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���

&DSDFLWRUV�&DSDFLWRUV�

&KDUJLQJ�DQG�'LVFKDUJLQJ�F\FOHV�$W��τ�WKH�&DSDFLWRU�LV�DVVXPHG�WR�EH�)XOO\�FKDUJHG�RU�GLVFKDUJHG�

W� �WLPH τ��WDX��LQ�VHFRQGV� �&�LQ�)DUDGV��5�LQ�2KPV9L��,L� �9ROWDJH�&XUUHQW��,QLWLDO 9I���,I� �9ROWDJH�&XUUHQW�)LQDOY� �LQVWDQWDQHRXV�9ROWDJH� L� �LQVWDQWDQHRXV�&XUUHQW

W

9L

�τ

����

����

���� ���� ���� ����

���� ��� ��� ���

9I

�τ �τ �τ �τ�τ

τ��WDX��LV�WKH7KH�7LPH�&RQVWDQW�
Y� �9I����9L���9I��H�W�τ L� �,I����,L���,I��H�W�τ

*HQHUDO�)RUPXOD



���

&DSDFLWRUV�&DSDFLWRUV�� $��µ)�&DSDFLWRU�LV�FRPSOHWHO\�GLVFKDUJHG��,W�LVFRQQHFWHG�LQ�VHULHV�ZLWK�D��.�Ω�5HVLVWRU�WR�D���9VXSSO\�WKURXJK�D�VLQJOH�SROH�VZLWFK��7KH�VZLWFK�LVFORVHG�ZKDW�YROWDJH�ZLOO�DSSHDU�DFURVV�WKH�FDSDFLWRUDIWHU�����PV�¤ D��'UDZ�D�GLDJUDP�RI�WKH�FLUFXLW�DQG�LQGLFDWH�WKH�SRODULWLHVRI�WKH�VXSSO\�DQG�WKH�FDSDFLWRU�DIWHU�����PV�¤ E��'HWHUPLQH�WKH�YROWDJH�DFURVV�WKH�&DSDFLWRU�DIWHU�����PV�¤ F��&DOFXODWH�KRZ�ORQJ�LW�ZLOO�WDNH�IRU�WKH�FDSDFLWRU�WR�EHIXOO\�FKDUJHG�



���

&DSDFLWRUV�&DSDFLWRUV�� D� 'UDZ�D�GLDJUDP�RI�WKH�FLUFXLW�DQG�LQGLFDWH�WKHSRODULWLHV�RI�WKH�VXSSO\�DQG�WKH�FDSDFLWRU�DIWHU����PV�

5�
&��

�
�� �µ)
�.�Ω

6367
��9

6ROXWLRQ

63676LQJOH�3ROH6LQJOH�7KURZ



���

&DSDFLWRUV�&DSDFLWRUV�� E��'HWHUPLQH�WKH�YROWDJH�DFURVV�WKH�&DSDFLWRU�����PVDIWHU�WKH�VZLWFK�KDV�EHHQ�FORVHG�� 5� ��.�Ω, &� ��µ)�� 9I� ����9ROWV� 9L� ���9ROWV� W� �����PV� ,QLWLDOO\&DOFXODWH�τ �WDX�� �τ  ����������������� ������������ �τ  ������������VHFRQGV RU �����PV

6ROXWLRQ



���

&DSDFLWRUV�&DSDFLWRUV�� 5� ��.�Ω, &� ��µ)� 9I� ����9ROWV� 9L� ���9ROWV� W� �����PV� τ �WDX�� ������������VHFRQGV� 8VLQJ�WKH�IRUPXOD ��Y� �9I����9L���9I��H�W�τ� �Y� ���������������H����������������� ∗ 10−3)� �Y� ���������������H�������� 1RWH� H������� ����H����� RU� ���������� ��������� �Y� ������������������������  �������������������� �Y� �����������������  ��������������� ��������� 9ROWDJH�DFURVV�FDSDFLWRU�ZLOO�EH���������9ROWV

6ROXWLRQ



���

&DSDFLWRUV�&DSDFLWRUV�� F��&DOFXODWH�KRZ�ORQJ�LW�ZLOO�WDNH�IRU�WKH�FDSDFLWRU�WREH�IXOO\�FKDUJHG�� 5� ��.�Ω, &� ��µ)� 9I� ����9ROWV� 9L� ���9ROWV� W� �����PV� τ �WDX�� ������������VHFRQGV� $�FDSDFLWRU�LV�DVVXPHG�WR�EH�IXOO\�FKDUJHG�DIWHU��τ.� ��τ = 5 ∗ (�����������VHFRQGV� = 136������� 7LPH�UHTXLUHG�IRU�FDSDFLWRU�WR�EH�IXOO\�FKDUJHG�ZLOO�EH
136�PLOOL�VHFRQGV�

