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6XSHUYLVRUV��$QGUHDV�:DFNHU��$OH[�.DODHH
%DFKHORU�WKHVLV����KS��-DQXDU\�����
'HSDUWPHQW�RI�3K\VLFV��/XQGV�8QLYHUVLW\

&DQ�6RODU�(QHUJ\�WDNH�RYHU�3RZHU�*HQHUDWLRQ"

,PDJLQH� D� ZRUOG�ZKHUH� ZH�ZRXOG� QRW� KDYH� WR� UHO\� RQ� SHWURO�� JDV� RU� FRDO� UHVRXUFHV� DQG�
LQVWHDG�ZH�ZRXOG�VLPSO\�WDNH�ZKDW�0RWKHU�1DWXUH�JLYHV�XV�HYHU\�GD\� � WKH�VXQOLJKW��7KH�
LGHD�RI�XVLQJ� OLJKW�DV�D� VRXUFH� IRU�SRZHU�JHQHUDWLRQ�VWUXFN�PDQ\�VFLHQWLVWV�PRUH� WKDQ����
\HDUV� DJR�� QRW� ORQJ� DIWHU� LW� ZDV� UHDOLVHG� WKDW� WKH� HQHUJ\� FDUULHG� E\� OLJKW� UD\V� FRXOG� EH
FRQYHUWHG�LQWR�HOHFWULFLW\�WKURXJK�VR�FDOOHG�VRODU�FHOOV DV�VKRZQ�LQ�WKH�ILJXUH�EHORZ�

6LQFH�WKHQ��PDQ\�GLIIHUHQW�WHFKQRORJLHV�DQG�D�JUHDW�YDULHW\�RI�PDWHULDOV�KDYH�EHHQ�LPSOHPHQWHG�
LQ�WKH�GHVLJQ�RI�VRODU�FHOOV��1HYHUWKHOHVV��WKH�HQHUJ\�FRQYHUVLRQ�UDWHV�LQ�FRPPHUFLDOO\�XVHG�VRODU�
FHOOV�KDYH�\HW�QRW�FOLPEHG�RYHU�WKH�����HIILFLHQF\�PDUN��'XH�WR�WKH�DFFHOHUDWLQJ�FOLPDWH�FKDQJH�
UHVXOWLQJ�IURP�EXUQLQJ�RI�IRVVLO�IXHO��VXFK�DV�FRDO�DQG�SHWURO��WKH�QHHG�IRU�D�PRUH�HIILFLHQW�VRODU�
FHOO�GHVLJQ�KDV�\HW�QRW�EHHQ�JUHDWHU�

,W�LV�WKH�JUHDW�SRWHQWLDO�RI�VRODU�HQHUJ\�WKDW�GULYHV�QRW�RQO\�WKH�VFLHQWLVWV�LQ�1DQR/XQG� /XQG�
8QLYHUVLW\
V�1DQRVFLHQFH�5HVHDUFK�&HQWUH��EXW�DURXQG�WKH�ZKROH�ZRUOG�WR�ILQG�DQ�DOWHUQDWLYH�
VRODU�FHOO�PRGHO�EDVHG�RQ�QDQRZLUHV�ZKLFK�SURPLVHV�DQ�LQH[SHQVLYH�DQG�D�ODUJH�VFDOH�
PDQXIDFWXUH�RI�VRODU�FHOOV��6XFK�D�FHOO�LV�PDGH�RI ³ZLUHV´�FRQVLVWLQJ�RI�UHSHDWLQJ�XQLWV�RI�YDULRXV
PDWHULDOV��7KH�SUHIL[�
QDQR�DSSHDUV�VLQFH WKH�
VL]H�RI�WKHVH�ZLUHV�LV�
RQ�WKH�RUGHU�RI�
QDQRPHWHUV��ZKLFK�LV�
DURXQG����� PHWHUV�
7R YLVXDOLVH WKLV��WKH�
GLDPHWHU�RI�D�
QDQRZLUH�LV�DURXQG����
����WLPHV�VPDOOHU�WKDQ�
D�KXPDQ�KDLU�VWUDQG��,W�
LV�WKLV�IDVFLQDWLQJO\�
VPDOO�VL]H�RI�WKHVH�
GHYLFHV�WKDW�PDNHV�
WKHP�VR�DWWUDFWLYH�DV�
OHVV�PDWHULDO�LV�
QHFHVVDU\�IRU�WKHLU�PDQXIDFWXUH�DQG�WKXV�D�KLJKHU�TXDOLW\�PDWHULDO�FDQ�EH�XVHG�ZLWKRXW�LQFUHDVLQJ�
WKH�SULFH�GUDPDWLFDOO\��:RUNLQJ�RQ�WKH�VFDOH�RI�QDQRPHWHUV��QDQRWHFKQRORJ\�SURPLVHV�QHZ�
PDWHULDOV��VWUXFWXUHV�DQG�PHFKDQLVPV�ZKLFK�FRXOG�HDVH�WKH�FRQYHUVLRQ�IURP�VRODU�WR�HOHFWULFDO�
HQHUJ\�DQG�DW�WKH�VDPH�WLPH�OLPLW�WKH�FRVWV�RI�WKH�SURGXFWLRQ� 0\�WKHVLV��LQ�SDUWLFXODU��LV�D�
WKHRUHWLFDO�VWXG\�RI�KRZ�WKH FRQYHUVLRQ�SURFHVV�FRXOG�EH�PDGH�PRUH�HIILFLHQW�ZKHQ�DQ
QDQR�HQJLQHHUHG�HOHFWURQ�ILOWHU��VHOHFWLQJ�RQO\�HOHFWURQV�RI FHUWDLQ�HQHUJLHV�IRU�WKH�JHQHUDWHG
SKRWRFXUUHQW� LV�RSWLPLVHG�DQG�XVHG�
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