQJ ZLWK D

WKHRUHP WKDW JLYHV DQ XSSHU ERXQG RQ WKH GHQVLW\ RI WKH PHDVXUH�

&RQVWUXFWLRQ RI D SHULRG PHDVXUH��

/HW EH D UHFWDQJOH ZLWK SHULRGLF ERXQGDU\ FRQGLWLRQV� $VVXPH WKDW$ � �� _j
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$ �LV SDLQWHG LQ VXFK D ZD\ WKDW HYHU\WKLQJ LQ LW LV SHULRG XQGHU � 7KDW LV� HYHU\ VLWH� !

FKDQJHV VWDWH HYHU\ WLPH VWHS� $V ZH GLG LQ WKH FRQVWUXFWLRQ RI D VWLOO OLIH PHDVXUH� WLOH j�

ZLWK $� DVVXPLQJ WKDW HDFK WLOH LV LGHQWLFDOO\ RULHQWHG� VR WKDW WKH VLWHV LQ HDFK WLOH VHH WKH

HTXLYDOHQW RI WKH DVVXPHG SHULRGLF ERXQGDU\ FRQGLWLRQV� 7KHQ HYHU\ VLWH LQ WKH WLOLQJ� ZKLFK
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