6ROXWLRQ



���

&DSDFLWRUV�&DSDFLWRUV�� $���µ)�&DSDFLWRU�LV�FRPSOHWHO\�GLVFKDUJHG��,W�LVFRQQHFWHG�LQ�VHULHV�ZLWK�D��0Ω�5HVLVWRU�WR�D���9VXSSO\�WKURXJK�D�VLQJOH�SROH�VZLWFK��7KH�VZLWFK�LVFORVHG�DQG�WKH�FDSDFLWRU�EHFRPHV�IXOO\�FKDUJHG�¤ D��'UDZ�D�GLDJUDP�RI�WKH�FLUFXLW�DQG�LQGLFDWH�WKHSRODULWLHV�RI�WKH�VXSSO\�DQG�WKH�FDSDFLWRU�ZKHQ�LW�LVIXOO\�FKDUJHG�¤ E��'HWHUPLQH�WKH�ILQDO�FKDUJH�RQ�WKH�&DSDFLWRU�¤ F��&DOFXODWH�WKH�HQHUJ\�VWRUHG�LQ�WKH�FDSDFLWRU�ZKHQ�LWLV�IXOO\�FKDUJHG�¤ G��&DOFXODWH�WKH�YDOXH�RI�WKH�FXUUHQW�LPPHGLDWHO\�DIWHUWKH�VZLWFK�LV�FORVHG�



���

&DSDFLWRUV�&DSDFLWRUV�� D� 'UDZ�D�GLDJUDP�RI�WKH�FLUFXLW�DQG�LQGLFDWH�WKHSRODULWLHV�RI�WKH�VXSSO\�DQG�WKH�FDSDFLWRU�ZKHQ�LWLV�IXOO\�FKDUJHG�

5�
&��

�
�� ��µ)
�0Ω

6367
��9

6ROXWLRQ

63676LQJOH�3ROH6LQJOH�7KURZ



���

&DSDFLWRUV�&DSDFLWRUV�� E��'HWHUPLQH�WKH�ILQDO�FKDUJH�RQ�WKH�&DSDFLWRU�� &KDUJH�4� �&9 & ���µ)��9 ����9ROWV� 7KHUHIRUH�&KDUJH� ����������� ����µ&1H[W�&DOFXODWLRQ�� F��&DOFXODWH�WKH�HQHUJ\�VWRUHG�LQ�WKH�FDSDFLWRUZKHQ�LW�LV�IXOO\�FKDUJHG�� (QHUJ\�:� �Ù&9�� ����������������� ��P-

6ROXWLRQ



���

&DSDFLWRUV�&DSDFLWRUV�� G��&DOFXODWH�WKH�YDOXH�RI�WKH�FXUUHQW�LPPHGLDWHO\DIWHU�WKH�VZLWFK�LV�FORVHG�� 9ROWDJH�DFURVV�&DSDFLWRU� ���9ROWV� 9ROWDJH�DFURVV�5HVLVWRU� �96XSSO\������ ���9ROWV� 7KHUHIRUH�DV�5HVLVWRU�LV�WRWDOO\�UHVSRQVLEOH�IRUOLPLWLQJ�WKH�FXUUHQW�WKHQ�,� �9�5� ���9��0Ω� ��������$PSV� &XUUHQW� ����µ$

6ROXWLRQ



���

0DJQHWLVP�



���

0DJQHWLVP�0DJQHWLVP�

/LQHV�RI�)OX[�DURXQG�D�0DJQHW

1 6



���

0DJQHWLVP�0DJQHWLVP�� 7HUPV�DQG�&RQFHSWV���� 0DJQHWLF�)OX[�φ��SKL��PHDVXUHG�LQ�:HEHUV�:E¤ �:E� �����OLQHV�RI�)OX[¤ RU��µ:E� �����OLQHV�RI�)OX[��PRUH�FRPPRQ�8QLW�



���

0DJQHWLVP�0DJQHWLVP�

/LQHV�RI�)OX[�DURXQG�D�0DJQHW�'LVWRUWHG�E\�,URQ%DU�

1 6



���

0DJQHWLVP�0DJQHWLVP�� 7HUPV�DQG�&RQFHSWV���� 0DJQHWLF�)OX[�φ��SKL��PHDVXUHG�LQ�:HEHUV�:E¤ �:E� �����OLQHV�RI�)OX[¤ RU��µ:E� �����OLQHV�RI�)OX[��PRUH�FRPPRQ�8QLW�� 7KH�OLQH�RI�IOX[�FDQ�KDYH�WKHLU�FRXUVH�FKDQJHG�RUIRFXVHG�E\�WKH�XVH�RI�DQ�,URQ�IRUPHU�



���

0DJQHWLVP�0DJQHWLVP�

0DJQHW�$WWUDFWLRQ�DQG�5HSXOVLRQ

1 6 1 6$WWUDFW
6 1 1 65HSHO
1 6 6 15HSHO



���

0DJQHWLVP�0DJQHWLVP�

0DJQHW�$WWUDFWLRQ�DQG�/LQH�RI�)RUFH
:HDN�$WWUDFWLRQ

1 6
/LQHV�RI�)RUFH

1 6

1 6 1 66WURQJ�$WWUDFWLRQ

6DPH�&URVVVHFWLRQDO�DUHD



���

0DJQHWLVP�0DJQHWLVP�� 7HUPV�DQG�&RQFHSWV���� 0DJQHWLF�)OX[�φ��SKL��PHDVXUHG�LQ�:HEHUV�:E¤ �:E� �����OLQHV�RI�)OX[¤ RU��µ:E� �����OLQHV�RI�)OX[��PRUH�FRPPRQ�8QLW�� 7KH�OLQH�RI�IOX[�FDQ�KDYH�WKHLU�FRXUVH�FKDQJHG�RUIRFXVHG�E\�WKH�XVH�RI�DQ�,URQ�IRUPHU�� )OX[�'HQVLW\�%�PHDVXUHG�LQ�:E�P��RU�7HVOD��7�
)OX[�'HQVLW\�%� $UHD�LQ�0HWUHV���$0DJQHWLF�)OX[���φ



���

�(OHFWURPDJQHWLVP�



���

(OHFWURPDJQHWLVP�(OHFWURPDJQHWLVP�

7KH�0DJQHW�HIIHFW�RI�FXUUHQW�SDVVLQJ�WKURXJK�D�FRQGXFWRU�

&RQGXFWRU�&DUU\LQJDQ�(OHFWULF�FXUUHQW�
/LQHV�RI0DJQHWLF�IRUFH7KH�5LJKW+DQG�6FUHZUXOH�



���

(OHFWURPDJQHWLVP�(OHFWURPDJQHWLVP�

/LQHV�RI�0DJQHWLF�IRUFH�
/LQHV�RI�0DJQHWLF)RUFH

6611



���

(OHFWURPDJQHWLVP�(OHFWURPDJQHWLVP�

7KH�HIIHFW�RI�FXUUHQW�SDVVLQJ�WKURXJK�D�FRQGXFWRU�LQ�D�PDJQHWLF�ILHOG�
&RQGXFWRU�&DUU\LQJDQ�(OHFWULF�FXUUHQW� /LQHV�RI�0DJQHWLF)RUFH

6611
'LUHFWLRQ�RI�0RWLRQRI�WKH�&RQGXFWRU



���

(OHFWURPDJQHWLVP�(OHFWURPDJQHWLVP�� 7HUPV�DQG�&RQFHSWV���� )RUFH�RQ�WKH�FXUUHQW���FDUU\LQJ�FRQGXFWRU�LQ1HZWRQV�LV�GHSHQGHQW�RQ���¤ )OX[�'HQVLW\�%�PHDVXUHG�LQ�:E�P��RU�7HVOD��7�¤ 7KH�6WUHQJWK�RI�WKH�&XUUHQW�,�DPSHUHV�¤ 7KH�OHQJWK�RI�WKH�FRQGXFWRU�SHUSHQGLFXODU�WR�WKHPDJQHWLF�ILHOG��O�PHWUHV��DQG¤ WKH�GLUHFWLRQV�RI�WKH�ILHOG�DQG�WKH�FXUUHQW:KHQ�0DJQHWLF�ILHOG�DQG�FRQGXFWRU�DUH�DW�ULJKW�DQJOHV�WKHQ��)RUFH�LQ�QHZWRQV�)� ��)OX[�'HQVLW\�%��&XUUHQW�,��/HQJWK�O:KHQ�0DJQHWLF�ILHOG�DQG�FRQGXFWRU�DUH�DW�θο�WR�HDFK�RWKHU�WKHQ��)RUFH�LQ�QHZWRQV�)� ���%���,���O��VLQ�θ�



���

(OHFWURPDJQHWLVP�(OHFWURPDJQHWLVP�� ([DPSOH��� &DOFXODWH�WKH�IOX[�GHQVLW\�LQ�D�SLHFH�RI�LURQ�RIFLUFXODU�FURVV�VHFWLRQ��UDGLXV���FP��LI�WKH�IOX[�LQWKH�LURQ�LV�����:E�� &DOFXODWH�D��7KH�)OX[�GHQVLW\�



���

(OHFWURPDJQHWLVP�(OHFWURPDJQHWLVP�� ([DPSOH��� &DOFXODWH�WKH�IOX[�GHQVLW\�LQ�D�SLHFH�RI�LURQ�RIFLUFXODU�FURVV�VHFWLRQ��UDGLXV���FP��LI�WKH�IOX[�LQWKH�LURQ�LV�����:E�� &DOFXODWLRQV��¤ )LQG�WKH�FURVV�VHFWLRQDO�DUHD�RI�WKH�LURQ�$UHD�RI�FURVV�VHFWLRQ� �π  ∗ 5���� �π ∗ ��������� �����������P�



���

(OHFWURPDJQHWLVP�(OHFWURPDJQHWLVP�� ([DPSOH��� &DOFXODWH�WKH�IOX[�GHQVLW\�LQ�D�SLHFH�RI�LURQ�RIFLUFXODU�FURVV�VHFWLRQ��UDGLXV���FP��LI�WKH�IOX[�LQWKH�LURQ�LV�����:E�� &DOFXODWLRQV��¤ )LQG�WKH�IOX[�GHQVLW\�$UHD�RI�FURVV�VHFWLRQ�$� �π  ∗ 5���� �π ∗ ��������� �����������P�
)OX[�GHQVLW\�%� �IOX[�φ �DUHD�$� ������������������ �������:E�P�
)OX[�GHQVLW\�%� �������7HVOD



���

(OHFWURPDJQHWLVP�(OHFWURPDJQHWLVP�� ([DPSOH��� $�����FP�OHQJWK�RI�ZLUH�LV�SODFHG�DW�ULJKW�DQJOHV�WRD�PDJQHWLF�ILHOG�RI�IOX[�GHQVLW\�����7��$�FXUUHQWRI���DPSV�IORZV��:KDW�DPRXQW�RI�IRUFH�LV�H[HUWHGEHWZHHQ�WKH�ZLUH�DQG�WKH�IOX["� &DOFXODWH�D��7KH�IRUFH�RQ�WKH�ZLUH�



���

(OHFWURPDJQHWLVP�(OHFWURPDJQHWLVP�� ([DPSOH��� $�����FP�OHQJWK�RI�ZLUH�LV�SODFHG�DW�ULJKW�DQJOHV�WRD�PDJQHWLF�ILHOG�RI�IOX[�GHQVLW\�����7��$�FXUUHQWRI���DPSV�IORZV��:KDW�DPRXQW�RI�IRUFH�LV�H[HUWHGEHWZHHQ�WKH�ZLUH�DQG�WKH�IOX["� &DOFXODWH�D��7KH�IRUFH�RQ�WKH�ZLUH�
)RUFH�� �)OX[�'HQVLW\�%��&XUUHQW�,�∗ /HQJWK�RI�ZLUH�LQ�IOX[�/)RUFH�� ���������∗ 1.5 ∗ 10 −2  =  2.4 ∗ 10−3  1HZWRQV



���

(OHFWURPDJQHWLVP�(OHFWURPDJQHWLVP�� ([DPSOH��� $�)OX[�RI��P:E�LV�SUHVHQW�LQ�D�VTXDUH�VHFWLRQ�DLUJDS�RI��FP�E\��FP��$�ZLUH�FDUU\LQJ���$PSV�LVDFURVV�WKH�PLGGOH�RI�WKH�JDS�� &DOFXODWH�D��7KH�)OX[�GHQVLW\��E��7KH�IRUFH�RQ�WKH�ZLUH�



���

(OHFWURPDJQHWLVP�(OHFWURPDJQHWLVP�� ([DPSOH��� $�)OX[�RI��P:E�LV�SUHVHQW�LQ�D�VTXDUH�VHFWLRQ�DLUJDS�RI��FP�E\��FP��$�ZLUH�FDUU\LQJ���$PSV�LVDFURVV�WKH�PLGGOH�RI�WKH�JDS�� ,GHQWLI\�ZKDW�ZH�NQRZ��¤ /HQJWK�O� ������¤ $UHD� �OO� �O�� �������������� �������P�¤ )OX[�φ  ������:E¤ &XUUHQW�,� ��$



���

(OHFWURPDJQHWLVP�(OHFWURPDJQHWLVP�� ([DPSOH��� 7KH�FDOFXODWLRQV��¤ /HQJWK�O� ������¤ $UHD�$ �������P�¤ )OX[�φ  ������:E¤ &XUUHQW�,� ��$¤ )LQG�)OX[�'HQVLW\
)OX[�'HQVLW\�%� �)OX[�φ�$UHD�ZKHUH�WKH�)OX[�IORZV :E�P�



���

(OHFWURPDJQHWLVP��(OHFWURPDJQHWLVP��� ([DPSOH��� 7KH�FDOFXODWLRQV��¤ /HQJWK�O� ������¤ $UHD�$ �������P�¤ )OX[�φ  ������:E¤ &XUUHQW�,� ��$¤ )LQG�)OX[�'HQVLW\
)OX[�'HQVLW\�%� ������������� :E�P�
)OX[�'HQVLW\�%� �����:E�P�



���

(OHFWURPDJQHWLVP�(OHFWURPDJQHWLVP�� ([DPSOH��� 7KH�FDOFXODWLRQV��¤ /HQJWK�O� ������¤ &XUUHQW�,� ��$¤ )OX[�'HQVLW\�%  �����:E�P�¤ )LQG�)RUFH�RQ�ZLUH�
)RUFH�)�LQ�1HZWRQV�� )OX[�'HQVLW\�%��&XUUHQW�,�∗ /HQJWK�RI�ZLUH�LQ�IOX[�O



���

(OHFWURPDJQHWLVP�(OHFWURPDJQHWLVP�� ([DPSOH��� 7KH�FDOFXODWLRQV��¤ /HQJWK�O� ������¤ &XUUHQW�,� ��$¤ )OX[�'HQVLW\�%  �����:E�P�¤ )LQG�)RUFH�RQ�ZLUH�
)RUFH�LQ�1HZWRQV� ���������������
)RUFH�LQ�1HZWRQV� �����1



���

(OHFWURPDJQHWLVP�(OHFWURPDJQHWLVP�

(OHFWURPDJQHWLF�,QGXFWLRQ�

&RQGXFWRU
/HQJWK�LQ0DJQHWLF�)LHOG

9HORFLW\Y 1
6

0DJQHWLF)OX[�'HQVLW\�%�



���

(OHFWURPDJQHWLVP�(OHFWURPDJQHWLVP�� 7HUPV�DQG�&RQFHSWV���� 7KH�LQGXFHG�HOHFWUR�PRWLYH�IRUFH�H�P�I��LQ�DFRQGXFWRU�LQ�9ROWV�LV�GHSHQGHQW�RQ���¤ )OX[�'HQVLW\�%�PHDVXUHG�LQ�:E�P��RU�7HVOD��7�¤ 7KH�9HORFLW\�Y�WKDW�WKH�FRQGXFWRU�PRYHV�PHDVXUHG�LQPHWUHV�SHU�VHFRQG�¤ 7KH�OHQJWK�RI�WKH�FRQGXFWRU�SHUSHQGLFXODU�WR�WKHPDJQHWLF�ILHOG��O�PHWUHV:KHQ�FRQGXFWRU�PRYHV�DW�ULJKW�DQJOHV�0DJQHWLF�ILHOG�DQG�WKHQ��,QGXFHG�H�P�I��(� ��)OX[�'HQVLW\�%��/HQJWK�O��9HORFLW\�Y:KHQ�0DJQHWLF�ILHOG�DQG�FRQGXFWRU�DUH�DW�θο�WR�HDFK�RWKHU�WKHQ��,QGXFHG�H�P�I��(� ���%��O��Y���VLQ�θ�



���

(OHFWURPDJQHWLVP�(OHFWURPDJQHWLVP�� ([DPSOH��� $�FRQGXFWRU����PP�ORQJ�PRYHV�DW�D�XQLIRUPVSHHG�RI��P�V�DW�ULJKW�DQJOHV�WR�D�XQLIRUPPDJQHWLF�ILHOG�RI�IOX[�GHQVLW\�����7� &DOFXODWH7KH�FXUUHQW�IORZLQJ�LQ�WKH�FRQGXFWRU�ZKHQ����D��7KH�HQGV�DUH�RSHQ�FLUFXLWHG��E��7KH�HQGV�DUH��WHUPLQDWHG�WR�D�ORDG�RI���Ω �



���

(OHFWURPDJQHWLVP��(OHFWURPDJQHWLVP��� ([DPSOH��� 7KH�FDOFXODWLRQV��¤ /HQJWK�O� ��������¤ 9HORFLW\�Y� ���PHWUHV�VHFRQG¤ )OX[�'HQVLW\�%  �����7HVOD�RU�����:E�P�

,QGXFHG�H�P�I��(� )OX[�'HQVLW\�%��/HQJWK�RI�ZLUH�LQ�IOX[�O��9HORFLW\�Y(� ���������������������� �����YROWV



���

(OHFWURPDJQHWLVP��(OHFWURPDJQHWLVP��� ([DPSOH��� 7KH�FDOFXODWLRQV��¤ /HQJWK�O� ��������¤ 9HORFLW\�Y� ���PHWUHV�VHFRQG¤ )OX[�'HQVLW\�%  �����7HVOD�RU�����:E�P�¤ ,QGXFHG�H�P�I�(� �����YROWV�D� ,I�WKH�HQGV�RI�WKH�FRQGXFWRU�DUH�RSHQ�FLUFXLW�QR�FXUUHQWZLOO�IORZ�HYHQ�WKRXJK����9�KDV�EHHQ�LQGXFHG��E� )URP�2KP©V�ODZ,� �9�5� �������� ������$�RU���P$



���

(OHFWURPDJQHWLVP�(OHFWURPDJQHWLVP�

7KH�0DJQHW�HIIHFW�RI�FXUUHQW�SDVVLQJ�WKURXJK�D�FRLO�RU�6ROHQRLG�

&XUUHQW�IORZ � �



���

(OHFWURPDJQHWLVP�(OHFWURPDJQHWLVP�

7KH�0DJQHW�HIIHFW�,QWHQVLILHG�GXH�WR�LQVHUWLRQ�RI�DQ�,URQ�&RUH�

&XUUHQW�IORZ � �
16



���

(OHFWURPDJQHWLVP�(OHFWURPDJQHWLVP�� <RX�KDYH�VHHQ�WKDW�D�FXUUHQW�IORZLQJ�LQ�D�ZLUHSURGXFHV�D�PDJQHWLF�ILHOG� 7KH�IRUFH�WKDW�SURGXFHV�WKH�PDJQHWLF�ILHOG�LV�WKHPDJQHWRPRWLYH�IRUFH��PPI�� 7KH�XQLW�RI�PPI�LV�WKH�$PSHUH�WXUQ��$W��LVHVWDEOLVKHG�RQ�WKH�EDVLV�RI�WKH�FXUUHQW�LQ�D�VLQJOHORRS�WXUQ��RI�ZLUH�
PPI�� �1XPEHU�RI�7XUQV��&XUUHQW�LQ�$PSHUHV)P� �1��,



���

(OHFWURPDJQHWLVP�(OHFWURPDJQHWLVP�� 7HUPV�DQG�&RQFHSWV���� 7KH�0DJQHWLVLQJ�)RUFH��+��GHSHQGV�RQ�WKUHH�IDFWRUV��¤ 7KH�QXPEHU�RI�WXUQV��1��RI�WKH�FRLO�RI�ZLUH¤ 7KH�FXUUHQW�WKURXJK�WKH�FRLO�¤ 7KH�OHQJWK�RI�WKH�FRLO¤ ,W�GRHV�127�GHSHQG�RQ�WKH�W\SH�RI�PDWHULDO�� 0DJQHWLVLQJ�)RUFH�+��PHDVXUHG�LQ�$W�P��¤ $W�P� �$PSHUH�WXUQV�SHU�PHWUH�
0DJQHWLVLQJ�)RUFH�+� /HQJWK�LQ�0HWUHV��O0DJQHWRPRWLYH�)RUFH�)P



���
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